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Introduction

The Sea Grant Program was created in 1966 by Public Law 89-688, the National Sea
Grant College and Program Act. The purpose of the program is "to increase the understanding,
assessment, development, utilization and conservation of the Nation’s ocean and coastal
resources by providing assistance (o promote a strong educational base, responsive research and
training aclivities, and broad and prompt dissemination of knowledge and techniques.”

A refreshing aspect of the Sea Grant Program is that within the broad field of applied
work, each Sea Grant College chooses the areas of emphasis that best suit its capabilities and
the needs of its local area. Since the University of California is one of a limited number of
national research universities, we are responsive to national as well as state needs. This dual
approach, we feel, not only allows us to seek broader solutions to identified local needs, but
also encourages the generation of fundamental knowledge that can be applied to a wide class of
problems. In this way, we believe we best serve all citizens through the interdisciplinary and
intercampus Sea Grant approach.

The policy of the California Sea Grant College Program is to seek out the most qualified
research talent and the best applied research projects wherever they may exist within the state’s
institutions of higher education. This year there were Sea Grant projects at six University of
California campuses, two State Universities, three State University laboratories, and at two
private universities.

Marine and coastal advisory services are provided statewide through the UC Cooperative
Extension offices located in each county and the participating campuses. Practical marine
research experience is provided to College and University students each year in association with
Sea Grant supported research projects. These projects reflect the areas we have chosen to
emphasize: coastal planning and management, marine aquaculture; fisheries development,
enhancement, and management; energy; and the development of new products from marine
sources. Other education efforts and teacher training programs are conducted primarily through
the Scripps Aquarium-Museum. Over 50,000 children tour the aquarium in organized groups
each year. This program in turn serves as the statewide resource base for similar activities con-
ducted on several campuses throughout the state.

In practice, then, Sea Grant is people working together to put good ideas into effect. On
the surface this is a deceptively simple statement, one that belies the complexities of people
working together, the development and refinement of good ideas, and the change inherent in
putting something new into practice.

James J. Sullivan
Manager
California Sea Grant College Program






Sea Grant Trainees

James J. Sullivan, University of California, San Diego

Graduate students are an integral part
of most Sea Grant projects and a vital part
of the UC Sea Grant College Program. A
Sea Grant Trainee is expected to carry out a
program of training and research leading to
a recognized graduate degree. The program
of work is arranged in consultation with a
supervising faculty member and approved by
the teaching department in which the stu-
dent is registered. The program must be
one that lies within the scope of the Univer-
sity of California Sea Grant College Program
in order for a Traineeship to be awarded to
the student.

In 1977-1978 there were 72 Sea Grant
Trainees assigned to 47 projects on five UC,
one State University campus, and at one
Private School funded by the UC program.
They functioned in virtually all areas of
marine related research funded by UC Sea
Grant.

Accounts of independent research
accomplished by these students during the
1977-78 grant year are reported under the
titles of the research projects with which
they were associated. Meaningful comple-
tion of the projects with which they are
associated can be used in partial satisfaction
of their degree requirements. Their com-
plete reports are available from the Sea
Grant Publications office.

The primary functions of the Univer-
sity of California are education and research.
Public service is considered to be an
extremely important auxillary function. The
purpose of the Sea Grant Act matches
closely the purpose of the University, since
it also calls for education and training,
research, and public service. A major por-
tion of the research of the University is car-
ried on as an adjunct of the educational pro-
cess, with graduate students carrying out the
actual research under faculty guidance, with
the dual purpose of performing a significant
research project and satisfying the educa-
tional requirement of a Master’s or Doctor’s
thesis. Many UC research projects were ini-
tiated by graduate students under the aegis

of the faculty member listed as project
leader of the research project. Many were
initiated by a faculty member to carry out
research in the area of his teaching; one or
more of his graduate students have become
involved in the project, have chosen a por-
tion of it for their own thesis interests, and
will carry the major responsibilites for com-
pletion. In other cases, students working on
a Sea Grant project are acquiring the skills
and experience that they will need in subse-
quent years in order to prepare and carry out
their own thesis research. They are, there-
fore, the heart of the program and are
acquiring their education as a primary func-
tion while performing research in marine
resources as a public benefit.

Thesis project

A Sea Grant Trainee is expected to
carry out a program of training and research
leading to a recognized graduate degree.
The program of work is arranged in consul-
tation with a supervising faculty member
and approved by the teaching department in
which the student is registered. The pro-
gram of research must be one that lies
within the scope of the University of Cali-
fornia Sea Grant College Program in order
for a Traineeship to be awarded to the stu-
dent. This means that, normally, the stu-
dent will carry out a thesis project within
one of the research projects proposed; in all
other cases, the project must be approved by
the National Office of Sea Grant as lying
within its area of interest. A student main-
tains eligibility for a Traineeship by carrying
out research diligently and making good pro-
gress toward completion of his thesis.



Marine Undergraduate Education at Santa Cruz

William Doyle, University of California, Sama Cruz

California is a maritime state with over
1.000 miles of coastline. The coastal lands
and waters have become increasingly impor-
tant to the state’s citizens for fisheries,
energy, wildllife and recreation. The coastal
waters are readily accessible; more than 85%
of the state’s population lives within an
hour's driving time of the coast. Future
demands on coastal resources will not always
be complementary; more often than not,
they will conflict with each other. Morev-
over. extended jurisdiction over coastal
resources raises new problems.

The primary role of the university in
this context is to raise and sharpen ques-
tions, to develop new methodologies, and to
educate and train students for future roles in
the public and private arena. Because of its
organizational structure and academic flexi-
bility. the Santa Cruz campus of the Univer-
sity of California has the potential to provide
undergraduate students having a solid disci-
plinary science background the opportunity
to become involved in research (as under-
graduates) on important marine policy, plan-
ning and legal issues. Because the graduate
programs at UCSC are relatively modest, the
faculty have sufficient time available to work
closely with these students.

Coastal marine studies (coastal land,
continental shelf and neritic zone) is an area
of special concern at Santa Cruz, and
relevant courses appear in many aspects of
the undergraduate curriculum. Until
recently, however, there has been no
attempt to develop a coherent program of
study directed toward marine issues. The
interdisciplinary Environmental Studies pro-
gram has taken the lead in this development
and is now reorganizing its entire undergra-
duate curriculum and is establishing a
marine studies pathway (focusing on marine
policy, planning, legal and resource issues)
through the major. -All undergraduate
majors in Environmental Studies must
undertake an internship and do research on
a relevant topic. Thus, the structure exists
at Santa Cruz for undergraduate students to

become involved in marine research of con-
cern to Sea Grant.

Moreover, all students who are
Environmental Studies majors must com-
plete a double or joint major with an esta-
blished discipline such as biology, chemisty,
etc. This requirement provides a disci-
plinary base for all of these majors; the
Environmental Studies program provides
cross-disciplinary perspectives and metho-
dologies. This perspective is extremely
important for an understanding of involve-
ment in the complex social and natural sys-
tems of the coastal zone. All of the
Environmental Studies faculty interested in
marine resource issues are members of the
coastal marine studies committee; this
interaction is enhanced by the membership
of most of the marine and environmental
studies faculty in College 8 of the campus.
Thus, communication and interaction con-
cerning marine affairs are fostered by the
collegiate structure of the campus.

The overall project objective is to pro-
vide qualified undergraduate students
(selected from those in the marine studies
pathway of the Environmental Studies
major, who have solid training in a standard
discipline such as biology) with the oppor-
tunity to carry out a research project
directed toward understanding a coastal
marine research issue pertinent to the UC
Sea Grant program. With appropriate course
background and faculty guidance, many such
problems are accessible to undergraduate
students. Such participation will provide
students the opportunity to become involved
in issues of contemporary societal concern
and should aid these students in choosing
career pathways., The specific aim is to
increase the pool of people trained to deal
with both the scientific and the social issues
involved in marine resource problems, and
with the methodologies needed in both
areas.

Students selected are normally in their
junior year. Two types of opportunities are
available -- off-campus internships and on-












Marine Advisory Programs

Maynard W. Cummings, University of California, Davis

University of California Marine
Advisory Services comprises a special pro-
gram in the University’s Cooperative Exten-
sion system which has statewide staffing in
every county and campus-based, subject-
matter specialists affiliated with teaching and

research departments. Likewise, Marine
Advisors are county extension staff
members, most with a multiple-county

responsibility for Sea Grant educational
activities emphasizing local ocean and coa-
stal resource interests and problem solving.
They receive in-depth technical support and
program assistance from Advisory Program
subject-matter specialists with statewide
assignments.

Staffing growrh and coordinarion

In December, 1977, a Marine Advisor
was placed in the last coastal area to receive
such full-time local assignment, Los Angeles
and Orange Counties. The University of
Southern California Marine Advisory Pro-
gram specialists had given local attention
where possible to coastal zone and marine
recreation planning in the Los Angeles har-
bor area but a full range of Sea Grant pro-
gram activities is now being carried on.

The Los Angeles Marine Advisor,
Barbara Katz, is particularly well qualified
for this area assignment, having not only an
advanced degree in marine resources
management and experience as a marine sci-
ence and recreation teacher and as a Marine
Advisor in commercial fishing, but also very
useful experience and management training
in the marine transportation industry. This
advisor is housed in the USC Advisory
Program’s waterfront office in the heart of
the Los Angeles harbor area, along with a
USC coastal planning specialist. Reductions
in the USC staff have left only their coastal
planning specialist but the inter-university
office sharing is a harmonious and effective
arrangement.

At the opposite pole of California’s
coastline, a new marine advisor has been
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placed at the Oregon border under a joint
support agreement with Oregon Siate
University’s Marine Advisory Program.
This position will function in the contiguous
coastal counties, providing advisory services
in California’s most northern port, Crescent
City, which has a sizeable seafood process-
ing industry serving a commercial fishing
fleet, and the Oregon port cities of Brook-
ings and Gold Beach, which are too distant
from OSU’s marine agent at Coos Bay for
effective regular service. The entire area
has advisory needs in sport fishing, marine
recreation, coastal planning and harbor
development, and in commercial seafood
production.

Better deployment of staff resources is
expected by the establishment of the Cres-
cent City position in place of two advisor
positions in Eureka through Humboldt State
University’s Marine Advisory Program.
Former HSU advisory program leader Stan
Ludwig resigned in January, 1978, leaving
one advisor, Fred Jurick, in Eureka to serve
the Humboldt Bay area. With HSU Sea
Grant in its second year as a contracting
campus in the UC Sea Grant College, there
is full program coordination statewide in
advisory services.

Marine Advisory Program Review

The IMR Executive Subcommittee for
Sea Grant requested an in-depth review of
Advisory Services by a panel selected from
outside UC and chaired by Subcommittee
member Dr. Cadet Hand, director of the UC
Bodega Bay Marine Laboratory. Panel
members were Dr. Joe Busby, member of
the Sea Grant National Advisorv Council
and director-emeritus of Florida Cooperative
Extension, Dr. Wallace Klussman, Texas
A&M Marine Advisory Program coordina-
tor, Patricia Peyton, University of Washing-
ton Sea Grant Communications program
leader, George Goodall, UC County Exten-
sion director in Santa Barbara County,
Richard Teague and Ivan Thompson, assis-



tant directors, UC Cooperative Extension
(available for one-half of the review period
each).

The review provided UC Sea Grant
management with a detailed analysis of the
MAP organization and leadership, program
priorities, operational methods, use of staff
capabilities, audiences served in relation to
total potential and needs, and clientele com-
ments. This information will provide a basis
for assessing program scope, direction and
administration to date and for redirection of
priorities and programs as indicated. An
updated statewide plan for advisory services
will be prepared. The review was highly
beneficial.

Coastal resources planning

Several factors have combined to
increase advisory activities in this subject
area. The California Coastal Act mandates
that local coastal planning be accomplished
by each county in collaboration with state
government and taking cognizance of all
regulatory authorities.  Local planning
bodies and governments are hard pressed to
obtain comprehensive and detailed informa-
tion essential to preparation of their respec-
tive Local Coastal Plans (LCP) within the
legal time frame. The Sea Grant College is
the University’s designated information
source to government and the liaison to the
California Coastal Commission. Carrying
this information transfer to the local level,
which has legal responsibility for LCP
development, is the marine advisory staff.
Their ability to provide planning assistance
has been greatly strengthened by the pres-
ence of Marine Advisor Andy Manus, San
Francisco, who also serves statewide as Coa-
stal Resources Specialist in the UC advisory
program and Jim Fawcett, USC advisory
program Coastal Resources Planning Special-
ist. The specialist-advisor teamwork has
produced significant accomplishments.

Manus has worked with the San Mateo
County Planning Department on identifying
recreational access sites and providing infor-
mation on marinas and their support facili-
ties. He also meets with the State Depart-
ment of Parks and Recreation LCP group,
State Department of Fish and Game
biologist-planners, and with the Central

14

Coastal Commission. He and Aquaculture
Specialist Fred Conte developed an informa-
tion package approach to assist county plan-
ning in considering future aquaculture
industry needs in the coastal zone. This
assistance is endorsed and appreciated by
aqauculturists as well as planners.

The establishment of biological
preserves in San Mateo County for protec-
tion of wild beach strawberries indigenous to
Central Coast sand dunes was facilitated by
Manus, county and state planners, and a UC
researcher on strawberry culture. These are
of great genetic importance to the State’s
130 million dollar strawberry industry.

Los Angeles Marine Advisor Barbara
Katz and University of Southern California
Specialist Jim Fawcett prepared a flow chart
and guide to the coastal permit process to
meet the needs of local planners and coastal
commission members.

Los Angeles and San Francisco Marine
Advisors also aided in planning the second
annual Boating Facilities National Confer-
ence, along with State Department of Boat-
ing and Waterways administrators and the
director of National Boating Industry Associ-
ations. This conference will be jointly spon-
sored by the Association and UC Sea Grant
Marine Advisory Programs in 1979.

Mr. Manus and Marine Resources Spe-
cialist Chris Dewees authored a coastal
recreational brochure for the San Francisco
Bay area. This publication is one in a
national series underwritten by the Environ-
mental Data Service (EDS) in conjunction
with Marine Advisory Programs. Environ-
mental information, climate and weather
from EDS are blended with recreational
facilities and resources information compiled
by Marine Advisory Programs.

Seafood processing - seafood education

Seafood Technology Specialist Robert
Price gives leadership to seafocd education
programs and works directly with the food
processing industry toward problem solu-
tions in sanitation, regulations, marketing
and quality control, refrigeration, waste
disposal, and processing methods. The
Cooperative Extension County Home Advi-
sors organized consumer  education



workshops in which Specialists Price and
Dewees explained seafood facts and demon-
strated preparation. These meetings con-
tinue to be well attended and they serve a
dual purpose in instruction of consumer sci-
ence staff of the Cooperative Extension, as
well as public education.

Cooperating with county marine advi-
sors, Dr. Price conducted workshops in pro-
cessing plant sanitation for industry person-
nel. Other county workshops were given in
freezer sanitation and seafood refrigeration
with cooperation of industry specialists. He
also served with UCD Department of Food
Science and Technology faculty in present-
ing several short courses on the Davis
campus in squid processing, basic food
microbiology, better process control, meat
processing, advanced microbiology, and
freezer sanitation which were well attended
by industry.

The seafood industry was given assis-
tance in the field on individual problems
ranging from inferior quality "spotted clams"
in Los Angeles to seafood waste and waste
water disposal in plants on the North Coast
with a variety of others in between.

Santa Barbara Marine Advisor John
Richards and Seafood Technologist Price
produced a second publication on shark
meat preparation. This brochure on making
smoked shark and shark jerky has been
received with much interest. Mr. Richards
and Santa Barbara fishermen demonstrated
the product and distributed samples of the
delicacy at the annual Santa Barbara
Fishermen’s Festival. Another popular
Marine Brief published was "Seafood Myths
and Misconceptions”, by Dr. Price.

Aquaculture

Dr. Fred Conte, Aquaculture Specialist
headquartered on the Davis campus, has
statewide responsibilites in both salt and
freshwater aquaculture and is equally sup-
ported by Sea Grant and Cooperative Exten-
sion. Although aquaculture has been prac-
ticed in California for a number of years,
recent expansion of the salt water industry
and accelerated interest in additional marine
species as aquaculture candidates have
increased the demand for educational and
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technical services through the Marine
Advisory Program. Working closely with
Area Marine Advisor, Dr. Conte has spent
considerable time disseminating aquaculture
information to the general public and
responding to the needs of the industry.
Information is provided on the current tech-
nology of commercial marine aquaculture
and species undergoing research and
development to interested individuals in the
private sector and to corporations seeking
possible capital investments. As secretary of
an international organization, the World
Mariculture Society, he has served as editor
of the Society’s newsletter which serves
California’s marine aquaculture interests
both in the private industry and the public
sector.

Of paramount concern to the develop-
ment of marine aquaculture in California is
its access to the coastal zone. The Marine
Advisory Program was approached by both
the coastal planners charged with developing
Local Coastal Programs (LCP) affecting
aquaculture siting within the coastal zone
and representatives of the marine aquacul-
ture industry interested in expressing their
concerns into the LCP process. In response,
the aquaculture specialist and Marine Advi-
sors are conducting a continuing series of
meetings between coastal planners and
industrial representatives. The meetings are
designed to formulate methods for aquacul-
ture development within the framework of
coastal planning.

In response to industry requests for
increased university assistance in alleviating
technical problems experienced by the aqua-
culture industry, Dr. Conte has aided the
director of the UCD Aquaculture Research
Program in reorganizing those programs
with a greater emphasis on service to the
industry. A major workshop was organized
with commercial aquaculture companies and
the aquaculture research staff of the Univer-
sity of California at Davis and the UCD-
Bodega Aquaculture Laboratory. The
workshop was conducted to increase com-
munication, establish cooperative
university-industry research and to stimulate
university aquaculture research in areas
applicable to the existing aquaculture indus-
try. The meeting was attended by represen-
tatives of a majority of the commercial salt



and fresh water aquaculture companies in
California and representatives of the seafood
processing industry interested in aquaculture
products.

The Aquaculture Specialist actively
works with Dr. Robert Price, Extension
Seafood Technology Specialist, to provide
aquaculture information to the food process-
ing industry. He has participated in briefing
sessions for the Seafood Industry Commit-
tee and coordinated and chaired the aquacul-
ture session for the meetings of the North-
ern California Institute of Food Technology.
He has provided aquaculture information to
individual seafood processors and esta-
blished contacts between aquaculture firms
and processors interested in aquaculture pro-
ducts.

Continuing aquaculture activities are
the county-based salmon and steelhead trout
rearing and enhancement programs in cen-
tral and northern California. The programs
by Area Marine Advisors address the goal of
enhancing salmonid populations through fish
culture and habitat improvement. All these
activities represent the cooperative efforts of
the Marine Advisory Program, marine spe-
cialists, industry, advisors from local organi-
zations, county government, landowners,
and California Department of Fish and
Game.

Marine advisor area highlights
North coast:

Fred Jurick, Humboldt State Univer-
sity marine advisor in Eureka, planned and
participated in a series of north coast
workshops. One on marine safety involved
Coast Guard demonstration of helicopter
rescue tactics. In cooperation with Lazio
Seafood Company, Mr. Jurick planned a
Pacific Whiting Symposium which attracted
over 100 industry attendees. The Lazio
Company in Eureka has endeavored to ini-
tiate hake fishing and processing in Califor-
nia. Fishing drag gear and midwater trawl
workshops were held in Fort Bragg, Eureka
and Crescent City. An Australian fishing
industry touring group was hosted in Eureka
and Crescent City and shown the area’s
fishing resources. Much of Mr. Jurick's
effort went into the satellite imagery pro-
gram application to help fishermen in more
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efficient fish location. With marine advisors
in Oregon and the cooperation of the
National Environmental Satellite Service
(NESS), National Weather Service (NWS),
National Aeronautics and Space Administra-
tion (NASA), Pasadena Jet Propulsion Lab,
and other government agencies, planning
was done on a SEASAT fisheries experiment
using weather information and oceano-
graphic data derived from the special pur-
pose satellite.

Before his resignation in January,
1978, Humboldt State University Marine
Advisor Stan Ludwig devoted a great deal of
effort to exploring the formation of an
industry-run, non-profit fisheries develop-
ment foundation similar to that in operation
on the Atlantic and Gulf coasts. He was
also instrumental in organizing inter-agency
and university coordination for north coast
fisheries exploration and enhancement to
offset the adverse effects on the timber
industry associated with expansion of the
Redwood National Park.

Golden Gate - Fort Bragg

Area Marine Advisor Bruce Wovatt
continued his salmon-rearing projects in
numerous locations. In addition to pond
and tank rearing activities, other salmon
population enhancement is provided by
spawning stream improvement projects car-
ried on as county programs. From the first
salmon-rearing projects designed by Mr.
Wryatt and Specialist Chris Dewees, other
counties have been inspired to similar pro-
grams and Mr. Wyatt has served as a
resource person outside his 3-county area
assignment. He also has actively engaged in
midwater trawling gear improvement trials
with commercial fishermen and in assisting
fishermen seeking alternative fisheries to
salmon, which has been declining economi-
cally. Mr. Wyatt has laboriously stayed with
the satellite information program for fisher-
men, arranging for local instrumentation and
posting the charts in spite of not having a
reliable and regular transmission schedule
from NESS. He also serves as technical
fisheries advisor to County Fish and Game
Advisory Committees in his area.



San Francisco Bay - San Mateo

Most of Area Marine Advisor Andrew
Manus® activities are reported under Coastal
Resources Planning, which with marine
recreation, is his specialty. He was occupied
with some other forms of assistance to com-
mercial fishermen; two of these were facili-
tating understanding between fishermen’s
associations and agencies concerned with
developments at Pillar Point Harbor, and
smoothing regulatory obstacles faced by
boatbuilders in getting their completed boats
moved into launching positions. Mr. Manus
also conducted Messrs. Elliott Macklow and
Steve Taylor of NOAA motion picture pro-
ductions, Washington, D. C., to the Bodega
Bay Marine Lab and other Sea Grant pro-
jects in the San Francisco Bay area during
their film planning trip to the area.

Monterey Bay

The Monterey Trout and Salmon Pro-
ject described under Aquaculture is a large
consumer of Area Marine Advisor James
Waldvogel’s time. Responsibilities in the
project were thrust on him literally his first
day on the job a year ago. He has given it
technical direction and coordinated com-
munity support. He also has been the local
contact with the marine aquaculture indus-
try, most of which is in the Monterey area.
Mr. Waldvogel arranged for two Monterey
Bay fishermen’s groups to meet with Oregon
State University Marine Economist Fred
Smith to work with in developing marine
economic data sheets. He organized a
Marine Advisory Program display at the
annual "open house"” held by the Moss
Landing Marine Laboratories which was
attended by over 6,000 people; other
displays were presented at Santa Cruz and
Monterey County Fairs. Mr. Waldvogel is
advisor to a Sea Grant Trainee at UC Santa
Cruz who is conducting an economic study
of the rockfish sport fishery in Monterey
Bay. The trainee is in the Sea Grant research
project directed by Dr. Suzanne Holt,
University of California, Santa Cruz.
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San Luis Obispo - Santa Barbara - Ventura
Area

Area Marine Advisor John Richards
conducts a varied and vigorous advisory pro-
gram in this 3-county area. Priority pro-
grams have included many forms of com-
munication with and assistance to diverse
commercial fishing interests. Mr. Richards
provides market development assistance for
underutilized species such as shark, squid
and sable fish, as well as research and
management cooperation with projects
designed to protect and continue the use of
fully exploited or scarce resources such as
abalone, lobster, swordfish, halibut and
white sea bass. He has worked with the
U.S. Geological Survey and U.S. Bureau of
Land Management as well as the State
Lands Commission and oil companies in
seeking to have removed and/or-marked on
navigational charts the location of exposed
sea bottom structures such as wellheads and
oil development debris which cost fishermen
thousands of dollars annually in lost time
and gear destruction; in doing this, he has
successfully brought together the fishing
industry leaders and industrial staff resulting
in both charting and removal of such obsta-
cles. It took a year’s persistent follow-up to
have removed one wellhead which at a 720
foot depth had claimed over $10,000 worth
of gear from 4 different trawlers. Mr.
Richards has held meetings to bring together
abalone fishermen and university research-
ers, prepared special reports on the abalone
resource, and serves as a member of the Sea
Grant Abalone Research Advisory Commit-
tee. He has performed in similar fashion
with the sea urchin research and industry
interests. Mr. Richards has conducted
varied education activities in 4-H youth
marine science projects, consumer seafood
education programs, Community College
lecture series, and radio, TV, newspaper and
newsletter programs. His displays, seafood
preparation demonstrations and publications
distributions at County Fairs and
Fishermen’s festivals have reached
thousands of people annually.



