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1 he National Sea Grant College Program, aunique partnership with public
and private sectors combining research, education and technology transfer for
public service, is the national network of universities meeting changing
environmental and economicneedsofpeople, industry and governmentin
coastal, ocean, and Great Lakes states.
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Introduction

Between 1978 and 1989, the National Sea Grant
Office staff issued an annual document which
combined program reports discussing each subject
area and a listing of the projects funded during that
fiscal year. While program reports were not pub
lished in fiscal years 1990 and 1991, the funded
project listswere issued asProjects '90 and Projects
'91. This year, two documents have been prepared,
Projects '92 and this Sea Grant Review: 1990
through 1992 which summarizes the status and
achievements of each subject area during the past
three years.

Sea Grant supports multidisciplinary research and
outreach activities that encompass 18 broad subject
areas. These areas fall within five major
classifications—Living Resources, Human Re
sources, Technology and Commercial Development,
Environmental Studies, and Non-Living Resources.
This review's organization reflectsthat classification
system.

Althoughsignificant accomplishments are re
ported for each subject area, the level of effort
among areas varies. Outreach funding, Marine
Advisory Services (MAS) and communications, has
increased by approximately 16 percent overthe last
nine years. However, the difference between that
increase and inflation has resulted in a loss of 66
positions in MAS alone. Sea Grant is committed to
education, teacher training, and marine literacy but,
despite this, the downward funding trend of the
1980s continues. The biological sciences, particu
larly in fisheries, environmental studies and aquacul-
ture, continue to receive the greatest proportion of

the research dollar. The marine biotechnology level
of effort continues to increase, but effort has
decreased in all other subject areas. This trend is
disturbing, because it is in areas such as ocean
engineering, marine economics, and social science
and marine policy that Sea Grant historically hashad
its greatest impact.

The SeaGrant directors shape programs to
exploitthe strengths ofparticipating institutions, to
focus on regional andnational issues, and to address
priorities set by the National Sea Grant Office for
research, education and training, and advisory
services. Decentralized, day-to-day management
results in effective cooperation in marine affairs
among academic institutions and federal, stateand
local governments.

The research programs, while normally dealing
with local, state, orregional topics produce results of
generic importance that advance science, solve
problems, andexploit opportunities for the wise use
and development of the nation's marine, coastal,
and Great Lakes resources. Peer review is used to
select these projects and reconcile proposals with
budgets. Successful proposals often have an applied
focus even if application relates to the very long
term. The combination of research, education, and
advisory services in a single program makestechnol
ogy transfer much more effective. Sea Grant
encourages researchers, educators, and advisory
personnel to work across institutional and program
lines, andsuch cooperation andcollaboration have
proven successful.
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Sea Grant Program Directors

•Alaska

Mr. Ronald Dearborn, Director
Alaska Sea Grant
University of Alaska
304EielsonBldg.
Fairbanks, AK 99775-5040
907/474-7086

♦CALIFORNIA

Dr. James Sullivan, Director
California Sea Grant
University of California, San Diego
9500 Gilman Drive
LaJolla,CA 92093
619/534-4440

•CONNECTICUT

Dr. Edward C. Monahan, Director
Connecticut Sea Grant
University of Connecticut
1084 Shennecossett Road
Groton, CT 06340
203/445-3457
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Dr. Carolyn Thoroughgood,
Director
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University of Delaware
Robinson Hall, Room 111
Newark, DE 19716
302/831-2841

•FLORIDA

Dr. James C. Cato, Director
Florida Sea Grant
University of Florida
Building 803
Gainesville, FL 32611
904/392-5870

•GEORGIA

Dr. Mac Rawson, Director
Georgia Sea Grant
University of Georgia
Ecology Building
Athens, GA 30602
706/542-7671

•HAWAII

Dr. Jack R. Davidson, Director
Hawaii Sea Grant

University of Hawaii
1000 Pope Road, Room 223
Honolulu, HI 96822
808/956-7031

+IIUNOIS-INDIANA
Mr. Robert Espeseth, Coordinator
University of Illinois
Room 104, Huff Hall
1206 S. Fourth St.
Champaign, IL 61820
217/333-1824

Joseph T. OLeary, Co-coordinator
Purdue University
Dept. of Forestry and

Natural Resources

1200 ForestProducts Bldg.
W.Lafayette,IN 47907
317/494-3622

•LOUISIANA

Dr. JackR. VanLopik,Director
Louisiana Sea Grant
Louisiana State University
128 Wetland Resources

BatonRouge,LA 70803-7507
504/388-6710

•MAINE

Dr. Robert E. Wall, Director
ME/NH Sea Grant
University of Maine
14CobumHall

Orono,MN 04469-0114
207/581-1436

•MARYLAND

Dr. Christopher F. D'Elia, Director
Maryland Sea Grant
University of Maryland
0112 Skinner Hall
College Park, MD 20742
301/405-6371

•MASSACHUSETTS

Dr. Chrys. Chryssostomidis
MIT Sea Grant

Massachusetts Institute
of Technology

Bldg.E38,Room330
77 Massachusetts Avenue
Cambridge, MA 02139
617/253-7131

•MICHIGAN

Dr. William Vorus, Director
Michigan Sea Grant
University of Michigan
4107 I.S.T. Building
2200 Bonisteel Boulevard
Ann Arbor, MI 48109-2099
313/763-1437

•MINNESOTA

Dr. Steven Laursen, Acting Director
Minnesota Sea Grant
University of Minnesota
Room 302

1518 Cleveland Avenue, North
St Paul, MN 55108
612/625-9288
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•MISSISSIPPI-ALABAMA
Dr. JesusB. Tupaz,Inter.Director
MS/AL Sea Grant Consortium
P.O.Box7000
703 EastBeach Drive

OceanSprings,MS 39564-7000
601/875-9341

•NEWHAMPSHIRE
Dr. Ann Bucklin, Director
ME/NH Sea Grant
University of New Hampshire
Kingman Farm
Durham, NH 03824
603/749-1565

•NEWJERSEY

Dr. GeorgeKlein,Director
NJ Marine Sciences Consortium
Building No. 22
Ft. Hancock, NJ 07732
908/872-1300

•NEW YORK

Dr. Anne McElroy, Director
New York Sea Grant Institute
Nassau Hall

Stony Brook, NY 11794-5000
516/632-6905

•NORTH CAROLINA
Dr. B. J. Copeland, Director
North Carolina Sea Grant
North Carolina State University
Box8605

Raleigh,NC27695-8605
919/515-2454

•OHIO

Dr. Jeffrey M. Reutter,Director
Ohio Sea Grant
Ohio State University
1541 Research Center
1314KinnearRoad
Columbus, OH 43212
614/292-8949

•OREGON

Dr. Robert E. Malouf, Director
Oregon Sea Grant
Oregon State University
Administrative Services Bldg.-A320
Corvallis, OR 97331-2131
503/737-3396

•PUERTO RICO

Dr. Manuel Hernandez-Avila,
Director

Puerto Rico Sea Grant
University of Puerto Rico
Department of Marine Science
P.O. Box 5000

Mayaguez,PR 00681-5000
809/832-3585

•RHODE ISLAND

Dr. Scott W. Nixon, Coordinator
Rhode Island Sea Grant
University of Rhode Island
Narragansett Bay Campus
Narragansett,RI02882-1197
401/792-6800

•SOUTHCAROLINA
Ms. Margaret Davidson, Director
South Carolina Sea Grant Consort.
287 Meeting Street
Charleston, SC 29401
803/727-2078

+SOUTHERNCALIFORNIA
Dr. Douglas Sherman,Director
U. of Southern California Sea Grant
Hancock Institute for Marine Studies
University Park
LosAngeles,CA 90089-0341
213/740-1961

•TEXAS

Mr. Feenan Jennings, Director
Texas Sea Grant

Texas A&M University
1716BriarcrestDrive, Suite702
Bryan, TX 77802
409/845-3854

•VIRGINIA

Dr. William L. Rickards, Director
Virginia Graduate Marine

Sciences Consortium
Madison House - 170 Rugby Road
Charlottesville, Virginia 22903
804/924-5965

•WASHINGTON

Mr. Louie S. Echols, Director
Washington Sea Grant
University of Washington, HG-30
3716 Brooklyn Avenue, N.E.
Seattle, WA 98105-6716
206/543-6600

•WISCONSIN

Dr. Anders Andren, Director
Wisconsin Sea Grant
University of Wisconsin-Madison
1800 University Avenue
Madison, WI 53705
608/262-0905

+WOODS HOLE

Dr. Judith McDowell, Director
WHOI Sea Grant
Woods Hole Oceanographic

Institution
CRL209

Woods Hole, MA 02543
508/548-1400ext2665

* Sea Grant College (Total 26)
(ME/NH=1)

+ Institutional Program(3)
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Sea Grant Technical Staff

Following is alisting ofSea Grant's technical staff, their subject area(s), and theirphone numbers.
They can be reached at the following address:

National Sea Grant College Program
National Oceanicand AtmosphericAdministration

1315 East-West Highway
SSMC3,llthFloor

SilverSpring,MD 20910

Living Resources........ ....................................... 301/713-2451
Aquaculture - Dr. James P. McVey
Fisheries - Dr. Eugene Fritz
MarineBiotechnology- Dr. DavidH.Attaway
SeafoodScienceandTechnology - Dr.DavidH. Attaway

Human Resources........................................................ 301/713-2431

Marine AdvisoryService-Dr. BernardGriswold
ZebraMussels - Dr. Bernard Griswold
EducationandTraining- Dr.ShirleyFiske
SocialScienceandMarine Policy-Dr.Shirley Fiske
Communications -Mr. VictorOmelczenko

OceanLaw - Mr. John Milholland

Technology and Commercial Development................ 301/713-2445
Ocean Engineering- Dr. Richard C.Kolf
MarineEconomics-Dr. Francis M. Schuler

MarineRecreation -Dr. Francis M. Schuler
International Activities - Dr. Francis M. Schuler

EnvironmentalStudies.. ............. .................. 301/713-2435
Coastal Processes - Mr. John P. Ahrens
Environmental Studies - Dr. William F. Graham

Dr. Leon Cammen

Non-Living Resources.................................................. 301/713-2713
MarineGeological Resources-Dr.MichaelT. Ledbetter
Diving Physiology, Safety, andTechnology - Mr. N.Eugene Smith
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Living Resources

Chapters

Aquaculture 3-A
Dr. James P. McVey

Fisheries 12-A

Dr. Eugene S. Fritz

Marine Biotechnology 25-A
Dr. David H. Attaway

Seafood Science and Technology 45-A
Dr. David H. Attaway



Living Resources

The four reports in this section cover
aquaculture, marinebiotechnology, fisheries, and
seafood science. They discuss fundamental and
applied research and its relevance to commer
cial development, industrial processing, and
resource management. The reports not only
provide examples of accomplishments and lists
ofrecent publications, but suggest priorities
and opportunities for future research.

Supportfor aquaculture, marinebiotechnol
ogy, and seafood science has remained constant
inrecent years at $4.2/$2.8 million, $2.5/$1.7
million,4.0/3.0 million, and $1.2/$0.9 millionin
federal/matchingfunds respectively.Thisreflects
overalllevelfunding for the National Sea Grant
CollegeProgram during the same period. The
apparent funding increase for marine biotechnol
ogyinfiscalyear 1992 is primarilya result of
including, forthe firsttime, researchthat uses
moleculartechniques, especiallyDNAtechnol-
ogy, to address resource management and
environmental issues. Previously, researchofthis
type was included onlyunder fisheries or environ

Living Resource

mental studies. Some other types ofresearch
maybe duplicated in more than one report
because the boundaries between topics are not
precise. Federal Sea Grant investment in fisher
ies research has declined 12 percent to $4
million since implementation of modified
procedures for funding ofproposals. Concur
rently, however, fisheries research support with
money provided by other federal programs,
especially the Coastal Ocean Program, grew b}'
275 percent to $1.8 million.

TheNationalSeaGrant CollegeProgram
emphasizesresearch on livingresources ofthe
oceans and Great Lakes. In fiscalyear 1992,
about 27 percent ofthe program's federal funds,
approximately $11 million,was used for this
research. Thesefunds,supplementedwithapproxi
mately$10millioninnonfederal matchingfunds
and "passthrough" funds, supported 300
projects. A companion report—Projects
'92—provides project titles, investigators,
program affiliations, and the amount offederal,
matching, and pass through funds.
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Aquaculture
Introduction

The next two decades will see a dramatic

change in the way seafood products are obtained.
An increasing proportion of the seafood supply will
come from aquacultural production, especiallyhigh
market-value products. Today, many underdevel
oped countries in tropical areas are gearing up for
aquaculture production,primarily through shrimp
culture. In 1991, approximately 28 percentof the
world's shrimp was produced on farms. This
production was valued at over $2 billion at whole
sale prices. In 1992, the total hectares devoted to
shrimp aquaculture, worldwide, was estimated at
1,000,000 (World Shrimp Farming, 1992). The
United States hasa smallshrimp farming industry in
SouthCarolina, Texas, and Hawaii whichproduce
$6-8 millionworthofshrimp.

In 1991, the United States imported 540
millionpoundsofshrimpvaluedat $1.9billion
(NMFS, Fisheries ofthe United States, 1991).
Additional imports ofhigh cost such as salmon,
lobster, mollusks andother seafoodbroughtthe total
seafoodimports to $5.7 billion.With exports of$2.3
billion, the US. was left with a trade deficit of$2.9
billion in edibleseafood. This is a definite improve
ment over recent years when the U.S. seafood trade
deficit was as high as $5 billion. Increased U.S.
aquacultural production has certainly contributed to
this tradebalance improvement,and the National
Sea Grant College Program has provided asignifi
cant contribution to technology andoutreach for this
to happen.

How can the U.S. increase fisheries production
even further to offset the large seafood trade deficit?
An increase in traditional fisheries productioncannot
be expected unless major habitat improvement and
restoration projects are initiated. In fact, worldwide
commercial fisheries declined in 1990 for the first

time in 12 years. Immediate increases in domestic
seafood availability could occur with the use of less
desirable, underutilized, species and/or the develop
ment ofU.S. aquaculture for high demand species
such as shrimp, lobster, and salmon. The latter
approach is the most likely because Americans
demand high-quality, recognizable seafood. Aquac
ulture productionhas increased at an annualrate of
approximately 20 percentover the past decade. This
rate is expectedto continue, providing a doubling of
production over the next decade. These increases
areexpected primarily in catfish and crawfish
productionbut significant increases are also foreseen
for marine shrimp, finfish, and mollusks.

Past research by the National Sea Grant
College Program andby otheragencies is respon
sible for expected increases in U.S. aquaculture
investments and production over the next decade. In
SouthCarolina, Sea Grant pond production research
has shown that the use of aerators canprovide
yields of 20,000 kg/ha/yr of shrimp and canimprove
the yields for marine finfish such as redfish and
hybridstripedbass. This preliminary work needsto
be expanded andbrought to the pointof commercial
production. New vaccines are being developed for
salmonids thatwillmakeproduction more depend
ableand profitable. Improved strains ofclams and



Analysis of Aquaculture Projects and Funding
Fiscal Years 1979 to 1992

(thousands of dollars)
Year

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

No.of

Projects

98

111

115

106

109

97

121

110

121

102

94

102

105

99

Federal

Funding

3,707

4,277

3,735

3,050

3,914

3,739

4,414

4,550

4,544

4,100

3,637

4,120

3,856

4,216

Match

Funding

3,293

2,994

2,744

2,047

2,778

2,994

3,721

3,263

3,111

3,088

2,861

2,956

2,906

2,828

Table 1

oysters are now available for commercial produc
tion. Better knowledge ofnutritional requirements
for aquatic species has led to improveddiets fora
variety of species which has increased growth and
survival, and engineering advancements have
improved opportunities for water reuse systems and
offshore production systems.

Further development of aquaculture in the
United States can leadto the following benefits:

* Reduction of the foreign trade deficit.
* Increase of supplies of domestically produced,

top quality seafood.
* Provision of a stable seafood supply to the

United States seafoodindustry, particularly
processors.

* Creationofnew jobs and spin-off industries.
* Improvement of the recreational and commer

cial potential ofU.S. marine waters.
* Better understandingof the life cycles of

commercially important species.
* Development of protein production technology

for export to third world countries.

Total

7,000

7,271

6,479

5,097

6,692

6,733

8,135

7,813

7,655

7,188

6,498

7,076

6,762

7,044

Aquaculture

Even though aquaculture
productionis increasingsteadily in
the United States, many technical
and socio-economic problems
need to be solved before it can

reach its full potentialin orderto
help overcome the foreign trade
deficit in fishery products.

For 25 years, Sea Grant has
taken a strongrolein developing
aquaculture technology for marine,
estuarine, and Great Lakes
species. The National Aquaculture
Act of 1980 and the National

Aquaculture Development Plan of
1983 have provided a basic outline
for Sea Grant's research. The plan
was recently updated through
efforts of the Joint Subcommittee

on Aquaculture and a marine
aquaculture analysis was put forth
by the National Research Council.
The National Sea Grant Office

provides yearlyguidelines to Sea
Grant institutions in order to focus research propos
alson identified priority areas. Sea Grantalso
supports workshops and symposia for key aquacul
turalspeciesgroupsto establish the status of the
industry andto focus on research needed to support
the developing industry.

This report attempts to describe the projects
funded for FY 1992 in relation to the areas and

species designated in the yearly guidance document
and to look at future directions for Sea Grant-

funded aquaculture research.

Analysis ofFY 1992Aquaculture Projects
and Funding

FY 1992 level of funding and number of
projects remained approximately the same when
compared to recent years (see Table 1). In fact, the
funding levels for aquaculture-related projects has
not changed significantly since 1980,despitethe
overall level funding experiencedby Sea Grant.

In 1992, Sea Grant devoted $4,216,000 to
aquaculture projects which included $269,345 in
pass through funds from other agencies andwas
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matched by $2,828,000 ofstate funds foratotalof
$7,044,000. Fundingwasdistributedthrougha
competitivegrants processbasedonpeerreview.
The sustained funding level over the pasttwo
decadesreflects the continued stronginterestin
aquacultureresearchby the individual SeaGrant
institutions. Strong interest is alsoindicated by the
relativelyhigh level ofmatching funds forthe
aquaculture projectscomparedto theminimum 2:1
ratiothat is required by law.

Aquaculture-related projects account for
approximately 10.5 percent ofthe total Sea Grant
budget forFY 1992. MarineAdvisoryServices (MAS)
efforts in thatareawould add another2.5 percent.
The MASprogramestimatesthatitsaquaculture
supporthasincreased from alevel of10 percentto a
level of12 percentover the pastfive years because
ofthehighlevelofpublicinterestinmis subject.

AnafysisofProgramEmphasis

The Sea Grant AquaculturePlanandretreat
reports have identifiedseveralareas ofparticular
emphasis forSea Grantsupport.Table 2 compares
thenumber ofprojectsandthe fundinglevels forFY
1988 through FY 1992 for these areas.

During the past few years, pass through funds
have becomemoreimportant forallprogramsdueto
level funding forthe overallSea Grantprogram,so
they areincluded inthe total budget allocatedfor
aquacultureresearchin allthe tables.

In 1992, the relativemixofprojects remained
about the same as in previous years even though
many investigators andinstitutions havechanged.
Projectsrelatedto geneticsandselective breeding
andto physiology/endocrinologycontinue to receive
emphasis and reflect the need to gain better control
oforganisms that arebeing grownin intensive
culture conditions, whichareconsiderablydifferent
from what is found in nature. It is becoming more
importantto understandthe underlyingphysiological
andendocrinesystems ofaquaculturalspeciesto
attemptto optimize reproductionandgrowth.The
continuedinterestinthe physiology/endocrinology
categoryis also consistent with the trend formore
basicorgenericresearchby the grantees.

Policyandeconomics projectsincreasedagain
in FY 1992 and, given the stated needs ofthe
industry, additional effort should be madeto recruit
social scientistsandeconomiststo conductprojects
inthese areas.

A Comparison of Funding
for Subject Areas in FY 1988 Through FY 1992

SubjectArea
1.Aquaculture

Systems
2. Genetics

3. Physiology/
Endocrinology

4. Nutrition

5. Disease/
Parasites

6. Policy/
Economics

7. Other

Total

Table 2

1988

589(15)

1,392(30)
750(21)

318(11)

564(17)

4(1)

483(7)

4,100(102)

Amountoffederal $ (# ofproj.)

1989

411(14)

1,304(27)
922(20)

249(8)

596(17)

155(8)
3,637(94)

1990

574(19)

1,082(26)

1,092(23)

210(9)

644(15)

401(6)

117(4)

4,120(102)

1991

704(19)

1,087(25)
798(20)

260(11)

832(20)

24(1)

231(9)

3,856(105)

1992

638(17)

1,019(21)
1,382(25)

247(9)

624(17)

94(5)

212(5)
4,216(99)



A Comparison of Funding
for Species in FY 1986/FY1992

No. of Federal
Species Projects Funding (K)

86 92 86 92
Fish

General 12 13 358.3 651.7

Salmon 23 11 980.6 488.9

Striped Bass 1 3 26.8 178.2

Hybrid Striped 4 2 128.0 155.7

Bass

Red Drum 1 4 15.4 144.1

Sturgeon 2 3 28.2 86.2

Lake Trout 2 0 28.0 0.0

Dolphin Fish 2 2 44.5 23.7

(Coryphaena)
Croaker 0 1 0.0 cont.@
Flounder 0 2 0.0 29.8

Yellow perch *
Walleye*

Crustacean

General 4 6 108.8 300.5

Prawn 2 0 105.2 0.0

Blue Crab 2 0 54.2 0.0

Marine Shrimp 11 8 461.1 274.0

Mollusk

General 9 1 222.5 cont@
Hard Clam 9 3 287.4 222.3
Scallop 3 0 143.5 0.0

Oysters 12 4 414.7 186.8

Abalone 0 3 0.0 128.1

Mussel 0 2 0.0 72.6

Bacteria 0 2 0.0 59.3

Virus 0 2 0.0 76.5

Plants

Higher Plants 1 2 42.1 27.6

Algae 5 9 259.0 409.8

Other 3 12 74.5 411.8

* Contained in Other "General'' Projects
@ Continuing projects without additional budget

Table 3

Aquaculture

Species FundingAnalysis

Table 3 provides information on the
species that have received research atten
tion in FY 1986 and 1992. These years were
chosen to give a good spread for compari
son. An analysis of the FY 1992 funding by
species relative to the Sea Grant Aquacul
ture Plan shows good agreement with the
plan. More than 75 percentof the species
mentioned in the plan have one or more
projects assigned to them. Forthe most part,
species not covered by FY 1992 projects are
minorones that may be developed later after
the higherpriority species areaddressed.

In comparing FY 1986 to FY 1992,
several trends can be deduced. More

resources are being applied to projects that
arenot associated with a specific species and
that aremore general in nature. Salmon
projects which were above $1 million in the
early 80s have declined to about $600
thousand, which is more in line with funding
for the othermajor species. Hybrid striped
bass andstripedbass areboth important in
view ofthe still developing hybrid striped
bass production industry. No projects on
lake trout, freshwater prawn, blue crab, and
scallopswere included in the FY 1992
project list compared to FY 1986, indicating
the dynamic character of Sea Grant funding.
There was a dramatic increase in projects
related to marine algae as the commercial
potential ofthis broadgroup is becoming
evident. This could be a growing area of
research opportunity since algae lend
themselves to biotechnology applications.

It is becoming more importantto
investigate marine finfish species that are
good aquaculture candidatesas both Asia
and Europeareinvesting heavily in this
groupof fishes.

Work continues on the genetic ma
nipulation ofmollusk species.New strains
and gene combinations arebeing tested and
evaluated. Morework is expected in this
area since mollusks lend themselves to

genetic studies.
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Aquaculture research on Great Lakesspecies
remained relatively low but consistent with past
years. Most Great Lakes species canbe cultured in
the technical sense but more work needs to be done

to develop technology that will allow aneconomical
growout to marketable size. Interest continues in
enhancement programs for these species and there
are opportunities forwork on stock improvement as
well as development of broodstock strains.

The above analyses shows the dynamic
character of Sea Grant funding with different
species receiving fluctuating attention from year to
year. In order of projects and resources, salmon,
marine algae, marine shrimp, hard clams,red drum,
and striped bass and their hybrids are well repre
sented mis year. Some projects on marine finfish
were lost and there are no projects on freshwater
prawns.

An analysis of individual projects by discipline
and species suggests that there are opportunities for
interaction and coordination between researchers at

the various Sea Grant institutions. There are distinct

project groups in the following areas:

• Aquaculture Engineering
• Marine Shrimp
• Striped Bass
• Genetics/Selective Breeding
9 Disease/Parasites

• Crustacean Reproduction

Researchers in these areas are encouraged to
exchange information through correspondence or,
when possible, in meetings and workshops.

Analysis ofGranteeEfforts in Aquaculture

Table 4 provides a summary of research
activity by the various Sea Grant institutions.

In terms of projects and dollars, California,
Washington, Texas and Maine/New Hampshireare
the top fourranked Sea Grantaquaculture programs
for FY 1992. As a resultof anexpandingsalmon
and mussel aquaculture industry, this is the first time
that Maine/New Hampshire Sea Grant has been in
the top nine programs. California Sea Grant, with its
broad rangeof projects that tend to be high tech, has
made a special effort to include species of interest to
the state's industry. Washington Sea Grantcontinues
its strongsalmon aquaculture program with projects

on fish disease, nutrition, and genetics. Texas Sea
Grant funds projects devoted to shrimp and finfish
aquaculture andhas shifted its emphasis to more
basic research using biotechnologyand endocrinol
ogyto obtain greater control and understanding of
shrimp and fish reproduction.

Becauseof a general reduction in projects,
Hawaii Sea Grant has slipped from first place to fifth
place, but it stillmaintains projects on marine finfish
nutrition and genetics. Hawaii has ceased its work
with freshwater prawns. More of the projects have
elements of biotechnology than previously.

GeorgiaSea Grant has moved up to sixth place
with increased emphasis on aquaculture. Projects on
hard clams and scallops are the main focus of the
Georgia program and they are working closely with
Louisiana Sea Granton an algae production system
for bivalve culture.

Seventh place is claimedby Maryland Sea
Grantwhich is strong on biotechnology applications
for both fish and mollusks. Biotechnology projects
include manipulating genes and hormones in striped
bass and oysters.

Oregon Sea Grant has slipped back to eighth
place in FY 1992 and continues its strong program
on disease control and vaccine development in
salmonid fish.

North Carolina Sea Grant has also moved into

the top-ranked states with projects focused on the
hybrid striped bass industry requirements.

The data contained in Table 4 clearly shows
that state programs constantly adjust to yearly
research needs in order to take advantage of new
developments and opportunities. The relative
rankingof states changes from year to yeardepend
ing on the different projects that are identified for
funding.

Special Sea GrantAquacultureActivities
During FY 92

Sea Grant research has led to several hybrid
striped bass aquaculture farms in North Carolina,
South Carolina, Virginia, and Maryland. The hybrid
striped bass market appears to be holding but will
depend upon the amount of production and demand
over the next few years. More outreach activities are
occurring since more farmers are becoming involved.
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Technology developed through Sea Grant
research is the basis for a new hard-shell clam farm

in South Carolina. The farm, which began produc
tion two years ago, will harvest its first crop this
year andwill be the largest producer of clamson the
East Coast. It presentlyemploys 65 peopleand, in
the future, will expand employment opportunities
further as production increases.

A researcher at Harbor Branch Foundation in

Florida has succeededin spawning and rearing
Nassau grouper for the first time in captivity.
Approximately 30, two-year-old grouper were
released on reefs in the Virgin Islands to determine
the feasibility of stock enhancement for this valu
able commercial species.

A new Patent (#5,161,481) was awarded to a
University of Connecticut researcher for a
"method for increasing crustacean larval produc
tion.*' The method, which uses a crustacean
hormonecalledmethyl-farnesoate, results in a 185
percentincreasein viable larvae from shrimp
broodstock. An industry cooperator is already using
this method in a commercial shrimp hatchery.

California Sea Grant researchers have identi

fied the amino acid sequenceofthe molt inhibiting
hormone and the crustacean hyperglycemic hor
mone in the American lobster. Using this informa
tion, they can now proceed with development of
hormoneantagonists to speedupcrustacean molting
and growth or develop recombinantDNA techniques
to inhibit the gene that producesthe inhibitory
hormone that controls growth. These approaches
couldhave significanteffects on the U.S. shrimp-
culture industry.

Other work with crustacean reproduction by
Florida Sea Grant has resulted in the isolation of the

gene that codes for yolk protein in a commercial
shrimp. It is hoped that application of this technol
ogy will lead to better quality eggs for use by
shrimp farmers.

A LouisianaSea Grant researcher, working
with a private industry cooperator, has developed
new biologicalfilterswhich utilize a floating bead
andincrease the treatmentof ammonia andnitriteby
forty-fold. This has major implications for the
development of aquaculture recirculating systems.

A Texas Sea Grant researcher has demon

stratedthe positive effect ofbeneficialbacteria on

marine finfish production when the bacteria are
added to hatchery tanks. Manipulation of the
microbial community associated with aquaculture
hatchery and production facilities offers an entire
new area of research.

The National Sea Grant Office worked with

the Department of Interior (DOI) again in FY 92 to
continue the aquaculture development on Pacific
Islands. DOI has provided funds to Hawaii Sea
Grant to support giant clam research in Palau.
Commercial sales of giant clams are nearing
$300,000 per year based on technology developed
through the joint DOI-Sea Grant program. There is
now a regional aquaculture association, called the
Pacific Aquaculture Association, and a plan has
been developed to focus on the species with the
best potential for the islands. Other cooperation
with DOI has led to the first harvest ofmarine

shrimp on Guam and to the establishment of a
hatchery for both marine shrimp and freshwater
prawns to supply the farmers of the area. Success
is also reported on the first commercial sponge
farm on the island of Pohnpei. Tens of thousands of
sponges are now nearing commercial size and initial
market surveys are encouraging.

The National Sea Grant Office was also

instrumental in developing a network (called Pacific
Island Network or PIN) of NOAA representatives
for the Pacific islands. The PIN is being funded by
the Department of Commerce and DOI with project
support from several other federal agencies operat
ing in the Pacific. A full-time extension personwas
addedto the island of Pohnpei and other positions
were created on Kosrae, Saipan, and the Marshall
Islands. A new PIN coordinator has been hired and

is operatingout of Hawaii. The network will
support aquaculture and other marine resource
development projects in the Pacific.

The National Sea Grant Office brought
together a team of scientists to attend the meeting
of the U.S.-Japan Cooperative Program in Natural
Resources (Aquaculture Panel) that was held in
Kyoto, Japan. The theme of the meeting was
"Aquaculture and the Environment.*1 The next
meetingwill be held in Alaska, August 1993,andthe
meeting theme will be "The Effect of Hatchery-
produced Aquatic Species on Natural Populations."

These arejust some ofthe highlightsof



research and activities of the Sea Grant aquaculture
program. The National Office will continue to
coordinateand support activities leading to the
development of the U.S. aquaculture industry.

Future Research Priorities

The research priorities established by the
National Aquaculture Development Plan and the
Sea Grant Aquaculture Plan (1983-1987) which
were adopted by the National Office remain
essentially the same for the near future; these are:

General—Highpriority is assigned to re
search directed toward the enhancement of com

mercial aquaculture operations involvingmarine or
Great Lakes species (salmonids and percids) that
are economically viable or nearly so. This includes:
salmon, hybridstriped bass, marineshrimp,hard
clams, mussels, and oysters. Research on new
species and exploratory projects in promising
categories are expected to constitute roughly one-
tenth of Sea Grant aquaculture research and may
represent much of the aquaculture work in some
institutions. Aquaculture research on organisms that
do not occur naturally in the Great Lakes, ocean, or
brackish water during any part of their life cycle is
low priority, especially those for which the Depart
ments of Agriculture and Interior have assumed
responsibility.

Projects to fund the general operations of
aquaculture facilities or programs at various
institutionsshould be discouragedin favor of
projects identifying specificgoals relatedto priority
and species subject areas. Most facility expenses
shouldbe born by the supporting institutions.

Nutrition and Feed Development—Improved
understandingof the nutritional requirements for
specific life stages for hard clams, oyster,marine
shrimp,prawns, marine finfish, and salmon is high
priority. Studies leadingto more cost-effective
artificial diets for crustaceans and finfish are high
priorityas are improvement in natural diets, their
culture and feeding procedures for mollusks and
finfish. The developmentof commercialrations is
considered to be the province of private industry.

Pathology and Disease Control-
Determinationof the causes of major disease-related
mortalities in culture systems and the development

Aquaculture

and testing of procedures and substances to prevent
or controlthese mortalities is assigned a high priority
for oysters, salmon, marine finfish, and shrimp.
Diseaseposes no constraint at this time on mussels
and freshwater prawns; therefore, work of this type
on those animals is low priority.

Environmental Requirements—An inad
equate understandingof this aquaculture aspect
continues to be manifested by problems of produc
tion variability in prawn and shrimp ponds, and by
stress and related problems of finfish in ponds and
net pens. Research directed toward these problems
is high priority as is work on determiningthe
carryingcapacity of the natural environment for
growth ofcultured organisms, including mussels,
salmon, marine finfish, clams, and oysters.

Recent work with beneficial bacteria in Japan
and elsewherehas shown the impact of microbial
community structure on aquaculture systems. Work
to understand the microbiological interactions and
the use of beneficial bacteria to condition aquacul
ture productionsystems is high priority.

Genetics and Selective Breeding—High
priority is assigned to research to understand the
basic genetic make-up of the organisms in culture
sufficient to determine the potential for improve
ment of the species and to identify the most promis
ing methods for making these improvements. Work
to bring about strain improvements for clams,
oysters, salmon, marine finfish, and marine shrimp
is also high priority, as is improved control of
maturation and reproduction of crustaceans and
marine finfish. Researchers are encouraged to
make use of genetic engineering principles if
appropriate to develop industry objectives. There is
a high priority need to develop procedures for
conserving wild gene pools for all organisms in
which cultured individuals are mixed with those in

the natural environment.

In addition to the above established priorities,
there are some specific areas that need special
attention:

In pond dynamics, the role of bacteria and
other micro-organismsin providing nutrition to pond
cultured species is just beginning to be understood.
The interaction of microbes and pond-cultured
species becomes more complex as polyculture
practices are adopted. Further work needs to be
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done on the complex interactions that occur in pond
culture.

More work is needed to develop technology
for the production of marine finfish. Evaluations of
live planktonic foods as well as artificial diets should
be continued. Environmental manipulation as well as
hormonal manipulation of spawning should be
compared and improved.

It is becoming apparent that thereis a need for
more control over the hormonal systems operating in
allanimal groups beingcultured. Endocrinology
studiesshouldreceivehigh priority.

As the aquaculture industrycomes on line, it is
clear that Sea Grant needs to become involved with

clarifying and simplifying the multitudeofregula
tions and laws that presently inhibit the industry.
More work is also needed on setting industry
economic guidelines. These areas have not re
ceived much attention in the past but, time after
time, the private sector identifies these areas as top
priority.

Aquaculture and biotechnology are closely
associatedin the Sea Grant program. There is more
applicationofbiotechnology to aquaculture than to
most other subject areas. Aquaculture projectsusing
biotechnology principlesareofhigh priority.

The Japanese have integrated their artificial
reef program with their aquaculture program to
assure recruitment of target species to the new
substrates and habitat provided by the artificial reef.
Marine finfish of a more sedentary nature such as
grouper, snappers, and sea bass might be tested on
artificial reef substrates as part of the rapidly
expanding U.S. artificial reef system to enhance
recruitment and recreational fishing opportunities.



Fisheries
Introduction

Sea Grant's fisheries program focuses on
research which supports management, the develop
ment of fishing technology, and samplingfor
management data. The program approach is multi-
disciplinary and depends on informationfrom and
advancements in other Sea Grant research areas

such as aquaculture, biotechnology, environmental
science, and engineering. Addressing some fisheries
issuesrequires incorporating economics, policy, and
socialscience in order to link biological and
anthropologic factors affectingresources allocation
andbiological productivity. Most fisheries research
focuses on identifying and predicting the abundance
and distributionoffish populations and on maintain
ing, restoring, or enhancing stocks of recreational
and commercial importance. It also provides infor
mationfor reachingoptimal use of resources.

Sea Grant's fisheries program is the primary
source of support for coastal fisheries research, and
Sea Grant is the only federal program attempting to
set priorities for amelioratingproblems in coastal
fisheries science and management.

Sea Grant focuses not only on theory but on
technological and scientific innovation. It also
pursues research on underlying mechanisms and
processes. The housing of both Sea Grant and the
National Marine Fisheries Service in NOAA, with
their connections to state fishery agencies, repre
sents possibly the world's greatest intellectual base
capable of addressing the complex problems
confronting marine and Great Lakes fisheries.

Fisheries

Program Statistics and Trends

Program Statistics

The fisheries program supported 126,124, and
127projects in 1990,1991, and 1992 respectively
(Table 1). The Sea Grant federal funding level
during this period was $4,545 M, $4,648 M, and
$4,075 M (Figure 1). Matching fundsduring the
period were $3,362 M, $3,229 M, and $3,016 M.
Pass throughfunds received the past three fiscal
years were $0,475 M, $1,553 M, and $1,790 M.

On average, 30 new projects were submitted
for consideration during each of the National Sea
GrantOffice (NSGO) biannual competitive re
views. Approximately 90 percentof these projects
met scientific standards needed to be considered for

funding. Budgetrestraints did not permit funding all
projects, therefore, each projected was evaluated
and ranked according to the criteria listed in Table 2
and competed head-to-head with projects similarly
ranked in other disciplines.

Twenty-five of the 29 Sea Grant programs
support research in fisheries (Table 1). However,
historically all programshave supportedresearchin
this subject area (Table 1).

Trends

Although the trend in the number of projects
funded over the past decade has been downward,
the decline observed in FY 1990 represents a
substantial drop (Table 1). This decline is more
significant in view of the fact that 14 projects are
supported by the Coastal Fisheries Ecosystem
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Fisheries Level ofEffort for Each Institutional Program
FiscalYears 1983-1992

Program Number of Projects

FYB3 FY84 FY85 FY86 FY87 FY88 FY89 FY90 FY91 FY92 AVG* STDEV*

AK 13 7 8 7 5 10 7 4 7 12 8 3

CA 14 11 21 18 22 8 11 11 8 14 14 5

CT 2 3 2 2 2 2 3 2 0 0 2 1

DE 1 1 5 3 0 0 2 1 3 2 2 1

FL 10 9 8 6 8 9 7 5 5 10 8 2

GA 6 3 4 3 2 4 3 0 2 5 3 2

HI 11 7 6 6 7 7 8 6 4 3 7 2

IL/IN 0 3 3 3 2 3 4 1 2 2 2 1

LA 5 2 2 2 10 5 4 5 6 3 4 2

ME/NH 8 6 9 8 5 3 6 6 6 7 6 2

MD 10 7 7 7 6 12 6 7 6 6 7 2

MIT 2 2 1 1 2 2 4 2 1 2 2 1

WHOI 5 4 5 2 3 2 1 2 4 3 3 1

Ml 15 7 7 6 5 6 7 7 4 5 7 3

MN 2 3 5 3 3 4 4 5 5 2 4 1

MS/AL 2 2 2 2 2 2 2 2 3 1 2 0

NC 7 6 5 4 6 6 7 7 8 8 6 1

NJ 6 2 3 7 9 8 5 3 3 2 5 2

NY 8 8 11 8 4 5 8 10 7 6 8 2

OH 2 3 2 4 3 2 1 2 0 0 2 1

OR 10 6 5 3 4 3 4 4 4 3 5 2

PR 2 1 3 4 3 2 1 0 0 0 2 1

Rl 4 2 4 3 3 6 4 5 4 2 4 1

SC 4 3 3 2 4 0 1 0 0 1 2 2

use 1 0 0 0 0 1 1 0 0 0 0 0

TX 8 8 6 5 5 9 9 12 5 5 7 2

VA 7 5 7 6 6 5 6 5 8 4 6 1

WA 14 12 7 8 10 9 12 7 11 11 10 2

Wl 12 15 9 9 12 9 4 5 7 7 9 3

CO 0 0 0 0 0 0 0 0 1 1 0 0

191 148 160 142 153 144 142 126 124 127 146 19

*AVG » mean number of projects, STOEV b standard deviation

Table 1



theme of the Coastal Ocean Program (COP) and
another five projects are supported by other
components of the COP. Thefunding level during
thepast three years has decreased about 20 percent
(Figure 1).Again, thedecrease is more significant if
COP-supported activities are discounted. The COP
andother pass-through-supported activities have
increased since FY 1989 (Figure 1). The changes
observed in the "core*' program can be attributed to
thecompetitive review process implemented in FY
1990. Thenumber of submitted fisheries projects
did notdecline; however, thenumber of more highly
ranked projects in otherdisciplines increased.

Thisyear, 62 projects or 49 percent con
formed to the 1992 Program Guidance (Table 3).
The level of conformity is consistent with previous
years (Table 3). That there is not greateragreement
withnationalpriorities reflects the attention indi
vidual SeaGrantprograms giveto local andregional
issues and opportunities. Although the level of

compliance with theguidance is relatively high, the
level of effort amongpriorities is uneven. Processes
influencing recruitment andrelating habitatto
productivity receive the bulk of attention(Table 3).
There is no effort in sampling gear development and
only lowlevels of effort in population modeling and
management scheme development.

