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THE NATIONAL SEA GRANT COLLEGE PROGRAM: 1987 � 1992
The Sea Grant program fills

a unique niche in American
marine science and among
university science activities
generally. The Sea Grant
programs have developed a
responsive network of institutions
and scientists, As the examples in
this book demonstrate, this
network is a productive,
innovative, and efficient
enterprise which has provided
many benefits to the nation.

The Sea Grant network has
special capabilities to address the
nation's marine resource and
marine environmental needs and
opportunities. If the problems
caused by funding erosion can be
addressed, and Sea Grant' s
unique role reaffirmed, the
network will be even more
effective in the future.

An Innovative Nationwide
Network

The Sea Grant legislation is
now entering its third decade as a
living document, and the three
original Sea Grant programs are
in their nineteenth year of
operation. The twenty-second Sea
Grant College was designated in
1986, at about the same time that
the newest Sea Grant program
was celebrating its fifth birthday.
Today the nationwide Sea Grant
network is comprised of twenty-
two Sea Grant colleges and seven
institutional programs which
together manage a total network
of more than 300 universities and
affiliated institutions, including a
rrumber from inland states,

This broad arrd effective
network was created in a
remarkably short span of time,
An experiment � with only partial
models to learn from � it has
managed to combine research,
education, technology transfer
and public service in a university-
based program designed to
enhance and promote the wise
use of Great Lakes and marine
resources. Though the first
programs were located at major
marine-oriented universities � as
were many who came later�
institutions that originally were
not part of the traditional marine

community were soon
participating and making major
contributions. For instance, Sea
Grant enlisted the great public
universities of the midwest, and
private institutions were brought
into a publicly-oriented program.

Though some viewed Sea
Grant as just another
oceanography program, it soon
became apparent that Sea Grant
was more than that. It
concentrated on the use and
protection of resources. It focused
largely on the nation's estuaries
and coastal margins, partly for
logistical reasons but more
importantly because these are the
most productive regions in terms
of food, minerals, living space
and recreation, They are also the
regions where the most pressing
resource and environmental
problems occur. It emphasized the
opportunities and problems
confronting society, whether
economic development,
environmental protection,
introduction of new fisheries, or
something else entirely. And it
brought new disciplines into the
broad field of marine studies: the
basic biological sciences  such as
biochemistry, genetics, and
microbiology!; immunology,
pathology, toxicology, and
pharmacology; law and policy
studies; food science, agricultural
economics and other specialty
disciplines hitherto focused
primarily on land-based
agriculture; a number of
engineering disciplines, arrd
many others, More radically, Sea
Grant helped unite many of these
disciplines in multidisciplinary-
often even truly interdisciplinary�
research and educational strategies.

And always, research was
seen in the context of the need to
transfer knowledge to those who
needed it, through a broad
approach to public service,
including outreach education,
technology transfer and
communications. Today these
achievements are routinely
accepted by the public and by the
universities, but at the time they
were revolutionary � and the
revolution was achieved in a span

of less than one generation. To
this day, some academic
traditionalists reject the Sea Grant
idea as a reality. At the other
extreme, Sea Grant's success has
alarmed bureaucrats who fear
change and the creative capacity
of the universities, as well as
budget cutters who fear that a
program which has achieved so
much for so little is likely to be
expanded as a creative investment
for the future. Success has bred
reaction among the inert, the
timid and the fearful.

A child of the 1960s, Sea
Grant embraced and pioneered
many of the accepted strategies of
the late 1980s, as once again
society looks to the universities
for ideas that will lead to
technological and economic
development and for solutions to
environmental or resource
conflicts. Among Sea Grant' s
timely attributes are the following:
~ a broad rnultidisciplinary
approach
~ a combined university/
industry government partnership
~ a network of institutions
operating across the nation
~ a grassroots, knowledge-based
identification of problems
~ a capacity for technology
transfer and feedback

Competitively-funded,
university-based research has
always been America's unique
contribution to the ongoing
scientific revolution. Current
national science policy is
returning to the country's roots
and reemphasizing old themes in
new settings. A recent report,
widely known as the Packard-
Bromley report  "A Renewed
Partnership," a Report of the
White House Science Council,
Office of Science and Technology
Policy, Washington, D,C., 1986!,
emphasizes the need for multi-
disciplirrary, university/industry/
government partnership
approaches to science � areas
where Sea Grant offers a model.
This report calls for increased
investment in university-based
science as a fundamental base for
economic growth and
competitiveness.



The Sea Grant community
endorses this concept and
welcomes the National Science
Foundation's Centers of
Excellence and similar efforts to
implement the strategy called for
in the Packard-Bromley report.
Nevertheless, it would be a Ioss if
Sea Grant's ongoing efforts were
to be bypassed in the rush to
create something "new." If Sea
Grant were dismantled, citizens
everywhere would clamor for its
reestablishment � but it would be
at greatly increased costs in time,
money, and lost opporturuties. It
is ironic that even now, as Sea
Grant funding has been cut, Sea
Grant-like programs are being
formed and funded � to carry out
activities that the program has
been forced to cut or eliminate.
These new undertakings
underscore the need for
continuing the existing capability
and supporting it with adequate
resources.

Sea Grant as a National
Resource

Operating within the
institutional framework described
above, the Sea Grant network has
proved that it is an effective
instrument for the national good.
Not only has Sea Grant created
new institutions, it has
contributed products � trained
manpower, useful information,
new methods, and access to the
university knowledge base. All
these have contributed to
economic benefits, environmental
enhancement and improved
decision-making.

Today, Sea Grant is the
principal national source of
research and technology transfer
for marine aquaculture and
marine biotechnology. It is a
major source of research and
expertise in the areas of fisheries
recruitment; underutilized fish
species; seafood product
improvement, quality and safety;
estuarine processes; critical
habitat; coastal processes; ocean
technology; marine policy; and
the fates and effects of toxic
pollutants  particularly in the
Great Lakes!: all of which are

national priority problems. Sea
Grant's Marine Advisory Service
is the nation's only marine
technology and information
transfer mechanism linking
scientists with the users of the
nation's marine resources and
with various publics concerned
with marine issues. Sea Grant is a
primary national source of marine
scientific and management
personnei for the future.

This work continues.
However, it is becoming
increasingly focused in a series of
related activities across the
country, The network has
identified the following main lines
of approach, which illustrate the
Sea Grant role in marine resource
and coastal ocean studies:

~ Marine Biotech nology An
increasing array of U.S. ocean-
based industries will benefit from
the breakthroughs made possible
by innovative Sea Grant research
that builds on the the revolution
in the biological sciences over the
past three decades.
~ Exclusive Economic Zone � As
the United States extends its
boundaries further into the ocean,
research will be the key to
deriving the benefits of additional
resources resources that can be
exploited without environmental
damage. But a new generation of
technology and new management
capabilities � and a reexamination
of ocean policy � are required to
make this goal a reality.
~ Estuarine Habitat � As more
of the nation's population
concentrates around the ocean
and Great Lakes, fragile coastal
habitats could be damaged or lost.
Focused research is needed, if
these important resources are to
be preserved � research which
Sea Grant universities are
uniquely qualified to do.
~ Water Quality � Toxic
substances in Great Lakes and
coastal ~aters have contaminated
sediments, and indirectly fish,
shellfish and birds, and created
potential hazards to human
health. Fundamental research on
this problem is essential in order
to control the sources and
mitigate the effects of these

substances, Sea Grant universities
have taken the lead in this
research.
~ Coastal Carrying Capacity-
As coastal a'eas attract more and
more people, new demands are
placed an water supplies, waste-
disposal facilities, transportation,
and other related infrastructures.
Consequently, interdisciplinary
research leading to better
understanding and management
is needed to guide coastal
developments.
~ Fisheries Recruitment�
Coupling innovative fisheries and
ecological research with
oceanography, satellite
technology, and improved
modeling capabilities should lead
to real time forecasting and
management of fish stocks.
~ Aquaculture � Culture of fish,
shellfish, and seaweeds is
producing high quality seafoods
for this country, and should lead
to more exports and fewer
imports.
~ Seafood Technology and
Quality � Fundamental research
on health aspects of seafood diets
is needed, as is research leading
to new seafood products and
improved product quality,
~ Fisheries Development and
Trade � Increasing U.S, demand
for fish and other seafoods has
engendered a trade deficit that
can be ameliorated through
research leading to improved
marketing techniques for
domestic underutilized fish
stocks.
~ Ocean Technology � Exciting
developments in aerial and
underwater remote sensing,
computers, underwater robotics,
and ocean engineering are
revolutionizing the marine
sciences and creating new
opportunities for both the public
and private marine sectors.

These priorities will be
redefined as needs change and
new opportunities emerge.

Progress in some of these
areas will be achieved, but only at
the expense of existing
resources � the erosion of recent
years must be reversed if the
vitality of Sea Grant is to be



maintained. For other areas, the
newly defined Strategic Research
Program described later will be
necessary if the necessary results
are to be achieved.

Over the past several years,
what could well become a national
plan for the marine sciences has
emerged.  See, for example,
"Ocean and Marine Resources:
Research Priorities and
Initiatives," reproduced by the
Marine Division of the National
Association of State Universities
and Land-Grant Colleges,
Washington, D.C., 1985.! This
exciting development occurs at a
time of ferment and innovation in
the marine sciences, It should be
embraced and encouraged.

Even sa, some aspects still
need ta be refined. The current
schemata does nat deal
adequately with food production
and with the promises of
biotechnolagy, nor has it
incorporated the policy sciences.
The Sea Grant network is
essential to those aspects that deal
with coastal ocean and estuarine
processes, and with fisheries
recruitment, and it can contribute
ta other parts of the plan.

Funding
Despite ample evidence that

the Sea Grant network continues
to be innovative, productive and
forward-looking, there is also
cause for concern that this
capability is being seriously
eroded:
~ Nearly every university
program has had to cut
operations. Cuts extend to all
areas af the programs � research,
education, advisory services, and
management. At the institutional
level, these cuts in operating
levels appear to exceed thirty
percent.
~ The NOAA Sea Grant office
has noted that the tatal number of
projects supported has declined
by one-third, even as federal
administrative casts continue ta
rise.
~ During FY 19S7, the Sea Grant
institutions will be operating at a
level below the across-the-board
cut level of FY 1986.

~ Most Sea Grant institutions
are operating with fewer dollars in
I9S6 than in FY 1982. Modest
growth for a few new and small
institutions has been
accomplished only by cutting
other programs, regardless of
quality.
~ The total number of
universities and educational
bodies involved in Sea Grant
nationwide has declined, The
number of people involved is
down in every area, dramatically
so in some activities such as
education.
~ Total dollars for Sea Grant
have declined even as NOAA's
budget has risen by 20% in the
past five years,
~ In recent years, inflation has
taken an additional toll of

approximately 20%, Since
inflation in the sciences and in the
universities has exceeded the
average inflation level
substantially in recent years, the
effect on Sea Grant probably has
been greater,

University managers have
reacted responsibly to this
challenge. They have cut
operating expenses across-the-
board, while cutting much deeper
selectively in various areas. They
have stepped up the level of
competition, looked tor
efficiencies, and availed
themselves of new technologies,
such as computers, word
processors and improvements in
telecommunications. Even so, it is
evident that management capacity
is diminished, educational
expenditures are appallingly low,
expenditures for mast research
components are well down, and
the nationwide network of
advisory service personnel is
being cut. For a program as
efficient and cost-effective as Sea
Grant, the erosion has been
damaging and demoralizing.

Legislative Needs for the
Future

During the next few years,
several areas need to be addressed
in order to maximize the national
benefits from the Sea Grant
nehvork.

~ The decision needs to be made
whether to utilize and maximize
the existing Sea Grant network to
address areas of emerging
na tiona 1 oppor tuni ty and need�
areas such as marine
biatechnology, technology and
policy for the Exclusive Economic
Zone, and estuarine and coastal
ocean resource studies, including
fisheries recruitment/
oceanography, Sea Grant work in
these areas is underway, and in
most cases has been underway for
same time, but the level of effort
must be increased without further
undermining other programs
areas, In addition new operating
mechanisms may be desirable for
certain areas, and new kinds of
human resources need to be
trained. A new Strategic Research
Program and a Postdoctoral
Initiative will help in this regard.
A decision on these matters will
vastly affect Sea Grant and the
future course of national marine
science.
~ Second, continuing attention
needs to be given to the operating
machinery of Sea Grant, including
regional networking, multi-
institutional planning and
operations, interactions with other
parts of NOAA and with other
agencies, improved
communications between the Sea
Grant institutions and the
natianal Sea Grant Review Panel,
and better links to international
marine resource activities. It
should go without saying that
continued effort in behalf of
administrative efficiency should
be encouraged. At the same time,
the Congress needs to emphasize
that diversity and pluralism are a
hallmark of this program � as of
American higher education more
generally � and are to be
encouraged.
~ Third, the situation of NOAA
needs to be addressed: its marine
functions, its role in the marine
sciences, its relationship with the
activities of other agencies, and its
relationship with the Sea Grant
network and the university
community. The status quo is not
healthy � for groups like Sea
Grant that must work with
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NOAA, for NOAA itself, or for
the country. While recent
dialogue between the Sea Grant
network and NOAA leadership
has been fruitful, current
operating constraints at the
federal level hamstring planning
and progress.
~ Hopefully a reexamination af
NOAA and of Sea Grant's role
would come in the context of a
broader study of national ocean
policy, Given the changes of the
1980s, the policy differences
between Congress and the
executive branch, and the passage
of time since the spate of ocean
legislation of the early 1970s, such
a study is needed.
~ Fourth, and last, is the
question at funding, It is
essential � not for Sea Grant
alone, but for the future of
identified national priority areas
where Sea Grant is the principal
national instrument � that the
pattern of funding erosion be
reversed. It is also important that
new resources be found to fund
important new program activities
in areas of national need and
opportunity. This kind of national
investment is necessary, even in a
time of tight funding.

Conclusion
Sea Grant has been a

successful national experiment
during its first twenty years of
operation. The network of Sea
Grant universities and institutions
is an effective national instrument
for scientific progress, technology
transfer and economic and social
benefits. This network should be
maintained and strengthened.





2. The National Sea Grant Network
A geographic listing of more than 300 academic and non-profit
institutions that conduct or actively participate in the work of the
National Sea Grant College Program
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THE NATIONAL
SEA GRANT NETWORK
Thirty Sea Grant colleges and in-
stitutions comprise the core of the
National Sea Grant College Pro-
gram. A unique Sea Grant crea-
tion, these programs function as
the primary planning, goal-set-
ting, management and account-
ability units of the national pro-
gram, and they are the main
source of continuity and long-
terrn commitment to the purposes
of the National Sea Grant College
Program Act.
In 1986, the National Sea Grant
Task Force surveyed the core Sea
Grant institutions, asking for a list
of other educational institutions

participating in local programs
since 1980, A "participant" was

defined as �! an administratively
separate campus or system level
entity and �! a recipient of Sea
Grant funds and/or a required sig-
natory for a Sea Grant institu-
tional proposal.
The Task Force also checked the
annual listing of projects prepared
by the National Sea Grant College
Program Office, It should be
noted, however, that this list does
not show subcontractors or par-
ticipants in mufti-institutional
projects.

Over the years, the national office
has awarded a number of grants
for individual projects, separate
from the core institutional pro-
grams. Records of these grants
were checked for additional par-
ticipants,

The survey results, which follow,
show that more than three hun-
dred institutions have participated
actively in the program since the
reauthorization of the National
Sea Grant College Program in
1980.

270 institutions of post-second-
ary education

2 elementary and secondary
schools or school systems

30 nonprofit institutions with
marine-related educational
and research missions.

These institutions are located in
34 states  all 30 coastal and Great
Lakes states and 4 inland states!,
the District of Columbia, Puerto
Rico, the Virgin Islands and
Guam. The list does not include
federal laboratories or agencies,

agencies other than those
special tnarine research and
ation functions, cooperative
te sector enterprises, other
crating groups that do not re-
funds or foreign univer-

map and list following are de-
from the 1986 survey.

ates with Sea Grant institutions

ates with Sea Grant protects



PARTICIPATING INSTITUTIONS

ALABAMA

Dr. James I. Jones, Director
Mississippi-Alabama Sea Grant

Consortium
703 East Beach
P. O. Box 7000
Ocean Springs, MS 39564-7000
�01! 875-9341

ALASKA

Ronald K. Dearborn, Director
Alaska Sea Grant College Program
590 Llniversity Avenue, Room 102
Fairbanks, AK 99709-1046
 907! 474-7086
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CALIFORNIA

Dr. James J. Sullivan, Program Manager
California Sea Grant College Program
University of California
La Jolla, CA 92093
�19! 534-4440

Dr, Robert Friedheim, Director
USC Sea Grant Program
Institute for Marine and Coastal Studies
University of Southern California
Llniversity Park
Los Angeles, CA 90089-0341
�13! 743-6068

CONNECTICUT

Dr. Edward C. Monahan, Director
Connecticut Sea Grant Program
Marine Sciences Institute
University of Connecticut, Avery Point
Groton, CT 06340
�03! 445-5108

Alabama Cooperative Extension Service
Alabama Marine Environmental Sciences Consortium
Auburn University
University of Alabama
University of Alabama, Birmingham
University of Alabama, Tuscaloosa
University of South Alabama

Northern Southeast Regional Aquaculture Association
University of Alaska, Anchorage
University of Alaska, Cooperative Extension Service
University of Alaska, Fairbanks
University of Alaska, Fishery Industrial Technology Center
University of Alaska, Juneau

Bodega Marine Laboratory
California Institute of Technology
California State Polytechnic University, Pomona
California State University, Long Beach
California State University, Stanislaus
Claremont-McKenna College
Humboldt State University
Institute of Marine Science
Institute of Urban and Regional Development
Marine Bioassay Laboratories
Marine Science Institute
Moss Landing Marine Laboratories
Point Lorna College
San Diego State University
San Francisco State University
San Jose State University
Scripps Institution of Oceanography
Stanford University
University of California, Berkeley
University of California, Davis
University of California, Ir vine
University of California, Los Angeles
University of California, Riverside
University of California, San Diego
University of California, Santa Barbara
University of California, Santa Cruz
University of California Cooperative Extension, Davis
University of California Institute of Marine Resources
University of Southern California
University of the Pacific

Fairfield University
Institute for Marine & Aquarium Studies, Division of Sea Research

Foundation, Inc., Willimantic
Project Oceanology
University of Connecticut



DELAWARE

Mr. Andreu> T. Manus, Executive Director University of Delaware
Urriversity of Delatoare Sea Grant College

Program
Rol>inson Hall
University of Delaware
Newark, DE 19716
�02! 451-2841

DISTRICT OF COLUMBIA

National Sea Grant College Program Office American Geophysical Union
6010 Executive Boulevard Howard University
Rockvi lie, MD 20852
�01! 443-8923

Florida Atlantic University
Florida Institute of Technology
Florida International University
Florida State University
Harbor Branch Oceanographic Institute, Inc,
Mote Marine Laboratory
St. Petersburg Junior College
University of Central Florida
University of Florida
Universitv of Miami
Universitv of North Florida
University of South Florida
Universitv of West Florida

Atlanta University
Georgia Institute of Technology
Georgia Southern College
Morehouse Medical College
Skidaway Institute of Oceanography
University of Georgia
University of Georgia Marine Extension Service

GUAM

University of Guam
University of Guam Marine Laboratory
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FI.ORIDA

Dr. James C. Cato, Director
Florida Sea Grant College Program
Builds'ng 803
University of Florida
Gainesvi lie, FL 32611
 904! 392-5870

GEORGIA

Dr. Edward Chin, Director
Georgia Sea Grant College Program
University of Georgia
Ecology Buildi ng
Athens, GA 30602
�04! 542-7671

HAWAII

Dr. Jack R. Davidson
Sea Grant College Program
Urriversity of Hawair
Marine Science Building, Room 220
1000 Pope Road
Honolulu, Hl 96822
 808! 948-7031

University of Hawaii,
University of Hawaii,
University of Hawaii,
University of Hawaii,
University of Hawaii,
University of Hawaii,
University of Hawaii,
University of Hawaii,
University of Hawaii,

Hawaii Institute of Geophysics
Hawaii Institute of Marine Biology
Hilo
Honolulu Community College
Kauai Community College
Leeward Community College
Manoa
Maui Community College
Windward Community College



IDAHO

University of Idaho

Ball State University
Purdue University

LOUISIANA

Dr. Jack R. Van Lopik, Director
Louisiana Sea Grant College Program
Center for Wetland Resources
Louisiana State University
Baton Rouge, LA 70803
�04! 388-1558

MAINE

Dr. Robert Wall, Director
UME Sea Grant College Program
University of Maine
14 Coburn Hall
Orono, ME 04469
�07! 581-1435

ILLINOIS

Dr. Robert D. Espeseth, Coordinator
Illinois Indiana Sea Grant Program
Universi ty of Illinois
104 Huff Hall
1206 South Fourth Street
Champaign, IL 61820
�17! 333-1824

INDIANA

Dr. Robert D, Espeseth, Coordinator
Illinois/Indiana Sea Grant Program
Llniversity of Illinois
104 Huff Hall
1206 South Fourth Street
Champaign, IL 61820
�17! 333-1824

MARYLAND

Mr. Richard Jarman, Executive Director
University of Maryland Sea Grant College

Program
H. J. Patterson Hail
Llniversity of Maryland
College Park, MD 20742
�01! 454-5690

Loyola University
Southern Illinois University
University of Illinois, Urbana-Champaign

Louisiana State University
Louisiana State University, Agricultural Center
Louisiana State University, Hebert Law Center
Louisiana Universities' Marine Consortium
McNeese State University
Nicholls State University
Sea Space Research
University of New Orleans
University of Southwestern Louisiana

Bigelow Laboratory for Ocean Sciences
College of the Atlantic
Maine Department of Marine Resources
Maine Geological Survey
Maine Maritime Academy
Southern Maine Vocational Technical Institute

University of Maine
University of Maine School of Law, Portland
University of Maine, Orono
University of Southern Maine
Washington County Vocational Technical Institute

Academy of Natural Sciences
Anne Arundel Community College
Johns Hopkins University
National Aquarium, Baltimore
St. Mary's College, Maryland
University of Maryland, Baltimore City
University of Maryland, Baltimore County
University of Maryland, Center for Environmental and Estuarine Studies
University of Maryland, Center for Marine Biotechnology
University of Maryland, Chesapeake Biological Laboratory, Solomons
University of Maryland, College Park
University of Maryland, Eastern Shore
University of Maryland, Horn Point Environmental Laboratories
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NEVADA
Uruversity of Nevada
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MASSACHUSETTS

Dr. Chryssostomos Chryssostomidis,
Program Director

Sea Grant College Program
Massachuset ts Instit ute of Technology
Building E38-302
77 Massachusetts Avenue
Cambridge, MA 02139
�17! 253-7041

Dr. David A. Ross
Sea Grant Coordinator
Woods Hole Oceanographic Institution
Woods Hole, MA 02543
�17! 548-1400 x2398

MICHIGAN

Director
Michigan Sea Grant College Program
University of Michigan
2200 Bonisteel Boulevard
Arbor, MI 48109
�13! 763-3515

MINNESOTA

Dr, Donald C. McNaught, Director
Minnesota Sea Grant College Program
University of Minnesota
116 Classroom-Office Building
1994 Buford Avenue
St. Paul, MN 55108
�12! 373-1708

MISSISSIPPI

Dr. James I, Jones, Director
Mississippi-Alabama Sea Grant

Consor ti u m
703 East Beach
P,O. Box 7000
Ocean Springs, MS 39564-7000
t'601! 875-9341

NEW HAMPSHIRE

Dr. Galen Jones, Interim Director
UNH Marine & Sea Grant Programs
Marine Program Building
University of Nero Hampshire
Durham, NH 03824
�03! 862-2995

Boston University
Children's Memorial Hospital
Harvard University
Massachusetts Coastal Zone Management Office
Massachusetts Institute of Technology
Massachusetts Maritime Academy
Marine Biologist Laboratory, Woods Hole
New Bedford Public School System
New England Aquarium
Tabor Academy
University of Massachusetts, Amherst
University of Massachusetts, Boston
Woods Hole Oceanographic Institution

Eastern Michigan University
Michigan Primary and Secondary Schools
Michigan State University
Michigan Technological University
Northern Michigan University
University of Michigan

University of Minnesota, Duluth
University of Minnesota, Twin Cities
William Mitchell College of Law, St. Paul

Gulf Coast Research Laboratory
Jackson State University
Mississippi Cooperative Extension Service
Mississippi State University
University of Mississippi
University of Southern Mississippi

Colby-Sawyer College
Dartrnou th College
Franklin Pierce Law Center
New Hampshire Council of Universities and Colleges
Plymouth State College
University of New Hampshire



NEW YORK

Dr. Robert Malouf, Director
New York Sea Grant Institute
State University of New York
Stony Brook, NY 11794-5000
�16! 632-8662

NORTH CAROLINA

Dr. B. J. Copeland, Director
UNC Sea Grant College Program
Box 8605
North Carolina State University
Raleigh, NC 27695-8605
<919! 737-2454
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NEW JERSEY
Dr. Robert B. Abel, Director
Neu> Jersey Sea Grant
New Jersey Marine Sciences Consortium
Building 22
Fort Hancock, NJ 07732
�01! 872-1300

Atlantic Community College
Brookdale Community College
Cumberland County College
Fairleigh Dickinson University
Glassboro State College
Hudson County Community College
Jersey City State College
Kean College of New Jersey
Monmouth College
Montclair State College
New Jersey Institute of Technology
Ocean County College
Princeton University
Ramapo College
Rider College
Rutgers University
Seton Hall University
Stevens Institute of Technology
Stockton State College
Trenton State College
Union College
University of Medicine & Dentistry
William Paterson College

Clarkson College
Columbia University
Cooper Union
Cornell University
Farmingdale Agricultural & Technical College
Hunter College
Kingsborough County College of CVNY
New York University
St. John's University
State University of New York, College of Environmental Science and

Forestry
State University of New York, Albany
State University of New York, Binghamton
State University of New York, Buffalo
State University of New York, Stony Brook
State University of New York, Syracuse
State University College, Brockport
State University College, Bu.ffalo
State University College, Fredonia
State University College, Oswego
State University College, Potsdam
University of Toronto
Webb Institute of Naval Architecture

College of the Albemarle
Duke University
Duke University Marine Laboratory
East Carolina University
North Carolina A&T University
North Carolina Central University
North Carolina State University
University of North Carolina, Chapel Hill
University of North Carolina, Wilmington



OHIO

Dr. Charles E. Herdendorf, Director
Ohio Sea Grant Program
The Ohio Slate University
484 West Twelfth Avenue
Columbus, OH 43210-1292
i'614! 422-8949

Bowling Green State University, Bowling Green
Bowling Green State University, Firelands
Case Western Reserve University
Center of Science and Industry
Cleveland Museum of Natural History
Findlay College
Heidelberg College
Hiram College
Lakeland Community College
Lorain County Community College
Medical College of Ohio
Ohio Arts Council
Ohio State University, Columbus
Ohio State University, Mansfield
Peace Western Reserve
University of Cincinnati
University of Toledo

OKLAHOMA

University of Oklahoma

OREGON

Professor Willtam Q, Wick, Dtrector
Sea Grant College Program
Ads320
Oregon Stale Un t versity
Corvallis, OR 97331
<503! 754-2714

Clatsop Community College
Lewis and Clark College
Oregon Health Sciences University
Oregon State University
University of Oregon

PENNSYLVANIA

Drexel University
Lehigh University
Pennsylvania State University
University of Pennsylvania

PUERTO RICO

Dr. Manuel Hernandez-Avila
Director, Sea Grant Program
Department of Marine Sciences
University of Puerto Rico
Mayaguez, PR 00708
 809! 832-3585

RHODE ISLAND

Dr. Scott W. Nixon, Coordinator
URI Sea Grant College Program
University of Rhode Island
Narragansett Bay, RI 02882
�0I! 762-6800

Brown University
National Sea Grant Depository
Newport Historical Society
University of Rhode Island
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Inter American University
University of Puerto Rico, Center for Energy & Environmental Research
University of Puerto Rico, Humaicao
University of Puerto Rico, Mayaguez
University of Puerto Rico, Rio Piedras
West Indies Laboratories



UTAH

University of Utah

VIRGIN ISLANDS
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SOUTH CAROLINA

Ms. Margaret Davidson, Executive
Director

South Carolina Sea Grant Consortium
287 Meeting Street
Charleston, SC 29401
 803! 727-2078

TEXAS

Dr. Thomas Bright, Director
Sea Grant College Program
Texas A&M University
College Station, TX 77843
�09! 845-3584

VIRGINIA

Dr, William L. Rickards, Director
Virginia Graduate Marine Science

Consortr'um
203 Monroe Hill House
Urriversity of Virginia
Charlottesville, VA 22903
 804! 924-5965

WASHINGTON

Mr. Louie S. Echols, Director
Washington Sea Grarrt Program
College of Ocean and Fishery Sciences
University of Washington
Seattle, WA 98I95
�06! 543-6600

Clemson University
Coker College
College of Charleston
Marine Resources Research Institute
Medical University of South Carolina
South Carolina Marine Resources Center
South Carolina State College
The Citadel
University of South Carolina, Columbia
University of South Carolina, Beaufort
University of South Carolina, Coastal Carolina

Baylor College of Medicine
Texas A&M University
Texas A&M University, Galveston
Texas Southern University
Texas Southmost College
University of Houston
University of Houston, Clear Lake
University of Texas, Austin
University of Texas, Port Aransas
University of Texas, Tyler

College of the Virgin Islands

College of William and Mary
George Mason University
Hampton Institute
Ke1 tech Inc.
Norfolk State University
Old Dominion University
Rappahannock Community College
Thomas Nelson Community College
University of Virginia
Virginia Institute of Marine Science
Virginia Polytechnic Institute and State University
Virginia State University

Bellingham Vocational- Technical Institute
Eastern Washington University
Grays Harbor College
Pacific Science Center
Seattle Aquarium
Seattle Community College
Seattle Pacific University
Shoreline Community College
University of Washington
Washington State University
Western Washington University



WISCONSIN

Dr, Robert Ragotzkie, Director
Sea Grant institute
University of Wisconsin
1800 University Avenue
Madison, Wl 53705
�08! Z6Z-0905

Lawrence University
Medical College of Wisconsin
University of Wisconsin, Extension
University of Wisconsin, Green Bay
University of Wisconsin, Madison
University of Wisconsin, Marinette
University of Wisconsin, Milwaukee
University of Wisconsin, Parkside
University of Wisconsin, Stevens Point
University of Wisconsin, Superior
University of Wisconsin, System
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3. A University Based Resource
Descriptions of major Sea Grant programs conducted by
30 universities in coastal and Great Lakes states and
Puerto Rico; and some recent benefits and
accomplishments of these programs

Alabama  see Mississippi!
Alaska
California �!
Connecticut
Delaware
Florida

Georgia
Hawaii
Illinois
Indiana

Louisiana
Maine
Maryland
Massachusetts �!
Michigan
Minnesota
Mississippi
New Hampshire
New Jersey
New York

North Carolina
Ohio
Oregon
Puerto Rico
Rhode Island
South Carolina
Texas
Virginia
Washington
Wisconsin



Alaska

Alaska "Fish Grant" Supports State's Number One Private Employer With
Education, 'fraining, Technology 'Asnsfer and Research

Alaska Sea Grant has made significant
contributions to fishery development in
a number of areas:

Recent projects have been supported
through:

University of Alaska, Fairbanks:
Institute of Marine Science, Agricultural
& Forestry Experiment Station,
Engineering Experiment Station,
Department of Medical Science, School
of Management.

For more information about Alaska Sea
Grant contact:

Ronald K. Dearborn, Director
Alaska Sea Grant CoHege Program
590 University Ave., Rnt. 102
Fairbanks, AK 99709-1046
 907! 474-7086

University of Alaska, Juneau: School of
Fisheries and Science.

University of Alaska, Anchorage:
College of Arts and Sciences.

University of Alaska, Community
Colleges, Rural Education and
Extension: Fishery Industrial
Technology Center.

3.1

Kn 1985, Alaska's fish landings were the
nation's most valuable at $590.8 million,
a catch that was the nation's second in
volume at 1.2 biNoa lbs. ln the FCZ off
Alaska lies the nation's greatest potential
for fisheries expansion, where foreign
fleets landed more than 1 million mt of
fish in 1985. Among Sea Grant
programs only Alaska's can be called
"Fish Grant", concentrating its effort on
the state's premier fisheries potential.

The University of Alaska statewide
system of higher education comprises
three senior college campuses, 11
community colleges, 14 learning centers,
the Cooperative Extension Service and
the Fishery Industrial Technology
Center. The university's Sea Grant
College Program supports research,
education and public service projects
that are carried out at one or a combi-
nation of these units. While formal
research may be conducted at a major
campus, Sea Grant also brings hands-on
training to the fishing industry.

Adult Education Through the Marine
Advisory Program and the Fishery
Industrial Technology Center,
workshops are conducted at the
university's geographically far-flung
facilities. Trawl handling, vessel stability,
fisheries rules and regulations, sea
survival, and business management are
ty'pical workshop topics.

Aquaculture By funding economic
studies, providing an aquaculture
specialist, and supporting research on
salmon genetics and habitat evaluation,
Alaska Sea Grant. was instrumental in
developing the private non-profit
hatcheries. These now form the base of
North America's largest and most
successful ocean salmon ranching
program. Egg takes have increased ten-
fold over the past 10 years, returns by
more than that. This effort is now
redirected, concentrating on pen-rearing
salmon and trout in Alaskan waters,

In 1985-86, Alaska Sea Grant funded a
visiting staff position for Junzo Abe,
well-known Japanese aquaculture
specialist. While in Alaska, Abe is
conducting demonstration culture
projects for scallops and seaweeds and
advising the Office of the Governor on
cold-water aquaculture. He is also
lecturing in 10 communities,

Marine Safety The Alaska Marine
Advisory Program is recognized
throughout the National Sea Grant
College Program as a leader in safety
education. Since 1975, the marine safety
project. has increased fishermen's use of
basic vessel safety equipment and marine
survival techruques. The races developed
to familiarize people with survival suits
at local festivals and fairs are now staple
attractions in coastal communities,
Safety specialists spearheaded formation
of AMSEA, the Alaska Marine Safety

Education Association, a statewide
organization of safety professionals.
AMSEA is developing formal education
programs in marine safety and survival
for Alaskan waters. A four-episode
marine survival videotape series
developed by MAP has won 12 national
awards and been widely used by
government and industry.

Science JVetworking Aiaska Sea Grant
has become a leading organizer of multi-
disciplinary scientific conferences. These
meetings usually center on a particular
marine problem, connecting top
scientists and managers from different
fields and various countries, people
working on the same species who
ordinarily would not meet. Conference
workshops that outline needed research
often become standard planning
documents in the field. Recent
conferences have discussed king and
Dungeness crab biology and
management; the options for managing
Alaska's offshore fisheries, particularly
halibut; rockfish; and seafood quality.
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Alaska Sea Grant's Long-Term Multi-disciplinary Approach Forms Base for
Growing Tanner Crab Fishery

determine allowable catch for the
fishery.

Recently, the Alaska Sea Grant Program
funded a study on by-catch in the
developing domestic trawl fishery for
graundfish.

One example of Sea Grant's approach is
in Alaska's tanner crab fishery, which
now has an ex-vessel value of $50
million. Between 1973 and 1985, as this
fishery developed, Alaska Sea Grant
funded:

* Biological studies covering tanner crab
biology as it relates to harvesting.

' A major meeting of scientists working
on this species, focusing on current
biological and management problems.

Applied Crab Research

' Economic analysis of the market and
of by-catch avoidance in the Bering
Sea groundfish trawl fishery.

* Applied crab research in which ration
studies for the manufacture of
livestock feed increased the value of
fish processing by-products.

Fconomic Analysis

Biological S tudies

Beginning in 1973, Alaska Sea Grant
funded three tanner crab biology studies.
This work provided most af the
knowledge now available on this species
in Alaska.

For more information about Alaska Sea
Grant contact:

Ronald K. Dearborn, Director
Alaska Sea Grant College Program
590 University Ave., Rrn. 102
Fairbanks, AK 99709-1046

 907! 474-7086Results from the second study
�979-1982!, an reproductive biology, are
now used by management agencies to

3.2

Commercial fisheries are shaped not
only by the market, but by biology,
politics, and ecology. The Alaska Sea
Grant College Program applies the
university's academic strength to today' s
complex multi-disciplinary fisheries
problems.

Data gathered under the first biological
study �973-1976! was used by the Alaska
Department of Fish and Game
 ADF&G! ta establish the initial
management programs. The graduate
student supported by the project was
hired by ADF&G and eventually
managed the major tanner crab fishing
region.

The third study �983-1984! focused on
tanner crab molting frequency, Scientists
used encrusting barnacles as inexpensive
natural tag s for estimating molting
frequency. Unlike man-made tags, these
natural tags do nat have to be implanted,
do not inhibit the growth of the
specimen, and sampling can be done at
dockside when the catch is delivered to

a processor.

In 1982, the Alaska Sea Grant Public
information Office organized a
scientific conference on Chionoeceres
attracting scientists from Canada, Japan
and the U.S. Conferees presented papers
on current management, research, and
fisheries, The meeting culminated in a
workshop on research needs and a
published proceedings. This 750 page
document was distributed to more than
300 researchers and managers.

Just after the Magnuson Fishery
Conservation and Management Act was
passed, Alaska Sea Grant funded
economic analysis of the international
market for tanner crab, Japan
dominated the tnarket, and fished
largely off Alaska. Economists traveled
to Japan to discuss how Americani-
zation af the fishery would change the
market.

The resulting study showed  hat
Americanization would not cause major
economic dislocation in the producing
countries and would result in long-term
net benefits to the Alaskan fishing
industry, developing an export market.
The study was used by the North Pacific
Fishery Management Council as part of
the groundwork for policies that ended
foreign tanner crab fishing off Alaska.

While this groundfishery is growing
almost exponentially, the trawl gear
incidentally captures other highly-valued
commercial species, particularly halibut
and king and tanner crab. In this study
economists will attempt to value the
incidental catch against suggested
modifications for avoiding these species,
The study is expected to be useful for
managers weighing the consequences of
various management plans for this
fishery.

By 1983, Alaska Sea Grant studies had
proved that meal made from shellfish
particulate reclaimed from processing
waste water could be used as a protein
supplement in swine and lactating dairy
cattle feed. This created a market for
reclaimed crab waste in Alaska and gave
processors a way to turn a profit on
equipment required by the EPA to clean
waste water before dumping.

Development of the feed meal market in
Alaska is calculated to have saved
processors millions in compliance costs.
All of the meal manufactured in Alaska
has been sold to local fartners, who
previously imported soybean meal for
protein supplements at substantial cost.
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The California Sea Grant College Program-
A Leader in Addre88ing Marine Problems and Opportunltle8

James J. Sullivan,
Program Manager

Californta Sea Grant
College Program

University of California
La Jolla, California 92093

 81 9! 534-4440
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The California Sea Grant College
Program � largest of the state
programs in the national network�
addresses marine-related problems
and opportunities in a state whose
coast stretches for over 1100 miles.
Its research, advisory, and
educational activities have national
and international benefits as well,

Since its inception in 1968,
California Sea Grant has funded over
300 projects at 49 colleges and
universities within, and 7
cooperating institutions outside, the
state. Research by the Program's
principal investigators, their staff,
and their graduate trainees has
resulted in the publication of over
700 articles in refereed journals, plus
another 500 publications of other
kinds, Over the years, the Program
has supported more than 500
graduate student trainees, who are
today making major contributions in
science, business, education, and
government.

Among the program's recent
achievements are the following.

~ California Sea Grant is a leader
in marine biotechnology and the
development of new marine
products. Its Marine Chemistry and
Pharmacology Program has collected
and tested the biological activity of
over 800 compounds from marine
organisms, Of these, approximately
17 are viewed as being novel and
pharmacological ly potent enough to
warrant patent application. One such
compound, pseudopterosin, derived
from a Caribbean soft coral, not only
is an effective anti-inflammatory
drug, but also is a potent pain-
reliever,

~ Work by another Sea Grant-
sponsored researcher has shown that
modern biochemical and genetic
engineering techniques can be used
to improve the production of abalone
and other commercially valuable
shellfish. He and his colleagues have
developed simple and commercially
useful chemical procedures for

accelerating the abalone's
development and, using DNA
technology, are deciphering the
sequence of genes that regulate
abalone insulin production. One
exciting and unexpected discovery
was that certain marine algae and
bacteria produce peptides that mimic
a neurotransrnitter  called GABA!
found in the mammalian brain and
that may prove useful in medical
diagnosis and treatment.

~ Sturgeon are presently of great
interest to commercial aquaculture
operations in various parts of the
nation. Research funded by
California Sea Grant plus the work
of its Marine Advisory Prograin have
been instrumental in developing a
new sturgeon aquaculture industry in
California. A research project
funded by Sea Grant has provided
important information on maturation
and spawning techniques, larval-
rearing procedures, and diet
formulations. A hatchery manual
prepared by the Program's
aquaculture specialist is presently
being used by the U.S. Fish and
Wildlife Service as well as
commercial growers.

~ Research funded by California
Sea Grant has characterized the
major challenges to governments and
the public posed by the accelerated
pace of oil and gas development now
taking place off California's south-
central coast. The Program's marine
advisors have been helping local
citizens predict the potential impacts
of such dramatic production
increases on ocean resources and
marine-related industries, and
working to improve communications
between the oil and fishing industries
as well as local, state, and federal
agencies, Advisory personnel have
been instrumental in establishing
vessel traffic-lane agreements to help
oil-industry support vessels avoid
nearshore shellfish traps and gillnet
fishing areas. They also participated
in a research project on the effects of

seismic surveys on fish dispersat and
an interindustry economic impact
study. Distribution of their "Oil and
Gas Project Newsletter for
Fishermen and Offshore Operators"
has risen to 825,

~ Upgrading the quality of
seafood products affects both
consumer acceptance and our
nation's ability to compete with
burgeoning imports. One study by
California Sea Grant's Marine
Advisory Program evaluated liquid-
chilling systems for holding salmon
on commercial vessels and led to
guidelines for improved handling
and storage, which have been widely
adopted by the fishing industry.

~ In California, coho and chinook
salmon and steelhead trout are
reared in hatcheries to enhance their
propagation. Though hatchery
rearing significantly improves the
survival of young fish, the ocean
catch and adult returns do not reflect
this initial advantage, possibly
because current practices may
inadvertently contribute to poor
survival and growth in the ocean,
For example, large losses may occur
when hatchery-reared salmon are
released at an improper stage of
srnoltificat�i o. Research funded by
California Sea Grant has
demonstrated the environmental
 especially lunar! and hormonal
influences on adaptations of young
salmon to saltwater. The findings
have significantly affected hatchery
practices and excited state, national,
and international interest.
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Biochemical and Genetic Engineering improve Abalone Production

James J. Sullivan,
Program Manager

California Sea Grant
College Program

University of California
La Jolla, California 92093
�1 9! 534-4440
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Modern biochemical and genetic
techniques are being used to
improve control over biological
processes that limit the production of
cornrnercially valuable shellfish, such
as abalone. These processes include
several stages of reproduction, larval
development and rnetarnorphosis,
and survival of the cultivated
animals.

Experiments conducted by Dr.
Daniel E. Morse, Marine Science
Institute, University of Calif'ornia,
Santa Barbara, with funding provided
by California Sea Grant, have
concentrated on the Red Abalone, a
major commercial resource in
California.

Morse and his research associates
initially sought to improve control
over reproduction, They found that
they could induce abalones to spawn
by adding a small amount of the
hormone prostaglandin to the
surrounding seawater. A search for
a less expensive procedure Ied to the
discovery that hydrogen peroxide
stimulates production of
prostaglandins, and thus also induces
spawning.

A second research problem arose
I'rom the fact that the larvae that
hatch from fertilized abalone eggs
frequently exhibit high mortality � a
problem that had been plaguing
efforts at industrial cultivation for
years. Morse found that the
swimming larvae are normally
induced to settle and undergo
metamorphosis to their juvenile
form at the surfaces of specific red
algae.

In subsequent work, Morse was
able to isolate the substances in
these algae that are responsible for
the induction of settlement and
metamorphosis. Of these, the most
potent and least expensive proved to
bc a simple amino acid known as
GABA  for gamma-amino-butyric
acid!. Usc of this chemical provides
a safe and inexpensive method for

inducing rapid metamorphosis with
high efficiency and survival. Most
exciting perhaps is the potential
application ol GABA to human
medicine, since the amino acid is
known ta be a patent
neurotransrnitler that controls nearly
one-half of the cells in the human
brain. New compounds have been
discovered by this research group in
marine algae and bacteria that mimic
the action of GABA; these are now
being explored tor their usefulness
as diagnostic and therapeutic agents.

One of the major problems
remaining in the commercial
production ol abalone is the animal's
relatively slow growth. To attack
this problem, Morse has begun to
clone and amplify the genes that
code for growth-accelerating
hormones, thereby applying the
techniques of genetic engineering to
mariculture. LJsing DNA
technology, his group has been
deciphering the structure of' the
abalone-specific insulin. Once they
know the DNA sequence ol the
genes that regulate insulin
production, the hormone can be
manufactured in sufficient quantities
and at low cost,

By far the greatest application of'
Morse's work has been in the area of
marine aquaculture. The methods
developed are simple, inexpensive,
reliable, and applicable ta a large
number of species.

Industrial and research users of
Morse's methods have applied the
results of this project to improve the
economic efficiency and reliability of
production of more than 15 different
abalone species and hybrids, and
more than 20 difl'erent commercially
valuable species of oysters, scallops,
mussels, clams, and snails under
cultivation in the United States and
abroad,

Direct use of these methods and
findings has been made by a number
af commercial and governmental

shellfish operations in California,
other states, and abroad and by other
Sea Grant-supported research
programs on related aspects of
shellfish production in California,
Washington, Oregon, Delaware,
Maryland, Florida, Massachusetts,
Hawaii, Palau, and Guam; Academia
Sinica Institute of OceanoIogy,
China; Ministry of Agriculture and
Fisheries, New Zealand.

Morse has discussed applications
of his work at the invitation of
several U,S. biotechnology and
aquaculture firms. He has
collaborated with scientists from the
Oyster Research Institute in Japan,
the Institute of Oceanology in the
People's Republic of China, and the
Central Marine Fisheries Research
Institute in India, He has also
shared his research at the Sea
Grant-sponsored International
Symposium on Recent Advances in
Cultivation of Pacific Molluscs and
co-edited the symposium
proceedings. Hc has given lectures
and demonstrations of his team's
research findings at universities and
fisheries in Japan, the People' s
Republic of China, Thailand, India,
New Zealand, Fiji, and the Cook
Islands, and he has consulted with
researchers in the Philippines, Chile,
Mexico, and Australia.



SEA GRANT'S HELPING MAKE
THE US. ¹1 IN THE OCEANS ...

Arfd the USC Sea Grarft Program
Is a part of that efforts
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Since the early l900s, the I.Jniversity
of Southern California has been in-
volved in the areas of marine science,
ocean engineering and tnarine policy.

The USC Sea Grant Program, a part
of the untversity's Institute for Marine
and Coastal Studies  IMCS!, is helping
to carry on that tradition by linking
university research with industry and
user groups, which put research results
into practice.

Virtually the entire population of
Southern California is affected by the
use and management of the ocean � for
jobs, for goods and services, and for
recreation. Therefore, the intelligent use
and management of the ocean's scarce
resources are of vital concern to all
Southern Californians.

USC Sea Grant was established in
I969 and, since that time, has maintained
its commitment to applying the expertise
of specialists to solve special marine and
coastal problems of the region through:

Research that spans coastal and
marine resources, environmental prob-
lems, coastal management and ocean
engineering.

Marine Education for elementary,
secondary and adult classes,

Advisory Services for recreational
activities, government agencies and private
industry.

california � use

Recent accomplishments in these areas
have included:

~ Three major national conferences
on seaport management and re-
latedd issues.

~ Development of a new and inex-
pensive assay for the toxins that
cause paralytic shellfish poisoning.

~ Coordination with the National
Weather Service and volunteer
radio operators in establishing a
Mariner's Reporting Program
 MAREP! for ocean weather
forecasts.

Analysis of effluent plumes from
major urban outfalls

~ Tests on the stress resistance of
engineering welds in sea water.

~ Shallow-water diving accidents at
beaches.

~ Six marine education curriculum
guides for K-7 teachers.

~ New systems for using x-ray
fluorescence on marine minerals.

Further information on USC Sea
Grant's services and programs is
available by contacting:

USC Sea Grant Program
Institute for INarine and

Coastal Studies
University of Southern California
University Park
Los Angeles, CA 90089-0341

Phone: �13! 743-6068



USC SEA GRANT RESEARCH INVESTIGATES
SURVIVAL RATE OF MOLLUSK LARVAE

PRELIMINARY RESULTS

SEA GRA N T RES PONS E
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The oyster industry on the U,'S, West
Coast depends on hatcheries for new
seed because the Pacific oyster,
Crassosrrea gigas, does not generally
reproduce successfully in these waters,

To improve the survival rates of
oyster and other mollusk larvae reared
artificially, information is needed on   l!
their nutritional requirements and �!
how hatchery-induced changes in the
chemistry of seawater can affect the
s u r viva 1 of la rvae.