Los Angeles- Orange Counties

Many of the activities of Area Marine
Advisor Barbara Katz are previously
reported. Much of her efforts have been
with the marine transportation interests of
Los Angeles harbor but there also has been
much direct assistance to fishermen. Her
timely and complete information releases on
topics such as harbor facilities, gill net regu-
lations, abalone research, financial manage-
ment alternatives, have enabled fishermen
to deal more effectively .with these and other
subjects. A new organization of commercial

fishermen in her area looks to her for con- .

tinuing information. Ms. Katz has furnished
marine science leadership and subject matter
information to Orange County 4-H youth
programs. She maintains a very diverse pro-
gram, with, for example, probably as much
time spent with seafood processors and
buyers as with fishermen.

San Diego County

Marine Advisor Art Flechsig has the
only assignment limited to one county but
San Diego contains an intensive concentra-
tion and wide array of marine activities. His
waterfront office is literally next door 10 the
wuna fleet anchorage. This is a tremendous
fishery which accounts for a high percentage
of California’s landed seafood value. That
industry is highly specialized, with problems
and concerns often divergent from those of
other fisheries in the state. Mr. Flechsig
also works closely with the swordfish indus-
try and, of course, with the seafood proces-
sors who utilize this and other valuable
seafoods landed at San Diego. He arranged
with NMFS for additional distribution of
"Fishing Information Supplements” to be
handled by him and other Marine Advisors.
This will place valuable, timely information
in the hands of more fishermen who want
but do not receive it. Mr. Flechsig is a
cooperator with San Diego State University
researchers in a salmon aquaculture program
for San Diego Bay. He has delivered aqua-
culture information in the area and gave an
oceanography course at a community col-
lege. in addition, educational projects were
conducted with county 4-H youth groups.
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Docent training

Each fall, interested community
volunteers are intensively and rigorously
trained in the field of marine biology
through proficient lectures and fundamental
lab work. This year laboratory sessions and
compulsory examinations were added to
upgrade their training. In addition, fees
were charged to cover the cost of materials
and to provide reference books. Docents
both new and experienced were highly
receptive to the more rigorous training.

Teacher education

The eighth annual symposium, Marine
Birds, was presented as an in-service train-
ing for teachers with an attendance of 136.
This symposium, which is self-supporting,
provides current scientific marine informa-
tion to teachers for their classroom use.
Many teachers travel from all over Califor-
nia and Arizona to attend this popular func-
tion.

San Diego ecological reserve guide program

A group of individually trained docents
acted as guides to promote conservation at
the San Diego-La Jolla Underwater Park and
the Ecological Reserve areas. During the
daytime low tide series, these docents, wear-
ing Scripps Aquarium jackets, patrolled the
tidepool area to encourage conservation
measures and answer questions.

Spanish language materials

Our education materials have been
translated into Spanish, and Spanish-
speaking docents are available to provide
lectures and tours to school children from
Spanish-speaking homes. These bilingual
docents also act as guides and interpreters
when the students and faculty of various
Mexican colleges and high schools visit
Scripps Institution and/or the Aquarium-
Museum.

Junior oceanographers

The Junior Oceanographers Corps
completed its 23rd year as a lecture and field
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trip club for young marine enthusiasts from
the fourth grade through high school. Many
J.O.C.’s enter the career experience and
intern trainee program.

Advisory service

Numerous people consult Scripps for
information on current scientific marine
matters, and the aquarium staff responds to
many of these inquiries. Teachers, schools,
and school districts request education
materials, books, slides, and films and assis-
tance in designing courses. Other Sea Grant
programs request assistance in setting up
their marine education projects. We are
cooperating with UC Davis in enlarging the
4H participation in marine areas, and with
UC Santa Cruz in the science writer intern
program. Other museums, zoos, and aquari-
ums frequently request advice on both edu-
cation programs and technical matters such
as designing seawater systems, disease treat-
ments, nutrition, and collecting techniques.

Santa Barbara

The Marine Science Institute, UCSB,
provided an opportunity for school and com-
munity groups to examine and have a
"hands on" experience with a large sample of
marine plants and animals of the local area,
and to learn about marine research activities
at the University. UCSB students (11) pro-
vided diving skills to collect animals, created
displays, and interacted with the tour groups
(2,700 visitors). Community interest in
ocean life and marine research at UCSB con-
tinues to advance at a rapid rate under this
Sea Grant supported program.






























16 months, found on rocky
substrates from intertidal to 17
m depth; grows to the surface
forming a canopy. There are
questions regarding timing in
annual turnover -- disappear-
ance of adults as well as
appearance of juveniles.

Postelsia  palmaeformis.
annual which fruits in late
spring or summer after which
its blades senesce; found in

mid to low rocky intertidal
areas only in very exposed
sites.

Zosteraceae:

Phyllospadix spp. A perennial
found from the low intertidal
to a depth < 5 m attached to
rocky substrates on surf-bound
shores; grows up to a meter
long.

Zostera marina. A perennial
found on sandy substrates
from low intertidal to a depth
of 7m in sheltered bays; grows
up to 1 m long.

The marine flora of the Pacific Coast
undergoes a seasonal fluctuation in repro-
duction and growth, culminating in a peak
biomass by late summer and early fall
(McLean, 1962 and Neushul, 1967). The
reduction in storm activity in late
winter/early spring coupled with nutrient
enrichment during the upwelling period may
result in a spring phase of rapid growth fol-
lowed by a slower summer growth. By the
end of summer most annuals have reached
maturity, and many perennials have regrown
to peak annual densities and biomass.

The vertical distribution (both in the
water column and in the sublittoral zone)
and the morphology of a plant are perhaps
the most important factors that determine
its presence in wrack. Data on vertical
zonation of the major wrack producers is
provided by MacLean (1962). Locally, most
species comprising wrack are found near the
water’s surface or reach the surface by the
end of the growing season. Also, all of the
major species, including the seagrasses, are

Anl
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positively buoyant (ZoBell, 1971). The
importance of these points will be con-
sidered in the last section of Part I.

Wrack Population Dynamics

Settlement. Censusing for wrack set-
tlement began in October 1977 but metho-
dologic problems were not resolved until
November. Wrack  deposition  began
strongly by the end of September and
increased through November, the time at
which largest amounts settled in the 1977-78
season (Fig. 1). Settlement of new wrack
began to decline in November. Correlating
wrack settlement with storms will be done
once storm data are received from the
National Climatic Center. This analysis
should show that storms generate drift algae
which later become wrack.

The effect of daily and monthly tidal
cycles on wrack settlement are being investi-
gated. At present, data are insufficient to
test for either effect. But since production
of wrack is influenced mainly by seasonal
storms, one expects that tides are incidental
to wrack generation, but significant for
wrack settlement. Beach debris is almost
always deposited during high or receding
phases of the tide.

Distribution. Wrack is not deposited

randomly. Peak settlement occurred
strongly on several sectors of Salmon Creek
Beach throughout the season. This

phenomenon of differential settling is nega-
tively correlated with beach slope. The phy-
siography of Salmon Creek and Doran
beaches is being examined to evaluate the
impact of a beach’s location and positioning
on the wrack distribution observed.

Wrack is dispersed across the beach in
a wide band by spring tides and in a narrow
band by neap tides. On three 50 m study
plots set out to gather data on dispersion,
wrack was present in measurable quantity
during November and December, decreasing
in January; and from February through
May, there were no measurable quantities.

Persistence. The length of time
stands of algae remain on the beach, corre-
lated to time of year, was measured by tag-
ging cohorts of recently settled wrack on six
different dates and observing the rate of per-
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Figure 1. Amounts of dissolved and particulate nitrogen and carbon transported per day for

several flood and ebb tide series.



Table 2
Summary of estuarine functioning in disturbed and natural estuaries

Flood Control Los Penasquitos
Tijuana Estuary (TJE) Channel (FCC) Lagoon (LPL)
Type of disturbance Relatively little Vegetation alteration Frequent closure of
during construction; ocean connection

tidal flow restricted to
movement through riprap

Dominant vascular plants  Spartina foliosa Salicornia virginica Salicornia virginica
at low elevations

Vascular plant standing

crop (August 1978) in

comparable low elevation

habitats 1,031 g/ m? 970 g/ m? 4,316 g/ m?
Litter in comparable

elevation habitats

(August 1978) 139 g/m? 254 g/m? 417 g/m?
Annual productivity of 836 g/ m¥/yr in 1976 544 in 1978 2.792 in 1978
comparable low elevation 830 g/m?/yr in 1977

habitats (calculated as

increase in live plus

increase in standing dead

plants)
Salt marsh algal mat . Abundant mats, Similar to TJE Undeveloped

highly productive in salt marsh
Phytoplankton unproductive Can develop blooms
communities with closed mouth
Macrophytes in tidal Rare Frequently develop in Become dense after
channel quieter waters: Zosrera long periods of

occurs in subtidal areas closure
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Figure 2. Proportion of organic carbon in the dissolved form exchanged by tidal water at the
mouth of the Tijuana Estuary. M



























inlet channel. Since the system only inter-
cepts sand moving as bed load, it was only
effective in catching half the sand entering
the lagoon. A better site would have been
approximately 50 meters further east, but
this wasn’t possible due to the limited
amount (~200 m) of sand discharge line
which was budgeted for this project.

System design and operation

Figure 4 shows the basic system con-
sisting of a fluidizing pipe, a crater-sink, a
discharge line and associated pumps. The
design of the fluidizing pipe was based on a
modified version of the analytic - model
presented by Bailard and Inman, 1975.
Momentum principles were used to develop
a set of different equations predicting pres-
sures, velocities and jet discharges at all
points along the pipe. These equations were
solved numerically using the performance
curves of the drive water pump as input
conditions. An optimum configuration was
selected using the following criteria: 1) the
jet discharges along the entire pipe should
be approximately equal; 2) the jet discharge
rate should be a maximum for a given
length of fluidizing pipe; 3) the pump
operating conditions should be within nor-
mal range; 4) the sand transport capacity of
the fluidizing pipe should approximately
equal but not exceed the sand removal capa-
city of the crater-sink discharge pump.

The final system configuration chosen
had the following characteristics. The spiral
wound fiberglass fluidizing pipe was 25 m
long, 10 cm (4 in) in diameter, and had
0.175 cm diameter jets angled at 45 degrees
with a spacing of 6.25 cm. The fluidizing
pipe was driven by a 4 inch diameter water
pump powered by a gasoline engine. The
discharge system consisted of approximately
185 m long, 15 cm (6 in) diameter pipe
powered by a 6 inch, gasoline driven trash
pump. Typical flow rates during the experi-
ment were for the 4 inch pump, 15
liters/sec (240 gpm), and for the 6 inch
pump, 49 liters/sec (784 gpm).

In order to test the ability of the sys-
tem to intercept sand, a series of two experi-
ments were performed on 17-18 May 1978.
The experiments consisted of operating the
system for periods of 90 minutes during
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flood tide and monitoring the amount of
sand captured and bypassed by the system:.
This was done by measuring the flow rate
and sand concentration in the discharge line
every minute, The difference between the
two experiments was in the depth of the
fluidized trench, which was 60 cm on 17
May and 100 cm on 18 May. The results of
the two tests are shown in Figures § and 6,
which show the rate of sand capture as a
function of time.

The average rate of sand captured for
the 17 May and 18 May experiments were
2.75 and 3.1 liters/sec of sand respectively,
measured in its "at rest” bulk condition. An
interesting feature is seen in the 17 May
experiment (Fig. 4), where after 55 minutes
of operation, the rate of sand capture fell
dramatically. This occurred when the
increasing flood current began to round the
edges of the trench, preventing flow separa-
tion, and allowing the flood current to sweep
into the trench and carry away the sand
(Fig. 7). This process which was termed
"trench breakdown", was found to be less of
a problem for the 18 May experiment.
Apparently, the deeper trench retards the
phenomena, although further investigation
is needed. Additional study is also needed
to develop a system to better control the
suction line intake in the crater in order to
prevent plugging of the intake line. Figure
6 shows where mid-way through the experi-
ment on 18 May, the suction line intake
from the crater became partially plugged,
resulting in a decrease in the rate of sand
bypassed.

The second part of the experiment was
to release dyed sand several meters in front
of the fluidizing trench and monitor the
amount captured by the system. This pro-
cedure was to provide a measure of the cap-
ture “efficiency" of the system. Unfor-
tunately, the dyed sand was significantly
smaller in diameter than the in sitv sand,
and was thus buried by the processes of
shear sorting (Inman et al., 1966, p. 801).
For this reason, very little of the dyed sand
reached the trench, and only 3% of the dyed
sand was caught by the system. However,
two alternative methods are available from
which an estimate of the capture efficiency
of the system may be obtained. One
method is to compare the rate of sand cap-
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ture with the average rate of sedimentation
in the lagoon. If one assumes from the
basis of the site survey that the lagoon acts
as a perfect sediment trap (all sediment
cnters during flood tide and none leaves
during ebb), and that the influx of sand is
uniformly distributed across a width of 50
m, then the average rate during flood tides
of sand passing by the 25 m long fluidizing
trench is 3.6 liters/sec of "at rest” sand.
Based on the figure, the capture efficiency of
the system in terms of the percent of the
average daily transport into the lagoon was
75% on 17 May and 86% on 18 May. It is
doubtful, however, that these trapping
efficiencies are realistic values, since the
tidal range was larger than average during
the two days of experiments.

Bagnold (1966) has shown that the
sediment transport rate varies as the cube of
the velocity. Since larger than average tidal
variations induce larger than average water
velocities in the channel, the sediment tran-
sport rate would also be larger than average.
In fact, using the measured suface velocity
of the water (130 cm/sec) in the Bagnold
sediment transport model gives the sedi-
ment transport rate past the fluidizing pipe
during both test periods as 6.2 liters/sec.
Moreover, Bagnold’s model predicts that
approximately half of this would be bed
load, and the rest suspended load. There-
fore, the overall sand trapping efficiency of
the system was probably about 50%, due to
the high percentage of suspended sediment
transport occurring at the test site. On the
other hand, it appears that the system was
approximately 100% efficient at trapping the
sand being moved as bed load during the
second day of tests when the trench hadn’t
"broken down." Presumably, had the system
been situated further inside the lagoon
where the flood current velocity is less and
the relative fraction of bed load greater,
then a larger portion of sand influx would
have been intercepted.

In conclusion, the duct-flow fluidiza-
tion process used in conjunction with the
crater-sink concept has been found to be a
potentially effective method for both re-
opening closed lagoon inlets and for con-
tinuously maintaining open lagoon inlets.
When used to re-open a closed lagoon inlet,
the system is most effective when the sand
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through which the channel is cut is rela-
tively free of cobbles. When the system is
used to maintain an open lagoon inlet, it is
most effective when used in relatively stable
tidal lagoons which shoal gradually. More-
over, the system should be placed in a loca-
tion where the sand influx is principally bed
load, so as to maximize the sand trapping
efficiency of the system. Further research is
needed in a number of areas before a fluid-
izing technique can be routinely applied to
coastal lagoon sedimentation problems.
Areas for further research include: investi-
gating the trench "breakdown" phenomena,
quantifying the performance of an unburied
fluidizing pipe at the base of an open trench,
and developing a comprehensive site selec-
tion procedure.
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Development of Interpretive Methods and Materials for Marine Parks in

Northern California

John D. DeMartini, Humboldt State University

In northern California, the California
Department of Parks and Recreation has
established two State Underwater Parks --
one at Salt Point near Ft. Ross, Sonoma
County, and the other adjacent to the town
of Mendocino, Mendocino County. The
project leader, with the aid of Craig Selten-
rich, a graduate student in the Department
of Natural Resources Interpretation and
Planning at Humboldt State University, is
working with Dr. W. J. Barry, Mr. Burgess
Heacox and Randolph Kelly of the Califor-
nia Department of Parks and Recreation to
develop interpretive materials and resource
management plans for the two parks.

Resource inventorying and description of interti-
dal and subtidal biotic assemblages

Extensive surveying of the biotas’
intertidal and subtidal habitats was per-
formed during the summer of 1977. Sur-
veying of the intertidal and subtidal biotas
was completed during the summer of 1978.
Macrohabitats vary from sand to bedrock.
Numerous microhabitats occur, especially in
rocky areas, accomodating high species
diversity. The biotic assemblages of the two
parks are representative of the Sonoma and
Mendocino County coasts. A description of
both intertidal and subtidal habitats and
their respective biotas is being prepared.

An access survey of the marine parks
has been completed which defines major
human impact areas for future development
and control.

Development of interpretive materials

Themes of various aspects of the bio-
tas of the two parks are in development and
some have been produced (i.e., abalone
biology, feeding strategies and intertidal
organisms). Themes utilize 35mm tran-
sparencies produced during the summers of
1977 and 1978. The themes are constructed
for interpreting an aspect of marine biology
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to all park visitors and are planned for 20-
minute presentations.

Ranger-naturalist workshops

The second workshop was given during
September at Asilomar State Park, Pacific
Grove," and was attended by departmental
ranger-naturalists and interpretive special-
ists, plus a ranger from Channel Islands
National Monument. Workshop instructors
included members of the Advisory Board on
Underwater Parks and Reserves (Jill Fair-
child, Robert Given, Daniel Gotshall,
Wheeler North, James Stewart and Richard
McKillop, Interpretive Specialist, California
Department of Parks and Recreation). The
workshop lasted four days and proved a suc-
cess. It included diving, snorkeling, interti-
dal activities and presentations using the
photographs taken during the summers of
1977 and 1978.



Geological and Historical Analysis of Coastal Zone Environmental Hazards

Francis P. Shepard and Gerald Kuhn

Scripps Institution of Oceanography, University of California, San Diego
The beaches. bluffs, and estuarine environments of California - and specifically San Diego County -

are undergoing extreme developmental pressures. i
view, but the basic background information available on which to make valid decisions pertaining to
land use and resource management is very limited, particularly with regard to environmental hazards

of a geological nature.

Progress to date

Overall project objective. We are
demonstrating the methodology of collecting
and preparing geological information essen-
tial to resource planning and management
decisions. This involves compilation and
use of many existing public records (plat
maps, old land surveys, tax assessor records,
aerial photographs, and Environmental
Impact Statements and Reports for major
projects). Our information has been aug-
mented by interviews with long-term
residents, information derived from newspa-
per files and collections of old photographs,
together with data gathered from scientific
literature. This base-line information will
guide detailed field investigation and map-
ping.

Progress toward overall objective.
During the first twelve months of this pro-
ject, an information data base was acquired,
researched, and organized on important
meterological events (floods, storms and
earthquakes) that may have had a marked
influence on the coast in past years.

The coastal zone west of Highway 101
from south of Carlsbad to the southern
boundary of Camp Pendelton (north of Oce-
anside) was mapped on photogrammetric
maps of 1"=200" scale, and comprehensive
geological data relevant to land use is being
compiled. This involves several aspects
which are listed below.

1.  The adverse erosive effects of the
storms of 1978 were documented,
defined and mapped. This was a
winter of exceptional storm activity
with concomitant dramatic erosion
effects.
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These areas are attractive from many points of

Information on past meterological
events (floods and storms) that-have
had a marked influence on the' coast,
have been sought, documented” and
organized. o

Historical evidence (especially old land
surveys and plat maps) showing the
shoreline features and development
has been collected. These have been
compared with each other and with
modern maps to document stability or
change.

Tax assessment records of shoreline
parcels are being researched for infor-
mation as to diminished land area or
elimination of parcels from the tax
rolls as a result of inundation.

Newspaper files are being inspected for
accounts of the effects of natural
events such as storms at sea, heavy
rains, and earthquakes.

Long-time residents of coastal areas
are being interviewed to obtain
observers’ accounts of catastrophic
changes.

Collections of historical photographs
and memoirs are being searched for
documentation of changes.

All faults, joints, fractures, and sea
caves were mapped that are likely to
aggravate sea-cliff erosion in the form
of landslides, slumps, and sloughing of
the bluff-forming sands.












9.  The performance of existing shore pro-
tection works is being evaluated.

10. The coastline is being mapped to the
inland boundary set by the California
Coastal Act of 1976 on 1:24,000 scale.
This scale will show the regional geol-
ogy including stratigraphy and struc-
ture and will supplement the 1:2,400
scale maps. All pertinent previous
geological studies are being incor-
porated into this phase of study.

11. The general properties of the soils and
rock units are being determined, par-
ticularly those types that are especially

* susceptible to erosion under natural,
undisturbed conditions.

12. Photogeological  examination and
interpretation of aerial photography
from earliest available photos to the
present will be compared along with
recently available Landsat, infrared
and/or near-infrared  photography.
This will aid in defining regional topo-
graphic lineations and alignments
related to faulting and folding.

13. We are attempting to identify areas
subject to slope-stability problems. An
example of the impact of recent urban-
ization upon coastal lagoons is given
below,

Numerous coastal sites, which had
reported virtually little or no erosion in
recent years prior to the winter of 1978,
experienced very rapid shoreline retreat dur-
ing and following the storms of January
through April, 1978. Other sites that have
been actively retreating in past years also
showed a rapid increase in erosion in this
short period of time. Examples are given
below.

Along the beach at Carlsbad, Califor-
nia, unprotected lots and buildings exist
between protected structures. Figure 1A
shows a site in January, 1978, where the
slope under the beach stair access was being
cut back. Following the storms in February,
the stair access and lawn were destroyed and
the porch collapsed (Fig. 1B). During the
first week in April, 1978, excavation for a
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seawall foundation had begun (Fig. 1B). By
July, the seawall had been constructed and
the summer beach berm had returned (Fig.
10).

Sea-cave development and collapse
presents problems where buildings have
been located too close to the bluff-top edge
(Fig. 2A). Following the collapse of .a sea-
cave roof, the overlying sands will also fall
to the beach below (Fig. 2B). During a
period of rapid beach-sand removal in
March, 1977, the base of this same cliff was
actively eroded and another sea-cave col-
lapsed (Fig. 2C). During the. winter of
1978, the remnant sea-cave .shear zone
widened and a larger sea cave was the result
(Fig. 2D).

Sea-cliff retreat - often occurs as
episodic, catastrophic, and-’ Slle-SpeCIﬁC
events. An example of this last is‘aigite that
has had a history of land-sliding dating back
to 1941. The Self-Realization - Fellowship
Temple, built in 1939 (Fig. 3A), collapsed
following the storms, heavy rainfall; and
runoff of 1941 (Fig. 3B). At this same loca-
tion in 1978 (Fig. 4A) the cliff face col-
lapsed 12 to 16 feet landward, 110 feet in
length and 42 feet vertically (Fig. 4B).

Prior to development, siltation and
sedimentation affected the lagoons, pri-
marily during years of extremely heavy rain-
fall. Figure 5A shows a newly graded site
where storm drains were being installed. By
1975 a recently incised channel and well-
developed alluvial fan was clearly visible
(Fig. 5B). A photo taken in April 1978
shows that this particular fan has moved
farther downslope covering existing vegeta-
tion. Surface runoff, concentrated sheetflow
and water exiting storm drains flows along
inherent weaknesses such as trails, roads, or
pipeline down through the canyons and
slope face, cutting downward through slope
wash and contributing to the siltation and
sedimentation around San Diego County
lagoons.

The results of this project as they
develop are being made available to the city
planners of Carisbad and Oceanside, and to
the San Diego County Integrated Planning
Organization. Since September, 1977, the
following corporations have acquired and
utilized information gathered by this study:
























(Figs 3, 4. 5).