Progress and Significant Achievements

CoastalOcean Program:

As predicted in the National Sea Grant
College Program Fiscal Year 1989 Annual
Report, NOAA's Coastal Ocean Program initiated
the Coastal Fisheries Ecosystem (CFE) Themein FY
1991. The CFE focuses on three scientific issues:
recruitment variability, compensatory mechanisms,
and species interactions. Two multi-study projects
were begun in FY 1991. The SouthAtlantic Bight
Recruitment Experiment (SABRE), funded at $1.0 M

TotalFederalSea Grantand Pass Through Funds
Supporting Fisheries Projects

FiscalYears1983-1992

$6
Sea Grant (Millions) Pass Through (Millions)

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

YEAR

Sea Grant Funds IZZ Pass Through Funds
"i

J
Figure 1

$6
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Criteria Used to Evaluate and Rank
Research and Education Projects

Rationale

Scientific Merit

User Relationship
Innovativeness

Programmatic Rationale
Relationship to Sea Grant Priorities
Qualifications and Past Record

of Investigators

Table 2

per year, seeks to understand the relationship
between variation in environmental factors and the

variabilityin recruitment of "estuarine dependent"
fishes ofthe South Atlantic Bight. Atlantic menha
den life history is examined with respect to offshore
spawning, onshore transport, estuarine develop
ment, and offshore transport and migrationto
determine if, when, and where bottlenecks occur to
limit recruitment. The second project, Bering Sea
Fisheries Oceanography Cooperative Investigation
(FOCI), funded at $0.95 M per year, studies the
relation between larval walleye pollack transport
and recruitment to the central Aleutian Basin

pollack fishery. Another projectentitled "Predation
and the Structure of the Georges Bank Ecosys
tem'* successfully competed for additional Coastal
Ocean Program funds that became available in FY
1993. The objectiveof this project, funded at $450
K in FY 1993, is to examine the interactive effects
of predation and exploitationon recruitment and
overall productivity offish populations on Georges
Bank. All projects are funded for three years after
which theywill be reviewed for additional support
for up to two more years.

Projects comprisingthe CFE consist ofcoordi
nated studies conducted by scientists from federal
and academic laboratories. The CFE set as a funding
goala 60/40 percent split between federal and
nonfederal researchers. Whereas funds are passed
by the Coastal OceanProgram Office to a "lead"
federal laboratory, most grants to academic institu
tions are made as Sea Grant pass through grants.

Although the funding level ofCFE projects is high in
comparison to Sea Grantefforts, the complexity and
scale of these are such that many important ancillary
studies cannot be supported. Accordingly, opportu
nities exist for Sea Grant to take advantageof ship
time and other available resources in pursuit of
research benefiting both programs.

Blue Crab Program:

For more than 12 years, Sea Grant has
supported blue crab research and outreach activi
ties. Much of the research deals with identifying the
factors controlling population abundance. Early
efforts demonstrated that adults spawn at the
mouths of estuaries; spend larval stages in surface
waters over the continental shelf; and at the last
larval stage, megalopa, enter estuarieswhere they
settle and metamorphose into juveniles. The current
research focus is on identifying the mechanisms
that facilitate reentry into estuaries and the factors
influencing survival ofjuvenile crabs. In 1989, a
group of Sea Grant-supported researchers estab
lished an informal group whose aim was to coordi
nate blue crab recruitment research throughout its
range in the United States. Buildingon their re
search, the group developed and submitted to the
CFE a projectproposal entitled "Gulf and Atlantic
Recruitment Program" (GARP) which sought to
investigate the blue crab recruitment process along
the Atlantic and Gulfof Mexico coasts. This

proposal was not funded by the CFE,but the
investigators were encouraged to seek additional
Sea Grant support. After negotiations, it was
agreed that the NSGO would support some elements
ofGARP provided the investigators couldobtain
local Sea Grantdirector support and that individual
proposals could withstand peer review. Presently,
eight projects associated with this effort are being
supported at Sea Grant colleges from New York to
Louisiana.

Crustacean Recruitment Research:

Progress has been made on a number of
fronts in crustacean recruitment research other
than blue crab. Research on Dungeness crab in
Washington coastal waters suggests a life cycle
similar to the blue crab. Adults spawn in nearshore
waters, larval stages inhabit offshore surface



waters, andmegalopa are transported to nearshore
waters and settle out in shallow benthic environ

ments along the coast or in estuaries. The largest
number ofjuveniles per unit area are found in the
estuaries, but the largest total number occurin
coastal benthic areas. The relative importance of
these nursery areas to the fishable population is
undetermined. Results from these and associated
studies have shown that oystershell canbe used to
enhance survival of newly settled juveniles. Ac

cordingly, shell deposition is beingusedby the
Army Corps of Engineers as a means of enhancing
the crab fishery.

Studies on the spiny lobster in Florida and the
American lobster in New England have demon
strated that the availability ofjuvenilehabitatplays
a significant rolein regulating population abundance
of these species. Early life history research on both
lobster species indicates that the abundance of
presettlement stage lobsters is significantly higher

Comparison ofProjects Funded withNational Priorities*
Identified inAnnual Program Guidance

Annual Guidance Project Agreement

• Improving predictionof
populations; short-term
and long-term

FY89

4

FY90 FY91 FY92

3 3 5

• Definingprocessesand
mechanismscontrolling
naturalvariabilityin
populations

19 20 24 27

• Defining relationships
between habitat

characteristicsand productivity

17 10 13 16

• Restoringand enhancing
depleted stocks

16 11 6 6

• Developing newcommercial
and recreational fisheries

3 4 0 2

• Reducing captureofnontargeted
species and life stages and
degradation ofhabitat

2 4 2 2

• Improvingnondestructivemethods
forsampling fish and shellfish
at all stages of life

0 0 0 0

• Designing, improving,and evaluating
managementschemesforefficient
and equitable allocationof
resources among competing users

5 3 7 4

•Priorities listedarethose presented inthe draftrevised Sea GrantFisheriesstrategydocument.

Table 3



Sea Grant Review: 1990 through 1992

than the number that eventually recruit to the
fisheries. In the case of spiny lobster, the availabil
ity of benthic red algae and, to a lesser degree, sea
grass is a majorcomponent of survival variability.
Similarly, the presence and abundance of cobble
and boulders is critical to the survival of newly
settled and juvenile American lobsters. These
juvenile stage/habitat interactions are similar to
those described for blue crab, suggesting a generic
relationship between juvenile habitat and recruit
ment success among Crustacea.

Finfish Recruitment Research:

Investigations on processes influencing
recruitment among finfish species have been less
definitive than those for crustaceans. Still, some
very interesting results have been obtained during
the past three years. Studies on bluefish in the
Middle Atlantic Bight and estuarine areas of New
York show that spawning occurs in springoff the
North Carolina coast andin summeroff the Long
Island coast Larvae of spring-spawned bluefish are
transported up the coast by the Gulf Stream. Early
juvenile stage fish aretransported across the conti
nental shelf into estuarine nurseries. Summer-

spawned fish remain in continental shelfwaters until
early juvenile stages and are thentransported to the
estuaries. Juveniles of spring-spawned fish are
significantly larger than those of summer spawn
whenthey enter the estuaries. Under "typical"
conditions the larger spring-spawned fishhave
higher survival rates. However, during thoseyears
when northerntransport is weak, the summer-
spawned fish make up a larger portion of the year-
class. Results to date suggest thatbothspawning
populations contribute significantly to each year-
class.

For almost a century, fishery scientist have
studied freshwater early life history stages of
salmon in order to predict or enhance adult stock
size. This research has achieved only limited
success. During the mid 1980s, Sea Grant re
searchers turned their attention to the oceanic life-
history stages for clues on salmon population
control. These studies indicated that Pacific salmon
abundance is dependent on oceanic factors encoun
tered during the first year at sea. Some evidence
indicated that, for some species, recruitment

success is determined during the first few days to
weeks after entering the ocean. Related research is
focused on testing the hypothesis that long-term
(decades or longer) trends in population abundance
of the oceanic salmon species (sockeye, chum, and
pink) are determined by position of the Subarctic
Current.

Great Lakes Fisheries:

Predator/prey interactions between stocked
salmonids and their naturallyreproducing food
species continues to be the focus of many Great
Lakes researchers. Studies are underway to
estimate whole lake biomass of planktivorous fishes
(prey species) in Lakes Ontario and Michigan.
Information from these studies is used in the

development and testing of trophodynamics models
designed to predict the consequences of species
interactions.

Research also continues on establishing self-
sustaining lake trout populations. Investigations
evaluating the lake trout rehabilitationeffort in Lake
Ontario demonstrated that viable spawn are
produced on reefs throughout the lake. Similar
investigations in Lake Michigan are presently
underway to characterize spawning area which
produce fry. The Lake Ontario research showed
thatno one strain is best suited for the entirelake,
but that some strains seem to be better suited for
specific spawning sites. The "Ontario strain,'* the
focus of most current stocking efforts, has been
shownto not represent the ideal gene pool for
restocking the lake.

Oneof the primary objectives in the clean-up
efforts of the Great Lakes large cool water bays
(estuaries) is restoration offish populations. Scien
tists are presently evaluating the Remedial Action
Plan for Green Bay, Lake Michigan, with respect to
the fish community of the lower bay. Other re
searchers have shown that walleye stocked in
Saginaw Bay, Lake Huron, are migrating up
tributary rivers where they successfully spawn.
Larvae produced from this spawn have been
sampled along the course of the rivers entering the
bay. Within thenext few years, it willbe possible to
determine if this spawn contributes to thewalleye
population.

Assessment of the impacts of nonindigenous



species on fishery resources is atopic of major
importance to the Great Lakes region. The ruffe, a
small European perch-like fish, was discovered in
the St. Louis Estuary adjacent to Duluth, Minne
sota. Research indicates that this species could
adversely impact perch and walleye populations in
the estuary. Bythotrephes, a European predatory
cladoceran, established itself in all the Great Lakes
during the 1980s. Concern was expressed that this
organism could outcompete larval and juvenile fish
for food and add a new larval fish predator to the
community. Research into these concerns indicates
that Bythotrephes has little orno significant
ecological impact on Great Lakes pelagic ecosys
tems. Investigations are underway to assess the
potential adverse impacts associated with zebra
mussel. Topics currently being studied include:
physical and chemical (concentration of toxics in
feces and pseudofeces); degradation of spawning
habitat; and change from a pelagic to a benthic
based food web.

Bycatch:

At a commercial fishing industry-sponsored
workshop held in Newport, Oregon, during the
spring of 1991, industry leaders acknowledged the
serious problems caused by bycatch. They recog
nized that growing public concern about waste
could threaten the existence of commercial fishing.

SeaGrant recognized this problem in the mid-
1980s with the introduction of the turtle excluder
device (TED). Research and outreach activities
associated withTEDs have led to the development
and evaluation of bycatch reduction devices (BRD),
produced to reduce the capture of juvenile finfish
during shrimp trawling operations. Similar activities
have ledto the introduction and testing ofjuvenile
fish excluders in shrimp trawls used in northern
New England.

During the past three years, a good deal of
research has focused on improving selectivity and
evaluating mesh sizes and shapes used in trawls.
Silicon intensifier target (SIT) cameras have been
deployed on commercial trawls to monitor the
behavior of fishes as they are netted. Ethograms
are then developed for various species and used to
modify fishing practices and gear rigging to reduce
bycatch. Studiesof the long-term consequences on

population dynamics ofusingvarious mesh sizes
and shapes, showed that the use of larger square
mesh in cod ends of trawls reduced bycatch of
small nontargeted species and life stages, reduced
catch sorting time, and shouldresult in higher
population abundance. These findings arebeing
seriously considered in the development of ground-
fish management regulations being promulgated by
fisheries management councils.

Genetics:

Sea Grant has a long history in supporting
research in fish and shellfish genetics. From the
1970s to the mid-1980s activities centered on stock

separation using electrophoresis technology. The
level of effort in this area diminished significantly
when, in the mid-1980s, it was determined that Sea
Grant could not afford to continue support for such
stock separation studies. Emphasis in genetics
shifted to the application of stock separation
technology to address specific management issues;
for example, the lake trout recovery studies de
scribed above. Interest in stock separation studies
began to increase again in the late 1980s when Sea
Grant supported oneof the first studies using
mitochondrial DNA(mtDNA) for stockseparation.
Thirty mtDNA stock separation proposals have
reached the NSGO over the past three years.
Support was provided to examine mtDNA of
oysters, stripped bass, American lobster, mahimahi,
red drum, snook, red snapper, herring, walleye
pollack, cod, haddock, and cobia. Results of these
studies are reported in the technical articles listed in
Pubhcations section of thisreport under the heading
"Genetics." This past year, it was determined that
Sea Grant could onlysupport those projects in
which mtDNA technology was needed to address
specific management questions such as, evaluating
enhancement programs by distinguishing between
wild and stocked fishes.

In 1990, the firstDNA fingerprinting proposal
wassubmitted to the NSGO. This is a technique in
which nuclear DNA is used to distinguish organisms.
The technique has the advantage over mtDNA in
that genomes from both parents can be studied
(mtDNA is contributed only from the mother). The
major disadvantage of the technique is information
overload and data reduction. Ten additional propos-
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als were submitted between 1991 and 1992. Rather

than waiting for history to repeatitself, the decision
was made to support DNA fingerprinting only when
it is needed to resolve management-related issues
other than stock identification.

Future Directions and Plans

In 1985, the NSGO issued a strategy for
fisheries research which has been the basis for

managing the fisheries program. Priorities and
objectives identified in the strategy are used by
state Sea Grant directors in developing their
programs. This past year, that strategy document
was updated in accordance with guidance obtained
at the Sea Grant fisheries symposium held at the
120th Annual Meeting of the American Fisheries
Society. A draft of the revised strategy will be
distributed widely for review and comment during
the first quarterof 1993. Table 3 lists the research
priorities identified in the draft.

Fisheries research supported in the 1980s and
early 90s was more fundamental than that of the
60s and 70s. This research and focus has had an

influence on the discipline as a whole. The under
standingofthe factors controllingrecruitment
variability andresearch are areas ofsignificant
activityamong fisheries scientists. These topics and
other process-oriented research areas that arenow in
vogue can be attributed to Sea Grantsupport.
Where Sea Granthas had little impact is in translat
ing this research into management practices or
extending information obtained to intended constitu
encies. Although accounting for the largestexpendi
ture of Sea Grantresearch funds, fisheries provides
the fewestexamplesofverifiable benefits.During
the next fouryears this situation must change.

Opportunities:

Population and Community Modeling

The activity level in modeling has diminished
over the past four years. There is a need for evaluat
ing the assumptionsofcommonly used population
models, and incorporating results ofrecruitment
research into population and community models.
Research in multispecies fisheries models is alsoan
area that needs increased effort

RecruitmentFisheries Oceanography

As stated above, excellent opportunities exist
to develop studies in associationwith or comple
mentary to NOAA's Fisheries Oceanography
Cooperative Investigation (FOCI) in the Gulf of
Alaska and the Bering Sea, and with the South
Atlantic Bight Recruitment Experiment(SABRE) off
the Atlantic Coast between North Carolina and

central Florida. Additional opportunities exist in
developing research that is complementary to the
National Science Foundation/NOAA Global Ecosys
tems Dynamics field study in the area of Georges
Bank.

Gear Studies

Research on fishing and sampling gear has
been very scarce despite the large number of
problems associated with harvesting and sampling.
Research that has been pursued on harvesting gear
has focused on modifications of traditional devices

such as nets and traps. Many opportunities exist for
research on novel and innovative approaches to
selectively and efficiently harvest fish and shellfish.
Research is needed on sampling gear for larval and
particularly juvenile stages. Emphasis should be
placed on sampling gear that facilitates sample
processing and speeds up processing time. In
addition, studies are encouraged that investigate the
effects of gearon habitat

Publications

Sea Grant Abstracts, a quarterly publication
of the National Sea GrantCollege Program, lists all
publications submitted to the Sea Grant Depository.
Only papers appearing in Sea Grant Abstracts are
considered Sea Grant publications when evaluating
previous productivity ofan investigator seeking
support for a grant The following is a partial list of
technical papers and reports exemplifying the
quality of Sea Grant-supported fisheries research.
The publications are organized, to the extent
possible, according to the progress and achieve
ments described above.



BlueCrab Program:

Epifanio, C.E., Masse, A.K., Garvine, R.W., 1989.
Transport of bluecrab larvae by surface currents
off Delaware Bay, Marine Ecology Progress
Series,54:35-41.

Fitz, H.C., Wiegert, R.G., 1991. Tagging juvenile
blue crabs, Callinectes sapidus, with mircowire
tags: retention, survival, and growth throughmultiple
molts, J. Crustacean Biology, 11(2)229-235.

Goodrich, D.M., Montfrans, J.V., Orth, R.J., 1989.
Bluecrab megalopal influx to Chesapeake Bay:
evidence for a wind-driven mechanism, Estua
rine, Coastal, and Shelf Science, 29:247-260.

Montfrans, J.V., Ryers, C.H., Orth, R.J., 1991.
Population dynamics of blue crabs Callinectes
sapidus Rathbun in a lower Chesapeake Bay
tidal marsh creek, J. Experimental Marine
BiologyandEcology, 153:1-14.

Olmi m, E.J., et at, 1990. Variation in planktonic
availabilityand settlement ofblue crab
megalopae in the York River,Virginia., Bulletin
of Marine Science, 46(l):230-243.

Olmi III, E.J., Lipcius, R.N., 1991. Predation on
postlarvae of the blue crab Callinectes sapidus
Rathbun by sand shrimp Crangon
septemspinosa Say and grass shrimp
Palaemonetes pugioHolthuis, Journal of Experi
mental Marine BiologyandEcology, 151:169-
183.

Orth, R.J., Montfrans, J.V., 1990. Utilization of
marsh and seagrass habitats by early states of
Callinectes sapidus: a latitudinal perspective,
Bulletin ofMarine ScL, 46(1): 126-144.

Smith, D.E. and Knappenberger, M., 1989. Blue
crab recruitment dynamics in Chesapeake Bay: a
review of current knowledge, Report No.
VSGCP-T-89-005 (VSG-89-01), 23pp.

Crustacean Recruitment Research:

Gunderson, D.R., Armstrong, D.A., Shi, Y.B.,
McConnaughey, R.A., 1990. Pattern of estuarine
use by juvenile English sole (Parophrys vetulus)
and Dungeness crab (Cancer magister),
Estuaries, 13(1):59-71.

Jamieson, G.S., Armstrong, D.A., 1991. Spatial and
temporal recruitment patterns of Dungeness crab
in the northeast Pacific, Memoirs of the

Queensland Museum, 31:365-381.
Kondzela, CM., 1986. Survival, feeding, and

growth of juvenile Dungeness crabs from
southeastern Alaska at different temperatures,
ReportNo. AKU-Y-86-002 (SGT 86-01), 80pp.

Little, K.T. and Epifano, C.E., 1991. Mechanisms
for the re-invasion of an estuary by two species
of brachyuran megalopae, Marine Ecology
Progress Series, 68:235-242.

Rooney, P., Cobb, J.S., 1991. Effects of time of
day, water temperature, and water velocity on
swimmingby postlarvae of the American lobster
Homarus americanus, Canadian J. of Fisheries
Aquatic and Sciences, 48(10):1944-1950.

Wahle, R.A., Steneck, R.S., 1991. Recruitment
habitats and nursery grounds of the American
lobster Homarus americanus: a demographic
bottleneck?, Marine Ecology Progress Series,
69:231-243.

Finfish Recruitment Research:

Brodeur, R.D. and Pearcy, W.G., 1990. Trophic
relations ofjuvenile Pacific salmon off the
Oregon andWashington coast, Fishery Bulletin,
88(4):617-636.

Carr, M.H., 1991. Patterns, mechanisms, and
consequences of recruitment of a temperate
marine reef fish, Report No. SCU-Y-91-001
(USCSG-TD-01-91), 190pp.

Chiarella, L.A., Conover, D.O., 1990. Spawning
season and first-year growth of adult bluefish
from the New York Bight, Transactions of the
American Fisheries Society, 119:455-462.

Francis, R.C., Pearcy, W.G., Brodeur, R. et al.,
1989. Effects of the ocean environment on the

survival ofColumbia River juvenile salmonids,
Report No. WASHU-T-89-008 (WSG-MR 89-
8),20pp.

Freeberg, M.H., Taylor, W.W., Brown, R.W.,
1990. Effect of egg and larval survival on year-
class strength of lake whitefish in Grand Tra
verse Bay, Lake Michigan, Transactions of the
American Fisheries Society, 119:92-100.

Holt, S.A., Holt, G.J., Arnold, C.R., 1989. Tidal
streamtransportof larval fishes into non-
stratified estuaries, Rapp. P. -v. Reun. Const,
int. Explor. Mer, 191:100-104.

Kruse, G.H. and Tyler, A.V., 1989. Exploratory



Sea Grant Review: 1990 through 1992

simulation of English sole recruitment mecha
nisms. Transactions of the American Fisheries

Society,118:101-118.
McBride, R.S., Conover, D.O., 1991. Recruitment

of young-of-the-year bluefish Pomatomus
saltatrix to the New York Bight: variation in
abundance and growth of spring - and summer-
spawned cohorts, Marine Ecology Progress
Series, 78:205-216.

McGovem, J.C., Wenner, C.A., 1990. Seasonal
recruitment of larval and juvenile fishes into
impounded and non-impounded marshes, Wet
lands, 10(2):203-221.

Miller, T., Crowder, L.B., Binkowski, F.P., 1990.
Effects of changes in the zooplankton assem
blage on growth ofbloater and implications for
recruitment success, Transactions of the Ameri
can Fisheries Society, 119:483-491.

Mulligan, T.J., Bailey, K., Hinckley, S., 1988. The
occurrence of larval and juvenile walleye pollock,
Theragra chalcogramma, in the Eastern Bering
Sea with implications for stock structure, Pro
ceedings of the International Symposium on the
Biology and Management of Walleye Pollock,
pp. 471-489.

Norcross, B.L. and Bodolous, D.A., 1989. Hypo
theticalnorthernspawning limit and larval
transport of spot, Larval Fish Recruitment and
Research in the Americas: Proceedings of the
Thirteenth Annual Fish conference, pp. 77-88.

Quinn n, TJ. and Marshall, R.P., 1989. Time series
analysis: quantifyingvariability andcorrelation in
SE Alaska salmon catches and environmental

data, Effects of Ocean Variability on Recruit
ment and an Evaluation of Parameters Used in

Stock Assessment Models, 108, pp. 67-80.
Shultz, J.L. et al., 1990. Distribution offish larvae

relative to time and tide in a Gulf of Mexico

barrier island pass, Bulletin of Marine Science,
46(3):563-577.

Townsend, D.W., J.J. Graham and Stevenson,
D.K., 1986. Dynamics of larval herring (Clupea
harengus L.) production in tidally mixed waters
of the eastern coastal Gulf of Maine, Tidal
Mixing and PlanktonDynamics, 17:253-277.

Zastrow, C.E., Houde, E.D., Morin, L.G., 1991.
Spawning, fecundity, hatch-date frequency and
young-of-the-year growth of bay anchovy

Anchoamitchilli in mid-Chesapeake Bay, Marine
Ecology Progress Series, 73:161-171.

Great Lakes Fisheries:

Cochran, P.A. and Kitchell, J.F., 1989. A model of
feeding by parasitic lampreys, Canadian Jour, of
Fisheries and Aquatic Sci., 46(11):1845-1852.

Hewett, S.W. and Stewart, D.J., 1989.
Zooplanktivory by alewives in Lake Michigan:
ontogenetic, seasonal and historical patterns,
Transactions of the American Fisheries Society,
118:581-596.

Hill, D.K. and Magnuson, J.J., 1990. Potential
effects of global climate warming on the growth
and prey consumptionof Great Lakes fish,
Transactions of the American Fisherie Society,
119:265-275.

Kitchell, J.F., 1990. The scope for mortality caused
by sea lamprey, Transactions of the American
Fisheries Society, 119:642-648.

Kocik, J.F., Taylor, W.W., Wagner, W.C., 1991.
Abundance, size, and recruitment of pink salmon
(Oncorhynchus gorbuscha) in selected Michigan
tributariesof the upper Great Lakes, 1984-88. J.
Great Lakes Research, 17(2):203-213.

Magnuson, J.J., Meisner, J.D. and Hill, D.K., 1990.
Potential changes in the thermal habit ofGreat
Lakes fish afterglobalclimatewanning, Transac
tions ofthe American Fisheries Society, 119:254-
264.

Makarewicz, J.C. and Jones, H.D., 1990. Occur
rence of Bythotrephes cederstroemi in Lake
Ontario offshore waters, Jour, of Great Lakes
Research, 16(1):143-147.

Parrish, D.L., Margraf, F.J., 1990. Interaction
between white perch (Morone americana) and
yellow perch (Perca jlavescens) in Lake Erie as
determined from feeding and growth, Canadian
Journal of Fisheries and Aquatic Sciences,
47(9):1779-1787.

Stone, J.N. and Cohen, Y., 1990. Changes in
species interactions of the Lake Superior fisher
ies system after the control of sea lamprey as
indicatedby time series model, Canadian Journal
of Fisheries and Aquatic Sciences, 47(2):251-
261.



HabitatRelationships:

Armstrong, D.A., Dumbauld, B., Doty, Daniel,
1989. Oyster culture and crab habitat: conflicts
over use of the insecticide Sevin in coastal

estuaries, Northwest Environmental Journal,
5:185-187.

Egerton, F.N., 1989. Missed opportunities: U.S.
fishery biologists and productivity offish in
Green Bay, Saginaw Bay and western Lake
Erie, Environmental Review, 13(2):33-63.

Martin, T.H., Wright, R.A., and Crowder, L.B.,
1989. Non-additive impact of blue crabs and spot
on their prey assemblages, Ecology,70(6):1935-
1942.

Pearcy, W.G., Wilson, CD., Chung, A.W. and
Chapman, J.W., 1989. Residence times, distribu
tion,andproduction ofjuvenile chumsalmon,
Oncorhynchus keta, in Netarts Bay, Oregon,
FisheryBulletin, 87(3):553-568.

Peterson, C.H., 1990. On the role of ecological
experimentation in resource management:
managing fisheries through mechanistic under
standing of predator feeding behaviour, Behav
ioralMechanisms ofFood Selection, G20:821-
846.

Pohle, D.G., Bricelj, V.M., Esquivel,Z.G., 1991.
The eelgrass canopy: an above-bottom refuge
from benthic predators for juvenile bay scallops
Argopecten irradians, Marine Ecology Progress
Series, 74:47-59.

Rogers, C.W., Gunderson, D.R., and Armstrong,
D.A., 1988. Utilization of aWashington estuary
by juvenile English sole, Parophrys vetulus,
FisheryBulletin,86(4):823-831.

Bycatch:

Bahen, J, Weaver, M., 1990. Reducingshrimp loss
throughnet modification in TEDs, NCU-G-90-
002 (UNC-SG-BP-90-1), 4pp.

Bergh,M.O. et al., 1990. Statistical design of
comparative fishing experiments, Fisheries
Research, 9:143-163.

DeAlteris, J.T. (ed), 1991. Proceedings of the
Fisheries Conservation Engineering Workshop,
Narragansett, Rhode Island, April 4-5.

Dewees, CM., Ueber, E., 1990. Effects of differ
ent fishery management schemes on bycatch,

joint catch, and discards, Summary of a National
Workshop, San Francisco, CA, Jan. 29-31, 1990.

Goudey, C.A., 1990. TUGOS utilization and
selective gear development, Report No. MIT-T-
90-005 (MITSG 90-20), 30pp.

Graham, Gary, 1990. Solving problems with TEDS,
ReportNo. TAMU-G-90-001, 4pp.

Helser, T.E., Condrey, R.E., Geaghan, J.P., 1991.
A new method of estimating gillnet selectivity,
with an example for spotted seatrout, Cynocion
nebulosus, Canadian Journal of Fisheries and
Aquatic Sciences, 48(3):487-492.

Pikitch, E.K., Bergh, M.O., Erickson, D.L.,
Wallace, J.R., 1990. Final report on the results of
the 1988 west coast groundfish mesh size study,
Report No. WASHU-Q-90-001 (WSG-MR-90-
02), 103pp.

Pikitch, E.K., 1991. Technologies interactions in the
U.S. West Coast groundfish trawl fishery and
their implications for management, ICES Marine
Science Symposium, 193:253-263.

Genetics:

Chapman, R.W., 1987. Changes in the population
structure of male striped bass, Morone saxatilis,
spawning in the three areas of the Chesapeake
Bay from 1984 to 1986. Fishery Bulletin,
85(1):167-170.

Chapman, R.W., Brown, B.L., 1989. Two methods
to detect DNA fragments produced by restric
tionenzymes, Analytical Biochemistry, 177:199-
202.

Chapman, R.W., 1989. Spatial and temporal
variation ofmitochondrial DNA haplotype
frequencies in the striped bass (Morone
saxatilis) 1982 yearclass, Copeia, (2):344-348.

Chapman, R.W., 1989. Mitochondrial and nuclear
gene dynamics of introduced populations of
Lepomis machrochirus, Genetics, 123:399-404.

Fields, R.D., Johnson, K.R., Thorgaard, 1989. DNA
fingerprints in rainbow trout detected by hybrid
izationwith DNA of bacteriophage M13, Trans
actions of the American Fisheries Society,
118:78-81.

Gharrett, A.J. and Seeb, J.E., 1990. Practical and
theoretical guidelines for genetically marking fish
populations, American Fisheries Society Sympo
sium, 7:407-417.



Sea Grant Review: 1990 through 1992

Gharrett, A.J., Smoker, W.W., 1991. Two genera
tions of hybrids between even-and odd-year pink
salmon (Oncorhynchus gorbuscha): a test for
outbreeding depression?, Canadian Journal of
Fisheries and Aquatic Sciences, 48(9):1744-
1749.

Gold, J.R., Richardson, L.R., 1991. Genetic studies
in marine fishes. IV. An analysis of population
structure in the red drum (Sciaenops ocellatus)
using mitochondrial DNA, Fisheries Research,
12:213-241.

Gold, J.R., Richardson, L.R., 1990. Restriction site
heteroplasmy in the mitochondrial DNA of the
marine fish Scianeops ocellaus (L.), Animal
Genetics,21:313-316.

Littlewood, D.T.J., Fong, D., Ford, S.E., 1991.
Small subunit rRNA gene sequence of
Crassostrea virginica (Gmelin) and a compari
son with similar sequences from other bivalve
molluscs, Nucleic Acids Research, 19(21):6048.

Marsden, J.E., Krueger, C.C. and May, B., 1989.
Identification of parental origins ofnaturally
produced lake trout in Lake Ontario: application
of mixed-stock analysis to a second generation,
North American Journal of Fisheries Manage
ment, 9:257-268.

Artificial Reef Research:

Brock, R.E., Buckley, R.M., and Grace, R.A.,
1985. An artificial reef enhancement program
for nearshore Hawaiian waters, Artificial Reefs:
Marine and Freshwater Applications, Chapter
11, pp. 317-336.

Brock, R.E., and Norris, J.E., 1989. An analysis of
the efficacy of four artificial reef designs in
tropical waters, Bulletinof Marine Science,
44(2):934-941.

Brock, R.E., 1985. Preliminary study of the feeding
habits of pelagic fish around Hawaiian fish
aggregation devices or can fish aggregation
devices enhance local fisheries productivity?,
Bulletin of Marine Science, 37(l):40-49.

New Techniques and Methodology:

Cailliet, G.M., 1990. Elasmobranch age determina
tion andverification: an updated review, Elasmo-
branchs as Living Resources: Advances in the
Biology, Ecology, Systematics, and the Status of

the Fisheries, pp. 157-165.
Conover, D.O. and Present, T.M.C., 1990.

Countergradient variation in growth rate: com
pensation for length of the growing season
among Atlantic silvesides from different lati
tudes, Oecologia,83:316-324.

Conover, David 0., 1990. The relation between
capacity for growth and length of growing
season: evidence for and implications of
countergradient variation, Transactions of the
American Fisheries Society, 119:416-430.

Dewess, CM., 1989. Assessment of the imple
mentationof individual transferable quotas in
New Zealand's inshore fishery. North American
Journal of Fisheries Management, 9:131-139.

Feller, R.J., Hentschel, B.T. and Ferguson, R.B.,
1990. hnmunoelectrophoretic assay of mixed
speciesmeals: an example using penaeid shrimp,
Trophic Relationships in the Marine Environ
ment, pp. 588-596.

Hakanson, J.L., 1989. Condition of larval anchovy
(Engraulis mordax) in the Southern California
Bight, as measured through lipid analysis.
MarineBiology, 102(2):153-159.

Hentschel, B.T., Feller, R.J., 1990. Quantitative
immunoassayof the proventricular contents of
white shrimp Penaeus setiferus Linnaeus: a
laboratory study, Jour, of Experimental Marine
BiologyandEcology, 139:85-99.

HiU, K.T., Calilliet, G.M. and Radtke, R.L., 1989.A
comparative analysis of growth zones in four
calcified structures of Pacific blue marlin,
Makaira nigricans, Fishery Bulletin,87:829-843.

Lam, C.F., Whitaker, J.D. and Lee, F.S., 1990.
Model for white shrimp landings for the central
coast of South Carolina, North American Journal
of Fisheries Management, 9:12-22.

Mangel, M., Smith, P.E., 1990. Presence/absence
sampling for fisheries management. Canadian
Jour, of Fisheries and Aquatic Sciences,
47(10):1875-1887.

Purcell, J.E. et al., 1991. Differential ingestion and
digestion of bivalve larvae by the scyphozoan
Chrysaora quinquecirrha and the ctenophore
Mnemiopsis leidyi, Biological Bulletin, 180:103-
111.

Quinn II, T.J., Fagen, R. and Zheng, J., 1990.
Threshold management policies for exploited



populations, CanadianJour, of Fisheries and
Aquatic Sci,47(10):2016-2029.

Quinn H, T.J., Collie, J.S., 1990. Alternative
population models for eastern Bering Sea
pollock, Proceedings of the Symposium on
Application Stock Assessment Techniques to
Gadids, pp.243-257.

Secor, D.H. and Dean, J.M., 1989. Somatic growth
effects on the otolith-fish sizerelationship in
young pond-reared striped bass, Morone
saxatilis, Canadian Jour, of Fisheries & Aquatic
Sci.,46(l):l 13-121.

Smith, CL., 1990. Resource scarcity and inequality
in the distributionof catch, North American J. of
Fisheries Management, 10:269-278.

Wilson, J.A., et al., 1991. Management of
multispecies fisheries with chaotic population
dynamics, ICES Marine Science Symposium,
193:287-300.

Wilson, J.A., et al., 1991. Chaotic dynamics in a
multiplespecies fishery: a model of community
predation, Ecological Modelling, 58:303-322.

Yudin, K.G. andCailliet, G.M., 1990. Age and
growth of the gray smoothhound, Mustelus
californicus, and the brown smoothhound, M.
henlei, sharks from central California, Copeia,
(l):191-204.



Sea Grant Review: 1990 through 1992

Marine Biotechnology
Introduction

Biotechnology may be defined as the applica
tion of scientific and engineering principles to provide
goods and services through mediation of biological
agents. This broad definition encompasses more than
DNA technology. Exclusive of agriculture, application
of biotechnology in sewage treatment and water
purification now comprises the largest sector in
volume. Production of beer andspirits, cheese and
other dairy products, baker's yeast, organic acids, and
antibiotics follow in order of decreasing value. These
traditional applications of biotechnology, which are
based primarily on useof terrestrial organisms, are
enormously important to the economy as well as
human health and nutrition.

While biotechnology is not new, developments
in modem molecular biology indicate that it is still in
its emerging phase. Some authorities expect high
technology, especially biotechnology, to be a primary
basis of America's economic development and
strength in the21stcentury. Oceanic organisms
harbor a major portion of the Earth's genetic re
sources, yet the large majority of marine organisms
are not known well enough for their gene pool and
biological processes to be accessible to those who
develop and practice biotechnology in industry and
academe. However, exploratory research shows the
rich potential for exploiting the biochemical capabili
ties of marine organisms to provide models for new
classes of pharmaceuticals, polymers, other chemical
products, and new industrial processes as well as
vaccines, diagnostic and analytical reagents, and

genetically altered organisms for aquaculture.
In addition to aquacultural research on animal

and algal food species, Sea Grantsponsors a research
program directed to advancing science insupport of
other types of marine biotechnology. This research
encompasses both traditional approaches andmodem
molecular methods. The program also sponsors
development ofDNAand other molecularmethods for
delineation of fishery stocks andaquacultural strains. In
FY 1992, theprogram encompassed 63 projects with
$2,808,208 in federal funds and$1,754,878 in match
ingfunds. Other federal programs provided $244,712
of the federal funds.

This level ofsupport is inadequate for a unique
program with broad bounds. The program, which can
be considered in the four categories shown inTable 1,
can afford only a few projects onmost issues relating
tomarine biotechnology. Thus, it is primarily one of
research forays along several avenues, many ofwhich
areproviding a basis for greater investment. Table 1
compares funding by category in FY 1991 and 1992.
The increase infunding for molecular biology results
primarily from including projects directed to resource
management and environmental issues. Such projects
were not included intheaccounting forFY 1991.
Table 2 shows funding for marine biotechnology
research instate and regional Sea Grant programs.

Sea Grant researchershave been effectiveover
the past three years in advancing science insupport of
marine biotechnology. This report provides examples
ofresults. Names in parentheses after each example
identify acorresponding paper orpapers in the appen
dix. The appendix lists over 200 reports and books
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Funding for Sea Grant Projects in
Marine Biotechnology in

FY 1991 and 1992
(inthousandsofdollars)

FY 91 FY 92

Category
No. of

Projects
Funding
Federal

Funding
Match

No. of

Projects
Funding

Federal1

Funding
Match

Natural Products:

Biochemistry/
Bioactivity 16 794 561 11 608 353

Molecular Biology 21 840 614 28 1.3422 8312

Biochemical

Engineering/
Industrial Chemicals 11 311 326 11 472 306

Microbiology/
Phycology 5 244 120 13 386 265

General 3 64 195 - - -

Totals 56 2,244 1,815 63 2,808 1,755

11ndudes $244,712 that other federal agendes provided to Sea Grant.
2 Includes research in molecularbiologydirected to resource
such research is not included in the accounting for FY 1991.

management and environmental issues;

Table 1

published during 1990,1991, and 1992.
A companion report—Projects f92— hasasection

listing ofallprojects in marine biotechnology thatwere
funded in FY 1992. The listingprovides principal
investigators andtheirinstitutional affiliations. The
funding levels shown arenot comparable because some
are formore or less than a one-year periodand some
do not include funding for the students and
postdoctoral associates assigned to the projects.

Examples ofRecent Advancements

ResourceManagement and EnvironmentalIssues

Biologists showed that two alleles for malate
dehydrogenase canbe used as genetic markers in pink
salmon to determine origins of exploited josh popula
tions. (Lane et al.)

Analysisofmitochondrial DNA fromreddrumof
the southeastern Atlantic coast and the northem Gulfof

Mexicoshowedthatthe population is onlyweakly

subdivided. (Gold and Richardson)

Extensive polymorphism at the adenosine
deaminase locus indicated this locus my be useful in
genetic marking of hatchery-produced stocks.
(Bohlmeyer and Gold)

Two biologistsrecommended caution in using
transgenic fish and that biologists and resource
managers should develop integrated approaches to
assessing ecological risks associated with such use.
(Kapuscinski and Hallerman)

Biologists offered practical and theoretical
guidelines for intentional genetic marking of fish
populations. (Gharrett and Seeb)

The Restriction Enzyme Analysis Package, a
computer program, alleviated difficulties inherent in
manipulating data from restriction enzyme analyses.
(McElroy et al.)

Biologically derived lipidstructures (liposomes)
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delay the dilution ofspecies-specific aminoacid mix
tures from preyofyellowfishtuna. This allows the tuna
to detect the preybeyondvisual range. (Williams et al.)

BiologistsdevelopedputativeDNA probes for
distinguishing larvae ofCrassostrea virginica from
larvae of four other mollusks that can occur in the

same environmental samples. (Littlewood et al.)

Biologists demonstrated an immunochemical
method for detecting predation by larval fish on a
ciliate without digestion-resistant hard parts. (Ohman
etal.)

A biologistdiscussed the possibleshift in role of
hatcheries from stock enhancement to genetic
conservation. (McNeil)

Oligonucleotide probes provided a methodto
quantify eubacterial cell densities in dilute communi
ties ofsmallbacterioplankton. (Hicks et al.)

Foreign organic substances modulated the
synthesis of RNA and DNA in oyster cell cultures; the
result suggests that such modulation could be used as
a basis for a technique to investigate effects, on
invertebrates, of pollutants in aquatic environments.
(Sami et al.)

Aquaculture ofFood Species

Molecular biologistsdeveloped two fishexpres
sionvectorsthat will be useful forgeneticengineering
offish; they havebeenused with growth-enhancing
genesin transgenic fish. (Liu et al.; Liu et al.)The

State and Regional Funding for
Research in Support ofMarine Biotechnology

FY 1992

(in dollars)

Program Funding Funding No.

