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The Washington Sca OGrant Progam is
now beginning its eleventh year. Like other
Sea Grant programs throughout the country,
its primary concern is the wise use and pre-
tection of our valuable marine resources
through coordinated efforts in research and
development, cducation and training, advi-
sory services, and communication. This re-
port documents thesc cfforts for the period
January 1, 1976 through Deecmber 31,
1978. The report is by no means an cxhaus-
tive picture of all the activities, projects or
accomplishments but rather an overview, a
distilation as it were. of the program.
Those wishing 4 more detailed picturc are
referred to the Sea Grant proposals for the
years involved, to the Project Directory just
completed. and to the budget summary sheet
and list of publications at the end of this re-
port.
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Stanley R. Murphy
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Rivhard Trowbtipe—" "
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Defining the
Population

Puget Sound . . . the Strait of Juan de
Fuca . . . the Pacific Occan. These three
bodics of water define the 2,337 miles of
marine coastline in Washington State and
they play a significant role in the lives of
the state's citizens. It is in thc western halt
of the statc that the population is concen-
trated, with nearly 70% living within the
Puget Sound region.

People m the area own more boats per
capita than those of any other population
center in the Unitcd States—some  twelve
times the national average. The largest ferry
system in the world serves commuters, tour-
ists, and recrcationists alike. Commercial
fishing is a major industry, and over half a
million sports fishermen enjoy the resources
cach year. Shipping via the Sound and
coastal watcrways is cssential 1o area indus-
try as goods from all over the world arrive
by cargo ship and Washington products are
exported in the same way.

Almost 30% of the population is in
school, with a large percentage enrolled in
colleges and universities. Impressive num-
bers participate in varying torms of continu-
ing cducation. A recent study reveals that
residents of Seattle, the state’s largest city,
buy more books per capita than residents of
any other U.S. city. Per capita annual in-
come is above the national average and is
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continuing to rise, while the unemployment
rate is declining. The Bocing Company, a
major factor in the region’s economy, is ex-
pericncing record sales with announced or-
ders reaching the $11 billion mark in 1978
alonc.

Clearly, a population so closely associ-
ated with the marine environment has great
need for information about thai envi-
ronment. Current areas of concern include
ptotection of natural resources, rights of In-
dians and non-indians to fish for salmon. a
growing nced for small craft marinas, reper-

cussions  of ol transportation and other
hazardous products, and conflicts over
shoreline uses. The people of Washington
also want information on how and when to
catch local fish and shellfish as well as how
to preserve and prepare them. Boaters want
to be kept up to date on technological ad-
vances and new regulations. They also want
information about marina siting, tide pat-
terns, and safety precautions. In short, the
need for current. reliable infermation on all
sorts of marinc-related matters is intense,
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Assessing the Needs

To ascertain the current informatior nceds
of its various constituencies, the Marine Ad-
visary Program (MAP) functions, in a sense,
as the eyes and ears of Washington Sea
Grant. MAP agents and specialists may then
respond directly themselves to these informa-
tion needs or they may relay them back to
the program to define rcsearch areas in need
of study, MAP also disseminates research re-
sults through publications, workshops, and
other appropriate avenues {0 those who will
benefit from these results.

The Marine Advisory Program has identi-
fied ecight primary constituencies that it
serves:

Commercial fishing

Aquaculture

Scafood Processing and Marketing
Ports. Harbors, and Marinas

Marinc Recreation

Marine Trades

Government Agencies and Institutions

General Public

During 1976-78, MAP increased its capa-
bility of serving thesc constituencies in sev-
eral ways. Two new field agents were hired
to serve the Columbia River and Northern
Puget Sound region. This action places field
personnel in five geographic areas in west-
ern Washington (see map). Since such a
large number of commercial fishermen are
concentrated  in Seattle, an  office  was
opencd at Fishermen's Terminal and
manned several days a week.
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Commercial Fishing

Although fishing is a multifaceted busi-
ness in the Northwest, over the vears
salmon has been the mainstay of the indus-
try, accounting for some 60% of the cash
value at landing (1976). Financial and re-
source management problems have resulted,
however, from the 1974 U.S. Distriet Court
ruling that treaty Indians are entitled to
catch half the harvestable salmon, thus
markedly reallocating the available commer-
cial harvest. The MAP economist conducted
an economic study of the troll and recrea-
tional salmon fisheries, and the analyses are
being used on a continving basis by the Pa-
cific Fisheries Management Council in
development of a salmon management plan
for the ocean fishery.

MAP agents and specialists also worked
with volunteer groups to establish a viable
and economically sound small-scale program
for installing streamside egg-box incubators
in small creck rchabilitation projects. Sev-
eral crecks in Puget Sound and a river at
Grays Harbor have had working installations
that have contributed over a million salmon
fry to the environment. .

Additional assistance in the - c()mmcrcml
fishing area has been given on gear prob-
lems, navigation, and weather report cover-
age. MAP personnel are constantly working
with individuals or groups through work-
shops and classes, or on a personal basis to
help solve problems, disseminate infor-
tnation, or to act as facilitators. In addition,
newsletters, calendars, and brochures have
been circulated to keep the constituency ad-
vised of relevant events and activities.
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Assessing the Needs (continued from Front Page)

Aquaculture

The aquaculture specialist has not only
assisted in the stream enhancement projects
already mentioned, but has also been in-
volved in helping oyster growers by study-
ing predator control and the possible im-
munization of oyster larvae against Vibrio.
No reliable domestic or hatchery seed
source has yet been developed on the Pa-
cific Coast and more research into areas of
disease and predator control is urgently
needed if the industry is to remain healthy.

Literature reviews are also being assem-
bled so that those interested in artificial pro-
pagation of salmon, trout, Pacific sturgeon,
and minor fisheries may gain access to per-
tinent literature through available bibli-
ographies.