Much useful data was developed in a
thesis by Sea Grant trainee Bruce Harger
which dealt in large part with the seasonal
physical climate in a kelp forest and biologi-
cal changes on hard substrate within it. In
general, harvest yield correlates with solar
irradiance levels during the year. However,
we would predict from our laboratory work
and simple preliminary field experiments
that changes in nutrient levels may alter this
pattern. When the typical spring "pulse” of
surface nitrogen was low and dropped
rapidly in 1976, harvest yields fell
throughout the remainder of that season.
Studies of the growth of entire plants in the
fields have shown that the growth rate
remains (for a total plant) relatively constant
seasonally. However, the biomass in the
plants changes, with spring fronds having
more weight per unit length than late
summer-early fall fronds.

Because of the importance of nutrients
to kelp growth and yield, our measurements
of local nutrient levels have been used by
kelp harvesting companies in southern Cali-
fornia. The seasonal change in kelp canopy
has also been studied with aerial photo-
graphs of the bed adjacent to UCSB. In this
bed we have just completed a long term
study on harvesting effects. With the
cooperation of Stauffer Chemical Co., a
specific area was left unharvested for over
four years. We maintained sampling tran-
sects in this area, and this year completed
the final benthic sampling in the harvested
and unharvested areas for analysis, and
comparison with the aerial records and the
seasonal yield data.

During this past year, our work on the
biology of edible seaweed, Porphyra, was
completed. Its feasibility as a marine crop
plant was investigated by Sea Grant trainee
James Woessner, who completed his M.A.
thesis on this research. In other work on
red algae of economic significance, we have
investigated the propagation of the tropical
plant Eucheuma as a source of carrageenan.
After special permission was obtained,
plants were collected in Mexican coastal
waters and grown in the lab and the sea
(with California Department of Fish and
Game approval). Growth rates were
recorded for various light, temperature, and
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nutrient conditions. These warm water
plants (23-29° C) seem to do well in the
colder temperatures of the Santa Barbara
region (10-19° C), growing at temperatures
in the 14-16° range. However, rates which
were initially as high as 10% per day for the
first several months after transplanting have
now dropped in winter to 1-2% per day. As
with our investigations of Macrocystis, we
also examined nutrient relations in this plant
and conditions controlling reproduction. We
have been able to hold young gametophyte
stocks of Eucheuma in the lab for over a
year in our "seed stock" cultures. During a
recent visit here, by a delegation from Ense-
nada, considerable interest was expressed in
using our work on Eucheuma as a basis for
farming this valuable plant in Mexico.
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Figure 1. Densities of sea otters and abalones in the study area of the Hopkins Marine Life
Refuge, Pacific Grove, California. The establishment of a female sea otter rafting area resulted
in an increase in numbers of sea otters sighted in early 1978.
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3, 1978); and (2) "Notes on California’s
Coastal Governance: A Reply to Peter
Douglas,” (published in CZMJ, vol 4, no. 4,
1978).

In April and May, 1978, Joseph Bodo-
vitz and Stanley Scott sat together for eight
one-and-one-half hour tape-recorded inter-
views. This was shortly after Bodovitz had
resigned as Executive Director of the Cali-
fornia Coastal Commission, and while he
was teaching in the Department of City and
Regional Planning, UC Berkeley. The inter-
views were structured with a pre-arranged
set of theme questions intended to explore
Bodovitz’s recollections and perceptions of
the working of California’s coastal planning
experiment during his term of service. A
manuscript of approximately 270 pages
resulted and is now being read by selected

coastal commissioners and staff, other
observers of coastal planning, faculty
members, and coastal researchers. Further

interviews with Bodovitz and perhaps other
current or recently resigned coastal staff
members are contemplated. The goal is a
series of essay-like papers presenting
“insider’s views" of coastal planning
processes, along with critiques and commen-
tary provided by Scott and other observers.

Sea Grant trainee Peverill Squire
analyzed legislative interviews and files in
preparing a 112-page manuscript on the his-
tory of California’s 1976 coastal statutes.
The first revision of this manuscript has
been read by approximately 40 readers who
are particularly knowledgeable about the leg-
islative process. The manuscript is now
being revised, on the basis of readers’ com-
ments plus a few follow-up interviews, for
projected publication in 1979.

Sea Grant trainee Roger Herrera con-
ducted 32 interviews in coastal communities
from San Diego to Eureka, focusing pri-
marily on the city and county personnel
responsible for local recreation and park pro-
grams and facilities along the coast. They
were asked to evaluate local recreational
problems and issues on the coast, especially
as these may relate to coastal planning in the
future. A rough draft of approximately 300
pages was prepared, organizing a "first-cut”
of the interview material. That draft has
been reworked and pared down by 1978-79
trainee Michael Heiman to a reading draft of
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about 100 pages for circulation to selected
readers for review and comment, editing
and issuance as a working paper. .

In addition to the special series of
interviews with Joseph Bodovitz, mentioned
earlier, 106 interviews and 50 updating re-
interviews were conducted with a wide range
of coastal participant observers. The results
of these interviews were used to assist in
preparing the manuscripts and publications
already noted, and also will be analyzed and
the findings reported in 1978-79 and in later
coastal writing efforts stimulated and made
possible by this project.

Finally, Institute of Governmental Stu-
dies staff provided advice and consultation
to many faculty members, researchers, stu-
dents, policymakers and others. Two good
examples were sessions with representatives
of the U.S. Office of Coastal Zone Manage-
ment assigned to review and evaluate
California’s coastal planning effort. and with
representatives of the California State
Department of Finance on a similar mission.
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Coastal Zone Management:

Methods for Plan Development, Evaluation, and Monitoring of Local Pro-

grams

Thomas Dickert, University of California, Berkeley

During 1977-78, the California coastal zone management program embarked on the implementation
phases of its work. About half of the California local governments began preparation of their local
programs to bring their land use into conformance with the policies of the Coastal Act. Qur research
was intended to develop methods which would assist in the preparation, review, and monitoring of
these programs. The research has been focused in two major arcas: 1) determining the feasibility of
a parcel-based information system to assist in cumulative impact assessment, and 2) the development
of methods for relating the intensity of land use on an estuarine watershed to impacts within the estua-

rine regime.

One of the most difficult problems fac-
ing local governments in the preparation of
local coastal programs is determining assess-
ment and management methods for cumula-
tive impacts of development within their
jurisdiction. Cumulative impacts, as used
here, refers to the environmental, social,
and economic effects of all land uses permit-
ted by the land use plan and implementing
ordinances. Policies of the California Coa-
stal Act require that local governments con-
sider the cumulative impacts of develop-
ment (§30250(a)) in preparation of their
local coastal programs. Cumulative impact
assessment is a most difficult problem,
because most local governments do not have
environmental and land-use data in a form
that can be easily manipulated to provide
quantitative impact estimates.

One method we have developed to
provide quantitative impact estimates is a
parcel-based information system. The sys-
tem differs from earlier work on automated
geographic information systems in using the
land parcel as the geographic unit to refer-
ence environmental and other land-use data.
Thus, the system couples records from the
County Assessor’s files (e.g., land use, zon-
ing) with geographically specific environ-
mental data (e.g., soils, geology). Because
the system builds upon an existing data
base, it is extremely cost-effective.

A feasibility study to illustrate the
application of the parcel-based concept was
undertaken in a case study of the Montara-
El Granada portion of San Mateo County.
This portion of the Half Moon Bay subre-
gion was selected because of our earlier
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work in the area. County records were
acquired and about twenty variables placed
on computer tape. An additional fifteen
environmental and land-use variables were
encoded from mapped data, including, for
example, flood-prone areas, landslide sus-
ceptibility, liquefaction potential, slope, soil
and agricultural capability, tsunami run-up.
and vegetation type.

Demonstration uses of the system
have included:

1. Cross-tabulation of parcel characteris-
tics: listing all parcels within a
specified  size-class  with  similar
resource characteristics.

2. Estimating the degree of conflict
between California Coastal Act policies
and existing zoning: listing all parcels
(by size-class) which are over-zoned
for urban wuse and also possess
resource characteristics specified in the
Coastal Act (e.g., geologically hazar-
dous areas, prime agricultural lands.
etc.).

3. Estimating the degree of conflici
between the existing county zoning
and service system capacities: using
the number of parcels in a specified
zoning class, coupled with unit con-
sumption factors (i.e.
trips/amount/day, etc.) to estimate the
highway, wastewater, and water-supply
requirements for the level of develop-
ment expressed in the existing county
zoning.






Idem, 1978. Cumulative impact assessment
for coastal zone planning. Paper
presented at Coastal Zone 1978, ASCE,
March 11-14, 1978, San Francisco.

Dickert, Thomas, Andrea Tuttle and Sun
Yuan. 1978. Hydrology and land use
planning for the coastal zone: Elkhorn
Slough case study (Background Paper
No. 2). Institute of Urban and Regional
Development, University of California,
Berkeley.

Cooperating Organizations

San Mateo County, Assessor’s Office and
County Planning Department

Monterey County, Planning Department

California Coastal Commission, San Fran-
cisco and Santa Cruz regions

87






The Development of the Science and Technology of Aquaculture

Cudeli Hand, with the assistance of Louis Botsford, Douglas Conklin, William Fisher, Michael
Hartman, Dennis Hedgecock and Edgar Nilson
Bodega Marine Laboratory, University of California, Berkeley

This annual report is the second for a
two-year project initiated in September of
1976. As this report will be the final one for
the project entitled "The Development of
the Science and Technology of Aquacul-
ture," we have attempted to integrate and
summarize progress made during the entire
period in order to provide a comprehensive
overview.

Broodstock development

Lack of control over reproduction
impedes the commercial development of
crustacean aquaculture. Dependence on
wild larvae or juveniles precludes genetic
improvement for behavior and quality
(domestication), and ties the culture to avai-
lability of wild stock. Homarus two obstacles
in particular have prevented a steady supply
of larvae and interfered with selective breed-
ing: (1) low percentages of proper ovarian
development and oviposition among adult
females maintained in the laboratory, and
(2) a two-year cycle in the female’s egg
clutch production. To investigate the role of
certain environmental cues -- temperature
changes and photoperiod cycles -- we con-
ducted two major experiments, one in each
of the preceding Sea Grant years. In each,
seventy-two adult lobsters were held in large
tanks and fed either fresh or frozen seafood
or frozen agar-gelatin cakes compounded
from various autoclaved seafoods. Full
details of our experimental systems and pro-
tocols may be found in Hand et al. (1977)
and in Hedgecock er al. (1978). The most
recent experiment (1978) was described at
the 1979 World Mariculture Society meet-
ing, in Honolulu, January 22-26. The
results of these past two years’ experiments
have brought us significantly closer to
achieving full husbandry of the lobster.

In the first year (1976-1977) our
experimental temperature treatments were
three: low (10-15° C), medium (14-18° C),
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and high (18-22° C), and in each of these
experiments, long day (16:8h) was con-
trasted with short day (8:16h) light-dark
cycles. Molting and mortality were higher at
mid- and high temperatures; conversely,
extrusion was higher in the low temperature
condition. Photoperiod effects were seen
only in the low temperature treatment where
long days accelerated molting. These results
matched well with those of Dr. David Aiken
of Canada. Under the best conditions of
this experiment, however, the rate of extru-
sion was only 22%.

In the next experiment we decided to
test both the effects of cold period (7° C)
and long day photoperiod onset. Again, we
found no requirement for, nor disadvantage
of, a cold winter period during ovarian
maturation. This means that ambient sea-
water temperatures like those at Bodega Bay,
California, are ideal for holding lobster
broodstock. More interestingly, a dramatic
stimulation of extrusion was evident in all
conditions in which photoperiod increased
from short days to long days.

Note that the rate of extrusion under
the best conditions of this second experi-
ment was 56% (an average of 44.4% over
five such treatments vs. 18.5% extrusion in
three short day or dark treatments). These
results, together with data on other labora-
tory held individuals, suggest that manipula-
tion of photoperiod may be a key to control-
ling the delicate interplay of molt and repro-
ductive cycles in lobsters. It apparently
allows an inexpensive means of timing egg
extrusions for year-round availability of
seed. We are testing and refining our
hypotheses in a current, third experiment in
this series.

A final lesson from the past two years
research is that the increasing availability
and use of adult broodstock that have been
held at the Bodega Marine Laboratory for
several years allows more information to be
obtained from each succeeding experiment.






prerequisite to intensive culture of crustace-
ans. However, before nutritional require-
ments can be delineated, it is necessary first
to develop an acceptable and readily
modifiable artificial diet. This has. unfor-
tunately, not been achieved for the lobster
nor for crustaceans in general in spite of
intensive research efforts. Compared to a
diet of live or fresh food items, artificial
diets in which nutrient content can be mani-
pulated produced only marginal growth and
survival. Quite often an improvement in
one parameter, either growth or survival, is
1o the detriment of the other. An additional
problem is the difficulty of readily monitor-
ing food intake. As the actual amount
assimilated is open to question, a positive
growth response may be due to increased
consumption and not to an improved
nutrient combination. The unpredictable
combination of these factors has hampered
the rational development of an artificial diet
and effectively stymied the commercializa-
tion of intensive crustacean aquaculture.

Research over the past two vears has
been aimed at identifying those elements of
fresh food diets which make them superior
to artificial diets. As the general outline of
nutrient requirements for arthropods is
thought to be understood. based on the
work with insects, a possibility existed that a
slightly different but critical ratio of
nutrients was required. A large experiment
in cooperation with Foremost Foods and San
Diego State University examined this possi-
bility. A multivariant approach. response
surface methodology (RSM), was used to
examine the interaction among major
nutrient classes. The results were disap-
pointingly negative, indicating that although
some interaction was present. the critical
factor still had not been pinpointed.

Another possibility was that in an
attempt to assure that all possible require-
ments had been met. diets were too high in
some ingredients. leading to actual toxicity.
In order to examine this possibility. the
artificial diets were fed in combination with
live brine shrimp, Artemia salina, which was
known to be an excellent diet for juvenile
lobsters. The results were strikingly clear.
Even a slight supplementation (every fourth
day) of the artificial diet with the live food
produced growth rates and survival compar-

93

able to a complete live food diet. This and
other supplementation experiments using a
variety of non-living food such as beef
heart, beef liver. and garden vegetables indi-
cated the artificial diets were not toxic but
deficient in one or more essential nutrients.

We were then able to use the artificial
diets with a supplement of beef liver to
examine the role of pigmentation. In a
series of experiments carried out in coopera-
tion with Eric Johnson and Dr. Michael
Lewis, UC Davis, we determined that pig-
mentation was controlled by diet. Normally,
pigmented lobsters could be produced using
a variety of carotinoid-containing foodstuffs
added to the artificial diet. One of the most
effective was paprika extract. More impor-
tantly, pigmentation did not have an effect
on growth and survival of the animal in the
laboratory.

Specific identification. however. of
those nutrients contained in the supple-
ments which were critical for survival and
growth proved to be perplexingly difficult.
Surprisingly. grinding and the subsequent
incorporation of these supplements for vari-
ous extracts in the pelletized artificial diet
was completely ineffective. It is believed.
however, that this can be explained based
on the results of some concurrent experi-
ments which were carried out on the
artificial diets and on the lobsters’ feeding
behavior. In studying consumption patterns.
it was noted that lobsters do not feed
rapidly. These experiments indicated that
lobsters under our experimental conditions
fed continuously throughout a 24-hour
period. Other experiments carried out in
cooperation with Mike Goldblatt and Dr.
Duane Brown. UC Davis. indicate that the
majority of water soluble vitamins have
leached from the pellet after only two hours
immersion in seawater. This leaching is not
correlated with the particulate loss. the tradi-
tional measurement of aquatic diet stability.

Based on our past two vears research.
we hvpothesized that the ineffectiveness of
artificial diets for lobsters is due to water-
soluble vitamin deficiencies resulting from
the combination of the rapid leaching and
the extended feeding period of the animal.
Preliminary experiments with stabilized vita-
min sources. both natural and artificially
microencapsulated. have tended to support






diagnosing most microbial disease problems
found in marine aquaculture. The labora-
tory h?s the capacity to perform histological
examinations of tissues from diseased
animals. Diagnostic services were provided
in support of other projects at the Bodega
Marine Laboratory and to other individuals
requesting the service.

Svstems analvsis and economics

Since the major, long-term objective of
our research in aquaculture is the develop-
ment of economically feasible lobster cul-
ture, @ means of evaluating results and
directing research is needed that "translates”
our experimental results into economic
terms. The tools used to accomplish this
task must integrate both physical systems
and biological results into a form that
reflects the status of research as a whole.
We have used techniques of mathematical
modeling, optimization theory and simula-
tion to fulfill these requirements.

We have developed a mathematical
model of the biological, physical, and
economic aspects of culture and used this
model to determine optimal culture
methods, project culture costs, and to direct
research. An initial model was constructed
based on available data and assumptions and
was used to determine the sensitivity of the
output (cost) to poorly known or assumed
parameter values. Experimental effort was
concentrated towards improving the values
of these parameters. As research has pro-
gressed, the model has become increasingly
realistic. In addition to directing research
towards improvement of our quantitative
knowledge of lobster culture, we also use
sensitivity analysis to determine the best
way (least research cost) of reducing culture
costs. This is done by comparing the reduc-
tion in culture cost due to a proposed
research advance and the cost of research
for each of the proposed research projects.
We use optimal control theory to determine
optimal temperature, container sizes, and
flow rates in lobster culture. Computer
simulation is used to project culture costs
under different assumed conditions.

\

ln the past year we have concentrated
our efforts toward examining the effect of
growth and metabolic rates on culture costs.
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The results obtained, the relative economic
importance of growth and metabolic rate (or
conversion ratio), provide guidelines for
research and development in new artificial
feeds, genetic selection, and optimal feeding
levels. In addition to work on lobster aqua-
culture, we began analysis of the northern
California Dungeness crab fishery. This
work is related to the causes and economic
implications of abundance cycles.
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Bodega Bay Fishermen's Marketing Associa-
tion, Bodega Bay, California

Brigham Young University, Department of
Biology, Provo, Utah
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Granite Canyon Laboratory, Humboldt,
Menlo Park and Sacramento offices

California Water Quality Control Board,
Sacramento, California

East Carolina University, Department of
Biology, Greenville, North Carolina

Foremost Foods, Research and Develop-
ment, Dublin, California

H & M Wholesale Lobster
Petaluma, California

Company,
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LFE Environmental Analysis Laboratories,
Richmond, California

Massachusetts State Lobster Hatchery,
Martha’s Vineyard, Massachusetts

National Marine Fisheries Laboratory, Auke
Bay Fisheries Laboratory, Auke Bay,
Alaska

San Diego State University, Departments of
Biology and Microbiology

San Francisco Bay Brand, San Francisco

University of California, Davis, Depart-
ments of Food Science and Agricultural
Engineering

Washington Department of Fisheries, Whit-
ney Point Shellfish Laboratory, Quilcene,
Washington












were conducted which relate specifically to
the development of the pilot-scale program.

Culture system design

Two major types of production systems
for individual rearing of lobsters are being
evaluated for use in the pilot-scale study.
These are a flushing tray system and a deep
tank system. The flushing tray system,
developed cooperatively by our group and
David Aiken of the Canadian Fisheries and
Marine Service, consists of cantilevered
racks of partitioned trays which are flushed
periodically to remove accumulated wastes.
The deep tank system, developed at San
Diego State University, consists of three-
dimensional arrays of perforated holding
cages suspended in one deep tank or race-
way (Fig. 2). Prototypes of both systems
have been developed and perform satisfac-
torily. From the standpoint of production
costs, the deep tank systems may prove to
be less expensive than the flush tray system,
because it is not necessary to provide a
separate container for the seawater at each
vertical level in the array and better use is
made of available space. However, access to
the cultured animals is more convenient in a
tray system because each rearing compart-
ment is open to the water surface. In order
to select the most promising system for
commercial application, production cost esti-
mates| are being developed, including costs
of feeding, harvesting, transferring, moni-
toring}and waste treatment. The scale of the
pilot test will be established at the smallest
level of operation that will permit accurate
extrapolation of the results to commercial
scale (Fig. 3).

Effects of temperature

The American lobster exhibits a maxi-
mal rate of growth at a
constant temperature of 20-22° C. How-
ever, constant temperatures are rarely
encountered in nature or in the aquaculture
environment. Also, due to variations in
electri;c power demands, the effluent tem-
perature of most generating stations varies
considerably, with daily cycles of 6-9° C.
Periodic shut-downs for maintenance,
inspection and repairs and standard operat-
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ing practices for heat treatment of the cool-
ing system cause additional fluctuations.
Because of this, knowledge of the effects of
sudden temperature changes on subsequent
growth and survival is essential in culturing
lobsters in thermal effluent.

A series of experiments were con-
ducted to determine the effects of tempera-
ture change on growth of juvenile lobsters.
Lobsters acclimated to the optimal culture
temperature of 22° C were subjected to ther-
mal shocks within the range of temperatures
from 0.5-32° C. All groups survived expo-
sure to the lower limit of 0.5° C. Larger
juveniles suffered significant mortality at 31°
C and sudden exposure to 32° C proved to
be lethal for juveniles of all sizes (Fig. 4).
When a more gradual rate of temperature
change (one degree per day) was provided,
survival at higher temperatures increased
significantly.

Some fish and invertebrates cultured
under conditions of fluctuating temperature
exhibit higher survival and grow faster than
when cultured at constant temperatures. A
second experiment was designed to assess
the detrimental or potentially beneficial
effects of fluctuating temperature on lobster
growth and survival. In this study lobsters
were subjected to a temperature regime that
fluctuated between 22 and 15° C over a 24-
hour cycle. After four months of culture,
groups exposed to fluctuating temperature
showed significantly lower rates of growth
and survival when compared to groups
maintained at a constant 22° C. This result
may be due in part to the lower value of
degree-days for the fluctuating temperature
groups. However, a subsequent high-
temperature stress test indicated that lob-
sters cultured for four months in fluctuating
temperatures were less tolerant of sudden
exposures to 31° C than were controls held
at constant temperatures. Therefore, it
appears that a considerable degree of tem-
perature control will need to be employed in
commercial lobster production at generating
stations, in order to avoid problems of
reduced growth and sensitivity to sudden
temperature changes.






Broodstock management

The institutional market for lobsters in
the United States demands a steady supply
of live or fresh-frozen one-pound
adults. To meet this requirement and to
ensure economical operation and utilization
of the culture facility, a broodstock program
to provide berried females on a year-round
basis is necessary. We have demonstrated
that continuous production of larvae is pos-
sible when females are held at various tem-
peratures to accelerate or retard egg
development prior to hatching. However, it
will be more difficult to provide a depend-
able source of berried females. Three
potential sources are: females captures from
the wild that are carrying eggs, females that
have previously mated and will extrude
eggs, and females produced by a controlled
broodstock program. Lobsters have been
mated successfully in the laboratory for
many years. However, successful egg extru-
sion and pursuant hatching have been
accomplished only infrequently. Our recent
efforts to hybridize the American lobster, H.
americqnus, and the European lobster, H.
gammarus, have resulted in increased
numbers of mating leading to successful
hatching. The progeny from several hybrid
crosses (Fig. 5) have been cultured for
nearly two years and some are expected to
reach maturity in the spring of 1979,
Although the hybrids have not shown any
superior aquaculture characteristics in the
first generation, subsequent generations are
expected to possess increased heterozygosity
and may exhibit hybrid vigor or other desir-
able traits. The immediate advantage of
hybrid crossing has been the increase in
numbers of successful extrusions and
hatches, infrequently accomplished in
intraspecific mating of either species.

Development of artificial diets

Nutrition research at SDSU has con-
centrated on the development of practical
diets which promote adequate growth and
survival and have suitable stability in water
so that they can be used in our evaluation of
prototype production systems. Studies have
been conducted concerning problems related
to dietary deficiencies, improved processing
and binHing, and problems associated with
storage, distribution, and waste removal.
This year we developed a satisfactory
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method of pelletizing brine shrimp (Artemia)
with an alginate binder to provide a mainte-
nance diet used in studies evaluating several
high-density culture system designs.