Federal1 Match Projects

California Sea Grant 635,696 370,290 12

Delaware Sea Grant 132,252 154,910 5

Hawaii Sea Grant 147,339 167,424 5

Louisiana Sea Grant 53,807 43,067 2
UM/UNH Sea Grant 330,717 190,885 7

Maryland Sea Grant 136,204 48,503 3

MIT Sea Grant 59,334 35,507 1
Minnesota Sea Grant 102,570 33,708 3

Mississippi-Alabama Sea Grant 131,324 70,956 4

New Jersey Sea Grant 42,869 60,805 1
New York Sea Grant 139,460 79,090 2
North Carolina Sea Grant 9,591 12,390 1

Oregon Sea Grant 276,456 91,600 6
South Carolina Sea Grant 130,058 67,379 2
Texas Sea Grant 118,464 134,361 4
Virginia Sea Grant 72,207 54,120 1
Washington Sea Grant 211,200 95,299 3
Wisconsin Sea Grant 78,660 44,581 1

Totals 2,808,208 1,754,878 63

11ncludes $244,712 that other federal agencies provided to Sea Grant.

Tab(e2



avian Rous sarcoma virus also promoted gene expres
sionin transgenic fish. (Hallerman et al.)

Molecular biologists transferred, expressed, and
demonstrated the inheritance of trout and human

growth hormone genes in carp and loach. (Chen et al.)

Bovine or salmon growth hormone microin-
jected intopikeeggs under the control of the Rous
sarcoma virus promoted growth to higher weight
(Gross et al.)

Biologists described the role allozyme analysis
is likelyto play in measuring the number and parental
source of chromosome sets in manipulated progeny as
the genomic manipulation of stocks becomes used
more widely in fish culture and fisheries manage
ment (Seeb and Miller)

Virologists developed a method for the concen
tration of infectious pancreatic necrosis virus from
water in salmon hatcheries. It will be used in detect

ing andcontrolling spread of the virus. (Maheshkumar
etal.)

A new staphylococcal co-agglutination assay
detected and identified infectious hematopoietic
necrosis virus in cell cultures andtissue samples of
fish in less than 15 minutes. (Bootland and Leong)

Microbiologists demonstrated that a large
genomic segment of the infectious pancreatic necrosis
virus canbe abundantly expressed in Escherichia coli.
Administration of the resulting bacterial lysate
protected fish from infection. (Manning and Leong;
Manning et al.)

The glycoprotein from a single isolate of
infectious hematopoietic necrosis virus (IHNV), a
pathogen ofyoung salmon andtrout, induced a
protective immune response in vivo to the five types
of IHNV. Corresponding fusion proteins synthesized
in a bacterium protected fry of rainbow trout from
infection. (Engelking et al; Xu et al.; Koener and
Leong; Leong and Munn)

Scientists grew the virus, which causes infec
tious hypodermal and hematopoietic necrosis in
penaeid shrimp, in an established fish cell line. This is
the first successful growth of the penaeid virus in a
fish cell line and promises to provide a convenient
system for use in detecting thevirus. (Lohet al.)
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An aquacultural scientist reviewed the known
hosts, geographical range, anddiagnostic procedures
forviral diseases ofconcern to shrimp culturists in the
Americas. (Lightner and Redman)

RNA analysis showed that Renibacterium
salmoninarum, the causative agent of bacterial kidney
disease in salmonids, is singularly different in form
from its closest relatives and deserves classification

as a separate genus. (Gutenberger et al.) Animal
pathologists developed an enzyme-linked
immunosorbent assay for diagnosis of the disease.
(Hsu et al.)

Biotechnologists developed a novel method for
manipulation of reproductive cycles in fish through
controlled release of gonadotropic releasing hor
mones. (Langer and Zohar)

Studies of molting hormones in lobsters pro
duced criteria for predicting molting. (Chang and
Cheng)

Microbiologists developed an identification
scheme predicated on detection, in shellfish, of
lipopolysaccharide antigens of serovars of the human
pathogen Vibrio vulnificus. (Siebeling and Martin)

Industrial Materials and Processes

New technology provided a means of producing
intercalation complexes of chitin and organic com
pounds; it offers new avenues for applyingchitin in
films, filaments, dispersions, slow release drugs, and
other biomedical products. (Austin and Albisetri)

An engineering procedure that uses inorganic
polybasic acids to remove impurities provided pure,
colorless chitosan having a controlled molecular
weight. (Allan and Muvundamina)

Chitosan formed uniform and adherent coatings
on wood pulp fibers andglass fibers both ofwhich
readily formed paper. (Allan et al.)

Scientists developed and patented a new method
and an improved method of waste-water treatment
that employ chemical enhancement One of the
methods employs the marine biopolymer chitosan.
Chitosan provedto be too expensive a reagent except
in processes wherethe resulting sludge can be
converted to, or used as, a by-product (Murcott;
Murcott and Harleman)
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Experiments showed thatDNA fragments excised
from a lowmeltingpointagarose gelcanbe digested
withrestriction enzymes, ligated or introduced intoa
bacterial host.The new "in-gel" manipulation tech
niqueallows bypassing ofthe slowandyield-reducing
stepsof fragment purification or electroelution.
(Szumanski et al.)

Phycologists developed molecular probes forthe
gelling sequences of commercially important algal
polysaccharides, the kappa and iota carrageenans.
(Zablackis et al.)

Two brown algae yielded the enzyme vanadium
bromoperoxidase which catalyzes the oxidation of
bromine. The enzyme showed it ability also to
catalyze the oxidation of chloride and the chloride-
assisted conversion of hydrogen peroxide to water and
molecular oxygen. (Soedjak and Butler) Phosphate
inactivated the enzyme. (Butler et al.)

Polymer chemists advanced the science relating
to use of water-soluble copolymers to reduce drag in
turbulent flow and reviewed predictive theories on the
effects of polymer structure. (McCormick et al.;
Morgan and McCormick)

A 25-chapter book provided information on the
discovery and commercialization of surface reactive
peptides and polymers. (Wheeler and Sikes)

A molecular biologist discussed the develop
ment and potential applications of synthetic analogues
of antifreeze proteins from fishes. (Caceci)

Halophyte andAlgalBiotechnology
A tribute highlighted the career of the late

Boudewijn H. Brinkhuis, a distinguished researcher in
phycolpgy. (Yarish)

A scientist demonstrated regeneration of
plantlets from the aseptic cells of a number of
seagrasses and marine coastal plants. (Ellender)

Molecular biologists developed a rapid and
simple method for the simultaneous isolation of RNA
and DNA from redalgae. The presence of
phycocolloids makes standard isolation procedures
unwieldy. (Roell and Morse)

A scientist determined thephysical organization
ofchloroplast DNAfrom aneconomically important

red alga and showed that it carries several genes not
found in higher plant chloroplasts. (Shivji)

Comparison of plastid genomes of two red algae
andtwo green plants showed differences in gene
organization but overall similarities in architecture,
gene content, and gene sequences. (Shivji et al.)

Significantly greater variation in secondary
structure of chloroplast RNA amongalgal classes than
in seed plant taxa suggested non-equivalence in
taxonomic rank among the two phylogenetic groups.
(Delaney and Cattolico)

In efforts to develop management strategies and
reseeding techniques for the commercial alga
Ascophyllum nodosum phycologists developed a
predictive model for gamete release in this species.
(Bacon and Vadas)

A survey estimated the size, character, eco
nomic value, and future direction of the macroalgal
industry in Maine. (Crawford)

Botanists determined growth response and ion
content of seashore mallow grown in salinities from
85 to 255 mol/nr3 NaCl. Seashore mallow is a

potential grain crop for seawater-based agriculture.
(Blits and Gallagher)

Phycologists better defined the range of envi
ronmental conditions under which three seaweeds can

be cultivated commercially for carrageenan polymers.
(Glenn and Doty)

Natural Products: Chemistry andBiological Activity
Industrial, academic, and governmental scien

tists examined prospects for marine pharmacology in
the 1990s. (Jacobs andde Carvalho)

Scientists showed the enzyme 15-lipoxygenase
to occur along with 12-lipoxygenase in fish gills.
These enzymes catalyzed the synthesis of 8,15-
diHETE, one member of a family of regulators of
biological function in mammalian tissues. (German
and Berger; German and Creveling)

Biochemists summarized efforts to survey and
chemotaxonomically describe algal species producing
eicosanoid natural products. They provided evidence
for widespread 12-lipoxygenase activity in red algae
- a metabolic process previously known only in



animals. (Gerwick et al.)

For the first time, the plant kingdom yielded the
mammalian pre-hormone, insulin release enhancer
hepoxilin B3. (Moghaddam et al.)

From red algae came a series of novel
eicosanoids and other hydroxylated fatty acids that are
expected to have a variety of uses in investigating
biochemical processes in mammals. (Jiang and
Gerwick; Moghaddam and Gerwick; Nagle and
Gerwick) Biochemists determined the mechanisms
of formation of dihydroxy fatty acids in one alga.
(Hamberg et al.)

Biochemists showed that aqueous extracts of a
coralline red alga catalyzes the oxidation of arachi-
donic acid to a previously unreported w6
eicosapentaenoic acid containing a conjugated
tetraene. (Burgess et al.)

Diets rich in n-3 polyunsaturated fatty acids
enhanced production of tumor necrosis factor in mice.
(Hardardottir and Kinsella)

Nutritionists showedthat degree of saturation in
dietary fat in rats affected glucose transport, oxidation
and conversion to fatty acids, but not insulin binding.
(Pan and Berdanier)

Dietary fish oil in mice modulated eicosanoid
metabolism and altered composition of fatty acids in
tissue phospholipids 2.5 to 5 times moreeffectively
than linolenic acid. (Whelan et al.)

Diets containing Chinook salmon or sablefish
(both high in n-3 fatty acids) increased LDL-
cholesterol in humanmales as compared to diets
containing Dover sole Cow in n-3 fatty acids). The
results suggest that consumption of fish with moder
ate amounts of n-3 fatty acids may cause a deleteri
ous rise in LDL-cholesterol. (Gerhard et al.)

Mice on diets containing increasing amounts of
fish oil produced four additional leukotrienes in
response to inflammatory stimulus thanthose on
control diets. (Whelan et al.)

A survey determined the fatty acid composition
of eight species of Lake Superior fishes. (Wang et al.)

Nutritionists demonstrated that accurate dietary
recommendations require better information about
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seasonal variation in lipid content of finfish. (Wander
and Patton) Others reviewed possible mechanisms of
actions and dietary implications of n-3 polyunsatu
rated fatty acids. (Kinsella et al.) A book clarified
numerous issues surrounding the consumption offish
oil. (Lees and Karel)

A scientist summarized the effects of dietary
polyunsaturated fatty acids on membrane composi
tion, membrane-associated enzyme and receptor
functions, signal transduction, and eicosanoid genera
tion (Kinsella)

A brown alga provided the firstexample of a
new class of diterpene having a novel tricarbocyclic
skeleton. (Trimuratulu et al.) Another brown alga
yielded 11 new diterpenes. (Rao et al.)

Chemists isolated from an octocoral, a sea
whip, four new diterpenoid arabinose glycosides that
inhibit inflammation with potencies equivalent to
pharmaceutical standards. (Shin and Fenical) Two
new anti-inflammatory bromophenols came from a
Caribbean red alga. (Idler et al.)

Pharmacologists demonstrated that the anti
inflammatory sponge compound scalaradial inacti
vates phospholipase Aj in a two-step process. (De
Carvalho and Jacobs)

The marine natural product manoalide inacti
vated secreted phospholipase A2 isolated from
patients with arthritis. (Jacobson et al.)

A Caribbean sponge yielded two new antimi
crobial pyridines. (Stierle and Faulkner) A novel
compound from another Caribbean sponge provedto
be the first natural product that incorporates a six-
membered perlactone. (Kushlan and Faulkner)

A red alga yielded a substance, 3-
(hydroxyacetyl)indole, that regulates plant growth.
For example, it stimulates root growth in lettuce
seedlings. (Bemart and Gerwick)

Chemists isolated molluskan alarm pheromones
from a Fijian sponge and hypotensive agents from a
Caribbean sponge. (Carroll and Scheuer, Lemke et
al.)

Bioactive microalgal metabolites mediated
ecological interactions insuspension-feeding inverte
brates. (Ward and Targett)
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Chemists described structures andanti-parasitic
properties of new anthelmintic components of two
Fijian sponges. (Alvi et al.; Horton et al.)

A sponge from Palau yielded two novel com
pounds that inhibit protease enzymes in the human
immunodeficiency virus (HIV). Such inhibitors are of
interest as models for drugs to prevent replication of
the virus. (Potts et al.)

Fijian sponges yielded novel amino acids and
amino alcohols in complex mixtures of bioacuve
constituents. (Jimenez et al.; Jimenez and Crews)

Because of the significant antitumor activities
and remarkable structural features associated with
porycyclic aromatic alkaloids from sessile inverte
brates, marine scientists examined two tropical
tunicates for alkaloids and found two novel octacyclic
compounds and a quinolizidine. (Faulkner and He;
Faulkner and Kong) Novel alkaloids also appeared in
sponges. (Faulkner and Bobzin) (Jimenez et al.)
(Akee et al.)

Chemical ecologists isolated five toxic
pentacyclic poryaromatic alkaloids from both a
mollusk and a tunicate on which it feeds. (Carroll and
Scheuer)

Biochemists demonstrated that the marine
natural product, okadaic acid, represents a new class
of tumor promoters. This suggests it will be a useful
tool for research on the mechanism of carcinogenic
ity. (Fujiki et aL; Nishiwaki et at)

Ascidians (tunicates) and sponges yielded a
variety of novel cytotoxic alkaloids, diterpenoids, and
triterpenoids. Cytotoxicity is one guide to potential
antitumor compounds. (Schmitz et al.; Gunasekera
and Schmitz; DeGuzman and Schmitz)

Pharmacologists undertook structure/activity
studies to further define the features of the
octocorallian neurotoxin, lophotoxin, which are
responsible for its biological activity. (Abramson et
al.)

Plant pathologists cloned and sequenced disease
resistance response genes in peas that are activated by
the bioporymer chitosan. The genes appear toencode
low molecular weight proteins with ahigh content of
cysteine residues. (Chiang and Hadwiger)

Microbiology, BiofoulingandBiocorrosion
Oceanographers further explored the relation

ships among hydrocarbon seepage, carbonate rock
production and chemosynthetic communities of
organisms. (Brooks et al.)

Scientists adapted a fluorometric DNA assay for
the rapid enumeration of bacteria adherent to surfaces
and potentially involved in biofouling. They also
described a method for rapid screening of the effects
of antifoulants on marine bacteria. (Shea and
Williamson)

Comparison of the adhesion properties of a
fouling bacterium with a mutant strain deficient in
production of exopolysaccharide provided evidence
for exopolymers' important role in cell aggregation
and adhesion to surfaces. (Shea et al.)

Engineers determined the effects of marine
bacteria on calcareous deposition on cathodically-
protected surfaces. (Dexter and Lin)

Biological experiments supported the hypothesis
that passive surface chemical properties of gorgonian
corals play a role in preventing biofouling over
growth. (Vrolijk et al.)

A review article discussed ecological processes
involved in microbial corrosion. (Ford and Mitchell)

Opportunities for the Future

The results of Sea Grant's investment in marine
biotechnology show that academic research can
advance fundamental science while also providing the
technical basis for new research and resource man
agement tools and for new commercial products and
processes. This research has been limited to only a
few of the many current and potential lines of re
search in support of marine biotechnology and
indicates that broader and heavier investment would
benefit U.S. science and technology.

In 1992, the Federal Coordinating Council on
Science, Engineering and Technology issued a report
on "Biotechnology for the 21st Century" as abasis
for the presidential initiative in biotechnology—one of
five presidential initiatives in science education and
technology. The report included marine biotechnology
as a major topic andshowed that the federal invest-



mentinthis field is only$44million peryear—about
one percent of the total federal investment in biotech
nology. Listedbelow are a few examples of research
directions that offer opportunities for advancing basic
science, providing research tools, and laying founda
tions for new industrial products and processes.

Developing the technology for cell culture of
algae, invertebrates and microorganisms and
defining associated physiology andnutrition;

Defining biochemical engineering parameters for
bioreaction, photo-bioreaction, fermentation, and
immobilized biocatalyst reaction with marine
microorganisms and cells of higher organisms;

Developing new approaches to biological control
or detoxification of industrial effluents and

wastes;

Exploiting microalgae for energy-rich substances,
such as molecular hydrogen;

Studying organelle functioning and associated
biochemistry for application in biosensors;

Molecular genetics of marine plants, animals, and
microorganisms as a basis for their genetic
engineering;

Defining nutritional and environmental controls on
secondary metabolism in marine organisms;

Determining the structures and natural function of
bioactive metabolites in cellular processes;

Defining the properties of secondary metabolites
in a spectrum of biological assays and determining
their sites and mechanisms of action;

Defining pharmacophores through molecular
structure, synthesis, and computer modelling;

Identifying secondary metabolites from and
defining the biochemistry of marine microorgan
isms and other little known marine organisms;

Investigating the bioactiviry of aqueous extracts
and macromolecules;

Elucidating biochemical pathways and identifying
associated enzymes;

Exploring the biochemical and physical properties
of enzymes and bioporymers;

Cloning and expressing genes encoding for useful
enzymes and polymers; and
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• Cloning and expressing gene clusters encoding for
biosynthesis of secondary metabolites.

The last few years have produced remarkable
advancements in defining the secondary metabolism
and products of marine organisms which synthesize a
vast array of novel bioactive substances. Most of
these new compounds have been investigated as
models for pharmaceutical or agricultural substances
in only a few systems. Work on the biological
properties of these substances has fallen behind
advancements in chemistry. Thus, there are broad
opportunities and needs for research that will advance
the understanding of natural function of bioactive
metabolites and their potential as models for com
mercial products.

Common to most areas of biotechnological
research is the need to meld chemical and biological
sciences and often engineering science as well. Yet
many projects are conducted from the point of view
of a single academic discipline. It is the kind of
disconnect that is encouraged by disciplinary organi
zation in academic institutions. It causes angst among
some philosophers of science and technology because
adherence to disciplinary bounds often causes impor
tant problems and opportunities to be addressed
obliquely and ineffectively.

Appendix
MarineBiotechnology
Publications: 1990-1992

ResourceManagement and Environmental Issues
Bohlmeyer, D.A., Gold, J.R., 1990. Extensive
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Seafood Science
and Technology
Introduction

University research in seafood science and
technologyaids the seafood industry throughim
provement of technology and products, development
of new products and by-products,andthrough
development of techniques and processesfor assur
ingseafoodsafetyand highquality. The researchis
important in order to developskilledpersonnel for
employment. It also contributes to expanding
domesticand foreign markets for U.S. seafood
because expansion depends largely on product
quality, safety, appearance, andregional acceptance,
andon innovation andefficiency in production.

Although foreignfishingin theU.S. zone of
extended economic jurisdiction hasdeclined sharply
over the past few years to only 5349 metric tons in
1991,importsof ediblefisheryproducts stillstoodat
1.4 million metric tons valued at $5.7 billion. Total
exportsof edible fishery productsstood at $3.0
billion. Obviously, thislargedeficitin tradedeserves
attention. Seafood science plays a role in reducing it.
It canplay a larger roleandalsocanaid inproviding
safeandnutritious food to consumers increasingly
concerned about effects of diet on health.

Research, education, and outreach in seafood
technology comprise an important component of the
National SeaGrant College Program. Thiscompo
nenttrainsstudentsfor productive careersand serves
a sector ofmarine industry made upprimarily of
smallprocessing companies without research
capability. Of theapproximately 1,300 companies
engaged inprocessing seafood fewer than 30percent
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have gross revenues exceeding $2 million. Many of
the problemsand opportunities of the industryare of
interest to academic scientists and amenable to their

research methods.

Sea Grant'sresearch in seafood technology is
closelyaligned with the needs of industrybecauseof
closelinkageswith it throughadvisory service
programs. In fact, a number of advisory specialists in
Sea Grant extensionprogramsserve as investigators
inresearch projects. Somealsohaveformal teaching
responsibilities at the universities where theyare
employed. Research and demonstration projects
conducted by advisory personnel withfunding
through extension programs complement the work
conducted in formal researchprojects.

Sea Grant's research in seafood science
complements related research of the National Marine
Fisheries Servicein its laboratories in Charleston,
South Carolina;Gloucester, Massachusetts;
Pascagoula, Mississippi; andSeattle, Washington as
wellas in extramural projects supported with
Saltonstall-Kennedy (S-K) funds. Someof theS-K
research and serviceis conducted by scientists,
advisory specialists, andeducators as anadjunct toor
extension of theirSeaGrantwork. Developmental
projects of the National Coastal Resources Research
and Development Institute often areclosely aligned
with SeaGrant research inseafood technology orare
extensions of it.

During FY 1992, Sea Grant sponsored 39
research projects in thefourcategories shownin
Table 1 with $1,400,000 in federal funds and
$857,000 in nonfederal matching funds. Table 2
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Seafood Science and Technology
Federal Funding for Projects

in Fiscal Years 1991-1992
(in dollars)

1991 1992
Category No. Funding

Projects Federal
Funding

Match

No.

Projects
Funding
Federal*

Funding
Match

Engineering
and Waste

1 44,729 22,831 1 47,108 14,607

Treatment

Product
Development/
By-Product
Recovery

5 196,708 126,227 6 276,571 185,145

Microbiological,
Nutritional,

20 708,602 335,092 26 946,309 494,573

Organoleptic
Quality
Handling/
Processing

9 238,918 191,608 6 130,263 162,989

Total 35 1,188,957 675,758 39 1,400,251 857,314

'Includes $174,935 that other federal agencies provided to Sea Grant.

Table 1

shows the number of projects and funding for
research in seafood technology in state andregional
Sea Grant programs.

Contamination or potentialcontaminationof
seafoodwith the bacteriumListeriamonocytogenes
was the most alarming safety issue to face the
seafoodindustry recently. Listeria was unknown to
most foodmicrobiologists until 1985when itwas
found in certainsoft cheeses. Because the organism
cancausesevere illness or death,regulatory agencies
established the most conservativestandard possible-
"zero tolerance" in ready-to-eat foods. Sea Grant
researchers and advisory specialistsin the Southeast,
especiallyin Virginia, have been working to develop
new ways to controlListeria andto heighten aware
ness aboutthe natureand controlof this pathogen.
Working with crab processors,the National Fisheries
Institute, and the Virginia Department ofHealth,
they initiatedresearchand educational efforts that

beganwith monitoring for the presenceofListeria in
processing plants. With supportfrom the Virginia
Seafood Council, the researchers conducted work
shops that included instruction on the design and
implementationofa cleaningand sanitationprogram
to controlListeriaand demonstrationsof appropriate
plant cleaningprocedures andequipment.These
efforts quickly extended beyond Virginia. At the
annual conference of the National Blue Crab Indus

try Association and the Shellfish Institute ofNorth
Americain early1992,Sea Grantpersonnel from
several states conducted a session for the seafood

industryon "Coping with Listeria in the 90s." Sea
Grant actedas an essential link between regulators
andprocessors in practical applicationof standards
for Listeria.

Examples of other activities and advancements
are given below by category. The name or names
aftereachexample is the key to a corresponding
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publication in the appendixwhich is a listing, in five
categories, of recentSea Grantpublications dealing
with seafood technology. The intent was to include
papers, reports,and bulletins appearingsince the last
report in this series which was issued in early 1990.
A section of a companion report —Projects 92 —
provides a listing ofall Sea Grant seafood science
andtechnology researchprojects funded in FY 1992.
That listing gives levels of funding and names of the
projects' principal investigatorswith their institu
tional affiliations.

Engineers defined environmental regulatory
requirements applyingto seafoodprocessors in
Louisianaand developed recommendations for
treatment of nontoxic biodegradable wastes.
(Zachritz and Malone)

A food technologist reviewed technology and
datarelatingto recovery of chitin and chitosan from
shellfish processing and applying them in waste
management, beverage clarification,and production
of packaging films and diet supplements. (Knorr)

A compilation of processing costs and revenue

Examples ofAdvancements
and Activities

Engineering and Waste Treatment

An international conference

examined awide range of possibili
ties for making value-added prod
ucts and profits from seafood wastes.
(Keller)

A technologistreviewed
seafoodwaste management alterna
tives, includingdry cleanup, water
conservation, water recycling,and
by-product recovery and provided
casehistoriesthat illustrate practical
approaches for industry. (Gates)

A report described current
technologies for increasingthe value
of fish processingwastes and
decreasing the pollutioncausedby
them. It suggestswhich technologies
might be adoptedby a processor of
finfish,what it might cost, and how
to proceed. (Goldhor and
Regenstein)

Studies in a herringroe and
oyster cannery showed that require
ments relating to oxygen content of
effluent couldbe easily achievedby
simple settling. Wastewater from
oyster canning met guidelines
without treatment. (Grassiano et al.)

Seafood Science and Technology
Number of Projects and Funding

in State and Regional Sea Grant Programs
Fiscal Year 1992

(in dollars)

Institution No. Funding Funding
Projects Federal* Match

Alaska Sea Grant 3 105,102 48,279

California Sea Grant 5 71,890 68,666

Florida Sea Grant 1 24,012 12,064

Georgia Sea Grant 2 62,359 84,443

Hawaii Sea Grant 1 21,929 15,498

Louisiana Sea Grant 3 99,088 67,659

Maryland Sea Grant 1 93,126 0

ME/NH Sea Grant 1 50,000 7,519

MS/AL Sea Grant 2 61,796 47,980

MIT Sea Grant 1 50,010 27,070

Michigan Sea Grant 1 33,465 17,841

New York Sea Grant 1 50,541 40,974

N. Carolina Sea Grant 2 8,206 54,368

Oregon Sea Grant 3 132,956 96,300

Texas A&M Sea Grant 3 148,790 59,136

Virginia Sea Grant 1 44,966 24,314

Washington Sea Grant 3 109,838 39,448
Wisconsin Sea Grant 3 148,837 84,707

Woods Hole Sea Grant 2 83,340 61,048

Total 39 1,400,251 857,314

♦Includes$174,935 that other federal agencies provided.

Table 2
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data from a pilotproject showedthe business
potential for turningfishery wastes into saleable
compost. (Frederick)

Demonstration projects presented Great Lakes
fishing resorts with composting asanalternative for
disposing offish wastes.(Halbach andBaker)

Product Development and By-Product Recovery

Experiments defined techniques andconditions
for mechanical recovery ofhighquality mincedmeat
from picking-roomwastesofblue crabs. (Gates and
Parker)

Filletedmenhaden packed in oil or broth
showedpotential as a cannedproduct forhuman
consumption. (Johnson et al.)

As compared to a soybean meal diet, a fish
mealdiet loweredmilk fatand increased production
of milk perunit of dry matteringested. (Bruce and
Herlugson)

Freeze-driedwash water from clam processing
replaced clammeat in clam dipwithoutany signifi
cantchanges in overallacceptability, taste, odor,
texture or appearance. (Reddy et al.)

A manual specified standard methods for
measuring and specifying the properties of surimi.
(Lanier etal.)

A food engineerdiscussedthe use ofrheology
in studyinggels, made from food proteins, andin
determining their quality. (Hamann) Another
described interactions ofmuscle and non-muscle

proteins that determine the rheological properties of
heat-set gels. (Lanier)

Commerciallyavailabledriedbeef plasma
hydrolysate and egg white solids inhibitedgel
weakeningin surimi.(Hamannet al.)

Experiments demonstrated the effects of salt
and sucrose on thermal denaturationand aggregation
of proteins leached from fish muscle. (Parkand
Lanier)

Pre-rigor fish provided surimi with signifi
cantly higher protein yield, less cook loss, and
enhanced gel-forming ability than fish in rigor
mortis.(Parket al.)

Seafood Science and Technology

Measurements with a simple muscle tension
measuring device provided monitoringof rigor
mortisdevelopment just asreliablyas most published
methodsthat involve complex equipment or proce
dures. (Korhonenet al.)

Food technologists reviewed use of carbohy
drates as cryoprotectants in production of surimi,
discussed mechanisms of protection,and addressed
future directions in cryoprotection. (MacDonaldand
Lanier)

Food engineers developed a system for mea
suring thermal conductivity of surimi and selected a
model for predicting its temperaturedependent
properties. They alsodemonstrated the great poten
tialof differential scanningcalorimerry for measur
ing andmodeling thermal propertiesof frozen food.
(Wangand Kolbe)

Microbial, Nutritional, and OrganolepticQuality

Microbiologists showed thatmicroorganisms
common in production plants area potential source
ofcontamination ofsurimi and discussed procedures
thatwill minimize microbialloads.(Himelbloom et
al.;Jong)

Environmental temperaturesor salinity affected
the concentrations of 16 elements in oysters. (Ward
andFlick)

Direct titration of chloride with silver nitrate

provided an easierand quickermethod for determin
ingsaltin oystersthanthe standard AOAC proce
dure. (Hackneyet al.)

Nutritionists compiled a comprehensive
nutrient and nomenclature handbook for selected

fishesof the southeastern United States. (Sullivan
andOtwell)

Studiesofnon-enzymatic oxidationof lipids in
mackerelmuscle suggests that metals such as iron
that arenormally present catalyze the process.
(Decker and Hultin; Decker and Hultin) Chloride
ion also stimulatedoxidationofsome lipid fractions.
(Osinchaket al.)

Although haeme iron is a catalyst ofoxidation,
bleedingof salmon priorto frozen storagedid not
reducethe rateatwhich ranciditydeveloped. (Porter
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and Kennish) Surface blanchingof lake herring
fillets decreasedthe rate of lipid oxidation. (Wang
andAddis)

Chitosan powder provided the basis for a new
fluorescence sensor to monitor lipid oxidation.
(Weist and Karel)

Magnetic resonanceimaging provideda new
method for noninvasive measurement of lipid and
water in food. (Winkler et al.)

A review summarized and compared the role
oflipids in providingtexture, flavor, andcolor in
avian, aquatic, andmammalianmuscle. (German)

Microbiologists used the polymerase chain
reactionfor a new procedureto detect the human
pathogenVibriovulnificus in raw oysters in less than
eighthours. (Braunset al.)

In a bulletin for processors, seafood technolo
gists described the symptoms associatedwith,
characteristics and control ofmost human pathogens
associated with seafood in the Pacific Northwest.

(Lee andHilderbrand)

Studies of thermal death times for the human

pathogenListeria monocytogenes indicatedthat
parameters used to commercially pasteurizecrab
meat are adequateto inactivate the bacterium.
(Harrison andHuang) Levels of the bacterium on
inoculated fish and shrimp didnot increase over a
period ofthreemonthsin frozen storage orduring 21
daysofchilledstorage regardless of thetype of
packaging. (Harrison et al.)

A computer programpredicted and calculated
the meat yield from blue crabsas a functionof
biological andprocessing variables. (Hong et al.)

Studies ofsoft-shell clamsin Chesapeake Bay
showed their levels ofbacteria to be safe for con

sumption.(Chai et al.)

Sensoryevaluation of previouslyfrozen
albacore tunasuggestedthat processing at seamay
improve flesh appearance, butwouldnotsignifi
cantly change other properties. During a period of33
dayschilledstorage albacore tuna dressed, bled,or
left round did not differ in several chemical indices
ofquality. (Price et al.; Price et al.)
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Studies of iced rockfish during the first several
days postharvest suggestedthat enzymatic solubili
zation of collagen is responsible for undesirable
softening of flesh. (Kim and Haard) A new method
providedquantitativemeasures of collagen cross-
linking in fish muscle. (Bracho and Haard)

A seafood technologist reviewed the chemical
basis of the quality of seafood flavors and aromas
and described the kind of deteriorative processes that
must be suppressedto maintain high quality. (Lind
say)

Nine-carbon volatile alcohols and aldehydes
proved to be responsible for the more pronounced
aromas of salmon in spawning condition; they add to
the distinct and desirable plant-like aromas from the
eight-carbon alcohols and aldehydes normally
present. (Josephson et al.)

Several volatile bromophenols that occur
naturallyin marine food chains imparted flavor notes
reminiscent of marine fish andseafoodto shrimp,
fresh water fish, and vegetable oil matrices.(Boyle et
al.)

Carotenoidsappearedto be precursors of a
single compound that provides a distinct cooked
salmon-loaf aroma. (Josephson et al.)

Carbon dioxide atmospheresand sorbate dips
eachretarded deterioration (as indicated by hypox-
anthine formation) of fresh fish in refrigerated
storage. (Boyle et al.)

Rainbow trout diets enriched in linolenic acid

increased the concentration of this acid in the flesh,
but affected the relative concentration of the n-3

fatty acids, EPAand DHAtoonlya small degree.
(Sowizral et al.)

Dietsrichin n-3 polyunsaturated fattyacids
enhanced production of tumor necrosis factor in
mice.(Hardardottir andKinsella)

Nutritionists showed that degree of saturation
indietary fat inrats affected glucose transport,
oxidation andconversion to fatty acids, butnot
insulin binding. (Pan andBerdanier)

Inthehamster, consumption ofn-3 fatty acids
increased low density lipoprotein (LDL)cholesterol
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levels anddecreased highdensity lipoprotein (HDL)
cholesterol levels;changes in LDL-cholesterol but
not HDL-cholesterol depended on content of dietary
cholesterol. Ingestionofmodest amounts ofn-3
fatty acids decreased levels of triglyceride in plasma.
(Surette et al.; Suretteet al.)

DietscontainingChinook salmon or sablefish
(both highin n-3 fatty acids)increased LDL-
cholesterol in human males as compared to diets
containing Dover sole (low in n-3 fatty acids). The
results suggestthatconsumption offish with moder
ate amounts of n-3 fatty acids may cause a deleteri
ous rise in LDL-cholesterol. (Gerhard et al.)

A diet containing9 percentmenhaden oil and 1
percent com oil shortened the life of rats bred to
develop noninsulin-dependent diabetesmellitus and
lipemiawithout obesity. (Berdanier et al.)

Dietary fish oil modulated eicosanoid metabo
lism and altered composition of fatty acids in tissue
phospholipids two and one-half to five times more
effectively than linolenicacid.(Whelan et al.)

A survey determined the fatty acid composition
ofeight species of Lake Superior fishes. (Wangetal.)

Nutritionists demonstrated that accurate dietary
recommendationsrequirebetter information about
seasonal variation in lipid contentof finfish. (Wan
derandPatton) Othersreviewed possiblemecha
nisms ofactionsand dietaryimplicationsofn-3
polyunsaturated fatty acids. (Kinsellaet al.) A book
clarified numerousissuessurrounding the consump
tionoffish oil. (LeesandKarel)

A scientist summarized the effects of dietary
polyunsaturated fatty acidson membranecomposi
tion, membrane-associated enzyme and receptor
functions, signaltransduction, and eicosanoid
generation. (Kinsella)

A microbiologist reviewed the ecology of
estuarine bacteriacapableofcausinghuman disease.
(Grimes)

Virologists developeda high efficiency
procedure for plating hepatitis A virusinmonkey
kidneycells.(Nadala andLoh)

Seafood Science and Technology!

Biochemical studies showed that excretions

and/or secretions from larval anisakid worms are

vital for the establishment of the parasite in its hosts
which include fishes and humans. (Sakanari)

Levels of paralytic shellfish toxins in the
visceraof the purplehinge rock scallop could not be
used to determine safety of adductor muscles for
consumption. (Beitler)

Dietsofeither a low-toxicity or high-toxicity
strain of the dinoflagellate Alexandriumfundyense
caused accumulation of saxitoxin in the northem

quahogand showed the potential of this species to
act as a vector of poisoning in humans. (Bricelj et al.)

A new method using centrifugation provided
quantitative extractionof dinoflagellate cysts from
marinesediments. (Schwinghamer et al.)

Physiological adaptations by the dinoflagellate
Alexandriumfundyense to nitrogen and phosphorus
limitation produced dramatic changes in relative
abundance of toxins; this finding is at odds with the
paradigm that totalconcentration of toxins, but not
relative abundanceofeach toxin, varies with growth
conditions. (Anderson et al.)

A new chemical method permitted determina
tion of twelve PCBs in fish samples at parts-per-
trillion levels. (Hong and Bush) Total concentration
of PCBs but not fish length provided good estimates
of toxicityof fish flesh. (Williams et al.)

A study of PCBs in fish andmussels indicated
thataccurate determination of the PCB congeners
thatelicitarylhydrocarbon hydroxylase activity in
animalsis importantin assessingrisk of consump
tion. (Hong et al.)

Over a periodof 10 years levels of DDT in
serum of 115 eaters of Great Lake fishes declined

significantlywhile PCB levels declined only slightly.
(Hovinga et al.)

Fat trimming provedeffective in reducing
levels of PCB and mirex in brown trout from Lake

Ontario. The correlations between weight, length,
andageof fish andthe levelsof fatcontent rein
forced the value ofrecommendations to avoid larger
andolder fish in orderto minimize ingestionof fat-
solublecontaminants. (Voiland et al.)
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Comparison of fresh and40-year-old pasteur
ized blue crab meat showed that neither harbored

herbicides although the 40-year-old sample con
tained very low levels of DDT decomposition
products. (Reddy et al.)

HandlingandProcessing

A primer for shippersand cargohandlers
providedpractical informationon how to ship fresh
fish by air. (Crapoand Paust)

A new manual with color photographs de
scribedcauses of poor quality salmon and how to
avoidthem. (Doyle)

Becausethe fishingseasonfor halibut is only
four or five days, fishers want to avoid on-board
processing. Experiments showed no significant
differences in quality between dressedand round
halibutheld at 32°F.Quickly reducing the internal
temperatureof halibut is a primarykey to high
quality. (Crapoet al.)

Vacuum packagingand treatmentwith a water
solubleantioxidant providedlong-term quality
protectionof fatty mackerel during frozen storage.
Low-fat hake fared better without vacuum or

antioxidants. (Santos and Regenstein)

Studiesofan interactive model for determining
minimum freezing times for fish products in com
mercialoperations showed that it providesa rough
prediction of freezing times. Researcherswill
improve it through cooperativeefforts with users.
(Kolbe)

An engineer designed a monitor, assembled
from commercially available hardware and instru
mentation, that allows small processors andlabora
tories to trackandanalyzeperformance data during
various kindsof freezing andstorage of food. (Kolbe
andSchnekenburger)

Use of seawater refrigerated mechanically for
flooded tanks on fishingvessels consumed energyat
roughly half the rate required for seawaterchilled
with ice broughtfrom shore.(Kolbe)

A new technique forquickly freezing Dunge
nesscrab with liquidnitrogen achieved preservation
of textureand flavor closely approximating thatof
fresh crab.(Berstein et al.)
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A workshop, involving industrial, academic,
and governmental participants, addressed a spectrum
of issuesaffecting post-harvest quality of the
abundant Pacificwhiting. (Sylvia and Morrissey)

A mathematical model predictedlag phasein
growthof Clostridium botulinum toxicity in fresh
fish stored undermodified atmospheres. (Baker and
Genigeorgis)

The second edition of a text for home study
providedcurrent informationon the many aspectsof
managingand operatingcommercial seafood
departments. (Arnold andGall)

A bulletin offered suggestions for low-cost or
no-cost methods to improve or maintain energy
efficiency in fish processing plants and provided
general principles of energy conservation. (Barkston
et al.)

Engineeringand economic scientists summa
rized economic and technical considerations for

brine freezing of shrimp. (Bankston et al.)

Soaking Dungeness crab in 10% polyphosphate
for one to two hours improved meat yield, quality,
and stability in frozen storage. (Crapo and Crawford)

Alkali refining and clay bleaching removed
many odiferous compounds in menhaden oils; steam
deodorization eliminated most volatiles. (Lin et al.)

Seafood scientistspredictednon-traditional
methodsof preservingseafoodsuch as hypobaric
storage, enzyme treatment, and pasteurizationwill be
usedmore extensively in the future. (Flick et al.)

An evaluation ofhandling practices for scallop
meat on fishingvessels showed that scallopsheld on
deck should be immersed in 1:2 icerseawater in

insulated totes. (DuPaul et al.)

Analyses indicatethatalthough benefits arenot
obvious, Mid-Atlantic fishers should consider
implementing ship-board procedures forquality
control in order to maintain their share of the market.

(Fisher)
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Opportunities and Needs for the Future

The National Sea Grant College Program's
investment in seafoodscienceandtechnologypays
offwell with fundamental advancements in food

science, resultsimportant in improvingpractice and
efficiencyin seafoodprocessing, and training of
competent new professionals for the work force. The
research,education, and service in this field also help
the U.S. seafood industry improve its positionin
international commerce. In this regard,there are
specialopportunitiesin improving surimi technology
especially for abundant speciesthatdon'tnow lend
themselves easily to this application.

Seafood is still a significantcontributor to
food-bome illness and accounts for about 10 percent
ofalloutbreaksofreportedfood-bome illness.Thus,
issuesrelating to microbial qualityof seafood,
especially,are still important. Some areasof con
cern,relatingto research and extension, are(a) the
need for better tests to measure and control micro

biologicalcontaminationin shellfish-growing waters
and in shellfish stock, (b) the need for reliable
measure or better indicator ofviral contamination in

shellfish,(c) the need to creategreater public
awarenessof potentialhealthrisks associated with
consuming raw or undercooked molluskan shellfish,
(d) the need formore consumereducation about
seafood handling andpreparation, and(e) theneed
for more research to better understand chemical

contamination in seafood and its implications for
human health.