Seafood Processing
and Marketing

In the arca of seafood processing and
marketing, Sea Grant joined forces with the
Institute for Food Science and Technology
at the University of Washington to enhance
the ability of both programs to respond to
needs of the industry. Assistance was given
in several ways. Dungeness crab processors
were threatened with additional regulatory
action until MAP specialists aided them in
solving a potential public health safety prob-
lem. An investigation of the economic im-
pact of federal wastewater treatment require-
ments for seafood processors resulted in the
withdrawal of proposed regulations that had
been based on ill-founded assumptions not
applicable to the industry. The MAP cco-
nomist recently assisted shellfish processors
and the Environmental Protection Agency
(EPA) by providing a feasibility study de-
signed to select a rational waste treatment
from scveral aliemnatives.

There are more than 200 seafood process-
ing plants in the state of Washington, rang-
ing in size from tiny 15- by 20-foot build-
ings equipped with household freezers to
marnmoth structures with 100,000 pounds of
cold storage capacity. Most companies oper-
ate without technical help of any kind. Of-
ten marketing techniques lack sophistication.
In short, this specialized industry faces
problems of many kinds and any technical
help available from MAP specialists is nor-
mally greatly appreciated.

Under the concept of total utilization,
shrimp wastes were tested as a fertilizer,
and it was found that they significantly in-
creased production when they were mixed
with steer manure. Scientific arguments

were also marshalled for relaxing the restric-
tions regarding mercury in seafoods. This
was of particular importance to the halibut
industry since it led to raising of the action
level guidelines.

In 1976-77, Washington Sea Grani was supported by
grant number 04-5-158-48 from the National Oceanic
and Atmospheric Administration and by matching funds
from state of Washington sources. In [977-78, suppon
was by grant number (4-7-158-44021 from NOAA and
by matching funds fram state ol Washington sources,
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The University of Washington, as a g policy,
does not discriminate against individuals because of their
race, color, religion, age, sex, national origin, handicap,
or status as Disabled Veteran or Vietnam Era Veteran.
This policy applies to alt University programs and facili-
ties including, but not limited to, admissions, educational
programs, and employment. Such discrimination is prohi-
bited by Titlkes VI amd Vil of the Civil Rights Act of
1964, Title IX of the Education Amendments of 1972,
Secs. 503 and 504 of the Vocational Rehabilitation Act
of 1973, Age Discrimination Acts of 1974 and 1975, Vi-
etnams Era Veteran's Readjusiment Assistance Act of
1974, aml other Federal and State statutes and regula-
tions. Inguiries regarding the application of these laws
and regulations to the University may be directed to the
University’s Equal Employment Officer or to the Direc-
tor, Seattle Repional Office, Office for Civil Rights,
1.8. Department of Health, Education, and Welfare.

Ports, Harbors
and Marinas

As already indicated, Washington's water-
borme commerce is of considerable impor-
tance to the state. There are 73 public port
districts located in 3] countics, and Seattle
ranks second nationally in container cargo
handled. Furthermore, the Puget Sound re-
gion has an cxtremely high ratio of boat
owners per capita, resulting in a serious
shortage of moorage and marina spacce.
MAP specialists helped potential developers
thread their way through the permit process
and policies of the agencies involved by
cosponsoring with the Northwest Marine
‘Itade Association a moorage workshop that
brought together both developers and agency
personnel. Proceedings of this workshop
were  published and are available from
Washingion Sea Grant. Developers have
also been invited to state-of-the-art marina
design presentations, and they now have ac-
cess to findings of a Small Craft Harbors
Research Advisory Group formed by MAP
(see section Government Agencies and Insti-
tutions).

Because the general public is of critical
significance in the small craft moorage
problen, MAP cooperated with the Sea
Search teclevision series on a documentary
dealing with problems of recreational boat-
ing and moorage. This program was aired
on PBS channel 13 and reached an esti-
mated 100,000 viewers. It has also been
made available to government agencies,
schools, and private citizen groups. as have
other documentartes produced in the series.
The program on the 200-mile [imit, also
aired in 1978, was scheduled to be shown
at a two-day conference with an expected
attendance of 800.

The waters and shorelines of Washington,
both on the open coast and within the pro-
tected confines of Puget Sound, offer a su-
perb recreational resource for citizens and
tourists alike. Cruising and sailing, marine
sportfishing, SCUBA diving, beachcombing,
picnicking, and harvesting of shellfish from
public lands are but a few of the activities
attracting an ever-growing number of re-
creationists. MAP has worked to make these
pastimes safer and more enjoyable. The in-
creased frequency and expanded coverage of
marine weather reports keved to specific
areas have benefited the pleasure boater as
well as the commercial fisherman. Informa-
tion on the proper handling and care of
catch disseminated through MAP has helped
the recreationing public return home with
seafood that is in good condition and thus
less likely to be wasted.

Through the Recreation 76 and Share-
lines ‘77 workshops, the puoblic were made
aware of their access rights to public or pri-
vate beaches, streams, and lakes in the
state. They were also given information on
the controversial Boldt decision, recent leg-
islation protecting coastal environments, and
trends in campground business. This kind of
information helps forestall trouble and dis-
appointment for those endeavoring to enjoy
the state's resources.
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Marine Recreation

Washington’s open coastal and inshore
water areas are a mecca for sports fishermen
seeking salmon, shellfish, and other fish.
On weekends, especially during the summer
months, therc is a mass migration of sports-
men, often with their families, 1o these
areas (o use their own boats or charter
boats. This frequently leaves large numbers
of people on shore, waiting for other family
members to return. In one such location,
MAP assisted in operating a visitor informa-
tion center staffed by specialists who con-
ducted field trips, workshops, general edu-
cation projects, and seafood preparation
demonstrations. During 1978, this center at
Ocean Shores attracted over 3,000 drop-in
visitors who found a place to while away
the time in a constructive manner. A similar
center was available in Westport in 1977,

Marine Trades

Located on or near the more than two
thousand miles of coastline in western
Washington arc upwards of one thousand
business enterprises that build ships and ma-
rine equipment, that service ports and har-
bors. commercial fishing fleets, and recrea-
tional boaters. Most of these businesscs
belong to the member-supported Northwest
Marine Trades Association, which acts as a
regional industry representative. A dynamic
and innovative organization, the association
offers its members insurance programs, a
credit union, education and management
seminars, advertising services, representation
before government agencies, and a host of
other activities. Sea Grant works closely
with this established and effective organiza-
tion to help meet the necds of the marine
industry. The moorage workshop already
mentioned is but one example.