Both questions are addressed in
research being sponsored by the
University of Southern California Sea
Grant Program.

The successful aquaculture of edible
mollusks, such as oyster~ and abalone,
has been hampered by the lack of
information on dietary requirements.
Suchinformation is especially important
for the early stages of development
 embryos and larvae! because there is
about a 90% mortality rate of cultured
animals in commercial hatchery systems.

Dr. Donal T. Manahan, who is con-
ducting the USC Sea Grant research, is
among the first to employ recent ad-
vances in bacteria-free animal culture
techniques and analytical chemistry to
obtain precise measurements of the
uptake of dissolved organic materials
by larvae under bacteria-free conditions,

To test the hypothesis that dissolved
nutrients are important to larval nutri-
tion, Dr. Manahan is culturing oyster
larvae under bacteria-l'ree conditions,
measuring rates of amino acid uptake
by larvae using a combination of high-
performance liquid chromatography
and isotope techniques, and determining
the contribution of amino acid uptake
to nutrition by comparing the caloric
input of nutrient uptake to the total
e nergy require me n t s of la rvae.

~ Oyster larvae can absorb �
common amino acids directly
from seawater.

~ Larvae of the red abalone Hafiotis
rufenscens! have a pattern of
amino acid uptake similar to that
determined for oyster larvae.
Oyster and abalone larvae release
the amino acid taurine into sea-
water, whether or not amino acids
are present in the seawater. This
taurine loss also occurs in oyster
larvae reared under the not-bacteria-
frec conditions in commercial
ha tcheries,
Oyster larvae often are capable ol'
de novo synthesis of the four
amino acids methionine, pheny-
lalanine. isoleucine and leucine.
This finding is contrary to the
widely held view that these corn-
pounds are "essential" and must
be supplied in the diet.

~ Abalone larvae gain significant
weight  up to 600%! between day
Oand day 2. This increase occurred
despite the fact that the larvae
lack a digestive system and had
been presumed to be "non-feeding."

ln summary, the USC Sea Grant
research is showing that organic nutri-
ents disso ved in seawater do constitute
a potential source of nutrition for
mollusk larvae, The importance of these
substances to overall larval metabolism
and energetics now needs to be assessed.
This, and the animals'changing amino
acid requirements during development,
are the subject of continuing research in
the USC Sea Grant laboratory by Dr.
Manahan. The work. for which the
industry has donated all oysters and
abalone, complements current studies
at Oregon State University and the
University of California.

Further information on research
sponsored by USC Sea Grant is
available by contacting:

USC Sea Grant Progratn
Institute for Marine and

Coastal Studies
University of Southern California
University Park
Los Angeles, CA 90089-0341

Phone: �13! 743-6068



CONNECTICUT THE CONNECTICUT SEA GRANT PROGRAM

fish management plans for ten towns;
training programs in seafood handling,
marketing, and preparation techniques
for industry workers, home econoinists,
and consumers; a quarterly newsletter,
Connecticut Currents; and providing
tax aid and updates on gear technology
and fishing techniques for more than
1,000 commercial fishermen.

In snm, the Sea Grani Program is
dedicated to the productive use of Con-
necticut's coastal resources, while en-
hancing and protecting these natural
resources, which are of inestimable
value to the state's people and economy.
For more information, a detailed de-
scription of current projects, a newsletter
subscription, and/or an annual report,
please contact Dr. Edward C. Monahan,
Director, Connecticut Sea Grant Pro-
gram.

Dr. Edward C. Monahan
Connecticut Sea Grant Progrant
Marine Sciences Institute
University of Connecticut
Avery Point
Groton, Cl' 06340
203%45-5108
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The Connecticut Sea Grant Program
is a partnership between the National
Sea Grant College Program and the
University of Connecticut, drawing on
federal and state resources and talent
to meet the challenges presented by
Connecticut's marine environment.
Through scientific and engineering
research, education, extension services,
publications, and forums, Connecticut
Sea Grant and its Marine Advisory
Program are aiding the thousands of
Connecticut residents who earn their
living from the sca, and miihons � both
in Connecticut and elsewhere � who
look to the sea for scientific knowledge,
econoinic benefits, responsible develop-
ment, and enjoyment.

Connecticut Sea Grant and NOAA's
National Undersea Research Prograin
 NURP! are both located at the Univer-
sity of Connecticut Avery Point campus,
where they are inajor elements of the
University's growing Marine Sciences
Institute. The campus is also home to
the Coast Guard's Research and Devel-
oprnent Center and Project Ocean-
ology. Sea Grant also has close ties to
the Naval Underwater Systems Center
and Submarine Base, the Coast Guard
Academy, the National Marine Fisheries
Laboratory, the Connecticut Depart-
ment of Environmental Protection,
and other branches of the federal and
state governments, as well as business
and community leaders.

The Connecticut Sea Grant Program
supports research in a number of areas,
ranging from the regional to the inter-
national in scope:

~ Shellfish, aquaculture, and gear
technology,

~ Finfish, including new products
and processing techniques that can
increase the yield, quality, and market
appeal of indigenous species.

~ Oceanographic and atmospheric
research, in conjunction with the Naval
Underwater Systems Center.

~ Port and harbor development,
including dredging problems, sediments,
and estuarine studies, in conjunction
with the Corps of Engineers, NURP,

Connecticut

and other groups.
~ Marine economic and fiscal policy

and financial management; this involves
close work with the Internal Revenue
Service and the State Tax Service.'

~ Remote sensing of coastal waters.
~ Coastal planning and land use,

including impact studies on tourism,
recreation, and charter boats.

Several research projects are being
conducted through the Sea Grant Pro-
gram, all of which have a direct impact
on one or more of these areas. The
program is currently involved in:

~ A study of how materials resulting
from harbor dredging behave when
dumped, with the aim of building less
expensive, more stable mounds. This
may ultimately affect dredged materials
disposal practices everywhere.

~ The first identification of the hor-
mone controlling crustacean develop-
ment and reproductive cycles, opening
possibilities for advanced aquaculture,
selective breeding, and control of marine
pests,

~ Research in conjunction with State
University of New York  Stony Brook!
into the use of fast-growing brown
seaweed to produce energy.

~ The development of a method for
mass propogation of a parasite A.
ocetlatum, which is a bane of aqua-
culturists and aquarium hobbyists.
This will make it possible to test the
efficacy of various chemicals against
the parasite.

~ A study which will aid in the growth
to maturity of juvenile oysters by in-
vestigating the relationship between
juveniles and other benthic species.

The Connecticut Sea Grant Program
also includes the Marine Advisory Pro-
gram, an arm of the Cooperative Exten-
sion Service that works to make the
maritime community aware of the
practical benefits of research conducted
in Connecticut and elsewhere. Some of
the important activities of the Marine
Advisory Program include the annual
Marine Fisheries Forum; the intro-
duction of the hydraulic clam rake
into the State; aid in developing shell-
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REVITALIZES LOCAL
SHELLFISHING INDUSTRY
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Connecticut's shellfishing industry,
historically great, fell upon hard times
in recent decades. Through the 1960s
and well into the '70s, approximately
90 percent of Connecticut's tidal in-
shore shellfish areas were closed to
direct harvesting, The cause was bac-
terial containination, which worsened
water quality to the point where it fell
below the direct harvesting standards
established by the National Shellfish
Sanitation Program.

These shellfish grow-out and har-
vesting grounds, once internationally
famous centers of oyster production
which produced enough shellfish to
provide for a hungry domestic popu-
lation and still allow for export, were
almost completely fallow and thought
by many to be worthless.

But Connecticut Sea Grant Marine
Advisory Prograin staff believed that,
with proper rnanageinent, the shellfish
beds could provide substantial relays
into certified waters for natural clean-
sing, or depuration. Management plans
might also allow for the restoration of
recreational and some commercial shell-
fishing activities.

Unfortunately, such plans did not
exist. Beginning in 1983, however, a
cooperative effort among several shore-
line towns and the Marine Advisory
Program began to develop thein, At the
same tiine, Marine Advisory Program
staff developed and presented a variety
of programs on the advantages of sound
shellfish managetnent and the possi-
bilities for the future of the Connecticut
shellfish industry.

The presentations included workshops
on harvesting gear, technology, help for
shellfishermen, municipal shellfish
commissioners and other officials;
workshops on shellfish management
for shellfish researchers, fishermen,
officials, and municipal sanitarians;
more than 50 slide/lecture presentations
on shellfish management and plan
development for officials; and a pro-
gram for high school students in local
shell fish coinmission internships.

The results were, quick, real, and
identifiable:

~ Seven Connecticut municipalities
have since developed comprehensive
shellfish management plans, all of
which have been reviewed and approved
by the Aquaculture Division of the
Connecticut Department of Agriculture.

~ Five municipalities created new
shellfish divisions.

~ Three local shellfish commissions
approved habitat restorations projects,

~ Four internship programs surveyed
the shellfish industry possibilities and
assessed local resources.

As a direct result of the Connecticut
Sea Grant Marine Advisory Program
management plans, sinall but significant
recreational and/or commercial shell-
fisheries have been re~stablished in
seven towns to date. The state has
already benefited from these indigenous
businesses and the jobs they' ve created,
and the new shellfish industry has
already harvested product with a dock-
side value of close to $1 million,

Though the establishment of these
programs is impressive, the potential
� in employment, local business, and
appropriate use af a natural resource
� is enormous. And, quite possibly
in the not-too-distant future, the Con-
necticut shoreline will once again be
filled with a string of famous shellfish-
producing towns.

Dr. Edward C. Monahan
Connecticut Sea Grant Program
Marine Sciences Institute
University of Connecticut
Avery Point
Grnton, CT 96340
203-445-5108
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are raising oysters in captivity, inducing
their spawning, and then setting the spat
on sheH in local riverbeds where the
survival and growth of the aysters wiH
be monitored.

decisions on future development on and
around Delaware Bay.

~ Certain that sea level is rising, Sea Grant
geologists and coastal engineers are
working to predict future shoreline
changes as well as determine which
coastal erosion structures will be most
effective in areas along the Delaware
coast. Preliminary results suggest that
sea level is rising at triple the rate of 50
to 75 years ago.

Naw in its nineteenth year in Delaware,
Sea Grant continues as a partnership in
which the University, the government, and
the private sector pool intellectual and
financial resources to address coastal and
marine issues.

Current emphasis in the Delaware Pro-
gram is in marine biotechnalogy, estuarine
and coastal environmental assessments,
geological and coastal dynamics, and ma-
rine programs outreach.

~ To assist the charter/headboat industry
in the state, the MAS sponsored a busi-
ness workshop in conjunction with the
Delaware Small Business Development
Center. The captains received informa-
tion on financial planning and manage-
ment, methods of improving marketing
and advertising, and research results on
the biology and basic fishery science of
important Delaware Bay sport fish.

~ The MAS conducted a workshop for
the state's seafood retailers, providing
them with timely information on the
storage, handling, and preparation of
seafood, as well as guidelines to market
it successfully.

Research Marine Advisory Service

Marine Advisory Service activities en-
compass a wide range of projects designed
to educate the users of our marine re-
sources through knowledge gained by
research. During our nineteenth year
as a Sea Grant College, the Marine Ad-
visory Service collaborated with 20 local,
state, and federal agencies; 27 academic
institutions; 43 trade associations and
businesses, and 68 public schools and
universities. Specialists provide technolo-
gy transfer in the areas of fisheries devel-
opment, seafood quality, marine educa-
tion, and marine business management.

The following projects help deinon-
strate the many ways the Marine Advisory
Service works to enhance the lives of
Delawareans:

Education

Since its designation as a Sea Grant
College Program in 1976, the University
of Delaware has had, and continues to
have, a strong commitment to the educa-
tion of students pursuing marine studies,
Many of these students have gone an to
successful marine-related careers in indus-
try, state and federal government, and
academia. During the past year, 23 stu-
dents received Sea Grant support,

~ The Mariner Reports  MAREP! program
continues to provide baaters as well as
the National Oceanic and Atmospheric
Administration's National Weather Ser-
vice with updated weather reports ta
protect mariners' lives, vessels, and catch.
Through MAREP, mariners report timely
sea and weather observations to per-
sonnel at the University of Delaware in
Lewes, who relay the information to
the National Weather Service to update
and improve its marine forecasts. Revised
forecasts transmitted ta Lewes are then
available to mariners at sea.

Mr. Andrew T. Manus,
Executive Director

University of Delaware Sea Grant
College Progrtan

University of Delaware
Newark, DE 19716

�02! 451-2841

The MAS recently undertook a coopera-
tive project with the Department of
Natural Resources and Environmental
Control  DNREC! to evaluate the feasi.
bility of applying remote setting tech-
nology to enhance oyster populations in
Delaware. Together these organizations
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~ To define new methods of preventing
biofauling on marine vessels and other
artificial substrates, Sea Grant scientists
are studying how marine organisms such
as corals and sponges have developed
mechanisms to prevent the early attach-
ment of barnacles and other biofaulers.
Laboratory experiments have resulted in
localizing and identifying natural anti-
fouling components in specific chemical
fractions and show that many of these
naturally produced antifauliing corn.
pounds are rapidly degraded.

~ Chitin, the cellulose-like structure found
in the sheH of crab, shrimp, and other
marine animals, has been a major com-
ponent of Sea Grant research. Although
crab sheHs have been considered a waste
produced by seafood processsors, our
scientists have developed methods ta ex-
tract chitin and have produced surgical
sutures, high value food additives, and
specialty chemicals,

~ Salt-tolerant plant research has devel-
oped a grain, vegetable, and several
forages from wild halophytes. Sea Grant
researchers reached a major biotechno-
logical landmark by successfully regener-
ating a tissue portion of the forage Dis-
tich!is spic@ra to a full-grown plant.

~ The Delaware Estuary is a major source
of commerical and recreational growth
for the mid-Atlantic region. At Univer-
sity of Delaware Sea Grant, researchers
are continuing a major study of the bay
to define how the estuarine system func-
tions and to assess its health, Results of
the study are being used by resource
managers and the private sector to make

Delaware
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Marine Biofouling

In marine biotechnology the applica-
tion of the principles of engineering and
technology to the marine sciences � Uni-
versity of Delaware researchers are study-
ing how marine organisms such as corals
and sponges have developed mechanisms
to control or prevent the early attachment
of barnacles and other biofoulers. By
understanding how natural chemical de-
fenses deter fouling, our scientists hope
to gain insight into new and better meth-
ods of preventing biofouling on marine
vessels and other artificial substrates.
Laboratory experiments have resulted in
localizing and iden ti lying natural antifoul-
ing components in specific chemical frac-
tions and have indicated that many of
these naturally produced antifouling com-
pounds are rapidly degraded. The re-
searchers' next goal is to understand how
bioactive chemicals act at the organismf
water surface.

Fouling � the encrusting of barnacles
and other foreign matter on marine vessels
and other objects � is an ever-present prob-
lem. In the marine environment, where
hard substrate is at a premium, biofouling
has caused major cost problems. It weak-
ens wooden boat hulk and dock pilings,
reduces vessel speeds and thus increases

transportation costs, and causes an endless
Aow oi surface preparation and coatings
applications, A significant industry prob-
lem results from biofoulers clogging water
intake lines and interfering with the func-
tion of underwater equipment. In the U.S.
alone, the annual cost of reducing marine
biofouling is more than $I billion. Scien-
tists have conducted several studies on
various aspects of biofouling on artificial
substrates, mechanisms of attachment by
fouling organisms, and succession in the
fouiing community. However, University
of Delaware researchers are addressing the
problem of inhibiting and preventing bio-
fouling by understanding how marine or-
ganisms chemically defend against fouling.

Submerged organisms contend with bio-
fouling, In these organisms the detrimen-
tal effects of biofouling include feeding
and respiratory obstruction, increased
drag and sedimentation, and shading. In
the marine environment there are several
organisms which, although attached or
slow-moving, remain free from biofouling.
In many of these organisms there is evi-
dence that suggests that the antifouling
mechanism involves both chemical and
biological interactions. Researchers at
Delaware are studying how these mecha-
nisms work in the subclass of corals known

as octocorals � a species found most abun-
dant in the tropical western Atlantic, Of
octocorals, Delaware scientists have
chosen gorgonian because this particular
species is most obvious on shallow tropi.
cal reefs and is readily accessible. Octo-
corals have also been found to have activi-
ty of potential ecological significance.
Several octocoral extracts and compounds
have antibacterial properties and have
shown to be powerful inhibitors of algal
growth. Because dead octocorals show
lush bacterial and rnicroalgal growth, Dela-
ware researchers reason that it is not the
substrate itself, but some mechanical
or chemical defense characteristic of the
living colonies, which prevents biofouling.
By determining the organisms' organic
chemical composition, scientists have
already characterized several antifouling
properties in laboratory tests. Once more
is understood about natural antifouling
mechanisms, adaptation can lead to use
on artificial substrates.

Because of the potential impact in
savings to the marine industry resulting
from this work, the Office of Naval Re-
search is providing one-half of the funds
necessary to carry out the research.

Dr. Carolyn A. Thoroughgood,
Director

University of Delaware Sea Grant
College Program

University of Delaware
Newark, DE 19116









Georgia Sea Grant Stimulates Development of Offshore Finfishery~ ~

A Winning Combination
The Georgia finfish project

reflects many of Sea Grant' s
distinguishing characteristics. It
was interdisciplinaiy; it combined
education and training with
research; and it was designed to
meet a well-defined need. Today,
offshore fishing has become
profitable business for many. As a
result af this growing fishery, the
first Georgia dock devoted fulltime
ta packing and marketing finfish is
now the largest within 300 miles.

For Further Information

Dr. Edward Chin
Georgia Sea Grant

College Program
University of Georgia
Ecology Building
Athens, GA 30602
�04! 542-767$
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In the late 1970s, Georgia Sea
Grant began a program to lessen
the dependence of fishermen in the
southeastern United States on
shrimp. Fisherinen weie
encouraged and trained to diversify
their operations by harvesting
offshore finfish, such as snapper,
grouper, and tile fish, which had
been virtually unexploited.

The impact of this program
can be measured in part by
landings figures. From 1969 to 1975,
annual landings of offshore finfish
in Georgia averaged 76,000 pounds,
with an ex vessel value of $38,000.
In 1984 and 1985, however, the
annual catch has averaged 553,000
pounds and provided fishermen
with $660,000. With a 2.5 multiplier
effect, the increased impact on
Georgia's coastal economy alone

ay have amounted to aver $1.5
inillion in each of the last two
years.

Averting Economic Crisis
Sea Grant's program for

diversificatio began in a time of
economic crisis for shrimp
fishermen. The fishery had been
pushed to maximum production
capacity due ta a dramatic increase
in the number of shriinp boats in
Georgia after Mexico's adoption of
a 200-mile limit. High fuel costs,
which also affect the cost of other
items such as ice and fiberglass,
already were lowering the margin
of profit. Then came three
disastrous years �977, 1978 and
1981! when shrimp were killed off
by cold weather. Many fishermen
were forced to take advantage of
loans from the Small Business
Administration to keep afloat. With
added debt, many felt it out of the
question to tie up their boats for
the five months off-season, yet the
option of traveling to the Gulf of
Mexico had become increasingly
marginal.

Examining Alternative
Fishing Methods

Refitting shrimp boats for
multi-purpose fishing appeared to
be a practical solution to extending
the working season for shrimpers.
The Georgia Sea Grant Program set
about demonstrating the feasibility
of this option with the use of the
R/V Georl ia BuMog.

A former drug boat abandoned
by smugglers, the 73-foot trawler
had been acquired by Georgia Sea
Grant through the National Sea
Grant Program Office. The
conventional wooden hull trawler
was converted into a multi-purpose
fishing vessel, and a study was
begun to determine if a shrimp boat
can harvest finfish economically
and efficiently. Various types of
gear and equipment were tested.
Fishing methods were evaluated,
including surface longlining, trap
fishing, handlining, bottom
longlining, and bottom trawling.
During this study, 130 square iniles
of productive bottom aieas were
located and charted.

Training in New Technologies
Georgia Sea Grant developed

a program to teach shrimp
fishermen how to use the electronic
fishfinding and navigational
systems needed to work 40 to 80
miles offshore. The Bunifoy's
sleeping quarters for eight made it
possible to take fishermen out to
experience offshore operational
techniques.



The University of Hawaii Sea Grant College Program responds to
national and state problems related to the wise use of coastal
environments and ocean resources by facilitating the timely application
of the university's capability through research, education, and extension
programs.

University of Hawaii
Sea Grant College Program
Marine Science Bldg,
Rm 220
1000 Pope Road
Honolulu, HI 96822
 808! 948-7031
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RESEARCH
In aquaculture

The knowledge gained by
researchers in the culture of
prawns will be applied in the
refinement of production
technology for farming marine
shrimp. A second species-
mahimahi � which has been
successfully reared to the fingerling
stage from eggs, shows good growth
potential.
In tourism and recreation

Researchers are now planning
an underwater park on Hawaii to
enhance the island's attractiveness
to both tourists and residents. Sea
Grant research on the inarine
recreation industry indicates that
these smali businesses contribute
substantially to Hawaii's gross
state product. Research on risk
management practices of coastal
jurisdictions in the United States
will provide basic data on
customary safety practices of
public agencies inanaging coastal
sites and recreational facilities and
characteristics of high risk sites.

In biotechnology
A fast simple test for

ciguatoxin has been developed by
researchers at the University of
Hawaii with funding provided by
state and federal agencies and Sea
Grant. The test, currently being
evaluated by the Food and Drug
Administration, holds proinise for
safely marketing underutiiized
toxin-prone species.
In fisheries

Sea Grant research on
enhancement of fish aggregation
devices discovered that yellowfin
tunas, the most important species
associated with such devices,
almost exclusively consume
deepwater shrimp, a previously
unknown resource. This leads
researchers to believe that fish
aggregation devices may trigger
new trophic relationships.
In international Iaw

A Sea Grant-sponsored
workshop on potential conflicts
related to the rejection of the Law
of the Sea Convention by the
United States resulted in a book
entitled, Consensus and
Conhontation: The Vnited States
and the Laro of the Sea Convention.
This book is the inost definitive
work on implications of the U.S.
position on the Law of the Sea
Convention.

EDUCATION
Graduate education

In the 1983-85 biennium, Sea
Grant funds provided support for
154 graduate students. During this
same period, 42 Sea Grant-
supported students earned graduate
degrees: 14 Masters, 15 Juris
Doctors, and 13 doctorates.

EXTENSION SERVICES
The establishment of The

Ocean Recreation Council of
Hawaii, a statewide organization of
small businesses engaged in the
rental and instruction of ocean
recreation equipment, was one of
the results of a conference and
trade exposition organized by Sea
Grant Extension agents. These
businesses represent the cutting
edge of new development in the
tourism industry in Hawaii.



Breath-Hold Diving
Research Results Have
Medical Applications

Although engineered systems
have advanced dramatical!y in their
capability to withstand the
crushing pressure of the ocean
depths, knowledge of human
performance is still largely a trial
and error procedure. Research in
human performance in hyperbaric
environments has produced
valuable data which are now being
used in medical treatment.

University of Hawaii Sea
Grant researchers have gained
national recognition for their
meticulous study of breath-hold
diving research which involves
head-out water immersion, apnea,
submergence, pressure and cold
exposure, and underwater exercise.
The results of the apnea and water
immersion studies are now used in
clinical practice; for example,
apnea is used as a treatment for
supraventricular tachycardia.

Conversely, the knowledge of the
hazards of induced apnea in
laryngoscopy, braonchoscopy,
applications of aerosols, and
tracheal cleaning of patients on
ventilators has been advanced by
this Sea Grant project. Other
applications include, advances in
treating near-drowning cases,
understanding apnea and sleep
disorders, and the use of immersion
as a procedure for redistributing
blood How to various internal
organs and elimination of excess
body fluids when patients can not
tolerate diurctics.

University of Hawaii
Sea Grant College Program
Marine Science Bldg,
Rm 220

1000 Pope Road
Honolulu, HI 96822
 808! 948-7031
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Iliinois- Indiana

The Illinois-Indiana Sea Grant Program

in more accurate weather forecasting and increased
boating safety; this Mariner Reporting Program
 MAREP! is being sponsoredby Sea Grant, NOAA,
and the U.S, Weather Service.

The Marine Extension Program

The Fish Contamination Controversy
A series of water quality articles have been

produced in The HELM, IL-!N Sea Grant's quarterly
newsletter, to inform the public about human health
impacts aod other fish contamination issues in the
Great Lakes.

Rising Lake Levels and Shoreline Erosrbn
Shoreline homeowners in several communities

have been provided with erosion pmtection advice.
Erosion prevention workshops wi!! help property
appraisers be better prepared to help shoreline
property owners make well-informed property use
decisions.

The Research Program

In Summary

Through its research and marine Extension
activities, the snudl staff of the IL-IN Sea Grant
Program is working continually to address problems
important to the millions of peop!e living near the
LCke Michigan shore. While not all of its achievements
can be measured in dollars, the IL-IN Sea Grant
Program has made a significant contribution to the
economic benefits of the two states and the Great
Lakes region.

Boating Safety Hazards in Inclement Weather
Ten cbarterboat operators have been recruited to

report tiinely marine weather data which will result

Well over 8 inillion peop!e inhabiting the
southern Lake Michigan regions of Illinois and
Indiana create a tremendous pressure on the Lake's
relative!y short l05 mile shoreline in the two states,

Not only does Lake Michigan supply drinking
water for tbe inillions of citizens who !ive near its
shores, but it also offers excellent fishing, swimming,
boating and other recreational opportunities, This
waterresource isalsoagreat touristattractionbecause
of its beautifu! beaches, abundant state and local
lakeside parks, and interesting bistorica! sites.

The Illinois-Indiana Sea Grant Prograin, based
at the University of Ilhnois at Urbana-Chainpaign and
Purdue University, will focus this year's efforts on:
~ Water usage ~ Fisheries
' Coastal policy ~ Economic growth
~ Tourism ~ Aquaculture
~ Recreational/Cultura! resources

Tounsm Industry's Potential for Increasing
Region's Economic ~lity

Several hospitality training workshops have been
conducted for recreation and tourism enterprises,
Three workshops on "Bed & Breakfast" opportunities
have also been presented to provide current and future
proprietors with skills to attract more tourists to their
area, The influx of tourists means more do! lars
brought into the region which brings increased
economic stability to this depressed industrial region,

An annual workshop, a quarterly newsletter, and
individual contacts provide business management,
fisheries, and other information to 300 charterboat
operators who are a inajor tourist attraction and a
multi-million dollar segment of the recreation industry.

Waterfront Development issues
Information has been provided to the Lake

Michigan Marina Development Commission
 LMMDC! on boat-re!ated taxes in Indiana's
neighboring states. This data he!ped the Commission
deterinine ifnorthwest Indiana's s!ip rental fees were
competitive in the region. The LMMDC plans to app! y
for a mini-grant from IL-IN Sea Grant io do impact
studies on inarina development in northwest Indiana,

Emerging Aquaculture Industry
The Program's coordinator is a member of the

Illinois Aquaculture Advisory Committee which is
providing input to the "Illinois Aquaculture Feasibility
Study." If the study receives favorable legislative
reaction, an Illinois aquacu!ture plan will be prepared,
fo! lowed by a detailed aquaculture marketing plan,

Water Quality Improvement
Aquatic weed rnanagernent training sessions

have been given to area boineowners and municipal
and park managers. The aquatic weed control section
of the Illinois Pesticide Applicator Trainmg Manua!
has been updated by the Marine Extension Adviser.

Food Habits of Salmonids in Southern Lake
Michigan

This is part ofa Great Lakes-wide investigation
of salmon and trout food habits. By monitoring
salrnonid diets, it is hoped that changes in diet due to
changes in the forage base can be detected. T!ie
information gained should be useful in helping fish
managers determine whether salmonid stocking
shou!d be increased or decreased and which species
are best to manipulate.

Analyses of the Behavioral Bases
for Changes in Salmonid Diets

lf realistic judgements are to be made on
sa!monid stocking to ensure a good harvest by
sportsfishennen, it is important to understand what
limits the shift to alternate prey species. By
video-recording and visually observing foraging
behaviors of coho salinon, chinook salmon and lake
trout, researchers wi!l try to determine why Lake
Michigan salmonids continue to forage heavily on
alewives which are declining, while alternate prey
populations are increasing.

Development of Gene Transfer Technology
for Aquaculture

This research will contribute to the development
of technologies for genetic engineering in fish. Its
focus will be on fish of commercia! iinportance such
as walleye and yellow perch, that have not yet been
exploited for gene transfer experiinents. Theoretica!!y,
gene transfer technology could be used to produce new
and useful fish strains.

Facto+ Affecting Participation in Indiana-Based
Recreation on Southern Lake Midrrgan

This project wil! develop an inforination base
about recreation site use to help decisionroakers
formulate policy about Indiana's role in water-based
recreation on the Lake. 3,000 residents from the
Chicago metropolitan area, northwest Indiana and
southwest Michigan filled out questionnaires which
asked about their use ofrecreation sites, attributes that
made the choice attractive, and background data.

Production, Identr'ficatronand Characterization of
Mufti'pie Toxins Responsible for Cr'guatera in lhe
Caribbean and South Atlantic

The objective of this study is to reduce or
eliminate the danger of poisoning that can occur when
eating certain tropica! and subtropical fish. Research
results should provide a starting point for developing
practical marketplace tests that will safeguard
individuals against this ciguatera poisoning.

Robert 9. Espeseth, Coordntator
Illinois-Indiana Sea Grant Program
University of Illinois
104 Huff Hall
1206 S, Fourtb Street
Champaign, IL 61820

�17�33-1824



Impacts Resulting From lllinois-
Indiana Sea Grant's Tourism
Promotion Activities

Through the efforts of the Illinois-
Indiana Sea Grant Program, an increasing
number of tourists have been attracted to
the southern Lake Michigan region,
bringing more dollars into the area,
thereby increasing the region's economic
stability. This was accoinplished by
providing information and serving in an
advisory role to key tourism industry
personnel in northwest Indiana and the
Chicago metropolitan area.

Northwest Indiana is an economi-
cally depressed region because the
demand for its main industry, steel
manufacturing, has declined sharply in
recent years. Therefore, key agencies and
officials in northwest Indiana have been
taking a hard look at tourism as an
additional economic base, They feel that
Lake Michigan's attributes, along with
the 13,000 acre Indiana Dunes National
Lakeshore, create the potential to draw
large numbers of tourists to the area.

Illinois-Indiana Sea Grant has
assisted with the promotion of tourism in
many ways:

Purdue University, Attendees representing
local businesses and government agencies
were provided information on meeting
and greeting people, giving directions and
supplying information about their
community.

~ A new tourism office was founded in
Porter County, Indiana in 1985, This
office along with two young tourism
offices in Lake and LaPorte Counties have
increased their staff to such a size as to
create a need for new locations.

~ Coordinated and co-sponsored Bed &
Breakfast  B & B! workshops in Illinois
and Indiana. These provided prospective
B & B proprietors with the necessary
information to begin such a business and
current B & B owners with new informa-
tion and ideas they could apply to their
ongoing businesses.

~ In 1985, the state of Indiana allocated
$2 million over two years to form a
Marina Development Commission which
is studying the possibility of building or
expanding five marina developments in
five Indiana cities bordering Lake
Michigan, This Commission plans to
apply for a mini-grant from the IL-IN Sea
Grant Program to do impact studies on
marina development in northwest Indiana.

~ Conducted training workshops for
charterboat operators. The Lake Michigan
charterboat business for sportfishing is an
important dollar-generating tourism
industry in northern Illinois and Indiana.
These workshops have helped the
charterboat operators improve their
business management techniques.

~ The impact of our educational efforts
related to tourism in Illinois has not been
as great as that in Indiana. The Chicago
metropolitan area has a more developed
tourism industry, however we will
continue to offer assistance to those
sectors of the Illinois tourism industry
which can benefit from our workshops,
publications, and other information.

~ Produced "Charterlines," a quarterly
newsletter for charterboat captains from
Illinois and Indiana aimed at keeping them
abreast of new publications, workshops,
legislative updates, and other information
that will help them in their business
activities.

~ Co-sponsored a tourism workshop in
Merrillville, IN which brought together
public officials, planners, government
tourism boards, recreation boards,
chamber of commerce officials, motel
operators, managers of cultural institu-
tions, entertainment promotors, and the
general public. They learned about plans
underway to promote tourism in northwest
Indiana and the anticipated economic
impact of those efforts.

~ Provided input to the economic impact
study of the North Point Marina in Illinois;
supplied the Lake County Economic
Development Commission with tourism
and charterboat statistics for this study.

Robert D, Kspeseth, Coordinator
Illinois-Indiana Sea Grant Program
University of Illinois
104 Huff Hall
1206 S. Fourth Street

Champaign, IL 61820

�17�33-1824

~ Produced State and Federal Regulations
Related to Boating on Lake Michigan and
distributed it to local chambers of
commerce, mayors, park districts and
recreation departments, marinas, charter-
boat operators, planning commissions,
port authorities, and other interested
persons.

' Assisted in coordinating a waterfront
revitalization conference in Gary, IN.
Some of the topics discussed in this
workshop included waterfront develop-
rnent on the waters of northwest Indiana,
including plans for marina development
in Gary and Michigan City, IN and on the
Grand Calumet River.

Burnell C. Fischer, Cmoordlnator
Illinois-Indiana Sea Grant Program
Purdue University
Dept. of Forestry 4 Natural Resources
Forestry BuBding
West Lafayette IN 47907

�17�94-3584

~ Cooperated in the printing and distribu-
tion of Indiana's Shoreline � A Recreation
Guide. Copies were distributed to
Indiana's tourism offices, which found
them to be very popular among their
v is it ors�.

~ Provided funding for three key tourism
leaders to attend a Great Lakes Sea Grant
Network tourism workshop in Traverse
City, Michigan.

~ Co-sponsored a hospitality training
workshop at the Calumet campus of
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Based at Louisiana State Univer-
sity's Center for Wetland Resources, the
Louisiana Sea Grant College Program is
committed to research, education, and
advisory projects that lead to practical
solutions for the problems of marine
resources management and use in the
state of Louisiana, The great size,
biological productivity, and mineral
wealth of Louisiana's coastal zone make
the region important to both the state
and national economies; its management
has been Louisiana Sea Grant' s
dominant concern, for without effective
management, vital long-term economic
and social benefits will undoubtedly be
lost.

The following represent recently
completed or ongoing Sea Grant
projects in research and advisory
services that benefit both the state of
Louisiana and the nation and are in
keeping with the goals of the National
Sea Grant College Prograin.

~ Present methods of removing or
reducing toxic wastes from waterways
are often inadequate and expensive,
sometimes creating new combinations
of chemicals that are more dangerous
than the original toxicants. Using
genetic manipulation, Sea Grant
researchers have developed strains of
bacteria that can destroy hazardous
wastes--the first microorganisms tailor-
made to feed on such toxicants as PCB,
PCP, PAH, and creosote in brackish and
saltwater environments as well as in
fresh water. The microbial waste
treatment process has been approved by
the EPA for use in cleaning up several
major waste disposal sites in Louisiana.
The technology will soon become
widely available as the result of an
agreement between LSU and the
Manville Service Corporation in which
the microbes will be produced in large
numbers in a pilot plant and marketed to
industries throughout the country,

~ Sea Grant aquaculture research
virtually established and developed a
thriving crawfish farming industry in
Louisiana from what had once been just
a traditional wild harvest. This industry

has had an annual economic impact on
the state of $70 million. In other Sea
Grant-supported aquaculture research, the
development of the closed recirculating
water system revitalized the faltering
soft-shelled blue crab industry in
Louisiana, where deteriorating coastal
water quality had made it difficult and
unprofitable for fishermen to hold hard
crabs for shedding in natural water
systems, Closed-cycle water systems
have also proved successful in producing
soft-shelled crawfish, thus giving
crawfish farmers a new, marketable
product, and in purifying oysters froin
contaminated water sources, providing
Louisiana oyster processors with the
solution to a serious problem.

~ The dynamic forces fostering the
growth of the evolving Atchafalaya delta
and their extensive impacts on
surrounding wetlands have affected many
important coastal activities-commercial
fishing, trapping, hunting, shell
dredging, flood control, oil and gas
production, and navigation. Louisiana
Sea Grant's research program here has
provided important information for
government and industry in coastal
management planning and resource
development projects.

~ Louisiana's coastal marshes,
which sustain the nation's most
valuable commercial and recreational
fisheries, are yielding to saltwater
intrusion and erosion. Sea Grant
research has been in the vanguard of
state efforts to measure the rate of
wetland loss, study the fundamental
processes that control wetland growth
and decline, and recommend methods to
mitigate existing damage and minimize
further losses. The results of Sea Grant
research are also used by federal agencies
like the U.S. Fish and Wildlife Service,
the U.S. Corps of Engineers, and the
National Marine Fisheries Service.

~ Louisiana Sea Grant's Marine
Advisory Program supports 20 marine
advisory agents and specialists who live
and work throughout coastal Louisiana,
providing information and assistance to
their communities on a variety of topics

such as aquaculture, seafood marketing,
fisheries technology, marie ulture,
marine engineering and economics. Sea
Grant marine agents and specialists have
been instrumental in the continuing
development of Louisiana's seafood
industry. Marine agents have worked to
educate fishermen about valuable but
underexploited fisheries and have helped
them to develop new kinds of gear or
gear modifications for exploring new
enterprises.

Through industry-wide workshops
and conferences, Sea Grant specialists
have taught processors and retailers how
to increase their business-and profits-
through effective merchandising, greater
product diversity, and efficient quality
control. They have aided the crawfish
processing industry to expand by
providing liaison with restaurant
industry buyers nationwide; by
arranging financing for plant expansion
and inventory; by developing industry
standard practices for cooking,
packaging, storage, and quality control;
and by counseling processors in
business management. Sea Grant
agents and specialists have assisted the
oyster industry in the development of
depuration plants for the production of
safe, bacteria-free oysters and have aided
seafood 'processors of all kinds in
achieving FDA standards for plant
sanitation.

Louisiana Sea Grant College Pragri
Center for Wetland Resources
I ouisiana State University
Baton Rouge, Louisiana 70803

�04! 388-1558



LOUISIANA SEA GRANT
COLLEGE PROGRAM

.i' il

3.20

Louisiana's coastal waters are
famed for their rich harvests of seafood,
and fishing is a way of life in many
communities along the coast. But
Louisiana's commercial fishermen have
always concentrated primarily on
shrimp, leaving many other stocks of
edible seafood virtually untouched, and
 he caastai seafood processing industry
has traditionally distributed only the
products that were needed for local
markets � fresh, headless shrimp; sack
oysters; live and boiled crabs; and fresh
fish,

Thus, over the years, large
quantities of seafood have been trucked
directly from Louisiana's docks to other
states for end-product processing and
packaging--passing through Louisiana
without contribu ing in any significant
way to the state's economy.

Harvesting non radi tional fisheries
and capturing the 'value-added"
economic benefits associated with the
processing and marketing of seafood are,
therefore, major challenges for
Louisiana--a state historically dependent
on the declining oil and gas industry for
revenues and employment but now in
need of new areas for economic
development. To accomplish this, the
Louisiana processing industry needs to
modernize, to intensify marketing
efforts, and, most importantly, to
maintain exacting standards of freshness
and wholesomeness for all the products
it produces,

In a Sea Grant-supported advisory
project, Michael Moody, seafood
technology specialist. and Gail Moertle,
research associate in food science, have
been working with the seafood
produc ion industry to solve some of its
most pressing problems from sanitation
to marketing. Blending university
research with education, the two have
formed a unique trouble-shooting team
for Louisiana seafood producers--who
have nat been s'low to ask for help.

Dr. Moody and Ms. Macr le
educate plant operators regarding the
practical problems they encounter in the
commercial processing of seafood,

especially those involving sanitation
and seafood quality. In the laboratory
they develop scientific methodology that
can be applied in an industry setting  o
diagnose problems and produce better
products,

Crabmeat, for example, is
especially vulnerable to microbial
contamination, as crabs are handled
ex tensively during processing. In
making intensive sanitation surveys of
crab plants, Moody and Moertie were
able to determine the kinds and sources
of contamination and recommend
practical measures to eliminate the
problem. As a result of their work,
important procedural changes have been
made sta ewide in Louisiana crab

processing plants, assuring safer
products for the consumer and saving
plant operators from expensive FDA
fines.

But sanitation is not the only
requirement for maintaining high
seafood quality, and Moody and
Moertle's research also includes the
development of Optimum procedures for
insuring excellence in tas e, texture, and
color. Such guidelines are especially
needed by Louisiana's crawfish industry,
which has now moved from local
markets to national ones but lacks
standards for cooking, peeling, and
packaging its products. Experimenting
in the laboratory with various cooking
and freezing procedures, and testing the
results through the use of taste panels,
instrumentation, and bacterial analysis,
Moody and Moertie have solved several
cri ical processing problems for the
crawfish industry.

~ They developed a method for
preventing discoloration in crawfish
meat so that the cooked meat naw
retains a uniform pink and white
appearance, especially important in bulk
restaurant sales.

~ Another important problem
solved by the team was that of cooking
time. The ac ion of enzymes in
crawfish meat and differences in plant
equipment made it difficult  o judge
coaking times, but Moody and Moertle

devised a standard test so that each
processor can calculate accurately the
proper cooking time for insuring
optimum taste and texture,

~ For frozen crawfish, there were
no regulations regarding the amount of
fat ta be included with the meat, andno
statistics available on the average
amount of fat usually found with a
pound of packaged crawfish meat. As
the result of a study done by Moody and
Moertle, however, an average was
determined and state regulatory agencies
were thus provided with a base figure to
use in setting regulations for additional
substances.

~ In a current major study, Moody
and Moertle are evaluating freezing
methods for crawfish meat that will
yield both firm texture and maximum
moisture content.

Louisiana Sea Grant College Program
Center d'or Wetland Resources
Louisiana State University
Baton Rouge, Louisiana 70803

�04! 388-1558
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Making waves in northern New England, the Sea Grant College
Program at the University of Maine is a cooperative program with
the University of New Hampshire.

region.
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A SEA BESIDE A SEA
As part of the national Sea Grant College
Program created by Congress in I<! >6,
the Universitv of Maine Sea Grant
College Program is a statewide coop-
erative effort in marine research,
education, and advisory service
activities which focus on the coastal and
marine opportunities of the Gulf of
Maine: a secz beside d se<r.
A body of water 70 percent enclosed
bv Ness I ngland and Canadian land
masses, the Gulf of Maine is truly a
sea beside a sea. Fncompassing 36, !I! !
square miles from Cape Cod to Nova
Scotia, the gulf is home for one of the
most complex and productive fisheries
in the world.

The Sea Grant program in Maine is
recognized as a regional leader in
research on Fisheries Management and
I!evelopment, Changes in the Coastal
Environment, and Industrial and
Commercial I!evelopment:

e A Sea Grant econoniist at th»
University of 1Vlaine quietly helped
launch a revolution in hsh market-
ing over a decade ago. The idea be
proposed � the first "display"
auction in North America � became
the rallying point for the SZ~ million
6sh pier in Portland, Maine,

Recently completed, the Portland Fish
Fxchange facility held its first auction
this spring, and it is already changing
the way the fishing industry does
business. VVith its emphasis on high
quality product, this display auction
puts all transactions out into the open,
allows dealers to buy only as much hsh
as they need, clears the market quickly,
and gives fishermen an immediate
knowledge of prices,

Co-s po n s< >red hy Sea G ra n t, the
Maine Department of Marine
Resources, and the university's Coop-
erative Fxtension Service, a Maine
Shellfish Conference brought
together shellfish harvesters, dealers,
municipal shellfish committees, and

specialists to explore the latest
information on marketing. leasing,
pollution, and shellfish research,

e Ciirrent Sea Grant-sponsorcd studies
on bottom-feedinfi flatfishes in con-
junction with the Maine Department
of Marine Resources and the National

Untlerwater Research Program
 NURP! wil! help lay the grotindwork
for n«w. multispecies fisheries manage-
ment strategies in thc Gulf of Maine.

e '@bile hshcrmcn and yachtsmen all
know that it can often be" rotigh groing"
in the G«lf ol Maine, civil engineers
at rhe Universitv of Maine can tell yoii
just hov. rough. These Sea Grant re-
searchers are study ing the wave climate
of the Gulf of Maine and associated
coastal regions by the prediction of
maximum wave heights through a
computer model.

This work will enable us to more f<t!lv
understand coastal processes and
establish design criteria for uffsitore oil
rigs or shorefront structures, I'rior to
this project there were almost no wave
data on the Gulf of Maine.

In the wake of winter stornis in I �S
which caused over $47 million in

property damage on the Maine coast,
the public began to listen to a Sea
Grant oceanographer who had
initiated a series of profiles to determine
rates of change along Maine's 37 miles
of sandy beaches, Alarmed by rapid
commercial and residential develop-
ment in these fragile ecosystems and
alerted to the possible harmful
effects of documented sea level rise.
the researcher began a campaign to
preserve Maine's beaches in their
natural state. This ten-year effort to
inform the public has led to the enact-
inent of a tough Sand Dune Law in
Maine which now severely limits new
construction on the dunes or recon-
struction of storm-damaged sites.

e T<i lielp red<ice severe economic
losses for Maine's highest value fishery,
Sea Grant researchers worked for over
a decacle on the bacterial disease,
Gaffkemia, v bich often causes high
mortalities among lobsters held in
pounds in Maine and in the Canadian
Maritime Provinces. This effort
has resulted in the hrst Federal
DrugAdministration FI!A!-approved
drug for any crustacean species.
Development of medicated diets with
Terramycin for lobsters to control
Gaffkemia will save more than one
million dollars a year for lobster dealers
and fishermen in tbe Gulf of Maine

e To ace<it»plisb re~nits such as these has
taken time as well as the dedication and
cooperation of innumerable individuals
and institutions working together to
understand and protect the complexity
of the resources of the Gulf of isvfaine.

Hetter knowledge of the Gulf of Maine,
all agree, is the key to protecting it against
shortsighted decisions. Although the
Gulf is still one of the most productive
marine environments in the v'orld,
threats do exist to its near-pristine
quality; the growing population along its
various coasts; degradation by heavy
metal, organic, and airborne pollutants;
the threat of oil spills; and overharvesting
of its fisherv resources.

The partnership of Sea Grant' s
university-based researchers, educators,
and marine advisory cooperators with
industry, government, and the citizens
and organizations in the state, has made
a vital contribution to the long range
development and management of
Maine's marine and coastal resources.

Robert Wall, Director
l4 Coburn Hall
University of Maine
Orono, Maine 04469
�07! 581-1435



MAINE AQUACULTURE: SHELLFISH AS A CASH CROP
The cold. clean waters of Maine's 3500-mlle coastline provide an
ideal setting for the development of aquaculture. And in Maine.
Sea Grant is practically synonymous with shellfish aquaculture,
since it is precisely this venture that first brought the Sea Grant
presence to the state in 1971.Uiniver>iiy <>f Maine

University of Hew Hampshire
Sea <liat>t College Program

more desirable coupled svith a lack of
good quality mussels

~ I''ifteen years and manv successful
research projects la er, aquaculture is a
thriving, n<m industry in >Maine y< i h
millions ofdollars invested iri commercial
hatcheries and grow-out facilities aii<l
hundreds nf people employed in a varie y
of activities ranging from seed
procurenient to market development.

~ To receive further inforination about
current aquaculture projects, a publi-
cation catalog, or the rect.nt biennial
report of thc Maine/Nes< Hampshire Sea
Grant College Program, please contact:

Sea Grant Communication,s
.i0 Coburn Hall
University of Maine
Orono, Maine  �469
�07! 58 }-1440
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SEA GRANT HATCHES NEW
INDUSTRY
Through its first Sea Grant-funded
coherent project, "Tlic Cii! turc of
Resources in a Cokl '6'ater
I'.nvironmen ," the University <>f
Maine introduced shellfish aqua-
culture to Maine. The initial cftorts
were iindertaken at the fl<i<ving seawater
facility located at the Ira C. 13arling
Marine Research Center. There
researchers docu neo ed the faster
growth and dimiiiished predation of
shellfish suspended in  he water
column. I'.arly work concentrated on
the European oyster 10sr>t'<> <~br!fr!
because of its high inarket value a<id easy
adaptability  o Maine vs aters.

~ The initial grovv h studies sparked such
immediate interest that several firn>s w cre
started near the Darling Center to put
into practice what the researchers were
still testing in the lab. 'I'his enthusiastn in
grow-out techniques led to problems in
seed procurelnent because at that time
only two hatcheries in the U.S. could
supply European oyster seed, and impor-
tation of this seed into Maine was not
always feasible due to biological
problems.