Previous results have shown that com-
mercially available shrimp feeds reconsti-
tuted with crustacean meal from a variety of
sources produce reasonable growth in lob-
sters fed these diets. This past year several
new formulations, high in protein content
and having the amount of cholesterol
required by marine and freshwater shrimp,
also were tested. In addition, experimental
diets used in the culture of crayfish were fed
to juvenile lobsters in a series of feeding tri-
als. An experimental diet with 30% protein
designed for freshwater shrimp culture gave
the best results of all dry formulations
tested. Lobsters fed high protein (50%)
marine shrimp diets suffered significantly
higher mortality.  Those formulations
extruded under high pressure were superior
diets in terms of storage and water stability.
Based on these studies a dry pelletized for-
mulation was selected for feeding of lobsters
being cultured in prototype production sys-
tems at the Ormond Beach Laboratory.

Food conversion efficiency

Recently an experiment was begun to
examine the combined effects of tempera-
ture and feeding level on conversion
efficiency in H. americanus. Accelerated
growth rate at elevated temperatures is a
common phenomena for many marine
animals. However, changes in consumption
rates and nutritional requirements associated
with temperature increases are poorly
defined for H. americanus. Several investi-
gators have postulated that the optimum
temperature for growth would decrease as
the amount of food provided was reduced.
Where feeding levels are restricted, the
decrease in maintenance metabolism at low
temperatures allows a larger percentage of
the ration to be available for growth. To
test this hypothesis for H. americanus, four
groups of juvenile lobsters are being cul-
tured at temperatures of 10, 15, 20 and 25°
C. The effect of feeding level is being stu-
died by providing several subgroups a daily
ration of Artemia equal 1o 0, 1, 2 and 4% of
the lobsters’ live body weight. A fifth group












Protective Measures for Shellfish Aquaculture

James F. Steenbergen, San Diego State University

A number of disease problems are now
recognized in crustacean aquaculture sys-
tems. These have recently been reviewed
by Fisher er al., (1978). Gaffkemia, a fatal
bacteremia in lobsters, causes epizootics in
the wild, in impoundments and in aquacul-
ture systems. Leucothrix, and related epi-
bionts, are associated with significant losses
in larval and juvenile stages of lobsters and
shrimp. Several types of gram negative bac-
teria i cause septicemia in stressed lobsters.
Exoskeleton lesions occur in lobsters, crabs,
and shrimp held in aquaculture facilities.
Fungal infections by Fusarium, Lagenidium,
and Halipthoros have caused devastating out-
breaks in both shrimp and lobsters.

During the past year, we have diag-
nosed major problems from gaffkemia, Leu-
cothrix, Fusarium, and exoskeleton infections
in our autopsy specimens. The potential
limitations that these diseases may place on
future aquaculture ventures may have been
underestimated. Although it may be true
that under optimal conditions (e.g. water
quality, nutrition, feeding, etc.) these
disease problems can be minimized, we have
not yet reached that level of sophistication
in our aquaculture systems. Nor are we
likely to reach these goals in the near
future, since economically practical aquacul-
ture will not allow unlimited flow rates and
other optimal, but costly, measures. Conse-
quently, we predict that continual bacterio-
logical monitoring, with antibiotic or other
chemical treatments where warranted, will
be necessary to avoid disastrous disease out-
breaks in aquaculture projects.

Leucorhrix infestations of larval and
juvenile stages of crustaceans in aquaculture
is one problem which we have addressed
this year. In order to combat the disease,
we need to know more about the mechan-
isms by which it spreads. Before we can
study the epidemiology of the disease, we
must develop techniques for detection of
subtypes within the species Leucothrix
mucor. To this end, we have developed
serological and electrophoretic techniques
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for subtype recognition. Acrylamide gel
electrophoresis of the free endotoxin frac-
tion from Leucothrix strains appear most
promising. Using this technique, we have
established that the strains that infect crusta-
ceans are not distinct from strains isolated as
epibionts of marine algae. Consequently,
we can conclude that there are no specific
epibionts of crustaceans, and that the strains
which make up part of the normal
microflora of the nearshore waters are
opportunistically infesting the aquaculture
systems. We have developed antibiotic
treatments that help to control epibiotic
growth of Leucothrix and related bacteria on
lobsters.

Exoskeleton lesions of cultured larvae
are a continuing problem. The chitinolytic
bacteria associated with these lesions are
part of the normal microflora of lobster sur-
faces. Accumulated evidence indicates that
a normal, wild-type chitin exoskeleton,
overlaid by an unbroken waxy epicuticle, is
rarely seriously infected.  Nutritionally
deficient lobsters may not produce a normal
epicuticle, thereby allowing the chitin-
digesting bacteria to gain access to the chi-
tin layers. Therefore, it is reasonable to
believe that better water quality and a nutri-
tionally optimum diet will solve much of the
exoskeleton problem. Until that time, anti-
biotics and/or chemical treatments may help
to limit the problem.






Biochemical and Genetic Control of Critical Physiological Processes in Mol-

luscan Life-Cycles:
Sensﬁtivities to Pollutants

Basic Mechanisms, Water-Quality Requirements, and

Daniel E. Morse, Marine Science Institute, University of California, Santa Barbcra

Qur previous research has shown that
planktonic larvae of the California red
abalone (Haliotis rufescens) are induced in
the presence of specific crustose red algae to
settle and begin metamorphosis, benthic
feeding, rapid development and growth
(Morse 1978). From these natural algal
inducers we have identified a family of
homologous chemical inducers (Fig. 1)
whlch‘can be used conveniently and inex-
pensively, in pure form, to induce beha-
vorial and developmental metamorphosis of
abalone larvae upon natural or synthetic
substrates. Of these chemical inducers, the
most potent and inexpensive is y-
aminobutyric acid ("GABA"), a naturally
occurring amino acid and potent neuro-
transmitter in many species (Morse er al., in
press, b; Morse er al., 1979).

ILarvae used in the experiment were
produced by our previously described tech-
nique for peroxide-induction of spawning
(Morse er al., 1977), followed by controlled
fertilization and cultivation in 15° fresh
filtered seawater. Larvae became uniformly
competent for GABA-induction of settling
6-7 days following fertilization (Fig. 2).
thm minutes after its addition to seawater
at hlgh concentration (10~* M), GABA
induces 100% of all competent abalone lar-
vae to} settle and begin benthic locomotion
and feedmg behavior (Fig. 3). At lower
concentrations (10~¢ M optimal), induction
of settling proceeds over 1-3 hours, with >
95% of all competent larvae showing
developmental metamorphosis to the adult
form (marked by the growth of the new,
adult shell - see Fig. 4) within 2-3 days
(Morse er al., in press, b; Morse er al.,
1979).

Use of GABA or other related natur-
ally required biochemical inducers thus pro-
vides a convenient and inexpensive means
for controlling the settlement and metamor-
phosis} of larvae of this species. Synchro-
nous development with a high yield of sur-
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vival can thus be obtained for mass produc-
tion of this protein-rich and commercially
valuable food species. GABA also has been
found an effective inducer of settling, beha-
vorial, and developmental metamorphosis of
the planktonic larvae of certain other species
of marine molluscs. Functionally related,
simple transmitler substances are expected
to prove useful in controlling the develop-
ment of a large number of other species as
well.

Use in bioassays

The physiological GABA-dependent
induction of behavioral and development
metamorphosis affords a convenient meas-
ure for quantitating and defining other fac-
tors which may influence (or be required
for) the success of these processes. Thus,
for example, the GABA-dependent induc-
tion of settling provides a rapid bioassay
(Fig. 5) for the presence of interfering pol-
lutants, including a variety of halogenated
organic pesticides (Table 1) (Morse et al.,
1979). Results of these assays indicate that
setiling (and thus, reproductive success) is
far more sensitive to such environmental
stress than is the simple viability of the
planktonic larvae. This bioassay also has
proven useful in detecting and quantitating
interference with natural settling (recruit-
ment) of abalone larvae caused by industrial
effluents, nitrogenous wastes, and other pol-
lutants from urban, industrial, and agricul-
tural sources (Morse et al, in press, b).
This assay will thus be useful in defining
water-quality standards required for optimal
hatchery and seed-production facilities,
optimal sites for cost-effective reseeding of
depleted coastal habitats, and marine and
aquatic environmental quality assessment
standards for a variety of other purposes.






Compounds Which Induce
Settling (Recruitment) in Abalones
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Figure 1. Compounds which induce settling of competent H. rufescens larvae, showing homolo-
gouslrelationships between active inducers. Methylene hydrogen atoms have been omitted for
clarity. (Morse et al., 1979).

111












Aquaculture of the Purple-Hinge Rock Scallop

|
Charles F. Phleger and David L. Leighton
San Diego State University

Filter-feeding molluscs (e.g., oysters,
mussels, and clams) appear to offer aquacul-
ture a level of ecological and economic
efficiency yet to be reached in culture of
crustaceans and fin-fish. The purple-hinge
rock scallop, Hinnites multirugosus, is the
subject of study at San Diego State Univer-
sity to evaluate its suitability for marine
aquaculture.  Characteristics of flavor,
marketability, growth rate, tolerance to a
broad range of physical conditions, and
manipulability in hatchery and field-rearing
operations combine to place Hinnites in a
foremost position among candidates for
commercial production.

. Hinnites is unique among scallops in
that it cements to a firm substrate after a
relatively prolonged free-living or byssal-
attaching juvenile stage. This behavior pro-
vides an advantage to extensive culture,
smce attachment to growing surfaces may be
regulaled and spatial distribution optimized.

This three-year study has been explor-
ing pertinent aspects of Hinnites biology
including reproduction, requirements for lar-
val culture, substrate preference, natural
foods, tissue chemistry, and growth rates in
a wide variety of natural environments rang-
ing from bays to the open sea, at depths
from five to 130 meters.

During this last year of the project,
emphasns was directed both to improvement
of culture techniques to increase survival of
larvae through metamorphosis, and to com-
parative observations on growth of scallops
in ocean and in bay locations to define prac-
tical environmental limits for extensive cul-
ture of this shellfish. Other research con-
cerned improved designs for scallop rearing
structures, studies of substrate selection in
juveniles, and determination of temperature
and salinity tolerance of young adults.

Laboratory studies in larval culture
provided very encouraging survival and
growth in experiments using Monochrysis,
Isochrysis, Rhodomonas and Phaeodactylum as
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food and in which both the medium and
algae were renewed every two to three days
throughout the three-week larval incubation
period. Metamorphosing larvae were cul-
tured to juvenile stages in a mesh-bottom
tank constructed of black fiberglass which
was immersed in a bin containing well-
circulated nutrient-enriched seawater and
food algae (Leighton, 1977; Leighton and
Phleger, 1978). Hatchery-reared scallops
from a 1976 spawning have reached market
size while held for two years in Quivira
Basin, Mission Bay. This group of scallops
was induced to spawn last spring.

In the field, juvenile scallops were
introduced to cages located at five stations
within Mission Bay to compare year-long
growth in fore-, mid-, and back-bay areas.
Twenty individuals comprised each group.
All were measured every three months to
evaluate seasonal influences. At all bay
locations except the back-bay, survival and
growth of scallops was excellent; individuals
averaging 1.2-1.6 cm at the onset reached
7.8-8.2 cm after one year. In back-bay loca-
tions, however, both slow growth and high
mortality occurred. Salinity was reduced
below 22 o/oo during winter periods of
heavy rainfall and temperatures also were
above 25° C in late summer. Both of these
conditions are beyond tolerance limits for
Hinnites in the San Diego area (Leighton
and Phleger, 1978).

The U.S. Navy (NOSC) Oceanographic
Platform 1.1 km off the San Diego coast
served as an ocean station for scallop growth
studies. There, groups of juvenile scallops
were placed in cages attached to subsurface
braces at depths from 3 to 18 m. Compar-
able groups were established in Quivira
Basin. Observations on growth were made
throughout one year, with measurements of
shell size obtained each two months. While
fouling and surge interfered with success of
scallops and the cages at 3 m beneath the
platform, excellent growth and survival was
found for scallops at 9 and 18 m. Groups at
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evidence that the glucanases are most

important in cell wall lysis.
|

Culturing experiments

A series of experiments was conducted
that were designed to determine the optimal
culture conditions for growih and pigmenta-
tion of P. rhodozyma. 1t was found that
astaxanthin biosynthesis occurred maximally
during the exponential phase of growth.
The pigment yield in the growth medium
was not solely dependent on cell concentra-
tion but was influenced by the culture condi-
tions. The optimal pH for astaxanthin pro-
duction was found to be 5.0 in shake flasks.
At the other pH levels tested, however, the
concentration of astaxanthin in P. rhodozyma
remained relatively constant.

An interesting phenomenon was
observed in cells grown at pH 3.5. An
examination of the carotenes produced at
this pH revealed a predominance of B-
zeacarotene in the carotene fraction of the
pigment mixture. This pigment was not iso-
lated | from yeast grown at pH 4.5. It was
concluded that this pigment accumulated in
cells grown under adverse conditions due to
the malfunctioning of the carotenogenic
enzymes present. and not to the presence or
absence of different enzymes. An alterna-
tive route for B-carotene synthesis was sug-
gested for P. rhodozyma.

‘The temperature of cultivation was
found 1o influence the growth rate of P. rho-
dozyma but not the accumulation of astax-
anthin in the yeast cell. The effects of light
also did not affect carotenogenesis in P. rho-
dozyma, although the cells grown under high
light intensity appeared to have a redder
hue. which may have been due to different
concentrations of particular carotenoids.

It was found that a low glucose con-
centration and high air supply were needed
for efficient astaxanthin production by P.
rhodocyma. The concentration of astax-
anthin in the red yeast decreased consider-
ably if the air supply was below 20
mmoles/liter/hour or the glucose concentra-
tion was above 4% w/v. However, astax-
anthin was still the predominant pigment in
yeast cultured under either of these condi-
tions. If the effects of low air and high glu-
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cose were combined, however, then the
astaxanthin concentration in P. rhodozyma
was decreased to extremely low levels and
the formation of B-zeacarotene occurred.
Under these adverse conditions, again,
astaxanthin was not efficiently formed from
the carotenes.

It was concluded that low aeration and
high glucose concentration in the growth
medium promoted fermentative metabolism
by P. rhodozyma. This hypothesis was sup-
ported by data obtained from the growth of
P. rhodozyma on various carbon sources.
When cultured on carbon compounds which
promoted aerobic glycolysis in this yeast
(e.g. cellobiose) the yields of astaxanthin
were very high. If cultured on carbon
sources which presumably repressed aerobic
glycolysis (e.g. glucose) the astaxanthin
yields were low. Carbon compounds meta-
bolized via the pentose-phosphate pathway
(e.g. xylose) did not promote efficient caro-
tenogenesis.

P. rhodozyvma was found to produce
high vields of astaxanthin when cultured in
a liquid medium supplemented with tomato
wastes. The improved yield may have been
due to the incorporation by the veast cell of
specific terpenoid precursors. These results
suggest that a process may be developed for
the commercial production of astaxanthin by
P. rhodozyma.

P. rhodozvma as a dietary supplement

The final section of this thesis was
concerned with the utilization of P. rhodo-
c-yma as a dietary pigment and nutrient
source for various animals. The ash content
was found to be low compared to other
yeasts. The carbohvdrate content of the
whole veast cell was slightly higher. which
may be a reflection of the thick cell wall of
this microorganism. The protein content
determined by the Folin-Lowry assay or by
total nitrogen was only 25-30% (w/w). This
value is significantly lower than found in
other yeasts and suggests that P. rhodozvma
is inferior to them as a source of protein.
Its amino acid content was fairly well bai-
anced but was low in methionine. P. rhodo-
-yma contains a high proportion of lipids (=
20%) and is high in the fatty acids oleic and
linoleic. The high fat content of this veast






Experimental Abalone Enhancement Program

Mia J. Tegner. Scripps Institution of Oceanography, University of California, San Diego

California populations of abalones, succulent molluscs sought after by both commercial and sport
fishermen. have declined considerably in recent years. The objectives of this project are 10 develop an
'umivrsmmiing of the natural history and ecology of the major species of abalones in southern Califor-
nia and 1o use this knowledge to determine the scientific and economic feasibilities of different methods

for enhancing stocks of this valuable shellfish.

This joint University of California Sea
Grant College and California Department of
Fish and Game program was guided by a
steering committee. composed of represen-
tatives of the academic, industrial and
management communities. with the first
meeting held on September 27. 1977.

One of our major objectives for this
vear was to learn as much as possible about
the ecology of the poorly-known juvenile
abalones. Joint cruises were made to the
Channel Islands with Department of Fish
and Game biologists to study areas with
healthy abalone populations. Juveniles were
found to occupy different habitat types than
adult abalones. specifically the undersides of
rocks with less than 0.1 m?® bottom surface
area. the bottom underneath adult red sea
urchins. or occasionally Macrocystis hold-
fasts. Medium and large abalones were
found on larger, rocky surfaces: boulders,
under ledges, in crevices or on vertical faces
- habitats which do not appear to offer ade-
quate; protection from predation for
juven;iles. When both types of habitat were
present., we observed both size classes. we
generally saw only one size class in areas
where only one of the habitat types was
present.

We used these data to design our first
seeding experiment which was conducted on
Santa Rosa Island in December. One
thousand red abalones were seeded into four
different habitats, two natural ones based on
the field studies, one artificial habitat of
cinder blocks, and one mixture of boulders.
While the series of storms we experienced
last winter prevented complete evaluation of
this experiment, the survival rate of the
seed planted in a field of small boulders (the
natural nursery habitat) was about twice that
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we found on the cinder blocks. These data
suggest that the use of natural abalone nur-
sery habitat will eliminate the need for
artificial structures which are costly in terms
of both time and material expenditures.

In July we began our life table studies
to determine growth rates and size-specific
mortality at Johnson’s Lee, Santa Rosa
Island, a site with a healthy red abalone
population and some protection from pre-
vailing winds. Five hundred animals were
measured, tagged, and replaced for growth
studies. A comprehensive survey was
undertaken to analyze abalone densities,
size-frequency distributions, and habitat
preferences and to consider abalone food,
competitors, and predators as well.

Some of the more important results of
this survey concerned habitat preferences.
Fifty-eight percent of the emergent (larger
animals visible without turning rocks) and
71% of the nonemergent (smaller, hidden)
abalones were found in habitats categorized
as rock/sand, i.e., substrate consisting of 25
to 75% sand. Forty-one percent of the
emergent and 29% of the nonemergent
abalones were found in habitat consisting of
greater than 75% rock. The rock/sand
category comprised 27% of the total habitat
surveyed and the rock category 28%, there-
fore being roughly equally available habitats.
These data therefore indicate a strong
preference of juvenile abalones for the
rock/sand habitat whether due to settlement
preference or survival rate or both. This
pattern held for both the first and second
year classes.

Further small scale experimental plants
were conducted at Point Loma in August
and September to test the survivorship of
seed in different natural habitats. Our Santa


















Iridaea Population Dynamics and Cultivation

William T. Dovle and Judith E. Hansen
Universine of California, Santa Cruz
|

" The red alga Iridaca cordata (Turner)
Bory is from a family of plants known to
produce carrageenans. These phycocolloids
are used as gelling, stabilizing and thicken-
ing agents in the food, textile, biomedical,
cosmetic and  pharmaceutical  industries.
The overall goal of this project has been to
explore the potential of [ cordata as a
domestic carrageenan resource. With Sea
Grant support we have studied [Iridaea car-
rageenan biochemistry (McCandless, er al.,
1973). population biology (Hansen and
Doyle. 1976 Hansen, 1976; Packard, 1978:
Hansen. in press). growth (Hansen, 1977a)
and aspects of physiology (Hansen, 1977b).

" The major results of these studies
show that: a) [ridaea carrageenans (Kappa
undilambda) differ according to life history
stage, similarly to Chondrus and Gigartina.
b) |Peak standing crops on the California
open coast are comparable to commercial
Chondrus crops on the Atlantic coast; how-
ever. [ridaea growth rates are considerably
higher. ¢) [ridaea blades are irue spring
annuals with a perennial holdfast. d) In siu
populations are  dominated by the
tetrasporangial stage and would therefore,
produce predominately lambda carrageenan.

Subsequently, physiological and cul-
livation experiments were initiated 10
explore the feasibility of growing specifically
male and female plants for kappa car-
rageenan. Results of the physiological stu-
dies indicate a difference in net photosyn-
thetic rate between developmental stages of
1. cordaia, with sterile plants X = 2.49+.08
mgC/gm dry wt/hr, and reproductive plants
in all stages X = 1.49+.10 mgC/gm dry
wt./hr. Additionally, saturating irradiance is
approximately 200 microeinsteins/ m~?%/
secT

Doubling time of /. cordata varies sea-
sonally (11 to 59 days) and growth appears
1o ll?c limited by irradiance/daylength during
winter-early spring. NH;-N is the "pre-
ferred" inorganic nitrogen source and is
taken up when external seawater concentra-
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tions far excced ambient coastal levels.
These latter results specified the conditions
necessary lor offshore cultivation of this
species, which was the object of our studies
in the past 12 months.

Aquaculmre/Field Cultivation

A nearshore experimental aquaculture
system was developed for Iridaea employing
nets as an artificial substrate. Nylon seine
nets are sporulated with tetraspores in a cir-
culating seawater tank system. Spores atlach
within 2 days and grow to 5 mm before oul-
planting nets on an offshore structure. Once
the nets are outplanted, initial "fouling" by
other algal species (primarily by green algae)
presents a major problem. The cultured
thalli outplanted in autumn, winter and
summer have grown to approximately 8 ¢cm,
but to date have not reached maturity.
These experiments are continuing.

Field experiments on [fridaea blade
harvesting were concluded. Removal of the
large, dominant blades during a favorable
growth period (spring) stimulates out-
growth, but not initiation of juvenile, subor-
dinate blades; blade removal during summer
resulted in no outgrowth. Overall results
indicate that internal control (possibly hor-
monal or a circadian mechanism) is integral
in maintaining the integrity and seasonal
growth of this species.

California [ridaea cordata is a good
source of carrageenan for industrv. /n sim
populations are dominated by diploid plants
and are adequate only as a source of lambda
carrageenan; additionally, they would be
difficult to harvest. Aquaculture of this
species, selecting for male/female plants, is
a potential alternative. Techniques have
been developed to successfully sporulate
nets throughout the year. Outplanting on an
offshore structure has been accomplished
and harvesting experiments indicate that
multiple crops could be grown in a vear.
The major problem is competition among












Hybridization experiments

In addition to our studies on hybridiza-
tion between isolates of
G. papillata from the Pacific Coast of North
America reported last year, we have begun a
series of crosses between Japanese isolates
of G. pacifica and G. ochotensis as well as
isolates of G. stellata from numerous coun-
tries in the North Atlantic (Ireland, Scot-
land, Wales, England, France, Portugal and
Spain). There is a high degree of interfertil-
ity among isolates within a single geographic
locality although surprisingly as many as 4
distinct breeding groups are present among
the isolates of G. papillata along Pacific
North America. Crosses between Japanese
isolates and American isolates generally
have been negative. It is remarkable that a
few crosses between European and Japanese
or Pacific American isolates are positive.
The' Perrocelis-like plants derived from
several of these are growing well, but others
are not, indicating that the genetic affinity is
rather low.

New investigations on Phyllophoraceae

iTwo red algal genera (Gymnogongrus
and Ahnfeltia) in the Phyllophoraceae are
commercially utilized as sources of car-
rageenan and agar. In order to determine
the potential cultivation of these in aquacul-
ture systems we have initiated life history
studies under controlled environmental con-
ditions. The species under investigation
here have not been analyzed completely
with regard to carrageenan type or yield but
this will be finished next year. Preliminary
analyses show that the gametophytes yield
kappa-type and the tetrasporophytes a
lambda-type.

Tetraspores of the crustose red alga
Erythrodermis sp. from Oshoro Bay, Hok-
kaido, Japan gave rise to upright plants,
morphologically and anatomically similar to
Gymnogongrus flabelliformis Harvey, in unial-
gal culture. Sexual reproductive structures
did not develop on these plants. Carpos-
pores of G. Alabelliformis from Muroran,
Hokkaido germinated in culture to form
crustose plants anatomically similar to
Erythrodermis. Transfer of these crusts from
full Tstrength enriched seawater medium to
unenriched seawater resulted in the forma-
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tion of seriate intercalary tetrasporangia.
Tetraspores germinated to form Gymno-
gongrus plants. The specific determination
of the crustose tetrasporophyte (Erythro-
dermis) awaits further comparison with
species from other geographic areas. A
similar life history pattern was observed in
plants collected near Pusan, Korea. On the
basis of our studies it is evident that Gymno-
gongrus flabelliformis exhibits an alternation
of independent, heteromorphic gameto-
phytes and tetrasporophytes.