»
Government Agencies
- L4
and Institutions

Government agencies and institutions rep-
resent another constituency with which
Washington Sca Grant actively cooperatcs.
Frequently, cooperation involves working
with several agengies at the same time. For
example, MAP cooperated with the National
Weather Service and the Washington State
Department of Fisheries in producing sur-
face temperature charts of coastal waters for
use by fishermen. Ground truth information
in the form of sca surface temperatures was
collected to calibrate satellite imagery so
that thermal front charts could be prepared
1o help in the location of salmon and alba-
core,

Economic amalyses described earlier in-
volved working with the Pacific Fisheries
Management Council, the troll and recrea-
tional fisheries. the U.S. Department of
Commerce, EPA, and various seafood in-
dustrics. The assistance to crab processors
in solving the health problem in packaging
required working with the Dcpartments of
Agrculture of both Washington and Ore-
gon.

The previously mentioned Small Craft
Harbors Research Advisory Group estab-
lished by MAP specialists currently advises
and shares information with all agencies that
become involved in oversceing, cvaluating,
and issuing permits for marine facilities in
the arca. Formation of this group involved
bringing together individuals from federal
and state resource management/planning
agencies, industry. and academic research
projects for a common cause eftort,

Varjous agencics and institutions at the
local, state, and federal level often use Sea
Grant as a facilitator for cooperative projects
ot as a partner in troubleshooting specific
problems. There are also opportunitics for
Sea Grant to benefit these groups direetly.
MAP personnel are sometimes called upon
to testify at hearings as expert witncsses and
in this capacity are considered as the
nonvested intercst.  Conferences such as
Shorelines "77. put together by MAP, pre-
sented to agency personnel current develop-
ments in shorelines management and
assisted those in the Office of Coastal Zone
Management in  evaluating  Washington
State’s CZMP. The national Sea Grant pro-

gram itself has been a recipient of MAP gx-

pertise—one instance being a review of the
Sea Grant benefit  analysis pregram, by
Washington Sea Grant's marine cconomust.
Other Sea Grant programs throughout the
country also benefit through the exchange of
publications and research information.

General Public

The MAP communications staff published
a bimonthly marine events calendar to
advise all constitucncies of meetings and
public events of general interest on a local,
national, and international scale. An infor-
mation sheet (Current Marine Rescarch and
Activities}, carrying brief summaries of re-
search and advisory activities, was initiated
for distribution to the media. In addition,
the staff embarked on a 14-volume Puget
Sound Publication Secries in  conjunction
with NOAA’s Puget Sound Marine EcoSys-
tern Analysis (MESA) project.

Local newsletters were widely circulated
in both the Grays Harbor and North Sound
regions. Brochures were also developed and
distributed on such topics as shaking crab,
marine sanitation devices for small boats,
and caring for seafood once it has been
caught.

MAP personnel also set up and manned
booths at county and regicnal fairs to dis-
pense literature and information and to ac-
quaint the public with projects and publica-
tions associated with Sea Grant. MAP
specialists attended marine science youth
camps to cooperate with county extension
agents and the 4-H program in conducting
field trips and disseminating educational
materials. Personnel also cooperated in sev-
eral public lecture series offered by the
Seattle Aquarium, the Pacific Science Cen-
ter, and Continuing Education at the Univer-
sity of Washington.
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Sharpening the Skills

Educational activities of Washington Sea
Grant are varied, to meet the differing needs
of its many constituencies. In addition to
the public information efforts described
above, educational activities may include
workshops for specific public sectors offered
in response to needs expressed by these sec-
tors. These workshops may be organized
and presented by MAP personnel drawing a
diversified audience from throughout the
state to a central location or they may be
offered in the ficld at vocational-educational
centers associated with MAP, in response to
the needs of certain local constituencies.
Topics covered at these workshops are of
significant interest to those in marine-related
industries or professtons. In North Sound,
Bellingham  Vocational-Technical  Institute
hosted 600 fishermen in 1977 and 800 in
1978 in such sessions. Clover Park Voca-
tional-Technical Institute and Grays Harbor
College have engaged in similar efforts.

-

K-12 Curriculum

Somewhat more formal than these work-
shops are short courses offered for credit at
educational centers associated with Sea
Grant, Onc example is the short course of-
fered each summer for K-12 teachers. This
is typically an intensive two-week session in
which teachers study marine subjects, their
application in the classroom. and the cre-
ation of curriculum matcrials for {ater use,

Recognizing the importance of this K-12
sector In education, Sea Grant has begun
development of K-12 curriculum materials
and activity packets with the Pacific Science
Center. Part of this effort involved testing
of the materials developed, appropriate revi-
sion, and teacher education. At the close of
1978, two activity packets had been printed,
and five maore werc ready for the press,
Since no money was allocated for printing,
the project sought and reccived assistance
from the state’s office of the Superintendent
of Public Instruction, both in personne! time
and printing support. The next activity pack-
cts are due out in early 1979. The K-12
project in conjunction with the Superinten-
dent’s office is aiso docomenting statewide
the marinc education that now exists so that
arcas needing strengthening can be identi-
fied.