~ Thus, the stage was set for the next
phase of the Sea Grant work: development
of an in-state supply of seed. In a spirit
of cooperation which todav continues to
characterize the interaction between the
University and the aquaculture industry,
the Darling Center hatchery began pr<i-
ducing seed and making it available to
the new growers. Thcv, in turn, kep<
detailed records to aid thc research
efforts. This is how most Maine oyster
ciilturists go  their start in the business.

~ By 1<!h4, just a little over a decade after
Sea Grant's first appearance in Maine,
there were foiir commercial shellfish
hatcheries in  he state with an
investment in plaiit and equipmcnt close
to $700, �0. These hatcheries vvcrc the
major source of seed for a nun>her of
in-state gro<v-ou  facilities <vith close
to Sl,�00,000 invested in plant and
equipinent.  Figures froni Maine Aqua-
ciiltiirc Association survey c<>nduc ed in
Febr«arv. I 9114. !

~ Today. there are two commercial
liatcheries still operating in Maine, 'I'heir
priniary flic«» n<nv is production of
American oyster an<1 liard-shelled clam
seed diie to changing niarket deinands,
although European oys crs and bay
scallops arc still supplied. '1'he Darling
Center hatchery con inues to produce a
s it ri et y nf seed for ex peri mental
pili po>les,

SFA GRANT BUII.DS
MUSSEL POWER
6'bile the oyster culture indiistry <vas
niaking a rather draniatic debut in Maine
 hanks to Sea Grant research, thc
sl o«e r- gr< >w i n g inii sse I c u I t » re in du s  ry
was also get ing its start at tlie
Darling Center under the aegis of Sea
Girant's five-year long "Cooperative
Blue Mussel Project," wliich began in
1'�5. 1'his c<iopera ive effort invob ed
thc University of Maine, the University
<if Ne« fkampshirc. the Maine Depart-
nient of Marine Resources, and, joining
them after the first year, Abandoned
I'arins, lnc., the only commercial
mussel ci>lture firni in the U.S. at that
time.

~ Although the blue mussel  Myri/ur nJuii r!
had enjoyed a long history of use on the
Anierican continent, it had fallen int<>
disfavor after peak production during
EV<>rid lVar II when it w as used as a soiirce
of high protein for the mili ary. By 1<�7,
it was apparent that the mussel fisherv
in Maine was in trouble, and the loss nf
market vs as probably due to  he avail-
abilityy of other protein sources considered

~ It ivas this issue of quality that led the
research team to the idea of culturing
mussels <vhtch, they beliefs'«d, could pro-
duce a better mussel than those harvested
from natural stocks. Research at the
Darling Center shed light on biological
aspects of mussels from both natural and
experiiiicntallv ciiltiired populations,
Results indicated tha  ciilt<iring rnussels
lessened the incidence of pearls at>d also
provided a marketable-size mussel in
eighteen inonths to tv'o years. a substan-
tial decrease in time that a wild
iniissel takes to reach the same size,

~ U'ith substantial capital investment in
the late 1970's, thc slow-to-begin mussel
culture it>dustry started tn s<ipply an
increasing demand. Through steppcd-up
marketing effor s and the switch to on-
bot om culture techniques, the culturing
o  mussels gained a permanent place in
<Maine's aquaculture picture. Today about
100 people activelv participate in mussel
culture which supplies one-third of
Maine's $i inillion mussel production.

AOUACULTURF. RFSEARCH-
A CONTINUING PRIORITY
1 he aquaculture industrv in Maine
continues to be challenged by questions
which the Sea Grant College Program at
the University of Maine seeks to answer.
By cooperating with the inany individuals
and organizations devoted to Maine
aquaculture, we plan to continue to make
a positive difference in the development
of this industry.



Maryland

MARYLAND SEA GRANT ON THE CHESAPEAKE

COMMUNICATIONS

~ population dynamics � the mech-
anisrns that determine how those
species thrive in the estuary, how
they feed, how they migrate, how
they respond to disease or other
threats to their well-being

~ man's use � the ways we harv-
est, prepare and sell seafood

Within these areas, we have worked
to develop the knowledge that can also
be applied directly to the enhancement
of natural fisheries and the de-
velopment of aquaculture, ~ Maryland Sea Grant also supports

research into the ways seafood can
best be processed, prepared and
stored. One project, for example, has
provided new knowledge on the
pasteurizing of oysters in flexible
plastic pouches, a technique that can
extend the shelf life of freshly shucked
oysters from two weeks to several
months. Another project has developed
improved methods for composting
processing wastes � they add up to 20
million pounds a year in Maryland�
from blue crab processing plants.

For more information, contact:

The University of Maryland
Sea Grant College
H.J. Patterson Hall
University of Maryland
College Park, Maryland 20742

�01! 454-5690

RECENT PRO! ECTS

~ Sea Grant researchers have dis-
covered a new bacterium that plays an
essential role in the setting and
metamorphosis of oyster larvae.
Aquaculturists on the west coast are
conducting production tests of the
bacterium in hatcheries, while in
Maryland state resource managers are
supporting an ambitious applied re-
search program to determine the
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Historically the nation's largest and
richest estuary, the Chesapeake Bay
has been a great provider of food and
an important boost to the region's
economy, In recent years, the com-
rnercial harvests of the Chesapeake,
especially oysters and striped bass,
have been dwindling. Because ex-
planations for these declines are not
always clear, the Maryland Sea Grant
College has underway integrated pro-
grams in fisheries and water quality
research. Their goal: a more precise
understanding of the biological and
estuarine processes that affect the
Bay's major commercial fisheries,

In fisheries research, Sea Grant
support emphasizes factors crucial to
growth and survival:

~ reproduction and recruitment � the
processes by which Bay species
replenish themselves in the estuary

effectiveness of the bacterium and its
metabolites in growing seed oysters.

~ A Sea Grant Extension project has
helped design demonstration plots t'or
oyster aquaculturists and is helping to
show how best to prepare the bottom,
plant oyster spat and monitor for dis-
ease and parasites. An important
aspect of this project is an assessment
of remote setting, a technique in which
planters could reduce operational costs
by growing their own oyster spat.

~ Sea Grant researchers are charting
new territory in biotechnology Through
analyses of genetic material, for ex-
ample, researchers can now better plot
the lineage and migration of striped
bass, an important step toward under-
standing population dynamics and the
survival of this important game and
food fish. Another biotechnology proj-
ect could improve the growth rate of
fish in aquaculture.

8 Sea Grant-supported researchers are
studying processes of nitrification in
the Bay and mechanisms of anoxia-
the loss of life-sustaining oxygen,
especially in overenriched bottom
waters. By bringing together scientists
from a number of different fields, this
project is the first major attempt to
develop comprehensive pictures of the
related physical, biological and micro-
biological factors behind oxygen deple-
tion.

~ To inform resource managers,
aquaculturists and others about current
research results and extension
capabilities, Maryland Sea Grant pro-
duces a series of books, newsletters,
fact sheets, radio programs, films and
videos. Chesapeake: The Twilight Fs-
tuary, for example, is an award-
winning lilm about the disappearance of
seagrasses throughout the Chesapeake
Bay estuary; it has been seen by
hundreds of civic organizations, public
interest groups, and school children
and has been broadcast on public and
commercial television in the United
States and abroad. Concepts in Marine
Pollution Measurements examines
techniques for measuring marine pol l u-
tion and its effects on the environment;
with reviews in scientific journals and
international distribution, it is now in a
second printing. Troubled Waters, one
of the issues of Maryland Sea Grant
magazine synthesizes complex issues
of water quality and has been in great
demand for a variety of educational
purposes. At the Governor's request,
Sea Grant prepared Maryland's
Chesapeake Bay Program, the annual
report that explains the state's prog-
ress in programs dedicated to reversing
declines in the Bay's water quality and
commercial fisheries.



MARYLAND SEA CRANT AND THE FUTURE OF AQUACULTURE

Problem

Solution

Examples
For more information about aquaculture
and marine biotechnology, contact:

~ Genetic improvements for fish.
For centuries plants and animals
have been manipulated and im-

Here are several examples of Sea
Grant's research and extension efforts
in aquaculture: The University of Maryland

Sea Grant College
H.J. Patterson Hall
University of Maryland

ege Park, Maryland 20742

~ Improvement of closed-system
shedding ranks for soft crabs. Blue

! 454-5690
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People have always turned to the sea
for food and other resources, but we
have found that the sea is not in-
exhaustible, Especially in heavily
fished estuaries like the Chesapeake
Bay, a combination of natural cycles
and man's exploitation can cause
serious depletion of fish and shellfish
stocks, Conservation and harvesting
restrictions, essentially negative
responses to the problem, are not
enough.

In order to boost survival and produc-
tion of desirable species, Maryland Sea
Grant conducts research and extension
programs in aquaculture. Froin practical
approaches for engineering aquaculture
systems to sophisticated marine
biotechnology studies, the aim of Sea
Grant's programs is to improve the
productivity of commercially important
marine species.

Extension specialists have been
devising better systems and better
means for monitoring water qual-
ity. Through workshops and
demonstration projects,
specialists and agents have
reached a growing number of
fishermen with news about im-
proved methods for increasing
yields of soft shell crabs.

~ Demonstration of oyster culture
techniques. Maryland has
traditionally relied on its wild
oyster crop to sustain a valuable
oyster industry. But with Bay-area
population growing and natural
populations of oysters dwindling,
a new emphasis is being placed
on oyster aquaculture. Sea Grant
Extension agents and Sea
Grant-supported researchers are
working with oyster planters to
help them turn barren bottom into
productive growing grounds and to
help them understand problems
caused by disease, parasites and
environmental changes.

proved through crossbreeding and
hybridization. But such changes
can lead to a lack of viability of
offspring and the decline of the
altered species. New advances in
genetic engineering are enabling
Sea Grant-supported scientists to
develop means for transferring
highly desirable traits between
species without adverse effects.
One study in particular is ex-
amining ways to improve the
growth of fish in culture.

8 Aquacuiture of striped bass. A
popular game fish and important
food fish, the striped bass is
facing a major decline. Sea Grant
researchers are investigating the
nutritional and environmental
requirements of striped bass,
including those of striped bass
hybrids. Extension agents are
working with demonstration proj-
ects to explore the practicality and
profitability of growing striped
bass and their hybrids in closed
ponds for consumption and profit.



Massachusetts � MIT

NIIT Sea Grant, a Leader in Ocean Engineering
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For more than a century the Massachu-
setts Institute of Technology has been a
world leader in ocean engineering and
technology development, with such di-
verse accomplishments as patenting the
catamaran in 1877 and building a phe-
nomenal 115-foot Cape Cod Canal model
in 1935. It was not unusual then for MIT
in 1971 to join in an innovative and ambi-
tious new marine initiative � the National
Sea Grant Program, Since then Sea Grant
has become a principal focus of the insti-
tute's marine research. Tapping the out-
standing talent of students and faculty,
MIT Sea Grant has made vital contribu-
tions to creating technologies for ocean
energy production, fishing safety and
efficiency, undersea vehicle design, and
coastal zone management.

~ MIT Sea Grant has been a leader in
addressing the problein of selective
fishing gear. An alarming decrease in
fish stacks has placed the Northeast fish-
ing industry in peril, Fisheries managers
and fishermen see selective fishing gear
as a way to stem the decline, both as a
regulatory tool and a method to prevent
the taking of juvenile fish and wasteful
bycatch. Using the sophisticated gear
testing facilities at the Naval Ship
Research and Development Center
 NSRDC! in Maryland, MIT Sea Grant
has helped to develop tests which net
manufacturers and fishermen have used
to improve net design for greater selec-
tivity and efficiency.

~ MIT Sea Grant substantially
advanced the ability tn predict when
shipboard ropes become dangerously
weak. Ropes breaking during use are a
serious threat to life and limb and can be
the cause of navigational hazards. Several
years ago when its tow line snapped, an
oil barge went aground at Woods Hole,
Massachusetts, spilling its cargo and pol-
luting coastal waters. In 1985 New Eng-
land's Hurricane Gloria caused millions
of dollars of damage to boats whose
mooring lines snapped in the storm.
Through painstaking laboratory and field
analysis Sea Grant researchers have
developed mathematical models and

theories of rope behavior to help sailors
predict breakage and avert resulting
danger.

~ MIT Sea Grant facilitated the start-
up of a new industry based on the pub-
lic health benefits of fish oil consump-
tion. Years of research have identified
components of fish oil that dramatically
reduce the levels of blood lats associated
with heart disease. Sca Grant research
into the characteristics of oil in locally-
available fish species provided the impe-
tus for the Foster Miller Company to de-
velop a process for oil extraction from
fish. The company plans to license the
process and sell it to industries interested
in extracting and selling fish oil as a food
additive and dietary supplement.

~ MIT Sea Grant was responsible for
the start-up of a biotechnology corn-
pany. The program's expertise in the
diverse application of chitin, a substance
found in the shells of molluscs, spawned
The Chitin Company, a Massachusetts
firm forined with venture capital to ex-
ploit the commercial potential of Sea
Grant chitin research. The Chitin Com-
pany acquired options on patents to Sea
Grant-developed processed chitin and is
introducing the product to European cos-
metic companies and American food and
drug companies.

~ MIT Sea Grant constructed mathe-
matical models of water circulation
and particulate dispersion to determine
the fate of pollutants and the effects of
change in coastal waters. Consulting
firms active in the environmental analysis
of coastal waters have been using the
models to minimize damage from muni-
cipal and industrial waste disposal, sedi-
ment transpori, hurricane surge locally,
nationally and worldwide.

~ MIT Sea Grant pioneered the
development of undersea robotics
technology. Last year, a student invented
a totally different approach to building
manipulators for underwater vehicles. He
based his design on the bone-tendon-
muscle structure of a human arm, clus-
tering the motors at the base of the

manipulator. The result is a working
device for underwater or factory use that
is strong enough to carry 500 to 600
pounds but agile enough to do welding,
cleaning, and inspection.

~ MIT Sea Grant reduced the cost of
offshore oil exploration and produc-
tion. The offshore industry has spent
millions of dollars at a test site in Louisi-
ana trying to predict the capacity of foun-
dation piles to support structures on the
ocean floor. MIT Sea Grant researchers
not only have provided geotechnical engi-
neers with more reliable interpretations
of test results and have identified the
important properties to measure and/or
control during pile load tests. The result
is safer, less expensive offshore
structures.

~ MIT Sea Grant transferred labora-
tory research directly to industry,
Through the Marine Research Center., in
1985 the offshore industry matched Sea
Grant funding with $195,000 to ready
mature offshore research for commercial
application. As a result of these industry
funds, research on riser and mooring dy-
namics, piles for tension leg platforms,
and computer codes for simulating wave
kinematics has moved from the academic
laboratory to private industry.

For more information:
Chryssostomos Chryssostomidis
Program Director
77 Massachusetts Avenue,
Building E38-302
Cambridge, MA 02139
�17
53-7041



INIT Sea Grant improves instruments and techniques to make design of offshore
structures less costly, more reliable

The researchers also designed an ex-
tremely sensitive piezo-lateral stress
 PLS! cell, which provides simultaneous
measurements of the complex stresses
acting on piles as they are driven deep
into the clay. Repeatedly, the PLS cell has
provided reliable measurements; it has
significantly enhanced engineers' under-
standing of the behavior of piles in clay.

Using the newly-identified procedures,
the MIT group increased the standard
industry estimate of pile capacity, which
has resulted in significant construction
savings and will help to make the struc-
tures stronger and safer.

The Problem

For more information:

Chryssostomos Chryssastomidis
Director
MIT Sea Grant College Program
�17
53-7041
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According to government and industry
forecasts, U.S. oil demand will rise one-
half to one percent annually through year
2000, and dependence on imported oil
will jurnp from 29 percent in 1984 to 43
percent in 2000. Ta supply this ever-
increasing demand and loosen the coun-
try's dependence on precarious foreign
supplies, oil companies have been look-
ing offshore for additional resources.

The combined, hostile forces of wind,
waves, and weather make working in the
deep ocean not only tremendously diffi-
cult, but extremely dangerous as well.
This translates into expensive oil retriev-
al. For a company to begin operating in a
new offshore oil field can take up to ten
years � from discovery to production,
And just to build a typical offshore rig
costs more than $200 million. Even in
favorable economic climates producers
must keep costs down to make U.S. ail
prices competitive. And when economic
conditions drive the industry into a slump
� as they have recently � the oil industry
is hard pressed ta continue developing
expensive offshore resources which the
country will require in the near future.

One factor that drives up costs is the
need to averdesign oil and gas production
facilities. Lacking experience with subsea
soils and the push-pull effect of waves
and winds, engineers cannot predict pre-
cisely how much structural strength is
required to keep a platform from failing.
So to be safe, they "over-engineer", rely-
ing on redundancy to ensure safety,

In the case of bottom founded plat-
forms � those that sit on piles or are held
by anchoring systems � soil strength is a
critical engineering concern. Driving
huge metal or concrete members into the
ocean floor requires tremendous force,
distorts the subsea soil, and substantially
modifies its strength.

The Solution/Industry-University-
Governrnent Cooperation

Ta develop procedures for predicting
soil strength several ail companies have
spent heavily on geotechnical tests to get
re/iable field data at a site in Empire,
Louisiana. The site was chosen for its
similarity to soil conditions in the Gulf
of Mexico, where mast of U.S. offshore
drilling takes place. The tests, costing
millions of dollars, are ongoing. Three
years ago the oil company consortium
turned to Sea Grant researchers in MIT's
Department of Civil Engineering. Their
need was a solid theoretical basis which
would cut costs considerably and would
produce more accurate predictions,

For almost a decade the government
through MIT Sea Grant had sponsored a
major research program to develop a sol-
id theoretical basis for predicting off-
shore pile load capacity, The result � an
approach ta pile load prediction known
simply as the "MIT approach". The ap-
proach has two parts � instruments for
data gathering, and an analytic method
for interpreting geotechnicat data.

The essence of the analysis is the Strain
Path Method, which, after years of
refinement, provides an integrated, sys-
tematic framework to predict pile founda-
tion capacity, interpret in situ tests, assess
sampling disturbance affects, and in gen-
eral, approach offshore geotechn ical
problems in a consistent and rational
manner. Results of the Strain Path
Method are now widely used in industry,

To get ta this method, the research
team first had ta develop technology ta
gather data in situ. They adapted and
improved a piezocone commonly used in
Europe; their version has since become a
standard instrument for gcotechnical
engineers worldwide.



Massachusetts � WHOI

The Woods Hole Oceanographic Institution
Sea Grant Program

3.27

The Woods Hole Oceanographic
Institution Sea Grant Program is
an institutional program that
focuses most of its effort on
research. Over the last several
years emphasis has been on
marine resources and related
marine policy issues, Representa-
tive studies are:

~ Paralytic shellfish poisoning
 commonly known as red tide!
in the New England Region,
including its introduction to
embayments and possible
methods for its control,

~ Stabilization of the bay scallop
population in Massachusetts
through relocation of natural
seed or placement of cultured
animals to compensate for nat-
ural losses of juveniles, and
through improved manage-
ment of the fishery.

~ The biogeochemistry, disper-
sion and impact of PCB pollu-
tants in the Buzzards Bay area,
surrounding New Bedford,
Massachusetts

~ Sediment bypassing of tidal
inlets, in general, and sediment
transport on Cape Cod and
inshore waters.

~ Polymetallic sulfide research
concerning policy and eco-
nomic issues of this potential
marine metals resource.

~ Assessment of algal candidate
species for commercial scale
production of marine polysac-
carides, substances finding
wide use in every day applica-
tions such as gelling and thick-
ening additives for food, use in
paint and potential pharma-
ceutical applications. Using
the fermentation industry as a
model, this research aims at
determining economic and bio-
logical optimum yields for
selected marine algae.

~ Continuation of our Interna-
tional Marine Science Program
that has worked with selected
South American countries
 Columbia, Ecuador and
Brazil! to assist them in the
development of their marine
resources and other marine
opportunities. Through this
program and other efforts
potential opportunities now
exist in the Carribean and the
Middle East.

Our Marine Assistance Service
fosters interactions with the public
at large as well as with state and
national agencies and private
industry in the marine sector.

A joint doctoral program in
oceanographic exists between the
Woods Hole Oceanographic Insti-
tution and the Massachusetts
Institute of Technology: several of
the students have been supported
by Sea Grant.

The National Sea Grant Pro-
gram plays a major role in the
development of a responsive
marine research effort for the Uni-
ted States by promoting the under-
standing, assessment, develop-
ment, utilization and conservation
of our Nation's ocean and coastal
resources. The Woods Hole
Oceanographic Institution Sea
Grant Program joins with our
colleagues around the nation,
bringing the resources and
momentum of our Institution to
bear on this Sea Grant ideal.

David A. Ross
WHOI Sea Grant Program
Woods Hole, MA 02543
�57! 548-1400,
Ext. 2398



~ ~J Some Benefits from Woods Hole Oceanographic Institution
Sea Grant Supported Projects

David A. Ross
WHQI Sea Grant Program
Woods Hole, MA 02543
�17! 548-1400,
Bd. 2398

Assessing PCBs Within
The Marine Environment
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Savings and Solutions
Through Coastal Engineering

Coastal engineers using results
of a Woods Hole Oceanographic
Institution Sea Grant study on the
coast of Nantucket Sound saved
$250,000 in a beach nourishment
project, As a result of this same
study, a navigational improve-
ment project in Popponessett Bay
has been modified and is underway
again after 14 years of inactivity.

Cost Effective
Sewage Treatment

The Town of Orleans, Massachu-
setts, saved $3 million as a result of
a Woods Hole Oceanographic
Institution Sea Grant supported
study that suggested a proposed
sewer system would divert only a
fraction of nutrients naturally
entering a valued estuary. Instead
of the sewer systein the Town opted
for a less expensive septage treat-
ment facility.

Predicting PSP Outbreaks
Research on "red tide", the cause

of potentially fatal paralytic shell-
fish poisoning  PSP! in humans
consuming affected seafood, has
provided a basis for predicting
where and when outbreaks are
likely. Public health personnel in
four northeast states have received
training in identification of cysts
of the microbe responsible for the
ailment.

A Drift Buoy for
Monitoring Coastal Waters

A freely drifting buoy for use in
measuring coastal currents, and
tracking oil spills or other drifting
objects was developed through
Woods Hole Oceanographic Insti-
tution Sea Grant funding and is
expected to be produced commer-
cially. The buoy which automati-
cally transmits its position to
shore-based stations was designed
around conventional electronic
navigation equipment.

Extending Harvests
Of Bay Scallops

Research indicating rapid
growth of bay scallops in the late
fall resulted in government agen-
cies changing the opening day of
the scallop season from October 1
to November 1. This results in a
larger harvest of this heavily
fished species.

Research on the distribution,
resllspension and dispersion of
PCBs  polychlarinated biphenyls!
in New Bedford Harbor and Buz-
zards Bay is providing a frame-
work for government agencies to
plan cleanup of this pollutant and
management of living resources of
the area. Research defining the
impact of PCBs on marine ani-
mals, including commercially val-
uable species, has provided a
means for assessing the impact of
PCBs an a coastal environment.



Michigan

Michigan Sea Grant Provides Benefits to Michigan,
the Great Lakes Region and the Nation

The underwater preserves have resulted
in reinarkable economic impacts for
preserve communities, all in rural areas,
ln the small town of Munising, home of
the Alger Bottomland Preserve, 1985
diver expenditures totalled over $2
million, up from $600,000 in 1980.
Gross revenue to the county, calculating
the multiplier effect, was $4,746,000 in
1985.

Ship Propulsion � Sea Grant research
has resulted in significant advancements
in engineers' ability to analyze and
improve the design of marine stern
bearings. This removes a serious
limitation on propulsion efficiency of
large lake carriers and ocean-going
ships.

Ship Hu!l Design � Sea Grant research
has developed a graphics package to
improve computer-aided design of
ship hulls, This software is used in
university, industry, and armed forces
research.

Hyperbaric Chamber � Michigan Sea
Grant acquired a $27,000 grant from the
National Undersea Research Program
 NOAA! to reactivate a hyperbaric
chamber in Alpena General Hospital.
The chamber, used to treat bends
and other illnesses caused by diving
accidents, is within a few miles of a
popular underwater preserve and is the
closest chamber for three other heavily
used diving areas. Within a month of
installation, the chamber saved a diving
accident victim froin potentially
crippling disabilities.

PCBs and Toxaphene � Sea Orant
research has resulted in improved
methods for identifying and quantifying
harmful PCBs and taxaphene in the
Great Lakes. This improves the ability
to reduce the dangers these substances
pose to humans,

Underwater Preserves � Sea Grant
marketing research and extension efforts
inspired the legislation providing for
underwater preserves in Michigan.
Continued Sea Grant efforts have
resulted in the establishment of four
preserves, the only ones in the U.S.
waters of the Great Lakes. The
preserves protect shipwrecks and
interesting natural features,

Director

Michigan Sea Grant
College PragraIn

2200 Bonisteel Boulevard
Ann Arbor, Michigan 48109

313-763-3515
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Offshore Research � Sea Grant
research on the response of offshore
structures, such as oil drilling platforms,
to waves and other stresses is at the
forefront of international research and
has been recognized by off-share
companies for its potential usefulness,
A Sea Grant-established consortium
of University of Michigan marine
engineering researchers and industry
representatives is facilitating the transfer
of university research to industry.

Fish Analysis � Sea Grant research
has produced advanced techniques to
analyze Great Lakes fish for toxic
contaminants. These techniques are also
useful for determining the freshness of
caught fish and the rumber of times fish
flesh has been frozen and thawed,

Diver Evacuation and First Aid-
Sea Grant agents have orchestrated diver
evacuation plans and provided diving
first aid training in underwater preserve
areas. To date they have trained
210 people. Fifty "first responders"
have subsequently upgraded their
organizations' accident response
strategy.

Rescue vs. Recovery � Michigan
Sea Grant's cold water near-drowning
rescue techniques are continuing to save
lives worldwide. Law enforcement
body-recovery teams are now rescue
teams, and must be capable of rapid
deployment and safe practices. Sea
Grant leadership has resulted in law
enforcement departments in Michigan
and across the nation upgrading
equipment, training and funding for
their rescue teams, thus increasing the
potential for saving lives.
Fish Biology � Studies of yellow
perch, whitefish, pink salmon, lake
herring, and coho and chinook salmon
are providing information on population

dynamics, migration patterns, diets and
abundance, The results are being used
by the Michigan Department of Natural
Resources to maintain healthy fish
populations.

Maps � Sea Grant has developed maps
of Great Lakes fishing grounds to save
commercial fishermen time and money
in getting to fishing areas.

Purse Seine Research � The Michigan
Department of Natural Resources is
conducting research to determine
whether the purse seine  a commercial
fishing net! can be used to harvest
whitefish without killing sport fish.
They are using a fishing vessel outfitted
by Michigan Sea Grant.

Underwater Pump � Sea Grant
fisheries researchers developed an
inexpensive, compact, and portable
underwater pump for collecting aquatic
organisms. The pump inflicts minimal
damage to fragile organisms. Previous
pumps were operated from on-board
ship, and were expensive and difficult
to implement and use.

Salmon Disease � Sea Orant has
developed a technique for identifying
gas bubble disease, which has had a
devastating effect on Michigan's
hatchery-grown salmonids. Large
numbers of healthy fish are essential
to maintain the multi-million dollar
Great Lakes salrnonid sport fishery.



IHichigan Sea Grant Provides Savings to Shoreline Property Owners

Unfortunately, experience has shown
that many of the shoreline protection
structures that will be built will be
ineffective. A newly revised Michigan
Sea Grant publication based on the
program's erosion and shore protection
research offers information that is
helping shoreline owners avoid investing
in ineffective protection measures,

Director
Michigan Sea Grant

College Program
2200 Bonisteel Boulevard
Ann Arbor, Michigan 48109

313-763-3515
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THE PROSLEM

The Great Lakes are at record high
levels. Ail lakes are several inches
to more than a foot above previous
record levels, with no relief in sight.
Consequently, property owners along
1,000 miles of Michigan's 3,200 miles
of shoreline are facing severe shoreline
erosion problems. Land, houses, docks,
marina facilities, and other structures
are being damaged or destroyed, Based
on losses experienced during previous
high-water periods, over $180 million
�985 dollars! in damages will be
suffered. At least another $120 inillion
will be spent for protection measures,
for a total minimum economic loss of
$300 million,

SEA GRANT ASSISTANCE

The booklet, Shoreline Erosion:
Questions and Answers, describes
proven erosion control structures,
common problems associated with
many structures, non-structural control
methods, such as vegetation and
relocation of buildings, and what
to look for when buying shoreline
property. It lists additional sources of
information, including other Michigan
Sea Grant erosion control publications,
In the first six months after its revision
in December 1985, 3,500 copies
of the booklet were distributed to
individual property owners and to
government agencies that are conducting
erosion control workshops.

Michigan Sea Grant Extension Agents
are assisting property owners through
meetings, site visits, individual
contacts, newspaper articles, and radio
interviews. For example, one owner
planned to spend $10-20,000 on erosion
control measures, After an agent
demonstrated that his plan would be
ineffective, he did not make the
investment.

Another agent developed a computer
madel for coastal erosion management
that projects property losses for specific
plots and provides owners with a choice
of solutions. The agents have used this
model around the state. For example,
in the Upper Peninsula the Hiawatha
National Forest Campground is
incorporating appropriate options
indicated by the model to reduce their
yearly loss of $15,000 worth of real
estate. The model is applicable to the
other Great Lakes states and to ocean
coasts. The Great Lakes Sea Grant
programs have established a Great
Lakes Network Lake Level/Erosion
committee to coordinate activities to
help shoreline property owners around
the Great Lakes.

Using a Sea Grant investment model
one agent met with county assessors to
discuss the value of eroding property,
Subsequently, assessors reduced the
valuation of approximately 100 parcels
of property by a total of $500,000,
thus providing tax relief to owners.
Assessors in other counties are
considering this approach also.

Coastal flooding, particularly during
storms, is another problem caused by
high lake levels. To help residents
contend with flooding, a Sea Grant
agent and an Extension home economist
have prepared a handbook of tips on
flooding, survival, and home cleanup.

Topics covered include preparing to
evacuate, salvaging furniture and books,
restoring electrical service, and
information on flood insurance and
home relocation. Sources of additional
information are listed. The Corps
of Engineers estimates that a single
December 1985 storm caused $12-14
million worth of flood and erosion
damages to five southern Michigan
counties on Lake Michigan, This
handbook was designed to reduce such
damages during spring and fall storms
as well as to alleviate human suffering,

SAVINGS

Michigan Sea Grant studies have shown
that shoreline property owners invest
such large amounts of money in erosion
protection that, on the average, they
essentially re-buy their house and land
every 20 years. One survey made during
the high-water period of the mid-70s
showed that 150 property owners
had lost $2.5 million in damage and
investment in ineffective measures.
Michigan Sea Grant research,
publications and outreach will reduce
this needless expenditure by millions
of dollars. This is a many-fold return
on the original federal investment of
$200,000 for research and publications.



SEA GRANT BENEFITS MINNESOTA

Creating Safer Herbicirles
The longer chemical herbicides
are used, the greater the problem
of plant resistance and environ-
inental hazard. Sea Grant is
working to create safer herbicides
from naturally occuring lake al-
gae. Researchers have already
isolated a chemical from blue-
green algae and terrestrial weeds.
The new products developed from
the chemical could help solve re-
sistance problems and would be
plant specific, killing only the in-
tended plants while leaving fish
and other plants unharmed.

Sea Grant is a national program
established in 1966 to promote
the wise use of the oceans and
Great Lakes. Minnesota Sea
Grant works on issues of impor-
tance to Lake Superior, the North
Shore region, and the state,

For Further Information:

Donald McNaught, Director
Minnesota Sea Grant

College Program
116 C/assroom-Office Building
University of Minnesota
1994 Buford Avenue
St. Paul, Minnesota 55108
t612�73-1708

June l986
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Sea Grant's Approach
Research

Faculty at the University of Min-
nesota and William Mitchell Col-
lege of Law investigate a variety
of water-related problems includ-
ing: water quality, fisheries and
aquaculture, water policy and
law, biotechnology, economics,
and hypothermia.

Extension

Agents explain research results
to the public and to organizations
that can benefit from Sea Grant' s
work. They also conduct educa-
tional programs and workshops
thoughout Minnesota.

Restilts

Contaminants in the Great Lakes
Minnesota Sea Grant researchers
were among the world's first sci-
entists to study the bottom of
Lake Superior. Using a submersi-
ble, they are stiidying a layer of
water and sediment near the lake
bottom that contains large
amounts of contaminants, such as
PCBs. Their findings will help de-
termine what types of contami-
nants are present in the lake,
where they come from, and how
they move throughout the lake.
They are also studying how con-
taminants travel though the
lake's food chain.

Minnesota

High Lake Levels
Although erosion from high lake
levels is a problem on Lake Supe-
rior, the bigger crisis comes from
flooding, especially since most
people do not have Rood insur-
ance. Sea Grant extension spon-
sored workshops for lenders, in-
surance agents, and property
owners on the federal govern-
ment's Rood insurance program.
Sea Grant has also provided
workshops and on-site advice for
property owners on how to slow
erosion from high water.

Economic Development
Sea Grant research was instru-
mental in new commercial de-
velopments in northern Minne-
sota. Research detailing the
area's tourism potential, what
tourists enjoy doing, and the ma-
jor markets for increasing tour-
ism resulted in construction of a
large restaurant/lodging complex.
Developers received private fi-
nancing for the project as a result
of Sea Grant's report. The report
is also being used by other re-
gional businesses to market and
advertise their services.

Fish-Hatchery Benatits
Fish hatcheries are raising more
of the Great Lakes best sportfish
without increasing costs, using
techniques developed by Minne-
sota Sea Grant. Researchers de-
veloped a semen extender to in-
crease fertilization rates in
muskies, rainbow trout, and lake
trout. The extender results in
higher rates of fertilization, al-
lowing Minnesota hatcheries to
increase production of some spe-
cies by up to 20 percent. The
extender is also used to facilitate
cross breeding of lake trout for
stocking in the Great Lakes.



SEA GRANT CONTAMINANTS RESEARCH
IS USEFUL NATIONWIDE

For Further Information:

Donald McNaught, Director
Minnesota Sea Grant

College Program
116 Classroom-Offic Building
University of Minnesota
1994 Buford Avenue
St. Paul, Minnesota 55108
�12�73-1708
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Cootaminaota are a major problem
throughout the Great Lakes.
PCBs, toxaphene, dieldrin, and
dioxins are present in varying
amounts in all the lakes, affecting
fisheries, harbor dredging for
shipping and water quality.
Minnesota Sea Grant's research
has provided valuable informa-
tion on the sources, behavior, and
movexnent of contaminants in
large lakes. Sea Grant's basic and
applied research on Lake Supe-
rior is valuable for xnanagement
of the entire Great Lakes drain-
age basin, the oceans, and other
inland lakes across the country.

Sohmeelhle Research

Minnesota Sea Grant researchers
are among the world's first scien-
tists to study the bottom of Lake
Superior. Using a submersible,
they are studying a layer of water
and sedixnent near the lake bot-
tom that contains large amounts
of contaxninants, such as PCBs.
Their findings will help deter-
xnine what types of contaminants
are present in the lake, where
they come from, and how they
move throughout the lake. They
are also studying how contami-
nants travel through the lake's
food chain.

Tracking the Movement of Wastes
When wastes are dumped into
lakes and oceans, no one is sure
how far those wastes will move.
Sea Grant researchers created the
first computer xnodel to predict
how underwater currents trans-
port wastes. The model can pre-
dict rates of movement and where
the wastes will ultimately settle
at any dump site under varying
conditions. As proposals to dis-
pose of wastes in the oceans and
Great Lakes continue, this infor-
mation will help deterxnine the
feasibility and stability of under-
water waste disposal sites.

Better Ways to Dispose
of Dredge Spoils
Disposal of dredge spoils is a con-
troversial issue, since most spoils
are contaminated with organic
pollutants and industrial wastes.
As on-land storage areas fill up,
disposal of spoils in deep holes in
harbors has been proposed. Sea
Grant results show that deep hole
disposal is a good option to onland
disposal. Contaminated sedi-
ments can be safely contained in
holes sealed with a clay top. This
option may be better environmen-
tally than onland disposal since
spoils can contaminate soil and
groundwater,

GleafttjP
As research continues, scientists
are discovering a broader range of
contaminants in the Great Lakes.
Minnesota Sea Grant supports
the development of innovative
tools for cleaning up polluted wa-
ter and sedixnent.

New Bacteria May Clean Up PCBs
More than 90,000 metric tons of
PCBs contaminate the environ-
ment, but there is no efficient
xnethod of removing PCBs froxn
water. Researchers are trying to
create a new strain ofbacteria ca-
pable of degrading PCBs by re-
coxnbining the genes of bacteria
that degrade other substances.
The new bacteria could be used to
clean contaminated soil and wa-
ter.

, Low-Cost Water Porlfication
Removing chemical impurities
from water generally requires ex-
pensive filtration processes. As a
lower cost alternative, research-
ers are testing the use of tempera-
ture-sensitive gels. The gels ab-
sorb water but leave behind
concentrated ixnpurities. The gels
then collapse and release clean
water when the temperature is
increased. The gels can be reused
at least 100 tixnes.



Mississippi-Alabama

Mississippi-Alabama Ses Grant Consortium:
Problem-solving research reaches beyond state borders

A consortium of nine universities and
research institutions, the Mississippi-
Alabama Sea Grant Consortium  MASGC!
brings together the scientific expertise of
two states to discover in marine resources
new solutions to old problems as well as
new opportunities for a changing world,
In recent years, MASGC projects designed
to solve regional problems have taken on
international scope,

water treatment measures. Future applica-
tions include preventatives for plaque on
teeth and for harinful crystallization on ar-
tificial heart valves and other prosthetic
devices.

Estuarine processes

For more infonnatiort contact

Dr. James I. Jones, Director
Mississippi-Alabama
Sea Grant Consort!LIrn
703 East Beach
r. 0. eox 7000

Ocean Springs, MS
39564-7000

Fisheries

Now in it's fourth year, a Sea Grant
study on survival of early life stages of red
drum, also called red fish, is supplying
data on factors affecting recruitment to the
fishery. The study comes at a good time. �01! 875-9341
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Engineering
A project that has produced a cost-

cutting fuel and refrigeration system for
commercial fishing vessels, for example,
began as a search for uses of methane gas
associated with Alabama's coal deposits.
At the same time, the domestic shrimp
fishery was hit by rising operating costs on
one hand and the influx of foreign
maricultured shriinp on the other.

MASGC research united governmental,
university and international industrial
resources and produced a system that con-
verts marine diesel engines for use of low
cost liquefied natural gas  LNG! and
diesel. The LNG also reduces maintenance
costs and serves as a refrigerant,
eliminating the cost of purchasing and
transporting ice. Annual savings can range
up to 45 percent, and a vessel now under
construction will test the system in actual
shrirnping operations. Representatives of
other fisheries have expressed interest in
the system.

Biotechnology
An MASGC study of unique crystal

growth inhibitors found in selected marine
organisms also promises benefits for in-
dustries beyond the borders of Mississippi
and Alabama. Crystallization of calcium
carbonate and other minerals on the inner
surfaces of pipes, boilers and cooling
towers is a continuous industrial problem
in spite of costly maintenance and the use
of preventive water treatment chemicals.

Through the Sea Grant study, patents
have been awarded and negotiations arc
under way for commercial development of
new non-toxic, biodegradable compounds
that increase the effectiveness of traditional

With 70,000 acres of catfish ponds in
Mississippi alone, catfish farming is big
business in the south. A new algicide to
combat the blue-green algae that plague
catfish farmers had its beginnings in Sea
Grant more than a decade ago. MASGC
provided a three-year start-up for in-
vestigating why ponds containing certain
species of water plants never experienced
algal bloom,

Researchers have since identified com-
pounds active against blue-green algae;
patents have been granted; and a chemical
manufacturing company is now preparing
to market the new product. Tests also con-
tinue on the product's effectiveness in
other aquaculture environments including
the brackish water required by some
marine species,

The movement of sediments, either
through natural processes or through man' s
dredging activities, is characteristic of the
estuaries that border Mississippi and
Alabama. With such movement affecting
fisheries, pollutant transport and naviga-
tion, MASGC has directed coordinated
studies toward sedimentation and related
estuarine processes,

An outgrowth of that concern was spon-
sorship of the Third International Sym-
posium on River Sedimentation with an
emphasis on coastal and estuarine pro-
cesses. The 1986 conference drew more
than 240 scholars, scientists and engineers
from 31 countries to Jackson, Mississippi,
where they shared the latest in sedimenta-
tion research and technology.

Meager scientific evidence has been
available about redfish; and the booming
popularity of the cajun dish blackened red-
fish has led to plans for emergency regula-
tions in the federal waters of the Gulf of
Mexico to avoid overfishing the resource,
especially spawning stocks.

Through extensive sampling in federal
and state waters off Alabama, Mississippi
and Louisiana coasts, the Sea Grant project
has documented heavy larval concentra-
tions likely to indicate red drum spawning
areas. Researchers are studying the effects
that unexpected water patterns have on sur-
vival of larvae, and analysis of prey selec-
tion should provide valuable inforination
for red drum mariculture operations,

More than 15 new soft-shel/ed crab pro-
ducers are now operating in Alabama as
a result of cooperative Sea Grant research
that has tested and streamlined closed'
recirculating artificial seawater systems for
shedding blue crabs. Current MASGC
research includes experimentation with
hormones to induce pre-molt in crabs and
is directed toward the need for steady
sources of pre-molt crabs in many Gulf
regions,

MASGC researchers have discovered
physiological signs of maturation in post-
molt crabs that will allow large-scale pro-
ducers to select crabs appropriate for hor-
mone dosage. Researchers are also testing
the use of low-calcium seawater to inhibit
hardening of soft-she! ls and to increase the
size that crabs attain in artificial seawater
systems. Research results are expected to
yield benefits for aquaculture efforts in-
volving other crustacean species.



Controlling crystallization:
Sea Grant project mines rich vein of applications

Natural inhibitors

For more information contact

Or. James I. Jones, Director
ljlississippi-Alabama
Sea Grant Consortium
703 East Beach
P. 0. Box 7000
Ocean Springs, HIS
39564-7000

How and why
As research progresses on practical ap-

plications, Sikes has been experimenting
with ideas on how and why the inhibitors
work so well. He believes he has the
answer and is setting out to prove it, The �01! 875-9341
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Crystallization is everywhere. It gives us
healthy bones, coral reefs and shells for
oysters. It also gives us plaque on teeth,
barnacles on boats and costly mineral
scaling on industrial surfaces.

Developing technology to control the
process is equivalent to building a better
mousetrap, and Mississippi-Alabama Sea
Grant Consortium research is on the way
to developing that technology.

Dr, Steven Sikes, University of South
Alabama biologist, has been awarded three
patents and has a fourth pending on new
non-toxic, biodegradable water treatment
chemicals.

The new compounds increase the e ffec-
tiveness of phosphonates traditionally used
to combat calcium carbonate crystallization
on the inner surfaces of industrial pipes,
boilers and recirculating water cooling
systems, Negotiation for commercial
development is under way.

Patents are ai so expected for new
polymers that attack other mineral-scaling
problems for which there are presently no
effective water treatment measures.

An earlier discovery led to the current
development of crystalline inhibitors. Sikes
and a collaborating researcher found that
organic material termed "matrix" in
oyster shells inhibits growth of calcium
carbonate crystals. Natural inhibitors have
since been discovered in materials from
algae, sea urchins and other marine
species. Synthetic analogs of naturai in-
hibitors have also been found effective.

Water treatment chemicals are only the
first of beneficial uses. Preventatives for
harmful crystallization on artificial heart
valves and other prosthetic devices, for
plaque on teeth and for barnacles on boats
and other marine structures are among ap-
plications for future study.

better mousetrap is on the way,
While Sikes' work represents in-

novative Sea Grant research that spans the
spectrum from basic knowledge to applica-
tion, it is also an example of other Sea
Grant strengths.

A year of his scientific training came
with Sea Grant support as he worked
toward a Ph, D. at the University of
Wisconsin. Now, as a Sea Grant research-
er, he is collaborating with another
scientist � one who has received support
from the South Carolina Sea Grant pro-
gram - on research of far reaching benefit.



New Hampshire

The Sea Grant College Program at the University of New Hampshire � a joint program
with the University of Maine � works cooperatively with marine industries, state and federal agencies,
organizations, and individuals to identify and solve problems associated with the development and
conservation of northern New England's marine resources. Through its marine information, education
and advisory programs, the UNH Sea Grant program increases public awareness of important marine
and coastal resource issues,

Unive siiy o  New Hampshir
Univershy of Mdiv
sea craft < ~ilese prosrarn

~ Assistance to New Hainpshire sea-
food wholesalers and retailers in
developing more effective market-
ing and display techniques.

significant amount of fine-grained
sediment in a shallow estuary.

FISHERIES MANAGEMENT AND
DEVELOPMENT

~ Examination of the legal aspects of
providing and controlling access to
New Hampshire's coastal re-
sources. For further inforination on these and

other Sea Grant contributions to the
State of New Hampshire and northern
New England, contact:

INDUSTRIAl. AND COMMERCIAL
DEVELOPMENT

~ Study of a fiber optic system to
transinit real-tiine color images
from a tethered submersible,

CHANGES IN THE COASTAL
ENVIRONMENT EXTENSION AND EDUCATION

~ Development of a coastal issues
curriculum for use by high school
teachers and students studying
problems facing the seacoast.

a Discovery that raindrops produce
vortex rings which can penetrate
the water column to 40 centime-

ters, These rings can resuspend a
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~ Discovery that acid rain in New
England rivers may be interfering
with the Atlantic salmon's ability
to return to its hornestream to

spawn, thus jeopardizing attempts
to restore this prized species to
New England.

a Study of the mortality rates for un-
dersized commercial fish species
which are discarded at sea. This
information is necessary to effec-
tively manage fish stocks.

~ Discovery of' the presence of the
sex steroid hormone, testosterone,

in seven salmon commercial diets.

This hormone has been linked to
diminished fitness of hatchery
reared salmon and may reduce po-
tential of survival to adulthood.

~ Development of a technique to so-
lidify/stabilize inorganic hazardous
waste in a cement mixture. Ocean

disposal may prove feasible as
leaching rates for these solidified
blocks may be significantly slower
in the ocean than on land.

~ Development of a new technology,
which has subsequently been
adopted by the EPA, to measure
leaching rates of toxic substances
from soil.

~ Design of a hinged, collision-toler-
ant navigation aid which could
save the Coast Guard millions of

dollars per year in pi!ing replace-
ment costs,

~ Development of a model for plan-
ners to use to predict and compare
the econoinic outcomes of alterna-

tive tourism product mixes on
coastal lands.

~ Assistance to the State of New
Hampshire in determining the ef-
fectiveness of marketing and pro-
rnotion strategies in bringing tour-
ists to the coastal zone.

~ Coordination of a volunteer marine
docent program which delivers ina-
rine education programs to more
than l0,000 students, educators
and members of the public each
year.

Director

UNH Marine and

Sea Grant Programs
Marine Program Building
University of New Hampshire
Durham, NH 03824

�03! 862-2995



MONITORING ANIMAL BEHAVIOR; A NEW RESEARCH TOOL

Sea Grant researchers at the University of New Hampshire have developed a
sophisticated, yet inexpensive, research technique for monitoring animal be-
havior.

Ltnnrerstty of New Hampshtre
Universtty ot Matne
Sea   rant COllege Program

easy to track multiple objects, even
if their tracks cross and are not eas-

ily located against a low-contrast
background. Final!y, because whole
images do not have to be digitized,
and data collection intervals can be
adjusted by the user, it is possible to
analyze very long experiments with
a microcomputer.

For further information on this and
other Sea Grant contributions to the
State of New Hampshire and northern
New England, contact:

Director

UNH Marine and

Sea Grant Programs
Marine Program Building
University of New Hatnpshire
Durham, NH 03824

�03! 862-2995
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One of the mast difficult chal-

lenges encountered when investigat-
ing animal behavior is developing a
way to express data in a quantitative
manner, ln recent years, behavioral
analysis of reactions to environmen-
tal or toxicological manipulation has
become much more quantitative, due
in large part to technological ad-
vances in remote monitoring and ina-
nipulation of data by computers.
Several commercially-available sys-
tems now provide researchers with
the ability to track both aquatic and
terrestrial creatures and determine
behavioral parameters such as dis-
tance travelled, time spent in partic-
ular areas, and even the number of
social interactions,

These modern laboratory tools
have enabled investigators to ana-
lyze and manipulate behavioral data
in increasingly more effective and ef-
ficient ways and thus perform exper-
iments that would have previously
been too tedious or complex to un-
dertake.

However, these systems have
three major disadvantages for the av-
erage investigator, First, they are ex-
pensive, costing on the order of
$10,000 � 80,000. Second, the investi-
gator is often separated from the raw
data. Many subtle, but important,
behavioral responses might go un-
noticed by the computer, Finally, so-
phisticated systeins are often not
flexible enough to allow for wide-
spread applications. This includes
field work where the area in which
the behaviors are being monitored
are either non-standardized or con-
tain varied backgrounds which
would confound most automated
tracking systems. What was needed
was an inexpensive and flexible, yet

sophisticated, technique that allows
for close investigator interaction.
from the raw data stage to plotting
the final results.