Carpospores of Gymnogongrus lepto-
phyllus J. Agardh from Duxbury Reef and
Yankee Point, California gave rise to crus-
tose plants similar to Erythrodermis haematis.
Tetrasporangia developed on these plants
following dehydration and abrasion. The
tetraspores germinated to form basal discs
with dichotomously branched blades identi-
cal to the original field-collected plants.

Tetraspores derived from field-
collected crusts of Perrocelis anastomosans
Dawson (type locality Salina Cruz, Mexico)
gave rise in culture to upright male and
female plants similar to Gymnogongrus mar-
tinensis, carpospores derived from cystocarps
differentiated into crustose plants identical
to Perrocelis anastomosans.

Gymnogongrus furcellatus from Chile
has been isolated in culture and also shows a
similar life history. It grows very well in
culture and is currently field-harvested as a
carrageenan resource in Chile.

Gymnogongrus linearis and G. pla-
typhylius obtained in California are also being
investigated to determine the life history
patterns but information is not complete.

Carpospores of Ahnfeltia gigartinoides J.
Agardh from Puerto Escondido, Mexico,
formed crustose tetrasporophytes (Erythro-
dermis) that released tetraspores. These
spores germinated and developed into
upright gametophytes identical to A. gigar-
tinoides.






Toward Seawater-Based Crop Production

Emalnue] Epstein, University of California, Davis

For the first time, wheat was included in field tests at Bodega Marine Laboratory and was irrigated

with undiluted seawater.

Plants of some wheat selections completed their life cycle and produced

grain. Tomatoes grown at 70% seawater salinity had very high concentrations (up to 15%) total dis-
solved solids - a quality feature prized by tomato processors.

Field experimentation

~Unlike the two preceding years, the
1977-78 season was unusually wet. The
severe and late rains delayed planting of
selected lines of the grains (barley and
wheat) until March 14, 1978. Growth of
the plants, including tillering, was adversely
affected by the late planting and yields were
low.

[ Furthermore, performance of plants in
different parts of the seawater-irrigated plots
was ‘uneven. This was traced to differences
in salt concentration in the soil (sand)
water. Probably physical heterogeneity of
the ‘;sand profile was responsible for these
spat'%al differences in salinity. This experi-
ence emphasizes the need for attention to
the physical condition of the sand substrate
in seawater culture, in addition to the
genetic make-up of the plants.

i Tomatoes were again grown in plastic
greephouse shelters at the Bodega site. Fig-
ure i1 shows tomatoes from progeny of an
initial cross between the commercial
Lycopersicon esculentum (salt sensitive) and
the wild L. cheesmanii from the Galapagos
Islands (salt tolerant - see previous Annual
Reports). The tomato on the right came
from a plant grown under control (fresh
water) conditions; the two tomatoes on the
left are still attached to a plant of the same
genotype irrigated with 70% seawater.
These tomatoes are the size of cherry toma-
toes. They were found to have very high
concentrations of total dissolved solids, up
to 15%, as compared to 5%, approximately,
for the same tomatoes grown under control
conditions (fresh water irrigation). High
total solids are a feature much prized by
tomato processors because of the superior
flavor the dissolved solids impart to toma-
toes.
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The salt tolerance of these plants may
be gauged by the fact that the salinity caus-
ing a 50% reduction in yield was 10 times
higher than that producing a similar yield
decrement in the domestic cultivar.

Work at Davis

The list of entries in the world collec-
tion of barley was sorted on the basis of
country of origin. Of the total of 22,000,
six thousand were put on high priority for
screening because they came from countries
with salinity problems. So far, 600 lines
have been screened at 90% seawater salinity;
24 were able to germinate and establish see-
dlings - 11 from India, 1 from Algeria and
12 from Egypt. Of these 24 lines only 9 had
been given names; the rest were wild acces-
sions not in agricultural use.

In that wheat project, selections were
done in salinized solution culture. Forty
lines of the world collection have been
identified that can germinate and establish
seedlings at 85% seawater salinity and can
complete their entire life cycle at 50% sea
water salinity. Screening of the world col-
lection of wheat continues.

Recognition

The project continues to generate great
interest from government agencies, research
institutes, and various business enterprises
from around the world - evidence of the
high potential this novel scheme of
seawater-based crop production is believed
to have.
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force to be reckoned with. The regulatory
jurisdiction of the Corps is described in this
chapter along with its impact on the indus-
try. .

8. Boundary Law and its Effect on
Aquaculture. The question of where one
agency's power ends and another’s com-
mences is the subject of boundary law.
Knowing how to separate state and federal
waters and submerged land can be vital in
predicting the permissible use of land and
water for aquaculture, This chapter
discusses boundaries based on tidal criteria,
mileage from shore, depth from surface, and
other boundary doctrines as well as the legal
doctrines applying to these areas.

9. Aquaculture as a Common Pro-
perty Resource Problem. One of the most
difficult public policy issues raised by aqua-
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culture is whether individuals should be per-
mitted to derive private economic gain from
the use of a common property resource such
as the sea. This chapter discusses this prob-
lem by examining the major arguments
against allowing private gain from common
property.

10. Economic Analysis of the Permit
Process. This chapter attempts to assess the
economic impact of gathering the permits
necessary to commence or expand an aqua-
culture operation. This is done by examin-
ing the case histories of several different
forms of aquaculture.

11. Conclusions and Recommenda-
tions. Findings and recommendations
drawn from the first ten chapters are syn-
thesized in this rather brief and plotless
chapter.


































































failure of a device during the fishing season. Cooperating Organizations

The strategy is to use two devices to block

one escape port, and since it is highly

unlikely that both will fail at the same time, California Department of Fish and Game
the one which fails first can be replaced

before the escape port opens.

In Table 1, code numbers 2 and 3
appear to best fit the requirements if two
escape devices are wused together, as
described above. The mean time to failure,
3.5 months, is long enough so that, at most,
only two changes would be necessary during
the crab season. In addition, the 60-day
failure span which we observed indicates
there would be only a slight probability of
simujtaneous failure if two were used

togetper.
| Table 1
Summary of tests of crab trap escape devices

! in the 1977-78 fishing season

Code Number Plastic Copper Burr Steel rivet Failure

No. Tested  Material* size Diameter in. Time

1 106** PP 6 3/16 2.5 months

| +14 days

12 325+ PP 7 5/32 3.5 months

’ +30 days

'3 100*** PP 7 5/32 not significantly

} different from 2

I 4 116** PP 8 5/32 4.0 months

; +21 days

’ 5 100%* PP 8 5/32 not significantly

. different from 4

|6 9g** PE 9 1/8 2.5 months
+35 days

*IPP-polypropylene; PE-polyethylene
** Mandrels (rivet heads) removed
“}‘"’ Mandrels not removed. (Presence of mandrel had little effect.)

INSTALLED DEVICE

SECOND DEVICE PLACED7ON
|ooYTED LINE IN POT, FaBRIC

‘ Figure 1 ‘
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Improved Marine Food Products and Marine Food Technology

W. D. Brown, University of California, Davis

The primary objective of this project is
that of providing improved methods of
packaging and handling a variety of seafood
products. During the first year’s work,
emphasis has been placed on investigations
of the use of modified atmospheres for the
storage and shipment of fish, and on evalua-
tion of the potential for the use of edible
coatings for frozen seafood products.
Related work dealing with associated techno-
logical problems has been in the area of his-
tamine toxicity from fish products, and that
dealing with the chemistry of myoglobin pig-
ments of fish, which are important in deter-
mining color in a variety of seafoods.

Modified atmosphere studies

In a series of tests, fresh rockfish
fillets were held either in air (controls) or in
modified atmospheres containing a mixture
of 80% carbon dioxide and 20% air for up to
14 days in refrigerated storage. Samples of
six fillets from each treatment group were
removed at intervals of 3, 7, 10 and 14 days
and subjected to chemical and microbial ana-
lyses. Microbial growth was drastically inhi-
bited in the modified atmosphere samples,
with the lag phase of growth being extended
over the entire 14 day period, i.e. microbial
counts were the same at 14 days as initially.
In contrast, samples stored in air showed
marked growth at 7 days (increase of 3 log
cycles), continuing upwards throughout the
14 day period. Slime formation and a decay-
ing odor were very perceptible for the con-
trol samples after 10 days of storage; no

slime or off odor was associated with the

samples stored in modified atmospheres
after 14 days.

Results of various chemical analyses
were as follows. Surface pH increased from
initial values of about 6.7 to around 7.5 in

the control samples during the storage -

period, while the treatment group showed
values decreasing from 6.7 to just under 6.3.
This change in pH may account for some of
the antimicrobial effects produced by storage
in carbon dioxide. Samples held in modified
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atmospheres also displayed significantly less
accumulation of trimethylamine and main-
tained higher surface oxidation-reduction
potentials than did the control samples.
Concern had been expressed by some poten-
tial users over rumors of increased weight
loss (drip) during storage of fish in modified
atmospheres. No weight losses were notable
in this study. We believe earlier observa-
tions by others were due to inattention to
proper humidity control when gassing sam-
ples from cylinders containing very dry car-
bon dioxide.

We had an opportunity this year to
conduct field studies under commercial con-
ditions. With the cooperation of the
TransFresh Corporation, one of our trainees
(Kirk Parkin) spent several weeks in a fish
processing plant in Anchorage, Alaska. This
facility dresses and packages fish for ship-
ment by steamship from Anchorage to the
lower 48 states. Studies were made of the
effectiveness of modified atmosphere sys-
tems in retarding spoilage of dressed gray
cod, gray cod fillets, Alaskan spot shrimp
and halibut steaks. = Atmospheres mainly
employed 60% carbon dioxide, with high
(25%) levels of oxygen, or with low (less
than 5%) levels of oxygen. All products
were studied as fresh samples and were
analyzed and evaluated at time intervals dur-
ing the treatment period, as well as post-
treatment (i.e. after removal from atmo-
sphere storage) for periods of up to 28 days.
Very good preservation quality was found
for fresh shrimp, halibut and cod fillets. All
were acceptable for at least 21 days of refri-
gerated storage when held in modified atmo-
spheres.

Results from actual commercial ship-
ments of salmon held under modified atmo-
spheres were equally promising. During the
summer about 2,250,000 pounds of dressed
salmon were shipped from Anchorage to
Seattle by steamship in Sea-Land vans
gassed by TransFresh to contain 65% carbon
dioxide. No losses occurred due to spoilage.
Present economic considerations appear
promising as indicated by Table 1.















Design and Development of a Squid Processing System

R. Paul Singh, University of California, Davis

Squid is an important food item in
many countries, particularly in Mediter-
ranean Europe and the Orient. It is a nutri-
tious seafood high in protein and low in fat,
and it is abundantly available. The current
world catch exceeds one half million tons,
and it is estimated that this could be
increased to a sustainable fishery of over
one hundred million tons annually (Kato
1975). Squid is potentially the single largest
source of 'animal protein in the marine
environment.

One species, Loligo opalescens Berry
(commonly referred to as market squid)
abounds off the western coast of the United
States. The California squid catch averages
10,000 tons worth 1.2 million (McAllister
1976). It is estimated that this tonnage
could increase to over one half million tons
annually if demand would allow (Voss
1973).

In spite of its excellent food value and
delicate flavor, squid is unpopular in North
America. Not only does it appear unappetiz-
ing to many, but the task of cleaning squid
is also laborious and unpleasant. However,
prepared fish products such as snack foods,
breaded patties, and cocktail sauces are quite
popular. Prepared foods made from squid
meat have been well received in preliminary
tests (Ber}( 1974), and this shows that a
potential market exists for squid meat pro-
ducts in | this country. These products
require that whole squid should be cleaned
economicqlly and at a high processing rate.

Currently there are no commercial
squid processing facilities in the United
States. Hand cleaning of squid is both
time-consuming and expensive, and no
mechanical systems are available for clean-
ing (Ghio 1977). If a system could be
developed to economically clean squid, new
products could be developed. Coupled with
consumer’ education and product promotion,
increased 'use of squid would result. Thus,
automation of all or a portion of the squid
cleaning process indicates a feasible way to
increase squid utilization. Knowledge of the

|
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physical properties of squid is necessary to
develop new food products using squid and
mechanical devices for cleaning raw squid.

The major objective of the research
reported in this paper was to determine phy-
sical properties of Loligo opalescens impor-
tant in the cleaning and handling processes.

Physical properties

The squid of the Loligo species have
been extensively examined with respect to
taxonomy, natural history, structure and
reproduction by Fields (1965). Squid are
mollusks of the Class Cephalopoda, which
contain the octopus and cuttlefish as well.
In a typical Loligo opalescens, eight sessile
arms and two tentacular arms are attached at
the head end. The mantle surrounds the
visceral mass and the chitinous "pen" or
backbone. The fins extend to half the
length of the mantle. The mantle and tenta-
cles are the parts normally eaten. The man-
tle is covered by a thin, pigmented epider-
mal layer which changes color depending
upon the physical and emotional environ-
ment of the squid.

Loligo opalescens is smaller than most
other common squids, for example the
eastern variety Loligo pealii and lllex species
(Berk 1974) are much smaller than Ommas-
trephus sloani pacificus, which are up to a half
meter long and make up the bulk of the
Japanese squid fishery. Berk (1974) gives a
breakdown by weight of various squid
species. It is noted that the yield from
whole Loligo opalescens (49%) is somewhat
lower than the east coast variety (68-70%).

The development of a cleaning system
requires information on the morphological
characteristics and physical forces required
to separate edible from non-edible parts.
According to Takahaski (1965), squid meat
contains considerable fibrous protein and lit-
tle fat. It is not made up of bundles like
muscle, yet it is not tissue-like soft due to
the presence of fibers. Mohsenin (1970)






suggests that, due to the lack of uniformity
in biological materials, caused by tempera-
ture, humidity, food supply and internal fac-
tors such as age and physiological condition,
empirical approaches to the determination of
rheological and mechanical properties are
necessary.

General characteristics

The squid body is covered with a thin,
gelatinous layer. The dark mottling of the
skin on the dorsal side varies from light to
very dark. The mottling extends to the ven-
tral portion, but is not as pronounced. The
mantle approximates a right circular cone,
with the circumference approximately equal
to one-half the mantle length (as measured
from the tail tip to pen tip).

The areas where the skin, fins and vis-
cera are strongly attached to the mantle flesh
are identified as follows. The pallial car-
tilage connects the siphon to the body and
provides support for this organ which
enables the squid to swim. The skin
extends around the rim of the collar and
attaches at the inner rim. Invariably, pulling
thé skin from the mantle leaves behind a
sm“all portion attached to this point, It was
qualitatively determined that initial tearing
of the skin is more difficult than peeling the
skin back once it is torn. Thus, skin remo-
val is facilitated by cutting through the man-
tle just behind the collar. The fins are con-
nected to the mantle by a rough, transparent
membrane extending the length of the fins.
The skin covering the fins is removable
alc;)ng with the rest of the skin.

The results of weight, dorsal mantle
length, mantle thickness and bulk density
measurements are presented in Table 1.
The squid sample was obtained from a trun-
cated distribution (those selected for sale) as
compared to the samples of Evans (1976)
and Fields (1965), who took their samples
directly from the boats. This fact may
account for the difference in the mean
weights and lengths between the results in
Table 1 and data reported by Evans. There
is less variance in the size distribution of the
frozen squid as compared to those freshly
ca‘ught. A Kolmogorov-Smirnoff test for
goodness of fit showed that the individual
and combined population of males and

females could be taken as normally distri-

|
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buted. An estimate of the percent yield was
computed as follows:

whole wt.—cleaned wt.
whole wt.

A relationship between the weight of the
whole mantle (including skin, viscera and
fins) W, and the total weight, W, may be
statistically estimated as:

W, = 8.0297 + 0.586 W, r> = 0.93

which is valid for the range of total weights
between 35 and 100 grams.

A statistical estimate of the relation-
ship between the weight of the head, arms,
and tentacles ( W,) without regard to sex is:

W, =8.2920 + 0.420 W, r, = 0.88

valid for squid weighing between 35 and 100
grams (Fig. 1). The longitudinal center of
mass is located in the body about one-fifth
of the length of the mantle back from the
collar. Although the mass of the arms of
the male make up a larger percentage of its
weight than that of a female does, the
center of mass lies at the same point for
both male and female. Distribution of the
mantle thickness, the visceral mass, and the
mass of the fins may account for this
phenomenon.

% Yield= x100

Surface friction characteristics

A study of surface frictin characteris-
tics was made using a sliding sheet metal
ramp with samples of squid that had been
previously frozen and thawed. Results of
the surface friction study are presented in
Table 2. The friction coefficient of each part
was plotted as a function of whole weight.
No simple correlation, however, was found.
This result would be expected for a dry fric-
tion model. The wide range of the friction
coefficient data could be due to variabilities
in the slimy coating on the body or the way
in which the arms contact the surface, e.g.,
the number of suckers contacting the slide.
In addition, the amount of moisture on the
surface has most likely a significant effect on
the friction characteristic.

It was observed that virtually all of the
squid could be made to orient mantle-end
down if the ramp angle was properly
adjusted. This factor could be incorporated
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Figure 2. Water spray application time to separate viscera from mantle of Loligo opalescens
using water jet. )

Pressure = 1.93 x 10° Pa

Flow rate = 1.2 x 10~% m’/ sec

Area = 7.92 x 10~m?

170



into an automatic handling system. The
design parameters include the ramp angle,
ramp length, and time for the squid to reach
the bottom of the ramp. For the 20 squid
which were dropped onto the ramp and
oriented within the 120 cm ramp length the
ramp angle varied from 14° to 30° with a
mean of 22.6°. These were not necessarily
the minimum or maximum angles at which
the squid would orient in 120 cm, since the
determination would take repeated tests with
the same squid. The squid surface changes
with repeated handling (slime layer comes
off, skin tears) and prohibits replications.
However, a mimimum orientation angle of
about 14° and a maximum of about 30° are
indicted. One estimate of the mimimum
angle to orient the average size squid could

be to use the mean overall friction
coefficient and its corresponding angle:
n =tan @ = 0.42

0 =22.78
The minimum and maximum angles
required for orientation were the following:

omin=19'7 °

0max=30.1°

Forces to remove viscera and fins

Results of the Instron tensile tests on
the viscera and fins, and the force gauge test
of the head, pen, siphon and fins are listed
in Table 3. Fins were harder to remove by
pullmg than the viscera. The strongest point
on the viscera was at the pallial cartilage.
Comparison of the forces required to pull
the viscera and fins away from the mantle
by pulling from the head end confirms these
relationships. Stress determinations were
not made due to the difficulty in measuring
the size of the connective cross-sectional
area. The deformation includes stretching
of the siphon as well as the cartilage, there-
fore the total deformation is not a true
deformation of the connection point. Plots
of the forces required to remove the various
parts from the mantle and the head from
then body suggests that there may be an
mcrease in force required for increasing
body weight, although the computed correla-
tion coefficients were small. The variability

|
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of the data could be due to intrinsic biologi-
cal considerations such as age, vigor, etc., of
the animal and size of the attachment area
which may not be a linear function of body
weight. An increase in strength of connec-
tive tissue with body weight is in keeping
with the findings of Bouton (1965).

The preceding discussion indicates that
efforts to mechanically clean Loligo opales-
cens should be directed at separating the
siphon and fins from the mantle, since these
are the areas of strongest attachment.

Separation of the viscera, fins and
skin from the mantle using a water spray.
The water pressure at the laboratory jet noz-
zle which would effect removal of the vis-
cera, skin and fins without damaging the
mantle flesh was found to be 1.93 x 10° Pa
(28 psi). This gave a flow rate of 1.2 x 1074
m3/sec. The average times and energies for
the spray to cause visible separation at the
points in contact with the spray are given in
Table 4. The time for the mantle was noted
when evidence of damage to the flesh was
visible. It can be seen that the fins are the
most difficult to remove, followed by the
viscera at the pallial cartilage, then the skin.
This could be expected from the results of
previous force tests. It was noted that the
mantle flesh would be damaged at almost
the same time as the fins were removed.
Figure 2 shows that there is a tendency
towards increased resistance for higher total
weights, which occurs with the results of
tensile tests. Minimum cleaning times at
the given conditions can be estimated from
the figures. It was found that the nozzle
pressure of 1.93 x 10° Pa exceeds the
minimum necessary to loosen the skin. The
variability in the data is most likely due to
inability to detect the exact separation time,
which is less than 1 sec. The variability in
the time to remove the fins is also due to
the difficulty in observing exactly when
separation occurs and, in addition, the fins
would at times move and hide the contact
area of separation. However, a mimimum
time for fin'removal of about 3 seconds is
indicated, though in five cases out of 17 the
fins did not separate at this water pressure.
The mimimum nozzle pressure which cause
separation of the skin when applied continu-
ously was 1.5 x 10° Pa (psig).



Conclusions

1. Loligo opalescens squid taken from the
wholesale market averaged 58.01
grams for males, 42.78 grams for fe-
males and a combined average of
52.67 grams. The weight of the com-
bined population was normally distri-
buted with a standard deviation of
15.64 grams. These squid averaged
13.72 cm dorsal mantle length.

2.  Product yield of arms, tentacles, and
mantle was 49% of the total body
weight.

3. The friction coefficient of squid on wet
sheet metal may be characterized by a
dry friction model. The mean overall
friction coefficient was 0.42.

4. Of a twenty squid sample tested, all
were oriented tail first within 120 cm
when placed on an inclined sheet me-
tal ramp perpendicular to the direction
of travel at a ramp angle of 30°,

5. Through repeated experiments, it was
found that it is easier to separate the
skin and soft body parts from the man-
tle; the fins are more difficult to
separate.

6. A nozzle pressure of 1.93 x10° Pa and
flow rate of 1.2 x10~*m3/sec caused
separation of the skin in less than one
second, siphon at the pallial cartilage
in 2.25 seconds, and fins in more than
3.7 seconds. The mantle flesh was
damaged in 3.5 seconds.
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Purchased at Wholesale

Table 1
Morphological Data of Frozen, Packed Loligo opalescens Berry

95% CI- Max. difference for
No. in T test K-S test for
Parameter Units  Sample Mean S.D 7 unknown goodness of fit
Whole wt, g 39 58.01 15.15 +4.0 0.0964
male *70.1 *22.4 *+6.8
Whole wt, g 21 42.78 11.25 +5.10 0.1712
female 49.3 13.4 +4.2
Whole wt,
combined sexes g 60 52.67 15.64 +3.33 0.0852
Dorsal, Mantle cm 39 14.1 12.80 +3.38
length, male 14.6 13.90 +4.2
Dorsal, Mantle cm 21 13.0 9.41 +4.26
length, female 13.4 10.1 +3.2
Dorsal, Mantle
length, combined cm 60 13.72 13.12 +3.34
sexes
Body wt,
combined sexes g 37 41.7 8.93 +2.87
Head, arm,
tentacle wt
combined g 37 15.6 9.10 +1.44 Paired T-test
95% CI on difference
between whole and
cleaned weight
ud = 23.62 + 2.00
Cleaned weight
(head, arms,
tentacles of
combined sexes) g 37 29.6 8.92
% YIELD = 49.0%
Density of whole
squid, g/cc 22 1.10 0.004 +0.0013

*The second figure is data collected by Evans (1976)
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Table 2
Friction Characteristics of Loligo opalescens
on Wet Sheet Metal. (Sample Size = 21)

X S Standard error of
Parameter Mean Stand. Dev. the mean = S/ /n
Whole weight, g 57.1 14.7 3.14
Whole mantle (incl. viscera
and fins, skin), g . 41.56 8.93 1.95
Head, arms,
tentacles, g 15.57 6.63 1.48
Slide angle 8,° 13.19 3.04 0.66
Slide angie 65 ° 24.43 3.97 0.87
Mantle friction
coefficient u, 0.234 0.055 0.012
Head-arm friction
coefficient w4 1.03 0.232 0.051
Overall friction
coefficient 4 = tanr; 0.46 0.087 0.019
Orientation test: (n=20)
Whole wt, g 56.25 13.52 3.02
*9,° 22.65 4.68 1.05
& ==tan @ 0.42

* 9 = angle of ramp for each squid that oriented within 120 cm ramp distance.
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Table 3
Tensile Tests on Loligo opalescens to Determine Peak Tensile Force
to Separate Various Parts From the Mantle Flesh

Peak Force to Separate, N

12 Samples Sample Sample Standard
Part Separated from Manlle Mean S.D. Error of Mean
Instron-  Viscera-pallial cartilage
attachment 0.31 0.10 0.0304
Fins 0.39 0.118 0.036
Sample whole weight, g 65.43 18.51 5.58
14 Samples
|
Force- Head 0474 0.134 0.036
Gauge
Pen 0.284 0.048 0.013
Siphon 0.407 0.128 0.034
Fins 0.824 0.122 0.033
f Sample whole wt, g 57.68 11.89 3.18
Table 4

Time and Energy for Separating Various Body Parts
From Whole Loligo opalescens Using Laboratory Jet Type Water Nozzle
Delivering Rod-Shaped Spray.