Natural toxins such as ciguatoxin,
scombrotoxin,paralyticshellfish poison,and
diarrhetic shellfish poison, continue to be principal
contributors to seafood-borne illness. The source

anddistribution of the ciguatoxinsremains poorly
definedandno quick andreliable methods for their
routinedetection have been adopted. Problems
relating to these toxinsneed research attention from
a number of directionsincluding food science,
medical science, and ecological science.

More recentand perhaps much more serious is
the natural toxin, domoic acid, that causes amnesiac
shellfish poison (ASP.) Domoicacidis aninsidious,
neuroexcitatory, non-protein aminoacid.ASP was
characterized for the first time in late 1987 after

isolation from Canadian blue mussels. In 1991, it

Seafood Science and Technology

appeared in shellfish off the West Coast. ASP and
the biological oceanography ofNitschia, the genus of
diatom that elaboratesit, are topics of importance for
research.

Organoleptic quality and efficiency in produc
tion of seafood aswell as new producttypes will be
issues of increasing importance in the competition to
sell products in both domestic and foreign markets.

Seafood processors across the United States are
facingseriousand urgent problems in meeting
requirements of county, state, and nationalregula
tions for protection of the environment from solid,
liquid, andair-bornewastes.These regulations are
not uniform nor are they uniformly enforced across
jurisdictions. And they arechanging. Penaltiesfor
violationof these regulations can be severe. Heavy
fines can be levied against companies—heavy fines
andjail terms against individuals. Companies across
the nation are having to close when faced with
associatedcosts. Rapidly rising costs for treating
water and sewage areaccruingto governmental
entities. Because they transfer these costs to industry,
disposal andtreatmentof processingwastes in public
facilities is no longer feasible for many commercial
operations. Some governmental jurisdictions no
longer acceptseafoodwastes for disposal in landfills.
Thus, research to addressissues relatingto effluent
andwastemanagement is of high priority. Research
on by-product recovery, water conservation,and
biological processing andassociated demonstration
projects arepotential avenues foraddressing this
issue.

Appendix
Seafood Science and Technology
Publications: 1990-1992

Engineering and Waste Treatment

Cato, J.C. (ed.), 1992.Compostingandusingby
products from blue craband calico scallop
processing plants in Florida, ReportNo. FLSGP-
O-92-001 (SGR-107), Florida Sea Grant
CollegeProgram, 67pp.

Frederick, L., 1991.Turning fishery wastes into
saleable compost, Biocycle 32(9):70-71.

Gates, K., 1992. Waste reduction, water conserva
tion, andrecovery of seafood by-products, MTS
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Journal 25(1):44-51.
Goldhor, S.H., Regenstein, J.M., 1991.Improving

the profitability of finfish processingwaste,
ReportNo. NYSGI-T-91-001, New York Sea
Grant College Program, 101pp.

Grassiano, J.W., Boardman, G.D. and Flick, G.J.,
1990. Wastewater treatment alternatives for a

seafood and vegetable cannery, Report No.
VSGCP-T-90-003(VSG-90-05), Virginia Sea
GrantCollege Program, 175pp.

Halbach,T.R., Baker, D.R., 1991. Composting fish
waste: An alternative for Minnesota resorts,
Report No. MINNU-H-91-001, MinnesotaSea
GrantCollege Program, 16pp.

Hart, K., Green, D., 1992. The 1991 seafood envi
ronmentalsummit proceedings,Report No. UNC-
SG-92-06, North CarolinaSea Grant Program,
132pp.

Keller, Sue, 1990. Making profit$ out of seafood
wastes, Report No. 90-07, Alaska Sea Grant
College Program, 239pp.

Knorr, Dietrich, 1991. Recovery and utilization of
chitinand chitosanin food processingwaste
management, FoodTechnology, 45:114-122.

Zachritz, W.H. and Malone, R.F., 1991. Wastewater
treatment: Options for Louisiana seafood proces
sors, Report No. LSU-T-91-001, LouisianaSea
GrantCollege Program, 76pp.

ProductDevelopmentandBy-ProductRecovery
Albisetti, CJ. and Castle,J.E., 1990. Dispersions of

chitinand product therefrom,Report No. DELU-
R-90-003, DelawareSea GrantCollege Pro
gram, 98pp.

Anonymous, 1991. A manual for standard methods
formeasuringand specifying the properties of
surimi. ReportNo. NCU-H-91-002 (UNC-SG-
91-01), North Carolina Sea Grant College
Program, 68pp.

Bruce, L.B. and Herlugson,M.L., 1991.Milk fat
contentand production performance ofHolstein
dairycows fed fish meal, Asian-Australasian
Journal ofAnimal Science 4(l):25-29.

Chang-Lee, M.V., Lampila, L.E., and Crawford,
D.L., 1990. Yield and composition of surimi from
Pacificwhiting (Merlucciusproductus) and the
effect ofvarious protein additives on gel strength,
J.FoodSci.55(l):83-86.
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Gates, K.W., Parker, A.H., 1992. Recovery of
minced meat from blue crabpicking plantby
products, Report No. GAUS-T-92-001, Georgia
Sea Grant College Program, 54pp.

Gates, K.W., Parker,A.H., 1992. Characterizationof
minced meat extracted from blue crab picking
plant by-products, J. FoodSci. 57(2):267-270 &
290.

German, J.B., McCarthy, M.J., Winkler, M., 1991.
Noninvasivemeasurementof lipid andwater in
food using magnetic resonanceimaging, J. Food
Sci. 56(3):811-815.

Hamann, D.D. et al, 1990. Inhibitionof modori (gel
weakening) in surimi by plasma hydrolysate and
egg white, J. FoodSci., 55(3):665-669 & 794.

Hamann, D.D., 1990. Rheology: A tool for under
standingthermally-induced proteingelatin in
interactionsof food proteins, Parris, N. and
Barford, R. (eds.), American Chemical Society,
pp 212-227.

Hamann, D.D., Purkayastha, S. and Lanier, T.C.,
1990.Applications of thermal scanning theology
to the study of food gels, in Thermal Analyis of
Foods, Harwalkar, V.R. and Ma, C.Y. (eds.),
Elsevier Applied Science, pp. 306-332.

Huang,T-s, Chen, J.S., Marshall,M.R. and Wei, C-
i., 1990. Quantificationof shrimp in shrimp-
surimimixtures using ureagel isolelectic focus
ing, J. Food Sci. 55(5):1206-09.

Johnson, J.M., Flick,GJ., Long, K.A., Phillips, JA.,
1990. Menhaden (Brevoortia tyrannus): thermally
processed for a potential food resource, Report
No. VSG-90-109R, VirginiaSea GrantCollege
Program, 79pp.

Korhonen, R.W., Lanier, T.C., and Giesbrecht, F.,
1990.An evaluationof simple methods for
following rigor development in fish, J. FoodSci.
55(2):346-348&368.

Knorr, D., Beaumont, M.D., Caster, C.S.,
Dornenburg, H., Gross,B., Pandya, Y.,
Romagnoli, L.G., 1990. Planttissue culture for the
production of naturally derived food ingredients,
FoodTechnology, 45:71-79.

Lanier, T.C., 1991. Interactions ofmuscle and
nonmuscle proteinsaffecting heat-set gel rheol
ogy, ACS Sym. Ser. 454:268-84.

Lanier, T.C., Hart, K., Martin, R.E. (eds.), 1991. A
manual of standard methods formeasuring and
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specifying the properties of surimi, Report No.
UNC-SG-91-01, North CarolinaSea Grant
College Program, 64pp.

Lee, J.S., Hilderbrand Jr., K.S., 1992.Hazard
analysis and critical control point applications to
theseafood industry, ReportNo. ORESU-H-92-
001, Oregon SeaGrant College Program, 28pp.

Lee, J.S., 1992. Microbiological considerations in
surimi manufacturing, inSurimi Technology,
Marcel Dekker, Inc., pp. 113-121.

MacDonald, G.A., Lanier, T., 1990.Carbohydrates
as cryoprotectants for meats and surimi, Food
Technology45(3):150,152-154,156,158-159.

Meyers, S.P. et al.,1990. An integrated approach to
recovery and utilization of Louisiana crawfish
processing wastes, Int'l. Fish By-Prod. Conf.
Proceedings, pp. 161-171.

Park,J.W., Korhonen, R.W., and Lanier T.C., 1990.
Effectsofrigor mortison gel-forming properties
of surimiandunwashed mince prepared from
tilapia, J. Food Sci. 55(2):353-355& 360.

Park,J.W., Lanier, T.C., 1990. Effects of salt and
sucrose addition on thermal denaturation and

aggregationofwater-leached fish muscle, J. Food
Biochem. 14(5):395-404.

Reddy,N.R., Hick, G.J.,Dupuy,H.P.,Boardman,
G.D., 1990. Characterization and utilization of
dehydrated washwatersfromclamprocessing
plants as flavoring agents, J. Food Sci. 54(1):55-
59 & 182.

Regenstein, J.M., Goldhor, S.H.,1991. Improving
the profitability of finfish processing waste:
optionsfor fish processors with an emphasison
mechanical deboning (mincing), hydrolysis(liquid
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Human Resources

Translating sound contemporary research
into appropriate public policy and resource
management and then gaining publicsupport for
it has alwaysbeen challenging. Sea Grant law and

marine policyandsocialscience programs
address important aspects of resource public
policy issues and their implementation mecha
nisms.

Sea Grant outreach programs, which

include Marine Advisory Service, education

and training and communications, support

unique technology transfer capabilities. They

Human Resources

have the ability to reach decisionmakers and the

public with research-based information in forms
that guide policy and human behavior.

The following discussion of the Human

Resources Division will highlight issues and
accomplishments of its programs areas, which in
FY 1992, totaled $17.7 million or 43 percent of
federal core funding. These programs, in turn,

attracted $14.4 million in matching and other
agency funds for enhancement ofthe federal

dollars.
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Marine Advisory Service
Introduction

The Marine Advisory Service (MAS)makes
Sea Grant one ofthe most unique extramural
programs in government. MASis the arm ofSea
Grant that provides formal research-based exten
sion, education, and technology transfer to a variety
ofstakeholders. Much ofthe information and

technology thatMAStransfers to users is Sea Grant-
basedbut cancome from anygood science-based
source ifit addresses informationneeds. MAS

programs mayfocus on targeted issues for small
audiencesormay providelarge,genericeducational
experiencesformoregeneralaudiences. Programs
are extremely diverse inscope, but allrelate to
creatingand maintainingsustainableresource and
economicdevelopmentwithin the marine and Great
Lakes sectors.

MASprograms, like all other Sea Grant
activities, are fundedthrough a detailedpeer review
thatincorporatesassessmentofaccomplishmentas
wellasrationalefor proposed programsandap
proach. Much ofthe required Sea Grantnonfederal
matchfunding targetsMAS activities. Thevery
natureandresponsiveness oftheprogramtogether
with its task orientation attract othersources of
funding into its mission. As such, MASis a true
partnership betweenNOAAand state, local, and
privatesector entities. MAS playsa keyrolein
carrying out national programs at the state and
regionallevelas wellas respondingto more local
resourceissues.Alladdressnationalprogram
issues,albeitsomemore directlyandvisibly than

others. Smaller institutionalprograms tend to be
more focused, yet the broad context ofthe resource
issues in which they are immersed still serves in the
national interest.

Program Trends

Table 1 summarizes MAScore funding over
the last nine years. It shows a 17 percent overall
increase in total core funds, the biggest share
comingfrom nonfederalmatch. Lossofbuying
power over that time span due to inflation is
reflected inMAS agentandspecialistposition
declines fromapproximately350in1984to 284in
1992.To fill an increasingneed to address practical
research-based problems, MAShas shifted from
highprominenceoflocal, broad-based agentsto a
majorityofuniversitydepartment-basedspecialist
(98agents, 186specialists) in 1992.Thisstaffing
trend,alongwiththerecognition of MAS'unique
capability byotheragencies havinga technology-
transfer mission, has facilitated an increase in short-
termpassthroughfunding since1989toaccomplish
specialprojects.These funds, providedfor work
directly associatedwiththe SeaGrantmission,
totaled $428.5 K, $874.7 K, $322.2 K and $962.5 K
in1989,1990,1991,and1992respectively. Grant
fundsprovided directlyto the universitieswithout
passing throughNOAA have also increased during
these years. These funds have been instrumental in
maintaining critical mass inmanyMarine Advisory
Serviceprograms.
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Core Funding for Sea Grant MAS Activities

Sea Grant Matching
Funds Funds Total

FY 1984 9,016,595 6,298,500 15,315,095

FY 1985 9,484,467 7,110,190 16,599,657

FY1986 8,984,478 6,341,659 15,326,137

FY1987 8,976,723 6,473,179 15,449,902

FY 1988 8,803,479 7,790,102 16,593,581

FY 1989 9,198,314 8,027,654 17,225,968

FY 1990 9,030,682 8,838,061 17,868,747

FY1991 10,129,769 9,414,047 19,543,816

FY1992 10,052,581 8,529,789 18,582,370

Table 1

Progress and Achievements

Thisdiscussionfollowstheprogrammatic
structure provided in the annual National Guid
ance to Sea Grant institutionsbythe National
Office.

Aquaculture

Together, Sea Grant research and MAS
provideexpandedopportunitiestopursueaquacul
ture, and there are several generalongoingareas of
progressiveprogramming. Aquacultureisbeing
developed in large vertically-integrated businesses,
in backyards and garages, and as a diversification
fortraditionalagriculture. Concomitantdevelopment
ofwater-recirculatingsystems is a subset ofthis
activity, allowingfor developmentawayfromthe
coast Otheropportunitiesbeingexploredare
associatedwithplatform-basedpensfor finfish
culture incollaborationwithoffshoreoilandgas
drilling operationsand alsoindredgespoilcontain
mentareas.

To enable entrepreneurial entry into aquacul
ture, MASeconomicand marketing studies help
develop rational decisions and fiscal resources.
Legalanalysisofexisting legislationand regulatory

requirementsleadto entrepreneurial guidance and
logicalmodel legislation, and manystate plansfor
aquaculture development as an economicstimulus
havebeenguidedbyMAS specialists.

MAS specialistsare developing better techno
logical approachesto raisingaplethoraofanimals
andplants:kelp,bluemussels,urchins,rock scal
lops,tilapia, bayscallops, freshwaterperchids,
crawfish, alligators, baitfish andsturgeonas wellas
themoretraditional shrimp,clams,andhybrid
stripedbass.Specialworkto tryto helpmanage
aroundChesapeakeBayoysterdiseaseproblems
includesdevelopmentofgeneticallyresistantstrains
combinedwithnewtechniques such as off-bottom
culture.

CoastalResources

MAS's abilityofsharingtechnologyand
informationto directlyaffectresourcemanagement
is best illustrated in its coastal resources work.
Many programs have been directly involved in
coastalmanagementand land use planningpro
cesses at the state level since 1990. Western

regionalprograms inparticularhave been involved
in planningfor outercontinental shelfimpacts and
developingmitigationandrapid responseplans.In
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cooperation with NOAA's Office of Coastal Re
source Management (OCRM), coastal resources
inventories have been conducted for many U.S.
Island Trust Territories and in proposed new federal
marine sanctuaries. The use and coordination of

volunteers to provide water-quality monitoring data
for coastal ponds, estuaries, and bays was fostered
by New England Sea Grant MAS specialists. Data
from these programs is now readily accepted by
environmental agencies because of Sea Grant quality
control. The concept has spread to many other
states,greatly expanding the data gathering efforts of
management agencies.

Salt marsh and wetland management pro
grams are becoming more important. MAS is
involved in: experimental demonstrations of salt-
tolerant marsh grasses for beach stabilization and
dune restoration; education programs on the
intrinsic as well as economic value of wetlands for

realtors, developers and planners; and general
maintenance of coastal wetland resources in the

face of development pressures from many
nonwater dependent uses. There are also well-
regarded programs of training SCUBA certified
divers in fundamental research and monitoring
methods for coastal resource inventories. These

inventories are used in OCRM activities, shoreline
stabilization technology-transfer activities in most
areas susceptible to coastal erosion, and coastal
management programs designed to mitigate cyclic
water level fluctuations and their effects on Great

Lakes shoreline uses.

Pollution and Water Quality

Pollution and water quality are closely related
to coastal resource programming (discussed above)
since coastal water quality issues are intertwined
with coastal resource management and develop
ment. Water quality issues are becoming paramount
in MAS because they are of increasing concern to
the public. Environmental contaminants and toxics
have been a problem in the Great Lakes for many
years. Great Lakes MAS programs have worked
together to foster public participation in the formal
process being overseen by the U.S. Environmental
Protection Agency (EPA) to rehabilitate areas of
special concern in all the lakes. The Great Lakes
MAS network has also worked with state agencies

and the medical community to help realistically
communicate and minimize the risk associated with
eatingpotentially contaminated Great Lakes fish.
MAS programs arc working closelywith EPA in its
National Estuary Program, providing the public
education and awareness of critical environmental

quality issues in places such as Long Island Sound,
Albemarle Sound, Mobile Bay, and Puget Sound.

Toxic algal blooms are an increasing concern
that may be related to water quality. Programs on
the West Coast responded to a rare domoic acid
outbreak, produced by a large diatom bloom, by
providing information to shellfish harvesters,
processors, and managers concerning its implications
to the industry. They also helped set up a monitoring
strategy to help identify the domoic acid source and
to provide some predictive capability. Thus, a
potentially chaotic situation in the shellfish industry
was averted.

On the East Coast, brown tide outbreaks have
decimated some bay scallop beds. MAS has led a
successful reseeding effort. An innovative project
in cooperation with the U.S. Department of Agri
culture has just begun, which promises to develop
geographic information system technology for use
in mapping, monitoring, and managing nonpoint
source agricultural runoff into coastal environments.

Finally, wastewater and solid waste from fish
processors is a significant problem. Regulations are
becoming stringent and threaten widespread
shutdown of processing plants. MAS works dili
gently to provide opportunities for use of best
available technology in many of these situations, and
has kept several of these plants in operation as a
result.

MarineSafety/CoastalHazards

MAS is the only government entity conducting
fishing vessel safety education. While the U.S. Coast
Guard has major legislative responsibility for this
important issue (commercial fishing is continually
among the top two or three most dangerous profes
sions in the U.S.), it docs not have the human or
fiscal resources to respond in a continuing,national-
level educational effort. The Coast Guard recognizes
MAS as a uniquely capable resource and works
cooperatively with it. There are MAS-supported
fishing vessel safety training programs in each region



of theUnited States; many focus on ethnic minority
communities. The Coast Guard supported produc
tionofa training manual by Texas MAS for the
Southeast Coast that serves as a national model. The
AlaskaMarine Safety Education Association
(AMSEA), developed underguidance from Alaska
MAS, also serves as amodel for developing training
volunteers atindividual isolated ports to givetraining
on demand. These programs serve not only to save
lives (a documented fact), but also to provide the
industry with real-time information on current safety
regulations andlegislative changes. Inother areas of
safety, MAS works with the marine recreation
sector andemergency response personnel for public
education on lightning, lifesaving, andcold-water-
near-drowning situations.

Most MAS efforts involving coastalhazards
are usually focused on certain targeted missions
where Sea Grant has particular capability even
amid chaos. In the Exxon Valdez oil spill, local
Alaska agent Rick Steiner became somewhat of a
national heroby coordinating early local response
and leading the effort to protect important Prince
William Sound salmon hatcheries. Florida MAS

responded to Hurricane Andrew by helping the
large, South Florida recreational boating community
document losses. MAS involvement in economic

studies for damage assessment involving manylocal
oil spills are a majorsupport to resource agencies.

There are, however, proactive programs. MAS
is widely involved in contingencyplanning at both
the state and local levels for coastal hazards such as

severestorms and oil spills. As an example, a recent
spill in Tampa Bay was well controlledbecauseof
MAS contingency efforts. North Carolina Sea Grant
contributes greatly to a national effort to improve
storm- and corrosion-resistant construction methods

and to foster new codes that, where adopted, save
lives and property.

Ports and Marine Transportation

Sea Grant MAS programs in ports and marine
transportation have declined since 1990. Only three
focused programs on maritime port management
remain: one focuses on maintaining the economic
vitality of many disaggregated small ports alongthe
west central coast of the Gulf of Mexico; another
focuses on the Port of Los Angeles; and the

Marine Advisory Services

remaining MAS program in Washington is truly
international in scope. It focuses on capital invest
ment planning, partitioning commodity and business
opportunities, and long-range strategic planning for
ports of all sizes.

On a broader scale, there is general MAS
accomplishment regarding economic development,
fiscal management, and environmental response for
the marina industry. These programs generally
serve to help small ports, harbors, and marinas
recognize economicopportunities, capitalizeon
strengths, andmaximize economic potential.

Fisheries

Fisheries remains the largest MAS program
ming area (20 percent of total activity), but it has
declined from 25 percent eight years ago. MAS is
the primarysource of translated educational infor
mation to fishermen concerning regulations, legisla
tion, taxes and investment alternatives, and social
management problems. Without it, fishermen, a
highly disaggregated group possessing limited ability
to communicate with the bureaucracy, would
suffer. While MAS educational activities are varied

and wide ranging, they tend to aggregate under five
subcategories: habitat management, energy conser
vation, resource management support, fisheries
development, and bycatch.

Programs in habitat management relate to
those discussed under wetland-related programs
above and to programs aimed at riparian and
stream habitat restoration for both Northeast and

Northwest anadromous species.
Energy conservation accomplishments are

associated with: developing models for retrofitting
fishing boatswith properly designed propellers,
improved coatings, etc.; changes in towed-gear
twinesize and configuration as experimentally
determined in tow tanks (these also frequently have
the advantage of reducing by-catch); and the
experimental introduction of a new high-tech fiber,
SPECTRA, which possesses increased characteris
tics ofstrengthanddurabilitywith smaller, lighter
twine size. These experiments suggest that a fuel
savings of 15 percent is reasonable.

MAS specialistscontinue to develop informa
tion supporting better management decisions
through the fishery management councils. Debates
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on new approaches, pro and con, to new limited
entry schemes (e.g., ITQ's) and their social conse
quences have been constructively joined by Califor
nia and MIT MAS programs. MAS, from its neutral,
educational position, has been at the forefront of
communicating ITQ ideas and impacts to the
industry. MAS programs produced information
necessary for the councils to adopt new or different
strategies relating to sponge harvest in the South
east, sea scallops in the Mid-Atlantic, and lobsters
in New England.

Sea Grant MAS was the lead organization in
stabilizing the conflict between NOAA's National
Marine Fisheries Service and the shrimp fishery
regarding the use of turtle excluder devices (TEDs).
All programs along the Southeast and Gulf coasts
have contributed to development of certification
procedures and new TED models, which in turn
contributed to decreased anxiety on both sides.
While potential future conflicts remain, the situation
is currently improved, primarilybecause of MAS
technology-transfer activities.

Much TED technology is contributing to early
gear improvements to reduce trawl fisheries
bycatch. Across the network, MAS programs are at
the forefront of bycatch reduction research and
development in both shellfish and finfish fisheries.
In concert with the fishing industry, Oregon Sea
Grant was the host to a majornational bycatch
workshop which resulted in plans for gear and data
development, technology transfer, and demonstra
tion projects.

Since 1990, fisheries development activities
have increased landings and economic activity in
many species and have frequently diverted effort
from overharvested traditional stocks. Newly
developed fisheries include: Bristol Bay halibut and
kelps, dive fisheries for urchins and sea cucumbers
in Alaska and Maine, and hagfish (for leather) on
both coasts. Accompanying such developments are
activities to assess the management implications of
exploitation ofnew stocks in cooperation with
appropriate management agencies. With MAS's
involvement, plans havebeen developed and
adopted for resources such as Florida sponges, West
Coast urchins and sharks, andDelaware Bay
horseshoe crabs.

Frequently, MAS personnel are called upon to

seek compromise in fisheries conflicts. In Missis
sippi, a study ofVietnamese fishing methods
showed those methods to be no more destructive to

habitat than traditional ones. These findings relieved
tensions with ethnic overtones. In New Hampshire,
importation of European sonic devices to hang from
gill nets seems to be promoting net avoidance by
harborporpoises. Conflicts with outer continental
shelf oil and gas drilling arecommon, but creation of
specific special-use zones for towboat operation,
publication of maps showing locations of submerged
wellheads, and simple enhancement of communica
tion has mitigated much antagonism on the West
Coast. Finally, another aspect of MAS' activity in
fishery development has been its activity in planning,
siting, and assessing (both biologically and economi
cally) anexpanding national programofartificial
reefs. Japanese advanced technology in reef con
struction, which seems to improve actual produc
tion, has been imported to U.S. waters. The Atlantic
States Marine Fishery Commission has adopted an
artificial reef policy on siting andengineering
produced by North Carolina MAS.

Seafood Technology

MAS activity in seafood technology is exten
sive and important in keeping many small, low-
profit-margin operations in business as they face
rapidly increasing responsibilities for quality and
safety, waste management/disposal, and effluent
quality improvements. Accomplishments in this area
tend to accrue plant-by-plant, depending on indi
vidual plant configuration and systems, and result
from using the best available technology provided by
MAS specialists. Taken together, there have been
major industry-wide upgrades in: waste reduction
and by-product recovery; waste reutilization such as
by-products beingused on agricultural crop land for
fertilization and soil enhancement; water conserva
tion, sanitation, and effluent biological oxygen
demand. These improvements will continue at an
accelerated pace.

Additional efforts are aimed at improving
seafood quality by changing onboard handling
techniques to include useof chilled seawater and by
using plastic bin boards in holds to increase the
effectiveness of sanitation practices. Experimental
work with 4-hexylresorcinol as an alternative



sulfitingagent for prevention of shrimpmelanosis
may prove to be a major positive health factor.
Developed by Florida MAS, the introduction of
voluntaryuse of product quality codes, an idea to
direct industry complianceand buyer selection, is
endorsed in principle by the National Food Market
ing Institute. Finally, the function of MAS specialists
is identical to fisheries specialists in providing the
seafood industrywith translation of regulations,
legislation, and other relevant information important
to the industry's well-being. MAS specialists are a
principal resource for trainingin Hazard Analysis
andCritical Control Point (HACCP) techniques to
be required under emergency seafood safety legisla
tion. Such training already occurs at all levels within
the industry nationwide.

Coastal Business and Economic Development

Most activities and accomplishments summa
rized above have economic derivatives that are

usually derived secondarily. Many MAS accomplish
ments, however, are from projects based solely on
establishing new orbenefitingexisting coastal
business through economic development. No
business demonstrates this more than the develop
ment of the Great Lakes charter fishing business.
While its beginnings were dependent on rebuilding
fishery resources, the subsequent development of a
basin-wide charter industry comprising over 3,000
individual operators with a conservatively estimated
total annual value of$80 million is the result of

continuing Sea Grant extension work. Sea Grant
MAS was also involved in the development and
expansion of Great Lakes state-authorized under
water preserves. Recreational diving in these
preserves is now valued at over $6 million (and
growing) annually in additional revenue to small
communities scattered throughout the upper Great
Lakes. MAS conceived the idea to work with local

communities, state archaeologists (who identify and
catalogue Great Lakes shipwrecks), and businesses
to enhance both the preservation of underwater
cultural resources and the contribution to the local

economies.

A novel approach to development of aquacul
ture businesses in Texas was inaugurated by that
program. In this approach, a landowner will sell
landto the state, which will then lease land back to

Marine Advisory Services

the original owner for aquaculture development with
funds derived from the sale.

International trade in seafood products has
been greatly stimulated since 1990, beginning with
the development of Japanese export markets for
soft-shell crabs. This has more recently been
followed by substantial markets for fresh sushi-
quality tuna, urchins and sea cucumbers, and a
developingtrade in American lobsters. Other
economic benefits accrued from activities during the
reporting period include: increased income to Great
Lakes Indian tribes from improvements in marketing
and value-added products for their fishery products,
creation of cooperatives for disaggregated fishermen
and recreational businesses throughout the county,
computerized investment analysis for use by bankers
for small coastal business ventures, and develop
ment of economic valuation models suitable for

analyzing potential resourceuses under variable
water quality conditions.

Future Directions, Plans,
and Opportunities

During the years 1990-92, a special task force
was developed at the joint request of the National
Sea Grant Program Director and the Council of Sea
Grant Directors to provide a "think piece" on the
long-term future of MAS—to insure that it is as
relevant in 10 years as it is now. This resulted in a
report, MAS 2000, which has taken the form of a
long-range plan concerning the process of MAS
outreach activities. The paper has been adopted by
the Sea Grant community as the fundamental long-
range guidance for MAS. The report addresses the
issues of maintaining currency in the rapidly
emerging field of electronic-communications
technology for educational purposes; solidifying
relationships with the private sector and developing
strong cooperative bonds with industry to improve
technology and its transfer; increasing international
perspective for importing and exporting ideas and
technology; and developing further opportunities for
MAS personnel to cany out applied research
fundamental to their educational efforts.

In addition, programming efficiencies will
continue to need improvement. Improvements
include increasing the ability to work with agencies
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that have similarmissions. MAS is uniquely qualified
to meet the outreach needs of a plethora of other
organizations that do not have the internal capabil
ity. Rather than reinventing MAS, they should use
existing capability. This is compatible with the new
Clinton Administration's approachto solidifying
government relations with the private sector and
expanding government-technology transfer func
tions to support that effort.

Programmatically, there are several opportuni
ties for expansion. NOAA's Office of Global
Programs expects its education effort with MAS,
primarily focused on training trainers, to expand
over the next five years. The large interdisciplinary
issue of insuring economic vitality to the nation's
seafood industry provides expanded opportunities
for programs in seafood safety, ecosystem health,
bycatch, aquaculture development, and support of
the processing industry. Nonindigenous species will
continue to be a threatto the integrity of native
ecosystems.

Finally, MAS education staff, located within all
29 state Sea Grant programs, is becoming increas
ingly involved in complex andconflicting resource
issues. As experts in a wide array of disciplines,
they areuniquely positioned to do this. Their model
of operation is always from a neutral nonpartisan
position, andthey are generally recognized by
protagonists on both sides of anissueas providing
the best information available for decisionmaking.
In this way,MAS has a major role in developing
management sustainability of marine resources
through helping to resolve conflict.



Zebra Mussels

Introduction

Dreissena polymorpha (the zebra mussel), a
native of the Black, Caspian, and Aral Seas was
introducedinto North America in discharged fresh
water ballast of ships from ports in Europe and
western Asia. The mussel was first discovered in

Lake St. Clair between Lakes Huron and Erie in

June 1988. Extensive colonies, as many as 40,000
mussels per square meter, were reported in Lake
Erie the following summer. By autumn 1992, the
mussel was found throughout the Great Lakes; the
St. Lawrence, Mohawk and Hudson Rivers; the Erie
Canal; the Finger Lakes; the upper Susquehanna
River; and the Illinois, Mississippi, Tennessee, Ohio,
and Arkansas Rivers. Maximum densityhas been
measuredat over 700,000 animals per square meter.

Throughout its range, the mussel fouls munici
pal drinkingwater, electricpower generationand
industrial water intakes; it restricts water flow,
obstructs valves, and clogs heat exchangers and
condensers. Mussel impacts are also being felt in
aquaticfood webs, ecosystems, sportfishing,
navigation, recreationalbeach use, and irrigation.
There are a wide array of stakeholders, which
include those mentioned above plus local, state and
regional resourcemanagement agencies, as well as
elected and appointedofficials.

In 1989 and 1990, Sea Grant was among the
leaders in developing a coordinated, interagency
research plan aimed at controlling the animal's
spreadand developing a broad-based ecological
understanding of the mussel. Congress recognizes
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Sea Grant's unique capability to address an array of
basic issues within this plan and to provide technol
ogy transfer and educational programs to the many
stakeholders. It appropriated $2.0 million, $3.0
million, and $2.8 million to Sea Grant in FY 1991,
1992, and 1993 respectively to support the interdis
ciplinary researchand outreach programs. As with
base Sea Grant funds, these federal resources were
to be matched 2:1 with nonfederal money, and all
projects were peer reviewed for both technical
excellence and program relevance.

TheOutreachProgram

Sea Grant's Great Lakes Marine Advisory
Network led in developing public awareness of the
zebra mussel problem and methods to slow its
spread. These outreach efforts have also enhanced
the ability of researchers and the media to track
and report on progress made in mitigating the
mollusk's adverse effects on water supplies,
industrial processing, transportation, and recreation.

In 1991, each Great Lakes Sea Grant program
established a zebra mussel information center—a

single contact point and depository that coordinates
and distributes information to all audiences, includ
ing researchers, management agencies, businesses,
and the media and public. Together, the programs
track, confirm, and record the progression of zebra
mussel infestation in their states and nationwide. A

wide range of approaches, including news releases,
newsletters, magazine articles, videos, public
presentations, and direct consultations are under-
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taken to keep concerned audiences informed. Since
1989, The Great Lakes Sea Grant Network has
hosted and co-sponsored an annual international
zebra mussel research conference. It has become

the primary meeting of researchers and stakehold
ers, and attendance has grown from fewer than 50
people to over 700 in 1993.

As the mussel invaded U.S. inland waters,
Great Lakes Marine Advisory Service (MAS) staff
helped sister Sea Grant programs and other agen
cies and industries to prepare for the mussel's
arrival and its effects. In 1992, programs from New
Hampshire to North Carolina also established
information centers. Educational programs in these
states as well as Tennessee, Pennsylvania, Ver
mont and Canada have been led or guided by Sea
Grant MAS specialists. As Mississippi Riverbarge
traffic has accelerated the spread of the mussel
downstream into the south-central U.S., programs
are now beingplanned by Louisiana andMississippi
specialists. Many oftheseprograms include agency
training on implementing standardized mussel
monitoring programs for early warning/detection.
Shared resources, materials, and common databases
maximizethe efficiency of these programs.

The Zebra Mussel Information Clearinghouse
was established in 1990 to collect and disseminate

information about the zebra mussel spread, impact,
and control. Co-funded with a consortium of electric
utilitiesandhoused at New York Sea Grant, it
facilitates and helps coordinate information sharing
among university, government, and private industry
researchers throughout the United States and
Canada, and also provides continuity to the timely
dissemination of interim findings ofongoing research
projects. The Clearinghouse works with Sea Grant
programs in the Great Lakes,New England, Mid-
Atlantic, and Gulfregions, aswellasuniversities,
government agencies, industries and others involved
in zebra mussel information and research projects
throughout the United States, Canada, and abroad.
It alsoserves as a focal point for zebra mussel
research inquiries andrequests and assists other
state, provincial, andregional zebra mussel informa
tion centers by providing them with real-time access
to the most current research and technology avail
able for dissemination to local audiences. Clearing
house resources are available to all user audiences

listed above. In its first two years, the clearinghouse
responded to more than 1,800 requests from North
America. Its primary information tool is a bimonthly
research-based newsletter, The Dreissena
polymorpha Information Review, which has
become critically acclaimed.

The Research Program

Approximately 20 percent of the research
projects submitted for consideration in response to
formal requests for proposals were funded: 19 in
1991 and 18 in 1992. Proposals were funded from
nine Sea Grant Programs in 1991, and seven
programs in 1992. The scope of the projects is
wide, but the bulk of projects is biological/ecological
in nature. These relate to the effect of zebra mussel

nutrient cycling and trophodynamics in freshwater
communities, theirosmoregulatory physiology, their
effect on fate and transfer of environmental

contaminants, and their biological andphysiological
requirements throughout their life cycle as indica
tors of "weak links" that may be attacked by
various control strategies. Other projects address the
significance of spreading vectors, variousenviron
mentally sound control strategies, and economic
costs and policy implications related to the occur
rence of zebra mussels.

While the research projects are all still in
various stages of completion, there are some
preliminary findings that should proveuseful in
predicting areas of potential future outbreaks to
levels high enough to cause economic and opera
tional concern. The ecological andenvironmental
response to serious zebra mussel outbreaks is being
defined, the current major concern being alteration
of the invertebrate community structure. To date,
effects on economically important Great Lakes fish
species have been small. Ongoing research should
also define areas where zebra mussels cannot
survive in abundance. Finally, there is some indica
tion moderate levels of potassium salts may prove to
be a species specificcontrol agent.
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Education and Training
Introduction

The education andtraining mission of the
National Sea Grant Program is broad and
pervasive—the program enhances education of
primary and secondary school teachers in aquatic
sciences; educates and prepares the next genera
tion of scientists, resource managers, and
policymakers; and enhances the scientific literacy
of the public at large. Sea Grant's education
program aims not only to prepare specialists for all
types of marine-related careers, but also to increase
public awareness of and capacity to enjoy the
marine environment and its resources. This mission

has evolved over the past 22 years to encompass
professional education, university courses and
curricula, vocational/technical training, improvement
of precollege education, continuing education,
fellowship programs, and both formal and
nonformal public education.

Sea Grant funds several different types of
education andtraining projects: university-level
education, including fellowships and scholarships,
research assistantships, and university courses for
graduates and undergraduates; K-12 and teacher
training; and public education and training. Much of
the nonformal education mandate is carried out by
the Marine Advisory Service (MAS) and is de
scribed in that report. In actuality, educational
activity is a continuum from the most traditional,
university-based education, to the lifelong learning
that is part of public outreach. Education specialists
perform the range of educational activities some

times as extension agents or specialists and some
times as marine educators and trainers. This
continuum of activities will be described below

with examples and accomplishments.
During the last three years, the Sea Grant

education network responded to a challenge by the
Sea Grant Director and National Review Panel to

develop a long-range plan and statement of priori
ties. With the excellent help of the education
specialists, that task has been completed. The task
force report has resulted in publication of the
brochure, "Shaping the Future. Sea Grant, Science
and Society: The Role of Marine Education"
which includes a vision statement and an action

plan to move Sea Grant's education efforts into the
21st century. It identifies teaching teachers, and
attracting and retaining young people, women and
minorities to marine and aquatic sciences as a
national priority.

Table 1 summarizes federal, matching and
pass through funding for education and training
projects over a four-year period from FY 1989 to
FY 1992.

Education project funding has steadily de
clined since 1989, but much of the apparent de
crease is due to year-to-year inconsistencies in
classifying projects. The downward trend may be a
continuation of the de-emphasis on education during
the early andmid-1980s. Sea Grant is highly
committed to education, teacher training, and
marine literacy, but despite this commitment, has
been unable to reverse the decline in overall dollars
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Marine Education

Funding, 1989-1992

Federal Match Pass-through

FY 1989 $3,022,581 $1,916,950 $ 239,581

FY 1990 $2,863,624 $1,205,842 $ 856,785

FY 1991 $2,701,467 $1,289,369 $ 436,849

FY 1992 $2,653,276 $ 837,977 $ 249,391

Table 1

allocated to education efforts.

University-level Education Projects

Education projects in this category include
fellowships, scholarships, research assistantships,
and specially designed academic courses which fill
a need in a particular university system. These
educational activities are an investment in the

nation's future scientists, resource managers, and
marine policy specialists. The projects contribute to
development ofwell-trained andhighly qualified
scientists. Sea Grant does this by supporting
research assistantships and traineeships at aca
demic institutions, by supporting course develop
ment and faculty involvement for undergraduate
and graduates in marine sciences and marine policy,
andby providing university scholarships or fellow
ships for promising students in marine policy and
sciences. Sea Grant supports high-quality curricular
projects at the university level. As an example, the
University of New Hampshire has developed a
course thatprovides students withmultidisciplinary
problem-solving experiences in undergraduate
science andengineering. The purpose is to over
come the narrow, disciplinary focus that character
izes most advanced education and to make students
deal with the challenge ofreal-world problems. Over
the 1990-1992 period, New Hampshire projects
included the development of an automated, remote
plankton sampler that can alsorecord physical data;
a diver-operated machine to remove and collect
biofouling materials; and an ocean acoustics project

to help solve the problem of harbor porpoises
becoming entangled in gillnets. Regardingthis latter
project,NOAA's National Marine Fisheries Service
has recommended listing the Gulf of Maine harbor
porpoise as "threatened." The project required
students to identify acoustic signaturesof various
types and to develop a system to modify gillnet
acoustic properties to increase harbor porpoise
avoidance. As a resultof the project, the faculty
advisors successfully applied for S-K funding to do
follow up research on the best course of action.

MIT has an undergraduate research opportuni
ties course in which undergraduates work with
world-renown researchers on developing technolo
gies for applying science and engineering to marine
and environmental problems to encourage marine
science as a career path. Sea Grant-supported
students have established the world record for the

fastest human-powered water vehicle. They have
also worked on automated underwater vehicle
development.

University-sponsored, competitive fellowships
and scholarships are an important part of the Sea
Grant education program. An example is the
Mississippi/Alabama Sea Grant Fellowship pro
gram. The fellowship is a regional competitive
program for graduate research assistantships.
Awarded yearly, they provide support for marine-
or coastal-related research and for learning experi
ences of qualified graduate students through the
medium of tutored fellowships. Over 50 students
have been supported since the project's inception.



Other fellowship projects include a marine
policy fellowship that is administered by North
Carolina Sea Grant (East Carolina University), state
legislative fellowships (California), andanannual
fellowship awarded to a California high school
senior for four years' stipend and research support.

Another type of advanced graduate support is
postgraduate educational experience. The Univer
sity of Georgia Marine Extension Service funds a
36-week internship program for recent college
graduates to train them in environmental education
outreach, for schools, aquaria, environmental
centers.