Sea Grant researchers at the Uni-
versity of New Hampshire have de-
veloped just such a system to deter-
mine the response of salmonids to
certain olfactory stimulants. Called
1TS for interactive computer/video
Tracking Systein, the system con-
sists of a 128K Apple 1Ie computer
with software, a video camera and
VCR, and a special effects genera-
tor. Experiments are videotaped and
then during playback of these tapes,
the special effects generator is used
to simultaneously display the video
image and the graphics output of the
computer on a monitor, The user
simply tracks the animal of interest
using an electronic pen, and the po-
sition of that animal in the test
chamber, in the form of X-Y coordi-
nates, is determined by the computer
at user-defined time intervals, When
the tracking is complete, a plot of
the track of the animal is printed out
within the outline of the test cham-
ber. Animal velocity, distance from a
predetermined point in the chamber
 for example, olfactory stimulant
source!, and time spent in a given
area can all be calculated over a
given time period or for the entire
experiment,

ITS has numerous advantages
over commercially available devices
that perform similar tasks. First, it is
relatively inexpensive, especially if
one already owns video equipment
and a computer. Second, it can ana-
lyze inany types of experiments that
can be stored on videotape, includ-
ing work in the field. Third, the fact
that it is not automated makes it



New Jersey

The New Jersey Sea Grant Institutional Program is managed by the New Jersey
Marine Sciences Consortium, an alliance of 28 educational institutions, a number of
businesses and private entrepreneurial organizations, and individuals interested in the
state's marine affairs. New Jersey Sea Grant has recently entered its eleventh year of
activity in coastal and marine concerns.
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Sea Grant has grown steadily in value
to New Jersey by directing attention to
the challenges and opportunities
presented by the state's extensive and
invaluable marine resources. Emphasis
on critica! problems dea!ing in fisheries,
coastal processes and pollution continue
to be at the forefront of Sea Grant
activities under the New Jersey
program. Additionally, the program's
focus has expanded to include exciting
new projects based on the state's needs
in the areas of marine research
technology and development and the
socioeconomic impacts within the
commercial and recreational fishing
coinmunities.

These activities, while highly
sophisticated in scientific and academic
terms, nevertheless include a pragmatic
interest in the economy of the state,
Despite its small size, New Jersey is
bounded by more than 1700 miles of
coastline, which accounts for 17% of its
land mass, Tourism is the state's second
largest industry, accounting for over 5
billion dollars annually, most of it
attracted by marine recreational
activities. The state perennially ranks
among the top ten in the nation in
commercial fishing !andings with the
fishing industry alone generating almost
! billion dollars each year.

Following are some of the results of
the diversified research projects
conducted under the Consortium's Sea
Grant program. Each of these has been
beneficial in providing knowledge
essential to making decisions regarding
the best possible use and preservation of
our marine and coastal resources:

~ A comprehensive, multi-institutional
project on the identification of
bivalve larvae was completed in
!9S6. Sixteen academic, federal, and
private institutions participated in
the program which will culminate in
the publication of a comprehensive
manual/scientific monograph for the
identification of bivalve !arvac and
early postlarvae in the marine and
estuarine waters of the North
Atlantic. The project holds the

promise of international importance
in its ability to provide bivalve
researchers and managers with
essential information and referenoe
resources.

~ A New Jersey Sea Grant funded
project examining the viral content
and filtration rates of the hard c!am
at a commercial depuration facility
could uitiinately lead to a
revitalization of the state's declining
hard clam industry. Analysis of, and
recommended improvements in the
depuration process  placing clams
from marginally condemned waters
into running sterilized water for 48
hours to eliminate microbial
contaminants! will help determine
new harvesting sources.

~ The condition of the state's inlets,
barrier beaches, and other coastal
features is crucially important, both
economically and culturally. The Sea
Grant Coastal Systems Program, in
full cooperation with the NJ
Department of Environmental
Protection, has successfully identified
barrier island hazard areas, analyzed
the success of beach nourishment
projects and tested new techniques
for maintaining in!et channels. These
findings will enab!e New Jersey Sea
Grant to contribute significantly to
coasta! zone management in the
state.

~ Turning to the sea as a source of
biomedicinais, New Jersey Sea Grant
projects have yielded valuable
information that have far reaching
implications in the field of medical
science. A search for actinomycetes
in the marine environment has
resulted in new findings regarding
these antibiotic-producing bacteria.
A major pharmaceutical house in
New Jersey has expressed interest in
the project, and its participation
could contribute to the creation of a
new product uti!izing marine
antibiotics.

~ The pursuit of a simplified technique
for deterinining cobalamins in

marine waters led Sea Grant
researchers to a startling discovery.
Limulus polyphemus  horseshoe
crab! blood and cells, obtained as a
plentifu! waste-product of the lysate
industry, turned out to be unusually
rich in vitamin B-12 binding
proteins. The discovery led not only
to the development of the simplified
testing method for cobalamins, but
significant application of the findings
in the medical and diagnostic field.

~ Originally provided by the NJ Sea
Grant Extension Service, sea surface
temperature charts and weather and
wave conditions forecasts were
successfully turned over to a private
industry. Recent surveys indicate
both services continue to benefit the
commercial fishing industry by
contributing toward fue!
conservation, reduced transit time
and improved catches.
From Sandy Hook to Cape !vlay,

and into the shallows of the De!aware
Bay, New Jerseyans are, in ever-
increasing numbers, associating
themselves with the Consortium's
leadership in the preservation and
conservation of their marine resources.



New Jersey Sea Grant Makes Significant Strides
In The Areas of Coastal Processes and Fisheries Management

COASTAL SYSTEMS PROGRAM

New Jersey's Atlantic Coastline is a
series of barrier islands punctuated by
stabilized and unstabilized inlets. Some
sections of the outer coastline have some
degree of man-made protection from the
Atlantic Ocean; others are protected by
dunes. The struggle to maintain an
acceptable degree of stability along one of
the most highly developed shorelines of
the nation is constant. Scientists and
engineers return year after year in pursuit
of better technology and education to
protect what man has built from the
essentially ephemeral nature of a barrier
island coastline.

Sediinent sources, transport
mechanisms, "natural" systein dynamics,
and the effects of such human activities as
dredging and spoil disposal need to be
well defined and better understood. New
Jersey Sea Grant's Coastal Systems
Program is striving to achieve a
combination of understanding these
processes with the ability to predict
changes under various assumptions. If
profound changes occur in the back
barrier areas, there will be equally
profound impacts on the productive
wetlands and their associated ecosystems,
the intense human uses of the areas for
tourism, coinmercial fishing, and
increased building on the barrier islands.

New Jersey Sea Grant has introduced
and supported a fully integrated Coastal
Systeins Program, involving a number of
mutually supportive projects, directed to
the critical state and national problem of
the filling and narrowing of waters
between barrier islands and headlands.
This filling in of back islands and
headlands has serious implications. As
waters becoine more shallow and shoal
fiNed, both the navagability and general
utility of these areas are diminished.
Second, the environments evolve froin
subtidal to intertidal and finally to salt
marshes with narrow channels,

The economic benefit of one of the first
projects in the Coastal Systems Program
was realized almost immediately. A study
of "Littoral Sediment Dispersal of
Materials Dredged froin Barnegat Inlet
Used as Beach Nourishment on the
Northern End of Long Beach Island, NJ,"
revealed that littoral drift in the Barnegat
inlet area differed in direction from what
was previously thought by the U.S. Army

Corps of Engineers. The Corps had spent
$4,300,000 to dredge the inlet and used
the dredged material to nourish nearby
beaches. The researchers estimated a
longevity of three years for the nourished
materials, The findings indicated that
nourishment should have been done
further south in an area, where the
longshore current was determined to be in
a southerly direction, Because the beach
nourishment was affected in the area of
northerly flow of the current, the sand
migrated to and over the jetty and
ultimately back into the inlet from which
it had initiaHy been dredged. The project
provided data that is invaluable in making
decisions regarding multimillion dollar
beach nourishment projects.

The full impact of the economic
benefits provided by the Coastal Systems
Program has yet to be realized. With the
full cooperation of the NJ Department of
Environmental Protection, and benefits
already derived from consultation with
the Corps of Engineers in selecting a
model to provide a core program element,
the initial successes are evident. Long-
range implications indicate that the data
and inodels provided by the Coastal
Systems Program will significantly aid
and alter the course of coastal
management and development in the
state,

FlSHERIKS MANAGEMENT

The iinportance of the state's fisheries
has been stressed since the New Jersey
Sea Grant Program's inception. With
over 400 companies in the industry and
payroll in excess of l00 million dollars,
helping to improve this important sector
remains a high priority.

An ambitious and productive project,
five years in the making, could ultimately
result in providing an authoritative
resource that will aid fisheries
management, on an international level.

Aside from its scientific significance the
"Identification of Bivalve Larvae: a Multi-
Institutional Approach" exemplifies the
merits of cooperative effort. Sixteen
institutions  academic, federal and private
industrial! in both North America and
Europe contributed to the project, which
culminated with the publication of a
comprehensive manual/ scientific
monograph for the identification of
bivalve larvae and early postlarvae in
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estuarine and marine waters of the North
Atlantic.

Prior to the completion of this project,
existing keys for bivalve identification
were extremely limited and it was almost
impossible to unambiguously identify the
larvae of many species, particularly at an
early stage. Those limitations long
hampered both applied  aquaculture,
fisheries management, environmental
inonitoring, etc.! and basic  ecological,
biogeographical, etc.! research efforts in
estuarine and marine waters. The results
of this project eliminated many of those
obstacles and the resulting publication
provided a definitive resource and
research tool for researchers and
management alike. The potential
economic benefits to bivalve research and
fisheries management could conceivably
have global implications and far surpass
the program's original goals and
expectations.



Sea Grant Programs Match Diversity
of New York State's Great Coastlines

Dr. Krueger has been conducting
breeding studies to help reestablish lake
trout in the Great Lakes, by making it
easier to discover which strains are
reproducing naturally.

Successful fry collection is just one
step in a restoration program that may
take 20 years to complete,

But for the Great Lakes sportfishing
industry, including the 300 charter boat
businesses on Lake Ontario, it's a step in
the right direction.

NEW YORK SEA GRANT
INSTITUTE

Dr. Robert Malouf, Director
State University of New York
Stony Brook, NY 11794-5000
�16! 732-8862
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New York Sea Grant has developed
many unique projects in response to the
challenges and opportunities presented
by the diversity of its coastline, which
includes the Atlantic Ocean and two of
the Great Lakes. A few examples of
these projects:

~ In the summer of 1985, a
mysterious "bloom" of algae spread
across the waters of eastern Long Island,
killing the $1.3 million scallop crop.

The high degree of responsiveness
of New York Sea Grant allowed research
into the causes and effects of the bloom

to be launched immediately.
With Sea Grant funding, Dr. Scott

Siddall, of the Marine Sciences Research
Center at the State University of New
York at Stony Brook, began investigating
how water salinity and weather
conditions affect the algae involved, and
how the algae affect scallop larvae.

While the mystery of the brown
algae bloom has not yet been solved, the
reappearance of the condition in 1986
reinforces the urgency of ongoing Sea
Grant research in this matter.

New Vork

~ Consumption of seafoods reached
a record 14.5 pounds per American in
1985.

To meet the increased demand,
seafood industries must adopt new
technologies to enable them to package
and distribute high quality fish to
retailers on a regular basis.

In recognition of this, Sea Grant has
funded the work of Dr. Joe Regenstein
and other seafood technologists at
Cornell University.

Dr. Regenstein has worked closely
with industry in his investigation of
methods to extend the shelf-life of fresh
and frozen fish. For example, he brought
to the attention of U.S. industry a new,
sophisticated method of evaluating fish
quality, developed in Scotland,

His work may also help minimize
the loss of valuable food. He is studying
ways to extract, store and use the flesh
that clings to the bones of filleted fish.
Tons of this fish meat, high in iron
content, are being wasted each year.

~ The once great lake trout
population of Lake Ontario went into an
alarming tailspin in the 1950s, due to
such factors as over-fishing, predation,
and pollution,

In the 1970s, the United States,
New York State, and Canada jointly
began stocking this international lake
with one-year-old lake trout.

Finally, in 1986, thanks in part to
the Sea-Grant-funded work of Dr.
Charles Krueger of Cornell University,
the first positive evidence was produced
that lake trout may be making a
comeback: 75 baby trout, or "fry," were
found in the Henderson Harbor area of
Lake Ontario.



In New York, Sea Grant Writes the Book
on Revitalizing a Marine Industry
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The New York Sea Grant Extension
program, nationally recognized for
excellence, has helped bring about a
major revitalization of the tuna-fishing
industry on Lang Island.

Sea Grant Extension agents noticed
that tuna caught by Long Island fishers
frequently were rejected by the Japanese
buyers who made up the most important
segment of the fresh-tuna market.

The agents set up meetings with the
buyers, to find out why.

It turned out that the Japanese have
very strict standards as to how tuna
should be handled once they are brought
onto the boats � and that the Long Island
fishers were unaware of those standards.

As a result, the opportunity for
millions of dollars in tuna sales was
being lost, and many hours of work
wasted.

ln addition, Sea Grant agents
discovered that human illness was
occurring due to mishandling of the tuna.
A chemical farmed in poorly handled
tuna causes cramps and other symptoms
in consumers.

To remedy this situation, Sea Grant
developed a pamphlet detailing the
proper methods for maintaining the tuna
in the mast desirable condition during
the trip to the dock.

Sea Grant distributed it both to
individual fishers and at large group
meetings. Local and regional newspapers
soon wrote stories about its availability.
Within 80 days after its publication,
more than 500 copies had been
requested.

In addition to obvious benefits to
human health, Sea Grant's success in this
matter also had an enormous impact on
the economy of Long Island, our state,
and the nation as a whole.

At $5 a pound dockside, a single
800-pound bluefin tuna is worth about
$4,000.

By making these fish usable in the
important Japanese sushi and sashimi
market, Sea Grant helped effect an
increase in sales of over 32,000 pounds
of fresh tuna in one season alone.

This translates into a hike of more
than $250,000 in annual regional
economic activity,

Tuna sales soared to nearly $2
million in 1985, compared to less than
$300,000 in 1982.

The effect of this development on
the U.S. balance of trade is exactly the
kind of impact that is needed for the
national economy right now,

The Sea Grant Extension Program is
just what the doctor ordered for the
physical health of consumers; it has also
proven beneficial for the economic health
of the Long Island tuna-fishing industry,
and those who depend upon it for their
way of life,

NEW YORK SEA GRANT
INSTITUTE

Dr. Robert Malouf, Director
State University of New York
Stony Brook, NY 11794-5000
�16! 732-8862



North Carolina

Sea Orant is tearnteork. It's an orchestra of sclentists-
biologlsts, engineers, sociologists and geologlsts-
creatlng harmony from the dissonance of coastal problems...

By 1990 � in four years � 75 percent
of all Americans will live within 50
miles of a coastline. If Sea Grant
represents inoney well spent in 1986,
then future dollars are even more
important to the coinmonweal.

For mora information, contact:
B. J. Copeland, Director
UNC Sea Grant College Program
Box 8605
North Carolina State University
Raleigh, North Carolina 27695-8605
9191737-2454

Seafood technology
Surimi. It's a bland protein fish

paste. But add coloring and flavoring,
and it can be formed into a pseudo
crab leg or lobster tail.

Americans ate 150 million pounds
of surimi-based products in 1985,

Upstream
Coastal residents know it as river

scum. It looks bad, smells bad and
makes the drinking water taste dif-
ferent. And it puts a halt to boating
and swimming.

Sea Grant scientists know it as a
bloom of blue-green algae that has an
altering effect on the ecosystem.

They found that the blooms
decrease the efficiency of the river's
food chain and spur the growth of
estuarine algal blooins downstream.

Sea Grant fmdings have been used
to tackle blue-green algae problems
all along the East Coast.

in the estuary
Eastern North Carolina's fertile

lowland inust be drained to be
farmed. Fresh water from the fields
is funneled into the estuary. But fish-
ermen worry that the influx into
brackish estuaries affects fisheries
production.

'Ib solve the dilemma, Sea Grant
scientists studied how fresh water
affected estuarine hydrology, salinity
and fisheries production. And they ex-
amined alternative drainage inethods.

Consequently, the state changed
its water quality standards regarding
freshwater input and funded further
research.

The beach and beyond
When it comes to beachfront devel-

opment and offshore use, it pays to
look down the road.

Sea Grant assessed the effects of
major storms on a homeowner's first
line of defense � the dunes. Using
these findings, homeowners can take
storms into account before the waves
start crashing.

Sea Grant trained tomorrow's
resource managers and planners in a
program that examined important
coastal legal and policy issues � beach
access, public trust rights and off-
shore oil development.

After several years of research and

refinement, the alternative septic
systems designed by Sea Grant scien-
tists have passed the test, Even in
the shallow sandy soils of the barrier
islands, the systems succeeded in
treating sewage without threat to
nearby waters.

Offshore, scientists mapped under-
water mesa+ The mesas are prime
fishing spots and a potential source
for tomorrow's minerals.

Fish and fishermen

Sea Grant provides state and fed-
eral management agencies with the
biological and sociological facts
needed to manage fishery stocks,

Sea Grant scieritists have:
~ examined the biology and harvest

of hard clams, The findings were
used to establish regulations that
prevent overharvest,

~ developed computer models for
managing the state's scallop and
shrimp fisheries, The inodels will add
more money to fishermen's pockets,

~ devised important tests for detect-
ing hepatitis A in shellfish.

~ studied how fishermen transfer
information ainong themselves about
innovations and regulations.

Farming fish
Sea Grant scientists believe that

tomorrow's seafood plate should have
a cultivated flavor. They are perfect-
ing the commercial culture of hybrid
striped bass.

Through genetic manipulation,
researchers are growing a hardier,
faster growing hybrid. And they are
working out the diet and disease
problems that often plague aqua-
culture operations.

doubling the previous year's con-
sumption. But most surimi is im-
ported from Japan.

Sea Grant scientists experimented
with a cheap, abundant fish, the
menhaden, which coukl give Ameri-
can processors an opportunity to
enter the expanding market.

They refined the menhaden into a
high quality surimi and solved some
unique processing problems. Now the
National Marine Fisheries Service is
building a pilot plant for menhaden
surinu production.

Reaching out
People turn to Sea Grant with prob-

lems you won't believe. They want to
know how to rig a net, stop beach
erosion or shed a crab,

Through workshops and publica-
tions, one Sea Grant extension agent
sold the state's fishermen on crab
shedding. His efforts increased gross
sales of soft crabs by $2 million.

Another agent's knowledge of beach
processes paid off. He saved the state
over @0,000 by repairing damaged
dunes with Christmas trees.

And last year, Sea Grant received
over 60,000 requests for written in-
formation. And the program reached
more than 24,000 people each month
with its newsletter, Coestwatch.



An alternative septic system designed by
Sea Orant researchers has Improved wster qIIality on the coast
and helped to create a biiilding boom nationwide
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The normally fragile ecology of
North Carolina's coastal region was
in trouble in 1977.

The migration of Americans toward
sun and sand had begun to create un-
bearable pressures on the land.

New residents meant new housing,
and that meant sewage disposal in an
area where municipal disposal sys-
terns were almost nonexistent.

So septic tanks by the thousands
were being installed. Soil scientists
would discover later that 70 to 90
percent of them were installed in
soils unsuitable for private sewage
disposal.

The results:
~ One county had stopped all con-

struction for two years, and others
were considering a similar ban.

~ A serious health problem in one
community was blamed on wide-
spread water pollution.

~ Pollution from human waste was
cited as one factor in the loss of thou-
sands of acres of shellfishing,

~ Coastal communities badly in
need of an economic boost faced stag.
nation because of ecological
restraints on development.

Desperate for a solution, health
department sanitarians in the
20-county region turned to the state
for help.

The state, through its Department
of Natural Resources and Community
Development, turned to Sea Grant.

"I went to the Soil Science Depart-
ment at N.C. State University," says
Sea Grant Director B. J. Copeland.

Researchers there had been experi-
menting with an alternative septic
system to accommodate high growth
in the state's fast-growing Piedmont
section,

If it worked in the Piedmont soils,
Copeland reasoned, it ought to work
at the coast. Copeland gambled a
modest research grant that he
was right.

The gamble was a good one.
The low-pressure pipe system of

waste disposal developed by Sea

Grant research has become the stan-
dard waste treatment system in some
counties, the mandatory system in
others, and an economic alternative
nationwide.

The LPP system opened the way
for construction on land once classi-
fied as unsuitable for development,
creating a boom in construction.

The increase in development
has added jobs and money to
the economy.

The LPP system begins with a sep-
tic tank, just like a conventional
system. But then the effluent flows
into a second tank which contains a
low-pressure pump.

Sea Grant researchers Dennis
Osborne and Bobby Carlile found
that these pumps could evenly "dose"
the flow of effluent into a greater
area of soil for treatment.

The LPP system costs about twice
as much as a conventional system,
but it,'s worth it, Osborne says.

In business for themselves now,
Osborne and Carlile can attest to the
LPP's success.

Osborne says that in Wake County
atone, "there's been a half to a billion
dollars in direct construction costs
that would not have occurred without
the low pressure pipe system."

He estimates that by the end of
1987 his company will install LPP
systems for 1,000 Wake County
houses � houses that cost an average
of $96,000 apiece.

"1,000 houses times $95,000 is a
bunch of money," Osborne says. "And
that's just the houses themselves.
The cost of construction adds up to
even more money flowing through
the economy. That's just in one
county in one year.

Other states are finding the LPP
works there, too. Virginia, Delaware,
South Carolina, Texas and Louisiana
are just a few of the states that are
rewriting their waste disposal codes
to require the LPP design in some
cases. Some states even reference the
Sea Grant publication that explains

the LPP system.
In the West, the LPP system is

treating sewage on land that is high-
priced and densely-developed. "Build-
ing too close together on land makes
it impossible to use conventional
systems," Osborne says.

"I look at it  the LPP! as the differ-
ence between berg able to use a lot
or not," Osborne says.

For more information, contact:

B. J. Copetand, Director
UNC Sea Grant College Program
Box 8605
North Carolina State University
Raleigh, North Carolina 27695-8605

919/737-2454



Ohio

Ohio Sea Grant Program: The First Ten Years

Artificial Reefs

Artificial reefs have the potential to
greatly enhance the Lake Erie fishery
and the economy of the local corn-
rnunities where the reefs are placed. In
Ohio, the economy of north central and
northeast Ohio will be improved. Re-
search is underway to evaluate reef
design to insure that the reefs are con-
structed in the most beneficial fashion.

Pesticides Runoff to Wetlands

The transport and fate of currently
used pesticides in large agricultural wa-
tersheds are matters of increasing con-
cern in marshes and wetlands. The
impact of these pesticides is currently
being analyzed to present the impact
of changes in tilling and fertilizing tech-
niques to the agricultural industry.

Ohio Sea Grant has concentrated its
efforts on biological resources, water
quality and lake processes, coastal and
offshore engineering, aquaculture, bio-
technology, and resource economics and
marketing.

A few specific accomplishments are
explained here.

Economic Valuation and impact

Ohio Sea Grant researchers provide
estimates of the economic value and
impact of the Lake Erie sport fishery,
charter fishery, and marina industry to
policy and decision makers dealing with
the management and development of
our most valuable natural resource�
Lake Erie.

Predation on Bloom Species

Aphariizometton flos-atluae and Mi-
croeystis aeru ginosa are two of the
most potent fresh water toxin producers
and are public health concerns in eu-
trophic lakes. A microbial predatory
system against these cyanobacterial,
blue-green algal, blooms is being tested
to control the problem blooms.

For snore iuforsnation contact:

Dr, Charles E. Herdendorf, Director
Ohio Sea Grant Program

The Ohio State University
484 West 12th Avenue
Columbus, Ohio 43210-I 292

614/422-8949
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Ohio Sea Grant Program, now in its
tenth year, strives to answer the critical
resource and development problems and
issues of the nation's coastal resources,
especially Ohio's Lake Erie, for society
and industry, WelMeveloped coopera-
tive marine research, advisory services,
and education programs have been
strengthened with the involvement of
influential and energetic citizens co-
ordinating and directing the capabili-
ties and expertise of the private and
public sectors.

Ohio Sea Grant, housed within the
College of Biological Sciences at The
Ohio State University, is funded by the
federal government, the state legisla-
ture, participating universities, and
businesses.

Biological Removal of Mercury
Toxic and potentially hazardous

heavy metals are found in wastewater
from many industrial sources. Mercury
is one of the most toxic and notorious
examples of heavy metal pollution. The
biological detox i fica tion method
changes the mercury to a form which
can be condensed and recovered in the
elemental form. This method will elim-
inate the need ta dispose of the mer-
cury-laden waste in an approved toxic
waste landfill.

Dynamics of Bioavailable
Phosphorus

Special consideration has been given
to the role of phosphorus in freshwater
systems since a relationship between
eutrophication and phosphorus concen-
trations was established. Dispersion
models, applicable throughout the Great
Lakes basin, are being designed to eval-
uate and prioritize remedial actions
needed to reduce non-point source im-
pacts, Sea Grant researchers are pro-
viding valuable infortnation on the
transport of sediment laded with phos-
phorous and other contaminants/nu-
trients from tributaries to the near shore
zone and ultimately to the open lake.

Design Method Underwater Welding
Underwater "wet" welds, welds made

without any mechanical shielding from
the water, are plagued by the rapid
quenching effect of the surrounding
water and by a susceptibility to hy-
drogen einbrittlement. With the current
expansion in ocean engineering activi-
ties, there has been an overwhelming
demand to improve the quality and
strength of joining techniques. Ohio Sea
Grant researchers are working coop-
eratively with private industry to meet
this demand.

Under-Utilized Fish Species
On Lake Erie, 50 to 90% of ai} fish

impinged at power plant intakes are
gizzard shad. Shad, in the power plant
discharges, have only a slight chance
of surviving the winter. In addition to
being the mast abundant fish in the
lake, their harvest during the winter
does little to deplete spring forage
stocks. The shad have been made into
chum blocks for testing, in cooperation
with the Florida Sea Grant Extension
Agents, in the saltwater sport and com-
mercial fishing industry. It is antici-
pated that this will result in a new
market for the commercial fishery, cost
savings to power plants, increased eco-
nomic impact, and the use of a pre-
viously non-used resource. Other efforts
to develop markets for gizzard shad in
Louisiana as crayfish bait have pro-
duced the spinoff of a crayfish market
and commercial harvest in Ohio,



The Biological Removal of MercUry from
Contaminated Waste Investigated
by Ohio Sea Grant Researchers

The Research
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The Problem

Mercury pollution in Lake Erie was
such a serious problem during the early
l970s that sport and commercial fish-
ing were banned. The lake has been
cleaned up substantially since then, but
there are still areas where the waters
and sediments cantain unacceptably
high concentrations of' metals such as
mercury, zinc, arsenic, nickel, and
chromium,

Mercury is one of the most toxic of
the heavy metals, And methylmercury,
naturally formed in aquatic and ter-
restrial environments from elemental
 Hg-'! and mercuric  Hg+2! mercury, .
is one of the most toxic forms of mer-
cury. Industrial releases of inorganic
mercury have been shown to consid-
erably increase the amount of meth-
ylmercury in the environment,

Mercury is currently removed from
industrial waste waters by chemical
precipitation with sulfide or reduction
with sodium borohydride followed by
filtration. This leaves mercury-contam-
inated precipitate which must be safely
disposed of at a great cost to the in-
dustry. Alternative biological removal
processes also result in mercury-con-
taining waste, Consideration should be
given to the concept of complete re-
moval and recovery for re-use rather
than safe disposal.

Two Ohio Sea Grant Program re-
searchers, Drs. Olli Tuovinen and Conly
Hansen, are able to give more than
consideration to the problem. Their bi-
ological approach could replace present
methods of detoxifying industrial
sludges contaminated with mercury. Dr.
Olli Tuovinen is with the Department
of Microbiology, field of bioengineer-
ing, at The Ohio State University and
Dr. Conly Hansen is with the Food
Nutrition and Science Department at
Utah State University. Hansen was pre-
viously with the Agricultural Engi-
neering Department at The Ohio State
University.

This biological detoxification process
has several distinct advantages over the
chemical and other biological methods
currently being investigated or applied
to the mercury problem.

The Ohio Sea Grant Program has
sponsored the three year research proj-
ect of Drs. Tuavinen and Hansen since
September, I 984.

They proposed to convert mercury,
using a bioreactor and mercury resist-
ant bacteria, into a form which can be
condensed and recovered for re-use.
Mercury polluted sludge was mixed in
a small scale bioreactor with an energy
source and the mercury resistant bac-
teria. The bacteria survived, grew, and
multiplied, the mercury changed into
the usable form of elemental mercury,
and the resulting effluent sludge was
mercury-free. The bacteria were ge-
netically engineered in The Ohio State
University laboratories.

The biological process has been ap-
plied to industrial sludge from a chlor-
alkali factory in northern Ohio. This
sample of a filtrate "mud" from the
electrolysis cells was mainly composed
of potassium salts, insoluble metal hy-
droxides, and 100- 150 ppm mercuric
hydroxide. This sludge is currently being
disposed of at great expense in ap-
proved toxic waste landfills. Making
only slight modif'ications, the mercury
was completely removed using Hg-re-
sistant bacteria in a continuous process.
These results indicate the feasibility of
the biological approach to the control
of industrial mercury pollution.

The 8ettefits
It was found that raw sewage is suf-

ficient to maintain the bacterial cul-
ture. The culture is therefore self-
sustaining, and reduces mercuric ion
 Hg+2! to volatile mercury  Hg'! in an
aerobic process which requires no pre-
sterilization procedures. Thus, contin-
uous mercury removal under non-sterile
conditions has proven feasible in the
bench top bioreactor - essential if the
process is to have large scale industrial
applications.

The research naw being conducted
will have a significant effect on the
application of biotechnology to hazard-
ous industrial waste management. Such
an advancement could benefit the en-
tire world community.

The results from this study will also
lay the groundwork far further bio-
technological studies to remove and/or
detoxify other toxic metals found in
wastewater and sludges. Several other
metals have already been shown to be
transformed to less objectionable farms
by various resistant microorganisms.

Another important aspect of this work
is the attempt to use an industrial, food
processing waste as a nutrient and car-
bon source for biological, hazardous
waste detoxification. Various methods
have been investigated for upgrading
and utilizing food waste and by-prod-
ucts as animal feed or human food,
However, there is a great need to find
non-food uses for agricultural waste by-
products, The proposed research is an
innovative approach for using industrial
food processing waste as a microbiol-
ogical nutrient source in a biotechnol-
ogy related application.

For more information contact:

Dr. Charles E. Herdendorf, Director
Ohio Sea Grant Program

The Ohio State University
484 West 12th Avenue

Columbus, Ohio 43210-1292

614/422-8949



Oregon

Oregon Sea Grant

~ ~ ~

Sea Grant-sponsored projects address
many marine areas and issues. Some
examples of recent significant activities:
~ The United States is virtually com-
pletely dependent on South Africa and
the Soviet Union for its supply of
chromium, an essential metal used in
many industrial applications. But the
beaches of the Oregon coast and those
submerged areas of the continental
shelf which were once beaches are be-
lieved ta contain considerable quanti-
ties of chromite, the mineral source of
chromium. A Sea Grant study con-
ducted from 1983 to 1985 identified
how these mineral deposits are formed
on the modern beaches. Following up
on this research, mining companies have
indicated an interest in exploring for
deposits on the continental shelf off

William Q. Wick
Oregon State University
Sea Grant College Program
AdS 320
Corvallis, Oregon 97331

�03! 754-2714
~ Waterfront districts represent a com-
munity asset to port towns and cities,
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Established in l968 as the Oregon
State University Sea Grant College Pro-
gram, Oregon Sea Grant is dedicated
to the maintenance, conservation, and
wise use of the ocean and coastal zone
of Oregon, the Northwest and the na-
tion. The program integrates research,
education and advisory services.

Several academic institutions in ad-
dition to Oregon State University con-
tribute to the program: University of
Oregon, Lewis and Clark College, Uni-
versity of Washington, Washington State
University, and North Dakota State
University.

Sea Grant work is also carried out
onboard ocean vessels such as the R/V
Wecoma and at several satellite facilities,
including the Oregon State University
Seafoods Laboratory in Astaria and the
Mark O. Hatfield Marine Science Cen-

ter in Newport,
The program is only as good as its

people, and fortunately many outstand-
ing individuals are involved, One hun-
dred faculty members work at the insti-
tutions listed above on Sea Grant-
sponsored projects. More than 325 Sea
Grant-supported students have received
advanced degrees since the program
began.

Oregon in the near future. If chromite
mining were ta result, local coastal
economies, currently depressed, might
benefit significantly.
~ The great variety of deepwater fish
known collectively as groundfish are
America's highest volume fishery and
have substantial economic importance.
While maintaining sustainable ground-
fish populations is clearly desirable,
groundfish management has been very
difficult, largely because the fishery is
complex and notoriously hard to study.
An ambitious, pioneering research ef-
fort begun in 1985 has gained the coop-
eration of both management agencies
and commercial fishermen. Already it
is producing new, reliable data from
onship samplings off the Oregon coast
about what quantities of groundfish are
caught, where, and with what gear.
A better understanding of the web
of relationships between management
decisions, fishing strategies and fish pop-
ulations is the expected outcome of this
project. Improved groundfish manage-
ment may result.

~ The Columbia-Snake River System
figures prominently in the inland econ-
omy of the Pacific Northwest. As it
flows through six states and two Cana-
dian provinces, the Columbia has a pro-
found effect on maritime shipping,
hydroelectric power generation, irriga-
tion and fishing. More than a half-dozen
current Sea Grant research and exten-
sion efforts address a variety of' the
issues and opportunities associated with
the increasingly intensive use of the
river, These projects include training
for port managers, public education ef-
forts on critical environmental issues,
such as riparian management and waste
burial at the Hanford nuclear reserva-
tion, and biological research to enhance
salmon production at Columbia Basin
hatcheries, The Columbia effort demon-
strates the value of the rnultistate,
multi-institutional Oregon Sea Grant
network.

but in many communities this asset has
fallen into disuse. To promote the revi-
talization af waterfronts, Oregon Sea
Grant organized two major workshops
in 1985 and 1986 that were attended by
more than 150 city planners, adminis-
trators and interested members of the
private sector from Oregon and Wash-
ington port towns. Officials from the
towns of Reedsport and Astoria, Ore-
gon, are among those who acknowl-
edge these workshops as a catalyst in
their own planning activities. Technical
assistance responding to the specific
needs of individual communities is now
being provided by Sea Grant in the next
phase of the revitalization effort.
~ Erosion of beach property is a com-
mon problem at coastal locations; where
the often rough Pacific hits the Oregon
coast it can be a severe problem. But
seawalls, which some property owners
construct to protect their beachfrants,
may not be a good idea, a current Sea
Grant project is discovering. In the first
phase of the project, controBed labora-
tory experiments done in a wavetank
have found that waves remove much
sand from beaches adjacent to seawalls
and can also eat into property behind
them. In the next phase of research,
new and existing seawall construction
sites at the coast will be evaluated and a
computer model developed that will al-
low the effects of seawall construction
in a particular site to be predicted be-
fore construction.



The Promise of Useful Drugs from the Sea

�03! 754-2714
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Historically, most drugs used in hu-
man medicines have been derived from
plants and animals that live on land.
The ocean, as a vastly different en-
vironment, would seem likely to offer a
whole new pharmacopeia, but until re-
cently the ocean has scarcely been ex-
plored for this purpose. An ongoing
Oregon Sea Grant research project ad-
dresses this opportunity. Results to date
include the isolation of several new com-
pounds whose chetnical activity could
make them beneficial in new drugs.

While research into potential marine
biomedicinals is not altogether new
 Oregon Sea Grant itself supported a
number of research projects in the early
1970s!, today's research is able to go
farther with the new understandings and
new tools of biochemistry developed in
the 1970s. For his research, for example,
31-year-old Bill Gerwick uses Oregon
State University's recently acquired
magnetic resonance spectrometer and
mass spectrometer, highly sophisticated
instruments whose analytical abilities
were not available to the researchers of
a decade ago. Just the same, Gerwick,
a natural products chemist in the OSU
College of Pharmacy, collects his sarn-
ples in the traditional way � he goes to
the beach in his rubber boots and gath-
ers his seaweed samples into a bucket,

In testing 44 species of common sea-
weeds found along the Oregon coast,
Gerwick has isolated 21 new chemical
compounds that have displayed some
level of antimicrobial activity.

Three compounds that Gerwick has
discovered are of particular interest. One
is a very potent antibacterial compound
which, in laboratory tests, has success-
fully killed Pseurfomonas aeruginosa, a
bacteria that causes almost certain death
because it has a strain resistant to all
known antibacterial agents.

Another compound derived from
seaweed extract, which Gerwick calls
"exciting," is related to a newly discov-
ered group of human hormones known
as leukotrienes. These hormones are as-
sociated with asthma attacks, contrac-
tion of smooth muscle and cases of

hives, The fact that a seaweed can pro-
duce a similar compound could lead to
the development of drug analogs to the
hormone, made from the seaweed.

The greatest promise of any of Ger-
wick's discoveries to date comes from a
seaweed he discovered while diving off
the coast of Puerto Rico and which he
continued to analyze once he had moved
from the University of Puerto Rico to
Oregon State. From this blue-green alga,
Gerwick derived a novel carbon com-
pound which he calls hormothamnione.
In lab experiments the chemical shows
itself "an exceptionally potent toxin to
cancer cells," Gerwick notes. Hor-
mothamnione is actively being investi-
gated by a pharmaceutical drug com-
pany, and the National Cancer Insti-
tute is considering a proposal from
Gerwick for additional study of the
substance's action. Gerwick's other
natural compounds will also be tested
by pharmaceutical companies.

While Gerwick is quick to point out
that it often takes years to develop drugs
for human uses, still he is encouraged
by his results to date. "What we are
finding in the ocean is a chemistry that
is unique from what is found in terres-
trial environments," he says. "It is to-
tally new,"

William Q. Wick, Director
Oregon State University
Sea Grant College Program
Ads 320
Corvallis, Oregon 97331



Puerto Rico

UNIVERSITY OF PUERTO RICO
SEA GRANT PROGRAM

PUERTO RICO SEA GRANT: GATEWAY TO THE CARIBBEAN

association to promote marine
education.

pharmaceutical and agriculture
companies.

SEA GRANT IS OF GREAT
VALUE FOR PUERTO RICO
AND THE CARIBBEAN
BASIN COUNTRIES.

UPRSGP has provided:

~ incentives and funds for needed

tropical research...

~ information and guidance for new
income and employment in marine
resources...

~ MAS promotion of underutilized
resources such as shark and fresh tuna
has produced an additional $70,000
annual income for local fishermen.

~ improved decision making
capabilities and enhanced technology
in marine affairs...

~ broad dissemination of research
results deriving from the NSGCP
network...

~ Aquaculture training workshops
lectures, TV and radio programs
reached l50 potential aquaculturalists
and inore than half a million people.~ UPR SEA GRANT in only five

years, has undertaken important
projects such as:

~ Health officials, restauranteurs and
CES agents receive MAS training in
improved seafood handling and
quality control,

~ Management guidelines for local
grouper fishery by investigating
reproductive potential and sources of
juvenile recruitment.

~ URPSGP education efforts
improve public awareness of the sea,
its resources and socio-economic
benefits.

~ New compounds extracted from
seaweeds show promise as anticancer
drugs, antibiotics and pesticides. These
are now being tested by

~ Highly motivated Puerto Rican
teachers trained by UPRSGP have
established AMPEM, a voluntary
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WITH 5EA GRANT IN
PUERTO RICO, the National
Sea Grant College Program
 NSGCP! extends its
services and influence to
the Caribbean and Latin
America.

~ Studies of ciguatera fish poisoning
which causes severe regional health
problems and results in a $I0,000,000
annual loss to U.S. fisheries.
UPRSGP is undertaking the
development of a simple dock-side test
for infected fish.

~ Studies of microbial contamination
of shellfish by sewage show higher
antibacterial inactivation rates than in
temperate waters, and question the use
of "standard" coliform counts as
indicators of fecal pollution in the
tropics,

~ Spawning aggregations of
commercially valuable groupers are
targets for intense fishing, Project
results are essential for fishery
resource inanagement and
development.

A study of population dynamics of
tropical mangrove oysters suggests
that oyster harvests and their
economic value can be increased by
transplanting additional spat to
growing areas, This work has
applications for resource management
and maricultvre ventures.

~ Tourism grosses %600,000,000
annually. MAS is endeavoring to
increase the marine and coastal
recreation share of this important
industry.

~ Sea Grant Communications project
is the only available source of inarine-
oriented applied information in Puerto
Rico and the Virgin Islands. The
demand for this information increases
around 20% every year. Some of our
publications are now bilingual in order
to service the U.S. Virgin islands and
stateside constituents.

~ Two thousand newsletters are
distributed in twelve Latin American
countries, Israel, Spain, Africa and the
Caribbean; 25,000 additional
publications are circulated annually;
34,000 requests for information are
processed.

~ Our publications provide needed
local marine information for the
school system; 475 public and private
libraries are serviced through our
Marine Education and Information
Resources Center  MEI RC!.

~ UPRSG specifically encourages
research that addresses problems of
inanagement, development
conservation and utilization of marine
and coastal resources in three
programmatic areas; Fisheries-
Aquaculture, Marine Pharmacology
and Natural Products, and Coastal
Environmental Processes.

Dr. M. L. Hernandez-%vila
Director
University of Puerto Rico
Sea Grant Program
c/o Department of Marine
Sciences, Mayagiiez Campus
Mayagiiez, P.R. 00798

 809! $32-3585
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CIGUATERA: A PUBLIC HEAlTH ANb ECONOMIC PROBLEM

Results

The Problem
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CIGUATERA FISH
POISONING- A PUBlIC
HEALTH AND ECONOMIC
PROBlEM

Ciguatera Impact

Ciguatera fish poisoning is a human
health problem that can affect all
persons living near tropical seas. In
addition to a toll of 10 deaths per
year, the highest annual morbidity
rates in the United States are found in
Puerto Rico and the U.S. Virgin
Islands where diagnosed cases range
from 10 to 27 persons per thousand
per year. Increased exports of tropical
reef fish also have resulted in ciguatera
out-breaks in the temperate U.S.,
Canada, United Kingdom and France,
In addition to the public health
aspects, an estimated $10,000,000 per
year is lost to the Florida, Caribbean
and Hawaiian fishing industries, as a
result of quarantined sales of species
which are frequently toxic, and to
adverse publicity. In addition to
significant losses in work time,
medical expenses resulting from
ciguatera fish poisoning in the U.S.
average $1,300 per case.

Public health and economic
implications of ciguatoxic fish are of
such regional magnitude that an
intensive research effort was called for.
The UPRSGP investigation team has
faced two problems: �! little was
known about the origin and chemical
nature of the ciguatera poison; and �!
there was no simple way to determine
if a fish was toxic or edible. Solution
of the first problem is basic to public
health information needs; the second
addresses the problem of economic
and protein losses.

Sea Grant Response

Supported initially by a "seed
money" grant and subsequent project
funding by UPRSGP, Drs. T.R.
Tosteson, D.L. Ballantine and H,D.
Durst have made significant progress.
Using systematic collections of locally
caught barracuda, a carnivorous fish
which frequently is ciguatoxic, and
microscopic dinoflagellates from
nearby coral reefs, the researchers
determined a seasonal toxicity peak
during January-March. In addition,
researchers identified specific
anatomical areas of concentrated
poison in barracuda. By extracting
ciguatoxic fish tissue and
concentrating reactive compounds
from dinoflagellates which are
associated with reef algae, the research
team has isolated reactive components
termed collectively as ciguatoxins
 CTX!, and is further defining their
chemical nature and complex origin.
In addition to a dinoflagellate source
of CTX, results also indicate a
bacterial role in ciguatoxic formation.
The research team is now undertaking
to develop a simple and effective dock-
side test to detect infected fish.

~ a system for accumulating toxin s!
responsible for ciguatera fish
poisoning has been established and
significantly increased the supply of
crude toxin.

~ barracuda toxicity is apparently
seasonal, with peak ciguateric activity
seen during late winter and early
spring months.

~ two potential dinoflagellate vectors
of ciguatera have been located and
identified. Dynamics of natural
populations of each species has been
characterized over a two year period.

~ cultured dinoflagellates and readily
accessible wild populations have

significantly increased available crude
microalgae toxin.

~ bacterial flora associated with
dinoflagellates also appear to
contribute to ciguatoxin formation.

~ ciguatoxicity is shown to alter the
color response of fish scales
 melanophore cells! in the presence of
adrenalin.

~ melanophore response is being
further investigated as the basis for a
simple yet adequate dock-side test for
ciguateric fish.

two publications have been
accepted in peer-review journals; three
additional papers are in preparation.

Gembierdiscus toxi cus

Dr. M. L. Hernandez-Aviia
Director
University of Puerto Rico
Sea Grant Program
c/o Department of Marine
Sciences, Mayagiiez Campus
Mayagiiez, P.R. 00708

 809! 832-3585



Rhode Island

Rhode Island's Sea Grant Works at Home, Abroad

Providence River, A companion project
considered the effectiveness of water
quality policies on the Bay and how effi-
ciently those regulations are managed.

Scientists a!so identified the amount of
pollution the estuary is able to assimilate
by measuring the oxygen levels in the
water and determining how frequently the
Bay is flushed by ocean and river water,

Upper Nurrugatisett Bay. Pollution in
Narragansett Bay, the state's major
estuary, is a serious prob!em. Sea Grani
funded a multifaceted study in upper
Narragansett Bay which attempted to
identify what constitutes pollution for
portions of the Bay and ways to treat
urban waste economically.

Scientists studied the Bay by measuring
salinity, temperature, and currents to
create flow models of the Bay and the

Contact:

Dr. Scott W. Nixon, Coordinator
URI Sea Grant COIIege Program
Narragansett Bay Campus
Narragansett, Rl 02882

Surimi. Surimi is a tasty imposter of
big-ticket shellfish items; lobster, crab �01! 792-6SOO
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The University of Rhode Island's Sea
Grant College Program was one of four
original Sea Grant programs created in
l966, But URl was a Sea Grant institution
long before the bill was signed into law.

The University has always been com-
mitted not only to research but to
educating and advising the community.
Because Rhode Island is the smallest
state in the country, URI's Sea Grant
Program is ab!e to serve not just the
state but a broader audience which
crosses regional, national, and inter-
national borders. The program has been
involved in efforts such as estuary
studies in different regions of the United
States, coastal management in developing
countries, as well as studies of pollution
in Rhode Island's Narragansett Bay.

Liabi!ity BiH. Commercial fishing is one
of the nation's most hazardous occupa-
tions. Skyrocketing insurance rates re-
flect a situation aggravated by vessel
losses and an increase in the number and
size of personal injury settlements.

A URI researcher provided Congress
with a study suggesting alternatives to
the current system of personal injury
compensation. Portions of the study,
funded by Sea Grant, were incorporated
into legislation, House Bill 44! 5, and a
companion Senate bill, S2546.

The bills limit the liability of the ves-
sel owner unless a crew member is per-
manent!y disab!ed. If a crew member is
injured, he is eligible to recover medical
expenses and up to 80% of lost wages.
This replaces a situation where there is
no limit on the recovery of damages,

The bills also require that vessels
carry additional safety equipment such
as a black box which emits horning sig-
nals on emergency frequencies, survival
suits, life ra!is, as well as a radio and
flares. The bills limit the amount of
liability that a vessel owner and insurance
companies must face. That, coupled with-
increased safety, should encourage
insurance rates to drop.

and shrimp. The product, made from
white fish and flavored with shclifish
juices, is inexpensive and nutritious.

While extreme!y popular in Japan,
surimi does not enjoy such widespread
acceptance or marketability in the
United States. A URI food scientist,
with I'unding by Sea Grant, investigated
ways of making the domestic market
competitive with Japan's surirni market
by streamlining the processing techniques
and altering the texture of surimi.

Improvement in the processing tech-
niques include the use of locally caught
fish. And scientists are experimenting
with additions to surimi paste to alter its
texture to resemble not only shellfish but
meat, snack foods, as well as cheese,

Aquaculture. Sea Grant has funded
aquaculture research with an emphasis
on increasing the profit and market-
ability of rearing Atlantic salmon; These
two-year projects include economic
studies of rearing fish and biological
manipulation of young salmon.

Based on aquaculture industry research,
a researcher analyzed how fish farmers
can target salmon markets on a regional
basis. The study also profiles the national
and international aquaculture markets.