Pressure = 1.93 x 10° Pa (gauge)

Flow rate = 1.2 x 10~*m?/ sec
| Spray area = 7.92 x 10-°m? (0.3175 cm dia.)
! Energy = 1/2 PQ A = 11.58 AT Joules

Time for Energy of Spray
‘ Body Part Separation, sec for Separation, Joules
‘ Mean Range Mean Range
Viscera at pallial
cartilage 2.25 1.0-3.5 26.05 11.58-40.53
Skin 0.94 0.8-1.2 10.88 9.26-13.90
Fins 3.68* 2.4->10 42.61 27.79->115.8

Mantle Flesh 3.44** 2.1-4.6 39.82** 24.38-53.27

} *In five out of 17 cases, fins were not removed in 10 sec.
Test discontinued.
**Mean time and energy to cause visable flesh damage.
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Bioconversion of Chitin Wastes

P. Carroad, University of California, Davis

This project concerns design of a process to treat shellfish wastes. The disposal of shellfish wastes,
and particularly their chitin fraction, is a severe environmental problem. Conversion to a single-cell
protein, usable in such products as animal and aquaculture feed, would facilitiate waste disposal as

well as develop a a beneficial byproduct industry.

Objectives

The objectives of this project are to
determine experimentally the necessary data
for a preliminary design of a process to con-
vert shellfish chitin wastes into single-cell
protein, to complete such a design, and to
assess its economic feasibility. A process is
desired which can be associated with a large
shellfish processor or a shellfish-processing
community, but which does not depend
upon a national market for sale of the pro-
duct. Figure 1 illustrates a process concept
in which chitin shellfish wastes are pre-
treated and divided. A minor fraction of the
waste is diverted to an enzyme production
step in which chitin serves as substrate for a
microorganism and as inducer for a chitinase
enzyme system. The chitinase, filtered free
of microbial cells and undigested chitin, is
added to the bulk of the chitin waste, hydro-
lyzing the accessible chitin to a sugar solu-
tion. This hydrolysate can then be fed to a
yeast for bioconversion to single-cell pro-
tein.

The specific goals of the first year were
to: 1) select the microorganism which
secretes the most active chitinase, 2) obtain
rate data on enzymatic chitin hydrolysis, and
3) initiate optimization of enzyme produc-
tion.

Progress on first year objectives

After compiling a suitable screening
program, the microorganism selected for the
project was a strain of Serratia marcescens
designated as QM B1466 and obtained from
the U.S. Army Natick Research and
Development Center. This organism not
only produces the most active extracellular
chitinase enzyme system tested on chitin
wastes, but also it may be susceptible to
genetic engineering to enhance its proper-
ties.
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Preliminary hydrolysis studies indi-
cated a need for more detailed data for
design of the enzymatic chitin hydrolyzer.
The parameters of temperature, enzyme
concentration, and substrate concentration
have been studied. The pH optimum of the
S. marcescens system is available in the
literature. Hydrolyses were conducted for
48 hours and were followed by measuring
the increase in reducing sugar concentration
in solution. A trade-off between enzymatic
reaction rate and enzyme stability exists, and
30° C has been adopted as the best hydro-
lysis  temperature. Experiments  are
currently underway to test the effect of chi-
tin particle size, and this objective will be
completed with controlled hydrolyses con-
ducted in suitably equipped reaction vessels
whose results can be scaled up directly.

The production of chitinase by Serratia
marcescens has been studied in an agitated,
aerated fermentor under conditions of con-
trolled pH and temperature. Optimum con-
ditions are pH 8 and a temperature of 30 °
C. The year has seen the determination of
maximum specific rates of growth and sub-
strate yield coefficients in media with glu-
cose and with N-acetylglucosamine, the chi-
tin monomer. The microbial oxygen
demand was determined with media of N-
acetylglucosamine and chitin. Further data
will be determined as needed to allow design
of the process step in which chitinase is pro-
duced.

Further progress

A projected second year goal was to
initiate study of yeast single-cell protein pro-
duction on the chitin hydrolysate. This was
begun in the first year. Yeasts were selected
for screening based on their precedent as
food and feed microorganisms and their sui-
tability for inexpensive recovery in industrial



processing. Fifty yeasts are being screened
for' their ability to metabolize N-
acetylglucosamine, which has been reported
in the literature to be the main hydrolysis
product, as well as the crude hydrolysate
itself. Already, several suitable species have
been identified. The organism of choice will
be further studied for growth rate charac-
teristics and for amino acid distribution.

Publications

Carroad, P. A. and R. A. Tom. 1978.
Bioconversion of shellfish chitin wastes:
iprocess conception and selection of
microorganisms. J. Food Sci. 43: 1158-
1161.

Carroad, P. A. 1978. Utilization of the
chitin-chitinase system for the treatment
of shellfish wastes. Paper presented at
the 175th American Chemical Society
;National Meeting, Agricultural and Food
{Chemistry Division.
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Coordinated Management of the Pacific Coast Salmon Fisheries and the
Implications of Extended Jurisdiction

John E. Moore, Alan J. Wyner and Biliana Cicin-Sain

University of California, Santa Barbara

The research for this project has pro-
ceeded along two converging lines -- the
first concerned with management planning
for the Pacific troll salmon fishery, the
second concerned with implementation of
the Fisheries Conservation and Management
Act (FCMA).

In connection with the first line of
research, we have examined the options

available for managing the salmon fishery,

and sought to assess them, using evaluative
criteria that include biological preservation,
economic efficiency, legal feasibility, social
equity, political feasibility and administrative
feasibility. In view of our interests and
training as political scientists, we have con-
centrated on the latter three criteria -- social
equity, political feasibility, and administra-
tive feasibility. '

These criteria are closely connected
with one another: broadly construed, politi-
cal feasibility may be the ultimate test of
social equity -- if the decision-making struc-
ture represents all affected interests in pro-
portion to their stake in the outcome, then a
politically feasible plan should represent
social equity. But given the difficulty of
assuring the equity of fisheries policy in the
decision-making structure, political feasibil-
ity is likely to be the ultimate constraint on
realizing social equity, reflecting what is
acceptable to the most influential interests,
rather than what is most equitable for all
affected interests. Where this is the case,
politics affects administration. Depending
upon the decision-making structure, it may
be possible to obtain the agreement of cer-
tain groups required to adopt a given
management plan, but not necessarily to
obtain the agreement of other groups who
may forestall its effective implementation.
In addition to requiring an assessment of the
level of anticipated cooperation, considera-
tion of the administrative feasibility of a
given management plan entails an assess-
ment of the practicality and cost of enforc-
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ing the plan, and of the equity with which
administrative costs can be shared.

The impact of decision-making struc-
tures on management planning for the sal-
mon troll fishery marks the point of conver-
gence between our first and second lines of
research. Adoption of the FCMA represents
a deliberate effort to restructure the
decision-making process - for marine
fisheries. It mandates a regional approach to
fisheries management, and effects a varied
input through the composition of the
regional management councils that it estab-
lishes. These changes influence the process
of decision-making through analysis pro-
vided by the council’s scientific and statisti-
cal committees, advisory panels representing
a variety of interests, and general public
input through public hearings and informal
communications with council members.

Management planning for the Pacific
troll salmon fishery has thus served as a
focal point for assessing the potential of the
FCMA for enhancing political and adminis-
trative processess to increase social equity.
To this end we have examined pre-FCMA
policies in the states of Washington, Ore-
gon, and California, and we have looked at
efforts to facilitate coordinated management
through the Pacific Marine Fisheries Com-
mission. The objectives and representation
of both the most directly affected interests --
commercial fishermen, sports fishermen,
resource managers -- and of broader publics
including coastal communities, consumers,
and the general public have been con-
sidered.

We have simultaneously monitored the
organization and activities of the Pacific
Fisheries Management Council through
observation of all relevant meetings and per-
sonal interviews with the principal partici-
pants. We have also monitored the formu-
lation of management plans for the troll sal-
mon fishery from their inception in a prei-
iminary management plan prepared by the



National Marine Fisheries Service, through
two interim plans adopted by the Pacific
Council and approved by the Secretary of
Commerce, to the specification of objectives
for a comprehensive plan to be implemented
by 1980.

In order to provide some comparative
perspectives on the management options
considered by the Pacific Council, interviews
were also conducted with members of the
North Pacific Council and officials of
relevant agencies in the state of Alaska.
While the adoption and implementation of

management plans for the troll salmon

fishery is clearly an ongoing process, we are
satisﬁed‘that we have sufficient data for an
initial assessment of that process, and of the
ways in 'which it has been affected by deci-
sions reached within the new framework
established by the FCMA. We are presently
drafting a book-length manuscript that
analyzes implementation of the FCMA with
specific reference to the commercial troll
salmon fishery, and -- to the extent possible
within a limited time perspective -- assesses
the emerging policy outcomes.

Publications
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Cooperating Organizations

Pacific and North Pacific Fishery Manage-
ment Councils

National Marine Fisheries Service

Pacific Marine Fisheries Commission
Alaska Department of Fish and Game
Washington Department of Fisheries
California Department of Fish and Game
Oregon Department of Fish and Wildlife

Treaty Indian organizations of California,
Oregon, Washington and Alaska






An Economic Survey of the U.S. Pacific Albacore Jigboat Fishery

Suzanne Holt, University of California, Santa Cruz

Although the albacore jig boat fleet on
the West Coast is extensive (numbering
about 3,000 vessels), relatively little is
known about the economic conditions of
these vessels or the varieties of fish species
pursued by them throughout the year. At
some time in the future it is likely that
fishing on the highly migratory albacore tuna
stocks will be regulated by an international
body. Cpnsequently, U.S. representatives to
this body will need such information.

The first stage of research involved
characterizing the population of vessels.
The fish and game agencies of Washington,
Oregon and California identified vessels that
landed albacore in their state by owner’s
name and address and vessel characteristics.
These vessels were then stratified according
to major homeports and vessel characteris-
tics and a profile of the fleet as a whole was
developed. A random sample was drawn for
field survey based on the 1977 season.

In the second stage of the research, a
survey was designed to gather data on indi-
vidual vessel economic conditions, fishery
participation rates (fish species pursued),
and fisher attitudes during the 1977 season.
Parallel to the process of survey design, a
theoretical model was developed to estimate
the extent of nonmonetary benefits (i.e.
psychedelic income, e.g. independence,
pride in productivity) fishers derive from
commercial fishing. It was hypothesized
that nonmonetary benefits are positively
related to effort, costs, years of experience,
and positive fishing attitudes, and negatively
related to alternative skill and occupation
levels and negative fishing attitudes. Other
related factors were assumed to be family
size, extent of nonfishing income, net
income, and species landed. Drawing from
recreational economics literature, the sum of
nonmonetary benefits plus net income was
measured as the difference between actual
gross income and minimum acceptable gross
income. Appropriate questions related to
the model’s data needs were made part of
the survey.
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In the third stage of the research, per-
sonal surveys were conducted with 60
albacore trollers along the West Coast based
on their 1977 fishing experiences. It was
originally hoped that the sample size would
be 100, but 1977 proved to be a very bad
albacore year. Consequently, when the 1978
season proved to be a good season, it was
decided to extend the project five months to
facilitate additional winter surveys of the
fleet based on 1978 experience. The project
will be completed in February 1979. As of
October 1978, data from the completed
questionnaires have been edited and placed
on file for computer access. Preliminary
testing of the benefit model is proceeding.

The output of the research will consist
of cost, earnings, and participation rate
profiles of representative trollers in various
fisheries combinations, and an econometric
test of the nonmonetary benefit model.
These outputs will compose a technical
report as well as more specific individual
journal publications.

It is hoped that the research will prove
useful to members of the fleet, resource
managers dealing with the albacore stocks
and other fisheries, and policy makers con-
cerned with the less tangible aspects of
optimum yield.






The Social and Political Systems of the Tuna Fleets

of San Diego and Ensenada

John S. Petterson
Faculty sponsor: F. G. Bailey
University of California, San Diego

The principal concern of this two-year project has been to obtain social and political data relevant to
the tuna fleet of Ensenada. An initial concern was to define the elements that contribute to the estab-
lishment of restrictive fishing regulations concerning the access of foreign nationals to the territorial

waters of Mexico.

The primary objective of the last
twelve ménths has been to complete the col-
lection of data on (1) the ownership and
management patterns of the Mexican fleet
out of Ensenada, B.C., Mexico, (2) the
labor and cooperative organizations of the
fishermen of Ensenada and (3) the relation-
ship between these organizations and
government agencies charged with determi-
nation of fishery policy for Mexico.

The data collection phase of the
research has been completed and -early
analysis of the data indicates a significant
difference! between the ownership and
management pattern of the Mexican fleet
and that of the U.S. fleet, and between the
potential inputs of the fishermen of each
fleet into government policy determination.

In the U.S. fleet the majority of the
vessels are either owned by their captains or
by small corporations. Within the Mexican
fleet, on the other hand, roughly half the
high-seas vessels are owned and managed by
cooperative organizations, while one quarter
are owned and operated by the Mexican
government, and the remaining quarter are
controlled by small corporations and indivi-
dual owners.
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In the United States the interests of
the crewman are represented by fishermen’s
unions while those of the owners are
represented by an association of boat own-
ers. Fisherman input into government poli-
cy formation is usually channeled through
one of these two conduits, usually after the
policy has been formed and usually
ineffectively. Fishermen in Mexico are or-
ganized into either into one of three unions
or into cooperatives. One of the unions
operates exclusively with the government
fishery while the other two provide fisher-
men to privately owned domestic and
foreign vessels. These unions are principally
concerned with protecting the individual
fisherman’s rights and safety on foreign and
domestic vessels and have had relatively lit-
tle impact on government policy. The
cooperatives are organized into a federation
which, as a result of recent personnel and
structural changes--a shift from elite bar-
gaining and accomodation toward democratic
representation--has been able to exert pres-
sure on the Mexican government for policy
decisions favorable to cooperatives in partic-
ular and to Mexican fishermen in general,
often providing input into the policy deter-
mining process itself.






caught. At times, this mechanism is at odds
with all of the sectors which it represents,
but the honesty and integrity of the Central
Patrolman is such that the impartiality of the
mechanism is rarely questioned by any sec-
tor.

Between crew and vessel owners the
basis of competition lies in the sharing of
the monies earned in the extraction of the
natural resource. For the most part,
although contractural agreements between
the vessel owners/skippers and the two
unions which represent the interest of the
crew establish the basis of sharing, the
actual relation that defines whether the crew
member will receive a "full share, half-
share, or quarter-share” is the agreement
made between skipper and crew member
and not the union and the skipper. Thus
intense competition exists among crew
members as to their various agreements
with the vessel-owners/skippers. Longevity
and ethnicity are factors that will determine
the content of these agreements, but
nevertheless most of the agreements are
based on negotiation between the individual
crew member and the skipper.

Since the crew members do not nego-
tiate directly with the institutions that set
prices for fish, and which therefore control
the periodicity of income for fish caught,
crew members’ unions strike the vessels
themselves. The owners must then nego-
tiate with the canneries for higher prices on
the tonnage of the wetfish which in turn will
be shared with the crew. This indirect
method of conflict with the vessel-owners in
fact forces both unions and vessel-owners
into cooperative pressures upon the can-
neries for higher prices.

Competition between crew and vessel
owners is often mitigated against by kinship
relations, ethnic group membership, and the
common goals of extracting as much as pos-
sible in order to gain a stable income.
Between canneries and vessel owners, the
competition over prices, allocations, and
quality control is incessant, and in fact the
greatest source of conflict and discord lies at
this crucial juncture. The conflict between
skippers/owners and unions seems to rank
second. For the most part such conflict
between canneries and vessel owners occurs
1) as attempts by the cannery to reject the
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species caught for the price indicated
because of size and quality differentials, and
2) as attempts on the part of the vessel to
introduce more fish caught than the quota
originally solicited by the cannery. Such
conflicts are in fact the outcome of intense
competition on a daily basis, and therefore
are the most frequent source of conflict
among all sectors. On the other hand such
conflicts are crosscut by loans provided by
the cannery to some vessels for equipment,
repairs, and fuel. In some cases canneries
may become part-owners, due to extension
of loans during periods of extreme income
fluctuation.’

Unions that represent the interests of
the crew members have both antagonistic
and cooperative relations with all the other
sectors of the industry. While they are the
single most important agents representing
the crews aboard the thirty-one wetfish
boats, they also are among the single most
important agents in the allocation of prices
to both the vessel crew and to the owners.
Any gain that the unions accrue in their
negotiations with the various skippers
automatically pressures the vessel-owners to
re-negotiate the price for tonnage paid by
the canneries. Therefore the vessel-owners
gain a higher price, not only for the crew,
but also for themselves, once the canneries
have agreed to a higher price.

Aboard the wvessels, disputes occur
among the crew and many times between
the crew and the skippers. In such cases the
unions intercede on the behalf of their con-
stituents and usually follow a three-step pro-
cess. First an informal gathering of three
crew members, three members of the
fishermen’s cooperative, and the union
director or chair meet to discuss the dispute
and settle the outstanding issues. Second, if
this fails, a formal board of arbitration is
solicited, and upon failure a final mediator is
requested. The third part of the process is a
binding arbitration process and the crew
members and/or the skippers must conform
to the decisions handed down. However
such conflicts are often complicated by the
fact that most skippers have been union
members themselves, and in fact many
maintain welfare and retirement rights
within the union, so that total division
between unions and members of the






The projective status of the fleet

It is most doubtful that the present
fleet will continue to fulfill important func-
tions due to all the factors illustrated. In
addition, the reduction of highly-skilled
labor due to the acute reduction of the fleet
further increases the likelihood of a soon-
to-be extinct fleet. While other vessels such
as "combination" boats may continue to
extract both tuna and the various wetfish
species, a wetfish fleet as such is due to
extinction.
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Cooperating Organizations

Harbor Occupational Center, Commercial
Fishermen Class, San Pedro, California

San Pedro Fishermen’s Cooperative Associ-
ation, San Pedro, California

University of California, Los Angeles, Chi-
cano Studies Center































































Effect of Stray Electrical Current on the Corrosion of Prestressed Concrete in
Sea Water

Yimsan Gau
Faculty sponsor: 1. Cornet
University of California, Berkeley

Prestressed concrete structural elements, used increasingly in coastal structures, offshore terminals,
etc., are subject to accelerated deterioration, and even risks of disastrous failure, in the presence of
strdy electrical currents. Stray currents may be generated from cathodic protection of adjacent struc-
tures, ships, pipelines, etc. These currents can be picked up by prestressed concrete structures and
result in the corrosion of embedded metal wires. The extent of damage and structural weakening that

may result is being examined in this project.

This is a continuation of an experi-
mental investigation of the effect of stray
electric direct current on the corrosion of
steel in prestressed concrete in sea water.
Beams 2.5 x 2.5 x 48" were prestressed with
a single 0.172"-diameter wire, prestressed to
175,000 psi. They were then exposed to sea
water and maintained anodic to a copper
cathode with applied densities of 2.5 to 85
mA/ f1.

| Monitoring included a weekly potential
measurement with current on, relative to a
silver/silver chloride reference electrode, a
biweekly potential with current off, and
resistance measurement. Beams were exam-
ined biweekly, and the presence of rust
spot§ and cracks were noted.

" Time to change in potential, which was
taken as the time of onset of corrosion, and
time to visible corrosions were recorded. As
the ‘rnonitoring method used in this experi-
ment does not tell quantitatively the extent
of ;orrosion damage, rusted or cracked
beams were subjected to tension testing to
failure to determine the strength left in the
wirel. After the tension testing, beams were
notched lengthwise and split open, and the
prestressing wire was examined to determine
the distribution and extent of corrosion.

Eleven beams were tested to failure
this year. Four beams, two of which were
without current (73 weeks exposure), are
still under test with time of exposure rang-
ing from 94 weeks for a beam at 5 mA/f
to 63 weeks for a beam at 2.5 mA/ 22,

] Results of beam tests have been
repqrted at the Offshore Technology Confer-
encT in Houston, Texas, in May, 1978 and
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published in the proceedings (see below).

A theoretical analysis of the time to
change of potential and beginning of steel
corrosion requires knowledge of the rate of
diffusion of chloride ions into concrete. The
threshold concentration of chloride ion
required to depassivate steel in concrete is
unknown. To obtain the diffusion
coefficient for chloride ion in concrete,
experiments are being run on cylindrical
concrete specimens 2.5" in diameter and
1.164 and 3" thick, cast against a 1/8" steel
plate, exposed on the other end to sea water
with the end steelplate maintained anodic to
a copper plate, with current densities from
0.0 to 20 mA/ft2. When the steel changes
potential to indicate corrosion, 1/16" thick
slices are cut from the specimens at various
depths and analyzed for chloride content
using a wet chemical analysis. Data are
being obtained at the present.
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Earthquake Loading on Large Offshore Structures in Deep Water
A Study for the Correlation of Analytic and Physical Models

Robert L. Wiegel, Ben C. Gerwick, Jr., Joseph Penzien, Robert C. Byrd and Fukij Nilrat

University of California, Berkeley

The trend in recent years for offshore development has been to larger structures in deeper water.
While a large body of data has begun to accumulate concerning the response of these structures to
ocean wave conditions, very little is available concerning the response of these structures to severe
earthquakes. It is likely that offshore oil storage tanks, LNG terminals, or other large volume struc-
tures of a similar nature will be desirable in this region in the future. Preliminary studies have shown
that earthquake forces may dominate the design of characteristics of such structures in many seismi-

cally active areas off the West Coast.

This program was formulated to assist
in evaluating earthquake effects on large
offshore structures. Actual measurements
of these effects were made on a scale model
under laboratory conditions and these
results were compared with those of typical
analytic methods. This study is being
directed by Professors Ben C. Gerwick, Jr.,
Joseph Penzien and Robert L. Wiegel of the
Civil Engineering Department, Berkeley
campus. Planning and structure design of
the model began in September 1976, with
the analysis being conducted by Sea Grant
trainee and doctoral students Robert C. Bryd
and Fukij Nilrat. The experiments are being
conducted at the UC Earthquake Engineer-
ing Research Center (EERC) at Richmond.

Preliminary considerations

The dynamic interaction of a large sub-
merged tank with the surrounding fluid and
an elastic bottom of varying characteristics is
a very complex phenomenon, necessitating
some simplifying assumptions before being
dealt with in a physical model. A prelim-
inary consideration of the problem showed
that of all the forces exerted on structures
by water in an earthquake, those related to
the acceleration of the structure were by far
the most important for large structures. The
effect in this case is to cause an apparent
increase in the mass of the structure due to
the fact that the structure is moving some of
the surrounding water when it attempts to
move with its foundation in an earthquake.
This increase in the mass of the structure is
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generally related to the mass of displaced
water by what is commonly called an "iner-
tia" coefficient.