An important initiative in the last three years
has been the establishment of a graduate fellowship
program sponsored cooperatively between Sea
Grant programs andNOAA/National Estuarine
Research Reserve System (NERRS). Funding is
providedjointly between Sea Grant and the NERRS
program. The fellowship competition is juriedby the
local Sea Grant director and the NERRS office and
supports research by a student on a problem or
issue ofmutual interest. A pilotproject wasestab
lished in 1992betweenVirginia SeaGrant and the
Chesapeake Bay NERRS. It is hoped thatother Sea
Grant programs will follow this model and design
fellowships thatparallel the intent ofthe pilot
project.

Collectively, these university-level education
efforts are an investment in future marine and

aquatic scientists, resource managers and
decisionmakers.

Sea Grant has become a majornational
source of marine scientific, engineering, and
management personnel, having supported under
graduate and graduate students specializing in
marine disciplines that range from oceanography to
seafood technology to law. Between 1980 and
1991, a total of 5,982 graduate students has re
ceived Sea Grant support nationwide, an average of
498 per year, while working on cutting edge marine
-related research project and learning skills that
they will employ in their chosen profession. The
total effect of graduate and undergraduate training
explains why one Sea Grant director has called
graduation "our most effective mechanism for
technology transfer."

Education and Training

John A. Knauss Sea Grant Fellowships

Sincethe program began in 1979, a total of
215 fellows has participated in the program.
Twenty-five were selected and funded in FY 1992.
The John A. Knauss Fellowship program is a
national, competitively selected program for
master's or doctoral students with interests in marine
affairs and aquatic issues. It provides the students
the opportunity to have a unique educational
experience for one yearin the nation's capital,
working either in the executive branch or the
legislative branch of government. Because of their
experience, most fellows have gone on to serve the
marine resources or coastal sector in leadership roles
across the United States. An analysis of the fellows
program as of 1991 showed that nearly40 percent
have gone into resource management-related areas
in state, local and federal government. Approxi
mately 21 percent are in the academic sector, either
with public or private universities andcolleges.
Almost 14 percent have gone into the private sector,
either with industry, industry associations or consult
ing firms. About7 percent work for interest groups,
usually private nonprofit environmental groups.

K-12 and Teacher Training Projects

Science educators have pointed to a crisis in
science education. Teachers are scarce, and
science is not regularly taught at elementary school
level. Teacher testing over the past five years by
some Sea Grant-education projects has shown that
marine literacy and basic knowledge of the environ
ment is lacking even in high school teachers. These
results have inspired the attempt to improve educa
tional preparation through summer-training work
shops for in-service teachers. The Sea Grant in-
service teachers investment translates to the class

room through their contact with hundreds of stu
dents over the years. This "multiplier effect" is a
pillar of the education program philosophyandis a
cost-effective investment. Sea Grant supports
projects which can demonstrate the multiplier effect
and can provide high quality educationalefforts for
in-service teachers. Pre- and post-evaluationare a
necessary component of teacher training.

Among the many examples of Sea Grant in-
service teacher training are Georgia's two-week,
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intensive workshops during the summer. The
workshops include lectures, presentations, labora
tory work, fieldwork on barrier islands, salt
marshes, estuaries and use and management of
marine resources. They provide marine training for
about 200 teachers each summer in the University
of Georgia Marine Extension Service education
center on Skidaway Island. The workshops are
accompanied by pre- and post-tests to determine
learning level and types. The teachers earn 10
graduate credits in the University of Georgia's
College of Education. The education center staff
coordinates with NOAA's Grey's Reef Sanctuary
program, the U.S. Department of Education
Eisenhower Grant, USFWS, the Ossabaw Founda
tion, Georgia Department of Natural Resources, the
statewide Georgia Association of Marine Educa
tion, and the National Marine Educators Associa
tion. Teachers graduating from the summer training
have developed a two-day winter workshop to
further multiply the results and have presented
papers on the workshops at the National Science
Teachers Association meetings.

In the Mid-Atlantic region, the Delaware Sea
Grant has developed, through securing outside
funding to enhance staffing, a variety of in-service
teacher opportunities. Its goal is to make in-service
training opportunities for science educators avail
able year-round. Delaware received a National
Science Foundation (NSF) state-systemic initiative
(SSI) grant to enhance K-12 educational capabili
ties in states. To that end, it has been proactive in
developing week-long, in-service workshops in
cooperation with Delaware's Department of Public
Instruction (DPI) and the Teacher's Center.
Teachers can receive a three-credit option from the
University of Delaware or through DPI. Addition
ally, they have developed middle school in-service
workshops, funded through competitive Eisenhower
funding, and have developed a set of in-service
weekend programs together with DPI. The work
shops reach over 300 teachers per year.

Marine education in the Caribbean is an

important undertaking. The Puerto Rico Sea Grant
marine education program strives to be comprehen
sive by attacking the lack ofmarine environment
knowledge on several fronts. In the classroom itself,
the Puerto Rico education program has established

anexperimental course and activities to introduce
high school students to the sea as a source of
inspiration and knowledge. There arenow six
schools throughout the island which participate,with
over 200 students participating directly in the
activities.

On the teacher training front, there is an
exciting accomplishment in Puerto Rico. At the
request of the Commonwealth's Department of
Education, the marine education program has
developed a Marine Education Institute, which will
train teachers in marine sciences. The first class of

graduates is expected in 1992, with 80 teachers.
Eventually, the Institute will train over 200 teachers
throughout Puerto Rico to produce classroom
materials for marine education activities and

instruction in their school districts. The teachers will

then implement marine education activities through
their science courses and reach over 2,000 students
in Puerto Rico as a result. New England continues
to provideteacher training for Long Island Sound
teachers; and New Hampshire Sea Grant has
trained more than 200 teachers by an education
program through Odiome Point marine education
center; in Oregon, Sea Grant MAS specialists
offered labs, summer workshops, in-service pro
grams, short courses and guest lectures about
marine science to more than 150 educators over a

three-year period.

Minority Education

Minority science education and teacher
training have been identified as important needs by
many educational organizations, including Sea
Grant. As a small but important part of Sea Grant
educational activities, it includes outreach to
American Indians in college and K-12, and teacher
training for African Americans and students, as
well as educational programs for inner-city youth.

Public Outreach/ Lifelong Learning
Public educational outreach takes many

forms. Sometimes called informal education,
lifelong learning, the idea is that adults andchildren
continue to learn as they are exposed to new
information and experiences. Many people volun
tarily take additional training in areas of their
interest. Sea Grantsupports informal education to



enhance the public's knowledge about marine and
coastal environments, their use and development.
Many Sea Grant public outreach activities are done
jointlywith or as a part of MAS activities.

In both the New England region and on the
West coast, the education specialists have been
leaders incapitalizing on highly-trained docents to
leverage their ability to reach the public. InNew
Hampshire, about 90 docents act as an outreach arm
to educate the public about coastal ecosystems and
issues. The marine education specialist conducts the
training and manages the docents program. Docents
undergo six months oftraining for eight hours a
week that includes sessions on marine science,
coastal issues, Sea Grant research, classroom
teaching techniques, and program development. The
bulk of the docents effort is devoted to actual
teaching in subjects ranging from aquaculture to salt
marshes to tides and currents. Primary audiences are
K-12, teachers, and the public. The docents' impact
on the region is significant - they gavemorethan
500programs/lectures to audiences totaling nearly
45,000 individuals during the 1990-1992 biennium.

Activities and efforts of specialists and MAS
personnel have culminated in the opening of a new,
$1.2 million Seacoast Science Center at Odiorne
Point, New Hampshire. A successful capital
campaign was carried out solely by volunteers
representing a network of private, nonprofit and
public constituency groups. Previous marine
science education programs were only offered
seasonally, and now they can be offered yearround.
The primary purpose of the facility is to allow
expansionofmarine scienceeducation, and it will
house, among other things, the continuing effortsof
the marine education specialist to meet the demand
from schools, teachers, andthe public in the region.
In the 1990-1992 biennium, 10 teacher workshops
for 300 teachers were offered. Ten university
undergraduates were trained, assisting with program
development and with programming for school
children and their parents.

A similar success story occurred on the West
Coast, as Oregon Sea Grant worked closely with
public civic and private groups to develop the
popular coastal attraction Oregon Coast Aquarium
(a $24 million facility). Over 500,000 visitors can
view the Center's public educational displays,

Education and Training

developed with interpretative support from Sea
Grant. The Oregon program also organized a
volunteer program to provide interpretive programs
for aquarium visitors.

Additional examples of educational outreach
include technical and vocational training and
educational opportunities. Much of this is done
together with MAS. For example, MIT Sea Grant
with Massachusetts Maritime Academy provides
training for fishing vessel safety. They conducted
training for courses and curriculum at a variety of
fishing ports in New England. Rhode Island and
Alaska Sea Grant alsocooperate extensively with the
U.S. Coast Guard in providing training directly to
fishing vesselcaptains and crew. Fishing vessel
safety training and education aredescribed in the
Marine Advisory Service report.

Global Change Education

There have been increasing interest and
activity in global change education for teachers, the
public, and students. Many activities have been
funded by other NOAA components or other
agencies such as the NSF, through successful
proposals by the Sea Grant marine education
network and the MAS network. Sea Grant funding
in the Great Lakes region has produced a series of
short publications (one-page scenarios) to under
stand the potential effects of climate change on the
Great Lakes.

With ideas from NOAA-wide education

offices, and with funding provided by NOAA's
Office of Global Programs, the Sea Grant MAS
and education specialist network is gearing up to
provide global change education programs. Capital
izing on the outreach capability of Sea Grant's
MAS network, NOAA's Office of Global Pro
grams has funded a coordinated set of pilot projects
developed by individual states. The projects include
both short- and long-term initiatives to address the
program's objectives. Short-term initiatives will
focus on training educators about global change
processes, issues and impacts to prepare them for
educating local resource managers and the public.
Beginning efforts will alsobe directed at developing
an infrastructure, demonstrating and evaluating
various approaches to global change education, and
providing educational material. In addition, estab-
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lishing a mechanism to maintain accurate, current
information for releaseto the public will be a high
priority. Long-term objectives will be focused
primarily on educating decisionmakers and the
public on a national scale.

In the framework of these objectives, 1992
accomplishments include trainingof a "Global
Change Education Task Group," a selected group
of MAS leaders and educators who will then train

agents and specialists in their regions; pilot projects
to educate civic leaders about global change,
implications of sea level changes for coastal
Louisiana parishes, the establishment of a prototype
statewide global change extension education
program, development of a global change refer
ence manual and database system, and develop
ment of public service announcements and a global
change education newsletter.

Acting in a leadership role for the Sea Grant
educators' network, in 1991, Mississippi/Alabama
Sea Grant was awarded a $503,000, 36-month
grant from the NSF to conduct a prototypeinten
sive three-week summer course for science

teachers which focused on global change issues.
This course will be the backbone of education

programs for extension education professionals.
On a pilot basis, Mississippi/Alabama Sea

Grant provided workshops for middle school
teachers to test the concept. Based on the willing
ness to consider funding a larger effort, other Sea
Grant regions will submit proposals for funding
coordinated efforts. The effort is a national effort,
and the objective is to haveother regions submit
follow-on proposals to offer workshops in their
areas following the Mississippi/Alabama set of
workshops.



Social Science
& Marine Policy
Introduction

Sea Grant's social scienceand marine policy
program is guided by the belief that most coastal and
marine environmental issues have a human compo
nent. Either the problems are created by humans or
they have an important anthropogenic component;
or they are the work of nature which affects humans
—that is, the way they live, their health, recreation
or consumption. Consequently it is important to
understand human behaviors and institutions as they
interact with coastal environments. And humans,
being the "driving forces" behind environmental
change, are important to understand in their own
right.

The social and policy research supported by
Sea Grant addresses coastal resource management
issues that include understanding the increasing
conflicts over the use of marine and coastal re

sources; the contemporary economic and social
transformation of commercial fisheries in domestic

waters; the introduction of new technologies such as
aquaculture and the production of genetically
engineered organisms; and issues of public health
and safety. These are a sampling of the kinds of
issues that Sea Grant social science and policy
research attempts to address.

Sea Grant social science and marine policy
research focuses on theory and conceptual develop
ment. It pursues research on underlying mechanisms
and processes. Policy research searches for innova
tive techniques of national relevance and attempts to
push forward knowledge in areas where new
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approaches or information to solve problems is
needed. Sea Grant research supplements and
contributes to the other NOAA missions—

particularly coastal zone, sanctuary, and fisheries
management and the development and conservation
of marine resources. As a foremost source of

support for domestic fisheries and marine policy and
social science, Sea Grant coordinates closely with
other federal agencies and line organizations of
NOAA, particularly its National Marine Fisheries
Service (NMFS).

Program Trends

The social science and marine policy program
supported 35 projects in FY 1992. Total funding,
including federal, matching and pass through funds
was $2,020,764, or 6.8 percent of the overall Sea
Grant research effort. This proportion compares
with the FY 1989 figure of 6.7 percent of the
research effort.
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In this report, social science refers to those
projects using traditional sociology, anthropology,
political science or geography approaches to under
standhumansas they relate to natural resources; it
also includes interdisciplinary research with a strong
social science intent or collaboration. The category
of marine policy andmanagement studies refers to
those projects seeking primarily to advance under
standing ofmanagement options and effects, policy
choicesor directions and, sometimes, the working of
institutions and laws rather than focusing on the
behavior of humans or their communities per se.
Naturally there is a fine line betweenthe two types
of studies and, sometimes, projects straddleboth
categories. Sea Grant has a commitment to both
approaches to advancing knowledge about coastal
resources, because both the human dimensions and
the institutional or management research are impor
tant aspects ofhuman activity along coastal margins.

Table 1 shows that the proportions of social
sciences and marine policy projects have remained
fairly steady between FY 1989 and FY 1992.
Although the datashows variation across years in
the proportion of policy versus social science
projects, the oscillationdoes not suggest the demise
of either. There is a critical mass of projectsin both
categories and the variation in numbers of projects
appears to move in both directions.

Table 2 shows the proportions of federal,
matching and pass through funds for the major types
of social science and management categories from
FY 1989 to FY 1992. This table reflects the overall

Number of Social Science

and Policy Projects
by Fiscal Year

Social

Sciences

Policy &
Management

Total

Tablel

1989 1990

16 16

19 10

35 26

1991

20

11

31

1992

23

12

35

commitment to social science funding from all
sources, including the ability to attract pass through
funds from other agencies or parts of NOAA. The
funding across categories or topics varies from year
to year, but it would be stretching the interpretation
to identify causal factors. In general the funding
across categories appears to be fairly stable.

When parsing out the contributions of each
funding source (federal, matching and pass through,
see Table 3) over time, it appears that partof the
reason for social science and marine policy program
stability may be due to an increase in pass through
funding. Again,it is difficultto tell if this is atrend
or random event, but it is worth noting mat pass
through funding across the entire Sea Grant program
is on the increase.

Program Accomplishments andDirections

The following sections take a broad look at
majoraccomplishments and trends in the social and
policy sciences. The narrative synthesizes research,
publications and accomplishments over nearly four
years ofwork. While it has not been possiblein this
report to cover all the areas in social science, the
report focuses on a few broad areas, particularly
where work has resulted in programmatic thrusts
that have been extended through working with the
Marine Advisory Service (MAS).

Preserving the Past; Investing in the Future

Although the overall investment in historical
archeology and prehistory continues to be small
(under $25,000 total), the interest in the results of
archeological projects is substantial. There have
been many funded as "project development
projects" over the past four years, and these have
provided a remarkable return on investment.

The Great Lakes region has been a particularly
rich area for underwater archeological projects.
Recent federal guidelines accompanying the Aban
doned Shipwreck Act give the states responsibility
for managing historic shipwrecks including public
recreation and commercial salvage regulation. Some
Great Lakes states arecreatingmarine reserves or
marine sanctuaries. So the need to identify and
assesshistoricshipwrecks is pressing;especially
given the economic impact of the growing recre
ational dive industry.
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Social Science & Policy Funding by Research Area

Total Funds, including Federal Sea Grant $, Match, and Pass Through
(in thousands ofdollars)

Recreation &Tourism $

Commercial Fisheries $

$Policy&Resource
Management

Archeology

PublicHealth/

Safety

Valuation

Marine Industry
& Ports

Totals (indollars)

$

1989

266/12%

568/26%

1,280/59%

24/1%

N/A

N/A

23/1%

1990

362/27%

439/30%

821/47%

35/2%

N/A

N/A

0

1991

$ 45/1.8%

$ 1,300/51%

$ 815/32%

15/.06%

273/11%

99/4%

0

1992

107/5.2%

326/16%

915/45%

19/9.3%

441/22%

209/10%

4/.20%

$2,159,693/99% $1,756,921/106%* $2,548,789/99.8%* $2,020,764/107%*

Table2

Fieldwork in one project focused on wrecks
such as the Byron, a small coastal trade schooner;
the Walter B. Allen, a three-masted schooner of
Civil Warvintage witha special steam engine rig for
deploying sail tackle; the T.H. Camp, a wooden tug
transporting the overwintering suppliesto a logging
camp; and the F.J. King, another three-masted
schooner used in the iron-ore trade. Together these
wrecks providedetailsof life in the upperWisconsin
region that augment historical understanding of the
region's forces and economics. The data will be
used to develop interpretivematerials for dive sites
and for communities near the wrecks and are a good
investment in the past and future.

In Michigan, archaeologists and MAS recre
ation specialists have worked together to identify
wrecks in Lake Michigan and worked with commu
nities to develop interpretivematerialssurrounding
these wrecks. The goal is to encourage appropriate
diving activities aroundthe popularshipwrecks.

Michigan has established seven bottomland
preserves—designated areas containing historical and
geological significance—to preserve the GreatLakes
underwater heritage. Sea Grant's role has been to
help locate andverify the historical significance of
the wrecks, promote an understanding of the
concept, and assist local leaders with the initial
development necessary to capture the economic and
tourism potential of the underwater resources.
Interpretive centers and maritime museums are an
importantaspectof public education.

Adaptation to marine ecosystems has been
the other area in which Sea Grant has funded

successful archaeological research during the past
three years. Rhode Island Sea Grant provided funds
to investigate the role of maritime adaptation and
subsistence patterns of late woodland peoples on
Block Island (Rhode Island). Because the site
spanned pre- and post-European contact, it provided
unique opportunities to examine the changes that
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occurred with the introductionof pottery, agricul
ture, and European contact. Sea Grant also provided
additional funding forradiocarbon dating from the
site. The result, featured on the front page of the
Providence Journal, was the discovery of the oldest
village occupied year-round in southern New
England (1,000 yearsolderthan earliest settlements,
dating from five centuries B.C.), and of a maritime
economy that relied entirely on ocean resources.
Reliance on maritime resources was the foundation

for the villagers' stableeconomyand subsistence,
andthey ventured far out on the ocean in 40-foot
dugout canoes with large crews. Prior to this, it was
believed that Indian settlements were predominantly
seasonal, moving from summerto winterharvesting
and hunting encampments. A permanent settlement,
such as identified by McBride and his co-workers,
indicates a levelofsophistication andsocial organi
zation that was previously thought rare.

PublicHealth and Safety - Communicating Fish
Advisories in the Great Lakes

Over the past four years, Sea Grant has
focused on improving knowledge of public health
and safety issues regarding recreational fish con
sumption. Because ofhistoricaland long-standing
discharge of toxins into the Great Lakes region in
particular, states and the Environmental Protection
Agency (EPA) have issued advisories about eating

too much fish or fish from particular geographic
areas. Controversy surrounds these advisories, from
how best to word them for effective communication,
to whether they are having anyeffect on people's
eating habits. This concern falls squarely withinthe
domain of communication theory and risk communi
cation.

The problem is to develop and maintain the
quality of sport andsubsistence fishing and human
health in the context of contaminated fish. Unac

ceptable levels of PCBs, Mercury, chlordane and
dioxin, kepone, DDT, PAHs have been found in
fish. The government has a role to warn fishermen
and consumers of potential risks. Advisories arethe
primary mechanisms to alert anglers to avoideating
fish and to recommend specific amounts of fish for
specific at-risk populations (such as pregnant women
and children).

Sea Grant social science has played an educa
tive and investigative role in this dilemma. First, they
identified and clarified federal and state roles. When

it comes to fishing, the role of advisor is shared by
federal and state governments. The federal role is
typically risk assessment, done by EPA and the
Food and Drug Administration. Each agency has a
different legislative mandate and, consequently, a
different interpretation of how to assess risk to
human health. The federal standards are voluntary
and are advisory to the states. Adding to the com-

Social Science & Marine Policy
Federal Funding

FY 1989-1992
(in dollars)

1989 1990 1991 1992

Federal 997,464
46%

972.009 1,219,219
55% 48%

868,765
43%

Match 936,229
43%

715,281 929,731
41% 36%

824,620
41%

Pass Through 226,000
10%

69,631 399,839
4% 16%

327,379
16%

Total 2,159,693 1,756.921 2,548,789 2.020.764

Tab!e3



plexiry, the state risk-assessment process is not
standardized across states, andthey use a variety of
state agencies and federal standards to assist them.

Observing currenttrends, social scientists have
pointed out that fishery managers are being asked to
step into the relatively new roleof risk communica
tors. The workof Knuth is especially important as
she has brought the framework of risk communica
tion to understand and rationalize the advisory
process. The risk management perspective partitions
theprocesses of setting risklevels and of advising
the public into discrete phases. Risk assessment, the
determination ofrisk levels, is a first step. Subse
quent decisions, called risk communication, involve
determining the most appropriate way to get the
message out, such as which "channels" to use
(newspaper, charter boat captains, TV, fishing
license regulations); and, finally, estimating the
effectiveness of advisories in reaching target popula
tionsandin changing behavior.

Much attention has focused on the first part of
the risk management process: risk assessment.
Social scientists in collaboration with fisheries

scientists have illuminated the conservative nature of

the EPA risk assessment standards and called for a

new look at the ways risks are communicated: They
have suggested alternative waysofexpressing riskin
advisories such as communicating risk in compara
tive perspective, comparing risk from eating fish
with risk from drinking diet drinks with saccharine,
or drinkingmilk or eating peanut butter.

Currently, social scientists areturningtheir
attention to the risk communication process, the
second majorphase of the risk management pro
cess. Social scientists have answered the first

important question: do peopleknow aboutthe risk
advisories? Results to date from several studies

indicate that amonglicensed anglers thereis general
awareness of advisories. In New York, for example,
82 percentof licensed anglers knew about fish
advisories. This compares with 72 percent in
Wisconsin and 87 percent in Michigan. In a recent
survey of the entire Great Lakes Basin, carried out
for the Great Lakes Protection Fund, the investiga
tors found that 83 percent of licensed fishermen
were awareof the advisories. A Sea Grant study
determined that advisories awareness has increased

since 1988 (from 80 percent to 85 percent) among
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New York licensed anglers, particularly among
young, low income, and less-educated anglers.

These responses indicate a general awareness
of fish advisories, as noted above, but results do not
tell all that is needed to be known. Social scientists

have pointed the way to the next questions: (a) does
this general knowledge translate to changes in
behavior, (b) is general knowledge different from
thorough knowledge about risk. Results of the
Basin-wide study, for instance, revealed that about
one-third of the licensed anglers saidthey hadmade
changes in their fishing behaviors or fish consump
tion in response to the health advisories. Most
people, however, did not change their behavior
because they believed they werenot at risk. Finally,
(c) we do not know about non-licensees and con
sumption of contaminated fish - presumably more
high-risksubpopulations such assubsistence fishing
families, minorityandlow-income groups, and
women.

In addition to refining knowledge about
effectiveness of advisories, the next phaseof the
research focuses on effectiveness of the message
and messengers: risk communication. This means
refiningthe ability to reach the two-thirds of the
population which does not perceive risk.

If the goal is to changebehavior, there is a
needto understand how peoplethink about fishing,
fish consumption and its risk. Communications
theorists point out that successful advisories are
"receiver-centered" and based on knowledgeof the
individuals ultimatelyneedingto changetheir
behavior. Assuming there is risk to the public from
eating fish from contaminated bodies of water, who
arethe subpopulations most at risk (for instance,
subsistence, low-income, or urban people)? What is
the best method to communicate the proper risk and
"avoidancebehavior" to those groups and the
fishing public? Even if they know about the adviso
ries, do they or can they change their behavior to
avoid risk? Who or what type of outreach is most
effective in changing their behavior? One finding to
date is very intriguing andhasobvious implications
for extension: Peoplewere more likely to change
behavior (trim fish to avoid contamination) when
they learned about the advisories through a charter
boat captain or charter operator.

The work done to date has led to the threshold
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of an opportunity. Much more needs to be known
about the people not changing their behavior(60
percent Basin-wide) and about optimal communica
tion strategies for reachingthem. And more needs to
be known about at-risk subpopulations (such as low
income, low education, non-licensed, and women) -
and the identificationof communication strategies to
reach them.

The Transformation in Fisheries Management

Since the 1976 Magnuson Act, domestic
commercial marine fisheries have expanded to
dominate the U.S. Exclusive Economic Zone. This

was one goal of the act, so partial success can be
claimed. Most United States' fisheries are open
access, with restrictions placed only on gear, time,
and location. But, for a variety of reasons, either
many fish stocks are depleted or fisheries are
overcapitalized and, in some cases, both. Among
fisheries managers and fishermen in general there is
dissatisfaction with the results of the law and its
implementation.

In the midst ofthis reappraisal, a dramatic
transformation is occurring in fisheries management,
as Regional Fishery Management Councils consider
moving fisheries from open to limited access
management. Sea Grant- and NMFS-funded social
scientists are providing councils with important
information to design the management plans and to
assess the social andeconomic impacts of changing
the regime from open to limited access to a common
property. The work both informs and derives
momentum from the awakening global interest in
reassessing the dynamics of "the commons," led by
cultural anthropologists,politicalscientists and
economists. This movement has spawned a rapidly
growinginternational association,the International
Association for the Study of Common Property,
dedicated to understanding management and use of
the commons, from grasslands to tropical forests;
fisheries social scientists haveplayed amajor role
providing experiences from fisheries management.

The first move toward limited access to

fisheries management in the United States was a
vessel moratorium for the Surf Clam fishery insti
tuted in 1978. In 1990, Amendment 8, to the Surf
Clam and Ocean Quahog Fishery Management Plan,
ushered in quasi-rights for fishermen to fish for a

predetermined portion (quota) of the clams. The
process ofchoosing the ITQ (individual transferable
quota) by the Surf Clam industry has been docu
mented by B. McCay and C. Creed, of New Jersey
Sea Grant, who followed-up with studies of the
impacts of the new management regime. They have
worked closely with the Mid-Atlantic Fishery
Management Council and the industry.

As predicted by McCay and Creed, there have
been changes in the industry structure as a result of
the ITQs. There has been a reduction of vessels in
the fleet. One-third of the vessels have left the fleet

and about one-third of the men working in the
fishery have left—most for jobs unrelatedto fisher
ies. The regulations have created what to some
owners seems an artificial business environment

with the cost of business now being the cost of
buying and/or leasing ITQs. These increased costs
aretaken out of the crew's share, passing the
burden on to the wage base of the crew members.
The ITQ system has received mixed reviews from
the fishing community, and results are being closely
watched, since other fisheries are coming "on-line"
for some form of restricted access.

The South Atlantic Bight wreckfish fishery
was the second fishery to come under ITQs,
followed by the Florida spiny lobster. The Florida
fishery, primarily in state waters, piloted the devel
opment of a new "transferable trap certificate," the
fishermen's choice for managing their fishery. The
trap certificate was identified through the leadership
of social scientists M. Orbach and J. Johnson, who
worked with the industry completing baseline social
science research and meeting with fishermen in this
ethnically diverse fishery, sorting through a variety
of options to limit access. The fishermen finally
chose the transferable trap certificate, which Orbach
terms a type of "effort limitation."

The New England groundfish fishery is under
severe pressure, and NMFS agreed in a court
settlement with the Conservation Law Foundation to
implement a groundfish plan by the end of 1993 that
would rebuild the stocks. The social and economic
dislocation from this plan will likelybe enormous,
since it will involve a50 percent fishing effort
reduction in the ports like Gloucester and New
Bedford, Massachusetts, and other new England
ports. Hall-Arber at MIT has begun a project to



assess the socioeconomic impacts of the proposed
plan, and hasreceived somematching funds from
the New England Fishery Management Council. She
will be identifying both the intended and unintended
consequences of management schemes so that
negative impactsmay be addressed or mitigated.

The Secretary of Commerce has approved
community development quotas(CDQs) in Alaska.
CDQs allocate a portion of the groundfish fishery
for the next three years to social and economic
development in the predominantly Eskimo and Aleut
villages ofthe western Alaska coast. Villages get (a
quota) and for their shareof fish can use it for
training, education, local development or investment
in vessels. Although controversial, it is seen as one
way to develop fishing potential forthe villages and
allocate a portion of the harvest's benefits to
community-based groups. Social scientists should be
involved in assessingthe effectiveness of this
management strategy, and should see this as an
opportunity to add to their knowledge of manage
ment regimes and community viability.

A halibut and blackcod IFQ (individual fishing
quota) program for Gulfof Alaska fisheries, a quota
share managementplan, may be in placeby March
1994. It will allowyear-round fishing, a significant
advantage in the marketplace since it spreads
deliveries over longer periods. It will promote greater
safety in the fishing operations by eliminating the
six-hour"derbies," or race for fish. Social scien
tists, including the work of Gunnar Knapp in Alaska,
have been instrumental in calling attentionto the
social and economicadvantages of pursuingthis
management strategy. On the other hand, the likely
reduction in the fleet will hurt coastal communities
due to the demise of smaller-scale fishermen and
eliminating opencompetition on the fishing grounds.
It is expected that all fisheries offAlaskawillcome
under similar limited access programs.

Several fisheries social science workshops
havebeen co-sponsored by Sea Grant in the last
three years. As part of the effort to push forward
thinking about the social and economic effects of
limited access as a managementtactic for commer
cial fisheries, Sea Grant andNMFS co-hosted a
workgroup on limited access in 1991. It wasorga
nized and chaired by Peter Fricke (NMFS) and
Shirley Fiske. The interdisciplinary group identified
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the research gaps concerning limited access and
made recommendations for the implementation of
limited access regimes across the U.S. A second
workshop convened by John Gates in 1992 ad
dressed a much larger question of articulating the
needs for social science research in commercial

fisheries for the future. The University of Rhode
Island (URI) Sea Grant, the URI Resource Econom
ics Department andNOAA Economics Group co-
sponsored the workshop.

AquacultureandBiotechnology Policy

There are important relationships between the
development of aquaculture in the U.S. and social
and policy concerns. In 1992, the National Research
Council published Marine Aquaculture. Opportuni
tiesfor Growth which included substantial input
from Sea Grantaquaculture specialists and from
Sea Grant programs across the nation, It included
chapters on social sciences and policy which called
attention to the fundamental policy choices and
social implications of the shift to aquaculture as a
preferred mode of production.

Nearly every state has a Sea Grant guide to
"permits andlaws for aquaculture," but these are
not analytical studies for the most part. Except for
the NRC report, one of the few empirical studies on
aquaculture involves an analysis of private oyster
planting inVirginia. The study concludes that while
the oyster disease MSX has received much attention
asthereason planting is not profitable, the economic
factor of the risingreal cost of oyster seed is very
important for the reduced privateharvests.

The possibility of producing and patenting
transgenic animals suchas fish and shellfishraises
new issues for fisheries managers and aquaculture
entrepreneurs. Initial work by A. Kapuscinski andE.
Hallerman has focusedon public policy regarding
laboratory production and field testingof such
animals. Questions areposed about the distribution
and final use of transgenic fish and the role of
fisheries professionals in the various stages of
production of transgenic fishes. The work in this
area pushes forward our thinking about
biotechnology—particularly when applied to the
introduction ofnew genetic materials into higher
organisms and implications for resource managers.



Sea Grant Review: 1990 through 1992

Governing the Coast

The last threeyears have been active in the
field of ocean andmarine policy. Sea Grant funding
has, in part, encouraged the formation of the Ocean
Governance Group, a network of analysts and
scholars who share the vision of rethinking the U.S.
approach to ocean policy and resource management.

The Ocean Governance Study Group is an
initiative of the academic marine policy community
to examine the status of U.S. ocean governance.
Initiated with leadership from Delaware Sea Grant's
Biliana Cicin-Sain and Bob Knecht, it responds to a
majorpolicy void in U.S. ocean policy to assess
how well the U.S. managementregime is working
24 years after the 1969 Stratton Commission. The
Ocean Governance Group is a broadly-supported
initiative in the Sea Grant system and has been
supported by contributions from at least 11 Sea
Grant programs.

The group has convened three meetings to
date, includinga Congressional briefing, andhas
developed a work programof analytical studies
includingthe evaluationofinstitutional andpolicy
fragmentation in national ocean policy, ocean use
conflicts, and intergovernmental relations in ocean
governance. The network is well-linked with NOAA
and Congressional interests and will contribute to the
needed debate on ocean policy. The last three years
have also marked the formation of Marine Affairs

and Policy Association (MAPA), which is dedicated
to advancingmarine affairs and policy educationand
research.

An early articleby L. King and S. Olson
pointedout the importanceof"state institutional
capacity" or readiness to manage ocean resources.
Essentially,states vary in their ability to take
responsibility and authority toward ocean resources
and policy. There have been several important
studies to identify state ocean policy/governance
capacity. Robert Friedheimbrings the paradigm and
dilemma of common property to bear on the next
steps needed for ocean governance. Because
Mississippi's oceanmanagement infrastructure is at
an earlystageof development, Richard Laughlin and
LauraHoworthcompleted a Mississippi Ocean
Policy Study to encouragethe state to adopt an
effective ocean management institutional frame

work. A detailed casebook on the latest legal
decisions involvingcoastal andoffshore issues
including public andprivate rightsin the coastal
zone, preserving shore rights and resources, coop
erative management of ocean and coastal resources,
andconflict management involving offshore re
sources for the U.S. and Florida has been com

pleted.
Work continues in interpreting the public trust.

New court decisions and pending cases in Rhode
Island arerefining thinking about public trust
responsibilities and rights. The recent Hall v.
Nacimiento decision by the Rhode Island Supreme
Court ruled that extensions of the seaward boundary
through landfill, forexample, are partof the public
trust (state), and do not necessarily accrue to the
private landowner. A pendingdecision will deal with
the related question of ownership of bottomlands
under piers that are privately owned.

Coastal management planning and zoning may
become more problematic and the taking issue may
be on the forefront as the United States becomes

more populous and litigious and as coastal areas
become more developed. The implications of the
Supreme Court decision in Lucas v. South Carolina
Coastal Council have heightened interest in this
area, although it is not clearthat agencies denying
coastal permits without compensation will, across
the board, be more difficult to support.

Global Change

It would be remiss not to mention the work on

global change,which to date has focused almost
entirely on effects and prospects of sea level rise.
Sea level rise in Maine, for example, has occurred in
all coastalmunicipalitiesover the last 50 yearsand is
expected to continue. Questions involve resolving
property rights and access to shoreline. The Univer
sity of Maine MarineLaw Institute is identifying the
legal aspects of sea level rise and examining Maine's
state policies in response to the threat of sea level
rise in a citizen's guide.The Mississippi/Alabama
program has sponsored a conference on the long-
term implications of sea level change forthe Missis
sippi and Alabama coastlines. The contents of the
proceedings include public trust issues, land use
implications,and planning and coastal management



implications. Using a casestudy approach, one
projectexamined the land use implicationsof
alternate sea level rise scenarios on the city of
Myrtle Beach, South Carolina. Type and values of
land development likely to be affected are estimated,
and managementoptions are explored. In the
international arena one project focused on the
potential for impacts in the western Indian Ocean
coastal zone where the indirect pressures of climate
change andanthropogenic forcings (pollution,
dredging, coral mining) andpolicy (land use, coastal
zone) collide.

In this report, it is not possible to cover all the
importantaccomplishments in every area of social
science and marine policy. The above selection is a
sampling ofaccomplishments and opportunities that
is intended to illustrateexamples of work funded
over the last four years, the usefulness of the results
for contemporaryissues, and the opportunities for
future research inherent in coastal resources devel

opment nationwide.
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Communications

Introduction

To disseminate useful information arising
from Sea Grant research, education and advisory
services, the National Sea Grant CollegeProgram
draws upon a network of professionalswith
educational and practical experience in communi
cation theory and methods. These communicators
utilize a wide array ofmedia to ensurethat new
technologies and information are transferred into
the hands ofusers in both the public and the
private sectors.

Each of the 29 Sea Grant programs has
designated a communications coordinator whose
overall goals are to create betterunderstanding of
Sea Grant activities and accomplishments while
helping to promote an awarenessof ocean,
coastal, and Great Lakes issues.

While communications projectsat individual
programs vary in staff size, funding and empha
ses, they are designed to provide communications
expertise and advice to all components of Sea
Grant, includingmanagement, advisory/extension
staff, researchers and educators. Strong writing
and editing capabilities are a defining characteris
tic of Sea Grant communicators, but their back
grounds can also encompass experience as radio,
film and video producers, graphic designers,
computer publishing specialists, conferenceand
exhibit planners, and teachers.

Along with core communications projectsat
individual programs, the Sea Grant communica
tions network also includes three specialized
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projects. The National Sea Grant Depository at the
University of Rhode Island serves as the archive and
lendinglibrary for all publicationsgenerated by Sea
Grantprograms nationwide,while the quarterly Sea
GrantAbstracts document summarizes newly-issued
publications and videos. Now in its 20th year, the
"Earthwatch" radio program produced by Wiscon
sin Sea Grant is heard on more than 140 stations in

the United States, Canada and overseas.

Funding

The following tableshows the level of support
forcommunications from Fiscal Year 1990through
Fiscal Year 1992 (October 1,1989 -September 30,
1992).

Sea Grant Communications Funding

FY Federal Match Total

1990 $3,455,968 $2,152,056 $5,608,024

1991 $3,745,280 $2,278,687 $6,023,967

1992 $3,874,890 $2,338,179 $6,213,069

Table!
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Network Publications Productivity
in Major Categories

Advisory/
Extension Reports

87

101

88

82

89

96

90 91

103 105

92

(to date)

31

Books 2 5 3 5 4 4

Educational/

Cunicular Materials 15 4 5 7 1 6

Handbooks/

Guides 21 20 15 28 29 11

Journal Article

Reprints 548 577 566 489 432 129

Proceedings 32 38 33 32 21 12

Technical

Reports
89 78 86 49 38 18

Source: National Sea Grant Depository database total 30,373 records as of February 1, 1993.

Table2

Network Publications Productivity

Sea Grant communicators are involved in
writing, editing,and publishinga varietyofmaterials,
including conference proceedings, technical reports,
and guides and handbooks, many of which are
targeted for specialized audiences served by the
Marine Advisory Service. These audiences include
aquaculturists, coastal planners,port and harbor
managers, commercial and recreational fisherman,
and seafood processors. In workingwith scientists,
Sea Grant communicators track peer-reviewed
journal articles and write stories to disseminate
research results more widely. In addition, communi
cators write and distribute news and feature articles

on Sea Grant activities to the mass media in order to
reach the general public with information on marine
andcoastal topics. The following table provides one
measure of communications productivity, but it
should be noted that communicators are also called

upon to produce program and project directories,
annualreports, and omnibusproposals for funding.
Please note that figures for Fiscal Year 1992 are
preliminary, with many more publicationsfrom that
year as wellas some from 1991 still expected to
arrive at the National Sea Grant Depository for
processing in 1993.

Publication Highlights

Accolades

Still the foundation upon which other commu
nications efforts are built, publications in the Sea
Grant network covered the full spectrumof the
marine sciences and brought accolades to communi
cators and their programs. Begun in Spring 1989,
Nor'easter, the Sea Grant network's first-ever
regional magazine, completed its fourth year in
1992, with the active participation of communicators



from the Connecticut, Maine, MIT, New Hamp
shire, New York, Rhode Island, andWoods Hole
Sea Grant Programs. In the process, it won two
national, peer-reviewed awards for innovative
resource management and overall publication
excellence from the Council for the Advancement
and Support of Education, an association setup to
honor outstanding achievements at institutions of
highereducation in the United States and Canada. In
addition, in 1992 it won oneof eight coveted
"Ozzie" awards for bestoverall design in the
educational magazine category; more than 1,600
entries werereceived in this national magazine
competition.

On theWest Coast, in anexample of Land
Grant honoring Sea Grant, Alaska Sea Grant won
two first place prizes in the 1990Agricultural
Communicators in Education (ACE) national awards
program. An article by a communicator on seafood
by-products, which was published in Alaska's
leading business magazine, won first place for
magazine writing aswellas first place in all writing
categories. Also in 1990, theAmerican Library
Association's Government Documents Roundtable
recognized in its "Notable Documents" competition
thebooklet Persistent Marine Debris: Challenge
and Response, a joint effort of Alaska Sea Grant
and the NOAA Chief Scientist's Office.

Debuts

Among othernoteworthy developments during
this reporting periodwere the debuts of the Sea
Grantin Brief'report from California, the Fathom
magazine from Florida, iheMalama Kai (Care for
the Sea) magazine from Hawaii, the jointSeafare
tabloid newspaper from Maine andNew Hampshire,
the magazine Watershed from Maryland, andthe
Sea Grant in the Caribbean newsletter from Puerto
Rico. In addition, North Carolina totallyrevamped
its Coastwatch newsletter into a more comprehen
sive magazine, and several programs, including
Delaware, Illinois/Indiana, andVirginia, saw their
newsletters doingdoubleduty—as annual program
reports to their constituents.