Other researchers are trying to deter-
mine when srnolitification, or the many
changes fish make when moving from
fresh to sa!t water, occurs in fish. If sci-
entists can pin down that moment, they
may be able to control the release of
hatchery-grown fish into the sea. Stag-
gering the release of fish would control
their return appointments to their birth
place, producing a better sales market,

Marina Executive Program. Marinas
stay afloat not only with secure docking
facilities but with strong business
practices.

To help marina owners understand the
business of boating, Sea Grant has
funded several projects including marina
executive management programs for
marina managers and owners,

The programs focus on developing
skills to improve profits'and services
and tailoring a business to local coastal
environments. The five-day program
featured speakers from industry and
academia as well as visits to marinas and
boatyards, A spinoff seminar will be
offered through a new non-profit marina
management organization.

Before the creation of the National
Marine Financial Data Bank, a two-year
study sponsored by Sea Grant, there was
no official source for financial infor-
mation on marinas, boatyards, and other
related businesses. Researchers also
created a data bank that collected in-
formation about marine-related busi-
nesses on a national basis which was
broken down into regions. Sea Grant ad-
visory specialists also faci!itated the first
national survey of boating facilities which
identified more than 10,000 marinas and
boatyards throughout the country.



Protecting a Precious Estuary: Rhode Island's Narragansett Bay

through photosynthesis, the amount of
dissolved oxygen and nutrients con-
tributed from sewage treatment plants,
and the oxygen uptake by the benthic
community. The study revealed the
residence time of fresh water in the river
and provided information on how quickly
the ocean flushes the river.

Resource Economics. An economics
project evaluated the costs and benefits
of controlling pollution inputs through
alternative strategies. Scientists con-
structed a data base for recreational uses
of the upper Bay and pointed out the
effects of water quality on adjacent
residential property. The study also
produced an inventory of pollution point
sources, urban runoff, and the effects of
a hazardous pollution spill,

Hydrodynamic ModeIing. Salinity,
temperature, and currents made up the
data base which described the pollutant
flow, or transport dynamics, in the
Providence River, The data also verified
tidal and non-tidal computer hydro-
dynamic flow models of the Bay. Com-
bined with estimates of runoff and
effluent discharges, the model can be
used to make quantitative predictions
about water quality.

Heavy Metals. Estuaries are considered
watery nurseries for young finfish and
shellfish. Scientists studied the impacts
of pollution on young winter flounder
and quahogs in order to provide basic
information on the effect of pollution on
living resources,

Contact:

Oxygen Levels. How much pollution
can the upper Bay and Providence River
assimilate? Scientists studied the re-
lationship between natural recycling and
nutrient loading in the estuary by
measuring oxygen levels biweekly.
Studies included measurements of
oxygen released from phytoplankton

Dr. Scott W. Nixon, Coordinator
URI Sea Grant College Program
Narragansett Bay Campus
Narragansett, RI 02882

Other Studies. Additional studies
included charting manmade and natural
physical changes to the shoreline of the
Providence River through dredging,
landfill, and natural causes. Another �01! 792-6800
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Narragansett Bay, more than 100
square miles of coastline and water,
splits Rhode Island into two jagged
pieces. The Bay is home for sailors,
fishermen, beach lovers, and offers a
deep-water port for shipping.

The upper Bay however, which ends
at the capital city of Providence, is a
repository for sewage treatment plants,
runoff, and other pollutants. Manage-
ment of this portion of the polluted Bay
is highly politicized.

URI scientists conducted a multidis-
ciplinary study of the polluted upper
Bay, focusing primarily on the manage-
ment of this urban area  which includes
the Providence and Seekonk Rivers!.
Because researchers had previously con-
ducted a similar multidisciplinary effort
involving the state's saltwater ponds that
was very successful, they felt confident
that they could apply the same tech-
niques to the Bay and provide direction
for management needs.

Research projects ranged from the
description of more than 200 years of
pollution history with sediment cores to
the measurement of oxygen levels in the
rivers and estuary,

Management Strategies. A companion
project, conducted by the Coastal Re-
sources Center, concentrated on the
effectiveness of water pollution policies
and how successfully the policies are
administered, The CRC looked at
adopted water quality goals, existing in-
forrnation, and the progress of pollution
abatement. Researchers set up simple
and easy-to-use sewer system and pol-
lutant transport models. This study was
particularly timely because of specula-
 ion as to whether the 1972 Clean Water
Act addresses specific trouble spots such
as urban estuaries.

project involved studying sediment
cores, which resulted in a historical con-
struction of pollution reaching back to
the 1700s,

The comprehensive research project
accomplished several goals, It gave
researchers a chance to study the com-
plex problems of an ecosystem, Narra-
gansett Bay, which has been severely
impacted by pollution and remains
difficult to manage as one large body of
water. While it was difficult, as in any
multidisciplinary project, to reach an
agreement between the many agencies
concerned with the Bay, new policies
for the Providence River were adopted
by the Coastal Resources Management
Council.

With the information gained from
Narragansett Bay, researchers have
begun a study that compares the manage-
ment strategies for six estuaries around
the country, from San Francisco Bay to
Delaware Bay. The study will provide
researchers with an understanding of
how various management plans have
evolved and man's success in dealing
with a natural environment,



South Carolina

South Carolina Sea Grant Consortium
Exploring the coast today for a better tomorrow.

Contact � Anne Hill
S.C. Sea Grant Consortium

287 Meeting Street
Charleston, SC 29401

 803! 727-2078
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Like many sunbelt states, South Carolina
has grown as more people are drawn to
warm temperatures, golden beaches, and
vast natural resources. In the ten years bet.
ween 1970 and 1980 the coastal counties
have increased in population over 24%.
Along the state's 187 inile coast, pressures
from commercial, recreational, industrial
and preservation interests continue to in-
crease. A cynosure for these pressures, the
state's abundant coastal and marine
resources are among her greatest assets,

Recognizing the needs and oppor-
tunities presented by South Carolina's vast
coastal and ocean resources, the State
Legislature formed the South Carolina Sea
Grant Consortium. The Consortium is
designed to supply the knowledge and
technology needed to develop and manage
these resources. To that end, the Consor.
tium draws upon the talents and physical
resources of its seven member institutions:
Clemson University, the College of
Charleston, the Medical University of
South Carolina, South Carolina State Col-
lege, South Carolina Wildlife and Marine
Resources Department, The Citadel and
the University of South Carolina, This con-
sortial partnership encourages cooperative
research, extension and education efforts
in a variety of disciplines: it also offers ac-
cess to a wide variety of facilities, including
30 laboratories and the new James M. Wad-
dell, Jr. Mariculture Research and Develop-
ment Center.

One research project being conducted at
the Waddell Mariculture Center is in-
vestigating the commercial aquaculture of
striped bass/white bass hybrids. The
striped bass ranks as one of America' s
most desirable game and food fish.
Similarly, the striped bass/white bass
hybrid has received widespread acceptance
as a recreational species and is a tasty food
fish.

From 1973 to 1983, cominercial landings
of striped bass along the Atlantic coast
have declined by 87 percent. In response,
the Atlantic States Marine Fisheries Com-
mission recommended a 55% reduction in
fishing et'fort in some states. A coinplete
ban has been instituted in others. At the
same time, market demand for striped bass

has increased five-fold since the early
1970 s.

The current fishery problems and ex-
isting market pressures offer a unique op-
portunity to examine the development of
cominercial aquaculture of striped bass
and the striped bass/white bass hybrid. In
this context the Consortium funded a
three-year study to  I! develop and
demonstrate techniques for the controlled
out-of-season spawning of striped bass and
white bass to produce an Fl hybrid, �!
demonstrate intensive nursery systems for
the production of hybrid bass fingerliiigs
and, �! examine striped bass, striped bass
and white bass hybrids and F2 hybrids to
identify the most suitable candidate for
aquaculture.

To date striped bass/white bass hybrids
have been spawned twice and, in 1984, they
were spawned three months before the
natural spawning season for the first time.
Techniques involving the manipulation of
temperature and photoperiod regimes for
conditioning, and injections of human
chorionic gonadotropin for induced ovula-
tion were used. All bass larvae have been
reared in intensive nursery systems and the
resulting fingerlings stocked in com-
parative production trials. This means that
brood stock have been grown, matured, and
spawned under completely controlled in-
door conditions; the first time this has
been accomplished. Additionally, results
have indicated that the striped bass/white
bass hybrid is the most suitable candidate
for aquaculture. Hybrids grow rapidly, ex-
hibit high survival and production rates,
and thrive in a wide variety of environ-
rnents and rearing systems.

Current studies are focusing on the
refinement of out-of-season spawning
techniques and production methods for the
grow-out of hybrid bass to market size.
Researchers expect to demonstrate that
hybrid bass can be raised from egg to pan
or market size in nine months; reducing
the natural grow-out time for bass and
thereby reducing culture costs.

Crawfish is another attractive
aquaculture species in South Carolina.
Crawfish aquaculture was introduced to the
State in 1977 by the U.S. Soi! Conservation

Service. Early growth in the crawfish in-
dustry was impeded by untested produc-
tion methods, lack of sound economic data,
and limited market development. It
became clear that technical assistance
would have to be provided to crawfish pro-
ducers and growers for the crawfish in.
dustry to develop.

The Sea Grant Marine Extension pro.
gram was contacted in early 1981 by
crawfish growers and producers for
assistance and, in response, a three-part
program was developed. First, production
methods were demonstrated by extension
specialists from Louisiana State University
and Texas A & M University through a
series of workshops. The Crawfish Growers
Association was then organized to improve
the exchange of good management and
production techniques. Second, economic
data was generated by L.S.U., Texas A & M,
and Clemson extension economists to in-
form potential culturists of the costs and
returns of a crawfish operation and a
number of workshops were held to dissern-
inate this information, Finally, a number of
activities have been sponsored to improve
the marketability of crawfish, including the
annual S.C. Crawfish Festival.

Results of these efforts have been signit'i-
cant. From 1980 to 1984 acreage inanaged
I'o r crawfish aquaculture has increased
froin 20 acres to 525 acres; production has
increased from 8,000 to 250,000 pounds
harvested; and harvest value has increased
from $6,000 to 5312,500. In 1985, 750 acres
of ponds were stocked with crawfish. The
ponds yielded about 300,000 pounds of
crawfish at an estimated value of $397,500.
These figures represent a percentage in-
crease over 1984 production as follows;
acreage under cultivation � 42.8%,
pounds produced � 16,7%, and value of
harvest � 21.4%,
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Texas A&M University is the Sea Grant College for Texas ..

Sea Grant College Program
Texas ARM University
College Station, Texas 77843
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...providing leadership for research,
education and extension activities to
promote wise use of our marine re-
sources. Research focuses on fisheries,
engineering, mariculturc, the coastal
environment and resources policy. and
for more than 15 years has involved thc
knowledge, talent and skills of special-
ists from:
~ The Texas A& M University System
~ The University of Texas System
~ University of Houston System
~ Bay I or C o liege of M cd ic inc
e Texas Southern University
~ Texas Southmost College
~ Lamar University
~ Bra7osport College
~ Pan American University

Recent research and advisory efforts
have made direct contributions to the
state's economy and to the safe use ol
the marine environment, For example:

~ Continuing Sea G rant-funded
mariculture research has concentrated
on nutritional requirements and disease
prevention for shrimp, and on invest!-
gations of prospects for redfish mari-
culture in Texas. Researchers working
on the latter have determined that
captive redf'ish can be induced to spawn
on a regular and predictable basis by
manipulating light and temperature.
Related work underway involves the
role of the endocrine system in repro-
duction and nutritional needs of redfish
larvae.

The commercial feasibility of a
shrimp mariculture industry is also
dependent on economical and nutri-
tious diets. Researchers aredetermining
which microscopic salt marsh plants
contribute to shrimp nutrition in the
wild, and have found that pond-reared
shrimp appear to derive much of their
food Irom the naturally occurring
plants in ponds rather than from more
expensive commercial feed.

Disease is, perhaps, the most devas-
tating factor that can affect pond-reared
shrimp in intensive mariculture opera-
tions. Veterinary experts have found
that shrimp appear to have an immune
response that can be induced by using

killed bacterial agents to formulate
vaccine-like preparations. They have
also developed a sensitivity test to aid in
diagnosis of shrimp disease and
detection of' disease carriers.

~ Sea Grant researchers work
closely with Mexico and V.S. govern-
ment agencies on sea t urtle
conservation programs, since Texas is
the site of important feeding grounds
for the endangered kernp's ridley, green
and loggerhead species and hosts the
U.S, portion of the Kernp's ridicy
ex perimental conservation program.
Texas A&M researchers have I'ound
strong support for the imprinting
theory, the role of temperature in scx
determination, and the nutritional
requircrncnts for captive breeding
programs.

~ Marine biologists at Texas A&M
University have determined that a sinall
parasitic snail can reduce shell growth
even in large oysters. and cause small
oysters to die when subjected to the
nuinbcr of parasites normally found on
oyster reels. The snail also spreads a
disease that is one of the primary causes
of oyster mortality in the Gulf of
Mexico, These linkages are important
to sustain oyster fisheries in the wild and
to develop oyster mariculture systeins.

~ Rcscarchers at Baylor College of
Medicine have determined that virus
found in polluted waters often adhere to
solid substances, which, in effect, f'orm a
virus reservoir when the solids settle to
the bottom. As a result, the virus often is
not detected when a bacterial analysis is
performed on the water. Sea Grant-
fundcd researchers developed a
sensitive, specific test to detect hepatitis
A virus. This assay may soon be able to
forecast the likelihood and extent of
potential virus pollution.

I Using controlled atmosphere
packaging technology, researchers
extended the shelf life of seafood be-
tween five and seven days for fresh f'ish
fillets, swordfish steaks and shrimp. The
process involves injecting carbon
dioxide into a specially sealed container
of seafood, which inhibits common

types of spoilage organisms without
changing the taste or appearance of the
seafood. These few days mean millions
of dollars to seafood marketers who are
trying to meet a surging demand for
fresh seafood in the United States.

~ Recreation and tourism make a
large contribution to the Texas
economy, but the amount for each
sector is not always clear, With support
from Sca Grant and the Boating Trades
Association of Texas, economists deter-
mined that the recreational boating
industry added inore than $I.7 billion to
thc Texas economy each year, far more
than had been anticipated,

In addition to research and advisory
service activities, education efforts by
the Texas A&M Sea Grant Program
provide increased understanding.
appreciation and awareness of the
coastal environment and resources.

~ Public school teachers from
throughout the country are given
special inservice training in all aspects
of marine education, both for in-class
work and I'or field experiences,

~ An annual Marine Education
Syrnposiurn attracts high school
students and teachers from throughout
the state, and introduces them to
current scientif'ic research, career
opportunities, and marine-related
aspects of social studies and the human-
ities,



Oyster parasites and disease

Perk insus  ~Dermocystidium! marin-
us, a disease-producing protozoan, is a
primary cause of oyster mortality in the
Gull' of Mexico and much of the south-
eastern coast of the Vnitcd States. It
spreads slowly from centers of infection
within an oyster reef complex and
moves even more slowly from rect to
reef, The infection is patchily distri-
buted on many reefs, often with unin-
fected oysters right beside infected ones.
This sporadic pattern suggests that a
slow-moving intermediate host is
important to the spread ol infection
within an oyster population.

As a result of research by Texas
A&M University Sea Cirant's Dr, Eric
Powell and his colleagues, it has become
apparent that a small parasitic snail,
Boonea irnpressa, is this intermediate
host. B. impressa, which occurs from
the Gulf of Mexico to southern New
Eng!and, may appear in concentrations
ol up to �0 snails per oyster and fre-
quently is found in concentrations of 5
to 20 snails per oyster. B. Impressa can
change hosts frequently, but normally
these excursions are limited to relative-
ly sma!I areas within the host popula-
tion. This behavioral pattern correlates
with the dissemination pattern ol' P.
marlnus,
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Field and !aboratory research
determined that B. impressa could
reduce shell growth even in large oysters
and cou!d cause small oysters to die
when subjected to the number of para-
sites normally found on oyster reefs. It
a!so changed the internal chemical com-
position of the oysters, decreasing their
health and ability to survive, In addition
to sapping the vitality of the oysters,
Powell and his co-researchers also
determined that B. impressa increased
both the occurrence and intensity of P.
marinus-causcd disease in oysters.

1 o estimate thc effects ol' B. Impressa
on oyster reefs. the researchers
developed a computer model to assess
thc impact of varying numbers and sizes
of snails on oysters. Once data on thc
abundance of snai!s and oysters in the
wild are known, the model can predict
the impact of the snail on specific oyster
reefs.

This research is providing an
increased understanding not on!y of
oyster reef communities, but of host,.'
parasite relationships in general, Thc
productivity of mariculturc operations,
as well as the harvest of wild oyster
populations. will be improved by new
insights gained through research such as
this,

Dr. Eric Powell

Sea Grant College Program
Texas A&M University
College Station, Texas 77843
�09! 845-3441



Virginia Sea Grant College Program � Providing research, education, and
marine advisory services for the development, use, and management of
coastal resources

ment policies on income, employment,
and harvest. Results of this study have
been used by the Joint Legislative Audit
and Review Committee of the Virginia
General Assembly, the Virginia Marine
Resources Commission, and the Divi-
sion of Fisheries Development of
the National Marine Fisheries Service.
Sea Grant researchers are now train-
ing VMRC personnel in the use of the
econometric models developed in
this project.

Developing Buffer Zone
Standards

Virginia Sea Grant supports many
other research, education, and marine
advisory services efforts from seafood
technology to marine resource eco-
nomics to aquaculture. For more
information, please contact:

WiHiam L. Rickards, Director
Virginia Graduate Marine

Science Consortium
203 Monroe Hill House
University of Virl;ms
Charlottesvime, VA?2903

 804! 924-5965
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The Virginia Sea Grant College
Program is administered through the
Virgiiua Graduate Marine Science
Consortium with members at University
of Virginia, College of Wi/liam and
Mary, Old Dominion University, and
Virginia Polytechnic Institute and
State University.

Virginia Sea Grant is part of a
nationwide network of 30 university-
based Sea Grant programs funded
through the National Oceanic and
Atmospheric Administration, In a
partnership between universities,
government, and industry, Sea Grant
programs work together to address
coastal issues through research,
education, and marine advisory .
services.

Through this partnership, Virginia
Sea Grant brings diverse talents to bear
upon problems and opportunites
concerning state and national coastal
resources. The following projects
illustrate a few selected
accomplishments.

Helping the Soft-Shell Crab
Industry Grow

The growing demand for soft-shell
blue crabs has created the opportunity
for expansion of the industry. Since
its publication in 1984, Virginia Sea
Grant's "Manual for Handling and
Shedding Blue Crabs  Cailinecres
sapidus!," has become the authoritative
information source for the industry.
Virginia Sea Grant Marine Advisory
Services  MAS! has aided in the design
and construction of over 20 new closed
system shedding facilities, and provided
consultation to over 50 established crab
shedding operations. Since 1982, on-site
diagnostic services have provided
evaluation of shedding facility
and crab mortality problems. For
example, MAS diagnosed a Reedville,
Virginia, crab shedder's problem with
excessive peeler mortality problem as
poor water quality and helped him
redesign his shedding facility. Subse-
quent peeler survival rate increased
from 35% to 65% in one season.

Solving the Mystery of Blue
Crabs ln the Bay

The blue crab fishery in the
Chesapeake Bay undergoes significant
annual fluctuations which cause eco-
nomic hardship for the industry. But
because little quantitative informa-
tion is available about the
movement of blue crabs in and
out of the Bay, a tri-state research
program was initiated in Virginia,
Maryland, and Delaware in 1979.
Virginia Sea Grant researchers have
found that environmental forces,
especially wind direction and strength,
actuaUy help keep blue crab
larvae in the vicinity of the Bay's
mouth instead of sweeping them
further out to sea. This resulted
in the development of a physical
model that helps explain the movement
and recruitment of blue crab
larvae at the Bay mouth and in
the adjacent ocean. The model will
ultimately be used to predict the size
of the Bay's harvestable blue crab
population far enough in advance to
develop optimal management and
harvesting strategies.

Increasing the Economic
Potential of Yirginla's Fisheries

The harvest of shellfish and
finfish in the Chesapeake Bay is of
significant economic importance to both
Virginia and the nation. However, while
the tools of economic analysis have
been used in fishery management
programs, there have been few
applications to Chesapeake Bay
fisheries.
In a three-year study, Virginia
Sea Grant researchers conducted
an extensive economic analysis
of the state's finfish and shellfish
industries, The project evaluated the
demand for Virginia's blue crabs,
oysters, and food finfish, and assessed
the impact that harvesting and market-
ing these resources have on the state' s
income. Researchers also developed
integrated econometric models that
analyze the effects of fisheries manage-

In the Chesapeake Bay, the effect
that boating and marina activity have
on the cleanliness of adjacent shellfish
growing waters is an issue of great
concern. In order to provide scientific,
regulatory, and industry personnel with
accurate data concerning areas of fecal
coliform occurrence surrounding
marinas, Virginia Sea Grant researchers
conducted a combined field and numeri-
cal modeling study. Bacterial data from
fieM studies was combined with mathe-
matical models to determine at what
distances from marinas significant levels
of fecal coliforrns attributed to marina
activities can be found. Research results
are being used as a foundation for a
l98&88 Chesapeake Bay Initiative
effort to develop a scientifically sound
method for establishing marina
condemnation buffer zones.



Virginia Sea Grant College Program � Increasing the economic potential of
Virginia's fisheries

~ Twenty-six published and working
papers regarding fisheries economics
have resulted from this effort.

~ Research has supported three
graduate students, and the completion
of one doctoral dissertation and two
master's theses.

The Heed Virginia Sea Grant supports many
other research, education, and marine
advisory services efforts from seafood
technology to marine resource eco-
nomics to aquaculture. For more
information, please contact;

William L Rickards, Director
Virghmi GraduNe Marine

Science Consortium
203 Monroe Hill House
University of Virginia
Charlottesville, VA 22903

 804! 924-5965

~ In order to more precisely
incorporate economics into decision
making, Sea Grant researchers are
training VMRC personnel in the use of
the econometric models developed in
this project.
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The harvest of shellfish and finfish
in the Chesapeake Bay is of significant
economic importance to both Virginia
and the nation. In the Bay, oyster
production accounts for 40% of the
nation's total yearly oyster harvest. In
addition, the harvest of the Bay's blue
crabs accounts for 40% of the nation's
total yearly blue crab harvest.

The future economic value of the
nation's fishery resources has become a
matter of concern for scientists, fishery
managers, and legislators. However,
while the tools of economic analysis
have been used in fishery management
programs, there have been few applica-
tions to Chesapeake Bay fisheries.

Virginia Sea Grant Response
In a three-year study, Sea Grant

researchers conducted an extensive
economic analysis of Virginia's finfish
and shellfish industries. The project
evaluated the demand for Virginia's
blue crabs, oysters, and food finfish,
and assessed the impact that harvesting
and marketing these resources has on
the state's incoine. Researchers also
developed integrated econometric
models that analyze the effects of fisher-
ies management policies on income,
employment, and harvest in the shell-
fish and finfish industries.

The project involved gathering,
organizing, and evaluating existing data
to determine historical economic pat-
terns and trends, market structure,
factors influencing economic supply,
and policy options for the fisheries,
Research analyses demonstrated the
relationship of harvest levels for blue
crabs and oysters to environmental,
public management, and econoinic
forces. An input-output model
relating the commercial seafood
industry to the state's economy
was also developed.

Selected Accomplishments
~ Results of this study have been
used by the Joint Legislative Audit and
Review Committee  JLARCj of the
Virginia General Assembly, the Virginia
Marine Resources Commission
 VMRC!, and the Division of Fisheries
Development of the National Marine
Fisheries Service.

~ When the JLARC was asked to
develop policy alternatives that might
help foster Virginia's economic position
in the fishing and seafood industries, it
worked with the project's principal
investigator in compiling information
for its report entitled "The Economic
Potential and Management of Virginia's
Seafood Industry."



Washington

Washington Sea Grant � A university-based partnership vtith industry, government, and
citizens that is providing innovative leadership for addressing problems and opportunities
of marine resource conservation, development, and management...

Early in 1987, Coast Oyster Corn-
patiy plans to switch entirely to triploid
larvae and by 1990 projects that its entire
production will be in triploids. Westcott
Bay Sea Farms is currently test market-
ing triploids in Seattle and San Francisco
and expects to meet the needs of a na-
tional market within three years.

i.ocating Crab Ilurseries
Dungeness crab has been a domi-

nant commercial species among West
Coast crustacean fisheries for more than
four decades. The ex-vessel value of
Washington's crab fishery ranges froin $9
million to $30 million annually. In recent
years, the fishery has undergone a severe
decline, but this may not be permanent;
on the West Coast, landings of Dun-
geness crab seem to cycle widely over
9 � 12-year periods. Cause of these fiuc-
tuations is not known, but habitat loss

Further IIIfOrrnatlOn
Louie S. Echols, Director
Washington Sea Grant Program
37I6 Brooklyn Avenue NK
Seattle, WA 9811141
�06! 543-6600
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To address the problems and oppor-
tunities of resource conservation, de-
velopment, and management, the Wash-
ington Sea Grant Program undertook in
1968 a coordinated program of research,
education, and advisory services. The ef-
fectiveness of this program is demon-
strated by thefollowing projects.

Reviving an Oyster Industry
Oysters have been harvested in

southern Puget Sound and Willapa Bay
for decades. By the 1950s, however, the
native oyster had all but disappeared-
the victim of pollution and overharvest-
ing. To restore the once-abundant re-
source, measures were taken to clean up
polluted waters and to limit harvests.
Still growers depended upon itnports of
"seeded" oyster shells from Japan.

But today, the oyster industry in
the Pacific Northwest is booming
again � the result of Sea Grant research
to develop a means for mass producing
oyster larvae in hatcheries and a tech-
nique for producing sterile oysters that
are edible year-round.

In the 1970s, researchers at the
University of Washington's School of
Fisheries found a way to induce captive
oysters to spawn, This breakthrough has
meant that growers can now fill plastic
saltwater "setting tanks" with oyster
shells and add larvae purchased from a
nearby hatchery, Once the larvae attach,
the shells are moved to deeper waters to
mature. Acceptance of this new pro-
cedure was gradual, but in 1985 approx-
imately 80% of West Coast oyster pro-
duction was derived from hatchery-raised
larvae.

In 1986, two Washington hatch-
eries began to market a genetically engi-
neered oyster that remains plump and
tasty even during summer months when
oysters normally are mushy and milky.
This "all-season" oyster results from a
chemical treatment that produces a third
set of genes. The sterile "triploid" oyster
devotes its entire life cycle to growth
rather than to seasonal reproduction and
thus remains firm and sweet year-round.
Another advantage is that the triploids
grow faster and larger than diploids.

Helping a Port
Avert Bankruptcy

On a day-to-day basis, Sea Grant' s
port industries specialist works with port
managers to help them assess financial
performance of these public enterprises
and to formulate effective tnanagement
policies. For one small Washington port
on the brink of bankruptcy, such as-
sistance has meant continued operation.

In early 1986, the port was two
years in default on a bank loan of ap-
proximately $1.5 million. Relations
among three major parties  port, bank
and county treasurer! had become very
strained.

At this point, the port industries
specialist was asked to assist. He spent
30 days discussing the matter with all
parties and their advisors  attorney, ac-
countants, etc,!; reviewing financial and
management documents; and inspecting
facilities of the port and its competitors.
Subsequently, he presented a formal re-
port to a meeting of all those involved,
The concept he outlined to solve the
problem was adopted and is now being
implemented to the satisfaction of every-
one, especially those who rely on the
port for services and livelihoods.

may be a significant problem.
Estuaries are known to provide

protection and food for the young of
many marine fishes and invertebrates.
Whether they play this role for the Dun-
geness crab has never been entirely clear.
While the adults, including egg-bearing
females, are found almost exclusively
offshore, the young-of-the-year and 1-
year-old juveniles have been found both
in offshore waters and in estuaries.

The question of estuaries and Dun-
geness crab has become a pressing one.
Over the years, estuarine habitat has
been lost or disturbed by development,
and the pressure to develop continues.

Intensive surveys of Grays Harbor
estuary and adjacent offshore waters and
Port Gardner in Puget Sound have been
conducted by University of Washington
scientists for three years. They now have
evidence that these areas are important
nursery grounds for Dungeness crab.

Findings of the Sea Grant research
have stimulated further studies which are
necessary for sound economic and en-
vironmental decisions:
~ Corps of Engineers  COE!, which is

responsible for maintaining naviga-
tion channels in Grays Harbor

~ Washington Departments of Ecology
 DOE! and of Fisheries  WDF! and
associations of crabbers and
oystermen, who are interested in
gauging the extent of crab mortality
caused by Sevin apphed to the inter-
tidal zone to control burrowing
shrimp that disrupt oyster production

~ WDF, EPA, CQE, DOE, Lummi
Tribe, and Padilla Bay National
Sanctuary, who collectively wish to
assess potential impacts of nearshore
projects on juvenile recruitment and
critical habitats

~ U,S. Navy and COE, who need in-
forrnation about crab habitat in the
area of the proposed home port at
Everett
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An example of the far-reaching re-
sults that can be achieved by directing
academic research to contemporary con-
cerns can be found in Washington Sea
Grant's studies of chitin, a substance
found in crabshell, and of a derivative of
chitin called chitosan. Researchers fol-
lowed two very different routes of inves-
tigation to develop two patented pro-
cesses; both have been licensed by
private companies, and one product has
reached the market,

The Spur far Ghitiil ReSearCh
Chitin is a structural component

of the outer shell of shrimps, crabs and
lobsters and comprises the outer skeleton
of insects and the cell walls of fungi as
well. The second most abundant polymer
in nature, after cellulose, chitin can be
processed to make the deacetylated de-
rivative, chitosan. However, neither the
chemical properties nor potential uses of
chitin or chitosan were investigated to
any degree until a crabshell disposal
problein threatened to bury seafood pro-
cessors.

In 1969, a Seattle company was
interested in establishing a pilot plant for
producing chitin and chitosan. Supplies
of raw material wou1d be ample because
of new Environmental Protection Agency
regulations that prohibited seafood pro-
cessors fram dumping wastes around
plants. Many processors were faced with
finding an alternative means of treatinent
or disposal, or closing down.

Sea Grant's seafood processing
specialist learned of the company's plans
and put its founders in contact with two
groups of Sea Grant researchers, One
group was experimenting with chitosan
to learn whether it could be used to im-
prove paper processing. Other ie-
searchers were developing methods for
completely separating seafood meat from
shell.

By 1972 the researchers and their
students were working in a pilot plant
along with company personnel to de-
velop salable products from shrimp and
crab processing wastes. But econom-
ically viable applications did not surface
irimediateiy. 1Vlore than IO years of test-

ing and research into new possibihties
was required before some of the most ex-
citing uses of chitosan appeared.

Golitact Lenses for Injured Eyes
One researcher took up the task of

research and development of a contact
lens made wholly of chitosan. He suc-
ceeded, and the University of Washing-
ton was awarded a patent on this use of
chitosan in July 1985.

Because it does nat adhere to the
surface of the eye, the chitosan lens,
which is similar in size and flexibility to
a soft contact lens, is expected to be an
ideal "bandage" for injured eyes and for
patients of such eye surgical procedures
as cataract removal and radial ker-
atotomy. A private company has licensed
this use and is conducting pre-clinical
tests, with the expectatian that the prod-
uct will be ready for FDA clinical trials
in 1987, If FDA approval is eventuauy
secured, then the lens could be used for
the estimated one million interocuiar lens
surgery cases each year as well as for
cases of radial keratotomy and corneal
abrasion.

Beyond its non-adhesive qualities,
the chitosan lens may have inherent
wound-healing qualities. Should these
prove out in clinical trials, the lens could
be a desirable alternative to currently
available eye bandage material.

The chitosan lens is transparent.
The company plans to test optical char-
acteristics to determine whether it may
be useful for correcting vision. If so, a
disposable contact lens made of chitosan
could be developed.

Chitosan's Bumper Crops
At present, chitosan's widest

use literally � is in the fields of eastern
Washington, A Sea Grant researcher at
Washington State University found that
winter wheat seed treated with the com-
pound yields 10 percent more grain per
acre than untreated seed, His laboratory
has shown that chitosan treatment helps
keep wheat plants erect until harvest,
thus reducing losses inflicted by root-rot-
ting fungi which weaken wheat stems.

Chitosan also appears to inhibit
the soil fungus that causes root rat. At $1
to $2 per acre, chitosan treatment is
more economical than existing chemical
preventatives for root rot; these typically
cost $7 to $20 per acre, depending on
strength and means af application. The
research has resulted in:
~ In 1986, the commercial planting of

100,000 acres of chitosan-treated
wheat in eastern Washington;
Sales of chitosan by a Seattle com-
pany to an Oregon company which
converts chitosan into this patented
seed treatment;

~ Field trials in 1986 of chitosan-
treated peas, oats, barley and po-
tatoes.
But the future may belong to work

being done at the molecular level. The
WSU studies have determined that in
peas, chitosan activates specific disease-
resistance genes. Conversely, when
chitosan is applied ta plant pathogenic
fungi, gene function is suppressed. Hav-
ing identified some disease-resistant pea
genes whose function chitosan enhances,
the researchers have cloned this gene and
wiII attempt to transfer it to other food-
plant species, to try to enhance their dis-
ease resistance as weIl.

Already, more has been achieved
than could have been dreamed possible
by the Sea Grant investigators when they
first began to study chitin and chitosan.
They could hardly have envisioned any
connection with genetic engineering,
which had barely reached an embryonic
stage at that time. Though we da not yet
know the full significance of these mo-
lecular discoveries, the potential value
for agriculture of finding a simple natural
substance that increases disease resis-
tance or enhances growth of many crop
plants is by itself incalculable.

Further information
Louie S. Echols, Dlrectot'
Washington Sea Grant Program
3716 Brooklyn Avenue NE
Seattle, WA 98105
�66! 543-6600



Wisconsin

The University af Wisconsin Sea Grant College Program is a unique working
partnership of federal, state, university and private sectors. Estabhshed in
1988, the UW Sea Grant Program reflects "The Wieconaln Idea" in action.

THE WISCONSIN IDEA
IN ACTION

THE INLAND SEAS

"The Wisconsin Idea" � that the bounda-
ries of the univer sity are the boundaries
of the state � is a stmng tradition. UW
Sea Grant embodies tlus plulosophy by
devoting 25 percent of its resources to
education and service programs outside
the classroom.

Sea Grant emphasizes public service by
sponsoring workshops for commercial
and sport fishermen, helping cities and
homeowners minimize lakeshore ero-
sion, and producing the popular
Earthreatch Radio series.

THE GOAL

THE RECORD

The UW Sea Grant Colle~ Program is
dedicated to pmtecting and enhancing
these resources, which are of vital
importance to the economy and quality
of life in Wisconsin.

FOr rrtOre infOrmatiOn:

Education. More than 270 UW Sea
Grant students have received Master' s
and Ph.D. degrees and have gone on to
jobs in the private and public sectors,
where they continue to apply the results
of Sea Grant research.

Sea Grant Institute
UnIversIty of Wisconsin-Madison
1800 University Avenue
Madison, Wl 53705
�08! 262-0905
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Wisconsin's "oceans" are the Great
Lakes, and the Sea Grant Program here
focuses most of its attention on these
inland seas. Headquartered in Madison,
UW Sea Grant is a statewide program
that conducts research, education and
public service activities. Advisory Ser-
vices field offices are located in Superior,
Sister Bay, Green Bay and Milwaukee,
More than 150 faculty, staff and students
are involved in Sea Grant projects on
campuses throughout the state.

UW Sea Grant's major research efforts
include microcontaminants in the Great
Lakes, fisheries, aquaculture, diving
physiology, Great Lakes policy, and a
Green Bay research program. Sea
Grant's Advisory Services field agents
and specialists provide the essential link
between the few who study the lakes
and the many who use or manage their
resources.

Microcontarninarrts. Sea Grant scien-
tists are identifying the sources and fates
of toxic chemicals in the aquatic environ-
ment and predicting how long these
compounds will remain a problem in the
Great Lakes. UW scientists have identi-
fied the atmosphere as a major source of
PCBs and other toxic contaminants
entering the Great Lakes. Because of
concern over health effects on humans
who ingest these contaminants by eating
locally caught fish, UW Sea Grant is con-
ducting an epidemiological study of preg-
nant women and babies in the city of
Green Bay. The results of such pmjects
allow industry and government to better
manage and control discharges of toxic
compounds.

Water Resources. Sea Grant research-
ers have discovered that groundwater
may contribute 10 to 15 percent of the
water in Lake Michigan � and possibly a
significant amount of phosphorus and
other nutrients. This information is
essential in assessing the impact of land-
fill waste disposal on both ground and
lake water quality, and could potentially
irnpmve the forecasts of lake levels. The
U,S. Bureau of Mines and U.S. EPA are
also adapting the UW researchers' tech-
nology to monitor groundwater flow.

Diving. The goal is to make diving safer
and easier for sport and pmfessional div-
ers. UW researchers have discovered
that the short, deep "bounce dives"
often made by sport divers hold a
greater risk of paralysis and death than
previously believed. Sea Grant scientists
are examining psychological factors
which may be useful in identifying indi-
viduals who are likely to experience
panic in underwater emergencies.

Fisheries. A major Sea Grant goal is to
enhance Wisconsin's sport and commer-
cial Great Lakes fisheries, which have an
estimated annual worth of more than $60
million and $4.2 million, respectively. A
computer model to determine predator-
prey interactions in lakes has influenced
the way Lake Michigan's fishery is being
managed. Wisconsin and Michigan have
developed forecast schemes and stock-
ing rates based on the carrying capacity
of the lake's forage base, and stocking
rates for salmon have been reduced, Sea
Grant scientists are also working to
restore naturally repmducing lake trout
populations to the lake and are investi-
gating the economic returns of various
lake trout management policies.

The resources of Lakes Superior and
Michigan are extremely valuable to the
people of Wisconsin. The lakes pmvide
high quality water for coastal residents
and industry and offer abundant recre-
ational opportunities. The lakes also
mean jobs for commercial and charter
fishermen, shipbuilders, dockworkers,
sailors, recreational businesses and
others.



The University of Wisconsin Sea Grant College Program has played a vital role
in the rebirth of the Great Lakes fisheries � fisheries that were nearly destroyed
by overexploitatian, the invasion of alien species of fish and pollution in the
first half of this century.

THE FUTURE
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THE FISHERY TODAY

Virtually nonexistent just 20 years ago,
the Great Lakes sport fishery in 1985
was valued at $1.4 billion. The Great
Lakes also support a small but active
commercial fishery with a dockside catch
valued at $41 million a year. The rebirth
of this fishery has been responsible for
the economic revival of hundreds of
Great Lakes coastal communities.

However, the fisheries of the Great
Lakes could not exist without continu-
ous control of the parasitic sea lamprey,
Many native species have been lost, and
the sport fishery is now largely depen-
dent on hatchery-raised and stocked
exotic species like coho and chinook
salmon. The carrying capacity of the
forage base is in question. Use of the
resource is constrained by microcontami-
nants like PCBs in same of the larger
fish. Balancing commercial and sport
harvests reinains a difficult policy issue.

Despite these problems, our under-
standing of the Great Lakes ecosystem,
particularly the fisheries, has reached
the stage where scientists are asking the
right questions and management of the
fisheries is entering a new and enlight-
ened phase.

PROVIDING ANSWERS

University of Wisconsin Sea Grant
researchers have taken a leadership role
in establishing new directions for Great
Lakes fishery management by providing:

An Ecosystem Approach to Fishery
Management. The Lake Michigan eco-
system is undergoing rapid and drainatic
changes. The exotic alewives, the prin-
cipal forage fish for stocked salmonids,
have declined sharply. Stocks of native
species like the bloater chub and yellow
perch are rebounding. Changes of such
magnitude require precise, up-to-date
inforination on the structure, function
and interactions of the fish community
for effective management.

It is naw apparent that the reduced
nutrient loading into the lakes and the
effects. stocked salmonids are having on
the food web have resulted in water qual-
ity improvements. Water clarity during
summer inonths and fishing in Lake
Michigan are better than they have been
in at least 60 years. Similar develop-
ments could occur in M<es Superior,
Huron, Erie and Ontario as stocking
rates increase there. Sea Grant re-
searchers continue to uncover the mech-
anisms by which these changes have
occurred and the extent ta which they
can be controlled.

Fishery Management Tools. UW Sea
Grant scientists have developed a proto-
type model of Great Lakes predator-prey
interactions, which Wisconsin and Michi-
gan fishery managers are naw using to
make stocking decisions based on trends
in the forage base. Wisconsin scientists
are also coordinating the first Great
Lakes-wide survey of the diets of
stocked salmon and trout to establish
a baseline for monitoring the predator-
prey system.

Another UW Sea Grant model is being
used to guide the development of a cost-
effective sea lamprey assessment pro-
gram in Lake Ontario. Wisconsin re-
searchers have also shown that fishery
managers can use the early life history
of 6sh like bloater chubs to forecast
future populations and set catch limits.
Sea Grant whitefish population models
for Green Bay and northern Ldce Michi-
gan have also been used by management
agencies to regulate the commercial
whitefish 6shery. Researchers are also
working to restore naturally reproducing
lake trout populations in the Great Lakes
and are evaluating the economic returns
of various lake trout management
policies.

Contaminants and Fish. University
of Wisconsin scientists are identifying
the sources and fates of toxic chemicals
in the aquatic environment and predict-
ing how long these compounds will

remain a problem in Great Lakes fish.
UW scientists have identi6ed the atmo-
sphere as a major source of the PCBs
and other taxies in the Great Iakes.
Because of concern over health effects
on huinans who ingest cantaminants in
the fish, Sea Grant is conducting an epi-
demiological study of pregnant women
and babies in the city of Green Bay. Sea
Grant is also distributing information to
the public on how to minimize the intake
of containinants by properly cleaning and
cooking the fish. Such research has
allowed industry and government to bet-
ter manage and control discharges of
toxic compounds.

Fishery Enhancement. UW Sea
Grant Advisory Services field agents
have conducted marketing workshops for
the economically important charter fish-
ing industry. Advisory agents are also
working with Green Bay commercial
perch 6shermen to determine the best
net mesh size to reduce mortality among
sublegal 6sh. Sea Grant scientists have
worked with the commercial 6shing
industry ta develop better storage and
packaging techniques.

The future of the billion-dollar fishery of
the Great Lakes depends on enlightened
management and continued, coordinated
research on all facets of the Great Lakes
ecosystem. Management agencies like
the Wisconsin Department of Natural
Resources, the U.S. Fish and Wildlife
Service and the Great Lakes Fishery
Commission, and advisory groups like
the International!oint Commission, all
rely an the research results and scien-
tific expertise of the University of Wis-
consin Sea Grant College Program.

For more information:
Sea Grant Institute
University of Wisconsin-Madison
1800 University Avenue
Madison, Wl 53705
�08! 262 � 0905





4. Regional artd National Projects
Descriptions of five regional Sea Grant projects and of the National
Sea Grant Depository and the related Sea Grant Abstracts
~ New England
~ Mid-Atlantic
~ Southeast
~ Great Lakes
~ Pacific Rim
~ National Sea Grant Depository





Mid-Atlantic

Such cooperative efforts help expand
the talents and experience of any one
program we11 beyond state boundaries
to solve difficult problems and to ex-
ploit emerging opportunities along the
Mid-Atlantic coast.

~ Finfish and Shellfish Aquaculture

For More Info rination

For more information about Sea Grant
programs in the Mid-Atlantic region
call:Regional Cooperation

New York Sea Grant Institute
�18! 436-0701

New Jersey Sea Grant Program
�01! 872-1300

Delaware Sea Grant College
�02! 451-8062

~ Coastal Development, Sea

Maryland Sea Grant College
�01! 454-5690

Virginia Sea Grant College
 804! 924-5965

University of North Carolina
 919! 737-2454

South Carolina Sea Grant Consortium
 803! 795-9650

Cooperative efforts often involve re-
searchers, educators or extension
specialists from a number of the re-
gion's Sea Grant programs. Here are
some examples of recent regional
issues: ~ Estuarine Research. Because the

Mid-Atlantic boasts a number of
important estuaries, including the
Delaware estuary and the nation's
largest estuary, the Chesapeake

~ Sofi-Shelled Blue Crab Systems.
Blue crabs bring a better price as
soft shells, but mortality rates
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From the slender finger of Long Island
down to the sandy Carolina capes the
Mid-Atlantic's coastal waters support
numerous important marine industries,
including commercially valuable
fisheries. The Mid-Atlantic region is
dotted with large estuaries and sounds
� Great South Bay, Barnagett Bay,
Chesapeake Bay, Albemarle Sound,
Some of these einbayments are among
the richest seafood grounds in the
world.

The Mid-Atlantic region also supports
some of the most populated watersheds
in the nation, Demand for the region's
marine resources runs high, and a
number of fishery stocks are facing
serious decline. At the same time,
there are new opportunities available
thanks to developments in technology
� opportunities that could help in-
vigorate the region's marine economy.

To help address the problems and
opportunities of the Mid-Atlantic, Sea
Grant programs work together in a
regional network to share research
results and practical information. The
Sea Grant institutions in the region
include: The New York Sea Grant In-
stitute, The New Jersey Marine
Sciences Consortium, The University
of Delaware Sea Grant College Pro-
gram, The Maryland Sea Grant College
Program, the Virginia Sea Grant Col-
lege Program, the University of North
Carolina Sea Grant College Program,
and the South Carolina Sea Grant Con-
sortium.

can be high in shedding tanks.
Researchers and specialists in the
Mid-Atlantic region, working with
their counterparts in the Gulf re-
gion, have devised better
closed-system crab shedding
tanks and better means for
monitoring water quality. Exten-
sion agents have helped alert
others to these new techniques
through workshops, deinonstration
projects and pubhcations.

To help expand our capabilities
for raising finfish such as striped
bass � in many places a species
under heavy fishing pressure�
specialists have traveled across
state lines to share their
knowledge about brood stocks,
spawning, nutrition and survival
rates. Much of this aquaculture
work has focused on hearty
striped bass hybrids which can
grow faster and larger. Other
aquaculture research focuses on
valuable shellfish, such as clams
and oysters, while related efforts
turn new attention to previously
underutilized species.

Grant-supported engineers have
helped design solutions for prob-
lems in the coastal zone, such as
shoreline erosion and beach
migration. Sea Grant programs in
the region have a1so helped advise
those, such as commercial
fishermen and recreational
boaters, whose lives and
livelihoods could be threatened by
severe weather � especially
hurricanes � about how best to
avoid personal danger and de-
vastating damage,

Bay, regional programs share
research results in such areas as
nutrient processes and analyses
of areas of low dissolved oxygen.
Other regional research focuses
on habitat and species important
to coastal and estuarine fisheries,
such as the blue crab. These
studies help us understand the
fundamental functions of es-
tuaries, especially as valuable
nurseries and feeding grounds.



Southeast

The Southeast Sea Grant INarlne Advisory Service  SESGMAS! Network

as teaching tools and the network is cur.
rently developing ways to get workshops
recorded so that constituents can view
them at horne at their own pace. The
popular Shrimp Trawl  new 1985! movie
made by Georgia Sea Grant and the Na-
tional Marine Fisheries Service, which
shows actual fish nets underwater, is now
being distributed in several states as a VHS
recording suitable for home viewing.

meet with commercial fishing experts from
the entire Southeast, and nationally in
some cases.

In the summer of 1986 the SESGMAS
Network met with the Marine Retailers
Association of America in Atlanta during
their regional meeting. By tying the Net-
work's and the Association's regional
meetings together, the Sea Grant programs
were able to locate areas where the industry
might need specific help, such as educa-
tional programs at the trade show for the
members of the industry.

PERSONNEL SHARING
By sharing personnel the SESGMAS

Network can hold down manpower costs.
The Georgia Sea Grant Program recently
hired Duncan Amos, a commercial
fisheries expert from the University of
Rhode Island, who is available to the entire
Network as a specialist. He is one of the
first regional specialists hired by a Sea
Grant regional group, and will be available
to state programs who need his expertise
without the cost of hiring a full time
einployee. By sharing expenses, the
Georgia program gets a full time specialist
at reduced costs.

INDUSTRY ASSISTANCE
A current example of industry being able

to access regional expertise was the
Workboat Show '86 in New Orleans, where
SESGMAS coordinated all the educational
workshops for the commercial fishing in-
dustry programs. The Network arranged
the speakers, inaterials, and displays on
specific projects and areas of interest such
as safety equipment, marine paints, boat
electronics, oyster depuration, insurance,
and trawling efficiency. This allowed
fishermen from the entire Gulf area to

Contact � Tom Sweeriy
Clemson/Sea Grant Marine

Extension Program
287 Meeting Street
Charleston, SC 29401
 803! 727-2075
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The SESGMAS Network is one of 5 Sea
Grant Networks in the United States that
are used to pool regional expertise and
resources to solve state, regional, and na-
tional problems. The Southeast Sea Grant
Marine Advisory Service  SESGMAS! Net-
work covers the 8 states from North
Carolina through Texas and the Com-
monwealth of Puerto Rico. Through this
network, publications, research, personnel,
and audio visual materials can be shared
by each of the states in the network and/or
with any other Sea Grant state in the
nation.