The displaced volume of water for
large offshore structures is measured in hun-
dreds of thousands of tons, and errors in the
inertia coefficients can lead to serious error
in the calculation of foundation and struc-
tural forces under some circumstances, pos-
sible leading to slippage or other types of
failure. For these reasons the initial mode!
design and test series were devoted to
defining these inertia coefficients under real-
istic earthquake conditions.

A careful consideration of the nature
of the foundation of a large gravity type
structure leads to the conclusion that the
foundation cannot be properly modeled by
use of anything approaching real soils, since
all the characteristics must be scaled to con-
form to the reduced size of the model and
some relate to geometric constraints which
cannot be satisfied. However, since this
study is concerned with accurately describing
fluid-structure interaction and not internal
foundation stresses, it was possible to design
a model foundation that sufficiently
represents the stiffness characteristics of the
sediments to allow proper response in the
model.

Foundation damping was not included
in the model design because it was felt it
would be an unnecessary complication and
would tend to mask the effects of hydro-
dynamic damping. Foundation load cells
were designed such that they represented
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Sonar imgge processing, September 1, 1977 to
September 30, 1978

The following text gives a sense of the
direction?and intent of our image processing
activities. Given sonar chart displays similar
to Figure 7 (location C in Fig. 3), we noted
the general restricted range of grays and lack
of features in the mid-to-far range (of the
starboard channel) and the often saturated
near-to-mid ranges. Separately, the cross
and along track scale ratio (of about 1:7) is
useful for some feature interpretation but
difficult for direct feature mapping. Our
efforts are to geometrically rectify such im-

ages - ddmonstrated herein - and expose and

enhance features. The latter aspect we have
only begun to pursue.

Sonar image data-related activities
have been data collection, analogue-to-
digital conversion, test processing and image
mosaicing and software implementation.
The general processing flow is shown in Fig-
ures 8 and 9.

Data collection. Initial tape recording
at sea of sonar data used an Ampex PR-
2200 double FM, 12-channel recorder.
Equipment problems and high lease cost,
coupled with a desire to use a newly-
acquired in-house capability, prompted use
of a TEAC 3400S. Detected 100 kHz carrier
data was analog recorded on 3 of the avail-
able 4 tracks at 7% ips. These were the
port, starboard and synch pulse channels.
Approxifnate frequency response was 15 hz
to 30 kHz.

\

A/D conversion (Figure 8). Data
digitalizeLtion was at a 12 kHz sample rate for
a dual-channel pass. The effective rate was
thus 6 kHz per data and synch channels.
Test digitalization runs used low-pass filters
of 3000, 2000, 1000, 500 and 50 hz. Sub-
jective examination of trial printouts
selected the highest filter frequency for data
production, pending tests of digital process-
ing trade-offs for improving feature/noise
ratios.

Initial data storage on two RKO5 disks
of a PDP 11/05 limited the data capacity per
A/D "pass" to 5 M words (5 M pixels) prior
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to storage on the 300 M bytes PDP 11/45
disks. This limited digitized data to about
3%4 min of data collection time and
prompted changes in the synch-pulse recog-
nition program (see Software section) to
permit simultaneous port-starboard digitiza-
tion. The synch-pulse recognition programs
were used to image-format the raw data.
Test images were printed on a Printronix
printer using a 2 x 3 dot matrix. A second
data pass rescaled the 12-bit, signed data (+
2047 signal levels/DN-digital numbers) to
an 8-bit (0 to 255) range and determined
signal-level distributions (histograms) for
VICAR processing.

VICAR digital signal processing (Figure 9)

Contrast stretch. Input data (Fig. 7)
was contrast stretched to a uniform distribu-
tion throughout a 0-255 range.

Sample averaging. A processing test
case (dark flow lines on Fig. 9) pixel-
averaged data in the cross track direction
(image lines) by a uniformly weighted 7-
sample window. This reduced the cross
track image dimension and data volume by a
factor of 7 and reduced both high frequency
image and noise signals. Later, alternate
processing sequences will examine the use
of structure passes to effect a weighted

averaging window for improved
feature/noise ratios.

Signal rectification. Much of the
present data preserved the effects of

apparent multi-path signal interference -
with the second ray reflected from the water
surface. This Lloyd’s Mirror effect (Fig. 10)
can enhance interpretation of bottom con-
tour changes but it may also confuse general
feature interpretation because strong
reflections from rock outcrops may appear in
an image as alternate bands of extremely
dark and light densities. Background noise
is medium gray. An alternate and compati-
ble explanation is that the recorded signal
was only the rectified 100 kHz carrier.
Hence, the modulation components needed
rectification.

Signal rectification (Fig. 11) was
effected by a linear contrast stretch which
"folded” all DN values about the central
(DN 127) value. In the stretch, 127
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Figure 4. Structure interpretation of side-scan and reflection data taken on the tracks shown in

Figure 3.
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Image histogram and density slicing pro-
grams as| well as improved tape I/0 routines
and data|set labelling were rewritten in the
C language for significant reductions in raw
image handling time.
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Nearshore Wave Power Generator

R. Seymour, Scripps Institution of Oceanography, University of California, San Diego

1

" The project was undertaken to make
available a wave power generator that could
be used just outside the surf zone and which
coulb be cheaply and easily installed by
oceanographers to keep the batteries charged
in their instruments. This would eliminate
the need for battery changes or maintaining
power cables through the surf zone and
would improve data reliability. As pro-
posed. this wave power generator would
consist of a Savonius turbine mounted
external to a submerged buoyant sphere
which would be taut-moored to an anchor or
the ‘bottom. Seymour (1974) showed that
such an arrangement of a float and tether
would result in rapid and energetic oscilla-
tion of the float when excited by waves and
that, the average relative velocity between
the | float and the water would be high
enolgh to allow useful work to be done by
the system.

Reviewers of the proposal were unani-
mous in their concern for the effects of
marine fouling on the efficiency of the tur-
bine. In addition , just prior to the initiation
of the project, experience by the Shore
Processes Laboratory with propellor type
current meters in a similar nearshore
environment suggested that the turbine
might require maintenance on nearly the
same schedule as the unrecharged batteries
they were to replace.

|
. Therefore, the design approach was
mol,iiﬁed to eliminate the fouling problems.
In éIffect, a second sphere was placed outside
f the float and turbine and the annular
space created was partially filled with an abi-
otic working fluid. The turbine, rather than
being directly driven by sea water, is driven
by the slosh of the working fluid in the
annulus as the float system oscillates in
response to the waves. [t was clearly under-
stood that the characteristic fluid velocities
through the turbine would be substantially
reduced, and the power output decreased,
but} this method was nonetheless selected to
eliminate maintenance problems from foul-
ing/and corrosion.
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Experimental program

The response of the fluid in the
annulus (slosh) to a broadband motion of
the float (oscillation) is highly nonlinear,
but it was necessary to determine its approx-
imate characteristics to allow the design of
the hardware.

One important parameter is the
undamped natural frequency of the slosh
which provides a measure of that oscillation
component which will be preferentially
amplified. By suitable linearization an
approximate expression was derived.

i
g sind 2R )5"-‘
R A 2R-H

= (1)

where
g= gravitational constant
R= outer radius of the annulus

A= is the angle in radians
measured between a downward
pointing radius and a line connect-
ing the sphere center to the work-
ing fluid surface

H= radial thickness of the annular
space

Attempts were made to determine
response functions analytically but the prob-
lem proved intractable and it became neces-
sary to determine these empirically.

A large subscale model of the two
sphere system was constructed from plexi-
glass hemipheres so that the fluid motion
could be observed. The spheres were then
oscillated by a hydraulically powered boom
which was capable of broadband motions in
response to the signal from a tape recorder.
The general arrangement is shown in Figure
1. The oscillatory boom was equipped to
produce a voltage proportional to its posi-
tion. The position of the fluid interface in
the annulus was measured by means of 96
digital contacts evenly spaced around a 180°
vertical segment of the annulus wall. The
number of wetted contacts was sampled at
high speed and converted to a digital output.






Both the boom position and the angular
position of the fluid surface was sampled at
4 hz and stored on magnetic tape by a digital
computer. From these records, spectra of
both isignals could be calculated and com-
pared. Typical spectra are shown in Figure
2.

The same oscillating boom system was
also used to measure the performance of the
turbine. The boom was mounted above a
water tank so that the turbine could be
immersed. In the previous work, the
spheres were oscillated with a motion
characteristic of their response to waves. In
the case of the turbine tests, the motion was
characteristic of the observed annular fluid
response. The turbine could be run under
no load conditions or with a generator and
gear train engaged. Turbine speed was
measured by counting revolutions. Stall
torques were measured by means of a spring
scale.

Available power estimates
IThe power available from a Savonius
in a !unidirectional stream has been deter-

mined empirically to be
P= CpAV? 2)

where
. p = fluid density

A = cross-sectional area

V = fluid speed

C, = empirical efficiency factor =
.0002

For broadband oscillatory flows, assuming
the velocity is gaussian, it can be shown that
the aYerage power is given by

- <P>=.0003p4 (cywR ) (3

where

oy = standard deviation of surface
elevation angular displacement

o = radian frequency of slosh

Using Eq. (3) it is possible to estimate
the power available from a particular turbine
if the slosh spectrum is known.

It can be seen from Figure 2 that
the slosh spectrum is sharply peaked at
| . .
the natural frequency. It is also obvi-
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ous that o, is physically limited by the
size of R-- that is, the amplitude can-
not exceed that which allows the fluid
to cross over the top of the annulus.
Further, the maximum cross-sectional
area of the turbine, A, is a function of
R and H. Assuming the maximum
area turbine is used, that the slosh
energy is concentrated at the natural
frequency given by Eq. (1), that the
standard deviation of slosh angle is

approximately % radians, it is possible

to express a rough estimate of the
maximum available power in terms of
the dimensions of the annulus, R and
H.

Figure 3 shows a plot of max-
imum turbine output as a function of

various values of R and the ratio, %

For the design selected for evaluation

in this project, /= 53 cm and % =

0.32, the average output power is 2.5
watts, which is sufficient to meet many
instrumentation needs.

Useful power estimates

The available power of Figure 3
is degraded by losses in the bearings
and gearing and in the efficiency of the
generator. These losses can be minim-
ized by careful design, but within the
capabilities of this project, the selec-
tion of generators was limited to com-
mercially available models of the
approximate size. A number of bicycle
generators were evaluated for no load
torque and output power/speed charac-
teristics and the best was selected for
test with the turbine.

The results of these evaluations
are summarized in Table [ which
shows the speed of the turbine under
two load conditions with simulated
design slosh conditions.
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Table 1
Turbine speed, RPM design conditions
Generator Disengaged Generator Engaged,

No Electrical Load

46

13.5

The theoretical no slip average
speed of the turbine under these con-
ditions is 46 rpm so that it is clear that
the turbine is performing properly
under no load. The generator drag
alone, without any useful work being
performed, is seen to reduce this speed
b‘y 70%. Assuming the torque remains
constant, this also means that the
available power is reduced to 30% of
the Figure 2 wvalues. The actual
efﬁciency of the generator will further
degrade this, and the final electrical
output is estimated to be only 10% of
the Figure 2 value. or 0.45 watts for
thiis design. This is an uneconomical
result.

Observations and Conclusions

1. For the float size chosen, which
represents a reasonable limit for
simple installation using a small
boat and divers, the potential
electrical power current is ade-
quate for many instrumentation
requirements.

2. The actual electrical power
| obtainable using readily available
generators was unacceptably low.

3. This turbine appeared to stall
under load at low velocities.
This could probably be improved
by the use of a flywheel, perhaps
in conjunction with a "double

decked" turbine with the two
four-bladed rotors phased by
45°,

4., The potential power of the sys-
| tem increases roughly as the cube

of the float diameter. If costs
remain proportional to system
weight, this could indicate a

nearly constant cost per watt,
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Power Generator Inertially Coupled to Seawaves

Paul H. Lee and M. S. Manalis
University of California, Santa Barbara

The proposed effort was to design and construct a prototype of an inertially coupled seawave generator
which produces modest amounts of power conveniently and reliably for the purpose of recharging bat-
teries carried by buoys. A working prototype of this generator has been designed, built and tested
under laboratory conditions. In these tests, the prototype generated electricity and showed that the
long-range objectives of the program could be realized in a practical inexpensive device.

The design concept originally proposed
was changed considerably as the program
progressed. The most important change was
to make the inertial mass a column of
liquid. That same liquid could then serve as
a self-sealing piston to compress the same
pneumatic springs that were originally
designed. Power is then removed from the
moving liquid by a single-state turbine. The
turbine drives an electrical generator at an
unusually low angular velocity. This genera-
tor was an adaptation of a commercially
available permanent magnet direct current
torque motor.*

Figure 1 is a diagram of the inertially
coupled seawave type that was built to test
this concept. The figure shows the essential
features of our design which are important
to the success of its operation. First, the
liquid oscillating vertically in the central
tube must change both speed and direction
on entering and leaving both the top and the
bottom of the tube. These velocity changes
can cause important losses in efficiency
unless the terminating tube and wall con-
tours are carefully designed. In the final
simpler design shown here these losses are
negligible.

As a second contribution to efficiency,
the turbine blades change angle of attack
during the cycle to drive the shaft in one
direction only, independent of the liquid
flow direction. This mechanism is shown in
Figure 2. The turbine system could prob-
ably be further improved in future designs:
The rotational speed could be made constant

* Inland Motor, Kollmorgen Corporation, Rad-
ford, Virginia
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as well as undirectional over the cycle.
Fixed straightening fins should probably be
added above and below the energy extrac-
tion region to remove spin from the liquid
leaving the region. Future work on this
design should also include efforts to
efficiently match the turbine to both the
liquid drive and the generator load.

To account for pressure leaks by bub-
ble transport or diffusion, a small external
pump is needed to maintain the pressure
(P,) for long periods of time. This pump
will require relatively little energy compared
to the output of the device. In addition,
pressure leaks can be reduced by applying a
thin layer of oil or plastic over the liquid
pool which is in contact with the high pres-
sure pneumatic (P,) spring.

An expression for the resonant fre-
quency, w,, for the prototype was derived
using the Lagrangian formulation** and can
be written as

w,=a

1
2pg TP, L 2
(—LA +5- )M] (D

where
I' = ratio of specific heats
a = area of central tube
A = area of liquid in the pools

V, = pneumatic volume at pres-
sure P,

**  Goldstein, Herbert, Classical Mechanics,
Addison-Wesley Publishing Co., Inc., 1959.
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Studies on Thermophilic Microorganisms lsol‘ated From Undersea Hot
Springs, Electric Power Plant Condensers and Ships’ Heat Exchangers

Francisco V. Vidal and John Isaacs

Scripps Institution of Oceanography, University of California, San Diego

During the past year our research
investigations, under the sponsorship of the
UC Sea Grant College Program, were
specifically directed towards understanding
the physiology, distribution and types of
thermophilic bacteria in seawater-cooled
heat exchangers and in seawater in general,
with the intention of designing a control
methodology to prevent their growth and
accumulation in  seawater-cooled heat
exchangers.

To date we have isolated and partially
characterized ten strains of thermophilic
bacteria, five of which we know inhabit the
inside walls of seawater-cooled heat
exchanger tubes. Another five represent
potential invaders which have been isolated
from submarine hot springs and nearshore
seawater. All organisms studied to date can
be classified as gram negative, facultative
anaerobic rods. However, none can be
classified under the already described genera
listed in Bergey's Manual of Determinative
Bacteriology. Consequently, these thermo-
philic marine isolates could be grouped to
form a new genus of marine bacteria.

A detailed analysis of the lipids of
several of our bacterial strains has been con-
ducted. We have found that some of these
bacteria have very particular lipid molecules
which are not readily identifiable and which
have to be further studied before their
specific molecular structure can be deter-
mined. The possibility thus exists that these
particular lipid molecules are responsible to
some extent for the thermophilic capacity
displayed by our isolates.

Nevertheless, some of the lipids of our
bacteria have been typified. For example,
the principal phospholipids of strain PBS
have been shown to be mainly phospho-
tidylethanolamine (75.0%), phosphotidylgly-
cerol (16%) and diphosphotidylglyercol
(3.5%). The methyl esters from phospholi-
pids of strain PB8 were analyzed by gas
chromatography and they consisted of: 16:1
(4.3% wt.), 16:0 (56.2%), 17:0 (<3.1%),
18:1 (30.2%), 19 (<3.1%), 20:1 (<3.1%),
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22:0 (4.9%) and 24:0 (<3.1%). These data
have proven valuable when used to aid in
the classification of the organisms.

We have also determined that when
the bacteria are grown at different tempera-
tures and salinities there is an apparent ran-
dom variation in the proportion and types of
fatty acids produced. For example, we did
not observe a change toward a higher degree
of saturation in the fatty acids of our bac-
teria when the organisms were grown at
higher temperatures, nor did we observe
that the relative concentration of a particular
saturated fatty acid, present at low tempera-
tures, increased at high temperatures.
These tentative results indicate that our iso-
lates do not possess the adaptive mechanism
displayed by other known thermophilic bac-
teria which allows them to regulate the syn-
thesis of more or less saturated fatty acids as
a function of temperature.

We have conclusively demonstrated
that thermophilic bacteria commonly inhabit
coastal seawater and that they are ubiquitous
in the marine environment, at least in the
nearshore realm. An experiment was con-
ducted at the end of the Scripps pier, where
unfiltered seawater was heated to 55° C and
82° C as it was made to circulate through a
series of stainless steel pipes, in order to
determine whether marine bacteria capable
of withstanding such temperatures would
grow and accumulate inside the pipes. It
was determined that a considerably thick
mass (>1 mm) of thermophilic organisms
would develop and accumulate in less than a
few hours.

This experiment actually duplicates, at
a minor scale, what happens in a power
plant which utilizes seawater to cool its con-
densers. The organisms that accumulated in
the system were isolated by enrichment cul-
ture techniques and are now under investi-
gation and cultivation in the laboratory. To
date we have studied their morphology

-under the phase contrast and electron micro-

scope, and found them to be very long thin
filaments, greater than 70u in length and



about 1-2u in width. Several types are
represented, some of which are yellow pig-
mented. All strains are gram negative and
have an optimum temperature for growth
between 55° and 65° C.

Another aspect of our research has
dealt W|lh the accumulation and uptake of
arsenic by marine bacteria and yeast. We
have demonstrated that marine bacteria and
marine yeast are capable of assimilating and
reducing arsenate to arsenite and of syn-
thesizing arsenic containing macromolecules
in vitro. These compounds have been
identified as cacodylic and methyl arsonic
acid. The ability of these organisms to
reduce arsenate represents a unique
mechanism of detoxification. All the arsen-
ate incorporated is reduced to arsenite.
Only a small fraction of the arsenite is used
to form cacodylic and methyl arsonic acid,
the rest is excreted as such back into the
culture media.

The arsenic concentration in the oce-
ans is relatively constant, while the concen-
tration of phosphorus can vary considerably;
it sometimes falls below the concentration
of arsenic. Thus, whenever the ratio of the
concentrations of arsenic to phosphorus in
the ocean is relatively high, the organisms in
question most probably assimilate more
arsenic than phosphorus. They do so since
they are incapable of distinguishing arsenic
from phosphorus in uptake. These two
atomic species are related and very similar
to each other. It therefore appears that
marine bacteria and marine yeast possess a
unique mechanism of partial arsenic
detoxification. However, this mechanism
does not involve the transformation of toxic
to non-toxic forms of arsenic.
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Marine Vehicle Safety Analysis

William C. Webster, University of California, Berkeley

A computer program was developed to predict turning trajectories for a medium sized cargo ship for a
wide range of possible speed and rudder commands. The predictions were based on model tests of a
Mariner class vessel. Using these predicted trajectories, it was then possible to investigate methods for
avoiding collisions between ships. The computer was made to simulate two similar ships on a collision
course. It then systematically executed various maneuvers to determine if the ships would collide. By
this technique it was possible to determine under what circumstances a collision is avoidable and what
the best and worst possible maneuvers are in various situations. Computations were also made to
determine the risk of collision if the positions of the ships are uncertain as, for instance, if they are
operating with limited visibility. The effect of shallow water on ship controllability and the risk of colli-
sion was also examined. All of these results were compiled and summarized in a published report.

Two main objectives were addressed
by this research. The first was to predict by
computer simulation the turning trajectories
for a Mariner class ship based on previous
towing tank results. The second was to use
these computed trajectories to systematically
analyze various potential collision situations
to determine optimal maneuvers and to
quantify the uncertainties and risks
involved.

The program for computing trajectories
was completed and the results were found to
agree well with full scale trial results. Thus
for this particular ship it was possible to
compute and plot ship paths for a wide
variety of rudder and speed commands.
Figure 1 shows an example of some cem-
puted trajectories in both deep and shallow
water.

A second computer program was writ-
ten to compute critical ranges and optimal
maneuvers for two ships on a collision
course. The program assumes the two ships
to be on a perfect collision course and, for a
specified  maneuver, determines the
minimum separation distance the ships can
attain and still be capable of avoiding colli-
sion by that maneuver. The combination of
maneuvers with the smallest or largest criti-
cal range is then the best or worst maneuver
combination respectively. Some sample
results are shown in Figures 2 and 3.
Included in these figures are critical ranges
computed with the right turn rule in effect,
restricting either ship from making a left
turn.

Additional computations were made to
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determine the effect of uncertainties in ship
position on the choice of optimal maneuver
and the probability of collision. The ship
position was assumed to have a normal pro-
bability distribution about the observed posi-
tion. Based on this it was possible to com-
pute the maneuver with the highest proba-
bility of being optimal and also the probabil-
ity of collision for a given maneuver. These
computations were performed for a wide
variety of encounter situations.

The results of the analyses may be
summarized briefly by the following conclu-
sions:

1. The maneuvering simulation indicates
that the Mariner has greatest direc-
tional stability in shallow water
although for most rudder angles this
ship turns more quickly due to greater
rudder effectiveness.

2. The ship turns more quickly when
power is increased rather than
decreased.

3. Ciritical ranges for collision avoidance
are less in shallow water than deep
water.

4. The optimal maneuvers for collision
avoidance are usually, but not always,
maximum power and maximum rudder
angle.

5.  The probability of choosing the
optimal maneuver is least, and the
chances are greatest, for head-on
encounters.
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DeJong. Response of West Coast beach
taxa to salt spray, seawater inundation,
and soil salinity. Bulletin of the Torrey
Botanical Club 104 (1): 29-34 (January-
March 1977).

Blonz, Edward R. and H. S. Olcott. Daphnia
magna as a bioassay system for histamine
in tuna extracts. Bulletin of the Japanese
Society of Scientific  Fisheries 44(5):
517:519 (1978).

Botsford, L. W., A. M. Schuur, R. Shleses
and H. E. Rauch. An economically
optimum aquaculture facility. Proceed-



ings, 6th Annual Meeting, World Maricul-
ture Society, Seattle, Washington, January
27-31, 1975. Pages 407-420 (1977).

Bray, Richard N. and Mark A. Hixon.
Night-shocker: predatory behavior of the
Pacific Electric Ray (Torpedo caljfornica).
Science 200: 333-334 (April 21, 1978).

Byrd, Robert C. A laboratory study of the
fluid-structure interaction of submerged
tanks and caissons in earthquakes.
Earthquake Engineering Research
Center, College of Engineering, Univer-
sity of California, Berkeley, Report No.
UCB/EERC-78/08. 149 pages. (May
1978).

Carroad, Paul A. and Raymond A. Tom.
Bioconversion of shellfish chitin wastes:
process conception and selection of
microorganisms. J. Food Sci. 43: 1158-
1161 (1978).

Cornet, Israel, D. Pirtz, M. Polivka, and Y.
Gau. Effect of stray electric current on
the corrosion of prestressed concrete in
seawater. 10th Annual Qffshore Technol-
ogy Conference, Houston, Texas, May 8-
11, 1978.

Dayton, Paul K. Experimental studies of
algal canopy interactions in a sea otter-
dominated kelp community at Amchitka
Island, Alaska. Fish. Bull. 73(2): 230-
237 (1975).

Epstein, E. Genetic potential for solving
problems of crops to salinity. Pallant
Adaptation to Mineral Stress in Problem
Soils Workshop, National Agricultural
Library, Beltsville, Maryland, November
22-23, 1976.