Vocational Courses

Sea Grant is also involved in vocational
courses at community colleges and voca-
tional-technical schools that can be taken for
credit over a full school term for in-depth
training. In some cascs. combinations of
these courses are assembled into full curricu-
lum programs leading to a two-year A A.
degree having a marine emphasis.

Sea Grant has funded both course devel-
opment and equipment needs for these pro-
grams. Their success record has been excel-
lent, as witnessed by their viability. their
national reputation. and their ability to place

students in jobs related to their training. The
reporting period saw the phasing out of Sea
Grant support as thesc programs have ma-
tured sufficiently to survive on their own.

The marine trades program at Seattle
Central Community College has completed
development of a pcrsonnel training course
in petroleum transportation and handling
that complements other courses in marine
fire fighting, safety, diesel engine repair,
marine refrigeration, and hydraulics. Indus-
try is now cooperating with this program
and is using the available courses 1o train
industry personnel.

Shoretine Community College used Sca
Grant support to develop two-year programs
for oceanographic marine technicians and
marine biclogical technicians. Thesc pro-
grams have developed to such an extent that
they have been able to secure contractual
support from federal and state agencies us-
ing students in training to ecxecute needed
field studies. Data collected through this
program wcre used to develop habitat de-
scriptions for Puget Sound and to censtruct
charts portraying benthic animal and sedi-
ment characteristics throughout a large por-
tion of Puget Sound.

At Grays Harbor College, Sea Grant
funded both an MAP office and an educa-
tional effort in the fisheries technician pro-
gram. An important bencfit from Sea Grant
was the development of an initial cffort al-
lowing students to become involved in field
studies in the locul arca. These studies
gradually accumulated a data base and level
of expertise enabling instructors and stu-
dents to secure contractual funding from
other agencies.

The commercial fisherman program at
Clover Park Vocational-Technical Institute
has continued to grow, adding peripheral
areas with Sea Grant assistance. The pro-
gram offers special courses in marine refrig-
eration and hydraulic systems for fishing
boats, and the course in marine mechanics
is off (o a strong start.

L] L]
University Courses

At the university level, Seca Grant sup-
ports the development of innovative classes
for expanding studies in the interdisciplinary
marinc arcas. This support extends not only
to single class development, but also to new
curricula leading to new degree programs in
marine studies.

Educational and curricula devclopment
begins with the process of contemplating the
skills and academic background needed by
students moving into a broad versus a spe-
cific role in society. Thus academic insight
tends to direct the course of events rather
than a specific need being brought to the at-
tention of the campus.

At the University of Washington, there
has been an extensive history of marine ed-
ucation that predates Sca Grant by many
years. Yet the Sea Grant program arrived in
time to help establish a new area of gradu-
ate marine education and to add some spe-
cialized programs to ongoing educational ef-
forts.

In particular, the development of the
Institute for Marine Studies has procecded
with Sea Grani support. This institute
formed the backdrop for developing new
curricula at the graduate fevel, using spe-
cially tailored courses in law, economics,
policy and management, and resource use—
all of them applicable to the marine envi-
ronment. The curriculum and course devel-
opment for students wishing to study in the
area of rcsourcc managcment achieved its
primary goal durtng the reporting period—
the program was recognized by deans at the
University and granted the right to award its
own master’s degree as a fully accredited
program. The variety of course offerings
available to students has been penerated al-
most exclusively with Sea Grant support.

Associated with the [Institute for Marine
Studies is the Coastal Resources Program,
also developed with Sea Grant support. This
program embraces research, education, and

advisory services, with all three components
complementing each other. Rescarch was
completed in analyzing public and private
rights to beaches, streams and lakes in
Washington State. Treaty rights for Indians
involved in commercial fishing were exam-
ined, as was the use of mitigation as a tool
in coastal zone management. Of particular
importance was the application of mitigation
to marine development, which led to reduc-
ing the uncertainty of proposed marinas by
private developers.

A study of port development and its rela-
tion to coastal zone management was con-
ducted using seaports in siX coastal and
Great Lakes states. Findings of this study
are reported in a book entitled Under New
Management: Port Growth and Emerging
Coastal Management Programs that is just
off the press. The economics of marine rec-
reation was exarmined to clarify the need for
organization and location of Facilities for the
recreational boater.

Ocean Engineering is developing as a
graduate program at the University of Wash-
ington. Sca Grant has supported its carly
growth, and the subject arca now offers suf-
‘fictent diversity in courses o move foward a
viable option in engineering studies.

The College of Fisheries has, for several
vears, offered a sertes of lectures by inter-
nationally known experts for students, fac-
ulty, and others both within and without the
University. These lectures have been well
received, and Sea Grant has published
books based on these lectures. Thase pub-
lished during the reporting period include
Agquaculture in Southeast Asia: A Historical
Overview, by Shao-Wen Ling: and A Bal-
anced Science of Renewable Resources, with
Particular Reference to Fisheries, by Henry
A. Regier.

Thus it is obvious that the educational
spectrum of Washington Sea Grant during
the reporting period was broad and touched
ON many areas.
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Finding the Solutions

Research conducted by Sea Grant is usu-
ally applied research—it strives to solve
problems that have clear and immediate ap-
plicability to the marinc area. Research is
fostered to answer needs of the advisory
program in their efforts to assist their re-
spective constituencics. Research is also re-
quired as a component of academic pro-
grams at the graduate level, especially when
these programs are dealing with immediate
issues. Furthermorce, research on its own
merit is warranted in the arcas of living ma-
rin¢ resources, their management, harvest-
ing, and processing; industries associated
with these living resources: and develop-
ment of new products.