Collaborations

In an example of outstanding Sea Grant
regional cooperation that alsodrewupon private
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sector involvement, the Sea Grant programs in
Connecticut, New Jersey, and New York joined
forces on a 1990 Earth Day project to write the
Earth Guide: 88 Action Tipsfor Cleaner Water.
The guide promotes energy and environmental
conservation by emphasizingsimple actions indi
viduals can take to reduce pollution and improve
water quality in their watershed. WCBS News Radio
in New York City paid for the layout anddesign,
and then promoted the publicationto listeners in the
Tri-State area. The original printrun of 53,000
copieswas latersupplementedby an additional
15,000 copies to meet the high demand. In addition
to distribution to the general public, the guide found
favor among dozens of local, state and federal
legislators from all threestateswho requested
additional bulk quantities of the guide to distribute
among their constituencies.

In 1989, the Ohio program produced an
overview of the zebra mussel infestation of the

Great Lakes which proved to be anextremely
popular publication. After seeinga Sea Grant story
about thepestin a trade magazine, theboatbuilding
company Brunswick Marine offered to print
200,000 copies of the publication at no charge.
These copies havenow beendistributed by the
Great Lakes Sea Grant Network, the Environment
Canada organization, and several otheragencies and
associations. As the infestation spread, the Great
Lakes programs quickly collaborated to produce a
comprehensive outreach plan combining advisory
services and communications to develop public
awareness of the problem and methods to slow the
mussels' spread. For more background regarding
this specially targeted outreach and research, please
refer to the "Zebra Mussels" section in this review
document.

Crossing the country to the West Coast, the
regional Pacific SeaGrant College Program issueda
project directory covering programs in Alaska,
California, Hawaii, Oregon, SouthernCalifornia, and
Washington. In addition, the group also issued a
popular fold-out brochure that lists allof the region's
Publicationsfor Commercial Fishermen and
Processors.
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Broadcast Media Developments

Since 1984, the National Sea Grant Office has
encouraged Sea Grant programs to use the broadcast
media more extensively given the fact that more and
more people get their information from radio and
television. Realizing that budgetaryconstraints
prohibitedthe hiringof additional personnel,national
communications guidance suggested that efforts be
made to place Sea Grant individuals with interesting
stories to tell on radio and television interview

shows, to try relatively inexpensive-to-make public
service announcements, and to adapt already
existing materials for use in radio and television
news shows.

In some cases, as staff turnover occurred,
replacements with broadcast media backgrounds
have been hired, as has occurred in Hawaii, Louisi
ana, New Jersey, Virginia, and Texas. In other
instances, programs have developed closerworking
relationships with theircampusradio stations,
instructional media services, or free-lance
videographers.

That video productivity has increased over the
past eight years was certainlyevident when the
National SeaGrant Officewas able to arrange film
festivals at both Sea Grant Week and the Coastal

Zone conference held in summer 1991. To serve as
a guide to currently available videos,the national
office produced the document Marine Resource
Videos which was distributed to programs in March
1992. Among the noteworthy videos produced
during the past three years are: "Ocean Ranching"
about salmon hatcheries from Alaska; "Vanishing
Wetlands" from Louisiana; "Making New Waves:
Aquaculture in Maine"; "Keeping Score" about
releasing fish unharmed from Maryland; "Too
Much Mussel" from Ohio; "Oregon's Ocean"; and
"Texas Shores: Saving What's Left."

A particularly innovative approach to usingthe
media occurred in 1990-91 when Florida Sea Grant
received a $112,000 grant from the Governor's
Office of Environmental Affairs to fund an environ
mental education project. As a result, Florida
prepared a series of52 broadcast-quality news
stories or video releases about the state's environ
ment, including several focusing on Sea Grant-
related topics. The completed videos were broadcast

as a regular part of the evening news producedby
11 television stations throughout Florida, and have
given Florida Sea Grant greatervisibility with the
media as a reliable source of marine and coastal

information.

On a global scale, the "Earthwatch" radio
program produced by Wisconsin Sea Grant received
an award for "outstanding environmental achieve
ment" from the United Nations Environment

Programme (UNEP) during the June 1992 Earth
Summit in Rio de Janeiro, Brazil. UNEP established
the Global 500 award in 1987 to "each year pay
tribute to individuals and organizations whose
everyday actions and leadership in the front lines of
the environmental agenda push forward the urgent
goalof safeguarding the planet and building sustain
able development." "Earthwatch" marked its 20th
birthday in September 1992 and is believed to be the
longest running series ofradio programs on science
and the environment in the United States. More than

5,000 two-minute programs have been produced
during the past two decades.

National Products

To foster better understanding of how Sea
Grant cansolvemarine and coastal problems on a
national scale, the Sea Grant network and the
national officeproduced avariety of publications
during the past three years. In January 1991, a
revision ofMarine Education was produced by
Texas Sea Grant and distributed by the Mississippi/
Alabama SeaGrant Consortium. This publication
provides anupdatedbibliography ofeducational
materials available from the nation's Sea Grant
College programs. Teachers and other individuals
interested in helping students explore and understand
the oceans and Great Lakes have reported on the
value of this educational tool.

A brochure describing TheNational Sea Grant
AdvisoryService: Servingthe Nation's Marine
Community first appeared in March 1983 andwas
reprinted several times over theyears. With advisory
services tackling newissues such as plastic debris,
global climate change, and solid waste disposal, the
Sea Grant network needed a newguide to provide
information about current advisory thrusts and
contact points. With input from individual programs



and the national office, Minnesota Sea Grant
published in April 1991 the brochure SeaGrant's
Marine Advisory Service: Looking to theFuture.

Marine Biotechnology: Competing in the
21st Century, a document issued in 1992, served to
introduce decisionmakers to a new Sea Grant
initiative which was coordinated on behalf ofthe
networkby Maryland Sea Grant. Also in 1992,the
national office, with input from the network, began
working on a new document titled Sea Grant:
Addressing ContemporaryMarine andCoastal
Issues. Seventhemes highlighting Sea Grant success
stories were selected for further elaboration.

Begun in July 1989 by Alaska communications
manager Kurt Byers, the Sea Grant Communica
tors'Newsletter was inherited by South Carolina
communications coordinator LeighHandal in spring
1992. The now retitled Communicator, designed by
Bill Hartley, provides a wealth of information for
Sea Grant communicators. From special articles by
communications professionals outside the network
to news from the network chair, this publication
goes a long way toward encouraging information
sharing.

ReachingOut in the 21stCentury

Onthe procedural front, just like proposals
from scientists, researchers and advisory service
leaders, communications proposals undergo thor
oughpeerreviewto examineboth past accomplish
ments and future plans and projects. Given the
evolvingsystem for competitive proposal review, the
Joint Committee on Modified Procedures has

established a subcommittee to explorenew proce
dures forreviewing and evaluating proposals for
funding communications projects. This subcommit
tee will begin meetingin the new 1993 fiscal year.

During 1991, a special task force was formed
at the requestofboth the National Sea Grant
Director and the Chair of the Council of Sea Grant

Directors (CSGD) to prepare a "think piece" on
SeaGrant communications strategies into the next
century. The task force prepared the report Sea
GrantCommunications: Reaching Out in the 21st
Century which was distributed at Sea Grant Week
'91 and then finalized and submitted to the CSGD in

November 1991.
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Describing Sea Grant as the "nation's primary
marine information program," the report notes that
Sea Grant's audiences are growing beyond those
reached during the last 25 years and that, in order to
reach these new audiences and help assure a
scientifically literate society for the next century,
"Sea Grant must be willingto adoptnontraditional
and innovative communications strategies." The
task force emphasized the underusedpotential of
both the mass media, specificallyradioand video,
andof new technologies such as computer-based
interactive videos andhypertext presentations.

In addition, the task force made several
recommendations to position Sea Grantas a signifi
cant source of marine-related information for the

coming decades, including: obtaining advice from
communications experts outside the Sea Grant
network on improvedcommunications strategies and
methods; improving computer networking among
communications programs throughout the country;
encouraging more professional development and
talentsharing opportunities; andmaking marine
science expertsmore readily accessible to the press.

Discussions at Sea Grant Week '91 and an

addendum to the task force report focused on
developing bettermarketing plans for Sea Grant
products. A network marketing committee has been
formed to find a way to market, advertise, and
distribute Sea Grant products moreefficiently. As
the committee chair reported in the Spring/Summer
1992 issue of the Communicatornewsletter, several
options havebeenconsidered including: national
marketing, including direct mail and display adver
tising;more sharing ofinformation and advicewithin
the network; discouraging production of products
very similar to materials already in the network and
buying into printrunswhen appropriate; and
encouraging moreregional marketing approaches. As
one step in this direction, the National Sea Grant
Office and the Maryland Sea Grant Program, on
behalfof the network, have begun intensivediscus
sions with the National Technical Information

Service (NTIS) to explore ways in which selected
Sea Grant products could be further marketed
through the international capabilities ofNTIS.
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Ocean Law

Introduction

Total funding for ocean law program projects
in FY 1992 was $620 thousand, an increase from
the FY 1991 level of $594 thousand, and a decrease
from the FY 1990 level of $747 thousand. In FY
1992, federal funding amounted to $286 thousand,
compared to$202 thousand in FY 1991, and $286
thousand in FY 1990;matching funds were $450
thousand versus $392 thousand in FY 1991, and
$461 thousand in FY 1990.

Most federal funding for ocean law supports
three major ongoing SeaGrant programs which are
listed below.

Oregon Legal Program

Oregon is themost comprehensive legal
program funded by Sea Grant. It combines research,
education, and advisory services. During FY 1992,
major funded efforts included studies of the integra
tion in international law of the sea developments into
domestic federal and state law. The program also
sponsored a study of the domestic and international
responses to predicted sea level rise from global
warming, and the legal rights of theshoreline
property owners. In addition, the Federal Fisheries
Management Guidebook was further updated and
publication of the Ocean Law Memo continued.

Mississippi/Alabama LegalProgram

TheMississippi/Alabama Program continues to
analyze the current marine and environmental policy
trends in legislation, regulations, and case law.
Publication of thequarterly Water Log also contin
ued through the year. This timely analysis and
reporting ofcoastal law and policy issues isof
crucial benefit to business and industry, government
officials, andpublic interest organizations.

Working closely with lawstudents and practic
ing attorneys, the program has fostered new areas of
interest and study including the legal andregulatory
aspects of exporting seafood products to Japan, the
legal impediments to limited entry inthe Gulf region,
andthe legal constraints associated with theocean
enterprise concept in the Gulf of Mexico. This year,
theprogram will also contribute a chapter to the
Magnuson Fishing Act Guidebook and produce a
guidebook for the taking ofmarine mammals for
scientific research or public display.

Louisiana Legal Advisory Program

The Louisiana legal advisoryprogram provides
an extensive education and public service program
related to the use, conservation, and management of
coastal resources unique to Louisiana. Law students
participate in theprogram's legal research and case
studies which provide crucial updated information to
regulatory agencies, state and local governmental
bodies, fishermen's organizations, and conservation,



recreational, and business groups. The program also
continues to publish its research results in the
LouisianaCoastal Law newsletterand in legal
journal articles.

Other Legal Projects

Sea Grant supported three otherspecific
projects. The first of these was the California Sea
Grantprojectthat investigated and assessed the
impact of recent changes associated with Exclusive
Economic Zone policies, Law of the Sea innova
tions, and the emergence of new management
regimes that challengethe existing structure ofU.S.
participation in Pacific marine fisheries management.
Through the searchof government and university
archives, the program supports state, national, and
international interests in the impact of public mea
sures on Pacific Coast marine industries. The results

of similar studies have been used in the development
oflegislation andregulations.

Second is a Delaware Sea Grant project that
recognizesthe limitations and problemsof the
largelysingle-purpose approachto ocean resources
management. This two-year project is developing a
multi-use approach. Through analysis, it identifies
and evaluates benefits of such an approach to ocean
andU.S. public lands management.This analysis
will be the basis for discussion anddevelopment of a
conceptual framework for policy standards in
managing multiple-use,publicly-owned ocean
resources. Members of the executive and legislative
branches and representatives of major ocean
interestswill participate in a workshop in Washing
ton, D.C., to evaluate the plan.

Third is an ongoing Hawaii Sea Grant project
that has sponsored 24 conferences and 10 work
shops,maintaining an international forum to ex
change ideas and information on the rules forusing
the sea and its resources. As a result of this project,
books and occasional papers are published for the
use of scholars, practitioners, libraries, governments,
andpublic interestorganizations.
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Technology and Commercial Development

Technology and Commercial Development

The most criticalchallengefacingthe Ameri
can economy is to rebuild the country's com

petitive position in the global marketplace. The
lesson has never been more clear. There is a

slowdown of productivity growth which has

translated into a stagnating standard of living
for Americans. The economic competitiveness
of the nation's industry in world markets is
directly related to its investment in developing

human and capital resources. World scientific
leadership alone has not been able to sustain

the nation's once dominant production economy.
There is a need to become much more aware of

how science is translated into commercial goods

and services. The Division of Technology and
Commercial Development is directly concerned

with bringing the results of Sea Grant scientific

research to the commercial sphere. This report

covers four Sea Grant program areas: ocean
engineering, marine economics, marine recre

ation and tourism, and international

activities.
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Ocean Engineering
Introduction

The SeaGrant ocean engineering program
focuseson improvingthe abilityto workeffectively,
efficiently, and safelyin the marineenvironment. It
is concerned with keeping abreast ofthe rapidly
changingtechnologymat is vital to economic
competitiveness. This is not a large segment ofthe
overall SeaGrant program. In FY 1992,50 projects
were supported with total federal funding of
$3,021,543andnonfederalmatchof$1,150,948 (the
federal funds include$1,275,082 whichwere
provided bypass through from other agencies).
However,inspiteofthislimitedeffort,substantial
progress and contributions were made inseveral
areas during the past three years.

Progress and Significant Achievements

Education and Outreach

Engineeringcurriculaare typicallycrowded
withvarious mathematics, science, and applied
science courses, but have a difficult time managing
an emphasis on the engineering dimension, such as
integrationacross scientificdisciplines,synthesis,
design—allareas related to the doing ofengineer
ing. For many years, several Sea Grant colleges
have successfully included undergraduates in real-
world, marine problem solving.The fruitsofthese
studies have been manifest in the past three years.
These courses have the advantage ofinteresting
the students in ocean engineering during their
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formative years ofstudies. The courses also
provideexcellentvisibility withinthecollegeforSea
Grant and its mission interests, and often provide a
preliminarystudy ofa problem that serves as the
basis for a later research thrust by the institution.

As an example, a preliminary design ofa
collision-tolerant, navigationchannel markerpileby
New Hampshire students was subsequently
followed byan interdisciplinary engineering faculty
team design. The marker pile was successful in
prototype installations, and the U.S. Coast Guard
has adopted it for high incident locations.The Coast
Guard expects that this pile structure may save
millionsofdollarsannually.

Another interesting and valuable recent
project in this category is NUT Sea Grant's use of
graduate students to provide high technology
advisory services. Examples include: an excellent
report on marine dredged materials management
which reviews the legal structure affecting dredging
and gives options; a current study ofusing chitosan
in water treatment as an alternative to alum which

is being outlawed in some areas; a report analyzing
the probable impactsofdredgingpollutantsfrom
New Bedford, Massachusetts harbor. These
studies have been excellent from an educational

point ofview, but have also proven to be an excel
lentmethod ofprovidingcommunity outreach for
the university.



Artificial Intelligence and
Knowledge-Based Systems

AnFY 1989workshop developed a research
agendafor the' 'ApplicationofArtificial Intelli
genceandKnowledge-Based Systems Techniques
toFisheries andAquaculture.**Computer science
academics havenotbeengenerally incorporated
into SeaGrant studies inthepast. During these past
threeyears, thisreport hasbeen distributed among
SeaGrant researchers and realprogress has been
made. Active projects in 1992include anattempt to
develop a system for estimating angler harvests,
intensiveclosed-systemaquaculture, andmicro
computer-basedautomation. Furtherimplementa
tionoftheworkshop recommendations isexpected.

Ship Design, Construction, and Safety

Activitieshave been heavilyfocused in this
area, and notable progress has been made on
severalfronts. Previous studies by many Sea Grant
programsofcontrolsand navigationsystemsfor
submersiblevehiclesled to the designofaninex
pensive, deepdiving, autonomousvehicleatMIT
SeaGrant. Thisvehicle ispresently undergoing sea
testsandwillbe adaptedto several types of future
scientificmissions.

At Michigan Sea Grant, naval architects are
currently concentratingonrecreational boatdesign
andtheproblemoffishing vesselcapsizing. In both
cases,substantialcontributions tosafetyproblems
are being made.

Also at MIT Sea Grant, geometric studies
relatedto Computer Aided Design and Manufactur
inghave been fruitful, and have led to considerable
Navyattentionandsupport.Thesecontributions
should bevaluable inmanytypesofmanufacturing,
andare beginningto attract industrialattention.

Rehabilitation of Aging Structures

Sea Grant has previouslysupported studies
related to the analysisofoffshore structures. These
studies have evolved recently into a new and
important focus ofactivities.There are many aging
oil production platforms in U.S. waters. These
structures have beendamaged through collision,
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fatigue, corrosion, andearthquakes. Assessing the
presentintegrity andsafe remaininglifetimeis a
lengthy and expensiveprocess.New techniques for
simplifyingthe assessment ofoffshore structures
are beingdeveloped in cooperation withU.S.
industryandregulatoryagencies. Correspondingly,
techniques willbe developed to detail the increase
ofthe structure's useful life which would result
from specific repairs. Since these structures cost as
much as$1billion each,thesavings fromidentifying
repairs which can extend their useful life will be a
substantial aidinkeeping U.S. oilindustrycompeti
tive.

Corrosion

Approximately fiveyears ago, Sea Grant
contributed heavilytotheunderstanding ofthe
electrochemicalnatureofcorrosion, especially
concerningthe effects ofcalcareous deposits and
the localized corrosion ofaluminum and stainless
steel. During the past three years, this emphasis has
shifted to the influence ofmarine bacterial films on
corrosion. It is too earlyto report substantial
achievements, butthisisan important areaof study
and progress is being made. Related studies are
concentratingondevelopinginhibitorsofadhesion
ofbiofilms and corrosion.

Relations with Industry

Engineeringfaculty and students need a close
relationshipwithindustryengineeringpractitioners
to keep abreast ofthe state-of-the-art and to test
out the relevance and usefulness oftheir studies.
MITandMichigan Sea Granthaveboth provided
excellent forums for achieving thisthroughresearch
jointlysponsored bySeaGrantandindustry. Also,
MIT Sea Grant has a very effective Marine
IndustryCollegium whichhasa membershipof
nearly100companies.Thiscollegiumsponsorsfour
or five meetingseach year at which industrial
professionals discuss the commercial relevance of
research areas with interested faculty. At each of
these meetings,an attempt is made to include the
academiccommunitybeyondMIT,andcurrently,
efforts are being made to further extend the
concept and its benefits.
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Marine Economics

Introduction

Sea Grant's economics research program
seeks to provide an understanding about the
organization,conduct, and performance ofthe
marine sector ofthe nation's economy. By focusing
on the efficient use ofAmerica's marine resources,
Sea Grant helps improve the competitiveness ofthis
economy.

The economic growth ofmarine resource-
based industries is an underlying goal ofthe Na
tional Sea Grant Program. Economics research
contributes to this purpose through analyses ofthe
opportunities and problemsmarine industries face in
producing goods and services for the world market
place.

The Program

The FY 1992 marine economics program
includes33 projects, withtotal fundingof$1.6
million,down 2 percent from FY 1989. Federal
fundingamountedto $1.1 million,including $420
thousand in pass through funds from other federal
agencies. Matching funds from Sea Grant programs
amounted to $531 thousand. Seventeen Sea Grant

institutions currently participate inthe marine
economics research program, and at least 12 have
an economics specialist on their Marine Advisory
Service staff.

SeaGrant-supportedeconomistsarestudying
a full range ofresource-use issues in: fisheries and
aquaculture, marine and coastal resources, recre

ation and tourism, and coastal business and marine
industrydevelopment.Table 1providesa break
down ofthe marine economics projects by subject
area.

Trends

The marine economics program has been
between 4 and 5 percent ofSea Grant's research
budget the last three years, down from 6 percent in
FY 1989. Part ofthe decline reflects the availability
ofalternate funding sources (such as the fisheries
development foundations, fisheries management
councils, and NOAA's damage assessment office)
to support marine economics research. In part, it
also reflects the reaction ofSea Grant programs to
leaner budgets. This has also caused a shift in
priorities. Most ofthe reduction comes in the living
marine resource areas, with more attention given to
other marine and coastal resource development.

Economics Research Program

PropertyRig/its and Fisheries Management

Ocean management institutionshave not kept
pace withthe technicalabilityto exploitocean
resources. Interestingly, the historical record ofthe
18thcenturyEnglishcommonsenclosuresuggests
manyparallelswithcurrentprivatizationeffortsfor
ocean resources. Sea Grant economists are exam
iningthe conceptofcommon propertyandhow
resources should be managed. With extended
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Marine Economics Projects by Subject Area
Fiscal Year 1992

Subject Area
No. of

Projects Sea Grant

(thou $)
Match

(thou $)

1. Fisheries and

Aquaculture
14 322 229

2. Marine and Coastal

Resources
8 482 151

3. Recreation and Tourism 7 200 112

4. Coastal Business and

Marine Industry Development
4 84 39

Total 33 1,088 531

Table 1

fisheries jurisdiction, competition atthenegotiating
table has often replaced competition on the fishing
grounds. And, without clearly-defined fisheries
property rights, industry overcapitalization and
overexploitation of fish stocks continues. To
mitigate these problems, various restricted access
mechanisms, also known as limited entry, have
been proposed. For many fishermen, the risk of
exclusion outweighs the expected gain from
restricted competition. Sea Grant economists are
examining conditions under which fishermen are
likelyto supportentryrestrictions.1

Recently, individual transferable quotas
(ITQs)—allocating individuals a shareof the
allowable harvest that can be traded in a market-

have been advanced as a way to efficiently control
fishing exploitation. The primary feature of ITQs is
the assignment of exclusive property rights for
harvesting a common-property resource. Sea Grant
economists from Maine to California are studying
the economics of ITQs by looking at the experi
ences of other countries that have adapted them
andby investigating their use in the U.S. fisheries.
However, ITQs are not viewed as a total
panacea—they are complex to implement. For
example, ITQs did perform, in the short term at

least,to rationalize fisheries by providingeconomic
incentives that lead to both economic efficiency and
resource conservation. Sea Grant researchers in

Delaware and New Jersey have also played a key
role in the design of an ITQ system for the Atlantic
Surf Clam and Ocean Quahog fishery, the first
application of ITQs in the U.S.2

Unpredictable fish stock dynamics pose a
major challenge to effective fisheries management.
A bioeconomic model that uses chaos theory to
model observed variabilityof multispecies systems
is being used by Maine Sea Grant researchers to
study various management schemes. Results show
that the biological and economic sectors interact to
produce behavior quite different from that predicted
by models built on the more typical stock equilib
rium concepts.3

Fisheries Development and Rehabilitation

Sea Grant research reported here addresses
the economic performance of U.S. fishing industry
sectors and the rehabilitation of depleted fish
stocks. Washington Sea Grant economists are
currently studying the economics of endangered
species, in particular, the two stocks of Pacific
salmon recently put on the endangered list.
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The United States salmon fishery is one of the
most valuable domestic fisheries. Until 1980,
virtually the world supply of salmon came from wild
stock catches, principally by the United States,
Canada, and Japan. Since then, however, Atlantic
salmon farming has developed to the point that it
contributes 30 percentof world salmon supplies,
and the supply of farmed salmon worldwide is
expected to increase dramatically. Alaska Sea
Grant economists are developing econometric
models of international salmon markets to forecast

the impacts of pen-raised salmon on the U.S.
Pacific salmon industry.4 Similar Sea Grant
economic modeling efforts are underway for the
Alaskan king crab, Pacific groundfish markets, and
the Atlantic sea scallop fisheries.3

Fisheries rehabilitation is a widely held goal
but, in practice, often controversial. Sea Grant
economists have been studying several fishery case
examples, analyzing both the economic efficiency
anddistributional equity issues ofrehabilitation
plans. For example, American oyster (C. virginica)
production is declining along the Atlantic andGulf
of Mexico coasts due largely, but not solely, to
disease. Total harvest dropped from 90 million
pounds in the 1930s to 30 million pounds at the end
of the 1980s. Sea Grant economists are working
with oyster biologists to analyzevarious approaches
to rehabilitation—from managing-around the disease
to developing a disease-resistant native oyster or
introducing the nonindigenous Pacificoyster (C.
gigas).6 Another case study examined the blueprint
to restore the Lake Michigan fishery by reducing
current catch to produce higher future catches. Sea
Grant economists analyzed the trade-off and found
the rehabilitation project to be successful, primarily
due to benefits derived from a higher sport catch.7

Seafood Consumption and Product Quality

Per capita seafood consumption has risen 35
percent in the last 20 years, even though seafood
prices have risen faster (1982:1988 - 38 percent)
than for meat and poultry (12 percent). Because of
this, Sea Grant economists have focused research
on seafood product quality, consumer preferences,
seafoodmarketing and pricing, and trade impacts.8

Aquaculture

With increased demand for seafood, the rapid
development of aquaculture has large potential.
First, however, it will be necessary to develop
commercially viable aquaculture production tech
niques. Sea Grant economists have been helping
prospective producers assess the investment risks
involved in adopting various culture technologies
and system components. Models, to explore
implications for financial feasibility, aredeveloped
that simulate production costs and the uncertainties
associated with survival, growth and disease.9

Recreation and Tourism

The burgeoning demand for water-based
recreation and coastal tourism drives the investment

decisions of governments and the private sector
recreation industry. Sea Grant economists are
developing models to study how demand is affected
by changes in the quantity and quality of the
resource base and by the level of investment in
recreation and tourism facilities and infrastructure.

The research provides a tool to evaluate the impact
of resource management decisions on tourism
development and the economic benefits of tourism
investment.10

Valuation ofMarine Resources and
Coastal Environments

Economists use traditional economic theory,
often with nonconventional, indirect estimate
techniques for measuring the economic benefits
derived from natural resources and environmental

amenities. Sea Grant's contribution to this research

has improved understanding of the value derived
from marine resources and the coastal environ

ment. In private markets, a commodity's value can
readily be determined. But cost-benefit analyses of
environmental assets are difficult because most

often such assets are not directly traded in the
marketplace. Sea Grant economists have made
significant contributions to the problem ofvaluing
nonmarket resources." Recreation travel-cost
models use expenditures made in traveling to and
from a recreational area as price proxies. Hedonic-
price techniques examine real estate prices and
labor markets to value environmental assets or



pollution avoidance. Contingent-valuation methods
use survey techniques to establish responses to the
value of environmental assets.

Nonmarket values focus on the economic

value derived from using resources not traded in
markets. For example, wetlands provide the
carrying capacity for many fishery stocks. For the
most part, however, wetland owners cannot capture
the implied value. This produces a market failure
and an incentive to convert wetlands to uses

consistent with organized markets such as residen
tial development and agriculture. Florida Sea Grant
economists are studying the incremental contribu
tion of estuarine wetlands to the marine fishery
catch. And in California, Sea Grant economists are
employing contingent valuation surveys to estimate
willingness to pay for wetlands in the San Joaquin
Valley.12

For more than a decade, the U.S. population
has been migrating from the interiorto coastal
states. Maryland established a set of land use
restrictions that limit residential development on
critical land areas abutting the Chesapeake Bay.
Sea Grant economists estimated the effects of these

restrictions on housing pricesby observingprice
changes on houses that sold both before and after
the restrictions were enacted. Due to the restrictions,
housing prices in the Critical Areaincreased signifi
cantly faster than prices near, but not in, the Critical
Area.13

"Existence value" refers to the value individu

als assign to knowing that certainenvironmental
amenities exist even though they have no contact
with the resources involved. In resource valuation,
existence values can be substantial and are being
given greater consideration in environmental
management and resource damage assessment.
Sea Grant has undertaken research on correct

approaches to empirical estimation, as well as
applied studies to estimate existence values in real
world situations and explore their implications for
public decisions.14

Global Environmental Change

Issues revolving around climate change are
enormously complex and shrouded in uncertainty.
In particular, scenarios about greenhouse-induced
sea-levelrise vary widely, and careful research is
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needed just to identify which scenarios should be
employed in the economic analysis of possible
societal responses. Connecticut Sea Grant econo
mists have taken a few steps toward providing a
systematic answer to this question.15

Marine Transportation

Ports play a significant role in local economic
development by attracting new businesses to
relocate in the community or by helping existing
enterprises grow. In Oregon, Washington, Califor
nia and Minnesota, Sea Grant economists have
developed various quantitative methods for assisting
port authorities to plan for economic expansion and
capital investment and development environmental
impacts.16

Marine Industries

In 1983, the area for potential U.S. economic
development was almost tripled by presidential
proclamation of a 200 nauticalmile Exclusive
Economic Zone (EEZ). The EEZ added 3.9 billion
acres of marine territory to U.S. economic jurisdic
tion, but has not yet produced any new significant
activities or economic benefits.

Sea Grant has supported studies of how ocean
policy and advanced technology drive ocean
industry development. From an economic perspec
tive, ocean resource exploitation affords a unique
glance into American industrial development, from
harvesting living resources to applying science and
technology to recover mineral resources from the
ocean seabed.17

For the United States, the EEZ has yet to
produce new economic benefits of significance.
Currently, there are many constraints inhibiting the
technological advances needed for EEZ resource
development. The basic problem in ocean develop
ment is that new ocean uses are perceived as
having overly high risks and diminished government
support and interest. Sea Grant has supported
several forums dealing with the concept of "Ocean
Enterprise" for overcoming the constraints that have
inhibited the development of EEZ resources and
uses.18
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Future Directions

The Sea Grant economics program goals are:

• To improve the efficient allocation of marine
resources, especially through using economic
incentives and market-based solutions;

• To increase the economic and societal benefit

derived from the nation's marine assets; and

• To enhance the competitive position of marine
resource-based businesses in order to sustain

economic growth and job creation in the long-
term.

Research should focus on understanding the
underlying economic prerequisites and conditions
needed to meet these goals. Research proposals
must offer to make a significant contribution both to
solving practical problems and to economics
scholarship. Interdisciplinary efforts with other
social sciences, the natural sciences, engineering,
and law are strongly encouraged. Priority research
areas are identified and discussed below.

Sea Grant Business Initiative

The economic health of the United States has
always been dependent on the economic develop
ment and growth of its coastal regions. The Sea
Grant network, through a series of workshops and
planning meetings, has made a renewed commit
ment to supporting research and advisory programs
related to the long-term economic development,
growth, and competitiveness of marine sector
businesses, such as:

Aquaculture
Commercial Fisheries

Seafood Processing
Environmental Technology
Marine Trades

Offshore Mining
Ports and Harbors

Water-borne Transportation
Marine Biotechnology
Coastal Recreation and Tourism

Oceanographic Services

Industry studiesof productivity, economic
performance, business trends and practices,

technical change, the impacts of trade policy, and
the effects of demographic change or resource
regulation on these industries arehigh priority
research areas.

Marine and Coastal Resources

Land and waterfront use conflicts, habitat
loss, water quality degradation, and increased waste
loadings are severe problems in coastal areas.
Remediation of their effects and their cumulative

impacts on marine resources present important
economic research needs. The ocean disposal of
wastes and hazardous materials, the problems of
marine debris, and the design of economic incen
tives for pollution abatement and environmental
improvements continue to be important areas of
study.

Estimating benefits derived from the use of
marine and coastal resources not directly traded in
markets—such as those identified with marine

recreation, wetlands, habitat preservation,
biodiversity, and environmentalquality—isan
appropriate research area. Analyses of resource
values of ecological systems are extremely impor
tant, and provide an excellent opportunity for
economists and ecologists to work together to
integrate their quite different approaches to analyz
ing economic development.

Fisheries Management

Designing efficient market mechanisms to
allocate fishery resources and minimize industry
dislocations is the most critical fisheries manage
ment problem today. Research is required to
analyze how fishing behaviorwould respondto
individual harvesting rights vs. fishery-wide quotas;
to measure the benefits and costs and the distribu
tional impacts of regulatory regimes; and to improve
empirical techniques to measure the value of fish
stocks in alternative uses, including the rebuilding of
stocks.

Routine economic baseline studies in support
of fisheries management are low priority. However,
there is a tremendous need for economists to
communicate with fishery managers and industry
members about fundamental socioeconomic
concepts applicable to the management and alloca
tion of fish stocks. In the process, economists gain



theinsight thatcomes fromthequestioning of
underlyingassumptions, analytical paradigms, and
research results.

Property Rights in Ocean Space

There is continued need for clarification of

ocean propertyrightsacrossthe whole spectrum of
marine resource developmentactivities. Ifocean
propertyrightsarenot satisfactorily defined,
incentives fortechnological advancementare
lessened. The familiar debateson overfishing,
coastal waterfrontdevelopment, beachaccess,
pollutiondischarges intoestuaries, oceandumping,
aquacultureleasing, sea level rise, and seabed
miningclaimsexemplify propertyrightsissuesinthe
oceans. Sea Grant wants to develop a research
programbuilt around the concept ofproperty rights
in ocean space. It would be multidisciplinary and
includeeconomic, legal,social,historical,and
political researchon ocean propertyrightsrelatedto
resource use.

SeafoodIndustry - Environmental Quality
andProductivity

There are several key economic issues
bearingupon seafood industrygrowth. Product
liabilitytied to health considerationsand callsfor
mandatory federalseafood inspection areofgreat
concernto domestic producers. A rigorouslook
needs to be taken at the economics ofhealth,
safety,andenvironmental qualityissues relatedto
seafood products.

World tradein aquaculturecommodities is
growingandwill likelyaddsignificantlyto global
competition in seafood products.How will this
development affect the competitive positionofthe
United States industry? Also, resourceharvesting
andfood processingtechnologyarechanging
rapidly. How these functionswill alterindustry
productivityneeds to be better understood.

Resourcesofthe Exclusive Economic Zone (EEZ)

The declaration in 1983 ofa 200-mile EEZ for

the United States presents an opportunity for
studying the economic resources ofthis vast area.
Researchto understandthe economic significance
ofthese resources and to analyze economic
development strategies continuesto be considered
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highpriority.

Climate-Sensitive Ocean Industries

Understandingglobal climate change impacts
on climate-sensitive ocean industries will become

an areaofincreasing importance as the scientific
basis for these predictions is refined.
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Marine Recreation & Tourism

Introduction

Sea Grant's legislative mandate to develop
marine resources is the impetus for its investment in
a coastal tourism and marine recreation program.
Coastal tourism development is clearly linked to
marine recreation, and both are very important to
the economic base of coastal communities and the

nation. Sea Grant conducts both a research and an

extension program to support sound coastal tourism
and marine recreation business development. The
research program is interdisciplinary—involving
economists, legal scholars, social scientists,engi
neers, and specialists from many natural sciences.
The MarineAdvisoryService(MAS), Sea Grant's
technology transfer and education arm, provides a
networkofcoastal specialists nationwideto transfer
research results.

Sea Grant's coastal tourism and recreation

program is currently addressing issues such as
coastal recreation expansion, tourism development,
marine recreational fishing, boating, marina man
agement, small craft harbor engineering, severe
weather information for coastal visitors, waterfront
use, coastal access, recreation safety, shoreline
protection, recreation demand and economic impact
studies.

Several other Sea Grant program
areas—waterfront revitalization, water quality and
pollution control, coastal land uses, fisheries man
agement, ocean engineering, coastal processes,
navigation, and natural hazards—provide indirect
support to the coastal tourism development program.

The Program

Sea Grant's program in recreation and tourism
in FY 1992 consisted of 14 research projects. In
addition, most Sea Grant universities conduct a
recreation advisory effort to provide industry
educational and technical assistance. Federal

funding for the recreation and tourism research
programamounted to $447 thousand, including $9
thousand in pass through funds from other federal
agencies. The Sea Grant colleges contributed
another $236 thousand in matching funds. Com
pared with FY 1989, this is a 15 percent decrease
in total funding for the recreation and tourism
research program. Table 1 gives the breakdown by
major subprogram areas: recreational fishing,
boating, and coastal tourism development.

Recreational Fishing

Marinerecreational fishing ranks high among
the nation's favorite leisure activities. Sea Grant
research addresses the use of ocean, coastal, and
Great Lakes resources in satisfying angler demand
for quality fishing opportunities. The sport's devel
opment potential and current value to the marine
economy drive the research agenda and enable Sea
Grant to fulfill its legislativemandateto foster the
wise use and development of marine resources.
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Marine Recreation and Tourism

by Subject Area, FY 1992

Subject Area Number of Sea Grant

Projects (Thou. $)
Match

(Thou. $)

1. Recreational Fishing

2. Recreational Boating

3. Coastal Tourism

Development

8 294

3 118

3 44

139

66

31

Total 14 456 236

Table 1

RecreationalFishingDevelopment

Sea Grant economists and business extension

specialists have analyzed information on recre
ational fishingparticipants. This informationis
critical to coastal communities that provide the
infrastructure services, support businesses, and
physical facilities serving the marine recreational
fishing industry. The economists have given particu
larattention to areas whererecreational fishing
participation is steadilyincreasing. In the Great
Lakes, for example, 4 million anglers, fished an
average of 10 days annually, spending $2 billion in
trip-related costs. The implicationsofa demographi-
callychangingpopulation and subsequent changesin
demand suggest the need for expanded strategies to
support sportfishery-related participation.1

In no small way, the charter fishing industry
has been responsible for a significant component of
the rapidly growing sportfishing industry. The Great
Lakes charter fishing industry, for example, grew
from several hundred boats-for-hire in 1975 to over

3,000 boats by 1988. Sea Grant researchers are
studyingthis development to help the industrybetter
understand how to meet the growing demand for
access to marine andGreat Lakes sportfishing.2

Recreational FishingManagement

In areas with rapidly growing anglerdemand,
the managementnatureof marine fisheries has
changed substantially. Changing fishery resource
conditions, the emergence and growth of recre
ational fishing interestgroups, and increased political
activity by these groups have been influential. Sea
Grant researchers have contributed to the under

standing of relevant fisheries managementissues and
the concerns and capabilities of the management
agencies. Forexample, communications is an
important but poorly understoodcomponent of
marinerecreational fisheries management. As with
commercial fishermen in the 1980s, the need to
improve communications with recreational fisher
men will grow significantly over the next decade.
How best to disseminate information to marine

recreational fishermen is the focus of research by
North Carolina Sea Grant.3

Recreational fishermen are becoming more
accustomed to releasing part of their catch. This
situation is in part attributable to a growing conser
vation ethic and, in part, to an increase in govern
ment fishery management actions aimed at main
taininghealthy fish stocks. Sea Grant has worked
with NOAA's National Marine Fisheries Service to

increases the survival offish taken in catch-and-

release marine fisheries. In addition, Sea Grant has
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cooperated in involving fishermen with taggingtheir
released fish to benefit fisheries science.4

RecreationalFishing- Health and Safety

The vast majority of recreationally caught
seafood is wholesome and safe to eat. Nevertheless,
as for all foods, there are some health risks associ
ated with consumption of certain seafoods from
certain locations, and there is the chance that
mishandlingof the catch can create a health risk.
Sea Grant researchers have studied best practices
to avoid and prevent seafood-borne illnesses from
the recreational catch. Among the problems studied
are those incurred from eating raw seafood and
seafood affected by ciguatera, red tide, and chemical
pollution.

One of the most controversial aspects of fish
safety is the use of consumption advisories and the
accuracy of their risk estimates. Advisories are
intended to inform the public about high levels of
toxic substances in fish while still allowing benefits
from the fishery to accrue (such as recreation,
tourism, and appropriate fish consumption). New
York Sea Grant researchers studied the advisory
mechanism and concluded that professionals must
do a betterjob of informinganglers about the risks.
A proper understanding of fish consumption
advisories will increase anglers' concern for water
quality, protect theirhealth, andstill encourage their
enjoyment of the fishery.5

Recreational Fishing - Survey Methodology

Sea Grant supports efforts to improve meth
ods for estimating recreational fishing catchand
effort. Many believe current methods, both creel
surveys and mail surveys, consistently underesti
mate actual fishing effort, with the magnitude of the
bias estimated from 10 to 50 percent. Newly
developed methods promise to reduce effort
estimation bias.6

Recreational Boating

Recreational boating has increased tremen
dously in the last decade, but its impacthas been
understated. Sea Grant has undertaken to better
identify the boating sector's economiccontribution
to the economy and to understand the income-

generating activities carried out with its various
components.

Boating and Marina Development

Continued boating growth is dependent upon
increasing the public's access to the water. While
hard statistics are not available, it is thought that
waterfront property is rapidly disappearing from use
for boating access because escalating land values
make marinas unprofitable. Florida Sea Grant
economists investigated the economic benefits and
costs of "bluebelting," a tax relief practice in
tended to curb the conversion of waterfront away
from water-dependent businesses.7

Pollution Management

With boating growth has come the potential
for an enormous increase in boating-associated
pollutants. Pollution from recreational boats—boat
sewage and engine pollution, antifouling paints, and
plastic debris—can adversely affect coastal-zone
water quality unless carefully managed. Sea Grant
research has focused on many major pollution
problems associated with recreational boat use.8

RecreationandTourism Development

Coastal tourism growth depends on develop
ment approaches taken by coastal communities.
Business and government leaders often favor
coastal recreation and tourism development be
cause it is a clean industry that builds the local
economic base. Coastal residents are often more

ambivalent, pointing to "touristpollution," butthey
also recognize benefits from newjobs, regional
income gains, and community infrastructure im
provements.