Epstein, E. and J. D. Norlyn. Seawater-
based crop production: a feasibility study.
Science 197: 249-251 (15 July 1977).

Fisher, William S. and Richard T. Nelson.
Therapeutic treatment for epibiotic foul-
ing on Dungeness crab (Cancer magister)
larvae reared in the laboratory. J. Fish.
Res. Bd. Canada. 34(3): 432-436
(1977)

Flagg, V. G. Alternative management for
yellowfish tuna in the eastern tropical
Pacific. Center for Marine Studies, San
Diego State University, Sea Grant
Report. (1977).
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Higgs, Martin D. and D. John Faulkner.
Sa-Pregna-1, 20-Dien-3-One and related
compounds from a soft coral. Steroids.
30(3): 379-388 (1977).

Higgs, M. D., D. J. Vanderah and D. J.
Faulkner. Polyhalogenated monoter-
penes from Plocamium cartilagineum from
the British Coast. Tetrahedron. 33:

2775-2780 (1977).

Jenkins, Scott A. and Douglas L. Inman.
Forces on a sphere under linear progres-

sive waves. American Society of Civil
Engineers, Proceedings 15th Coastal
Engineering  Conference. Honolulu,

Hawaii, July 11-17, 1976. Pages 2413-
2427.

Love, Milton S. and Ralph J. Larson. Geo-
graphic variation in the occurrence of
tympanic spines and possible genetic
differentiation in the kelp rockfish
(Sebastes atrovirens). Copeia 1: 53-59
(1978).

Love, Milton S. and Alfred W. Ebeling.
Food and habitat of three switch-feeding
fishes in the kelp forests off Santa Bar-
bara, California. Fish. Bull. 76(1):
257-271 (1978).

McConnell, Oliver J. and William Fenical.
Halogenated metabolites including
Favorsky rearrangement products -- from
the red seaweed Bonnemaisonia nootkana.
Tetrahedron Letters 48: 4159-4162
(1977).

McEnroe, Frank J. and William Fenical.
Structures and synthesis of some new
antibacterial sesquiterpenoids from the
gorgonian coral Pseudoptero-gorgia rigida.
Tetrahedron 34(11): 1661-1664 (1978).

Moser, M. Myxosporida (Protozoa): The
discrimination and maintenance of spore
size and shape. International Journal for
Parasitology 7: 389-391 (1977).

Moser, Mike and Elmer R. Noble. The
genus Myxoproteus (Protozoa: Myxos-
porida) in macrourid fishes. International
Journal for Parasitology 7. 253-255
(1977).

Moser, M. and E. R. Noble. Three genera
of Myxosporida (Protozoa) in macrourid

fishes. International Journal for Parasitol-
ogy 7. 93-96 (1977).



l
|

Zschokkella
(Protozoq: Myxosporida) in macrourid
fishes. [International Journal for Parasitol-
ogv T: 97[)100 (1977).

Mynderse, Jon S. and D. John Faulkner.
Variations in the halogenated monoter-
pene metabolites of Plocamium cartila-

gineum and P. violaceum. Phytochemistry
17: 237-240 (1978).

Nelson, Keith and Dennis Hedgecock. Elec-
ic evidence of multiple paternity
lobster Homarus americanus
wards).  American Naturalist
I11(978): | 361-365 (March-April 1977).
Letters to(the Editor.

Neushul, Michael. The domestication of
the giant (kelp, Macrocystis, as a marine
plant biomass producer. The Marine
Plant Biomass of the Pacific Northwest
Coast, Robert Knauss (ed.): 163-181
(1978).

Pearse, Johrj S., Daniel P. Costa, Marc B.
Yellin and Catherine R. Agegian. Local-
ized mass mortality of red sea urchin,
Strongylocentrotus franciscanus, near Santa
Cruz, California. Fish. Bull. 75(3):
645-648 (July 1977).

Ravi, B. N. and D. John Faulkner. Cem-
branoid diterpenes from a South Pacific

soft coral.\ Journal of Organic Chemistry.
43: 2127-2131 (1978).

Moser, M. {nd E. R. Noble.

267

Rice, Robert H., Gary E. Means and W.
Duane Brown. Stabilization of bovine
trypsin by reductive  methylation.
Biochimica et Biophysica Acta 492: 316-
321 (1977).

Scott, Stanley. Coastal planning in Califor-
nia: a progressive report. Public Affairs
Report, a bulletin of the Institute of
Governmental Studies, UC Berkeley,
19(3-4): 13 pages (June-August 1978).

Scheser, R. A. Development of Crustacean
Aquaculture. Proc. 10th European Sym-
posium on Marine Biology, Ostens, Bel-
gium, September 17-23, 1974 Volume 1:
455-471 (1975).

Wick, Gerald L. Power from salinity gra-
dients. Energy 3(1-G): 95-100 (1978).

Wick, Gerald L. and John D. Isaacs. Salt
domes: Is there more energy available
from their salt than from their oil? Sci-
ence. 199: 1436-1437 (March 31, 1978).

Wickham, Daniel E. A new species of Car-
cinonemertes (Nemertea: Carcinonemer-
tidae) with notes on the genus from the

Pacific Coast. Proceedings, Biological
Society of Washington. 91(1): 197-202
(1978).

Wolfe, Steven K., Daniel A. Watts and W.
Duane Brown. Analysis of myoglobin
derivatives in meat or fish samples using
absorption spectrophotometry. J. Agric.
Food Chemistry. 26(1): 217-219 (1978).



Activity Budget Sheet

Marine Resources Development
Aquaculture
Living Resources
Marine Biomedicinals & Extracts

Socio-economic & Legal Studies
Marine Economics
Ocean Law
Marine Recreation
Socio-Political Studies

Marine Technology Research & Development
Ocean Engineering
Resources Recovery & Utilization

Marine Environmental Research
Research & Studies in Direct Support of Coastal
Management Decisions
Ecosystems Research

Marine Education & Training
Other Education (Sea Grant Trainees)

Advisory Services
Extension Programs
Other Advisory

Program Management & Development
Program Administration
Program Development

Total
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NOAA
Grant Funds

376,806
85,788
119,240

29,875
7,699
8,255

24,221

200,718
59,592

175,654
76,344

379,145

421,085
113,944

205,638
95,996

2,380,000

Matching
Funds

557,629
76,037
59,628

21,181
10,438
29,262
15,387

114,748
75,292

104,765
49,192

43,987

214,081
87.807

205,602
40,365

1,705,401



Matching Funds Source 1977-78

Aquarium Museum Docents San Diego State University

California Cooperative Oceanic San Diego State University Foundation
Fisherigs Investigation San Jose State University

California|Institute of Technology Southern California Edison

Comprehensive Employee Training Act  Stanford University

Donations - various donors State of California:

Eureka Fisheries Inc. California Resources Agency

Ford Foundation Department of Fish and Game

Grader Fish Company Department of Navigation and Ocean Development

Hubbs/Sea World Institute Department of Parks and Recreation

Humboldt|Bay Fisheries Association Tavolek Laboratories

Humboldt|State University Tuna Research Foundation

Humboldt|State University Foundation = University of California

Kelco, a Division of Merck Inc. University of San Diego

San Diego|Gas & Electric Co. Zoecon Corporation
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David S. Saxon
President of the University
Chester O. McCorkle, Jr.
Vice President of the University
Donald C. Swain
Academic Vice President
Archie Kleingartner
Vice President - Academic and Staff
Personnel Relations
James B. Kendrick, Jr.
Vice President - Agriculture and
U |'versity Services
Lowell J. Paige
Special Assistant to the President for
Governmental Relations
Dorathy Everett
Assistant President - Coordination and
Review
Beverly R. Liss
Assistant President - Campus and
Internal Relations

Officers Emeriti

Cha ges J. Hitch
Pre' ident of the University, Emeritus, and
Professor of Economics, Emeritus

Clark Kerr
President of the University, Emeritus, and
Professor of Business Administration,
Emeritus

Clau:',ie B. Hutchison
Vice:: President of the University,
Emeritus, and Dean of the College
of ggriculture, Emeritus

Harry R. Wellman
Vice President of the University,
Emeritus, Professor of Agricultural
Economics, Emeritus, and Agricultural
Ecohomist, Emeritus

University of California Systemwide Administration
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Vice President, Emeritus, and Secretary
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Thomas J. Cunningham
General Counsel of the Regents, Emeritus
Frank L. Kidner
Vice President - Educational Relations,
Emeritus, and Professor of Economics,
Emeritus
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1977-1978
Institute of Marine Resources Advisory Council
William A. Nierenberg, Chairman

Members

Willard Bascom

Director, Southern California Coastal
Water Research Project

1500 East Imperial Highway

El Segundo, California 90245

Claire T. Dedrick

Public Utilities Commission
350 McAllister St.

San Francisco, California 94102

The Honorable Hugo Fisher
San Diego Superior Court
Department 29

220 West Broadway

San Diego, California 92101

C. M. (Tod) Ghin

Ghio Seafood Products
5232 Lovelock

San Diego, California 92110

Arthur W. Hansen

Director, Consumer and Environmental
Protection

Del Monte Corporation

P.O. Box 3575

San Francisco, California 94119

Francis J. Hortig
Consulting Engineer
Energy Resources

2216 Westboro

Alhambra, California 91803

James Joseph

Director of Investigations

Inter-American Tropical Tuna Commission
Southwest Fisheries Center

La Jolla, California 92037

Hayden A. Moore

President

ITT, Cable-Hydrospace Division
3040 Terminal

National City, California 92050
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Allen E. Puckett

Executive Vice President
Assistant General Manager
Hughes Aircraft Company
Centinella Avenue and Teale
Culver City, California 90230

J. T. Riley

President, Kelco

Division of Merck & Co., Inc.
8355 Aero Drive

San Diego, California 92123

Brian J. Rothschild

Director, Office of Policy Development
and Long-Range Planning

National Marine Fisheries Service

U.S. Department of Commerce, NOAA

Washington, D. C. 20235

John J. Royal

Secretary-Treasurer

Fisherman’s Union ILWU Local 33
806 South Palos Verdes Street

San Pedro, California 90731

Philip N. Storrs

Senior Vice President
Engineering-Science Inc.

150 North Santa Anita Avenue
Arcadia, California 91006

James G. Wenzel

Vice President

Lockheed Missiles and Space Company
1111 Lockheed Way

Sunnyvale, California 94088

Elmer P. Wheaton

Retired Vice-President

Lockheed Missiles and Space Co.
127 Solana Road

Portola Valley, California 94025
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*Ex Officio Members (1976-77)
William A. Nierenberg
ChairFan. IMR Advisory Council
Director, Scripps Institution
of Oceanography

University of California
La Jolla, California 92093

John D. [saacs

Director, Institute of Marine Resources
University of California

La Jolla, California 92093

Richard W. Eppley
Associate Director, IMR
for Marine Productivity
Univertsity of California
La Jolla, California 92093

Joseph|L. Reid
Associate Director, IMR
for Pelagic Resources
Director, Marine Life Research Group
University of California
La Jolla, California 92093

*Includes | members of the [MR Executive Sub-

committee for Sea Grant
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IMR Executive Subcommittee for Sea Grant

James J. Sullivan, Chairman
Program Manager

Sea Grant College Program
University of California

La Jolla, California 92093

Victor C. Anderson

Deputy Director

Marine Physical Laboratory
University of California

La Jolla, California 92093

William T. Doyle

Associate Director

Institute of Marine Resources

Director, Center for Coastal Marine Studies
University of California

La Jolia, California 92093

Richard F. Ford

Director

Center for Marine Studies
San Diego State University
San Diego, California 92182

Jeffery Frautschy

Associate Director

Institute of Marine Resources
Coastal Resources and Sea Grant
University of California

La Jolla, California 92093
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Robert Holmes

Department of Biological Sciences
University of California

Santa Barbara, California 92106

Theodore H. Kerstetter

Director, Marine Laboratory and
Sea Grant Coordinator

Humboldt State University

P.O. Box 624

Trinidad, California 95570

Anthony Orme

Chairman

Geography Department

1255 Bunche Hall

University of California

Los Angeles, California 90024

Bernard Schweigert

Associate Director

Institute of Marine Resources

Chairman, Department of Food Sciences
and Technology

University of California

Davis, California 95616

Gerald Wick

Assistant Director

Institute of Marine Resources
University of California

La Jolla, California 92093



Steve Henderson, Chairman

International \Shellfish Enterprises, Inc.

Moss Landing, California 95039

Nate Shafer
Pacific Ocean|Farms
Carmel, California 93921

Daniel T. C ul{en
President

International Shellfish Enterprises, Inc.

Moss Landing, California 95039

George Lockwood

Monterey Abalone Farm
300 Cannery Row
Monterey. Caljfornia 93940

Robert Dean, Chairman
International Pciﬁc Seafoods
616 Stanford Avenue

Los Angeles, California 90021

Maurice Camil

California Seaf¢od Institute
2677 Larkin Street

San Francisco, ‘ alifornia 94109

Tom Elliott \

Washington Fish and Oyster
185 Berry Aveq‘ue

San Francisco, California 94101

Tod Ghio

Ghio Seafood Products
5232 Lovelock Street

San Diego, California 92110

Lawrence Lazio |

Tom Lazio Fish|Company
No. 4, C Street |

Eureka, Califorqia 95501

M. Loewe
Star Kist Foods, Inc.
582 Tuna Street

Terminal Island,|California 90731

Aquaculture Industry Advisory Committee

James McBeth
American Shellfish Corporation
Moss Landing, California 95039

John McMullen

Ab. Lab

Civil Engineering Laboratory
Port Hueneme, California 93043

Hugh W. Staton
California Marine Association
Cayucas, California 93430

Seafood Industry Advisory Committee

Ernest W. Peterson

Van Camp Seafood Company
11555 Sorrento Valley Road
San Diego, California 92121

Tom Tarantino

Tarantino Fish Company
Division of Puccini and Sons
Foot of Leavenworth Street
Fisherman’s Wharf

San Francisco, California 94133

Jerry Thomas

Eureka Fisheries

Fields Landing

Eureka, California 95501

Nich Vitilich

Chesapeake Fish Company
535 Harbor Lane

San Diego, California 92101



Program Summary

1976-1978
Projedt Title/Project Leader Y76 Y77 Y78
Program Management
Munu&emenl and Program Development (M/A-1, Sullivan) (0] 0 O
Education/Training
Sea Grant Trainees (E/G-2, Sullivan) 0 0 0
Model Course in Marine Planning (R/R-14, Burton) N/C - -
Maring Education: Undergraduate Independent Research (E/UG-1, Doyle) - N (0]
Advisory
Qcean|Education for the Public (A/PE-1, Wilkie er al.) 0 0 0
Marine Advisory Program (A/EA-1, Cummings) (6] (0] 0
Publications and Public Advisory Services (A/P-1, Frautschy) 0 0 0
Coastdl Resources Research
Physical Criteria for Coastal Planning (R/CZ-3, Inman/Winant) C - B
Oceanggraphic Inventory of the Southern California Shell
(R/CZ-23. Fischer/Berry) C - -
Management of Beach and Dune Vegetation (R/CZ-22, Barbour) (0] C -
Diving|Safety Research Project (R/CZ-25, Egstrom) (6] C -
Management of Cumulative Impacts of Coustal Development
(R/QZ-26. Dickert) N/C - -
Issues of Coastal Governance (R/CZ-27, Lee/Scott) N/C - -
San Francisco Bay Project: Reference Collection,
Bibliggraphy, Identification Keys and Specimen
Depqgsitory (R/CZ-28, Lee) N C -
Coastall Engineering Data Network (R/CZ-30, Isaacs) - N/C -
Tilting Spar Directional Wave Sensor (R/CZ-40, Inman/Guza) - N/C -
Coastal| Wetlands Management: Biological Criteria
(R/CZ-33A, Holmes er al.) N (0] 0
Coastal| Wetlands Management: Effects of Disturbance
on Estuarine Function (R/CZ-33C, Zedler/Mauriello) - N 0
Coastal| Wetlands Management: Opening of Coastal Lagoons
by Sand Fluidization (R/CZ-33D, Inman/Nordstrom) - N C
Longshpre Sand Transport Studies (R/NP-10, Inman) - N/C -
Model Coastal Ordinance Project (R/NP-1V, Motley) - N/C -
Development of a California Coastal Wetlands Information
Directory for Resources Management (R/NP-1W, Dickert/Pepper) - N/C -
Marine iResource Evaluation of Humboldt and Del Norte
Counties, California: Preliminary Investigations
(R/NP-1X, Isaacs/Kerstetter) - N/C -
Geology, Faulting, and Related Seacliff Erosion,
San Dieguito River to Carlsbad, San Diego County,
California (R/NP-1H, Shepard) N/C - -
Fiscal Impact of Park Acquisition in Laguna Beach
(R/NP-1L, Dickert) - N/C -
Transpoftation Analysis in the Coastal Zone: Subregional
Considerations for Local Coastal Plans (R/NP-IM, Dickert) - N/C -
Thermal Variability in Coastal Waters in the Southern
California Bight (R/CZ-31, Winant) N o (0]
Internal {Waves Over Shelf and Canyon (R/CZ-32, Cox) N O C
Assessment of the Offshore Commercial Sand and Gravel
Po(en@ial on the Central California Continental
Shelf {R/CZ-37, Berry/Wilde) N ¢ -
Methods for the Management of the Cumulative Impacts
of Cojslal Development (R/CZ-26, Dickert/ Twiss) N C -
Coastal Governance in California (R/CZ-38, Lee/Scott) - N/C -
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Half Moon Bay Private Sector Impact Study (R/NP-1C, Goldman)

N/C

Development of Interpretive Methods and Materials for
Marine Parks in Nothern California (R/MR-1. DeMartini)

The Potential Environmental Impact of the Japanese Algae,
Saragassum muticum (R/R-4, Dayton)

N/C

Geological and Historical Analysis of Coastal Zone
Environmental Hazards and Liability for Losses
Caused by Them (R/CZ-43. Shepard/Hildreth)

Kelp Bed Mariculture and Resource Management (R/A-16. Neushul er al.)

Coastal Governance 1977-1978: First Steps in Implementing
California's 1976 Legislation (R/CZ-41, Lee/Scott)

N/C

Coastal Zone Management: Methods for Plan Development.
Evaluation and Monitoring of Local Programs (R/CZ-42, Dickert)

N/C

Aquaculture Research and Development

Economics of Aquaculture (R/ME-1. Johnston)

Development of Aquaculture Systems (R/FA-4, Shieser)

Use of Thermal Efiluent in Aquaculture (R/FA-17, Ford/Van Olst)

Salt-Tolerant Plants (R/FA-13. Epstein)

(21keiKelKe!

Development of a Commercial Aquaculture System for the
Crab Scylla serrata (R/ A-8. Harrison) .

0

Protective Measures for Shellfish Aquacuiture (R/A-15. Steenbergen)

p4

ol .

A Genetic Program for Improvement of Carrageenan in Red
Algae Gigartina (R/A-17, West)

California Aquaculture Law (R/A-13. Bowden)

o|»

The Development of the Science und Technology of
Aquaculture (R/A-19, Hand)

Optimization of an Artificiai Diet for Lobsters
{(R/NP-1D. R/ A-20, Holtz)

Use of Thermal Efluent in the Culture of Crustacea
and Fishes (R/A-21, Van Olst/Ford)

Biochemical and Genetic Control Applied to the Critical
Stages in Culturing Abalone (R/NP-1A, R/A-25. Morse)

Surfperch Mariculture {R/R-9. R/A-23. Norris)

Aquaculture of the Purple-Hinge Rock Scallop
(R/R-7, R/ A-24. Phieger/Leighton)

Carrageenophyte Cultivation, Genetics. Population Dynamics
and Development of Agar Substitutes (R/A-17, Doyie er al.)

Toward a Seawater-Basad Crop Production (R/A-22, Epstein)

Astaxanthin from Yeast for Fish Diets (R/R-11, R/A-27, Lewis)

The Role of Diseases in Aquaculture: Preliminary Survey
(R/NP-1E. Ragsgi)

Plant Pathogens of Aquaculture Systems (R/NP-IR. Goff)

N/C

Bioeconomic Modeling of the Freshwater Prawn
Macrobrachium spp. (R/NP-1T. Johnston)

N/C

Food Conversion Efficiencies of Instar Dungeness Crab
(E/G-2, Tulles)

N/C

Control of Reproduction in the Lobster (R/NP-1-7B. Talbot)

Fisheries Research And Development

The California Market Squid Fishery (R/F-13. Recksiek/Frey)

Optimal Management ot Sea Urchin Fisheries (R/F-18, Dayton) -

Effacts of?ishing Sea Urchins on the Marine Ecosystem
(R/F-18. Connell ’

Studies Toward the Optimal Management and Environmental
Effects of Sea Urchin Fisheries (R/F-18, Dayton/Connell)

R/C

Studies of Fish Muscle Proteins and Fresh and Frozen
Seafood Technology (R/ST-2. Brown)
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Histamine Toxicity from Fish Products (R/F-22, Olcott er al.)

Methods of Quality Assessment in Fishery Products (R/F-23, Chang)

Limited Entry: An Assessment for California Fisheries
(R/F-24A, Wyner/Harding)

N/C

Cause of the Decline in Dungeness Crabs in the San
Francisco Bay Area (R/NP-1F, Horne)

N/C

Sand Bottom Community Structure and Artificial Reels
(R/R-5, Dayton)

N/C

A Study of the Santa Barbara Inshore Party Boat and
Aspects of the Life History of the Olive Rockfish
Sebastes serranoides (R/NP-11, Ebling)

Development of Trapping Methods for Migratory Salmonid
Smoits in Hatcheries (R/NP-IN, Kerstetter)

Optinpal Leasing Agreements for Marine Resource
Development (R/F-35, Quirk/Lewis)

The Effects of Food Availability on the Growth and

Sur:vival of California Jack Mackerel Larvae

(R{F-44, Mullin/Lasker)

Invesligation of Data for an Economic Study of the
U.S. Pacific Albacore Jig Boat Fishery (R/NP-15, Holt)

N/C

An E{hnography of the San Pedro Wetfish Fishing
Fleet (R/NP-1U, Velez)

SocioiEconomic Aspects of Expansion of the California
Swardfish Fishery (R/F-26, Holt)

N/C

Coordinated Management of the Pacific Coast Salmon
Fisheries and Implications of Extended Jurisdiction
(R/F-24, R/F-31, Moore er al.)

Protective Immunization of Anadromous Salmonids
Against Aeromonas salmonicida and Vibrio
ang}:illarum (R/F-29, Kerstetter)

Develppment of a Mechanism to Allow Release of
Dungeness Crabs from Lost or Abandoned Pots
(R/F-21, Jolly)

Endocfinology of Salmon Smoltification and Adaptation
to Sgawaler (R/F-25, Bern)

Systems of the Tuna Fleets of San Diego and

Compgrative Analysis of the Social and Political
Ensenada (R/F-30, D' Andrade/Bailey)

Develc?pmem of Multispecies Management for
Kelp Bed Resources with an Emphasis on
Sea Urchins (R/F-36, Tegner)

Improved Marine Food Products and Marine Food
Technology (R/F-32, Brown)

Amine|Toxicity of Fish Products (R/F-43, Bjeldanes)

Designiand Development of a Squid Processing
Machine (R/NP-1J, R/F-33, Singh)

Bioconversion of Chitin Wates (R/F-34, Carroad)

An Economic Study of the U.S. Pacific Albacore
Jig Boat Fishery (R/F-38, Holt)

N/C

Santa Blarbara Inshore Party Boat Fishery: Emphasis
on the Olive Rockfish (R/F-39, Ebling)

N/C

Re-establishment of Anadromous Fishes in Southern
California (R/F-42, Van Olst/Ford)

N/C

A Multispecies Bioceconomic Fisheries Model Under
Uncertainty (R/F-37, Just)

N/C

Experimental Abalone Enhancement Program (R/NP-1-7A, Tegner)

Limited|Entry in the California Abalone Fishery:
A Longitudinal Analysis (R/NP-1-7C, Cicin-Sain/Moore)
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N/C