Fish Stock Assessments

From 1976-78, research projects associ-
ated with the techniques of acoustically as-
sessing fish populations were carricd
forward on three fronts: technigques of stock
assessment,  actual  estimations  of  fish
stocks, and engineering aspects of acoustical
equipment and acoustical techniques. The
objective was to develop a total system that
could give accurate counts of numbers of
fish, delincate the size of a school of fish,
determine the average individual size, and
identify the type of fish being observed. In
addition, thc system was to be readily us-
able from any vessel in any situation, capa-
bte of looking up or down in the water col-
umn. and usable in a remote operation.

Sea Grant research in  bhydreoacoustic
techniques has drawn considerable nationul
and intcrnational attention. In the Puget
Sound herring fishery alone, it is estimated
that acoustic techniques have resulted in
benefits of half a million dollars per year. It
is clear that a scheme of erhancing stock
assessment is a valuable tool for munage-
ment of that stock.

Investigations were also carried ouf on lo-
cal fish populations involved in both com-
mercial and recreational fisheries. In
Northern Puget Sound. recreational fishing
for non-salmonids is intense and has the po-
tential of causing stock depletions. Studies
of these stocks by tagging or by fish counts
will help to determine whether observed
fluctuations are natural or are duc to sport
fishing pressures.

Salt marshes have long been known as
valuable nursery grounds for marine species,
but their specific value to the Pacific Coast
salmon has not been well documented. Seca
Grant studies in the Skagit salt marsh re-
vealed that chum and chinook salmon use
these areas and that documentation of food
resources and marsh stream counts of juve-
niles could be of help in predicting adult
rin  sizes and scheduling relecases  of
hatchery-reared fish into the marine sysiem.

NORFISH, another rescarch program with
Sea Grant support, is being conducted i
cooperation with the National Marine Fish-
eries Service. It is a joint cffort at develop-
ing management tools for regtonal fisheries
in the Northeast Pacific and Alaskan waters.
Specifically, the project has provided eco-
nomic parameters to NMFS and the North
Pacific Fisheries Council to determinc the
potential of the Alaska ground fishery.
NORFISH has provided an analysis of capi-
tal fund distribution in the Alaska shellfish
fleet, developed with NMFS an on-line in-
formation system for foreign fishery
catches, and provided techniques for esti-
mating nonlincar parameters in fishery mod-
els applied to Pacific halibut and yellowfin

tuna.

Aquaculture

All aspects of salmon and shellfish aqua-
culture are arcas of extensive research. In-
vestigations ure proceeding in the areas of
stock dcvelopment for growth, genetic
traits, diseases, artificial foods, and hatchery
technique reviews. Faculty and staff at the
College of Fisherics at the University are
leaders in these cfforts and have had a long
history in stock development.

Faculty and students have been studying
the total problem of hatchery rearing of sal-
monids, including the importance of stock
genetics, fish behavior, pathology and nutri-
tion. Project investigations are comparing
salmonid production and survival of stocks
reared naturally with those reared under arti-
ficiat techniques. This effort, carried out in
cooperation with statc and federal agencies,
helps to establish changes in hatchery prac-
tices in both state and federal hatchery sys-
tems. In addition, the model ocean ranching
project being conducted will be used as a
demonstration project when an ocean ranch-
ing bill is considercd by the state legisla-
ture.

Penculturing of salmonids developed in
Washington as a cooperative effort between
industry. the National Marine Fisheries
Service, and Sea Grant has rcvealed much
about the problems of growing salmonids in
high-density rearing pens. Survival of the
fledgling industry will require development
of special stocks with improved growth
rates, high feed conversion to flesh, and
natural resistance to diseasc. Special stock
devclopment is under way to create d suit-
able genetic strain. At the samc time, re-
search has been devoted to the methodology
of innoculating fish against the primary dis-
case, Vibrio anguillarum, of pen-reared
salmonids. Studies are focusing on the spe-
cific mechanisms of pathogenesis of the ma-
rine Vibrio to determine its genctic busis,
Early results indicate that it is the plasmids
of the Vibrio that have the capacity to pro-
duce the disease. If it can be shown that the
virulence is plasmid-mediated, further steps
can be taken in disease control.

Sheilfish are aiso marine crops. Oysters
raised locally arc primarily the Japanese Pa-
citic oyster. Twenty years ago, the annual
harvest was 13,000,060 pounds, but the
yield is now down to about 5,000,000
pounds. Genetic crosses are being tried on
commercial beds to see if new strains can
bring the yields back. The development of
genetic crosscs and the raising of oyster
spawn have permitted the transfer of new
technology t oyster sced producers both in
Washington State and elscwhere,

Secaweeds, especially those tacroalgace
having a high carrageenan content, are valu-
able for the polymerts they contain. Thesc
polymers have wide application in industry
as emulsifying agents. The algae in Puget
Sound grow very well whenever there is a
substrate suitable for attachment, but fre-
quently there is a lack of such substrate.
There is, however, the potential for seeding
an artificial substrate and raising the alpae
in a way convenient to barvest. There is
atso the possibility of enhancing the growth
rate by nutrient enrichment with sewage ef-
fluent in tank or pond culture, This has the
added benefit of having the algae act as a
nutrient scrubber for discharged effluent.

New Marine
Products

Sea Grant also cncourages development
of marine products that have a potential for
creating new markets and uses or for utiliz-
ing waste products., The shells of crabs and
shrimp previously discarded as wastc now
have the potential for refinement into chitin
and chitosan with promising applications in
industry. Sea Grant has obtained excellent
results in the introduction of chitin as a
bonding agent in the production of paper,
nonwoven fabrics, and glass fiber assem-
blages. Chitosan also serves as a clarifier by
helping to remove small particles from
aqueous suspension. A self-supporting in-
dustry could well result, with the added ad-
vantage of contributing to total utilization
and the reduction of wastes in processing.