Recreation Growth and Resource Scarcity
Resource degradation will constrain the

projected growth in marine recreation and coastal
tourism. Sea Grant researchers are analyzing current
recreational and tourism resource uses, such as
beaches, to identify levels of use and quality at
which tourists beginto substitute alternate recreation
and vacation destinations.9



Tourism Development

Sea Grant researchers are focusing on helping
coastal communities and small businesses efficiently
plan fortourismdevelopment. For example, socio
economicstudies of participants permit a better
understanding of the recreation market and more
accurate estimates of future demand. Economic

valuation and impact analyses provide an estimateof
benefits that can be expected from investments
made to enhancerecreation and tourism opportuni
ties. This information has proved to be a valuable
inputin framing planning choices, ranging from
consideration ofwhether to redevelop existing or
construct new recreation facilities to selection of best

financing mechanisms.10

TechnologyTransfer

The Sea Grant Marine Advisory Service is the
technology transfer and educational arm of the
research program. For example, diverse Sea Grant
research on small craft harbordesign, ice engineer
ing, materials science, and financial management is
broughttogether in GreatLakes marina operators
workshops sponsored by the regional extension
programs. Barrier island dynamics, nearshore sand
transport, and shoreline protective structures
research is transferred to local or state governments
through the Sea Grant advisory program network
along the Atlantic seaboard. Recreation safety
information is distributednationwide. It ranges from
the prevention ofhypothermia, avoiding
recreationallycaught contaminated fish and shellfish,
to detailing how to swim out of a rip current. With
NOAA's National Weather Service, Sea Grant
prepared weatherguides and issued information on
severeweather precautions throughthe local media
to coastal recreationists.

Future Directions

Recreation and tourism activities are impor
tant uses of Great Lakes and ocean resources. Sea

Grant supports research and advisory service
programs in this area because of this sector's
importance to the national economy and to the
economic base of coastal communities nationwide.

Marine Recreation & Tourism

Interdisciplinary approaches—involving economists,
sociologists, psychologists, geographers, lawyers,
engineers, natural scientists, diving and safety
experts, and others—are encouraged.

Recreation and Tourism Economic Development

Research aimed at providing better planning
and analytical tools for use by communities and
small businesses considering investment in coastal
recreation and tourism development is very impor
tant, given the need to make efficient use of limited
fiscal resources.

Valuation ofMarine and Coastal Resources

The economic and social benefits derived

from coastal recreation and tourism aresignificant.
Developing conceptual and empirical methods for
valuing marine resources allocated to these pur
poses must remain in the forefront of this research.

Access to Coastal Recreation Opportunities

Coastal recreation opportunities depend upon
the public having access to the shoreline and
adjoining waters. Research addressing the technical,
legal, or socioeconomic changes needed to broaden
recreation opportunitiesand remove barriers is
important. This might include, for example, boating
access research that addresses small harbor design,
marina management, and pollutioncontrol; urban
recreation research that focuses on waterfront

revitalization; sport anglingenhancement looking at
the designoffish aggregation devices, artificial reefs,
catch-and-release programs; or the study of beach
access and congestion as it affects the quality of
beach recreation.

Resource Scarcity and User Conflicts

Recreation and tourism issues are often tied to

areas such as fisheries or coastal zone manage
ment, waterquality and pollutioncontrol, and
transportation. Forexample, fish resources claims
arevoiced by competing user groups such as sports,
subsistence, and commercial fishermen and environ
mental groups. Here, recreation research might be
part of the broader resource use question. Another
example is whereconflicts arise from multiple-useof
coastal resources such as with shoreline develop
ment or the leasing of water rights for aquaculture.
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International Activities

Introduction

Sea Grant has a broad legislative charter to
conduct international programs. Forahalf-dozen
years up through the mid-1980s, SeaGrant received
anannualappropriation to work withdeveloping
nations to strengthen their marine research and
development capabilitiesand to promote the
international exchangeofmarine information and
data. Sea Grant conducted programs cooperatively
with universities in Latin America, Asia and the
Pacific Islands, and the Middle East dealingwith
the issues ofscientific and technical development
andhuman resourcedevelopment.

While these efforts were successful, mounting
budget pressures throughout the decade eventually
brought an end to the formal international program.
Despite this, Sea Grant has remained active in
international marine science and extension efforts.

Over the last five years, 20 ofthe 29 Sea Grant
collegesreport theymaintain an international
component1

Sea Grant's authorization legislationexplicitly
allows SeaGrant to continueconductingcoopera
tive international research and to carry out interna
tional technologytransferand educational activities.
Furthermore, Congress specifically mandates that
Sea Grant colleges serve as a resource for other
federal agencies on international initiativeswhose
purposes are related to research, education, and
technology transfer concerning ocean and coastal
resources.

Current International Activities

While thecommitment to international activi

ties at Sea Grant institutions is active, direct Sea
Grant funding has been very limited. In FY 1992,
federal SeaGrant support amounted to $334 K,
with the SeaGrant institutions contributinganother
$271K. Pass through funds from other federal
agencies amounted to $179 K.

A share ofthis supported researchers to study
issues in international marine law and comparative
marine resource management,2 and to conduct or
participate in internationalmarine science sympo
siums.3 Several other directed Sea Grant interna

tional activities are discussed below.

InternationalMarine Science Cooperation
Program - WHOISea Grant

AttheWoods Hole Oceanographic Institution,
Sea Grant carries out the International Marine

Science Cooperation Program (IMSCP). At
present, when science consistently can be done
better and less expensivelythrough international
cooperation, the IMSCP serves as a "clearing
house' ' for international marine science informa

tion. Its goal is to strengthen a global approach to
ocean studies and to improveopportunities for
collaborative international research in the marine
sciences.

For example, WHOI Sea Granthas compileda
guide to potential funding sources for marine
scientists. The guide covers private foundations,
educationalinstitutions, corporations,government



agencies, national, multinational, andinternational
organizations.4

Asignificantobstacle to conducting oceano-
graphic research is restricted access to foreign
countries' coastal waters. Withjurisdiction ex
tended bytheLawofthe SeaTreaty to 200miles
offanation'sshores, opportunities forresearch
have shrunk, mired inclearance requests and policy
disputes. IMSCP carries outprograms thatpromote
solutionstotheaccess problem, includingproviding
accurate data on coastalnationjurisdiction and the
outcomeofforeignclearancerequests by U.S.
marine scientists since1972,andmapsofmaritime
boundaryclaims forthe 145 coastal countries
worldwide.5

Toxic algal blooms andredtides represent a
global problemforfisheries, mariculture, and public
health. When confronted with sudden red tide
emergencies, developingcountries inparticularare
inneed ofrapid, international assistancefrom
experienced scientists andfisheries andpublic
health managers. Therefore, the WHOISea Grant
Program developed an *'International Red Tide
InformationDirectory'' todisseminate redtide
informationworldwide. This activityhasexpanded
andisnow conductedbyNOAA's NationalMarine
Fisheries Service.6

Pacific Island Network

Sea Grant's research program focuses on the
goal ofmarine resourcedevelopmentcompatible
with environmentally wiseuse. SeaGrant haslong
experience in education and extension outreach on
marineissues,providingtechnicalassistance
throughitssystemsofmarineextensionspecialists
and agents. Recently, NOAA and the Department
of theInteriorhavedrawnuponthe knowledge of
HawaiiSea Grant to help developthe PacificIsland
Network (PIN). The PIN useson-island agents
workingwithgovernmentrepresentatives of
different Pacific islands to address marine resource
developmentandenvironmentalissues.

In similarways, the Sea Grant program also
provides NOAA with mechanisms to address the
environmental and coastal issues, as discussed in
the Agenda 21 documents that came out ofthe
UnitedNations Conference on the Environment
held in Rio de Janeiro, June 1992.

International Activities'

Atnerican-Irish Aquaculture

Since 1986,Connecticut SeaGranthasplayed
aleadingroleinestablishingacollaborationamong
Sea Grantprogramsin the Northeastern states,
Queen's University ofBelfastinNorthem Ireland,
andUniversity College Galway intheRepublic of
Ireland. These activities focus onapplied aquacul
ture, directed primarilyatthecommercialgrowing
ofsalmonidsand a varietyofshellfish. This effort
can accelerate the application ofmariculture
technologies intheU.S. byintroducingU.S.
scientists to Irishaquacultureproductionsystems
which are quite successful. In return, the Irish
universities gainfromtheU.S. expertise ingenetics,
quality control, anddiseaseprevention. InNovem
ber1992, ajointworkshop onapplied aquaculture
was held in Galway, Ireland.7

Future Directions

Sea GrantLegislation

SeaGrant's authorizinglegislation providesfor
theconductofaninternational program, althoughno
funds aredirectlyappropriated fortiuspurpose.
The currentlegislation(Sec. 205a) authorizes a
broadsweepofinternational activities which,in
general, areaimed atmutual gains to cooperating
nations:

• Enhancecooperativeinternational researchand
educationalactivitieson ocean, coastal and
GreatLakes resources;

• Promotesharedmarineactivities with universi
ties in countries with which the United States
hassustainedmutual interest inocean, coastal,
and Great Lakes resources;

• Encourage technologytransfer that enhances
wise use ofocean, coastal, and Great Lakes
resources in other countries and in the United
States;

• Promoteinformationanddataexchange
betweentheUnitedStatesandforeignnations
'withrespectto theassessment,development,
utilization, andconservationofsuch resources;

• Use the National Sea Grant Program as a
resource in other federal civilianagency
intemationalinitiatives whosepurposesare
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relatedto research,education, technology
transferand public service programsconcern
ing the understanding and wise use ofocean,
coastal, and Great Lakes resources; and

• Enhanceregionalcollaborationbetween
foreignnations and the United States with
respectto marine scientific research, including
activitieswhich improveunderstandingof
globaloceanic and atmospheric processes,
undersea minerals resources within the

exclusive economic zone, and productivityand
enhancement ofliving marineresources.

RevitalizedInternationalProgram

At the 1991 Sea GrantWeek meetings in
Denver, 65 attendees met to discuss reviving the
SeaGrantintemationalprogram. The meeting
showed support within the Sea Grantnetwork for
reviving the programand a task force was formed
to push ahead. Why?
• The Sea Grant Act authorizes an international

programmorerobustthanSeaGrant'soriginal
program. We should capitalize on this.

• Forits own vitality and health, Sea Grantmust
operate consistentlywith global
realities—Earth-scaleenvironmental change,
transnational marineecosystems, instanta
neouscommunications,worldmarkets,
regionaltradingblocks,globalizationof
science, technology-drivenmultinational firms.

• While many Sea Grantscientistsand exten
sionspecialistswilldo intemationalwork
independently,the international activitieslevel
will continueto be diminished without a formal
SeaGrant intemational program.

Future Goals

Some SeaGrantprogramscontinue to include
international componentsaspartoftheirinstitutional
programs,and this is encouraged. In fact, the
Denver meeting affirmed the need for Sea Grant to
undertake several pilotprojects thattakeadvantage
ofSeaGrant'sbroader authority forconducting
international programs whichmightserveasthe
basis fordevelopinganew international initiative
withinthe National SeaGrant Program. Nearterm,
it is likelythatmost ofthis funding must come from
outside sources. However, the National Sea Grant

23-C

Office's tacticalplandevelopment approachmight
offer opportunities for funding pilot projects.
Longer term, the strategic planning approach offers
the opportunity for restoring the Sea Grant interna-
tionalprogram.

The mission for a renewed intemational

program would be to provide the Sea Grant net
work with the opportunity to pursue Sea Grant's
mandate in amanner that recognizes the global
domain ofthe environment, ofscience and technol
ogy, ofcommunications, and ofcommerce. As
such,international projectswould encompass oneor
more ofthe following goals, listed without reference
to orderofpriority:

Promote internationalcooperative education
related to the global environment and
transnationalmarine ecosystems;
Fosterinternational cooperationinthe marine
sciences;
Gainthe benefitsoftechnologytransfer
across nationalboundaries through programs
which capitalizeon eachcountry's strengths
inmarinetechnology development;
Strengthen the competitive position ofU.S.
marine industries in world markets;
Providescholarshiponsignificantgeopolitical
marinepolicyissuesandon comparative
institutional arrangements formarinere
sources management;

Improvethe capabilityofdevelopingnationsto
become full partners intheworldcommunity's
stewardshipofthe marineenvironment;and
Exploitglobal communicationstechnologyas a
meansto share marinescientificknowledge
andenhanceglobalenvironmentalunderstand
ingamongnations.
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Environmental Studies

Growthofthecoastal populationand accom
panying developmenthave resulted insevere
pressureson the coastal environment and ecosys
tems. Ifthe nation is to continue its economic
growth whilemaintaining and enhancing thequality
of thecoastal environment,itmust understandhow
that environment functions. The National Sea Grant
College Program's Environmental Studies Division
supports research aimed at developing an under
standing ofcoastal environmental processes, the
impact man's activities haveonthese processes,
andhowthese impacts can be reduced, eliminated,
or reversed.

Thedivision accomplishes itsaimsthrough
studies ofcoastal processes and marine and coastal
ecology andenvironmental quality. Coastal pro
cesses research focuses on problems in coastal
sediment transport, inlets and estuaries, coastal
oceanography, andcoastandshoreprotection.
Ecology andenvironmental quality programs focus
onresearch insupport ofenvironmental manage
ment, exotic andnonindigenous species, global
change impacts, habitatissues, natural pathogens
andtoxins,nutrientand carbon dynamics,andtoxic
compounds behavior and effects. Closely related to
the research ofthe Environmental Studies Division

are the outreach activities of the Sea Grant Marine
Advisory Service. Water quality and coastal
hazardsand planning outreach specialists work
closely with researchers to ensure that research
findings get into the hands ofthose who need them.
Table 1gives a detailed summary ofthe division's
program inFY 1992.

In FY 1992,324 environmental projects were
supported by Sea Grant with a total funding of
$24,100,000 (Table 1). Ofthisnumber, 174projects
were supported by $7,300,000 ofSea Grant base
funds and $6,900,000 ofmatchingnonfederal funds.

Environmental Studie I

Another150projectsweresupportedby$9,900,000
of federal funds other than Sea Grant base funds.
Sea Grantenvironmental research fundinghas
grown significantly over the last decade (Table 2).
In that time, Sea Grant base support of environmen
tal projectshas grown from about 20 percent of
Sea Grant research funds to about 30 percent of
available research funds at present. This represents
a greater emphasis on environmental research by
SeaGrant colleges, whoare responding to the
priorityissuesoftheir state or region.

Of great importance to the growth ofSea
Grantenvironmental research has been project
support with other federal funds. Sea Grant's
legislation notonlypermits butencourages Sea
Grant to accept other federal funds to support
marine research of importance to Sea Grant and
the nation. Through the 1980s, these funds aver
aged about 15 percent ofthe division's total fedentl
funding. However,startingin 1990 Sea Grant's
participation inseveral neworexpanded programs;
has resulted in a rapid increase in non-base federal
funds to the point that, in 1992, they represent 57
percentof total federal funds expended (Figure 1,
Table 3).

Themajorprogramswhichsupported environ
mental research through Sea Grant in FY 1992
were 1) The Sea Grant Zebra Mussel Program
($2,800,000), NOAA's Coastal OceanProgram
($3,200,000),and 3)TheChesapeake BayNOAA'
EPA Toxics Program ($925,000). Sea Grant
manages or co-manages these programs, which are
describedmore fully intheEcologyand Environ
mental Quality report. The balance ofthe non-base
federal funds cameto Sea Grant fromother parts
ofNOAAor from otherfederal agencies to support
individual SeaGrant environmental research
projects ofinterest to those organizations.
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Distribution of FY-92 Projects
Environmental Studies Division

Funding ($000)

No. of Sea

CATEGORY Proj. Grant Match Federal Total

I. COASTALPROCESSES

1. Coastal Sediment Transport 17 576.7 429.1 156.9 1,162.7

2. Inlet and Estuaries 5 125.8 127.1 0.0 252.9

3. Coastal Oceanography 18 432.3 296.7 488.5 1217.5

4. Coast and Shore Protection 15 361.3 329.9 62.5 753.5

5. Instrumentation _8 264.5 122.0 909.9 267.9

TOTALS 63 1,706.6 1,304.6 1,617.8 3,654.5

II. ENVIRONMENTAL MANAGEMENT

1. Aquaculture 3 1172 56.4 0.0 173.6

2. Coastal/Wetland Management 22 433.9 357.6 6672 1,458.7

3. Environmental QualityAssessment 12 85.3 224.4 930.8 1204.5

4. Waste Disposal _7 273.5 197.4 0.0 470.9

TOTALS 44 909.9 835.8 1,598.0 3,343.7

III. EXOTICAND NONINDIGENOUS

SPECIES

40 326.4 1,762.7 2,823.4 4,912.5

IV. GLOBALCHANGE 12 362.9 270.5 648.1 1281.5

V. HABITAT STUDIES

1. Habitat Restoration 16 123.8 184.9 567.5 8762

2. Habitat Utilization 5 1382 672 702 275.6

3. Wetland Dynamics 17 433.3 183.6 462.0 1.078.9

TOTALS 38 6952 435.7 1,099.7 2,230.6

VI. HUMAN HEALTH

1. Pathogens 8 188.9 138.9 41.8 369.6

2. Toxic Plankton 12 302.0 226.8 50.0 578.8

TOTALS 20 490.9 365.7 91.8 948.4

VII NUTRIENT ANDCARBON DYNAMICS

LEutrophication 22 357.1 307.7 1,143.6 1,808.4
2. Primary Dynamics 12 262.8 170.1 335.3 7682

3. Trophic Dynamics 21 790.0 542.5 682 1.400.7

TOTALS 55 1,409.9 1,020.3 1,547.1 3,977.3

VIII. TOXICS

1. Effects 11 339.0 231.0 108.7 678.7

2. Transport, Cycling, and Fate 41 1.026.5 705.2 1.026.9 2.758.6

TOTALS 52 1,365.5 9362 1,035.6 3,437.3

GRAND TOTALS 324 7,267.3 6,931.5 9,859.5 24,058.3

Table 1
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Environmental Research Funding Growth

Funds ($000) Funds/Project($0X>0p«
Fiscal

Year
No. of
Projects SeaGrant Match Federal Total Federal Match Total

83 188 5,831.0 3,993.1 783.5 10,607.6 32.8 21.2 54.0

84 147 4,556.9 2,849.2 1,015.5 8,421.6 38.1 19.5 51.7

85 199 5,705.7 3,833.5 734.0 10,273.2 32.4 19.3 57.6

86 221 6,673.7 4,229.4 1,502.9 12,406.0 37.0 19.1 51.7

87 210 6,805.8 4,522.4 2,094.0 13,422.2 42.4 21.5 56.1

88 201 6,252.1 4,682.2 1,172.9 12,072.2 36.9 23.3 63.9

89 187 5,966.1 4,988.7 1,373.4 12,328.2 39.2 26.7 60.2

90 282 7,335.3 5,875.9 5,886.2 19,097.4 46.9 23.3 65.9

91 334 6,458.4 6,046.1 8,093.7 20,597.9 43.4 18.0 70.2

92 324 7,267.3 6,931.5 9,859.5 24,058.3 52.5 21.1 61.4

Table 2

Utilization of Other Federal Funds
Environmental Studies Division

No. of Projects Supported Funds ($000)

Fiscal

Year
Sea Other
Grant Federal

Sea Other
Grant Federal

Percent
Other

83 180 8 5,831.0 783.5 11

84 133 14 4,556.9 1,015.5 18

85 180 19 5,705.7 734.0 11

86 240 17 6,673.7 1,502.9 18

87 178 32 6,805.8 2,094.0 24

88 182 19 6,252.1 1,172.9 16

89 - 5,966.1 1,373.4 19

90 209 73 7,335.3 5,886.2 45

91 227 107 6,458.4 8,093.7 56

92 178 150 7,267.3 9,859.5 57

Table 3
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Coastal Processes

Introduction

The peopleofthe United States are increas
inglybecomingacoastal population. Coastalcoun
ties, includingthose on the Great Lakes,have an
averagepopulationdensityoverfourtimesgreater
thanothercounties inthis country. Withincreasing
populationandtheassociated development, there
areanescalatingnumberofproblemsassociated
with managingcoastal areas andadjacentwaters.
Exacerbatingthese problems is the fact that sealevel
isrising(duetoglobalwarming); and,thereare
indications that coastal storms areincreasingin
frequency and intensity. Theonlyhope ofcoping
witha suiteofproblems,whichat timesseems
unreconcilable, isbyclearlyunderstandingthe
physical processes atworkalong thecoastandin
nearbywaters. Currentknowledgeofcoastal
processes ismoreart thanscience. However, Sea
Grant researchismakingimportantprogress in
developing betterconceptual understandingofthe
processes andapplyingthisknowledgetoreal
problems

Coastalprocessesin Sea Grant is dividedinto
fivesubprograms:

• Coastalsedimenttransportstudiesconcern
fundamental researchon themeasurementand
predictionofprocessescontrollingsediment
movementand deposition in the coastal zone.

• Inlets and estuaries research concerns the
hydrodynamic processesofcirculation, wave
generationandtransformation, wave/current

interaction, sedimentaryprocessesoferosion
anddeposition,sand bypassing,sediment
trapping,andchannelstability.

• Coastaloceanography concerns researchthat
studies, quantifies, interprets, andpredicts
physical processesaffectingthe coastalocean.

• Coastalandshore protection consistsof
research and evaluation into methods for
protectingcoastalareas from natural hazards.

• Instrumentationandtechnologydevelopment
includes researchtodevelop instrumentationto
measure waves, currents, and sediment
movementand concentrations.

Totalfunds supportingcoastal processes
researchinFY 1992 were $4,462,648 which
includes:$l,645,926federal,$l,233,036matching,
and $1,583,686 inpass throughfunds. Amongthe
subprograms26percentofthefunds areexpended
tostudysedimenttransport, 6 percentoninlets and
estuaries, 24percentoncoastaloceanography, 17
percent on coasts and shore protection, and 27
percentoninstrumentationandtechnologydevelop
ment. Inthecomplexinterdisciplinaryfield of
coastal processes, mostofthe63individual projects
supported bySeaGrant usuallydonotfall clearly
intoanysinglesubprogram.

ResearchcurrentlybeingsupportedbySea
Grant incoastal processes isextremelydiverseand
spansa rangefrom veryapplicationsorientedto
quitetheoretical. Findingsfromthisresearch is
making importantimprovements intheunderstand-



ing ofcoastal processes andintheability todeal
with real world problems. Someoftheseimprove
mentsinclude: predictingcoastalwaveconditions;
deterrniningthe movementofsediment due to
waves andcurrents; developingmoreeffectiveways
todesigncoastal structures; predictingtheevolution
ofwetlands inthefaceofrisingsealevel; anticipat
ingthemovementofoilslicks fromoilspills; and
finding unique, butefficient, waysto movesand
across a tidal inlet.

Coastal Processes Subprograms

CoastalSedimentTransport

Coastalsediment transport studies concern
fundamental researchonthe measurement and
predictionofprocessescontrollingsedimentmove
ment and deposition in the coastal zone. In estuaries
andinlets, muchofthetransportis inducedbytidal
currents. Onthe beachface,waveuprushandbores
arethepredominateforcingmechanisms. Inthesurf
zone,incidentgravitywaves,windinducedcurrents,
andinfragravitywavesproduceacomplexsetof
forcing functions whichyieldsignificanttransportin
boththecross-shoreandlongshoredirections.
Transport in the nearshore zone and on the shelf
similarlyresults from a combinationofforces.
Stormsareparticularlyimportant inproducinglarge-
scalebathymetricchangesinshallowwater.

InletsandEstuaries

Inlets and estuaries research concerns the

hydrodynamicprocessesofcirculation,wave
generationand transformation,wave/current interac
tion,sedimentaryprocessesoferosionanddeposi
tion,sandbypassing, sedimenttrapping,andchannel
stability. Knowledgegainedfrom thesestudiesis
vitallyimportantto improvednavigationprojects,
waterqualityandpollutantdispersalmechanisms,
thebiologicalprocesses ofrecruitment and matura
tion, and beach nourishmentfor shore protection.

CoastalOceanography

Coastal oceanography concerns research that
studies,quantifies,interprets,and predictsphysical
processes affecting the coastal ocean. This includes
wave conditions and currents inshallowwateror

Coastal Processes

nearthecoast. Thesubprogramincludes aspectsof
physical oceanographythatinfluencethetransport
anddilutionofpollutantsandthe transport oflarvae.
It also includesresearch related to the generation,
propagation,andflooding associated with tsunamis.

CoastalandShoreProtection

Coastal and shore protection consists of
researchandevaluationintomethodsfor protecting
coastalareas from naturalhazards. Developinga
quantitativeunderstandingofthe functional effec
tiveness ofstructures and their interaction with the
environmentisimportant.However, alternate
mitigationtechniques are often as effective as
structures and research in this area can often lead

to eithercost-effective engineering solutions or
improvedmanagementstrategies.

Instrumentation and TechnologyDevelopment

Instrumentationandtechnologydevelopment
includes researchto developinstrumentationto
measure waves, currents, and sediment movement
andconcentrations. Italsoincludestechnology
developmentwhichmightbeusedtonavigate
autonomous underwatervehicles orforremote

sensingofsea and lake surface temperatures.

Current Sea Grant Research

Thefollowing paragraphs provideasummary
of researchcurrentlybeingsupported by Sea Grant
withinsubheadings somewhat more focused than
the subprograms.

Beaches

Sandbeaches are the most common type of
shoreline along the U.S. coast. Beaches are
extremelyvaluablefor recreationaluse, for protect
ingthehinterland, andfortheirnaturalbeauty. With
increasing developmentalongthe coast, it is more
difficult to maintain beaches which fulfill their

potential.This dilemma is partly due to a lack of
knowledgeofbeach processes. In spite of superfi
cialfamiliarity withthiscommon landform,the
interaction ofwaves with sand beaches is ex
tremelycomplex.Florida Sea Granthas supported
research to produce improved models ofbeach
profile characteristics and to develop physically
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more realistic models to predictboth alongshoreand
onshore/offshore sandmovement.

PuertoRico tourism is dependent on the
island's beach system. The beaches arealso
extensively used by the residents, as are adjacent
shorelineareas, forurbanization.Unfortunately,
there is a generalerosion condition on much ofthe
shoreline. However, the type ofshore protection
thatmight be effective forlong, continuous
stretches ofsandy coastline common to much of
the U.S., arenot appropriateto the complex and
compartmented Puerto Rico shoreline. Puerto Rico
Sea Grantis defining the magnitude and character
istics ofthe island's coastal erosion. Some loca
tions,whicharetypical ofarecurring problem, will
be studiedin more detail to define the processes at
work. The effect ofrisingsea level will alsobe
evaluated.

Sand beaches representa small partof
Maine's coastline, but they areanimportant
recreational andeconomicresource whichmaybe
approachingtheir naturallimits ofutilization.To
betterdefinethese limits,Maine/NewHampshire
SeaGrantresearches aredevelopingsediment
budgetsforMaine'ssandyembayments. Prelimi
nary findings showthereis considerably lesssand
inthe SacoBayembayment, whichincludes oneof
Maine'slargest beachsystems,thanearlier esti
mates indicated. It was also found that the Saco
River is not a source ofmodem beach sand and
thatSaco Bayhasno surplus orsignificant new
sandsources. These findings arebeingusedto
developpolicies forconservingtheexistingsand
supplies.

Oneinteresting aspect ofbeachdynamics is
the transfer ofwave energythat occursin the surf
zone. Wind wavesincident onthebeach typically
have periods fromtwo to 20 seconds,but these
waves will generate wave motions in the surfzone
which are fiveto 10timeslonger. Theselong
wavesinthe surfzone are called infragravity
waves. This transfer ofenergy is relatedto wave
breaking and interaction ofincident waves and
waves reflected fromthe beach. The process is
complex and poorlyunderstood, but ithas an
importantinfluenceonsedimenttransport, beach
erosion, andabilityofstorm waves to overwashthe
shoreline or dunes to a greaterextent thancom

monly expected. California Sea Grantis studyingat
three southern California beaches which will

attempt to define the influence ofinfragravity
waves on nearshore processes. California work is
being complemented by atheoretical investigation
ofthe generation ofinfragravitywaves by Dela
ware Sea Grant researchers. Trie Delaware

research long-range goal is to develop anumerical
model which will give a full three- dimensional
description ofthe waves and currents both inside
and adjacent to a schematized surfzone. It will also
includethegeneration andinfluenceofinfragravity
waves.

An interesting feature ofmany beaches is the
offshore bar formations. Generally,barformations
aredynamic in that both move around and also
appear anddisappear. Currently, thereis little
agreement regardingthe formation and mainte
nance ofbars.One theory is that bar locationsand
amplitudes resultfromstanding waves formed by
the incident waves and the waves reflected from
the beach. Another theory has bars formed by
breaking wavesentrainingsedimentandinducinga
cross-shore current which causes sediment to
deposit nearthebreakpoint. Surprisingly, Lake
Michigan bar formations appearto be almost
permanent features. Michigan Sea Grantresearch
ersarestudying the LakeMichigan barformations
andtryingto develop a clearcauseandeffect
relationship betweenthe forcing wave conditions
andthe effect, as shown by the locationand size of
the bars. The influence ofsediment size will be
includedintheanalysis too, ifpossible.

Wetlands

Coastal wetlands are metaphoricallycaught
between a rockandahard place. Trie rock, inthis
case, isrising sealevelwhichina pristine world
wouldcause awetland to migrate inland. However,
inthereal world there isusually ahard place which
mightbeanexpensivehousing development, a
shopping center, orinterstate highway. This isan
unfortunate situation since coastal wetlands are
importantenvironmentally, aesthetically, and
biologically. ResearchsupportedbyConnecticut
SeaGrant istrying to determine theexpected
influence ofsea level rise on the coastal marshes
along Long Island Sound. Thestrategy for doing



this istocarefullystudythegeological record incore
samples fromexistingmarshes todeterminehow
theyresponded to previous rises insealevel.

Geological studies supported byDelaware Sea
Grant show a consistent trend for Delaware
wetlands to migratelandward with sealevel rise
over thelast several thousand years. During this
migration, the wetlands width was also decreasing
so that total wetland area has been considerably
reduced. The research indicates that ifthe sea level
riserate increases, then the loss ofwetlands rate
will also increase. Thesefindings appear to be
applicable to aconsiderable portion oftheU.S.
coastal wetlands beyond Delaware. Today there is
clear evidence that Delaware's saltwater marshes
arebeingrapidlydestroyed, primarilybyshoreline
erosion. Research iscontinuingthatwill determine
thecharacteristics of thelandward edge of the
transgressing marshsystem andthe factors which
influencethetransgression rate. In addition, predic
tivemodels willbedeveloped that can beused to
determine the future extent ofDelaware's tidal
wetlands under projectedscenarios ofsealevel rise
overthe next century.

Inlets and Estuaries

Delaware Sea Grant has used extensive field
observations, includingdrifters and currentmeters,
tohelp develop and calibrate Lagrangianmodels of
circulation patterns inDelaware's inland bays.
Thesemodels can enhance understanding about the
transportanddistribution ofwaterborne materialin
shallow coastal lagoons wherethe currents exhibit
significanttemporal and spatial variability. From a
local standpoint, thestudywillprovidevital informa
tionregardingthelong-term transport ofsewage
discharge, nutrients, and larvaein Delaware's
InlandBays.

New England hasmany shallowestuaries that
liebehindbarrier beaches. Locallythese coastal
lagoons arecalled saltponds, although thesalinity
varies widely from pondto pondandovertime from
almost fresh waterto almostopenocean salinities.
Inthe past, the saltpondswerevery productive
ecosystems. Unfortunately, withincreasingresiden
tialandcommercial developmentwithinthepond's
watershed, waterqualityin some pondshasdeterio
rated. With the supportSeaGrant programs in
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Rhode Island and Woods Hole Oceanographic
Institution(WHOI), volunteers, knownaspond
watchers, have been organizedandtrainedto
collect pond water quality data. A wide range of
peoplehas becomepond watchers, from high
school students to retired engineers, andtheyhave
proved to be reliable and skilled data collectors.
Certain types of data, such as simultaneous pond
measurements, couldnothavebeenacquired
without volunteers because such laborintensive
sampling iscostly. Coastal communities are using
thedata collected by pond watchers to manage the
ponds, and to arrest andhopefullyreverse water
qualityandhabitatdeterioration. The Environmental
Protection Agency is usingthe pondwatcher
conceptasamodel forwaterqualitymonitorsin
other areas.

One conspicuous featureofmost inlets is the
presence ofstrong currents caused by ebb and
flood ofthetides. Interestingly, thetidal currents
have considerable influence over the characteristics
ofthewaves ataninlet. There are verycomplex
interactions between wavesandcurrents atinlets,
makingitextremelydifficulttopredictsediment
movement. Unfortunately, these locations arethe
keys to any successful coastal management plan
involvingdredging, beachnourishment, orasedi
ment bypassingsystem. DelawareSea Granthas
supported extensive researchto find solutions to the
problems associated with tidal inlets. This research
has lead to an extremely efficient sand bypass
system at Indian River Inlet on the Delaware coast.
Inaddition, oneDelaware SeaGrant investigator
wontheprestigious AmericanSocietyofCivil
Engineer's Huber Research Prize for progress in
understanding wave andcurrentinteractionsattidal
inlets.

Numerical modelsareincreasinglyusedto
estimatecomplex pollutantsmovementincoastal
and estuarine waters. Rhode Island Sea Grant
researchers aredeveloping athree-dimensional
circulationmodel whichwill beusedtoimprovethe
understandingofcirculationand flushing dynamics
oftheProvidence Riverand upper Narragansett
Bay. The modelwillbe usedto assess the impact
ofvarious combined seweroverflowremediation
measures on water quality. At MIT Sea Grant,
researchers aredevelopingtwo- andthree-dimen-
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sionalmodels which will behybridsofgrid-based
and particletracking models. It is hoped that these
hybrid models will combine the best features of
both model types for simulating the movement of
pollutants or larvae in coastal waters.

Coastal Wave Conditions

Waves propagatingfrom deep water into
shallow waterareinfluenced by many physical
processes, which modify their form and change
their size. If the bathymetry is simple, andthe
waves do not approachthe shorelineobliquely,
therearethree important processes which influence
the propagation ofwavesinto shallowwater, they
are: wave shoaling,breaking,andbottom friction.
Shoaling causes the wave heights to increaseas
they propagate into shallowwateruntiltheybe
come unstable, break, and reform at a lower height.
Duringthe breakingprocesswaves dissipate much
oftheirenergy. Bottom friction also dissipates
wave energy and reduces the wave size in shallow
water. However, it has only been with recent
research at MIT Sea Grant that the influence of
bottom friction hasbeenshownto be important and
clearlyquantified.

Understanding andpredictingwaveconditions
inshallow water isanimportant butverydifficult
task formuch ofthe U.S. coastline. A good
example ofthis problem isthe Southern California
Bightwherethewaveclimate is spatially quite
complex dueto partial sheltering effects ofoffshore
islands and banks and the nearshore influence of
submarinecanyons. California Sea Grantwith the
California Department ofBoating and Waterways
has supported extensive wave datacollection off
southern California's coast tohelpdevelop and
calibrateanumerical wave prediction model.The
model will beusedto enhance boater safety and to
explainbeacherosion.

Although theGulfofMaine isalong way
from theSouthern CaliforniaBight, theyhavesome
common problems. It isdifficult to predictwave
conditions near the GulfofMaine coast because of
thecomplexbathymetry, irregularshoreline, andthe
presence ofmany islands. Thecomplex bathymetry
has a strong influence on wave refractionand
shoaling, the islands andpeninsulas causewave
diffraction to be important,andbottom friction must

be accounted for in shallow water. Even wave

reflection has to be considered because ofthe steep
rocky islands and coastlines. Maine/New Hamp
shire Sea Grant researchers have made impressive
progress in developing numerical models which can
make accurate wave condition estimates alongthe
GulfofMaine coast for given wave conditions in
deep water.

Along some areas ofthe U.S. coast, the
severity ofthe waves makes their measurement
quite difficult. Wave conditions offthe Oregon
coast have consistently damaged pressuretrans
ducerwave gauges,particularly in winter, so that it
is difficult to document the wave climate ofthis
area. A novel method to avoid this problem is to use
amicroseismometerthatmeasuresgroundmove
ment. This device can be located in a safe place
some distancefrom the coast.Surprisingly, the
interaction ofincident and reflected waves from the
coast causes ground movement which can be
measured by amicroseismometer, whichifcali
brated, can act as a wave gauge. OregonSea
Grantresearchers areusing a microseismometer at
the Hatfield Marine Science Center, about amile
and a half from the coast, to estimate wave condi
tions in about 40 feet ofwater near the end ofthe
YaquinaJetties. Althoughtherearemanyproblems
inanalyzing andinterpreting the datafromthe
seismometer, itappears thatitwillbe possible to
make accurate calculations ofthe wave climate for
severe winter wave conditions.

WavesandStructures

Coastal structures sometimes fail underwave
loads and damage to structures isquitecommon.
Scale models canbe tested in wave tanks,but
testing isexpensive, timeconsuming, andstill offers
no guarantee that a structure will not fail in the
field. Withtheincreasing power ofcomputers, itis
becomingmorepractical todevelop numerical
models which simulate the interaction ofwaves and
structures. This type ofresearch is beingsupported
byNewYork and Delaware SeaGrant. Currently,
the geometry ofthe structures in the numerical
modelsmustbesimplesothatapplication ofthese
numerical modelsisstilllimited. However,thisisa
research area that is evolving fast, andmore
realistic modelsareexpectedsoon.



OregonSeaGrantresearchers areinvestigating
the interactionofwaveswith rubble mound coastal
structures. This effort involves both physical model
testsandnumericalmodeling. Becauserubble
structures arebothroughandporous, it isextremely
difficult tomodelnumericallytheirinteraction with
waves. This problem hasbeenreduced byan
extensiveseries ofphysical modeltestswhichhelps
toguideand complementthenumericalmodeling
effort. Bothlarge- and small-scalephysical model
testshavebeenconducted; thelarge-scale testsused
the largestwave tank in the United States. This tank
cangeneratewaves withheights over 1.5 meters
The study will result in asuite ofnumerical models
whichcanbeusedto improvethedesign ofrubble
mound structures exposed to wave attack.

NearshoreOceanography

Part ofthe planto cleanup Boston Harbor
requires the building anew sewage treatment plant
and a new outfall located in 32 meters ofwater on
the bottom ofMassachusetts Bay.There is consid
erable concernaboutthe mixing characteristics of
the4.5billionliters ofliquideffluentandtreated
sewagewhich will be discharged dailyintothe bay.
From latespring to mid-fall,thereisastrong
thermocline inthebaywhichinhibits verticalmixing,
andit is expected thatit will preventnutrients inthe
effluentfromreachingthe euphoric zone.WHOI
SeaGrantresearchers areconductingvery sensi
tive experimentsto determinevertical mixingrates
across the thermocline. The resultswillhelp
environmentalmanagers and engineers assessthe
impact of future sewage effluent in Massachusetts
Bay.

At MIT Sea Grant,researchers areutilizing
watercolumn andsediment sampling forselected
hydrographicvariablesandradionuclide concentra
tions. These datawillbe usedto definethetempo
raland spatialscales over which a suite ofparticle
reactive surrogates are deposited and retained in
Massachusetts Bay nearshore sediments. This
informationiscriticalto understandingsedimentary
deposition and transport processes that affect
retentionand/ortransportofparticlereactive
contaminants reachingthe nearshoresediments of
Massachusetts Bay.

Continuing to be ofserious concern to New
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York Sea Grant researchers are Mirex, PCB's, and
otherhydrophobicorganiccontaminantsbecauseof
their persistence at high levels in the biota and
aquaticLake Ontario food chain. This persistence
is surprising becauseofdecreasesin productionand
direct inputs ofcontaminants to the lake from the
Niagara River. In fact, Mirex is no longermanufac
turedorused. Manycontaminants tendto deposit
withsediment quicklyto the lakebedafterentering
the lake fromthe Niagara River. This process
removes contaminants from the water column, but
possiblyonlytemporarily.New York Sea Grant
researchers areinvestigatingto see ifresuspension
ofsediments by storms is animportant mechanism
forreturningcontaminants to the water column and
back into the food chain.

Hazards

GreatLakes water levels are subject to
changes ofapproximately 1.5metersoverirregular
periods of fiveto 10years. Duringperiodsofhigh
water, erosionand flooding become aserious
problem for much ofthe coastline. When water
levelsarelow the perceivederosionproblem goes
away, and people can enjoy a wide beach or sell
theirbeachproperty. Unfortunately, it appears that
during low watersome partsofthe coastlineare
beingundermined, technically called lakebed
downcutting, sothaterosion during highwateris
exacerbated. Low waterlevels causedowncutting
ofcertaintypes ofsubmerged clay layerswhich are
relatively sheltered from the erosional effects of
waves andcurrentsby overlying water during
periods ofhighwater. Downcutting allowslarger
waves to reachthe shorelineduring each succeed
ing periodofhighwater, causinga trend ofincreas
ingshorelineerosion. Downcuttingalsocauses
damageto shoreprotectionstructuresbecause it
causes difficulties inmaintaining the toe ofthe
revetments or the base ofseawalls and bulkheads.
Wisconsin Sea Grantis conducting an extensive
survey ofthe Lake Michigan shorelineto determine
more clearlythe extent and mechanisms of
downcutting.