The Network allows business, consti-
tuent groups, or private citizens in the
region access to regional Sea Grant exper-
tise without having to go to each individual
member. The Network also allows
resources to be shared that might be dif-
ficult for one program to afford. The
following are examples of this resource
sharing and cooperation that makes the
SESGMAS Network such a viable system.

TECHNOLOGY TRANSFER
With computer use on the rise, the abili-

ty to make large amounts of useful data
available has improved greatly. The
SESGMAS Network has taken advantage
of this technology and begun using corn.
puters and the associated software for
several applications which are being shared
among the inember states. Alabama has
made a net "hang" guide available to
recreational and commercial fishermen
who have personnel computers. Now con-
stituents can access up-to-date material
whenever they need it.

Florida is currently developing a Marine
Data Base that will have current weather
forecasts and information as well as the
Gulf Stream location, which is essential for
fishermen and commercial vessel
operators. This information function can
also be reversed; coastal boaters can send
weather observations back to the National
Weather Service through their coinputers.
These observations will then be used to
correct forecasts and improve NWS
weather models.

Several SESGMAS members are de-
veloping computer software that can be us-
ed by constituents to better manage their
business. Texas has recently developed a
program that will allow fishing tournament
directors to run more efficient tournaments
and keep better records. Louisiana is keep-
ing a listing of the different programs from
across the country so that constituents can
know what is available to them. Other pro-
grams cover such areas as aquaculture
potentials, and commercial fishing cash
flow analyses.

Videotapes are becoming very popular

RESOURCE CONSERVATION
The SESGMAS Network, both as in-

dividual states and collectively, supports
the conservation ethic as a major preinise
in resource management. Several projects
are currently underway to show fishermen
how to use the resource without
devastating it.

North Carolina Sea Grant, in conjunc-
tion with NMFS, is putting together a pro-
gram to introduce fishermen to
underutilized species that have the same
game and taste characteristics as the fish
they are currently overfishing. Three ex.
amples of these underutilized species are
jack crevalle, skate, and spade fish.

All the states in the Southeast and Gulf
have sea turtles that migrate during certain
fishing seasons, some of which used to be
caught in fishing nets and drowned. The
National Marine Fisheries Service  NMFS!,
in cooperation with the SESGMAS, has
placed Turtle Excluder Devices  TED's! on
fishing vessels for testing, and suggested
improvements which have been incor-
porated into new designs. Not only has the
device worked to keep out turtles, but it has
also helped to cut down on an unwanted
bycatch of finfish. It also helps increase
fuel efficiency by relieving the weight in
the fish net that must be towed.



Great Lakes

The Great Lakes Sea Grant Network includes programs in Illinois-indiana,
Michigan, Minnesota, New Vbrk, Ohio and Wisconsin. Major issues confronting
the Great Lakes today involve the fishery, economic development, high lake
levels and shore erosion, and the contaminants problem.

Economic Development. The boom
in the Great Lakes fishery has been
echoed by tremendous growth in char-
terboat fishing, marinas and hospitality
enterprises.

SEA GRANT
AND THE GREAT LAKES

The 1985 Sea Grant Great Lakes Char-
terboat Fishing Workshop revealed that
the number of Great Lakes charter fish-
ing boats has increased tenfold over the
last decade and now totals more than
2,400 boats.

Every Sea Grant pmgrain in the Great
Lakes network has been conducting reg-
ular conferences and marketing work-
shops for charterboat captains. Sea
Grant surveys and studies have provided
basic information about and for this new
industry to local and state agencies and
operators alike.

Information about the thermal zone pref-
erences of valuable predator species was
used with great success by more than
90% of Lake Ontario's charter fishing
businesses and led to the creation of a
new, offshore rainbow tmut fishery that
has had a $2 million economic impact on
lakeshore counties.

Microcontarninants. First it was DDT
and dieldrin, then PCBs and mirex, tox-
aphene and dioxins. These toxic sub-
stances pose a threat to both the vitality
of the fisheries and the health of the
region's people.

Scientists from all six Great Lakes Sea
Grant programs and the Pre,~e of
Ontario recently conducted the first
Great Lakes-wide survey of the diets of
stocked salmon and tmut. This effort
helped establish a critical baseline for
monitoring salmonid diet shifts,

Sea Grant is also a leading source of
information about the contaminants
problem and ways people can minimize
their risk of exposure when eating Great
Lakes fish.

Sea Grant research on the life history of
the commercially valuable lake whitefish
populations in Lake Michigan and Green
Bay has also helped fishery managers
better forecast whitefish yields.

Coastal Erosion. The water levels of
all the Great lakes except Ontario have
exceeded the record highs of the past
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Sea Grant has the capacity and a strong
commitment to transfer the results of
university research to a wide range of
audiences aixl to give special assistance
to local communities and individuals.
Thmugh its network of advisory agents
and the use of modern communication
and education techniques, the Great
Lakes Sea Grant Network supplies the
region with usable solutions to pressing
problems and pmvides the basic infor-
mation needed to better inanage the
Great Lakes for both present and future
generations.

The Fishery. Practically nonexistent
just 20 years ago, the Great Lakes sport
fishery in 1985 was valued at $1.4 billion.
A small but active commercial fishery
has a dockside catch valued at $41 mil-
lion annually. Management of the fishery
is plagued by uncertainties about pred-
ator-prey interactions and the stability of
key fish populations.

Sea Grant scientists have also developed
and are refining microcomputer models
of the bioenergetics and predator-prey
interactions of key Great Lakes fish.
Fishery management agencies are now
using this valuable new tool to take into
account the forage base carrying capac-
ity of Lake Michigm in making their
salmonid stocking decisions.

Sea Grmt research detailing the tourism
potential of the Mte Superior region
enabled developers to procure private
financing for a hrge restaurant and
lodging complex in an economically
depressed area. Sea Grant efforts were
also instrumental in the establishment of
four underwater Great Lakes bottomland
preserves in Lakes Huron and Superior.
Surveys have shown that the thousands
of tourists who visit these sites spend
millions of dollars in adjacent coastal
communities each year. Sea Grant has
also worked with the McDonald's Cor-
poration to develop a nature walk and
"McDock" at a new McDonald's restau-

rant on Lake Erie's Sandusky Bay.

125 years, and all the lakes are likely to
remain high for several years. In the last
few years, emsion and flooding from
storin surges along the 4,500 miles of
U.S. Great Lakes shorehne have caused
hundreds of millions of dojlars damage to
lakeside homes, communities and
facilities � despite large expenditures by
coastal homeowners and local communi-
ties to pmtect their property,

Working together, Sea Grant agents,
coastal engineers and communications
speciabsts thmughout the region have
spearheaded efforts to warn and advise
coastal communities and homeowners of
the immediate threat of high lake levels.
These efforts have included workshops
and publications on what can � and
cannot � be done to pmtect private and
public investments in coastal property
and structures. As a result, inany com-
munities and homeowners have already
taken steps to prepare for floods and to
reduce losses due to shore erosion.

Great Lakes Sea Grant scientists are
national leaders in determining the
sources, transport, environmental fate
and human health effects of a wide range
of contaminants. They are also studying
how the basic structure of whole dasses
of toxic substances may be related to
their environmental behavior and health
effects. Such research has ~ indus-
try and government to better manage
and control the discharge of toxic sub-
stances.



THE PACIFIC SEA GRANT COLI EGE PROGRAM�
FORGING LINKS IN THE PACIFIC

The Sca Grant programs of the
Pacific states � Alaska, California,
Hawaii, Oregon and Washington�
work cooperatively to achieve sound
management and utilization of the vast
resources of the Pacific.

The regional network organized
by these programs, known as the
Pacific Sea Grant College Program
 PSGCP!, provides coordination and
support for major activities, including
conferences, research, training, arad
talent sharing.
Recent Activities

~ In June 1984, California Sea
Grant in cooperation with the other
PSGCP states sporasored an
international workshop on the
taxonomy of commercially important
seaweeds in the Pacific and Caribbean.
Participants included scientists from
Taiwan, China, Japan, Chile, Guam,
New Caledonia, and the United States.
As a result, California Sea Grant
published a taxonomic guide. And, at
the suggestion of China's Academia
Sinica, it co-sponsored a second
taxonomic workshop, held in China in
September 1986.

~ "Seafood � Harvest the
Profits," a aeries of 30 retailing
seminars sponsored by the Washington
Sca Grant Program under a grant
from the Alaska Seafood Marketing
Institute, was presented in 16 West
Coast citice from San Diego to
Fairbanks in 1985-86. The seminars
demonstrated the basics of seafood
handling, merchandising, quality
evaluation, and sanitation to over 1,000
retailers. Additional assistance for the
seminars was provided by PSGCP, the
National Fisheries Institute, the Food
Marketing Institute, the California
Fisheries Association, tbe Northwest
Fisheries Association, and the West
Coast Fisheries Development
Foundation among others.

~ A conference on sharks was
held in Portland, Oregon in October
1985. Titled "Sharks: An Inquiry into
Biology, Behavior, Fisheries, and Uee,"
it sought to promote the development
of commercial and recreational shark
fisheries on the West Coast.

~ A workshop wae held in
Portland, Oregon in February 1985 to
address the misuse of econonuc impact
data when analyzing fisher
management options. The meeting was
co-sponsored by PSGCP and the
Pacific Fisheries Management Council.
Participants included university and
agency economists, Marine Advisory
staff from Alaska, Washington,
Oregon, and California, fishing
industry and harbor district
representatives, and Council members.

Among numerous examples of
talent-sharing, a Washington marine
advisory specialist spoke to the Alaska
Harbormaeters Association;
communicators from California and
Wisconsin were invited to evaluate
comruuraications efforts in Hawaii; a
University of Washington School of
Fisheries faculty member provided
advice to the Alaska Oyster Growers
Association; and a Uruversity of
Washington expert in vessel stability
met with supervisors of university
research vessels in California,

~ Research projects being
supported by meinbers of PSGCP
appear in a Project Directory, which
was compiled by Alaska Sea Grant.
PSGCP member programs also fund
some cooperative research. The Alaska
and California Sea Grant programs
are, for example, examining the rapid
decline in stocks of Alaskan red king
crab. Also, a proposal by whale
researchers from the University of
Hawaii is being funded by the Alaska
and Hawaii programs.

~ Programs in Hawaii and
California will hold a forum on risk
manageincnt in waterfront and open
water areas; and the Alaska, Oregon,
and California Sea Grant programs are
cooperatively organizing a conference,
to be held in Washington, D.C. in
February 1987, on the marine
insurance crisis.

~ An education needs
assessment meeting, held in February
1985 by the California Sea Grant
College Program, included participants
 rom Hawaii and Guam. Participants
sought to determine how educators in

California and the Pacific Rim might
become more knowledgeable about
marine education activities in the
region.

~ California Sea Grant hae
wor ked cooperatively with the
University of Hawaii for the past
several years to sponsor training
workshops for science teachers from
the U.S. trust territoriee in the Pacific.

~ Advisory personnel from the
Oregon, Washington, and University of
Southern California Sea Grant
programs are developing curricula for
managers at small and middle-size
ports. In addition, specialists from
Alaska, California, and Washington
participated in various port
management studies organized by an
Oregon Sca Grant inarine economics
epeciahst. These studies provided
recommendations for improvement in
the areas of management, finance,
accounting, and pubhc relations for
small ports in Oregon, Washington,
and Californiaa.

~ At the most recent meeting of
PSGCP directors and key staff, beld in
La Jolla, California in August 1986,
discussion topics included
international science cooperation in
the North Pacific and Bering Sea,
talent-sharing, joint research topics,
and networking in the Pacilic Rim.

For information about Sca Grant
programs in the Pacific region call:
Alaska Sea Grant College Program
 907! 474-7086
California Sea Grant Comege Protlram
�19! $34.4440
USC Sea Grant Program
�13! 743.6068

Hawaii Sea Grant College Program
 808! 948-7031

Oregon State University
Sea Grant College Prograsn
�03! 754-2714

Washington Sea Grant Program
�06! 543-6600







5. Sea Grant Contributions to the National Interest
Five areas where Sea Grant is making an impact on matters of broad
public interest
~ Marine Biotechnology
~ Exclusive Economic Zone
~ Coastal Development
~ Balance of Trade
~ Seafood Industry



SEA GRANT CONTRIBUTIONS
TO FIVE AREAS OF
NATIONAL INTEREST

Within the span of only two decades the Sea Grant institutions
have built a remarkable network � one that is capable of focusing the di-
verse talents and resources of these universtties on national needs and
opportunities, and one that is capable of achieving this feat on a timely
basis,

The effectiveness of the Sea Grant network is amply demonstrated
by the following articles which describe five areas where Sea Grant is
making an impact on matters of broad public interest.



SEA GRANT � AT THE
FOREFRONT OF MARINE
BIOTECHNOLOGY

Biotechnology, the use of
biological systems for the produc-
tion of goods and services, is
making exciting contributions to
medicine, agriculture, and indus-
try � largely from work with ter-
restrial organisms. But the ocean
can also be a source of new bio-
logical materials and processes, as
Sea Grant research is demonstrat-
ing.
Drugs and Other
Marine Products

Sea Grant researchers
working in Hawaii, California,
Texas, and New York have iso-
lated from marine organisms sub-
stances with potential value as
painkillers or as anti-inflam-
matory, anticancer, or car-
diovascular-active drugs. One
such compound with phar-
maceutical potential is called
pseudopterosin. Derived from a
sea coral, it is more potent than
commonly prescribed anti-inflam-
matory drugs and may one day be
used to treat degenerative dis-
eases such as arthritis.

A blue-green alga from
Minnesota waters has been found
to contain a potential herbicide�
toxic to certain aquatic and ter-
restrial weeds but harmless to
other plants and fish. At MIT, a
substance that inhibits the vas-
cularization of solid tumors has
been isolated froin shark cartilage,
And New Jersey Sea Grant re-
search on the blood of the primi-
tive, armor-plated horseshoe crab
has identified a protein useful in
measuring vitamin B12 in hu-
mans, A test kit is now being de-
vised for clinical use. The method
could replace the current reagent
for vitamin 812, which costs thou-
sands of dollars per milligram.

Several high-valued uses
have been found for chitin, a com-
ponent of the crab and shrimp
shell wastes that cause disposal
problems for seafood processors.
Sea Grant research in Washington
state has shown that a derivative
of chitin � called chitosan � can be
applied to wheat seeds to reduce

crop losses caused by root rot.
This use was patented, and in
1986 Washington farmers planted
100,000 acres of chitosan-treated
wheat. At the molecular level, the
compound appears to activate dis-
ease resistance in peas.

Two other patented
chitosan uses are targeted for
commercial production: Washing-
ton Sea Grant research led to de-
velopment of a contact lens made
wholly of chitosan. Non-adhesive,
the lens is ideal for eye-surgery
patients and is undergoing pre-
clinical trials. And chitin sutures,
which are non-allergenic, strong,
and can be absorbed by the body,
have been developed by Delaware
researchers,

Mississippi-Alabama Sea
Grant researchers have developed
controlled-release herbicide sys-
tems that bond small, mobile her-
bicide molecules to large chitin
molecules. These systems de-
crease the amount of herbicide
needed and thus the likelihood of
harm to the environment. Other
important work on chitin is being
done in Alaska, California, and
Virginia.

A bacterium called LST,
newly isolated from oyster spat
tanks by Delaware scientists,
promises � with the help of bio-
technology � to provide a number
of diverse products, such as a
powerful attractant to oyster lar-
vae, food additives, and water-
proofing materials.
Aquaculture and Fisheries

The aquaculture of marine
fish and shellfish is still largely a
matter of farming "wild" organ-
isms, But Sea Grant research in
biotechnology is bringing several
important species under greater
control. In California, researchers
have identified a hormone that
stimulates abalone to spawn and
are now working to clone the
genes for abalone insulin, which
promotes growth in this highly
valued, slow-growing species,

Oyster growers in the
Northwest sell little product in
summer, when the bivalves are in
unappetizing spawning condition.
Sea Grant research in Maine and
in Washington state has led to

oysters that will be marketable
year round. These "triploid'
oysters, which have an extra set of
genes and are sterile, should be
available in West Coast cities in
1987,

In Maryland, Sea Grant
scientists are using recombinant
DNA techniques to increase the
growth rates of striped bass,
white perch, and carp, They have
made strides in cloning trout
growth hormone, which may find
use in increasing hatchery pro-
duction or improving the timing
of releases to streams.

Detection of Microorganisms
and Toxins

Two powerful detection
tools developed through bio-
technology are monoclonal anti-
bodies and DNA probes. Mono-
clonal antibodies have been used
by Hawaii Sea Grant researchers
to detect a toxin in fish tissue-
ciguatoxin � which can harm hu-
mans eating the fish, Researchers
in Oregon are using monoclonal
antibodies to diagnose IHN and
BKD, two salmonid diseases that
kill millions of fish each year. At
MIT, Sea Grant researchers are
developing a DNA probe to detect
sewage coliform bacteria in coastal
waters. And in Texas, Sea Grant
researchers are working to de-
velop a rapid detection technique
for hepatitis-A virus and human
rotavirus in estuarine environ-
ments.

Mineral Scaling
The crystallization of min-

erals on the inner surfaces of cool-
ing systems, pipes, and boilers
used in industry is costly in terms
of preventative treatment, mainte-
nance, and equipment replace-
ment. Major U.S. chemical com-
panies alone supply, worldwide,
more than $1 billion m water treat-
ment chemicals yearly, Re-
searchers with South Carolina
and Mississippi-Alabama Sea
Grant discovered compounds in
oyster shell and marine algae that
form the basis for new, nontoxic
biodegradable preventatives of
mineral scaling. The new com-
pounds make traditional treat-
ments cheaper and more effec-
tive.
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Sea Grant's biotechnalogy
commitment is yielding these re-
sults of fundamental scientific and
ecanomic value, and also,
through graduate training, is en-
suring a supply of skilled individ-
uals for this promising area of re-
search,

SEA GRANT�
EXPLORING THE
EXCLUSIVE ECONOMIC
ZONK

In 1983, the United States
acquired a vast new frontier � an
undersea domain nearly twice as
large as its land area � the U.S.
Exclusive Economic Zone, or EEZ,

Proclamation of the EEZ
gave the nation sovereign rights
over all resources within 200 miles
of its shores, Now the nation's jab
is to explore this frontier: ta deter-
mine the extent af its resources
and how these can be used
wisely,

How resource rich is the
EEZ? We know, of course, that
major deposits of oil and gas lie
off U.S. coasts, In fact, Sea Grant
programs in Massachusetts, Cal-
ifornia, Ohio, and Maine/New
Hampshire, among others, have
worked for many years on pe-
troleum-related research to learn,
for example, which geological fea-
tures are associated with oil de-
posits and how ta make offshore
drilling platforms safer.

We know, too, that there is
a wealth of life aff aur coasts. The
United States now controls about
one-fifth of the world's edible fish!
Because of the importance of
these resources, Sea Grant invests
more in fisheries research than in
any other research area,

But our vision of the po-
tential resource wealth of the EEZ
is rapidly expanding, with impor-
tant contributions fram Sea
Grant.

Mineral Deposits
One of the main reasons

why the U.S. proclaimed the EEZ
was to obtain clear rights ta strate-
gically important seabed minerals.
Deposits of black sands, for exam-
ple, are rich in the metals chro-
mium and titanium, Sea Grant

scientists in Oregon have found
that the annual cycle of tides con-
centrates these mineral-rich black
sands at the back of beaches, and
have also determined where de-
posits are most likely to form.
Their work should help geologists
find similar deposits on sub-
merged beaches aff our coasts.

The discovery of mineral-
rich deposits in the form of nod-
ules and seabed crusts in the cen-
tral Pacific makes ocean mining
and processing a potentially im-
portant economic activity for
Hawaii and the nation,

Sea Grant researchers in
Hawaii have been studying po-
tato-sized lumps of minerals from
the deep ocean floor called cobalt-
manganese nodules. They have
developed techniques for extrac-
ting metals from the nodules and
for separating the metals from
each other, Other Hawaii scien-
tists have studied the potential
economic and legal aspects of pro-
cessing nodules in a number of
Pacific Rim nations. Their work
will allow U.S.-based business
consortia to evaluate political and
economic risks before siting
plants.

Still other Sea Grant scien-
tists are studying cobalt-man-
ganese crusts found on Hawaiian
seamaunts. These will be much
more economical than manganese
nodules to mine and are clearly
located within the U.S. EEZ,
Meanwhile, in California, re-
searchers have been developing
detectors for cobalt in nodules
and crusts,

Within the last decade,
minera1 deposits called metallic
sulfides have been discovered on
the ocean floor. A result of vol-
canic activity on the ocean floor,
the deposits have been found to
occur in mounds around newly
discovered hot springs called
"vents."

Little is yet known about
these vents, but, with partial sup-
port from Washington Sea Grant,
U.S. oceanographers have tested
monitoring instruments at a vent
off British Columbia. Their pro-
totype seafloar observatory mea-
sured the chemistry, temperature,
and rate of flow of superheated,

mineral-rich water issuing from
the vent, Meanwhile, a time-lapse
camera recorded mineral deposits
forming alongside the vent. The
scientists see the need to have ob-
servatories at a number of vents.
Observing these processes at a
number of sites along the ridge
systems on the seaflaor will aid in
understanding the formation of
ore deposits and the chemical
composition of the world' s
oceans.

Scientists at the University
of Hawaii have a unique labora-
tory � seabed volcanoes. They are
using a number of techniques, in-
cluding a submersible vehicle, to
study geothermal systems of
young volcanoes on the south
flanks of the island of Hawaii.
Rock dredges and a core sample
they have taken from the under-
sea volcano Loihi suggest the
presence of metal-rich mineral de-
posits.
Phosphorite for Fertilizer

Phasphorite is used to
make fertilizer. But U,S. land de-
posits of this critical mineral are
expected to be unavailable within
20 years. So Sea Grant scientists
are studying the giant resources
that exist off the nation's east and
west coasts and on several Pacific
seamaunts.

Researchers have studied
the distribution of deposits off
California. Others are mapping
the continental shelf off North
Carolina, laoking for areas where
both phosphate and heavy rnin-
eral deposits are found. Still oth-
ers from North Carolina are
studying the formation of phos-
phate rocks � their work has led
to a model for the formation of
phosphorite deposits around the
world,

Policy Issues
Wise development of the

EEZ will involve economic, legal,
and political issues, which Sea
Grant programs from Wisconsin
to Louisiana are bringing to the
attention of policy makers. For ex-
ample, Woods Hole scientists are
making a comprehensive study of
the economic and policy aspects
of the EEZ's mineral potential, in-
cluding where mineral deposits
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are likely to occur and in what
quantity, the factors affecting tim-
ing of development, and environ-
mental impacts. Early results of
their work have been presented to
Congress.

Our planet's land-based re-
sources are limited. As we head
into the 21st century, we will in-
creasingly look to the U.S. EEZ
for resources. Sea Grant is among
those in the forefront of the explo-
ration of aur nation's new frontier.

SEA GRANT-STEWARD
OF THE COUNTRY' S
COASTS

Since explorers first raised
the New World out of the sea's
empty horizon, we have been a
nation concentrated on the coast.
By the year 2000, same predict,
three-quarters of aur population
will live within seven miles of a
coast, whether the Atlantic or Pa-
cific, the Great Lakes or the Gulf
of Mexico.

The Sea Also Rises

Even as we live and work
by the sea, it is changing. It ap-
pears that the sea is now rising at
a rate of 33 centimeters per cen-
tury � more than double the 15-
centimeter rise witnessed early in
the 1900s. Sea Grant researchers
are monitoring that rise and de-
termining its effects on coastal
commuruties.

In Maine, geologists are
tracking the movement of sedi-
ments, now and in the distant
past, to determine the character of
the changing coast. In Delaware,
researchers track changes by ana-
lyzing the evolution of tidal mar-
shes. In FIorida, Massachusetts,
Rhode Island, New Jersey, South
Carolina, Texas, and elsewhere,
Sea Grant is helping to map the
effects of erosion and accretion on
the shape of the coast, in same
mses warning builders about the
dangers of construction in unsta-
ble coastal areas,

In recent years the Great
Lakes too have risen, if for dif-
ferent reasons, In four out of five
lakes, according to a Wisconsin
Sea Grant report, lake levels are
above the century-long record. In

Wisconsin, Michigan, and Minne-
sota, coastal engineers have is-
sued warnings and advice about
floods and erosion caused by rec-
ord-setting water levels.
Protecting the Shore

After a northeaster lashed
the mid-Atlantic in the 1960s-
pounding the shore with tides
nine feet above normal and waves
over 20 feet high and causing $125
million worth of damage � Dela-
ware Sea Grant engineers focused
their attention on techniques for
preventing shoreline erosion.
Bulkheads, they found, can some-
times be the worst form of erosion
control.

Similar stories have come
in from other parts of the country.
Oregon researchers, for example,
used wavetank models to show
how seawalls can increase erosion
by setting up violent currents and
wave action, Offshore break-
waters, it appears, are often more
effective,

Shoreline development
everywhere pits manmade struc-
tures against the formidable
powers of the ocean. Sea Grant
researchers in Florida and Califor-
nia and at MIT are investigating
the inakeup of reinforced concrete
used in bridges and a variety of
sea structures arid evaluating the
properties of fiber and polymer-
madified concrete, as well as
welded steel, to increase their
usefulness in a coastal environ-
ment. Engineers at MIT have even
improved methods for under-
water welding.

ln California, Sea Grant
scientists are studying the com-
bination of ocean and weather fac-
tors that causes sea levels to ex-
ceed predicted high tides,
sometimes causing devastating
storm damage to coastal struc-
tures.

Making the Most
of a Good Thing

The challenge of the coast
does not stop at the water's edge,
as America's booming boating
business reveals. A study by
Rhode Island Sea Grant, in coop-
eration with 26 other Sea Grant
programs, has identified 10,000
marinas around the nation. In vir-

tually every coastal state, Sea
Grant's marine agents have
helped marinas confront prob-
lems ranging from winter ice to
zoning problems to pier con-
struction.

In some areas vacant ware-
houses and rotting commercial
piers prevent easy  or pleasant!
access to the water, In Oregon,
Sea Grant specialists have brought
together city administrators, busi-
nessmen, and others to help ex-
plore potential for breathing new
life into old waterfronts. In Vir-
ginia, specialists have worked
with national waterfront associa-
tions to tackle problems facing the
marine trades industry and ad-
vised local communities about
money-making riverside festivals
and tourism.

Ta help improve residential
areas, Florida Sea Grant spe-
cialists developed canal con-
struction designs that actually in-
creased property values because
of better flushing and cIeaner
water,

Managing Bays
and Backwaters

In America's estuaries,
where fresh water meets the salt
sea, there teems a seafood bo-
nanza � more seafood per square
mile than in the open ocean. But
these areas serve us in other ways
as well, especially as highways
and drainage basins, and they feel
the brunt of runoff from some of
the nation's most populated wa-
tershed s.

Sea Grant programs
around the nation are helping to
unlock the secrets behind es-
tuarine productivity and their
highly fertile wetlands. Re-
searchers in Massachusetts, look-
ing at the effects of urbanization,
are studying the fate of the last
salt marsh in Boston. Delaware
scientists have probed new ways
to control the noxious weed phrag-
mites and pioneered methods for
producing full-grown salt-tolerant
plants from tissue culture. Califor-
nia researchers are showing how
West Coast estuaries differ from
those in the East.

The presence of dangerous
pollutants in our waters is also
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stimulating important Sea Grant
work. In the Great Lakes, Wiscon-
sin Sea Grant has tracked such
toxins as PCBs and Dioxin. Re-
searchers at Woods Hole have
been able to improve the accuracy
of testing for PCBs and their
movement along the coastline.
And computer modeling is allow-
ing investigators at MIT to show
where pollutants  including oil
spills! will likely drift, and scien-
tists in California to describe the
movement of sewage.

Through Sea Grant re-
search and education, we now
know more about changes at the
coast, where the landscape re-
sponds to the shaping hand of the
sea, We know more about using
the coastline for economic benefit
and how to protect our invest-
ment through better planning and
improved designs and inaterials.

SEA GRANT�
CONTRIBUTING TO
AMERICA'S BALANCE
OF TRADE IN SEAFOOD

Sea Grant is helping the
United States seafood industry
meet the new challenges of to-
day's global marketplace for sea-
food.

The 29 Sea Grant programs
are diverse in their resources and
rich in their expertise. They con-
tribute in several key ways to
inake the U.S, seafood industry
more competitive and help reduce
the trade deficit.

The driving purpose be-
hind Sea Grant since its beginning
20 years ago has been to link the
research capabilities of our institu-
tions of higher learning to the de-
velopment of inarine resources for
the public good. Fundamental re-
search has always been the foun-
dation of the program, and over
the years Sea Grant research in
fisheries, aquaculture, food sci-
ence, economics, and trade has
made significant contributions to
the competitiveness of the U.S.
industry.
Enhancing the U.S. Position

Recent Sea Grant research
projects in several states have led
to the establishment of new fish-

eries. As one example, the soft-
shell blue crab industry, relatively
undeveloped for more than a
hundred years, is now undergo-
ing rapid expansion throughout
the mid-Atlantic and Gulf Coast
states. Driving this growth are
burgeoning demand and im-
proved production and marketing
techniques.

The production expertise
of Sea Grant programs in North
Carolina, Florida, and Mis-
sissippi-Alabama was instrurnen-
tal in helping increase the supply
of softshell crab. And this produc-
tion expansion has opened up
trade opportunities, assisted by
the export marketing expertise of
Virginia Sea Grant. In 1986 soft-
shell crabs with a value of $2 to $3
million will be exported to some
14 countries, including Canada,
Japan, and England. The outlook
for continued export growth is
considered bright.

New production is one
way to add more to our side of the
trade balance. Improved market-
ing of existing products is another
way. For one example, Sea Grant
advisory specialists in New York
saw that local tuna fishermen
were missing an opportunity to
sell to the Japanese trade by not
understanding their quality stan-
dards. The specialists produced a
brochure and held meetings,
reaching hundreds of fishermen.
Tuna sales subsequently soared
from $300,000 in 1982 to nearly $2
million in 1985.

While U.S. exports inay be
hampered by a variety of factors,
including the strong dollar and
the weakened economies of trad-
ing partners, the U.S. trade posi-
tion can be improved by another
approach. We can replace some
imports with domestic produc-
tion.

Historically, U,S. seafood
imports have exceeded exports
since the 1890s; in 1985, despite
U.S. fishery exports amounting to
$1 billion, the trade deficit in sea-
food stood at more than $5 billion.
Sea Grant has implemented long-
range strategies that can act to at
least diminish this trend.

Aquaculture production is
one of these strategies. Between

1975 and 1985, U,S. aquaculture
production increased from 130
million pounds to about 500 mil-
lion pounds, and the National Sci-
ence Foundation has predicted
that the U.S. will produce 2 billion
pounds by the year 2000. With a
strong national research program
in aquaculture, Sea Grant is tak-
ing a leadership role in achieving
this goal. In a notable success, Sea
Grant research in Hawaii has con-
tributed substantially to the de-
velopment of that state's fresh-
water prawn industry, valued at
$2 million. Research in marine
shrimp culture at several Sea
Grant institutions has led to the
development of shrimp farins in
Texas, Hawaii, South Carolina,
and Louisiana. Advances in aqua-
culture production are also occur-
ring with clams, oysters, mussels,
marine finfish, and anadromous
fish, such as Atlantic salmon.
These efforts will result in signifi-
cant gains in domestic production
over the next few decades.

A companion strategy to
aquaculture also involves the ap-
plication of technology to seafood.
This opportunity is surimi. Where
aquaculhire production generally
focuses on high-demand, high-
quality fish and shellfish species,
surimi processing focuses on
abundant but underutilized spe-
cies.

Surimi is a bland fish paste
that can be prepared from many
different varieties of underutilized
fish and transformed into a vari-
ety of end products of increased
value, The explosive growth in
the 1980s in the market for crab
"analog" products shows the po-
tential of surirni technology. In
1985, the $88 million worth of sur-
imi sales in the U.S. was doini-
nated by Japanese crab products
derived from pollock, but the
technology is inherently adaptable
to other species and products. It
is currently being explored at Sea
Grant institutions in Alaska, Mas-
sachusetts, New York, North Car-
olina, Oregon, Rhode Island, Vir-
ginia, Washington, and
Wisconsin,

Policy Studies
Seafood is today an inter-
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national commodity, subject to
economic, governmental, and po-
litical forces that are complex, in-
terrelated, and often decisive in
their impact. The recent high
value of the U.S. dollar, for just
one example, has been a damper
on virtually all American exports,
including seafood. Sea Grant eco-
nomics and policy research is di-
rected to understanding these fac-
tors and making this new
understanding available to indus-
try, government, and academia.
One signal contribution to this
effort was establishment of the In-
ternational Institute for Fisheries
Economics and Trade, largely
through the support of Oregon
Sea Grant.

Sea Grant research and ex-
tension activities are helping the
American seafood industry to
make the most of existing and fu-
ture trade opportunities, to in-
crease exports, to substitute for
imports. They are making seafood
a more important and less expen-
sive product for the American
consumer. Over time, these Sea
Grant efforts will continue to
make a positive contribution to
the nation's balance of trade,

SEA GRANT�
INCREASING THE
PRESENCE OF SEAFOOD
ON AMERICA'S MENUS

Five years ago it wasn't an
American meal without fried
chicken, roast beef, or pork
chops, Now salmon steaks, cod
fillets, and grouper nuggets in-
creasingly fill our plates,

From coast to coast, Amer-
icans have developed a growing
appetite for the fisherman's catch.
Per capita consumption of seafood
increased from 13.6 pounds in
1984 to 14.5 pounds in 1985. Over-
all, we ate 3.2 billion pounds of
fish and shellfish in 1985.

But seafood's rise to popu-
larity didn't come without some
help. Through research, prorno-
tion, and education, Sea Grant
programs from Alaska to Puerto
Rico help to put more and better
fish and shellfish on the nation's
tables.

The Slue Mussel

Ten years ago, the blue
mussel was a has-been. The mol-
lusk had been extensively har-
vested during World War I as a
source for protein. But the high
demand left only limited quan-
tities of good quality mussels for
the post-war years. And besides,
American taste buds were set for
red meat.

The Maine mussel fishery
floundered.

But the blue mussel is
back, thanks largely to efforts of
the Maine/New Hampshire Sea
Grant Program.

Sea Grant scientists felt

they could improve the mussel's
quality if the mollusk was
cultured. They were right. Cultur-
ing not only improved quality, it
also produced a marketable-size
mussel in 18 months to two years,
substantially less time than a wild
mussel takes to reach the same

size.
Today about 100 people ac-

tively participate in Maine's mus-
sel culture industry, producing 3
million pounds of the mollusks
valued at $1.5 million, With im-
proved quality and better produc-
tion, the blue mussel has gained
favor among gourmets nation-
wide. Now the lowly mussel is as
chic as the lobster.

Surimi

The label on the box says
"imitation crab meat," But inside,
the product looks, feels and tastes
like the real thing. This "crab
meat" is made from surimi.

The Japanese developed
the surimi process. Using Alaska
pollock, for example, the Japanese
process the fish into a paste, add
a little of the real product for fla-
vor, and shape the paste into crab
legs, scallops, and lobster tails.

So far, American consum-
ers don't mind a little Japanese in-
genuity making it to the dinner
table. Experts estimate that Amer-
icans bought about 150 million
pounds of surimi-based products
in 1985,

But American seafood pro-
cessors wanted to cash in on the
country's hunger for the lower-
priced imitations.

Sea Grant scientists in
North Carolina, Oregon, Wash-
ington, Alaska, Virginia, Rhode
Island, New York, and Mas-
sachusetts have been tailoring the
surimi process for American pro-
duction, And they' re basing that
production on cheap, but abun-
dant fish such as Alaska pollock,
Pacific whiting, and menhaden.

Using Sea Grant research,
U.S. processors are poised to
launch American-made surimi in
the marketplace. Three land-
based plants have already begun
production in Alaska. Another
company is outfitting ships as
floating factories.

In Massachusetts, red hake
surirni products will soon be roll-
ing off the conveyor, And in Vir-
ginia, a pilot menhaden surimi
plant, supported by a National
Marine Fisheries Service develop-
rnent grant, is gearing up for pro-
duction.

And that's not all. Sea
Grant scientists in Wisconsin are
studying the possibilities of fresh-
water drum surimi. And Loui-
siana and Mississippi researchers
are trying to get catfish into the
paste.

The American surimi in-
dustry is on the verge of rapid ex-
pansion that could have hap-
pened only with Sea Grant
research, In just a few years, U.S.
processors expect the nation to be
eating "homemade" surimi prod-
ucts.

Good Health

Seafood has many positive
aspects � it tastes good, it is nutri-
tional, it offers variety, and it is
easy to prepare and cook. Now
doctors tell us a good thing is
even better � seafood is heart
food.

The Nero England journal of
Medicine reports that a link exists
between seafood consumption
and a low death rate from heart
disease.

Fifteen years ago, Oregon
Sea Grant researchers did some
basic research into the benefits of
fish ofls. They demonstrated that
replacing corn oil with flsh oil in
the diets of hatchery-raised sal-
mon and trout improved the
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fishes' growth and reduced mor-
tality.

Today New York Sea Grant
scientists are learning what the
natural oils in fish and shellfish
can do for people. They have
found that under certain condi-
tions fish oils lower harmful fats
and cholesterol in the blood and
reduce blood clots. The ultimate
benefit may be a lower risk of
heart disease and stroke.

With this inforination, Sea
Grant seafood education spe-
cialists from the Great Lakes to
Texas, from Puerto Rico to
Hawaii, are spreading the word
that the ocean's bounty may be an
entree that people can't live with-
out.

Whether it's nutrition or

processing, Sea Grant gives the
seafood industry an important re-
search boost that increases its pro-
ductivity and expands its mar-
kets.
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6. Spending Patterns of the Sea Grant Universities
An analysis of spending patterns by the nation's Sea Grant
universities, l976-1985



A Preliminary Analysis Of
SPENDING PATTERNS BY THE NATION'S

SEA GRANT UNIVERSITIES 1976-1985

EXECUTIVE SUMMARY
Under the National Sea Grant College & Program Act, a net-

work of coastal and Great Lakes universities has developed a program of
research, advisory services and education that effectively addresses na-
tional marine resource problems and opportunities. Recently, there has
been concern in some arenas that Sea Grant may be perceived as a block
grant or otherwise static program that is unresponsive to priority needs of
the nation.

In a survey conducted by the Council of Sea Grant Directors,
the 29 Sea Grant programs were asked to assess the pattern of their ex-
penditures for the period 1976-85, and the data they provided were ana-
lyzed for trends in activities, This analysis shows that, despite the con-
straints imposed by level funding, the National Sea Grant College
network has responded to changing national priorities in a relatively
timely mode, Moreover, a parallel study reveals that the program gets the
most results for the least cost and that its multidisciplinary research is
highly competitive.
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BUDGET SYSTEM
This analysis, which was

completed in early 1986, is the re-
sult of a three-year effort by the
Council of Sea Grant Directors.
Each of the 29 Sea Grant univer-
sities participating in this nation-
wide program coded its budget
expenditures for each year during
the period 1976-&S. These data
were subsequently analyzed to
determine trends in activities.

It is important to note that
these data represent only federal
Sea Grant funds spent by the uni-
versities and do not include
matching funds, pass-through
inoney from other federal agen-
cies, or inanagement expenditures
and other activities by the NOAA
Sea Grant College Program Of-
fice.

The heart of the budget in-
formation system is a coinmon set
of descriptors for Sea Grant ex-
penditures which permits ag-
gregation of federal dollar expen-
ditures for system-wide planning
and projection. The descriptors
 listed below! depict the output of
the program in a terminology
more constituent-related than dis-
ciplinary. This allows an analysis,
for example, of funds going into a
certain component area  e.g., fish-
eries! froin all program functions
such as research, advisory ser-
vice, and education.
~ Fisheries � Work dealing with

finfish, mollusks, crustacea,
marine mammals, and plants;
and with habitat improvement
and management of these liv-
ing marine resources.

~ Aquaculture � Activities affect-
ing finfish, mollusks, crust-
acea and plankton cultured in
a marine environment.

~ Minerals and Energy � Explor-
ing for and improving utiliza-
tion of placers; polymetailic
sulfides; oil and gas; and en-
ergy arising from wind,
waves, currents and tidal and
thermal sources.

~ Transportation and Boating�
Developing inarine industries
including work with ports and
harbors, cargo movement,
ships, vessels and gear, rout-
ing and navigation, marketing,

Total Expenditures
By Sea Grant Universities
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labor, safety and facilities and
material design.
Marine Processes and Sedi-
ments � Studies of physical
forces such as shoreline ero-
sion, waves, and currents and
of their impacts on natural and
man-made structures along
the nation's coasts and estu-
aries.
Recreation and Tourism�
Working with marine indus-
tries that serve the demands of
the nation in fishing, boating,
diving and other water and
coastal based activities.
Contaminants � Measuring
and determining the sources,
transport, fate, effects and uti-
lization of con taminants.
Coastal and Ocean Govern-
ment and Management � Solv-
ing social, political and legal
issues in our estuaries, the ter-
ritorial sea, the exclusive eco-
nonuc zone and on the high
seas.
Programwide � Activities that
cut across all program func-
tions. These include such
items as regional or interna-
tional projects, national fel-
lowships and interns, manage-
ment and communications.

EXPENDITURE TRENDS
Annual expenditures by the

Sea Grant universities continued
an upward trend until 1982 when
appropriations became level  Fig-
ure 1!. When these expenditures
are adjusted for U.S. Consumer
Price Index inflation rates �967
base year!, the trend peaks in 1979
and declines each year since 19&0.
Total deflated expenditures by the
29 Sea Grant universities in 1979
were $13.4 million  $29.2 million
current! but have since fallen to
$11.3 million  $35.9 million cur-
rent!. This represents a 16 percent
decline in buying power for Sea
Grant research, advisory services,
and education efforts to develop
the nation's marine resources. It
should be noted that this reduc-
tion in buymg power does not in-
clude adjustments necessitated by
increased costs at the state and in-
stitutional levels.

Expenditures By
Program Fumtion

Research: Research expen-
ditures consist of faculty salaries,
equipment, operating expenses
and graduate student support.
Since 1980, total expenditures for
Sea Grant research have been vir-
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Table I. Changes in Sea Grant research component emphasis, 1976-85.

Average
Current
Percent
1984-85

Average
Percent
of Total
1976-85

Trend
�0 years!

Research
Component

37.9
19.3
13.1
7.2
8,5
4.7
3,8
6,4
3.1
4,4

Increase
no change
peak in 1979
decline
peak in 1982
peak in 1982
peak in 1982
decline
no change
no change

32.8
19.4
15.3
9.2
8.4
5.0
3.4
6.9
3,3
4,5

Fisheries
Aquaculture
Marine Processes/Sediments
Contaminants
Marine Industries

Transportation/Boating
Recreation/Tourism

Coastal/Ocean Management
Minerals/Energy
Pro amwide

tually level  Figure 2! at about $19
million  current dollars!. As a per-
centage of total Sea Grant spend-
ing, however, research expen-
ditures have gradually declined
over time  Figure 3! from the 1976
high of 60 percent to the 1985 level
of 54 percent.

Although the share of re-
search expenditures devoted to
graduate student support has in-
creased since 1976  Figures 12 and
13!, all other research expen-
ditures have declined. Graduate
student support as a percent of
total Sea Grant spending has
gradually increased from about 10
percent to almost 12 percent.
Other research spending as a per-
cent of the total has thus declined
by about 8 percent.

Advisory Services; Total ex-
penditures for advisory services
increased slightly over time until
1983 when they peaked at $8.8
million. Expenditures in 1984 and
1985 were lower, As a percent of
total spending, however, advisory
service expenditures have gradu-
ally increased from about 22 per-
cent in 1976-78 and now represent
about 24 percent of the budget.
Most advisory service expen-
ditures are for personnel which
represent fixed costs. Increases in
salaries have necessitated a reduc-
tion in the number of advisory
personnel despite this modest
growth rate.

Education: Expenditures for
education  K � 12! and university
course and curriculum develop-
ment have declined since the
early 1980s and in recent years
have been only slightly over $1

million. As a percent of the total,
education spending has dedined
from about 5 percent to slightly
over 3 percent.

Public Information: Expen-
ditures for public information in-
creased slightly until 1984 when
they peaked at $3.1 million. Ex-
penditures in 1985 were lower and
they now represent between 7
and 8 percent of total spending.

Management: University
program management expen-
ditures increased gradually over
time and now are slightly over $3
million. On a percentage basis,
however, program management
expenditures declined from 1976
through 1980. Since that time they
have remained at about 9 percent
of the total, about the same as in
1976. Management expenditures
represent primarily fixed person-
nel costs which have continued to
increase although the effort level
has remained stable,

Expenditures for Research
During the ten-year period

of analysis the amount of funds
devoted to various research com-
ponents changed significantly.
These changes are in response to
perceived relevance of research
needs  Table 1!.

Expenditures for fisheries re-
search  about V3 of total research!
steadily increased during this
period, both in actual dollars and
percent of total research  Figures 4
and 7!. Aquaculture research  Fig-
ure 4! was maintained at an al-
most constant percentage of re-
search  Figure 7! during that
period. It is very important to
note, however, that the kinds of

research conducted within these
components has changed signifi-
cantly as noted in the two follow-
ing examples:

During the 1970s, fisheries re-
search focused on response
to stress, population dynam-
ics and seafood technology.
From an independent analy-
sis of projects funded since
1980, it is clear that the re-
search emphasis is changing.
More attention is now being
placed on population rnodel-
ing and recruitment issues in
fisheries and less on stress re-
sponse  Figure 10!. This gen-
eral trend also indicates a
shift from the focus on indi-
vidual species to work in the
prunary nursery area that
benefits all species.

Similarly, salmon aquaculture
studies, for which data are
available since 1976, have
moved from a focus on aqua-
culture systems  general hus-
bandry work! to specific at-
tention to genetics and
disease  Figure ll!. This is an
expected transition, for once
the systems have been de-
veloped to produce the fish,
attention is turned to solving
problems encountered during
the grow-out phase,
Research in marine processes

and sediments increased to about
$3. 6 million in 1979 �1% of total!,
but has steadily declined since
 Figures 5 and 8!, Overall con-
taminants research expenditures
have also declined during this
period  Figures 5 and 8!. An inde-
pendent examination of yearly
project reports show that in the
1970s contaminant research fo-
cused on environmental rnap-
ping, but in response to national
needs, undertook in the 1980s ex-
perimental efforts to discover
fates and impacts of con-
taminants. Expenditure levels for
minerals and energy research
have been modest, with a slight
increase in the 1980s  Figures 5
and 8!.

Research directed toward ma-
rine industries has focused on
economics, engineering and busi-
ness administration of ports, har-

6.3



Total Expenditures
By Program Function

F iqure 2

gh

o

E

76 77 78 79 88 8f 82 83 8V 85

g Research gg Public Information gg Education
Q Advisory gg Proqr am management

F igure 3

g Research gg Public Information gg Education
g Advisory Qg Program management

6.4

f88

98

88

78

68

58

V8

38

28

13 8

Expenditures By Program Function As
Percent Of Total

76 77 78 79 88 81 82 83 8V 85



bors, boat manufacturing, recrea-
tional businesses, etc.� all of
which contribute significantly to
the U.S. economy. Expenditures
in this important research area
 shown as transportation and
boating! increased until 1982, but
have since fallen off somewhat to
the ten-year average  Figures 6
and 9!, Research in coastal and
ocean management has declined
 Figures 6 and 9! as the nation has
implemented its coastal manage-
ment program. Research efforts in
this area are expected to increase
again as the importance of es-
tuarine management is recog-
nized, and as exploration and de-
velopment of the Exclusive
Economic Zone increases.

Expenditures for Mucation
Sea Grant education efforts

have historically taken three
forms:
~ course and curriculum de-

velopment
~ K � 12 teacher training
~ graduate student support
Course and curriculum develop-
ment has been represented by
stand-alone projects, because
once developed, university
courses, vocational/technical train-
ing courses, and marine science
curriculum materials do not re-
quire further Sea Grant support.
K � 12 materials development has
concentrated on fulfilling general
marine science needs through
teacher training workshops and
classroom materials. Stipends and
assistantships for graduate stu-
dents as they work on specific re-
search projects are funded on a
competitive basis and their work
is directed by research faculty.

Total spending for course and
curriculum development in-
creased from 1976 to a peak in
1979 of slightly over $1 million but
since then has declined steadily to
about $.5 million annually  Figure
12!. As a percentage of total
spending, course and curriculum
development has declined from
about 3 percent in 1976 to one-half
that amount in 1985  Figure 13!.
During the same time, spending
for K � 12 teacher training increased
from about $200 thousand an-
nually to a peak of $860 thousand

Table 2. Changes in Sea Grant advisory service component emphasis, 2976-85.