Other polymers from marine sources also
show potential industrial applications. Ma-
rine plants and animals contain enzymc sys-
temns that produce polymers, and Sca Grant
has been investigating the bromination sys-
tems in these plants and animals since

brominated polymers arc in wide use as
flame-retardunts in the clothing industry. In-
vestigation of these natural bromides could
lead to new metheds of synthesizing or 1o
new classcs of polymers or monomers with
industrial potential.

Ocean Engineering

Another aspect of research is that geared
to tecchnology in marine industry. In Wash-
ington Sea Grant, ocean cngineering has
played a significant role. The marine acous-
tics program already referred to has a hard-
ware devclopment aspect involving engi-
neering and equipment design. In hatchery
operations, there are also engineering nceds
associated with design of the system and
hardware used in egg incubation and pro-
duction of food compatible with the stock
being raised. Thus engineering has a direct
input inte better utilization and management
of living resources.

Washington Sea Grant has mounted an
engincering cffort to develop pilot plant fa-
cilities to produce economical food products
that will be both putritionalty balanced and
capable of meeting the physical needs of
handfed stocks. This feed must satisfy a
range of parameters for diverse species go-
ing from the postlarval stage to the adult
stage, Each group at various life stages has
specific demunds regarding water solubility,
density of food, size and shape of food par-
ticles and nutritional value. Tests are under
way to determine if manufacturing tech-
niques can solve the tequirements of test
species.

Other tcchnological problems are involved
in processing fish once they are harvested.
More and more, this is becoming a mecha-

nized process to assure a high-grade uniform
product cfficiently and rapidly produced.
Furthermore, more types of fish are being
considered for processing to prevent wastage
of resources. In some cases, this processing
must be done, at least partially, on board
the fishing vessel for reasons of economics,
quality control, or space limitation. bngi-
neering expertise associated with food proe-
essing is being brought to bear on this prob-
lem to develop inexpensive techniques for
improving the production of palatable hy-
drolized fish tissuc and also tcchniques of
concentrating solution of heat-sensitive mate-
rials using submerged combustion.

in many cases. fishing vessels encounter
safety problems-—problems that affect not
only personne! and equipment but also regu-
lations and insurance costs. Washington Sea
Grant is cooperating with the fishing indus-
try, the U8, Coast Guard, and insurance
underwriters to analyze accidents in terms of
vessel  types, geographical location, and
probuble causes. These data are being gath-
ered in a Fishing Vessel Safety Analysis
Center, which will also examine engineering
aspects of vesscls and their operation to cre-
atc a buse for rational safety requirements,
more rcalistic insurance rates, and recom-
mendations for hardware changes to help
amelioratc problem areas.

Other resources available from the sea are
also truly within the technological purview
of engincers. Within this reporting peried, a
guest lccturer was sponsored by Sca Grant
to examine the potential for deriving energy
from the sea. As a class project, his stu-
dents produced a book that gave engineering
details for extracting energy from waves,
tides, current, and thermal gradients—mate-
ria! notably absent from more popular treat-
ments of the subject.
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Aquaculture

Bledsve, L. J.. R. A. Shleser and 1. B. Glude. 1977, De-
velopment of research priorities for aguaculture planning.
{Speciul report for the Office of Sea Grant)

WSG-MR 78-2.

Brannon, Ernest L. 1977, Oral Testimony submitted to the
Subcommittce on Oceanography. the Subcommuttes on
Fisherics, Wildlife Conservation and Environment, the
U.8. House of Representatives, and the Committee on
Merchant Marine and  Fisheries. Comments on H.R,
4739, the *National Aquaculturc Organic Act of [977.7"
WSG-TE 77-3.

Chew. Kenneth K. 1977, Oral Testimony submitted to the
Subcommittee on Occanography, the Subcommittee on
Fisheries, Wildlife Conservation and the Environment,
and the U.S. House of Representatives. Comments on
H.R. 4730, the *‘National Aquaculture Organic Act of
1977."

WSG-TE 77-2.

Danicisen. John. 1977. A survey and cngincering ussoss-
ment of salmon pen-rearing aquaculture. (Special unpub-
fished report}

WSG-MR 77-4,

Ling, Shao-Wen. 1977. Aquaculture in Southeast Asia: A
historical  overview. Hardbound edition: ISBN (0-295-
95560-0. $19.50 plus $1.05 for Washington State resi-
dents. Paperbuck edition: 1SBN (-295-95563-5. $7.50
plus 41¢ for Washington State residents
WSG 76-3.

Nosho, Tercy Y. 1977. Oral Testimony submitted to the
Subcommittce on Occanography. the Subcommittee on
Fisherics, Wildlife Conservation and the Environment,
and the U.S. House of Representatives. Comments on
H.R. 4739, the **National Aquaculture Organic Act of
1977.7
WSG-TE 77-1.

Nosho, Terry, and Willium K. Hershberger, cditors. 1976.
Salmonid genetics: Status and role in aquaculture: A
workshop summary. March 9. 1976, University of Wash-
ingtorn.

WSG-WO 76-2.

Ostrander, !.. C. Martinsen, J. Liston, and J. McCullough.
1976. Scnsory testing of pen-reared salmon and  trout,
Journal of Food Science 41:386-390.

WSG-TA 76-6.

Pabmer, Fred E., Kathleen A, Ballard, and Frieda B. Taub,
19753, A continuous culture apparatus for the miss pro-
duction of algac. Aquaculture 6:319-33].

WSG-TA 75-19. -

Pcase, Bruce Clarence. 1977, The effect of organic enrich-
ment from a salmeon mariculture facility on the water
quality and benthic community of Henderson Inlet. Wash-
ington. Ph.D. dissertation 1n Fisherics, University of
Washington.

WSG-TH 77-1.

Tobolski, Jeff, editor. 1975, Integrated mariculture-agricul-
ture system utilizing sewage cffluent and waste heat.
(Student report from Ocean Engincering 552, Occan Sys-
toms Design, directed by Professor Karl H. Vesper)
WSG-MR 75-1.

Coastal Zone Management

Bauman. Jeffrey S, 1974, Effective citizen participation in
coustal zone planning. (Student report for Social Manage-
ment of Technology, dirccted by Professor  Edward
Wenk, Jr.)

WSG-MR 74-10.

Dubey, Richard. 1976, Control of oil transport in the
coastal zone. (Student rcport for Coastal Resource Pro-
gram, directed by Professor Ralph Johnson)

WSG-MR 76-2

Duxbury, Alyn C. 1976. Puget Sound studies: an interim
report for the Municipality of Metropolitan Seattle. (Spe-
cial report for Municipality of Metropolitan  Seattle—
METRO)

WSG-MR 76-3.

Duxbury, Alyn C., editor. 1977. The usc, study, and man-
agement of Puget Sound. Proccedings, March 23-25,
1977, Scattle, Washington. $5.00 plus 27¢ sales tax for
Washington State residents.

WSG-WO 77-1.

Englander, Ernie, James Feldmann and Marc Hershman.
1977. Coastal zone problems: A basis for cvaluation.
Coastal Zone Management Journal 3(3):217-236.
WwSG-TA 77-8.

Goodwin, Robert F. 1973, Washington State  Shorelines
Management Act: Substantial development permits, proc-
essing time study. (Special report by the Coustal Re-
sources Program for Shorelines Subcommittee of the
House Ecology Committee of the Washington Legislature)
WSG-MR 75-6.

Goodwin, Robert F., editor. Shorelines management 77
Performance and prospects. Proceedings. Septcmber 22-
23, 1977, University of Washington. Scattle. $5.00 plus
27¢ for Washington State residents.

WSG-WO 77-3.

Johnson, J. Russell. 1974, Marina proposals for Commence-

ment Bay: Analysis of the permit rcview proccss. {An
MBA research report, directed by Professor Karl H. Ves-

per}
WSG-MR 74-6.

Murine Technology Affairs Seminar. 1974, Petroleum cnter-
prises in western Washington—Who is looking  ahead?
{Student rcport for Sociai Management of Technology, di-
rected by Professor Edward Wenk, Jr.)

WSG-MR 74-8,

McCrea, Maureen and James H. Feldmann. 1977. Intcrim
assessment of Washington State shoreline management.
Coastal Zonc Management Journal 3(2):119-150.
WSG-TA 77-2.

McCrca. Maurcer and Jim Feldmann. 1976, Washington
Seate shoreline management: An interim asscssment. (Stu-
dent report for the Program in Social Management of
Technology. directed by Professor Edward Wenk, Ir.)
WSG-MR 76-1.

Ovens, Carol B. and Lucille Fuller, producers. 1977. The
vanishing beach. (A television documentary)
WSG-AV 77-2.

Schott, Saskia, 1978, A user’s guide to coastal resources in-
formation at the University of Washington, 75¢ plus 4¢
for Washington State residenlts.

WSG-PM 78-1.

Williamson, Bill H. 1976, TRIDENT: A study of key facili-
tics, impact mitigation in the coastal zone. (Student report
for Coastal Resource Program, directed by Professor
Ralph lohnson)

WSG-MR 76-4.

Commercial Fishing

Buss, ). and Lewis J. Bledsoe. 1976, A graphic information
system for foreign vesscl sightings and related data—Ap-
plication to Bering Sca trawl fisheries. (Special unpub-
lished report}

NORFISH 76-67.

Cartmell, James Samucl. 1975, Impact of the Boldt decision
upon the Fidalgo Island saimon industry. (An MBA re-
scarch report. directed by Professor Karl H. Vesper)
WSG-MR 75-4,

Cook, Jr., Harold Thomas. 1975. Commercial fishing
hardware innovation of the 70°s, (An MBA research re-
port, dirccted by Professor Karl H, Vesper)

WSG-MR 75-2.

Hansen, Randall A. 1978, Wushingten Sea Grant reports:
Monofilament and multifilament gillnets for sockeye—A
comparison.

WSG-AS 78-2.

Lee. K. Claude, Philip L. Katz. and L. J. Bledsoe. 1976.
The classification, enumeration, characteristics, and eco-
nomic performance of Alaskan fishing vessels—NEPAC
progress report I1. (Special report on the Northeastcrn Pa-
cific (NEPAC) fisherics study of project NORFISH)
NORFISH 76-1.

Ovens, Caral B. and Lucille Fuller, producers. 1976. The
Baldt decision: Impacts and implementation, (A television
documentary produced in cooperation with KCTS-TV)
WSG-AV 76-1.

Ovens, Carol B. and Lucille Fuller, 1977, The Boldt deci-
sion—Update. (A television docurmnentary)
WSG-AV 77-1.

Punsly. R. and Lewis J. Bledsoc. An interactive data re-
trieval and summary system for truwl fishery catch and
effort information. (Special unpublished report)

NORFISH 77-68.

Samuelson, Don. 1976, Medical assistance procedures.

Washington Sea Grant Coast Advisory Services,
W5SG-AS 76-3.

Directories, Manuals
and Catalogs

Bentley, Robin, compiler. 1976. Directory of Washington
Sea Grant personncl.
WSG-PM 76-1.

Bentley, Robin, compiler. t977. Directory of Washingion
Sea Grant personnel.
WSG-PM 77-2.

Murine Advisory Program, Washington Sea Grant. 1976,
Fisheries Associations—Washington State: A dircctory.
WSG-AS 76-4.