Average
Current
Percent
1954 � 85

Average
Percent
of Total
1976-85

Trend
�0 years!

Advisory Services
Component

Fisheries

Aquaculture
Marine Processes/Sediments
Contami nants
Marine Industries

Transportation/Boating
Recreation/Tourism

Coastal/Ocean Management
Minerals/Energy
Programwide

peaked in 1981 31.5
increased in 1980s 6.4
peaked in 1982 2.7
increased in 1980s 1.7

13.3
4.3
9.0
5.1
0.5

37.6

33.6
4.7
3.2
1,1

14.6
4,6

10. 6
5.2
0.7
35.3

peaked in 1980
peaked in 1980
no change
no change
increased

in 1981 and has since declined.
The same trend follows in terms
of percentage of total expen-
ditures which grew from about 1.0
percent in 1976 to about 2.5 per-
cent in 1979 and then fell back to
slightly more than 1.0 percent.

These patterns seem reason-
able. Courses and curricula need
to be developed only once, so it is
appropriate that this type of acti-
vity has declined. When curricu-
lum materials became available,
expenditures for teacher training
peaked, held steady for several
years, and then declined as teach-
ers were trained who then trained
other teachers. The Sea Grant
"multiplier" effort was thus at
work by helping those who can
first help themselves and then
others.

Sea Grant education efforts
and priorities now focus primarily
on graduate student support to
solve research problems and to
educate future manpower. Gradu-
ate student support spending has
grown from about $2 million in
the mid 1970s to slightly over $4
million in 1985. On a percentage
basis, the growth has been from
about 10 percent to the 12 percent
level in 1985. This has been one of
the few Sea Grant areas that has
grown as a percent of total expen-
ditures in the face of level bud-
gets.

Expenditures for
Advisory Services

Sea Grant's marine advisory
service is diversified and has de-
veloped a weII respected tech-
nology and information transfer
system. It is important to note

that this multidisciplinary team
and national network of expertise
was built in less than two dec-
ades. Expenditures have changed
over the ten-year period of analy-
sis in spite of the "fixed" nature of
appropriations and long-term in-
stitutional building  Table 2!.

Expenditures for fisheries�
which traditionally has been a
major component of Sea Grant ad-
visory services � peaked in 1981
and slowly declined since  Figures
14 and 17!. This trend has oc-
curred not because of a decline in
fisheries development, but rather
in response to increasing needs to
assist development of other ma-
rine industries. Aquaculture acti-
vity is increasing  Figures 14 and
17! in response to the emerging
aquaculture industry and as re-
search results become available.

Marine advisory services ex-
penditures in marine processes/
sediments, minerals/energy and
contaminants have been very
modest  Figures 15 and 18!. Activi-
ties in the contaminants compo-
nent are currently increasing in
response to needs for information
and management in that area.

Programwide activities are in-
creasing  Figures 16 and 19!. Ma-
rine industries have become more
sophisticated and their informa-
tion needs more complex. Thus,
Sea Grant universities are tending
to diversify their advisory services
components to meet these emerg-
ing needs, Direct marine indus-
tries advisory service expen-
ditures  i.e., transportation,
boating, recreation, tourism! have
recently declined after peaking in
1980  Figures 16 and 19!. It is ap-
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parent that more attention needs
to be directed toward this area in
response to developing tech-
nology and industry growth.
Coastal and ocean management
advisory service expenditures
continue at about the level as in
previous years,

SEA GRANT IS
MULTIDISCIPLINARY

Sea Grant focuses its efforts
on priority problems that will ulti-
mately enhance the nation's ma-
rine productivity, and it provides
the means through which univer-
sity faculty can apply their knowl-
edge and talents to the nation's
marine needs. The National Sea
Grant College Program is the na-
tional inodel for multidisciplinary
university work, and is one of the
few scientific programs that oper-
ates in this manner, rather than
along strict disciplinary lines.

Nowhere is this more evident
than in the budget data collected
for the 1976-85 period. Sea Grant
program activities in research, ed-
ucation and advisory services
were reported under 50 selected
disciplines. For 24 of these disci-
plines, at least $.5 inillion was
spent in at least one of these ten
years. These are noted as major
disciplines. For most of these
24, major expenditures were
reported each year. For the re-
maining 26 disciplines, expen-
ditures were reported in each of
them for at least eight of the ten
years. These 50 disciplines ac-
count for only about 80 percent of
total expenditures, The remaining
20 percent was reported under
"other", emphasizing even fur-
ther the multidisciplinary nature
of Sea Grant. These listings are
not coinplete, and a more com-
prehensive set is being developed
based on further experience,

Major Disciplines
Aquaculture
Animal Physiology
Biochemistry
Bioengineering
Biology
Chemical Oceanography
Civil Engineering
Coastal Engineering
Ecology
Economics
Education
Fisheries

Other Disciplines

Anthropology
Behavioral Science
Botany
Chemical Engineering
Chemistry
Electrical Engineering
Engineering
Geochemistry
Geophysics
History
Human Physiology
Marketing
Materials Science

Food Science
Genetics
Geology
Law
Management
Microbiology
Ocean Engineering
Pathology
Pharmacology & Toxicology
Physical Oceanography
Policy
Recreation

Mathematics
Mechanical Engineering
Medical Science

Meteorology
Natural Products Chemistry
Naval Architecture
Nutrition
Physics
Physiology
Plant Physiology
Political Science
Sociology
Zoology

CONCLUSIONS
~ The National Sea Grant College Program is a viable, responsive re-

search, advisory services and educational force in the nation's marine
and coastal sector.

~ Funding limitations have imposed serious constraints on the ability of
the Sea Grant universities to respond to changing and emerging na-
tional needs.

~ In spite of the constraints, the national Sea Grant universities network
has effectively changed the thrust of its research, advisory services
and education efforts in response to soine high priority needs. It still
needs to address others.
Fisheries research and advisory services expenditures dominate total
Sea Grant efforts but the emphases within this broad and nationally
important context have changed significantly.

~ Research and advisory services efforts in support of emerging marine
industries needs to be strengthened, but funding will need to be in-
creased to create that strength.

~ Educational activities leading to course and curriculum development
have significantly declined as this national need was fulfilled and edu-
cational expenditures are now being directed at graduate student de-
velopment in concert with research priorities.

~ The Sea Grant advisory services capabilities have been built in an in-
credibly short time and the potential effects of its multidisciplinary ca-
pability are just now being realized.

~ Sea Grant is indeed multidisciplinary, having significant research, ad-
visory services and education projects in more than 50 professional
disciplines.
Sea Grant research is cost effective and competitive. Its review pro-

cesses assure the most meritorious and relevant projects are selected for
funding, As a result, it is likely to remain responsive to changing national
needs and priorities.
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7. Economic Effects
A reprint of a 1981 report documenting $230 million in annual gross
revenue or savings  cost avoidance! resulting from or stimulated by
selected Sea Grant projects



ECONOMIC EFFECTS OF SEA GRANT

Reprinted from a report prepared by the Sea Grant Task Force, Washing-
ton, D.C,, March 26, 1981, on behalf of the Marine Affairs Committee of
The National Association of State Universities and Land-Grant Colleges in
conjunction with the Sea Grant Association.

Sea Grant Task Force � 1981

Chairman
R. Corell, University of New Hampshire'

Members
D, Horn, Massachusetts Institute of Technology'
F. Jennings, Texas A&M University
J. Judd, University of Michigan'
J. Kermond, Sea Grant AssociationtNASULGC
N. Rorholm, University of Rhode Island
D. Rosenberg, University of Alaska'
V. Scottron, University of Connecticut"

' For identification purpose only

The National Association of State Universities and Land-Grant Colleges,
Suite 710, One Dupont Circle N.W., Washington, D.C. 20036
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ECONOMIC EFFECTS OF SEA GRANT

EXECUTIVE SUMMARY

~ Examples for this economic appraisal came from Sea Grant
programs nationwide
~ Economic effects on industry, business and commerce, de-
rived from 57 projects stimulated by federal investment
through Sea Grant, showed:

A, Fish harvesting $37,552,000
B. Seafood processing and marketing 17,500,000
C. Aquaculture 21,752,000
D. Marine construction 126,896,000
E. Marine transportation 2,890,000
F. Marine-related retail trade 19,400,000
G. Marine-related real estate 3,000,000
H. Marine service industry 813,000

Total $229,803,000

~ This annual figure  $230 million! approaches the total fed-
eral investment in the Sea Grant program over its thirteen-year
history.
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PARTIAL LISTING OF ECONOMIC EFFECTS
OF THE NATIONAL SEA GRANT COLLEGE PROGRAM

gated annual effects.
The material that follows provides
summary information on each of
the fifty-seven projects in eight
major categories outlined in Table l.

nomic effects of Sea Grant's work.
A summary  Table 1! of the find-
ings for eight major categories of
Sea Grant research and educa-
tional activity indicates the aggre-

$37,552,300

$17,500,465

$21,752,000

$126,895,771

$2,890,000

$19,400,000

$3,000,000

' Produchon costs have not been sub-
tracted. Later analysis will attempt more
detailed net benefit studies of selected
parts. The partial nature of this analysis
should also be stressed. It is based on ex-
amples from individual programs rather
than on total coverage. Hence, it is conser-
vahve.

$812,760

$229,803,296
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Summary: Estimates and analyses
of parfs of the Sea Grant prograin
indicate it has led to or stimulated
over $230 million in annual gross
revenue or savings  cost avoid-
ance! leading to fuller utilization
and greater efficiency in marine or
coastal resource based industries,'
Not accounted for are contribu-

tions to better management of
these resources. Neither do we at-
tempt to place a monetary value
on the manpower development
role of Sea Grant. The latter is a
major contribution to the nation's
ability to use its coasts and water
productively whether for com-
merce, food, or for recreation.

Twenty-six Sea Grant programs
participated in developing the
data for an analysis of economic
effects. A substantial voluine of
background data was prepared as
source information on the eco-
nomic stimulation to industry,
business, and commerce. The data
obtained  based on fifty-seven
projects! represent a few percent
of the total project activity within
Sea Grant. Each program selected
only a few examples of docu-
mented economic effect froin its
research and educational efforts.
The intent of this report is to pro-
vide, from a nationwide point of
view, a partial assessment of eco-

Table 1. Selected set of economic effects from the National Sea Grant Col-
lege Program.

A. FISH HARVESTING
Increase the econoinic productivity of
commercial shellfish, groundfish, and
mid-water fisheries,

B. FISH PROCESSING AND MARKETING
Expand the economic base of the
seafood processing industry.
C. AQUACULTURE
Provide new commercial opportunities
by developing the science, technology,
and economic potential of aquaculture
of marine species.
D. MARINE CONSTRUCTION
Facilitate improvements in environmentally
sound, economical, and safe waste disposal
and offshore construction activities.

E. MARINE TRANSPORTATION
Increase the efficiency and safety of
the U.S. shipping fleet and the
coinpetitiveness of U.S. boat manufacturers
in the foreign market,
F. MARINE-RELATKD RETAIL TRADE
Promote the growth of precious coral
and pet turtle industries and reduce the
loss of lives from cold-water drownings.
G, MARINK-RELATED REAL ESTATE
Develop new technologies for shoreline
stabilization, flood control, and
alternative methods of sewage treatment.
H. MARINE SERVICE INDUSTRY
Reduce wave damage to marinas and find
an economically feasible alternative to
breakwater construction for small marinas.

TOTAL



SEA GRANT AND THE ECONOMY

The economic development potential of the marine and coastal resources
of the United States has attracted much attention in recent decades. The
magnitude of 1972 economic activity within the coastal and ocean sectors
only recently has been assessed  Science, Vol. 208, 30 May 1980!. This anal-
ysis of the ocean economic sector in the National Income Accounting Sys-
tem  NIAS! places the ocean sector value at $30.6 billion in 1972 which is
comparable to agriculture  $35.4 billion!, mining  $18.9 billion!, construc-
tion  $58 billion!, transportation  $46.2 billion!, and communications  $29.4
billion!. The NIAS is an analysis technique that indicates the contribution
of various economic sectors to national income and, hence, provides a way
of understanding the composition of the economy. The NIAS assessment
is based upon nine major subsectors, with the percentage indicated:

1. Commercial Fishing �%!
Harvesting, processing, and aquaculture

2. Marine Mining �%!
Oil and gas, sand and gravel, and limestone

3. Marine Construction �%!
4. Manufacturing �%!

Ship and boat building
5. Marine Transportation and Communications  8%!

Shipping, cargo handling, and warehousing, transportation,
services, and marine-related communications

6. Marine-related Retail Trade �4%!
Marine-related merchandising and retailing

7. Marine Financing, Insurance, and Real Estate �5%!
8. Marine Services �%!

Hotels, inarine recreation, educational services,
museums, and marine organizations

9. Public Administration � State and Local �7%!
Federal government, ocean-related activities

These data provided the first major overview of the oceans' economic im-
portance. A more recent assessment of the magnitude of the private ma-
rine sector has been conducted by the Sea Grant Association Budget Com-
rnittee. Considering all aspects of fishing, marine-related manufacturing,
marine transportation and marine-related tourisin, it was found that total
sales exceeded $58 billion in 1978, with employment in these industries at
nearly 1,4 million. Further, Department of Commerce figures indicate that
sales within these industries increased 21.4% from 1977 to 1978 with an
increase of 8% in employment, for a productivity increase of 14% in sales or
shipment per person before adjustment for inflation.
Understanding the structure and characteristics of the industrial, business
and commerce components of the ocean sector is important. A preliminary
analysis suggests, that with some exceptions such as the oil and gas indus-
try, most of the components within the private marine sector are disaggre-
gated and evolving in nature. The fisheries component, for example, is
comprised mainly of small independent businesses that have been shown
to be the most viable economic force in the catching sector,
Most observers agree that the university/industry commitment to research
and extension was the key Federal policy that contributed so significantly
to the productivity of our agricultural industry, In 1966, the Federal Gov-
ernment established the policy and structure for similar activities auned at
marine resources through the National Sea Grant College Program Act.
Fortunately, like the agricultural sector, the oceans sector has access to uni-
versities and industry. Primarily, the focus is on fisheries and aquaculture,
seafood processing, marine construction and transportation, and marine-
related trade, real estate, service industries, recreation, and tourism.

7,4



The Sea Grant College and Program Act of 1966  P.L. 89-688! was passed
"to accelerate national development of marine resources, including their
conservation, proper management, and maximum social and economic
utilization." More specifically, the program was directed to "achieve the
gainful use of marine resources"  Sec 202 d!! through a partnership be-
tween the Federal and State Governments, universities, and the private
sector. The term "Sea Grant" was chosen to emphasize the agricultural
parallel in meeting present needs of the nation by developing the economic
potential of our marine resources.
Since 1966, the United States has laid claim to a 2GO-mile economic zone,
including all resources in the water column, on and under the ocean floor.
By this single action, the United States almost doubled the territory under
sovereign jurisdiction. When developed wisely, these vast new areas offer
the nation economic opportunities equal to or greater than the agricultural
sector of the nation's economy.
The factors that contribute to the productivity of the Sea Grant Program
are:

1. The partnership of universities, industry, and government.
2. Sea Grant is the only Federally stimulated program focused on

developing the resources of the ocean on a broad economic front.
3. Economic analyses of the Sea Grant Program, such as the following,

clearly demonstrate an unusually good return on investment.
4. The Sea Grant Program is identifying and developing new resources

for the nation in such areas as biornedicinals, aquaculture, ocean
energy, conversion, diverse waste conversion, reduction of marine
corrosion and biofouling.

5. Several independent assessments of the Sea Grant Program have
been made in the past, The productivity of the program is generally
recognized. The most recent assessment was made by the Heritage
Foundation, which reviewed all Federal programs in 1980 and re-
ported the following on Sea Grant:

It has an impressive record of success.... It operates
in partnership with state and local governments, pri-
vate industry, universities, organizations and indi-
viduals concerned with or affected by ocean and
coastal resources.... A key element of Sea Grant is
its outreach mechanism whereby results of research
are provided to users in industry, government agen-
cies, and the general public.

This appraisal demonstrates the economic effects of the Sea Grant Pro-
gram, The sections that follow were based on data supplied by 26 Sea
Grant Programs, However, this report must be seen as a partial assess-
ment, prepared on relatively short notice. The Sea Grant Program will con-
tinue to improve its means of assessing benefits and documentation of pro-
gram accomplishments.
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ECONOMIC EXAMPLES

A. Fish Harvesting

Sea Grant's assistance in increasing the productivity of the commercial
shellfish, groundfish, and rnid-water fisheries resulted in annual economic
effects of $37,552,300 on industry, from sixteen projects on which data are
readily available.

Develop the eel fishery in North Carolina.
Provide research to improve fishing and handling techniques and develop-
ment of export market for fresh frozen eels to Europe and Japan.
Growth of eel fishing industry from $16,000 in 1972 to $1,200,000 of foreign
exports in 1980, an average annual growth of $148,000.
North Carolina

A1. Challenge
Solution

Benefit

Source

Assist ground fishing fleet changeover to deep water species,
Development of midwater fishing gear for herring export catch.
Has led to annual gross increases of $1,250,000, or net increases of $431,000
of exportable fish from 18 vessels. Technology is still spreading.
Rhode Island

A2. Challenge
Solution

Benefit

Source

Improve the efficiency of harvesting by commercial fishermen.
Assisted the fishermen to develop new and improved technology for han-
dling nets, crab pots, and other fishing gear. Cost-effective hydraulic gear
is now being used on 60 medium-sized boats.
$6,500,000 per year increased income for fishing industry.
North Carolina

A3. Challenge
Solution

Benefit

Source

Reduce loss and damage to shrimp trawls  subject to federal compensation
by Iaw! from bottom obstructions.
Collected data on obstruction locations from personal contacts with boat
captains and the historical record, assembled their data with LORAN navi-
gation coordinates, and disseminated the information to the shrimping
fleet.

$3,500,000 per year.
Texas

A4. Challenge

Solution

Benefit

Source
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Examples of annual economic effects
1. Eel fishery
2. Herring fishery
3. Commercial fish
4, Shrimp trawl obstruction
5. Side trawler operations
6. Soft blue crab production
7, Oyster fishery
8. Black cod fishery
9, Net damage by underwater obstructions
10. Offshore fishery
ll. Alaska commercial fishery
12. Swordfish and blackfin tuna fisheries
13. Finfishery
14. Herring fishery
15. Great Lakes commercial fishery
16. Crab fishery

TOTAL

$ 148,000
1,250,000
6,500,000
3,500,000

494,000
1,000,000

98,100
321,000
600,000

11,210
1,055,000
2,600,000

475,000
1,500,000
6,000,000

12,000,000

$37,552,300



AS. Challenge

Solution

Benefit

Source

A6. Challenge
Solution

Benefit

Source

A7. Challenge

Solution

Benefit

Source

AS. Challenge
Solution

Benefit

Source

A9. Challenge

Solution

Benefit

Source

A10. Challenge

Solution

Benefit

Source

A11. Challenge

Solution

Benefit

Source

Improve the safety of side trawler operations; the attachment of towing ca-
bles to the stern of a side trawler is extremely hazardous, sometimes caus-
ing serious injury or death to fishermen.
Developed and introduced to New England fishermen a quick-acting, re-
mote-releasing hook-up block. Modification of this unique device has
adapted it for use by U.S. Coast Guard for life boat handling. A commercial
concern is studying use of the block as an anchor reiease.
Increased one fishing captain's earnings by at least $3,000 per year. When
fully implemented, a modified block for successfully handling its new RHI
lifeboat will save the Coast Guard an estimated $3,500,000 or $491,000 an-
nually over 15 years.
Massachusetts

Revitalize declining soft blue crab production.
Provided technical, economic feasibility analysis and marketing assistance
to the industry.
$1,000,000 per year.
Florida

Reduce threat to Chesapeake Bay oyster industry of the widespread occur-
rence of pink coloration in oysters.
Showed the pink coloration had no effect on the oysters' wholesomeness
or palatability, publicized these findings, and convinced a Federal purchas-
ing agent to reverse an earlier shipment rejection.
This one incident had a $500,000 benefit but the aggregate value to the
Chesapeake Bay oyster fishery is hard to calculate, Over 15 years this
amounts to an annual amount of $98,100.

Virginia

Re-establish black cod fishing catch,
Provided research and developed new design traps.
Landings increased by a factor of 8  poundage! from 1973 to 1975 with an
average annual value of $321,000.
California

Prevent net damage by underwater obstructions  reimbursable by the Fed-
eral Government by law!.
Collected information on such obstacles from individual fishermen and
published the descriptions and locations in a log book.
Saved fishermen $600,000 per year in net costs plus unaccounted reduction
of losses in fishing time.
North Carolina

Locate offshore fishing grounds and disseminate new sonar tracking tech-
niques,
Provided offshore research and training in advance fish travel, radar and
navigation.
$80,000 in one harvest involving 5 boats  otherwise idle due to failure of in-
shore fishery!. This amounts to $11,210 annually over 15 years.
Georgia

Enhance income of native Alaskan fisherinen from commercial fishing.

Designed program to improve effectiveness of native Alaskan fishermen in
commercial herring fishery.
Earnings increased by $1,055,000 in first year after program started.
Alaska
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A12. Challenge

Solution

Benefit

Source

A13. Challenge
Solution

Benefit

Source

A14. Challenge

Solution

Benefit

Source

A15. Challenge
Solution

Bene|fit

Source

A16. Challenge
Solution

Benefit

Source

Develop a winter catch supplement for the seasonal Gulf coast shrimp fish-
ery to provide year-round employment and capital utilization.
Developed new swordfish and blackfin tuna fisheries.
$2,600,000 per year.
Texas

Find alternative fisheries for shriinpers in South Carolina.
Helped shrimp fisherinen adapt their vessels to fish for previously unex-
ploited finfish and instructed fishermen in new techniques.
$475,000 annual gross incoine from finfish over past 5 years.
South Carolina

Accurately determine the herring fish stock, to increase harvesting effi-
ciency while protecting against over fishing.
Successfully applied acoustic techniques for more accurately estimating
fish populations for the Pacific herring fishery. Data are used in establish-
ing the Regional Fisheries Manageinent Plan for Pacific herring,
Increased the allowable harvest from approximately 30 percent resulting in
an annual landed value increase of approximately $1,500,000,
Washington

Rebuild the Wisconsin Great Lakes Fishing Industry.
Identified historical spawning reefs in Lake Michigan, developed new pro-
cessing and new inarketing techniques for under-utilized sucker fish, de-
veloped canned pack for improved inarketing of under-utilized alewives,
and provided research data and technical assistance to the industry.
Recovery of Wisconsin commercial fishing industry from brink of collapse
to $6,000,000 annual dockside sales.

Wisconsin

Increase number of crab species harvested by U.S. fishermen.
Carried out a marketing study in conjunction with North Pacific Fishery
Management Council which successfully showed that Japanese Tanner
Crab fishing fleets should be removed from U.S. waters,
Tanner Crabs now totally harvested by domestic fishing industries with a
value of $18,000,000 per year to date. The V,S, industry was $6,000,000
prior to 1977.
Alaska
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B. Seafood Processing and Marketing

Through Sea Grant's efforts to expand the economic base of the seafood
processing industry, the annual aggregate economic effects from eleven
projects on which data are readily available was $16,500,456.

Bl. Challenge Help prevent closing of Alaska salmon canneries that would result from
proposed environmental regulations on disposal of salmon-processing
waste requiring modification of equipment.
Studied economic impact of proposed regulations and revealed serious er-
rors in the contractor da ta and analysis report supporting the regulations.
As a result of the Sea Grant study, EPA regulations were modified.
The requirement for modifications to waste processing equipment was res-
cinded with the resulting saving af $22,500,000 to the Alaskan salmon pro-
cessors in 1979. This amounts to $4,615,465 annually over a 15-year period,
Washington

Improve seafood quality by insulating boat holds,
Promoted engineering and research to develop insulation requirements
and handling techniques f' or improved quality of catch and increased in-
come to fishermen far higher quality products.
$150,000 per year increased revenue for fishermen.
North Carolina

Solution

Benefit

Source

B2. Challenge
Solution

Benefit

Source

B3. Challenge
Solution

Benefit Estimated savings of $454,000 per year for transporting Alaskan salmon
into California as well as saving one-third of energy costs,

CaliforniaSource

B4. Challenge

Solution

Recover and utilize protein and other nutrients from surf clam processing
waste,

Development of marketable clam broth and freeze-dried clam flavor
ingredien t.
Clam broth - $500,000 per year in sales and reduced waste treatment cost
for one firm, Flavor ingredient - one firm estimates potential annual sales
of $750,000.

New York

Benefit

Source
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Examples of annual economic effects
l. Salmon canneries
2. Seafood quality
3. Storage of fresh fish
4. Clam-mincing by-products
5. Oyster industry
6. Crab-processing wastes
7. Oyster-cleansing system
8. New domestic seafood markets
9. Shrimp processing
10, Fish processors
11. Frozen seafood packaging

TOTAL

Extend storage time in transportation of fresh fish.
Developed CO2-modified atmosphere containers.

$4,615,465
150,000
454,000
500,000

1,000,000
2,500,000
1,000,000

100,000
5,600,000
1,231,000

350,000
$17,500,465



B5. Challenge

Solution

Benefit

Source

B6. Challenge

Solution

Benefit

Source

B7. Challenge
Solution

Benefit

Source

B8. Challenge
Solution

Benefit

Source

B9. Challenge
Solution

Benefit

Source

B10. Challenge
Solution

Benefit

Source

B11. Challenge

Solution

Benefit

Source

Sustain Apalachicola Bay oyster industry threatened with shutdown due to
water-quality problem.
Through technical assistance in sanitation and processing procedures and
cooperation with the state Oyster Task Force, sustained and enlarged con-
tinued production of safe oysters, even under newly strengthened sanita-
tion requirement.
Not only was disaster to the industry averted, but oyster production was
increased from 5,784,930 pounds in 1979 to 6,395,778 pounds in 1980 equal-
ing a landing value of $5,800,000.
Florida

Reduce the cost of disposal of crab processing wastes  many processors
faced shutdown due to increased cost of waste disposal!.
Demonstrated crab-meal production, using 20-30 million pounds of hard-
crab processing scrap.
A gross benefit of $2,500,000 per year, through reduction of waste disposal
costs and sale of crab meal, has been achieved in the Middle Atlantic region.

Virginia

Develop an off-bottom oyster cleansing system.
Developed mechanization system for depuration process and performed
biological studies enabling lifting of some regulatory restrictions.
Productive and economically feasible depuration process resulting in
$1,000,000 of oysters,
Mississippi

Find new seafood markets  domestic!.

Perform market research and provide technical assistance.
$100,000 per year to or>e company in Tennessee.
Georgia

Prevent waste of edible portion of shrimp that is lost during processing.
Developed and introduced to industry improved handling and processing
techniques to reduce waste by increasing yield and saving energy.
Annual yield region was increased by 4 percent; the equivalent of
$5,600,000 per year direct return to processors,
Oregon

Assist fish processors to cope with environmental regulation problems.
Studied operations of fish meal plants and developed a procedure to in-
crease productivity simultaneously with reduction of problems from efflu-
ent pollution.
Prevented closure of fish processor allowing continuance of industry am-
ounting to $1,231,000 gross annual income to processor and commercial
fishermen.

Wisconsin

Develop new convenience seafood products from under-utilized species of
fish.

Develop and market test a number of new frozen products, several eventu-
ally adopted by commercial processors.
Additional annual sales revenues to fish wholesalers and processors of at
least $350,000.

New York
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C. Aquaculture

Aquaculture of marine species provided new commercial opportunities by
developing the science, technology, and economic potential. $21,752,000
represents the annual aggregate economic effects on industry from projects
on which data are readily available,

Develop crawfish aquaculture as an industry in Louisiana,
Since 'l969, introduced research on crawfish aquaculture to pond operators
and to rice farmers where crawfish are now being stocked in rice paddies,
Increased pond acreage from 12,000 acres in 1969 to 62,000 acres in 1980
with associated increased income for crawfish fariners of $8,450,000 per
year,

Louisiana

Cl. Challenge
Solution

BeneBt

Source

C2. Challenge

Solution

Reduce mortality rate �0 to 80 percent! of pen-reared salmon when smolt
are transferred from freshwater to saltwater,

Through genetic research  similar to that applied to the poultry industry!,
developed a strain of Coho salmon specifically adapted to pen-rearing with
one-half the mortality rate of natural stock,
One commercial salmon grower realized a net saving of $192,000 per year
raising this new strain.
Washington

Help prevent continual reduction of the size of naturaI oyster beds due to
development and pollution.
Develop pilot closed-system oyster culture facility.
Understanding in oyster spawning, spot setting, nutrition, and water qual-
ity control are already contributing an estimated $160,000 per year benefit
to the natural bed fisheries. The ultimate goal of cominercial sized closed-
system aquaculture facilities will be a major industry and conservation
breakthrough.
Delaware

Benefit

Source

C3, Challenge

Solution

Benefit

Source

Develop a net-pen fishery.
Provided research and demonstrated projects that resulted in several com-
panies in the Pacific Northwest going into commercial production of
salmon using this technology.
DomSea Farins, now a subsidiary of Campbell Soup, is harvesting over
$3,000,000 of salmon per year.
Washington

C4. Challenge
Solution

Benefit

Source
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Examples of annual economic effects
1, Crawfish aquaculture
2. Pen-reared salmon

3. Oyster beds
4. Net-pen fishery
5. Land clam and oyster spawn
6. Seafood production
7, Maine fishing industry
8. Ocean ranching
9. Salmonid inortality

TOTAL

$8,450,000
192,000
160,000

3,000,000
400,000

6,000,000
1,000,000
2,300,000

250,000
$21,75/000



C5. Challenge
Solution

Benefit

Source

C6. Challenge
Solution

Benefit

Source

C7. Challenge
Solution

Benefit

Source

C8. Challenge
Solution

Benefit

Source

C9. Challenge
Solution

Benefit

Source

Reduce disease-related mortalities in New York shellfish hatcheries,

Research/extension program to identify diseases of New York shellfish, de-
velop disease-control procedures and train hatchery operators in these pro-
cedures.

Doubling of effective hatchery production on Long Island should produce
annual market sales increases of $400,000.

New York

Increase the production of seafood through aquaculture.
Conducted research to identify and select the most promising plant and
animal species for aquaculture, developed the supporting technology and
marine science for commercial expansion, and provided advisory assis-
tance to the developing industry.
Aquaculture in Hawaii now produces a wholesale value of over $6,000,000
�980! and is projected to increase to over $32,000,000 in 1985.
Hawaii

Bring greater economic stability to the Maine fishing industry.
Stimulated the formation of a new shellfish aquaculture industry.
This still young industry's last year's sales exceeded $1,000,000 with a pro-
jected five-fold increase over the next five years.
Maine

Develop ocean ranching in Alaska.
Assisted development of private non-profit aquaculture corporation and
hatchery to stock salmon in geographic areas where salmon fisheries do
not exist.

New salmon fishery where salmon stocks had not existed with a catch in
1980 valued at $2,300,000,

Alaska

Excessive mortality in smoltification of salmonids.
By demonstrating the role of ammonia in oxygen transport in fish, investi-
gators have helped the Dworshak National Fish Hatchery to reduce sal-
monid mortality during smoltification from 35,000 per day to 300 per day.
An annual savings of $250,000.
Rhode Island



D. Marine Construction

Facilitating improvements in environmentally sound, economical and safe
coastal and offshore construction activities has resulted in $126,895,771 an-
nualized cost avoidance or savings aggregated from projects on which data
are available.

Examples of annual economic effects
1. Mathematical modeling
2. Construction aggregates
3. Sand and dredging industry
4. Wave-tracking buoy

TOTAL

$80,645,771
45,000,000

250,000
1,000,000

$126,895,771

Dl. Challenge

Solution

Benefit

Source

D2. Challenge

Soliltlorl

Benefit

Assure availability of reasonably-priced supply of construction aggregate
to New York Metropolitan Area,
Econometric models capable of predicting net cost reductions from aggre-
gate mining in New York Harbor.
Development of most cost-effective mining scenario would produce annual
cost savings of $20,000,000 to sand suppliers and $45,000,000 to building
llidustry.
New YorkSource

D3. Chal! enge

Solution

Revitalize sand and dredging industry in Toledo, closed because of envi-
ronmental concerns,

Showed that the sand and gravel used for construction aggregate could be
dredged without harming the environment,
$250,000 worth of sand and gravel naw dredged annually.
Ohio

Benefit

Source

Obtain accurate wave-spectra data for design and construction of offshore
facilities and structures.

Developed wave-tracking buoy to directly measure and record wave direc-
tional spectra.
New wave-tracking buoy has been added to a small business product line
with projected annual sales of $1,000,000.
Massachusetts

D4. Challenge

Solution

Benefit

Source
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Assess impacts on marine environment of offshore construction and dis-
posal permit ting.
Developed finite element mathematical models to accurately assess im-
pacts and successfully predict transport and disposal of materials in semi-
enclosed water bodies.

Saved $29,000,000 to $54,000,000 in estimated circulating-water channel
modifications or new construction costs, An annual saving of $5,417,779
over 15 years. Using the minimum estimate amortized over an assumed 10-
year construction period, this represents a $2,900,000 annualized cost
avoidance. Demonstrated environmental acceptability of sewage outflow
led to EPA approval of a waiver request and will result in construction cost
avoidance of $400,000,000  $300,000,000 is federal subsidy!. Amortizing
this saving over a 10-year construction period, this represents a $74,727,992
annualized cast avoidance. Contractor reports savings of $15,000 to $80,000
for each application of the model over conventional techniques and esti-
mates total savings of up to $500,000 per year.
Massachusetts



E. Marine Transportation

The result of increasing the efficiency and safety af the U.S. shipping fleet
and the competitiveness of U.S. boat manufacturers in the Mexican market
meant an annual aggregate economic benefit to industry of $2,890,000 from
four projects on which data are readily available.

Examples of annual economic effects
1. Satellite information
2. Shrimp boat manufacturing
3. Fishing vessel replacement
4. Offshore tanker mooring

TOTAL

$1,560,000
700,000

40,000
590,000

$2,890,000

E1, Challenge

Solution

Benefit

Source

Increase competitiveness of U.S. shrimp boat manufacturing  for interna-
tional markets!.
Trained international boat operators for maximum vessel usage  on site!
 e,g., Mexican fishermen!.
Continued gross sales of U.S.-built vessels amounted to $700,000 in a year.
Georgia

Replace worn out fishing vessels for individual fishermen.
Instructed fishermen how to build their own fiberglass boats.
Sixteen boats built resulted in total net saving of $40,000.
South Carolina

E2. Challenge

Solution

Benefit

Source

E3. Challenge
Solution

Benefit

Source

Improve the safety of offshore tanker mooring operations.
Developed prototype talking current spar buoy that reports ocean currents
to ship operators making offshore inoorings.
A new talking current spar buoy instrument has been added to a small
business product line with projected annual gross sales of $590,000.
Massachusetts

E4. Challenge
Solution

Benefit

Source
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Disseminate NOAA's satellite information on Gulf Stream dynamics to dis-
aggregated user industries.
Worked with NOAA satellite and weather service personnel to locate and
establish cominunication linkages to a broad-base user clientele.
One shipping company estimates $1,560,000 annual savings in fuel costs,
Florida



F. Marine-related Retail Trade

Sea Grant helped promote the growth of precious coral and pet turtle in-
dustries and helped reduce the loss of lives from cold-water drownings.
$19,400,000 represents the annual aggregate economic effects on industry
from only three projects on which data are readily available.

Reduce loss of lives resulting from cold-water drownings.
Studied temperature regulation of humans in cold-water environments
and, in partnership with industry, designed new kinds of personal flota-
tion devices that mirumize body temperature loss,
Stimulated production in three new lines of personal flotation devices and
thermal suits grossing $10,000,000 in 1980.
Minnesota

Fl. Challenge

Solution

Help prevent collapse of pet turtle industry threatened due to FDA ban on
interstate shipment of carriers of salmonella.
Developed antibiotic treatment of turtle eggs in vacuum chamber that elim-
inated the salmonella transmission problem,
!ndustry expanded in business to $2,100,000 yearly production,
Louisiana

BeneFit

Source

Develop a precious coral industry while husbanding rare stocks of coral.
Promoted research and application of undersea technologies.
The industry grew from 50 employees and gross sales of $500,000 to 214
employees and gross sales of $7,800,000.
Hawaii

Fa. Challenge
Solution

Benefit

Source
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Benefit

Source

F2. Challenge

Solution

Examples of annual economic effects
1. Cold-water drowning
2. Pet turtle industry
3. Precious coral industry

TOTAL

$10, 000, 000
2,100,000
7,300,000

$19,400,000



G. Marine-related Real Estate

The economic importance of coastal real estate has motivated the develop-
ment of new technologies for shoreline stabilization, flood control, and al-
ternative methods of sewage treatment. This represents $3,000,000 aggre-
gated annual economic effects on industry frain four projects on which
data are available.

Examples of annual econainic effects
1. Shoreline erosion
2, Flood control
3. Waste disposal
4, Irradiation of sewage sludge

TOTAL

$1,000,000
750,000
850,000
400,000

$3,000,000

G1. Challenge
Solution

Benefit

Source

G2. Challenge
Solution

Benefit

Improve flaad control techniques.
Developed and demonstrated new design concepts.
Reduction in federal flood insurance payments  e.g., $750,000 per flood!
and reduced flooding,
New YorkSource

G3. Challenge

Solution

Reduce the impact of waste disposal on the economic development of
coastal land and water.

Provide research on environmental distribution of sewage waste and de-
veloped alternative, cost-effective disposal system which has been ap-
proved and adopted by coastal communities.
$850,000 per year increase in shellfish harvest and the lifting of building
restrictions to allow $4,000,000 of new building during 1980,
North Carolina

Provide a new method of sewage sludge treatment that is less capital and
energy intensive.
Developed and had approved by EPA an electron irradiation process for
pasteurizing sewage sludge,
Miami-Dade Water and Sewage Autharity is now constructing the first fa-
cility based on this process which is projected to perform at an annual sav-
ings of $400,000.
Massachusetts

Benefit

Source

G4. Challenge

Solution

Benefit

Source
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Reduce economic losses to coastal property owners from shoreline erosion.
Performed research an vegetation to stabilize shorelines, studies of ce-
ment-asbestos bulkhead failure, and research on erosion in local communi-
ties, providing information ta adjust building setbacks.
$1,000,000 saved from property damages and remedial actions.
North Carolina



H. Marine Service Industry

Reducing wave damage to marinas and finding an economically feasible
alternative to breakwater construction for small marinas resulted in annual
aggregate economic effects on industry of $812,760 from just three projects.
These savings have been replicated numerous times in inany regions of the
United States.

Examples of annual economic effects
1. Small-marina operators
2. Wave damage reduction
3. Marine trade seminars

TOTAL

$176,760
500,000
136,000

$ 812,760

H1. Challenge

Solution

Benefit

Source

H2. Challenge
Solution

Benefit

Source

Improve efficiency of marine recreational firms.
Formulated and conducted ten marine trade management seminars along
the U.S. East Coast involving 680 firms.
$136,000 in immediate savings.
Rhode Island

H3. Challenge
Solution

Benefit

Source
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Find an economically feasible alternative to traditional breakwater con-
structions for small-inarina operators.

Introduced marina operators to the concept of floating tire breakwaters and
floating tire docks, gave the needed design and construction information,
and advised on the construction and installation of an expanded marina
facility.
Saved $176,760 in annual facilities costs.

Michigan

Develop low-cost, effective shore protection technologies.
With Rhode Island, design, construct, and field test several floating tire
breakwaters.

Annual savings to shorefront property owners of $500,000 through re-
duced wave and storm related damage.
New York





8. External Evaluations
Evaluations of the National Sea Grant College Program by seven
federal, academic, and private sector organizations
~ National Advisory Committee on Oceans & Atmosphere
~ Department of Commerce, Office of Program Evaluation
~ General Accounting Office
~ University of Connecticut, Institute of Social Inquiry
~ National Oceanic & Atmospheric Adininistration, Office of Policy
& Planning
~ Massachusetts Institute of Technology, Center for Policy
Alternatives
~ Heritage Foundation



EXTERNAL EVALUATIONS OF THE
NATIONAL SEA GRANT COLLEGE PROGRAM

Although tunding for Sea Grant represents a mere fraction of the billion
dollar federal ocean program, it has been the subject of continuous scrutiny
and evaluation tor more than a decade. Studies have focused on:
~ The general effectiveness of the program
~ Sea Grant's relationship to the National Oceanic and Atmospheric
Administration

~ Contributions of individual research projects
Attitudes and perceptions of academic marine scientists toward Sea

Grant

Several themes emerge in these assessments:
~ Sea Grant plays a unique and important role in the nation's marine
program.

~ The program's strengths reside in its ability to promote interdiscipli-
nary marine research, education, and advisorv activities responsive to both
local and national needs. Its biggest limitation in fulfilling its promise has
been insufficient funding.
~ Perceptions about the quality of Sea Grant research and administrative
effectiveness depend largely on whether researchers are interested primar-
ily in basic or applied research.
~ A variety of administrative changes would improve the effectiveness of
the program,
~ The relationship between Sea Grant and its parent agency, the National
Oceanic and Atmospheric Administration, can and should be clarified in a
manner that would enable each to draw on the strengths and resources of
the other.

The following sections summarize, with a minimum of commentary, the
major points made in these reports. Although many of the recommenda-
tions made have been addressed by the National Sea Grant Office and the
Sea Grant directors, no effort is made here to trace these actions or to
summarize the evaluations of the Sea Grant programs made as a regular
part ot the congressional oversight or budget process, All ot these forms of
oversight and review have been useful in helping lead to the program's
accomplishments cited in other sections of this book.
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National Advisory Committee
On Oceans and Atmosphere, 1976

Sea Grant plays an impor-
tant role in the national ef-
fort to develop and conserve
our marine resources. Its

ability to draw on the pool
of talent in our universities
and other research institu-

tions, and its close contacts
with users and potential
users of marine information
and technology, enableit to
complement the activities of
the numerous other Federal

agencies and programs.

Department of Commerce
Office of Program Evaluation, 1976

In a staff study, Department of Commerce evaluation specialists addressed
two questions raised initially by the Office of Management and Budget,
These were whether Sea Grant was a "capacity-building program" or a
conduit for grants, and whether or not these grants duplicated work sup-
ported by other agencies. The report noted that Sea Grant represented only
a fraction of the total funding for federal marine programs but endorsed
Sea Grant's role in developing institutional capabilities  e.g., "capacity-
building" !,
They concluded that Sea Grant research was funded by a variety of public
and private sources; provided a mechanism f' or passing funds from other
agencies which reduced administrative costs and duplication; and em-
ployed an effective six-stage  see figure! review process which assured
project quality. They also noted that peer reviews of the Sea Grant ap-
proach and program administration had been favorable and that "the local

8,2

During the fall of 1975, the members and staff of the National Advisory
Committee on Oceans and Atmosphere  NACOA!, embarked on a year-
long evaluation of the Sea Grant program. Based on extensive interviews,
site visits, panel reviews, attendance at directors' meetings and a review of
the extensive documentation about the program, the Cornrnittee con-
cluded:

Sea Grant plays an important role in the national effort to develop and
conserve our marine resources. Its ability to draw on the pool of talent in
our universities and other research institutions, and its close contacts
with users and potential users of marine information and technology,
enable it to complement the activities of the numerous other Federal
agencies and programs also concerned with marine resource develop-
ment. Its most significant contributions have stemmed from its sensitiv-
ity to regional and local perceptions of issues which, while collectively
important to the Nation, may be individually too small or too new to
have attracted attention at the Federal level.

The National Sea Grant Progra~n: A Rezneze
A Report for the Secretary of Commerce

Washington, D.C., November 3, 1976
In strongly recommending that the program be continued, NACOA noted
that Sea Grant had been "responsive to its legislative charter", had "con-
tributed significantly to the Nation's marine effort," and that there was "a
continuing need for the kind of service it provides," To strengthen the pro-
gram, the Committee made recommendations on policy, management and
funding.
With respect to policy, NACOA urged the Administator of NOAA to "clar-
ify the goals and role of Sea Grant in relation to NOAA's overall mission",
to make more extensive use of the Sea Grant Advisory Panel for advice on
broad policy issues, and to develop and implement procedures for im-
proved coordination between other agencies, other parts of NOAA, and
Sea Grant.

The Office of Sea Grant was encouraged to clarify its guidelines; aid partici-
pating institutions in establishing priorities; expedite its proposal review
process; ensure that engineering is incorporated into research projects
where appropriate; and, for projects with commercial potential, consider
economic as well as technical feasibility.
NACOA concluded that federal funding was "inadequate for the task as-
signed to the program," hence should be increased to a minimum of $40
million per year over the next several years.
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This diagram outlines the planning,
proposal and review process at major
Sea Grant institutions, Though details
will vary fram institution to institution,
the process is typical. The diagram,
which does not appear in the 1976 report
from the Department of Commerce, is
included here for information purposes.

initiative lnodel" was preferred to a model which sought to impose na-
tional criteria for requesting and selecting research proposals.
With respect to "capacity-building", however, there was no common
understanding of the goals, objectives, and procedures for developing the
kinds of institutions and resources required to fulfill governtnent mission.
lt did seem possible, however, that a model of "capacity-building could be
developed and tested which would have pay-offs in Sea Grant's resource
management and program structure," The evaluators recomlnended that
the Office of Management and Budget develop a "capacity-building
model" for application throughout the government,

Sea Grant Programs
Planning, Proposal and Review Process



General Accounting Office
1974 and 1979

The General Accounting Office  GAO! has conducted two assessments of
Sea Grant. The first and most extensive was conveyed by letter to the Of-
fice of Sea Grant on March 16, 1974, and the second, far more limited in
scope, was suminarized in a letter dated October 15, 1979.
The 1974 observations were directed primarily at issues ot program inan-
agement and reporting. Recommendations included more explicit atten-
tion to relating efforts to accomplishments and benefits; increased sugges-
tions for program development by local advisory groups; more attention by
Sea Grant to matching costs; development of procedures that would, be-
fore final approval of a proposal, resolve and docuinent actions taken as a
result of peer reviews; and creation of a NOAA-wide advisory service. Ad-
ditional suggestions concerned establishing guidelines and procedures for
the management of Sea Grant programs in the universities,
The '1979 letter was based on an examination of the administration of Sea
Grant to identify areas needing further review and analysis. On the basis of
visits to Sea Grant programs in six states, personal contacts in four others,
and discussions with NOAA personnel, the reviewers concluded that: �!
"Many Sea Grant projects appear to have only limited application and to be
of little benefit to the identified user community," and �! "A followup
evaluation appears to be needed to determine if the federally supported
Sea Grant projects are meeting expected goals and objectives."
The first observation was based on a strictly literal interpretation of the re-
lationship between research, advisory services and users, a point made
with great clarity and force in the Office of Sea Grant's explanation of why
it could not accept that statement as valid. The second statement involved
evaluation of completed projects, procedures for which were well estab-
lished in Sea Grant administrative practices.

University of Connecticut
Institute for Social Inquiry, 1977-79

W, Wayne Shannon and David D. Palmer of' the Institute for Social Inquiry
at the University of Connecticut undertook an extensive study of the rela-
tionship between federal funding agencies and university marine scien-
tists. Their report, The Federal founding of Academic Mari>re Science, is the only
report that examines Sea Grant in the context of the broader pattern of fed-
eral support for academic marine programs,
Data were compiled between 1977 and 1979 from mail questionnaires re-
ceived from 793 academic marine scientists, 918 questionnaires from recent
graduates of marine programs, and 153 interviews with federal agency and
university administrators.
The researchers noted that Sea Grant, along with the National Science
Foundation's Oceanography Section and Office for the International Dec-
ade of Ocean Exploration  since 1980 merged in the Division of Ocean Sci-
ences!, and the Navy's Office of Naval Research have the most extensive
linkages to the university ocean research coinmunity of all federal
agen cies.
Interviews and survey data revealed several areas of dissatisfaction on the
part of university marine scientists;
~ That the national Sea Grant of'fice had not followed a consistent
program

That site visit review teams assigned to various institutions were often
comprised of individuals who were deemed insufficiently familiar with the
programs to evaluate them "in a professional and consistent manner
over time"

8.4



Recogn ition is u idespread
that Sea Grant is the most
durable and institutionally
committed program support-
ing academic marine science
research beyond the disci-
plines of oceanography,
proper.

~ That Sea Grant was "too sensitive to politica! winds" and the wants of
different users, "too prone to 'target' various desired areas of research, too
much concerned with relevance and too anxious to cite accomplishments
in the real world."