Marine Advisory Program, Washington Sca Grant. 1976,
Indian fisheries resource guide—Washington State; A di-
rectory.

WSG-AS 76-5.

Ovens, Cuarol B. 1976. Taking the *‘work™™ out of work-
shops: A planning guide for Sea Grant investigators.
WSG-PM 76-2,

Peyton, Patricia and Carol B. Ovens, editors. 1976, Sca
source. (A catalog of Nationul Sea Grant publications
compiled and distributed by Washington Sea Grant Com-
munications and funded through Wisconsin Sea Grant)
WSG-UN 76-5.

Marine Acoustics
Ehrenberg, J. E., J. H. Green and A. R, Wirtz, 1976. A
dual-bcam acoustic system for measuring the target

strength of individual fish. Oceans "76. [6C-1-5.
WS5G-TA 76-7.

Ehrenberg, J. E. and D. W. Lytle. 1977. Some signal proc-
cssing techniques for reducing the variance in acoustic
stock abundance estimates. Rapp. R.-v. Reun. Cons. int.
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Ehrenberg, John k. 1976. An approximate bivariatc density
function for orthogonai filtered Poisson processes with ap-
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Acoustic Society of America 59(2):374-380.
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Mathisen, Ole A. 1975. Three decudes of hydroacoustic fish
stock assessment. Marine Technology Society Journal
G(6):31-34.
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Maxwell, Douglas R. 1977, The cffects of higher-order
scattering phenomena on abundance estimates of high
density fish populations. M.5.E.E.. Electrical Engincer-
ing. University of Washington.

WS5G-TH 77-2.

Molloy, Neal D. 1977, Effect of noisc on an in sitv tech-
nique for estimating the mean acoustic scattering cross
section of a fish population. M.S E.E.. Electrical Engi-
neering, University of Washington.

WSG-TH 77-3.

Thome, Richard E., Ole A. Mathiscn, Robert J. Trumble,
and Maurice Blackbum. 1978. Distribution and abun-
dance of pelagic fish off Spanish Sahara during CUEA
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WSG-TA 78-5.

Thome, Richard E. 1978, A new digital hydroacoustic data
processor and some observations on herring in Alaska.
Journal of the Fisheries Rescarch Board of Canada
34(12):2288-2294.

WSG-TA 78-3.

Thorne, Richard E. 1978, Acoustical assessment of Pacific
hake and herring stocks in Puget Sound, Washington. and
Southeastern Alaska. Rapp. P.-v. Rcun. Cons. int, Ex-
plor. Mer 170:2635-278.

WSG-TA 784,

Weimer, R. T.. and J. E. Ehrenberg. 1975. Analysis of
threshald-induced  bias inherent in  acoustic scattering
cross-section estimates of individual fish. Journal of the
Fisheries Rescarch Board of Canada 32(12):2547-2551.
WSG-TA 75-26.

Weimer, Robert Thomas. 1975. Analysis of three related
problems encountered in the acoustic estimaiion of the
target strength distribution and its mean value for individ-
ual fish. M.S.E.E., Electrical Engincering, University of
Washington.

WSG-TH 75-6.
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1975. Epizooticlogy of tumors in a population of juvenile
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Washington. Journal of the Fisherics Research Board of
Canada 32(10):1723-1732.
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Antipa, Ross and Donald F. Amend. 1977. mmunization of
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Research Board of Canada 34(2):203-208.
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rearing of coho salmon. Proceedings of the Conference
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1977. Evidence for plasmid contribution to the virulence
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for the University of Washington School of Medicine and
National Marine Fisheries Service)
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Grays Harbor Community College. 1975. Grays Harbor fish
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eries, ITT Rayonier, Incorporated, and Wcycrhacuser
Company)

WSG-MR 75-5.
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age—class on the early life history of hatchery-reared chi-
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Fisheries, University of Washington.
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Hruby, Thomas. 1975. Seasonal changes in two algal popu-
lations from the coastal waters of Washington State. Jour-
nal of Ecology 63:881-890.
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Hruby, Thomas. 1976. Observations of algal zomation re-
sulting from competition. Estuarine and Coastal Marine
Science 4:231-233.
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1977. Deoxyribonucleic acid relationships among marine
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WS8G-MR 77-10.
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food habits studies. First Pacific Northwest Technical
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WSG-WO 77-2.

Marine Economics

Bray. James N. 1976. Review of “*Economic analysis of ef-
fluent guidelines for seafood processing industry.’” (Spe-
cial report for the Association of Pacific Fisheries. In-
cluded as Appendix H of case number 75-2(H)7 in the
United States Court of Appeals for the Ninth Circuit.)
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Katz, P., and K. Lec. 1976. Computing annual return to
vessel investment in fisheries economic protection model,
demonstration of method. based on a vessel in the Bering
Sea king crab fishery. (Special unpublished report)
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Katz, P., K. Lee, Lewis ! Bledsoe, and I. Buss. 1970,
The classification, enumecration, characteristics and eco-
nomic performance of Alaskan shellfish vessels. (Special
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NORFISH 76-61.

Stokes, Robert Lloyd. 1975. Petroleum facilities in Wash-
ington: A regional benefit cost analysis. Ph.D. disserta-
tion, Economics, University of Washington.

WwSG-TH 75-3.
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Bryant, Mason D. and Stephcn B. Mathews. 1977, The
Lake Washington sockeye sulmon sport fishery catch,
fishing effort, and economic evaluation. 1973, (Special
report for the University of Washington College of Fish-
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WSG-AS 76-2.
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culation of tidal currents in homogeneous estuaries. Jour-
nal of Physical Oceanography 7:520-531.
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Fourmile Rock. (Special report for the Municipality of
Metropolitan Seattle—METRO)

W5G-MR 76-9

Resource Management

Bledsoe, Lewis J., and P. Katz. [976. Management infor-
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