~ That there was an "excessively arduous review process" for Sea Grant
proposals and too little money to support and sustain those who were in-
terested in doing Sea Grant research
At the heart of many of these concerns was the tension between Sea
Grant's emphasis on applied research and university scientists' desire to
pursue basic problems of their own choosing.
The authors observed, however, that often after such critical commen ts
were made, persons expressing them would quickly reaffirm interest in
and devotion to the "Sea Grant idea." They concluded:

While it is surely not everyone's enthusiasm, a broad range of individu-
als in the academic marine science community see Sea Grant as a highly
important part of the federal funding system, Recognition is widespread
that Sea Grant is the most durable and institutionally committed pro-
gram supporting academic marine science research beyond the disci-
plines of oceanography, proper. Its importance as a catalyst for interdis-
ciplinary activity, marine-related engineering, and social science is
widely recognized. Generally, however, there is a pervasive sentiment
in the academic community, even among some of Sea Grant's strongest
supporters, that the Sea Grant idea � a creative partnership between the
federal government, the university, and the governmental and private
users of marine technology � needs continuing assessment and perfected
implementation.

National Oceanic and Atmospheric Administration
Office of Policy and Planning, %980
This internal staff report reviewed the legislative origins of Sea Grant, its
administrative practices, and funding history as a basis for improving Sea
Grant's relationships with other parts of NOAA. The basic questions in-
cluded:  I! the responsiveness of Sea Grant to NOAA's needs and �! ways
in which cooperation between Sea Grant and other parts of NOAA might
be improved,
Sea Grant, noted the report, fills a number of roles for NOAA. It is
NOAA's largest "marine outreach arm, through its advisory services, edu-
cational activities and university research," and thus is able to maintain
close contact with marine specialists in the universities. Sea Grant with its
constituency base and attention to local needs, is able to respond to local
issues and concerns, as well as serve as an effective early warning system
for emerging national problems. Sea Grant had not, however, "been used
adequately to enhance NOAA's stature and image."
The report recommended improved communication between Sea Grant
and other parts of NOAA, more participation in the Sea Grant review pro-
cess by other NOAA specialists, and improved understanding of the roles,
mission, and priorities by those in Sea Grant and NOAA in order to im-
prove the performance of each.

Massachusetts Institute of Technology
Center for Policy Alternatives, 1977

A study of program development procedures and transfer mechanisms in
the National Sea Grant Program was undertaken by the Center for PoHcy
Alternatives at Massachusetts Institute of Technology. This study evolved
from an earlier MIT evaluation of the commercial and foreign trade impact
of the Sea Grant program, and it sought to suggest ways Sea Grant could
increase the speed and frequency of economic benefits without sacrificing
other benefits of Sea Grant support, or "distorting the fundamental charac-
teristics of participating institutions."
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The analysis reviewed the conditions that influenced commercially suc-
cessful Sea Grant projects, program orientation, and development pro-
cedures and transfer mechanisms, with particular emphasis on the
strengths and deficiencies of each of these aspects of the program. Inade-
quate funding was a key problem. "Many imaginative initiatives" had
been rejected and Sea Grant institutions had few incentives to promote
new ideas in the face of limited funding, A more tundarnental problem,
however, was the failure of Sea Grant "to project itself forcefully and prove
its usefulness."

The researchers concluded that "the objective which it established for itself
during its first ten years � the construction of a forceful and balanced net-
work of institutions to implement the Sea Grant concept--has been
achieved, and in the opinion of the authors, with highly superior marks."
They urged that attention turn to defining those areas where Sea Grant
wished to make an impact, to promote a network of diverse institutions,
each with its own special strengths and capabilities, and continue to play a
"forceful catalyst role, linking university and community together in re-
search on relevant and highly present" marine resource issues.
In addition, Sea Grant should make a "more unabashed effort to 'sell' it-
self", and to continually emphasize the close working relationship be-
tween advisory services and research projects which "remain Sea Grant' s
strongest asset."
To pursue these goals, the analysts called for a more active role in program
development by the national Sea Grant office, the review panel, and the
directors, in particular in setting priorities and identifying clusters  "port-
folios" ! of research projects, and the use of site visits to review past perfor-
mance.

They also recommended greater latitude for high-risk proposals  which the
earlier MIT study found produced the greatest pay-offs!, and active pursuit
of more cooperation with the private sector, including joint university-
indu stry programs.

Massachusetts Institute of Technology
Center for Policy Alternatives, 1981-82

In 1981, annual sales in the
range of $44-62 million re-
sulted from the 19 projects
surveyed that have led to
commercial developments.
Thus, even with the most
conservative figure, annual
sales from this small sample
exceed the highest annual
federal appropriation  $41.8
million in FY81! to the Na-
tional Sea Grant College
Program.

8.6

The National Sea Grant College Program has many goals and activities that
are important to the nation and to the individual states. Given the nature of
marine problems and opportunities and of universities, not aII activities
can or should lead to readily quantifiable results. However, the work of the
Sea Grant institutions has led to a number of demonstrable economic bene-
fits.

One class of economic benefits can be measured by commercial product
developments that result in sales. In 1976, the Massachusetts Institute of
Technology's Center for Policy Alternatives  CPA! looked at a sample �7!
of Sea Grant projects funded in 1975 that might lead to new commercial
products and tried to predict future sales.
In 1981-82, a team at the Center headed bv Professor james Utterback and
Margaret Linskey reviewed developments in 59 of the 77 projects over the
intervening six years, Results were published in a CPA report entitled, A
Reevnluationin 1981 of the Commercia! Llseof Sea Grant Projects Funded in 1975.
Highlights of the report include:
~ In 1981, annual sales in the range of $44-62 million resulted from the 19
projects surveyed that have led to commercial developments. Thus, even
with the most conservative figure, annual sales from this small sample ex-
ceed the highest annual federal appropriation  $41.8 million in FY81! to the
National Sea Grant College Program.
~ Eleven new products have resulted as a direct consequence of the Sea
Grant projects studied.
~ Ten new companies have been formed primarily as a direct result of Sea
Grant efforts to introduce the projects' results commercially,



Heritage Foundation, 1981

Prior to President Ronald Reagan's first inauguration, teams of knowledg-
ab]e individuals, under the auspices of the Heritage Foundation, surveyed
the role and performance of programs throughout the federal government.
The group that evaluated the Department of Commerce found that:

Sea Grant funding should be
increased by 20 percent per
year in real terms for the next
five years. The Sea Grant Program has an impressive record of success, primarily

because it is based largely on local priorities and needs. It operates in
partnership with State and local governments, private industry, univer-
sities, organizations and individuals concerned with or affected by
ocean and coastal resources, The Congress makes regular requests of
Sea Grant for information.

A key element of Sea Grant is its outreach mechanism whereby results
of research are provided to users in industry, government agencies and
the general public,
Sea Grant funding should be increased by 10 percent per year in real
terms for the next five years.

Moo<fate for Lea<A rsh<j ~
C h aries L. Hea ther ly, ed it or

Heritage Foundation, Washington, DC, 1981

8.7

~ There have been approximately 25 secondary companies that have
started producing products similar to those of the 10 primary companies,
~ High risk, broadly based research projects have actually produced more
of the values reported than have those that were seemingly less risky and
more specific at the outset.
~ The more successful projects often go in directions other than their
originally stated objectives, exhibiting Sea Grant flexibility to accommodate
emerging industrial and market needs.
~ At least 15 additional projects from the sample which have not yet pro-
duced commercial results are thought still to have potential. This under-
lines the long-term nature of research and development.
~ Sea Grant has built a stable and reliable marine research base.
~ Graduate students from Sea Grant programs are particularly effective in
transferring Sea Grant research results to industry and government
agencies.
~ There have been many indirect or social returns from Sea Grant work,
such as increased personal safety at sea, increased quality and availability
of seafood products, and the introduction of new production methods and
new uses for products originating in the oceans,
It should be reemphasized that the report, like the 1981 Econ<ru<ic Effects of
Sea Grant, studied only a small sample of Sea Grant work and only a specif'-
ically prescribed set of benefits. Even in the circumscribed area of economic
benefits, it did not look at all projects or at the many other kinds of eco-
nomic benefits, such as cost savings or jobs preserved, In that light, the
results are even more impressive.





9. Legislation
The Sea Grant Program Improvement Act of 1976  P.L. 94 = 461! and
Amendments of 1978, 1980, and 1984.



cd
W
t6

I
m t5v Cal
Va~ VI

CJat
44 8

a 4

a Na IQ 4

~ I ~

0

a4
Z aa

WCJ3 '
4l

~4
gEg d at

tdt
W 04H

850
ca0Ca CIaa

at
ht
at

Cdt at
0
at

Ctt 0

4I

itt IVVlC

CIV

Ia kk
d CI

4 IV gai

6-c~ O

4I
0 gX~C

aa
L m4~ Vl

~ Q
«,0

oo

«Mww
0 0

4'P. 4ttO

Ã
g

Vt Aca

Q~ «e

Ct
O
40
P4

at at
4a

ttc
4t CI
'0 3It

6~
4v
40
cv D
Ot g

40t
Dt

4tt0

V I Va < va g cd
a

'uab
dl ct

V.'

g.4 0

Pi.« .. Ov. COr a«C44' 4' C
cl ~ C ~~ dt CI
r O'0 vm CI 0

g «0

-.v cd c. m I44 C

V. d Cl
»0» &4,44

C IV
a.

0 O'C c, d cc t.
0C 0

C C - .-.0 w

-BS' E
.C»4I w ~ 44 d

--.~' ~aa 8
CSO8 v

C »CC C O
gC aa

5p '» C
C tv C O

al

al »

CJV ct4' W,w CI

d v» 0C 4
2 Ed
C»
Cd g0 'Cc:g

VI 4I
Vl 4 4 Cd

CI
0C~CIItt d C»dw
~Ca[O
at< ~C 0

al

g '» a 'C 'C
8C

IV VI
CO!8IV
O'- I ~C
Owd d
w 0

4I
g 0IV

ad 0
al w

4IOR~C

'C � C d
C C PIa 0 v
Vl Cv

=gB

Ow50oo ' g--

«p 'l7

e>-g w
4 Ca 'l0

Rt 4a4

U O s:

Pg
0

C
0 C

Wtt
ICt.C cl0

9,1

0 aa
4ad
0 I 4
'0

e
O 44

a a
la

a 4 0 a
5

E
devaC'a&t-

«~w
0

ca CJ~ I.

0
C 4I

OR 0

0

C

C C d
'Ct 0 al

%Md

C 00
0 440r

g In

0C»
CA

WC
~ al
CE0 at
VI Ia

z+<V
Vca ~ 97
Cte «'rlO w +

«a g
rJ Pv4l

0

ch
0

o7f

Cat
eC

C0
at f

X I

4dt

C C 0

f

cd
g

g Cl

Cv d~C C + t cldid dCVlC d C 44 tt

C CI g IVW 4l 0,
I w .Cd

4I a = 'O VI h,
Cw C.O I

C 0 C~»C

Ia aa I
C C 0» dlc 0IC
Cc:P

C.R d tbI ~w C cl
0tdvC-dl 0 0

» IV

d Pv ~ 0

'el VW c '9 C d

'w 0 CLCt

VI Cta V

g 0 4LW~

C Caa,0
C.OCm-  4,

C
c: 0

CI 0 al c
0 t . vC

VC»

8

C

~-"g d
,8 d@I

'5» C d»

U CL

IA
0 CI

N 44

J tcV dl
td W

~g

0



VP CPcn C

CP
CV

VlI'J

0 C

0
cS
I

  I C

0

4

.o rn'Cf o
C 0C

C,
C

IV'C J.
C CC
I C

C
I0

0 C
C

C r
C C

Ct
C o C

I
C

C
0 t. c rC.

C CI
rn

CI

l

j

C

0

'I I

I'

O

CJ
CI C

O

0

4 0

0o x

C
40

444

C r
0
~ J 0cc r

CJ

C I.'

C C

C C
Ctl'

r I-

r.
0

CPOo
I CI
r r

C O Cr
K I

CCP ~~~ CP

Cl

0

C0 0
C

C0 C

o CJQ
n

fc
fcl
Q~

'n

0
I

'VIO tn
crC

I
C0

CJ C.'
C V C rn

01
04

444

'/!

pn

f

o

9,2

' 0
0

/.Ct
CJ
p Vl

0

0 n

'C .,

o

tn CtIt
I
'll ,00

CJ

fl 0Vt

0 CCV,'0 0
O

tfy/

0 '- 0

0 n
= O.

c

nt 0

C04
C

CP

O I
0 I4I OC
-C'-

OP OCO

'I
0

I
0

rOCt
0 C
~r 0

r, o

CJrr

0 =

C

O'Q

cf '
Cff

CJ I�

IC

Cf�
VtV,

C
-f� C:

mp~~
'r

0

o

Cfrn

44 O

0
C CCP

Crco

ntOr.
0

Jr
Cr n0

C
CJc.
CP
0"CC cr

0

bffr -'
Cf

gS

+ O~ r-t

0

r al

'0 E 6

C IC

C ~i

'h C
r. C /

C 0
CV

0 I

o

0
I
CJ

0
I

Crn c.

%' ~
C- CCV
rg IJ

Cr

~ I
C.

Vj nVI

CO ~
0

rpp
C

CCJ
Cif, r.

c

CC I'n
CP

CP
K

V.Y.CJ IJ:tr
CJ .'I,V.Cl
rnCJ

lIP I'

~ I4
r

C'
O

0CPC'

I,RCC

  CC

C

Cl r
Io

rC

I-C

0

cf
4'P
C

C

C

C.

=re
rCC

hf IC

cor 0I
ff r~

CJ
'.C

CI
C

C

x oC
C

, C'J.OCJC
C. 44

0
V0IC.

V.
r0

0
CCP

4
C
o Cc.
I:s~r

Cl
O

CP
ul

C
C

I

0'J.

cnCC

Vl

Ct
;~ o
O
l

r
I

«5 rn

tn
c

ct lnCJCJt I

~ IC ~ g

C

cc
0 C C
c. -- c

C.~Co ICI
c>frp

I In CCC 4rn r. Itt ' ft.'
0Cr c

Cn
O C

COO r

-f c

':m«r V
Orc cc

0 Cr CC I
I O'll
c r

0 O

VJ
rn

r
C' OI'

C r
0

O
OCJCf, v.

70 C

+ rag
o

O
.rm

I/
E '

4 C

o

ff

C
r tf

Cf

C

0

o lnO%
C

F- 0-
FI

r.

CC Cf

Ct
/0

C
C r

fftn CI
4

O=,RCt

rn

C



CC
I I!CV V v

v cr Ea
av CJ.

v IJ

E C,'
0 C c C

c

dr

CC,C cJ
V

Cddd4Ã rC
- C!dc 04

C

Vd
C c.
4 C~

dr Od
4

rl
tl o~

C dr

CI ~

CJ
4 CJ

Fdl cn
~ ddl

W CJ0

0 4
ti!

Ih

Cd «z

r

� f'o Cr
cd CC

C ow�0.~ r vJ

dl
O VC. 0

vr
j, cc

~t OCrdd   JJ vc

/ 4 III~
CC
0~ 4i C'«~ I 0 c

p

r 0
VI

0 I
C0
4 4

C

V d
4 I
0 8
tS M
3R
'6 Cd

O~
g C

Vl

O

0
O
JJ

I
0

4
5

0 I
cl le

4or
Ee

O c
o,~ E

dl

9,3

C

C vi O

0CC 0

I r.
<nooo

VX A
C Vr

gd.ggV cd CcgIV 4 0 vrIn"-vE
C
4FI'5v 0 V
 II C Co Cd

cv 4 vrC4VC C

-oe<gocvo
Q d

I
01

oin 4'er

0
t5

4 E
CrOI

0 0 Cd
0 ~ I

0 0

dl

0 C
0
I

0 I 0
iv I

0 0
C Ci

0 C

r
r,n

Q 0
u
C ro

fil
d d!

V!
V

VI
dJ
cd

O E

Fv

I CI 0
I

O
I 0~

VC' 4 p0 4-
n vl A.C

cIC0
0

CJ C

V!cd
v
I

< a
c:W

V
~sE«'

044 50C 0+ 4

0 < g4

0 V~ ~0 '
cd cdC«oc.cd rv 0'

dd V Ol
O.S !
,«4 40C

m 0
~ C:I! V v
4 CC JrC
rri~ C C.0.
cd&~ c0 0VI

C V cd
.~~in P. 4

c~ rX
V. «C!cr '0 'C«

df

Re

E OCJOv! 4

~0'«

Cr.4 Cr C W
�Ao' 4

Cd -I«a

~MCEv
Qg,dd rlr

0, Ev

v'

4 w 0 4 V

PCVCJWa.Occ! ~ v=>
CJ>CIVCg~ ~40 endl C

.4«R =VOoVO
,CCJg $«CPO
r IE
40", CCJ4e~c

0 4 cd 0 c! ~~vr'vr CJ M @ g,

g 0V«4Vg~ V

V 0
44 ~

0C 40

C g
4

d 0 «Cl + rv
Cco EC,! CJ

04E
V IO
~C-d OC
0 Id+"VC

o L.='gi,

«rv Cd

RlA

RQ

jj .'I

Citm S NI g
g',I,. !
-"~ce'I $0 Og
7!gd4N .

gge

Vvio
0 V vc 4

c
hkC V
5! -"

C

0
d C~ d, 4

.-Ho~d
r 0

dry!g
V vl

p<cdo

8g �'�

E"

vr
FCC' C

4





Cl
ac

Illcc

cA

dl
ca

O %soma.
w g g,

g,l}dj@ ~OO c,g C ' Cl
al

0OOW
0&4c}IW V g

0» a
'cw w0 0

aI-
CI 0 oo

s-r +4 0~0}0 cd.»
O

.I
tfa

a
o8

4 0 C4
n

a

4 4 ca4 4m Kcc
5>

0 o . CFa c � cc
III

C V 00 c.+I

s 4}»
o 0 C

-0
5 I,
e I g> K.-"

=-"t c
0»

4 r,,VSg
0

mgmcn

g s =" -! f, i -.
o4 ~4 >00 cc cc 4 ~

~ </de I m.

oomggm
gm hler

0 0 V CI
n

C

0 c.
c
m C

0

Ial
0

dc

0 V
0

0
V
4r n»

C 0CI

al
I CI
0
mn

ccm
I

CI

cc400+0}
oF> m~I
0

0 E

9.5

I g 4
00

I, V C
~ cn In0

CE~v

E~ " >,
+ c-0

4

w n- ,I

V
y cc cm 0

v

m'Cc-

0 mm»

g I

al dl

0 g

id g
O W 'C}'p

m P4cg

m c.oal
m 0 g»

g @at

8

m g
4

V
I
8~ 4

ccmCI g g c
0 v Cd

V

EO~C4
Cl

Cl
alCc .

0 c

0 g
G Cc»

0
S

C} cd~ ~c
0 c

C
ad

I z='
4

sl ccaI
4» jfj 0 ~4
0 ~ » 0CI » ca~ dtlc IAwa.caal cc 0 4

I ccrcac 4 cl

tacO
= O 4~ m~i c'-,"

W ca 0

Ic o -. 0.
4 4'

a,-n C. CO mtc

mc»04~0

m mC, c

-Cc vcol0 4

0» m m 4 Cpm» rX alejc 0 'cc al

0a ccc0 al c ~ C»mom}4~C c" 0
04 ca cc c W 0 m w

L. C c M IC m' C C

n»gjccorc
c" !Om~}'-0C C'

C ~ P C
c 'n C I In

0"=c- ~ --c
.0 0

-wc

Eo ! 0»gmmrA.

c
c+

C
c

-R a
0 '8
4 gw

wc.m» 0»V

04 C

404 4
ac» CM

ale&
g}~~I I 4

mc L 0
cd

Ia

mr.cm0.»» m

alEw
C 0

al ~M
cd cc 0

Cmem-

FyN",-
d}c I,

$C» al 0

-"' ~c

C. ~v
jr,

cf m

~ C.NV
C O'Cd

> i}F
Rg

4 };»
c40 4CA +.came

P CI
~ d

0~ d 5 4:.

5c~

m C'
C'
QmmCC VI E �.N

~ .044C»~ c'
LJ V 00c~ 4~ d

.. C

p m ccc tn
C

O cate»4

cl 4 0 m 4

SRc



ece

caa C

9,6

C C 7-'
Qa jiI '4

40w CO
~ m Pn g
Cdo

g cl4~
0-4 0

tc|
~ C 0 ea

o

sl- o"0 I O

v:.R' Ca
SdlCow I g dt

m 3', C
=Idc U

4

I cl

~C4 O

mec 4

gw
O
5

cp cc
0 m
P

C

nl Ct ~ cl
Og g,P,'

K,. el o Codel 0 4 C

84"-Sg,==

cl4 C C~ 0~ "--

CCm.td444 4
0~4~ Itc att4 0

0 BO.O~ol ce v ov~ C

Eo

d
In elC
eI

 
co

Cc g
w v I cl
o III In cl ~

~CPCcevo Cm

OI7~g 6

c leg 0 j m,g
8

mwE  O f 01
4'Q~ 0.I v IOWA . 4m ~ dw'o Q C

N+3cv C W 4 CW 43e -O 0~
~ 'm 0 l,C~WIO~ . Ov m 0 C

~ 4 Ce @~4 0+ 4 IOO f.-.N COLC 0

CgIQ 6 6
'5 4 C.

d 0
-'" Va

~ n
09C vCC~ ftt

c

uo dm04Ccc&0
4 ciao

<C~KCj~
g g CQ ee I cnO 0

P 40 v ec
g Pm

I In.d ! tQ
Cm gg, C

0c:C Cm
CCI

F v

0 4, 0

~CR404 c

ol R~IWC

4~ ee OTI P ce C
g I~a

I: ."'Im>,gdne- w -CCZ ~ Cod ~

d eI

C 0

c >ce
C mmc

C 0C

v ~ cj-l.

4m4Ct;e
CV. I C

n C
I'~ 0

I- 'f.' v V'
pg ' E C

4

~ CCC
O~ C



Cp
00Ch

~ i
tA

cO

ppp>

=C
9 g

Sd

b

II

C Cc'C 3
Fw0

9.7

ci c

L

w 4Ocp
0O wC

g ao

ay 2

4 Pgl
c 0 0
4 ~ 4
0 ln

~v <
g cp 0

ci cpv rw
C4

Cg

0L

w
-P.
bOc
'0

0

Z
0
C0

nn cp

C

0cp
ci
C0
tll

iaaf

0 C c

0

I

ic

S
4

cri in~ p

pcp

C 4m I

cd '
4

~O

Q Vl

ci
~ ~y0 ~ ~

b 
a "nc

O

cp
cl a cp
Q 0C C ~

Ccnl O4 cc

l Cp 40 w'g

g bcp
ada

O

0 bee.g

4I

J-
Ci

cn
4

c7p
ra~

PP1 g

ci
bd "

11

cp

4

gw
0

co cp
ac a
wOO

cn
0 clc0

cpcp
LpOwcn

P cp

C
g 0

C
cp4clcp
cl

dw
W 0
p 0
cp Mpict

w
4
0p
Cp np

Ew
0 C8 0

C
g 0

ci
r e2-

4 g
pn 0

nl
cp

~ 1

tJ 0
=rg

c aI

Ag

cp p
01

0 4

~ C
cac
L. V.
0 ~

c

0 r.

44

0.
cp
V

4

np bb

0
0

0

cp cp
O

g C~
c~a0 ~w
1. Li C
«g 4

np'5 t'
04R
bp 0w 0 cp
nc4 dc'

l~te 0

R'0 K
cp o

401 nb bl

cp o
a

bb
ba<aC cpcn
C ' 0
4
C,~ cpcpcp

oa~ 4

Lbo w
4'v cc

cp 4
CC~
C~0
a nl

000
Lcpp C cp

c lj inC c
0
0

= ~'%%u
0- cp

cw r.
Cb 4

OA
I ~=

*in C
/00 C

Op+ e
c. < 5'

'~ g 8

0 bubba

pn W

O i5
a P

0

w cp cpt
r. 4

0 0 C
~ 5

cp cn

'0 4 ccaE'-

C a
pn g

a

wag 0
0 C
PQ

~ 1

C C

~acp

Cl 'C C

wibc

g 1 C

C c 4cp
0 ~n WD

0 0

ww O
0 O c
van,

Ctg

w c . LJ cp

R=C-«i 4 dcp
Ca0 4 cp

MwXCOV

c cl p
>O~

gb-'4! ~c

CV,c ceca
> O ~5

0,- C

Cgaganp
0 e 4

bL~| o g

~ 1 4.

cn

ca~0 ~ ~r'~40dw 4 0

4 C np'0 4 4 c.' ~+'0
C Ccc ~A 4 Ccp



r/Iec

V cn

cd

0 rn
tntti

O 4' 'Cl g
~ f a,o 4

0 0 .

o45X
O.O e
a 0Cf g JC

WCl ddec cdwO
~eSOOC

O ~
~ f el~g R~

7wow 4
g~ fey
g O.fd0~~

4l g!!e O
CP

! cn
CP JC 40

aU cIrt Ww W pn
!m
el '

Cp r

0
aeO

ef
w d

gt

el
cd
ClCi

Zl

3

I
cdCi

ed
Ocn g

cc JC

rn
~ g

40&4 I
Og

4 OCO
Qe CCP~ Cl

g
Cl

W
0 0

g Oo 44
g0 O

O CP

3m ~
r t

kii

Izz

CP

cn~ nl

g i I
g 4

OI-
g JJ O
oo> ttr

bc'o g trn

dd g.g a!
Cd~el

to Crt
o CO~
IS-Opod

�5
Ik

cd

cd
g~~Zap !,

e 408- d

,5
= 5I

Z IC ei
4 SS

e

V

J 0

t Cr
c

a6
Cr

n

0

t UP t

C 0 C

c: arrl Or'

n

E
Ct PJ . Oc.� 0 QJO 0 rn g

elc.>QOOCJ
g

O . 0~v
C owed CC I

0

[

catr.C
J
tJc

-I Ci

4

Cf~

I

CPJ
Lno.

3.
t

m >'

C n
C

C

0
r.

n
Cto0 0 rn

C
n

CJ

CJ.J

n
0 0

t

0 C

rne
cc

O

0 00C
tnc
0

df
CPn

C 0

4
n
0

O

J C
g a

4
0

~ IC

0cp

0
o0
'O

A .=

9 0

g
afo

cP

n =
0

CP

C

CP C

0 rC 4 CJ
rn

4rcd
rn

8
c
0 CJ

lo

C
C

CP
ci

CPC f

� 0n
CJCP
Qo

cj

ce

c'
g

rnc Cfl
Pi

.n

CP

C
e

a

CP

c

Jc

0L

CPCt
4B 0

0 r
0

rc 0

U-
J C!CJ0

g CC
Cg

Qtne re ar

p
tn rn t3 2

4 O
V!

9,8

O
n

JJ
4I

00 4
Qt rn

~O

0
o
Q o
0

0 I6
O

4P ge

CP
0 PJ ~0'PJ g cf

0OQO4
oo v

w o+Cog

Cr
0

0 n'J3 C
I = ~

r.,i,

COo =~W

t
Cr

r.l
1

- c~
C CPCP .

v o
Ct
CtOCt O

cftCig

0

C

0 r
a -Q
CJ- Cta

CCr
0r;'w rr

Ct Cg

C
Ct

IC

o
o

g 4r

nC

0 ftf
0 0 V

4
Fifal
Cd c

el

ce
uAfed

! r
be ..g

d 0 CN
0 CP
0 04P

g
0 rn.R dnt g

g 7ea

«d tccg�
J d tn

aw,gad
CP'J O~

df. O Cl
a Qg~

g
p J3 JO J g

- ~S
age,.

D rcr t og 4I 0

Ci
cd

'0
7

5J
0

e:5.
c

C
CJ
o r

O
CC

df
CC.
"I 4

r

C

4

t

e 0
o

 P 4

0
C

o
C'IV

W
ep '

cf
0rt

CP
4+
Ier

'0 M

0

r/l

g
C ~
tn Cl
9

CltJcd0 >W0r.OJC

cpcp
C Cf

O
4

'grp 0

ai

OA0 J0

g
A

~ d
O
J g

.- 'x
7

0%

43

0g w
4 Cl

0Illg

0 oCP

af
C0

f
C

C

t

! C
faIC
FI r+

O
fg C

C
X

tt

~ cV
fffi

g w CP0

0 g
CIJJ

0
Cf cd

0 mJJ
W~cd
owIC 0 g

o camo
~gEcf ~04

> gId o 0 ~
'0 a g~0

0ooe
4P

J-vo

CL
ga

Cf

Cg cg
0 C

O rlr
0 04 w

88
O tep
ffd 5&

CP
CJ
4lcf

W
0 0
VP g4i
0 IOOr rl
A 0
e0

gCt
r.w

0~
0
e4r

0 ~

0
Q en
JJ Q

rn
tn !

If
Ct OJ
CP

0



g ~
~ dc ~ COOO Cd 0«+«ld W cd df Li

.,~c'0 g
C <0 cdcc -.

O ca .-~ g~ Occ C

drp cil ~~ 0

$ 4 

Cd 'g

g.5

go Cg
0 +

vnbd 4440 cd 4I
~s

ad Orn
«~.ad 4 C
C~ ddwo CddfI Cndo ad0 cd

oc 4 cage
N4e-o�

df cnhcO 4c
v 0

dfg pen
dl Cd~ca4l 4ca

0 oal
< ~aa ~Oaa cd+co 4

~ cLcada 4 ca 0-Ca 4 ca rn
deaf

«4

a
aaa- --a
a'g-,
0 vi
-a nid

5-9
a a
%$c

Ng Nl

g +Ow
ca
a .P

~o~ 3

~ cacd I4l PI
CMoo

O
4l nf,
g M

4C
4I
0 g
a,a

cabal~ «t~ C «0 CCJ 0 o 0 C 0
,�V. Cd ~
dJ</!~ «Cdda I II Vl 0Cw

��8$

40 ad
ceo 0 Jdl

wa a
W rn

Cd w
C 0

C 2 n VLa

CD~ I

D.in

Vi !
Vl anCd ~ Vl 4

7 .0, 'Jl

pe W L O rr 0 � </! c.c n,

VI ' 4 «
C I M Ccv I ' w

o I 0 rd O > C c

- --C CJ O C O.
o

<n! cd~dr C cd id . y IV C p ~
C ~ I C . edna W 4 CC a F

tdr/! w o EJ/! id 4 5 af a a a O

O
LdJ

0

iri C
o~ Cf
r/3 In

Oaa.<
rL~ ~cd

K '",0

/ r/, VI0 C0
vd 4I tt cd
fc! C 0 d
92J g

0~ O' I
O

p- O I
Cd

C.o
ca A cdI I

~ il0
C C0 a Opia'

I r/!

cj
V ~adf

0 0
v. cf C,C

o
c CJ
o a

l<o
di g
di

0 0

0 4ID

0
ale. «cV0 0

ni

Jr. ~~
CdI-I-

C c
di

CJ

C CJn

'fl- CJ
-fi ~

Ci
c CJ4«c

4
CCI
CJ
w 0
I0 0

8ca
O
~~c. C

C g
inI/J

C
cd
c0Cii
O

O
i. Pdc
p' CVC
mrna

o

Oo-

C 4 fv 0CV
a. 4- COJ 0
C,<4'r/! o

cn

y, U C
4 rn++ I,
4

� OCf '

ra

VIcO cd
0

oVlP CJ
I/!

c0

a

� 4 oo 0
Cl C0

.I
CJO o

C CJ O

C
ICJ

in
O ct.'CI ~
cd'C Cadl
CCd O
ill

C odl w c
~- P.

~c cfin 0
in p

w g

0 dc ac
0 C

o ~a.

Q
Cc O'W

CJ
4l O

r' 0
O E40 o oC
v% V
4 di
O OW

0
I cfa Caca~ C'i.

CJ'-Dg

 m =.c

wore
I Va '

CCd, LL.� VI
0 cf
ALL«JLW . 40 4I

cn C
cRFv 0
%C.LO0 a

n«Cd0

Cdii I
0 0 Jndi W
~ "-82~

C Ci
P <=i O'C
Q,CI E
Cca cn incd c/c cd di

cd vl C ~0 0 cQ C 'I/ ia
P'I ~ ~ nO I '+

.+ VCC cd cd 'a r/!

CJ
<0 0

c; C 4 c0 C. Cd C 0 Q+pic 0 4L0 0,
cd4 g CJ

v g4g 4 C. w
id

ac -- .04~'gO
� w'0 Qcwd 4

OH.R .H 0 4.

a.- R.~ C.>'-"

- c 0: ~ o cd O..- j
rvc o ~ c.r/!OI~ 4'

'V. 'g .C4>

.9 QE







10. Index
A keyword index to Sea Grant projects described in Sections 3, 4, 5,
and 7 of this book.



INDEX

animaii behavior, monitoring 3.36
aquaculture  see also genetic engineering,

fisheries management!
fertilization 3.31
non-profit hatcheries 3.1, 7.12
nutrition '3.5, 3.17, 3.35, 3. 52, 3.53
remote setting 3.9, 3.23
smoltification 3.3, 3.49, 7.11, 7.12
species

abalone 3.3, 3.4, 5.2
bass 3.24, 3.41, '3.51, 4.2, 5.2
biva! ve larvae 3.37, 3.38, 3.52, 7 11
cai'p o.2
cilam 3.4, 3.22, 3.37, 3.51, 4.2, 5.5
crab, soft-shelled 3.11, 3.13, 3 19, 3.24,

3.33, 3.55, 4.2
crawfish 3.19, 3.51, 7.11
crawfish, soft-shefled 3.19
crustacean 3.7, 3.33
I'infish 5.5
mahimahi 3.15
mussel 3.4, 3,22, 5.5, 5.6
oyster 3.4, 3.6, 3.7, 3.9, 3. 19, 3.22,

3.23, 3,24, 3.47, 3.57, 4.2, 5.2, 5.5,
7.11

perch 5.2
prawn 3.15, 5.5
red drum 3.53
salinon 3.1, 3,17, 3.45, 3.49, 5,5, 7.11,

7.12
scallop 3,1, 3.4, 3,27
seaweed 3.1
shellfish 7. 12
shrimp 3.15, 3.53, 5.5
snail 3.4
snook 3.]1
striped bass 3.24, 3.41, 3.5l
trout 3.1, 3.17, 3.31, 3.39

Aquatic Animal Health Laboratory 4.1
aquatic weed control 3.17, 3.31, 5,2, 5.4

biofouling 3.9, 3.10, 3.34
biotech nology 3. 3, 3.4, 3. 10, 3.15, 3.19,

3.23, 3.24, 3.25, 3.33, 3.44, 3.57, 3.58, 5.2
by-catch avoidance 3,2, 3.25, 3.29, 3.60,

4.1, 4.3

cha r terboat in du stry
newsletters 3.17, 3. 18
studies 3.7, 3.43, 4,4
workshops 3.9, 3.17, 3.18

charting 3,14, 3.29, 3.41, 3.50, 7.6, 7.7
coastal and port management 3.3, 3.5, 3.7,

3.9, 3.11, 3.13, 3.2], 3,35, 3.37, 3.38, 3,41,
3.45, 3.47, 3,49, 3.57, 4.2, 4.5, 5.4, 7. 16

coinputer model research 3.21, 3.30, 3,32,
3.41, 3.50, 3.54, 4,4, 5.5

coral 3.3, 5.2, 7.15
corrosion 3.11, 3.12

depuration 3.8, 3.37, 7.9, 7.10
diving 3,5, 3.16, 3.29, 3.59
dredging 3.7, 3.32, 7.13

education  see also workshops, media!
AMPEM 3.47
AMSEA 3.1
bi! ingual 3.47
coastal management 3.41, 3.53

curricula 3.5, 3.35, 4.5
data banks 3.49, 4.3, 4.6
diver safety 3.29
docent prograin 3.35
erosion protection 3.17, 3.30
fishing gear technology 3.7, 3.8, 4.1, 4.3
flooding 3.30
4-H marine program 3 11
internships 3.8
hbraries 3.47
PSP 4.1
regulations 3.18
river management 3.45
satety 3.1
seafood quaiIIty 3.7, 3.40, 3.47, 4.1, 4.4
ship design 3.11
tax assistance 3.7, 3.17, 3.30
underexploited fisheries 3.17
underwater obstructions 7.7
waste burial 3.45
water quahty 3.]7, 3.23

EEZ 5.3, 5.4
engineering  see also fishing boat and gear

technokigy, oil and gas industries!
artificial reefs 3.11, 3,43
breakwaters 5.4, 7.17
buoys 3.28, 7. 13, 7 14
offshore structures 3.25, 3.29, 3,35, 5.4,

7.13, 7.14
recirculaflng water systems 3.13, 3. 19,

3.33, 3,34, 3.55, 4.2, 7.11
undersea robotics 3.25
upflow culture systeins 3.52
welds 3.5, 3.43, 5.4

erosion 3.9, 3.11, 3.17, '3.19, 3.20, 3.30, 3.3],
3.41, 3 45, 3.59, 4.2, 4.4, 5.4, 7.16

estuaries 3.9, 3.11, 3.19, 3. 23, 3. 33, 3.41,
3.50, 3.57, 5.4

federal agencies and programs
Environmental Protection Agency 3. 19,

3.35, 3.58, 3,59, 7.9, 7. ]3
Internal Revenue Service 3.7
National Fisheries Institute 4.5
National Marine Fisheries Service 3,19,

3.41, 3.55, 3.56, 4.3
INationa! Oceanic & Atmospheric

Administration 3.7, 3,29, 7.14
National Undersea Research Prograin

3.7, 3.21
National Weather Service 3.5, 4.3
Naval Shipyard Research &

Development Center 3.25, 4.1
Naval Underwater Systems Center 3.7
U.S Army Corps of Engineers 3.7, 3.19,

3.30, 3.38, 3.57
U.S. Bureau of Mines 3,59
U.S. Fish & Wildlife Service 3.3, 3,19,

3. 60
U,S. Soil Conservation Service 3.51

fiber optic system 3.35
fisheries rnanageinent  see also

aquaculture!
alternative 3.11, 3. 13, 3. 14, 3.20, 7,8
recreational 3. 7, 3. 8, 3.11, 3.15, 3.17, 3. 18,

3,43, 3.49, 3.50, 3.53, 3.55, 3.60, 4.3
species

catfish 3.33
clam 3.41
cod 7.6, 7.7
crab 3.1, 3.2, 3,11, 3.54, 3,56, 3.57, 4.2,

4.3, 5.5, 7.6, 7.7, 7.8, 7.9, 7.10
eel 7.6
finfish 3.7, 3. I3, 3.14, 3.55, 3.56, 7.6,

7.8
flatfish 3.20
groundfish 3.2, 3.45, 7.6
grouper 3.47
halibut 3.1, 3.2
herring 3.29, 7.6, 7.7, 7.8
oyster 3.19, 3.55, 3.56, 3.57, 7.6, 7.7,

7.9, 7.10
perch 3,29
red drum 3 33
rockfish 3.1
salinon 3.3, 3.29, 3,35, 3.59, 3 60, 4.4
scallop 3.28, 3.41
shark 4.5
shellfish 3.7, 3.8, 3.55, 3,56, 7.6, 7,16
shrimp 3. 13, 3. 15, 3.41, 7.6, 7.8, 7.9
sturgeon 3.3
swordfish 7.6, 7.8
trout 3,3, 3.59, 3.60, 4.4
tuna 3. 15, 7.6, 7.8
whitefish 3.29, 3.60, 4.4

fishing boat and gear technology 3.7, 3.19,
4.3, 7.6, 7.7, 7.9
electronic fishfinding 3.14, 7.7
gathering devices 3.7, 3. 14, 3.15, 3.29,

4.1, 7.6, 7.7, 7,8
multi-purpose fishing boats 3. 14
navigation 3,14, 3.35, 7.6, 7.7
propulsion and fueling 3.29, 3.33
selechve fishing gear 3.25, 4,1
ship design and building 3.11, 3.29, 4.1,

7.14
shipboard ropes 3.25
underwater pump 3,29

flooding 3.11, 3.30, 3.31, 4.4, 7,16

genetic engineering 3,3, 3.4, 3,7, 3. 17,
3.23, 3 24, 3.33, 3,57 5.2, 7,1]

hurricanes 3.11, 4.2

international contacts 3.11, 3. 15, 3.33, 3,38,
4.5, 5.3, 5.6, 7.6
Canada 3.39, 3.48, 5.5
Caribbean 3.27, 3.47, 3,48
China 3.4, 4.5
France 3.48, 3.52
Japan 3.1, 3.2, 3.40, 3 49, 3.57, 4.5, 5.5,

7,8
Latin America 3.27, 3.43, 4,5
Mexico 3. 14, 7.14
Middle East 3.27
New Zealand 3.4
United Kingdom 3.48, 3.52, 5,5

lake management 3.17, 3.18, 3.29, 3.30,
3,31, 3.39, 3.59. 3.60, 4.3

legal issues and legislation 3,11, 3.18, 3.21.
3.29, 3,35, 3.41, 3.49, 7.9, 7.10

IVIAREP 3.5, 3.9, 3.]7
marina management � see charterboat

industry, coastal and port rnanagernent,



fisheries inanagernent and tourism
marine minerals 3.5, 3.27, 3.45, 5.3
marine products, alternative uses  see also

waste products, reclaimed, and
under utilized species!
agriculture 3.2, 3. 5S
anti-fouling chemicals 3.34
composting 3.23
detoxification 3,10, 3.44
energy 3.7, 3.33
food and food additives 3.9, 3,27, 3.41,

3.49, 5.2
herbicides 3.31, 5.2
medical � see marine products, medical

uses
pestici des 3.47
refrigerants 3.33
specialty chemicals 3,9, 3.27
waterproofing materials 5.2

marine products, medical uses
antibacterial 3.46
antibiotics 3. 37, 3.47
anticancer 3.46, 3.47, 5,2
anti-inflammatory 3.3, 5.2
anti-plaque 3.33
apnea as treatment 3.16
asthma relief 3.46
cardiovascular-active 3,25, 5.2, 5.6, 5.7
cobalamins 3.37, 5.2
contact lenses 3.58, 5.2
diagnosis and treatment 3.3, 3.37
hives 3,46
immersion as treatment 3.16
muscle contractions 3.46
pain relief 3. 3, 5. 2
pharmaceutical 3.27
prosthetic devices 3.33
surgical sutures 3.9, 5.2

marine weather reporting 3.5, 3.9, 3.17,
3.37, 4.3

media
film 3 23
newsletters 3,3, 3. 7, 3.17, 3.18, 3.41, 3. 4'7
newspaper 3.30, 3.40
publications 3.3, 3,15, 3.18, 3.23, 3.30,

3.38, 3.40, 3. 41, 3. 48, 3.55, 3.56, 4.6,
7.7

radio 3.30, 3.47, 3.59
television 3.47
videotape 3.1, 4.3

mineral scaling 3.33, 3.34, 5.2

National Sea Crant Depository 4.6

oil and gas industries 3.3, 3.11, 3.12, 3.20,
3.25, 3.26, 3,28, 3.29, 3.41, 5.3

oxygen depletion 3,23, 3.49, 3.50, 4.2, 7.12

personnel sharing 4.3, 4.5
pollution  see also toxic wastes, and toxins

and marine diseases!
control 3.19, 3. 27, 3. 28, 3,32, 3.43, 3.44,

3.60, 4.4
disposal 3.32, 3.35, 3.41, 3.42, 3.59
studies 3.5, 3.25, 3.27, 3.31, 3.35, 3.43,

3.47, 3.49, 3.50, 3.59, 4.1, 4.4, 5,5
variehes

acid rain 3.35

creosote 3.19
dieldrin 3.32, 4.4
dioxins 3.32, 4.4, 5.5
heavy metals 3.43, 3.44, 3.50
PAH 3.19
PC is 3.27, 3.28, 3.29, 3.31, 3.32, 3.59,

3,60, 4.4, 5.5
PCP 3.19
pesticides 3 11, 3.43, 3.57
phosphorus 3.43
sewage and waste disposal 3.28, 3.41,

3.42, 3. 47, 3.50, 5. 2, 5. 4, 5.5, 7.13,
7.16

toxaphcne 3.29, 3.32, 4.4
predator-prey interactions 3.59, 3.60, 4.4

recreational fishing � see charterboat
industry, fisheries management, and
tourism

regulations � see legal issues and
legislation

remote sensing 3.7
remote setting � see aquaculture
river and estuarine management 3.7, 3.9,

3.11, 3, l9, 3,33, 3.35, 3.41, 3.45, 3 49,
3.50, 3.57, 4,2, 5.4

safety
AMSEA 3.1
cold water survival 3.16, 3.31, 7.15
diving 3.5, 3.29, 3.59
hurricane 4,2
recreational facilities 3.15
risk management 4,5
sea survival workshop 3,1
vessel 3.49, 4.3, 7.7
videotape series 3.1

satellite information 7. 14
seabed volcanoes 5,3
seafood quality  see also waste products,

reclaimed! 3.29, 3.39, 3.47, 4.1, 5.5, 7.7,
7.9, 7.10
handling 3.7, 3,20, 3,40, 3,47. 4.1, 7.6
marketing 3,7, 3.21, 3,35, 3.51, 5.5, 7.8,

7,9, 7.10
preparation 3.7, 3.60, 4.1
processing 3.7, 3.11, 3.13, 3.19, 3.20, 3,41,

3.49, 5.5, 7.8, 7.9, 7.10
storage/packaging 3.3, 3.19, 3.20, 3.23,

3,33, 3.39, 3.40, 3.53, 3.60, 4.I, 7.9
waste disposal 3.29, 5.2, 7.9

seaweed 3. I, 3.7, 3.46, 3.47, 4.5
sediment 3.7, 3.27, 3.33, 3.35, 3.50, 5.4
small business, support for 3.1, 3.9, 3.11,

3.15, 3.17, 3.18, 3.19, 3.31, 3.39, 3.49, 4.4,
5.4, 7.6-7.17

surirni � see underutilized species

hssue regenerahon 3.9, 5.4
tourism

studies 3.7, 3.31, 3.35, 4.4
workshops 3,17, 3,18

toxic wastes see also pollution
agricultural 3.41
industrial 3.5, 3. 19, 3.25, 3.27, 3.31, 3.32,

3.35, 3.43, 3.44, 3.49, 3,50, 3,59, 3.60,
4.1, 4.4, 5.5

nuclear 3,45

sewage 3.28, 3.41, 3.42, 3,47, 7.16
toxins and marine diseases  see also

pollution!
prevention 3.8, 3.19, 3,21, 3.33, 3.37.

3,43, 3.53, 4.1, 7. 12
testing for 3.5, 3.7, 3.15, 3.29, 3,41, 3.47,

3. 48, 3.53, 4.1, 5.2, 7. 7, 7. 12
varieties

A, ocellatum 3.7
algae 3.33, 3.39, 3.41, 3.43
bacterial 3,8, 3.21, 3.5S, 5.2
BKD 5.2
ciguatoxin 3.15, 3.17, 3,47, 3.48, 5.2
DSP 4.1
gas bubble disease 3.29
hepatitis A 3,41, 3.53, 5.2
IHN 5.2
PSP 3.S, 3.27, 3.28, 4.1
salmonella 7.15
snail 3.53, 3.54

turtles 3 53, 4.3, 7.15

underutilized species  see also marine
products, alternative uses and waste
products, reclaimed! 3.15, 3.19, 3.20, 4.2,
7.8, 7.10
surimi 3.41, 3.49, 5.5, 5.6
varieties

alewives 7.8
catfish 5.6
finfish 3.7, 3.14, 7,8
gizzard shad 3.43
jack crevalle 4.3
menhaden 3.41, 5.6
pollock 5.5, 5.6
red drum 5,6
shark 3.47
skate 4.3
spade fish 4.3
suckerfish 7,8
tuna 3.47
whiting 5.6

underwater obstructions 7.6, 7.7
underwater preserves 3.15, 3,29, 4.4

virus reservoir 3.53

waste products, reclauned
algae 5.2
chitin 3.9, 3.25, 3.58, 5,2
clam 7.9
crab 3.37, 5.2, 7.9, 7.10
methane gas 3 33
oyster 5.2
processing wastes 3.23, 3.39, 7.8
sewage 3.44
shark 5.2
shellfish particulate 3.2
shrimp 7. 10
uses for

agriculture 3.2, 3,58, 5,2, 7.10
composting 3.23
detoxification 3.44, 5.2
food and food additives 7.9
fuel 3.33
medical 3.9, 3.37, 3.58
refrigerant 3.33

water level rise 3.9, 3.17, 3.21, 3.30, 4.4, 5.4
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water purification 3.8, 3.32, 3.33, 3.37, 5.2
wave kinematics 3.21, 3.25, 3.29, 5.4, 7. 13
workshops  see also education!

aquaculture 3,41, 3,47, 4,2, 4.5
business management 3.1, 3. 17
charterboat and sportfishing 3.9, 3.17,

3,18, 3.51, 3.60, 4.4, 7.17
coastal rnanagernent 3.45
communications 3.59
education needs 4.5
erosion protechon 3.17, 3.31
i'isheries management 3.1, 3.2, 3.8, 3.51,

4.5
fishing technology 3. I, 3.8, 4.3
insurance 3.31, 4.3, 4.5, 7.16
Law of the Sea Convention 3.15
marina management 3.49, 7.17
safety 3.1
seafood marketing 3.9, 3. 19
seafood quality 3.1, 3.9, 3. 19, 4.5
tourism 3.17, 3.18
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