Recentoiltankerspillsinconfinedshipping
laneshave shown the particular susceptibilityofthe
coastalenvironmentto oil spills. Although oil slicks
aretransported mainly by surface currents, these
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currentsareconstrainedto flow parallel to the
shore and cannot move an oil slick onto a beach.
However, waves are directed by refractiontoward
fringing beaches andwetlands. Mass transport in
wind waves is concentrated near the surface and
provides amechanismforthe transport ofthe slick
toward theshore. A preliminary analysis ofthis
problemby CaliforniaSea Grantresearchers
indicates that wave-driven transport isofcompa
rablemagnitudeto tidalcurrents orwind driftasa
transportmechanismforoilslicks. Surprisingly, the
influence ofthewavedriven surface transport has
beenignored inexisting oilslicktransportmodels.
Researchis continuingto establishtheoretical
predictions ofthe Eulerian surfacecurrent, to
generalize these predictions forirregular seastates,
and to demonstrate the potential ofsurface wave
drift totransport oilslicks incoastal regions.

Largeearthquakes alongoffshore fault zones
aresignificant hazards to California coastal cities.
Unfortunately, itismore difficult toinvestigate
submerged portions offault systems than theon
landcomponents. CaliforniaSea Grantresearchers
areusingmultifrequencyside-lookingsonartomap
deformation alongtheSanGregorio fault in
Monterey Bay. The SanGregorio is part ofthe San
Andreas fault systemand is thought to connect to
theHosgri fault systemwhichposes aseismic risk
to the Diablo Canyon Nuclear PowerPlant. The
study also included a submersible dive to obtain
visual observations, video images, and sea floor
samples tocomplement thesonarmaps. Further
investigation ofthe fault using aremotely operated,
submersible vehicle isapossibility. This research
hopes todefine more clearly the seismic risk posed
bytheSan Gregrio-Hosgri fault system to coastal
California
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Ecology and
Environmental Quality
Introduction

In fiscal year 1992, the National Sea Grant
CollegeProgram supported 261 projectsinecology
and environmentalquality.The Sea Grant base
programappropriationprovidedsupport for 132of
these projects in the areas ofnutrient and carbon
dynamics,toxic pollutants,habitat studies,human
health,global change, exotic species, and environ
mental management. The research was supported
with $5,561,000inSeaGrantfunds and $5,627,000
in matching funds from the Sea Grant institutions.
Funds from other federal appropriations supported
another 129 projects at a cost of$8,241,000. Three
major programs accountedfor $6,925,000 ofthese
funds. These were:

NOAA Coastal Ocean Program

Sea Grant has been an active participant in
the NOAA Coastal Ocean Program since its
inception.Sea Grant National Office and academic
scientists were closely involved in the development
ofthe program and participate in its management.
The two major program areas ofEnvironmental
StudiesDivision involvementare theEstuarine

Habitat Program (EHP) and the Nutrient Enhanced
Coastal Ocean Productivity (NECOP) Program.

EstuarineHabitat Program

The EHP is focused on two ofour most

critical coastal habitats, seagrasses and wetlands.
The program is cooperatively managed by Sea

Grant and NOAA's National Marine Fisheries

Service. The EHP has two main components. The
first is a research component that is aimed at
understanding the structure and functions ofthese
habitats, their contributions to the productivity ofour
fisheries,and the development ofmethods for
effective restoration and creation ofseagrass beds
and coastal wetlands. A second component consists
ofapplyingremote sensing technology to quantify
changes in the aerial extent ofwetlands and
seagrass beds over three to five year intervals.
Both photographic and satellite technologyare
utilized inthis study.

NutrientEnhanced CoastalOceanProductivity

The NECOP program has as its goal the
understandingofthe relationship between nutrient
inputs,physicalforcingfunctions,andhypoxiaand
anoxia on the Louisianashelf. The program is
jointly managed by Sea Grant and OAR's Environ
mental Research Laboratories. The program, now
in its fourth year, has three major components:

• Annual field studies are measuring the
variables and rates that control productionand
hypoxiadevelopment.

• Studies ofcores are attempting to detect
hypoxic events in the sediment record in order
to provide understanding ofthe frequency and
duration ofhypoxic in the recent past.

• A majormodeling effort is developinga water
qualitymass balancemodel.
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Chesapeake Bay Toxics
Research Program

The goals ofthe Chesapeake Bay Toxics
Research Program are:

• to develop a better understanding ofhow
ecosystem processes and trophic dynamics in
Chesapeake Bay influence the transport, fate,
and effects oftoxic substances;

• to understand the effects that toxic substances

have upon ecological processes; and

• to determineresponsesofChesapeake Bay
organismsat the organismal population, and
communitylevels to exposure to toxic sub
stances.

The program is funded by NOAA and the
EnvironmentalProtection Agencyand ismanaged
jointlyby Sea Grant,NOAA's ChesapeakeBay
Office, and the EPA. The program is an outgrowth
ofan earlier five-year research program on the
effectsoflow dissolvedoxygenon the Chesapeake
Bay ecosystem, and for the past three years, the
focus has been on the effects oftoxics. The initial
program focus was on transport and fate oftoxic
substances, and the currentemphasis is on ecosys
tem and population effects.

Sea Grant Zebra Mussel Program

The zebra mussel is a European mollusc
which has caused considerable economic and
environmental damageto the Greatlakesregion. It
is now spreadingto other regions. The Sea Grant
zebra musselprogram (described in detailin a
separate section) is focused on research to under
standthemussel's ecology, developingcontrol
methodology,andprovidingpublicoutreachand
education.

Following Sections

Inthesections thatfollow, currentprogram
activities and recent research findings for two areas
ofemphasis, ToxicOrganicCompounds and
Wetland Habitats, are discussed in detail.

Toxic Organic Compounds

CurrentProgram

Sea Grant FY 1992 research on the transport,
cycling, fate, and effects oftoxic metals and
organiccompounds consisted of52 projects totaling
$3,410,000 ofwhich$2,480,000 was from federal
sources with the balance being provided as match
ingnonfederal funds.

The Chesapeake Bay toxics program is a
major component ofcurrent SeaGrant toxics
research with 12 projects in FY 1992. Primary
emphasis ison understanding how toxic compounds
can alter the energy flows and productivity ofthe
bay ecosystem. The Great Lakes is another focus
of Sea Grant toxics research. Because the Lakes
are closed bodies offresh water with long resi
dence times and serve as sources ofdrinking water,
understandingthe ecological impact and public
health consequences oftoxic organic compounds is
a priority concern. Sea Grant researchers are
studyingthe behavior and fate ofthese compounds
in the Lakes and their effects on key species.

Another important area ofresearch is the
determinationofthe role that colloids play inthe
cycling and fate oftoxics in the aquaticenviron
ment. Researchers are studying the association of
toxic organics and metals with colloids inboth
marine and fresh water environments to understand
theeffects ofcolloids onpollutanttransportand
biologicalavailability.

Selected Research Findings

Thereis a continued needfor the rapid,
accurate analysisofpollutants in field situations.
MITinvestigators havedeveloped a portable,
battery powered massspectrometer capable of
measuringvolatileorganicpollutants. Thespec
trometer, mounted on aback frame, weighsabout
70 poundsand canbe transportedbya single
individual.The development ofthis instrument
greatlyincreasesthe abilityofscientiststo conduct
effective field measurements for the presence of
pollutants.(Hemond, 1991)

Accurateanalysis oftoxicorganicpollutants
continuesto be a challengeto environmental
chemists. Coplaner PCBs havebeenparticularly



difficult to quantify because oftheirverylowlevels,
yet they areconsidered to be among the most toxic
ofthe PCBs. New York investigators havenow
developedananalytical method thatpermitsthe
determination ofthese PCB residues in fish at
parts-per-trillionlevels (HongandBush, 1990,Hong
et. al. 1992).

Fishkills due to pesticideshave been a
recurringproblem. South Carolinascientistshave
developed animprovedmethod forthe analysis of
organochlorine, organophosphate, andpyrethroid
insecticides from river and seawater. The method

uses bonded-phase silicato preconcentratethe
pesticide, thus eliminatingtheneedto haulorganic
solventsto the fieldsite(HinckleyandBidleman,
1989).

The banningofPCBs has led to their replace
ment in such products as carbonless copy paper.
Wisconsin scientistshave developed the analytical
methodologyto determinethesereplacement
compounds in river waters (Peterman and Delfino,
1990). The environmental effects ofthese com
poundsisnot adequatelyknown, but some evidence
suggests amoderate toxicity.

Understandingthe physico-chemical proper
ties and chemical behavior ofclasses ofchemicals
inthe environment is critical ifsatisfactory methods
to predict pollutant behaviorin the environment are
to be developed.Wisconsin investigators havebeen
extremely active in this researcharea. They have
determined thesolubilityoforganiccompoundsin
solventwatermixtures(Dickhutet.al., 1989,1991),
anddeterminedthe method by whichhydroxyl
radical can oxidize and thus degrade PCBs (Sedlak
andAndren, 1991a, 1991b).

While it has been long recognized that PCBs
canbe transported through the atmosphere as well
asinwater, quantifying this transportandunder
standingthe fluxes ofPCBs to and from water
bodies via the atmosphere is a continuing research
effort. Wisconsin investigators have evaluated
techniques formaking the difficult measurement of
PCB transport from the Great Lakes to the atmo
sphereand from the atmosphere to the lake surface
(Murrayand Andren, 1991,1992a). Datafrom
precipitationsamples in the region suggest thatnot
only are PCBs present in the dissolved and particu
late phasesbut that a colloidal phasemay alsobe
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significantincontrolling PCBbehaviorin precipita
tion (Murrayand Anders, 1992b). Measurements in
a remote site in the Great lakes watershed showed

thattherewasno apparent reductionin atmospheric
PCBs in the last seven years, though the average
residence time is estimated to be a few months

(Manchester-Neesvig and Andren, 1989). This
suggests that PCBs undergo repeated cycling
between earthand atmosphere before final re
moval. Minnesota investigatorshave also have seen
no reduction in atmospheric PCBs over Lake
Superior the last 10 years (Baker and Eisenreich,
1990) Their work shows that the amount ofPCBs
being deposited on the surface ofLake Superior is
similarto the quantitybeing volatilized to the
atmosphere from the lake surface.

The interactionoftoxic organiccompounds
with particulateand colloidal fractions ofcoastal
andGreatlakes waters and sediments is an impor
tant area ofresearch. These interactions control

boththe ultimate fateandbioavailability ofthese
compoundsinthe environment.Colloidsin particu
larhave recentlybeen recognized as a major factor
incontrollingthe partitioningoftoxic organicsinthe
aquaticenvironment. MIT researchershave
developed methods to measure the abundance,
distribution, andconfigurationofcolloidsinsedi
ments. They found depletion ofcolloids nearthe
sediment water interface and accumulation of

macromolecules atdepth. (Chin andGschwend,
1991).Minnesotainvestigatorshavedetermined
that, forhighly insoluble toxic organics,lessthan 10
percentis presentin pore water as dissolved
material and the rest is associated with colloids.

The fraction associated with colloidal material

dominated the diffusional fluxes from sediments

(Capel andEisenreich, 1989,1990). Michigan
scientistshave developed athermodynamic model
forthe sorptionofnonpolarorganiccompounds by
organiccolloids (Chin etal.,1991). Such models are
essentialto understanding and interpretinglabora
tory and field studies.

The importanceofsorptionbehaviorand
kineticsby toxics onto naturalparticleshasbeen
studied by anumber ofinvestigators. Laboratory
experimental studies areused to understand
sorptionandto develop and evaluate predictive
models. Published studiesinclude an evaluationof



Sea Grant Review: 1990 through 1992

flow cytometry as atool to rapidlydetect, count,
and size largenumbers ofparticles (Newman et. al,
1990a, Newman etall 990b), studies ofthe
particleconcentration effect on PCB sorption (Van
Hoofand Andren, 1991), investigation ofthe
effects oforganicpolymers on contaminantsorption
by naturalparticles(Chin andWeber, 1989, Chin
etal, 1990), and a study ofthe sorption of
alkybenzenes to mineral oxides (Peringeretal,
1990).

Distributions oftoxic compounds inthe
environment areneeded to both understand pro
cesses and make appropriate management deci
sions. Wisconsin scientists have determined the

PCB concentrations in the tributaries to Lake

Michigan. Over halfthe PCBs were associated
with particles (MartiandArmstrong, 1990).Minne
sota researchers have studied the internalcycling of
particles and associatedtoxic organics in the water
column ofLake Superior (Baker and Eisenreich,
1989). The investigators found the benthic
nepheloid layerappearedto have a major role in the
overalltransport andcyclingoftoxic organics inthe
Lake.

The interactionbetween sunlightand
polyaromatic hydrocarbons (PAH) have been
investigatedby MichiganandIllinoisresearchers.
Daphnia exposedto anthracene in the presence of
ultravioletradiationhadsignificantlygreatermortal
ityandlower fecundity thandaphnia exposedto
anthracene inthe dark(HoistandGiesy, 1989).
Elutriates ofPAH contaminated sediments were
found to be toxic to daphnia whensunlight was
present, but not inthe absence oflight. (Davenport
and Spacie, 1991). These reportsrecommend that
phototoxicitytestsbe incorporated intodetermina
tionofsedimentqualitycriteria.

A similarstudy by a South Carolina re
searcher showed that sediment contaminated with
the pyrethroid pesticide fenvaleratehad no effect
onmortalitybut caused50-100 percentreductionin
egg productionand40-100 percentreductionin
mean clutch size ofthe benthic harpacticoid
copepods Microarthridion littorale and
Paronychocamptus wilsoni. This suggests that the
sediment-bound residues offenalerate cansignifi
cantly impactpopulation growth ofthesespecies
(Chandler, 1990).

The rates and effects oftransport oftoxic
organicsup the food chainhas consequences for
not only the animals affected but also for human
health. Organiccompounds areusually
biomagnified asthey passup the food chain,thus
concentrations in predatorscan reach very high
levels. Michigan scientistshave determined the
biomagnificationofPCBs, DDT residues, and
toxaphene in the epibenthic mysidMysis relicta
and the benthic amphipod Pontaporia hoyi. They
determined that, based on estimates ofbiomass and
toxicant concentrations, offshore amphipods contain
about 15 times as much toxaphene, 12 times as
much PCB, and 9.5 times as much DDT residues
as mysids. Thus amphipods may represent a far
largerreservoirorcontaminant storage,recycling,
and transmission (Evans etal., 1991).

Phytoplankton bioconcentrate but do not
biomagnify organiccontaminantsbecauseuptakeis
passive, not active. Previous work has shown a
bioconcentrationfactornormalized forlipidcontent
was reasonably well predicted by the octanol-water
partitioncoefficient (Kow)for many organisms.
Work by Minnesota researchers, however, has
shown that Kow is not an adequate predictorof
phytoplankton uptake ofPCBs. While the accumu
lation is correlated with Kow and the

bioaccumulationappears to beapartitioning
process betweenwaterandalgal lipids,the time to
equilibriumislongandisstronglyinfluencedby
growth rates, and the bioaccumulation exceeds that
predicted by Kow by oneto two orders ofmagni
tude.These findings haveresulted inmajorrevi
sionsofthe phytoplankton portionsofmodels
focused on predictingthe flowoftoxics through the
food chain such asthe Green Bay Mass Balance
Studymodel. (Swackhammerand Skogland, 1991).

Woods Hole investigatorsmeasured the
distribution ofPCBcongeners inthe mussel
Mytilusedulus transplanted to severalstationsin
Buzzards Bay which is contaminated with PCBs
fromNew Bedford Harbor. The major factors
controlling the distribution ofPCBs in mussels
appear to be the PCB concentration in ambient
waters andseasonal variations inmussellipid
content related to spawning activity(Capuzzo etal,
1989).

Wisconsin investigatorshavedeveloped an



individual basedmodelapproachto predictingthe
dieldrin and PCB concentrations in lake trout. The
model, which follows individual members ofthe
population overtime, canbe used to predicttoxicant
concentrations within acohort or,by applyingthe
model over severalcohorts, predicttoxicantcon
centration with age.The model is most sensitiveto
thetoxics concentration in the trout's prey
(Madenjianetal, 1993a,1993b).

Advisories on fishconsumption have been
based on the total PCB content offish. However

individual congenerscanvary intoxicity by six
ordersofmagnitude. Since the analysisofindividual
congenersisboth difficult andexpensive, Michigan
investigatorshave appliedatoxicityequivalence
model to predictingdioxin equivalents from total
PCB levels. There was a good correlation between
dioxinequivalents predicted fromtotalPCB con
centrations andthose measured directly(Williams
etal., 1992).

A long-standingproblem inthe Greatlakes
hasbeenthe failure ofstocked lake trout to repro
duce. Failureofintroduced stock to reproduce has
been ascribed to pollution, loss ofsuitable spawning
habitat,and failureto imprint, among various
causes. Now Wisconsin investigators have demon
strated that toxic organics can have a major impact
onreproductionofboth lake trout andrainbow
trout Inanelegantseriesofpapers, the investiga
tors have shown the dioxins, PCBs, and
dibenzofurans, inthe partspertrillionrange, can
causemanifest toxicity by sac frymortalityassoci
ated with yolk sac edema and hemorrhages. The
researchers conclude that,though environmental
levels ofthese compounds do not produce overt
lethalityinadult fish,their combined presencein
feral fish eggs may pose an increased risk to early
life stagesurvival and ultimately, to feral fish
populations (Cook et.al,1991,Walker andPeterson,
1991,Walkeretal., 1991, Walker and Peterson,
1992,Walker etal., 1992).

The effect ofPCBs on birds was the subject
ofa study by Wisconsin scientists.They found that
the reproduction ofForster'stern,a fish-eating
colonialbird,hasbeensignificantlyimpairedin
GreenBay, which is contaminated with PCBs,
when compared to arelativelyuncontaminatedsite
inland. Hatchingsuccess ofeggs collected at Green
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bay was 50-100 percent lower than those from the
controlsite. Green Bay hatchlings weighed 20
percent less and had liver to total body weight ratios
26 percent greater, the investigators concluded the
PCBs were the only contaminants at high enough
concentrationsin the eggs to produce the observed
effects (Kubiak etal., 1989).

Great Lakes Sea Grant investigators have also
studied the levels and impact oftoxics in the Great
Lakes human population. In 1989, Michigan scien
tist conducted a follow-on surveyto one in 1982 for
serum DDT and PCBs in both fish eaters and non-

fish eaters. Fish eaters continued to have signifi
cantly high DDT and PCB levels than non-fish
eaters. No change in PCB levels occurred between
1982 and 1989 in either population. DDTlevels,
however, declined by about one-third. This indicates
that the banningofDDT has resulted in reduced
DDT contaminationofhuman populations(Hovinga
etal., 1992).

PCBshave been implicated inhuman repro
ductive problems.Wisconsin investigatorstested
over 1,000 pregnantwomen for PCB serum level,
determined their fish consumption patterns, and
evaluated their babies for a variety of factors.
Serum PCBs were correlated with fish consump
tion. After correction for such known negative
factors as caffeine, cigarettes, and alcohol, no
negativeeffects ofPCBs were found. This result
was consistentwith a Danishstudy but not with
two studiesin MichiganandNew York. Analysisof
allstudies indicatesthat those ofMichigan and
New York involved women with much higher PCB
levels thanthe Wisconsin study. Forexample, only
4 percentofthe women in the Wisconsin study
consumed as much fish as the average ofthe
Michigan group (Daretal, 1992).
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Wetland Habitat Research

Current Program

In FY 1992, Sea Grant funded 61 projects on
wetlandsresearchand managementtotalling
$3,732,934; ofthatamount, $2,825,481 were from
federal sourcesand the remainderwas provided as
nonfederalmatchingfunds. About halfthe federal
support was in the form ofpass throughgrants,
funded mainlyby the NOAA Coastal Ocean
Program Estuarine Habitat Program.

Research efforts in this area focus on assess
ingtheimportanceofwetlandsinsupportingliving
marineresources and in affectingestuarinenutrient
cyclingand water quality. The issue ofwetlands
lossandrestoration iscritical to sustaining respon
siblecoastal development, and Sea Grant research
ersare involvedindevelopingtechniquesfor
creating and restoring wetlands andassessing the
success of those efforts.

Selected Research Findings

The presence of wetlands has a significant
influenceonanimal communities incoastal ecosys
tems. Seagrass beds increasefaunal abundance by
encouraging larval settlementdue to reduced
hydrodynamic effects within thebedsandby
providingprotectiontopotential preyspecies (Olmi
etal., 1990;Prescott, 1990;Wilson, 1990;Pohleet
al., 1991;BauerandVega^ 1992; Orth, 1992).
Within saltmarshes, the presenceofadultmussels
provides additional protectiontojuvenilemussels
subjectto crab predation(Lin,1990).Thesame
structural attributes ofsaltmarshes thatprotect
animalsfrom predation also make it difficultfor
researchers to samplein those environments; a
flumeweirwasdeveloped to overcomethose
problems, andit wasableto successfully collect a
large variety ofnekton (swimming) species (Kneib,
1991). Distributionandpopulationdynamicsofblue
crab populations have been studied in Atlantic and
GulfCoastsaltmarshes(Ryeret al., 1990;Van
Montfrans etal., 1991;FitzandWiegert, 1992;
Hsueh et al., 1992). Marine and freshwater
marshes supportabundantinsectpopulations,
valuabletoaquaticconsumersalthoughoccasionally
anuisance tohumans, and thepresence and type of

vegetation helps to determinetheir distribution
(McLaughlin and Harris, 1990; Magnon et al.,
1990). Saltmarshtidalcreeks and impoundments
have been investigated to determine their role in
supportingfishpopulations and inexportingenergy
from the salt marshes (McGovem and Wenner,
1990; Rountreeand Able, 1992).

Wetland restoration activities have focused on
developingtechniques for restoration and on
evaluating the success ofthe created wetlands.
Varioustechniques for comparing natural to
constructedwetlands have been evaluated (e.g.
Langis et al., 1991).Researchershave developed
techniquesfor encouraging the growth ofvarious
wetlandanddune plantspecies, including
baldcypress (Conner and Toliver, 1990), sea oats
(SylviaandJarstfer, 1991;Seliskar, 1992),
saltmarsh cordgrass (Wilseyet al., 1992), and
coastaldropseed (Blitsand Gallagher, 1991;Straub
et al., 1992) so that they can be used to create
functioning coastal ecosystems. Mitigationbanking
programs,involvingcreatingwetlandstooffset
losses resultingfromcoastal development, have
beenimplemented withvarying degrees ofsuccess
inseveral states(Howorth, 1991). Acomprehen
sive manual was developed toguide coastal manag
ers in assessing the success ofwetland restoration
projectsbydetermininghow wellthe man-made
wetlands duplicate thefunctions ofnatural ecosys
tems(Pacific Estuarine Research Laboratory,
1990).Sea Granthasalsopublishednon-technical
handbooks tointroducethepublicandlocal officials
totheconcept ofusing coastal plants forlandscap
ing,ecosystemrestoration,anderosioncontrol
(BarnettandCrewz, 1990;Seliskar, 1991;Van
Patten andCrawford, 1992; Broome etal., 1992).
Despitethe progressthat has beenmade, con
structedwetlands stillcannotreplacethehabitat
andfunctional valueofnatural wetlands, and
continued research onrestorationtechniques is
necessary (Zedler, 1991).

SeaGrantresearchers haveinvestigated
factors controllingprimaryproductioninseveral
wetland systems. Louisiana researchers compared
five methods ofestimating saltmarshcordgrass
production and concluded that for Gulfcoast
marshes, itwasparticularly critical to usemethods
correctingfor mortalitylosses betweensampling



periods (Kaswadji et al.,1990).OtherSeaGrant
investigators found that establishingnutrientlimita
tionfor wetland plants isnot straightforward and
criteriabased ontherelationship betweennutrient
concentration andgrowthresponsecanbe mislead
ing(Chambers and Fourqurean, 1991). The pres
enceofsufficientaboveground biomass wascritical
for saltmarsh cordgrass to survive through the
winter inamid-Atlantic marsh (Wijte and
Gallagher, 1991).Californiaresearchers foundthat
the maximum depth forseagrasses maynot be a
function ofthe meanlight environment, butmay
insteadbecontrolled byintermittent periods of
extreme lightattenuation(Zimmerman etal., 1991).
Onalarger scale, saltmarsh plant community
structure in a South Carolina estuary was examined
relative to changes in salinity thatoccurred asa
result ofareduction in freshwater discharge; the
prediction wasmadethatplant diversity inthe
transition zone from salt to brackish marsh would
decrease overtime aslesssalt-tolerant species died
out (Bradleyetal., 1990).

Wetlands are important sources ofthe organic
production that forms the base offood webs in
coastal ecosystems. A comparisonofthe stable
isotope ratiosofsaltmarsh faunawith those ofthe
available primaryproducersshowed that forGulf
coastmarshes, the primary sourceoforganic
matterappeared to be benthicmicroalgae and
phytoplankton,notsaltmarshcordgrass (Sullivan
and Moncreiff, 1990). That finding emphasizes both
thegeneral importanceofbenthic microalgae in
coastal foodwebsandthe degree ofregional
variability that exists in saltmarshecosystems, since
earlier studies had found that cordgrasswas the
dominant source oforganicmatter in a Massachu
settsmarsh, andthatcordgrass andmicroalgal
sourcesappeared to be equivalentinimportancein
aGeorgiamarsh. Subsequent researchshowed that
benthicmicroalgaewerealsosignificantprimary
producers in aMississippiseagrass bed, suggesting
that the microalgaemay alsobe important in the
seagrasstrophic web (Daehnick et al., 1992). Much
ofthe organicmatter produced in wetlands eventu
allyenters the food web as particulatedetritus
formed from plantfragments andis consumedby
invertebrates andsmall fish. Sea Grantinvestigators
have now shown that amorphous detritus,aggre
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gates formed by precipitation ofdissolvedorganic
matterleached from wetland plants,is potentiallya
higher-quality food source for marsh consumer
species (D'Avanzo et al., 1991); other researchers
have followedtheinitial stagesofdecomposition in
seagrasses,concentrating on the utilization of
leacheddissolved organicmatter (Blum andMills,
1991). The degree thatsaltmarshes exportorganic
production to estuaries andcoastal ecosystems
varies; inthe Delaware River Estuary, exportof
organic matter from salt marshes does not appear
to be significant(Cifuentes, 1991).

Wetlands playanimportant role innutrient
cycling in estuaries. Research on several salt
marshes showed that the exchange ofnutrients
between the sediments and the water column

appears to be drivenmainly by biologicalprocesses
suchasbioturbation, or by resuspensionofmarsh
surfacesediments,not by simple chemicaldiffusion
(Chambers andOdum, 1990; Childers andDay,
1990;Chambers 1992;Chambers etal., 1992).
Studies ofsaltmarsh sediments have demonstrated

significant short-andlong-termchanges insediment
chemistry,andusedthe long-term variationto
developapollutionhistory(Luther et al., 1991;
Varekamp, 1991).Nutrient cyclingwas followed in
a floating freshwater marsh, a habitat where there
isa matofvegetation floating over a layerof free
water (Sasser et al., 1991), and in a tidal freshwater
bayou (Stren et al., 1991), both in Louisiana. A case
study ofa Lake Erie coastal wetland, carriedout at
the Old Woman Creek Estuarine Research Re
serve, suggested that those wetlands may be
retaining asmuch as5 percent ofthe nonpoint
source phosphorus loadingthat otherwisewould
enter the lake (Mitsch et al., 1989); the authors
pointedout thatrestorationofwetlands could
significantlyreducetheremainingnonpointsource
loadings. Otherinvestigatorshave constructed
freshwater wetlands in order to determine the
effect ofvaryingthe timing ofwastewater dis
chargeontheirusefulness in removing nutrients and
metals from wastewater (Busnardo et al., 1992;
Sinicropeetal., 1992).

Sea Grantresearchers have been evaluating
the effects ofvarious management actions on
coastalwetland systems. Tidal marshes in Dela
ware and other mid-Atlantic states have been
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invadedbythe undesirablereedPhragmites.
Delaware researchers have determined that coastal

managers may be able to control these invasions by
controlling water levels and salinity in these
marshes (Hellings and Gallagher, 1992). Reduction
in the amount ofwetlands is a serious problem in
Louisiana. A Sea Grant researcher there has

examined the contribution ofcanal and levee

constructionto the problem and has developed
management alternatives to begin recovering some
ofthe wetlands that have been lost (Turner, 1990).
A major difficultyin decidingwhether to go for
ward with proposed management actions is the lack
ofconsensus on how to value wetlands. Sea Grant
investigatorshavecompiledabibliographyof
literature related to placing a value on Great Lakes
coastal wetlands (Reeder and Mitsch, 1990).

Publications

Sea GrantAbstracts, a quarterly publication
oftheNationalSea GrantCollegeProgram,listsall
publicationssubmittedtotheSeaGrantDepository.
In the sections that follow, selected lists of1990-
1992SeaGrantpublications relatedtothesubject
areasdiscussed abovein detailare presented. In
addition, twolists of1990-1992SeaGrantpublica
tions areincluded, covering thetopics ofCauses
andEffects ofHarmful Algal Blooms and
Biodiversity,areas ofenvironmental research that
have been the subject ofmuch Sea Grant research.

Toxic Organic Compounds

Baker, J. E. and S. J. Eisenreich. 1989. PCBs and
PAHs as tracersofparticulate dynamics in large
lakes. J. Great Lakes Res., 15:84-103.
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Non-Living Resources

From FY 1990 through FY 1992, the trend

in federal funding for marine geological re
sources decreased only slightly, but it is less

than half the rate for the previous three-year

period. An average of 11 projects was funded
during the past three years with a steady

decrease in the number of projects but only a
small decrease in the total level of support to a
low of nine projects for $359,455 in FY 1992.

The decreasing trend in FY 1990-1992 in total

support is due in large part to the phased
completion of three studies not related directly

to manganese and polymetallic commodities.

Non-Living Resources

From FY 1990 through FY 1992, there has

been a downward trend in federal funding for

the Sea Grant diving physiology, safety, and

technology program. Total funding in 1990 was
$497,494; in 1991 it was $351,043; and in 1992

it declined to $281,883. In 1992, only three of
the 29 Sea Grant institutions sponsored wet-
diving-related research projects. This situation
must be improved ifSea Grant is going to

uphold its share ofthe NOAA mandate under the
Outer Continental ShelfLands Act to perform

studies that increase diver safety and perfor

mance.
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Marine Geological Resources
Introduction

The Sea Grantmarinegeological resources
programfocuses on research to assess marine
mineral resources andto determine the environmen

tal impact ofrecoveringthose resources and the
technologicaldevelopmentsthatwillincrease
understanding oftheprocesses responsible forthe
formation ofnew resources or the recovery tech
niques. This reportsummarizes the research activi
ties of18 projects for the past three years for two
commodities:manganese oxides (crusts andnodules)
andpolymetallicsulfides.Present activitiesare
summarizedforthe sixprojectssupportedinFY
1992andrecommendations forchanges inprogram
matic themes are identified.

Three-YearFundingTrend

From FY 1990 through FY 1992, the trend in
federalfundingfor marinegeologicalresourceshas
decreased onlyslightly,but it is less than half the
rateforthepreviousthree-yearperiod.Anaverage
of 11 projectswasfundedduringthepastthree
years with a steady decrease in the number of
projects but onlya small decrease in the total level
ofsupportto a lowofnineprojectsfor$359,455in
FY 1992 (Table 1). ThedecreasingtrendinFY
1990-1992intotal support isdue inlargepart to the
phasedcompletion ofthree studiesnot related
directlyto manganeseandpolymetalliccommodities.

Manganeseoxidestudiessupport increasedin
FY 1992,buttheincreasewasonlyslightcompared
to theaverageforthe period.Polymetallicsulfide

support decreased slightly in FY 1992, but the level
ofsupport in FY 1992 is average for the period.

Other than the 50 percent decrease in funding
levelsformarine geological resources from the
previousreporting period (FY 1986-1989), there is
no obvious trend during FY 1990-1992. There is,
however, a steady decrease in the number of
projects supported and in the numberofSea Grant
programs (2) supporting this type ofresearch. This
is the most worrisome trend in overall support for
this research category.

PresentSupportLevels

InFY 1992,onlyninemarinegeological
resourceprojectswere supported witha federal
share of$359,455. Matching funds were$197,600
forthosenineprojectsand$358,192inpassthrough
fundswerereceivedforanadditional twoprojects
that did not receive Sea Grant funds. All federally-
supported projects were conducted at the Univer
sity ofHawaii except one which was conducted at
the UniversityofWashington (Table 2).

In FY 1992, no support went to marine
geological resourcestudiesinareastraditionallybut
infrequentlysupported bySea Grant suchas:sand
andgravel,placers, phosphates, petroleum,and
groundwater. WhileotherstudiessupportedbySea
Grantmayhave incorporated aspects ofthose
resourcesintoresearch projects, those studieswere
notdesigned toevaluateorpromoteexploitationof
the resourceas a commodityand, therefore, are not
includedinthisreport.



Marine Geological Resources
Federal Funding, FY 1990-1992

($x103/No. of projects)

Commodity FY 90 FY 91 FY 92

Manganese Oxides 146.7/7 130.3/5 173.4/6

Polymetallic Sulfides 129.3/3 224.8/5 186.1/3

Other 97.1/3 41.1/1 0

Total 373.1/13 396.2/11 359.5/9

Table 1

Summary of Present Activities

Present research supported bySea Grant
addressesthetop threeresearchpriorities fornon
livingresources established in FY 1989. The
assessment ofstrategichard mineral resources and
sulfide minerals in the ExclusiveEconomicZone
(EEZ), the developmentofinsitumonitoring
devices forstudyinghydrothermal processes,and
refinementofmineralextractiontechnologyarethe
focus ofFY 1992 activities.

Research on the formation, evaluation, recov
ery,andtechnologydevelopmentassociatedwith
manganeseoxidesand polymetallicsulfidesis
focussed on seamounts and a spreading center inthe
PacificOcean.The investigatorsand research
category for each study are shown in Table 3.

ManganeseOxides

The mechanismfor formation ofcobalt-rich

manganeseencrustationsisnot completelyknown,
but microorganisms are knownto playa role in
nodulegrowth.The occurrenceofmicroorganisms
incrusts suggests that there is also a biological
influence on the geochemical processofcrust
accumulation.The surface microbialandgeochemi
calactivityon cobalt-richmanganese crusts from
CrossSeamountsouthwestofHawaii is being
determinedinamulti-yearstudyutilizing traysof
variousnaturalparticlesleftonthesummitand
flanks ofthe seamount. The study will determine the
rates and roles ofa variety ofmicrobial and chemi

Ivlanne Geological Resources

cal processes on crust formation.
Manganeseencrustations form veryslowly

so that millions ofyears are necessaryto produce
a thick crust. During that period, many factors
mayinfluencethe growth rate. Two projects on
crusts from Pacific Ocean seamounts are devel
oping rare earth elemental concentration and
radiometric age dating techniques to estimate the
growth rates. Once the growth rings are dated,
variations inaccumulation ofmanganesewillbe
compared to climate and oceanconditions known
to existat the time ofmajor changesin accumula
tion rate in order to determine the role ofenviron
mentalfactors on crustgrowth. Another project is

designed tocorrelatesimilargrowtheventsrecog
nizedincrusts from widelyseparated seamounts in
orderto examinethegeological andgeochemical
historyofcrust formation.

JohnstonSeamountsouthwestofHawaii may
be a prime site for marine mining ofcobalt-rich
manganese crusts with cobalt concentrationsas great
as 2 percent. A project to map the crust distribution,
determinethe engineeringproperties ofthecrusts,
and produce a geologic map oftheseamount is
supported.This project willevaluate one ofthe most
promisingsitestodetermineifmarinemanganese
crustminingisviable. Anotherprojectinvolves
developmentand testingofanovel new solution
techniqueforleachingcobaltfrommanganeseoxides
on the seafloor. The leachate would be recovered by
a processingshipand, therefore, would not require
miningofthe seafloordeposit.

PofymetallicSulfides

Seafloorhydrothermal activityproducessulfide
deposits inmoundsandchimneys ontheseafloorin
regionsofvolcanicactivity.Two projects atLoihi
Seamount south ofthe big island ofHawaii are
designed todeterminethegeologyandgeochemistry
ofthe vent fluids and the sedimentary deposits.
These studies are fundamental to evaluation ofthe

formation,extent,and processes involvedinem
placementand concentrationofthesulfidedeposits
inan activehot spot setting.Vent water samples are
obtainedwithanunderwaterobservatorythat isleft
onthe seamount for several months. The observa
toryalsocollectsgeologicaland geophysicaldata
that isnecessary to determine the role ofhydrother-
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mal activity on the formation ofdeposits that are
concentrated ingold, silver, copper, andzinc.The
continued development oftheunique seafloor
observatory isatechnological advancement thatwill
havewidespread applicationsinareas beyond
marinegeologicalresourceevaluation.

Polymetallicsulfidedepositsalsooccur in
areas where diffuse and point source (i.e. smokers)
hydrothermalfluidspercolate to the seafloor at
spreading ridges. Developmentofstate-of-the-art
instrumentationto examine the role ofthese fluids

on the transfer ofheat from the cooling crust into
the ocean isunder development. Thisinstrumenta
tionuseselectromagneticinductionandthermal
sensors to quantify the details ofpoint source vs.
diffusehydrothermal flowthat leadstoemplacement
ofmineraldeposits.

This instrumentation will also lead to evalua

tion ofhydrothermal systems asa potentialgeother-
mal powersource.

Future Direction and Plans

Research on marine mineral resources for the
lasttwodecades,whentemperedwitheconomicand
political realities, has ledto alack ofU.S. private
sectorinterestincommercialmarinemining. Re-
searchhas identifiedlargemineraldepositsbutthe
risks, costs,andlongtimeframeforprofitable
marineminingdevelopmenthaveledto a cessation
ofplans inthe U.S. privatesector for near-term
explorationormining. Theonlyremaininginterest is
withingovernment (stateandfederal) agenciesthat

continue to fund research and development projects
designed to assess a resource that will not be
economically viable untilwell into the 21st century,
ifat all. It is recognized that the support required to
reduce marine miningrisks to acceptable levelsis
greaterthangovernmental agencieswillprovide.
There is, however, a role that Sea Grant can play
that mayproduceimportant future developments
that will keep the U.S. in a position to take advan
tage ofchanging economicconditions to foster the
development ofmarinetechnology that has ramifica
tions beyond the goals ofthe mineral industry.

Out with the Old

Resource evaluation is the least likelyap
proachto enhancethe prospects for marinemining
in the 21st century. The extent and concentration of
potential ore deposits ofmanganese oxides and
polymetallic sulfides within the U.S. EEZ are now
knownin considerable detail. The goal isnot to find
more deposits but to find economical ways for
recovery and benefaction ofmineral deposits and
mitigationofthe miningtechniques on the marine
environment. This does not mean that other marine
mineraldeposits willnot be discovered that will
requiremappingofthat resource as a necessary
step before exploitation, but the successful Sea
Grant-supported research for manganese oxides
andsulfide deposits has identified more commercial
gradedepositsthancan be economically recovered
withpresent technology. The economicsofthe
situation is thatanincreased supply ofmarine-
based resources would onlydrive downthe com-

Grantee Effort in Marine Geological Resources
Fiscal Year 1992

($xl03for Sea Grantand Matching sources)

Grantee Institutions No. of
Projects

Sea
Grant

Match Total

Hawaii 8 240.0 178.4 418.4

Washington 1 119.5 24.1 143.6

Total 9 359.5 202.5 562.0

Tab!e2
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Marine Geological Resources
FY 1992 Summary

($xl 03 for SeaGrantandMatchingSources)

Grantee Institution

Principal Investigator
Resource Resource

Formation Evaluation

Sea Grant Match Sea Grant Match

Resource

Recovery

Sea Grant Match

Technology

Development

Sea Grant Match

University of Hawaii

Cowen 24.8

Manganese Oxides

29.6

DeCario 41.9 27.0

McMurtry

Malahoff

43.6 332

33.9 10.2

Malahoff 22.1 22.2

Wiltshire 7.0 12.0

Total 66.7 56.6 84.5 55.4 22.1 22.2 0

University of Hawaii

Malahoff 31.3

Polymetallic Sulfides

19.0

McMurtry

UniversityofWashington

Schultz

35.3 20.3

119.5 24.1

Total 66.6 39.3 0 0 0 0 119.5 24.1

GrandTotal 133.3 95.9 84.5 55.4 22.1 22.2 119.5 24.1

Table3

modify price ofthe deposit and further erode the
profitabilityofmarinemining.

In with the New

SeaGrantsupport ofmarinegeological
resources must concentrate on two areas oftechno

logicaladvancement: recovery techniques and
seafloor instrumentation. The development ofnew
technologyto recoverbothmanganeseoxidesand
polymetallicsulfidesbyeconomicallyattractive
means is the next logicalstep to positionthe U.S. for
aleadersrup rolemmturemarinemining.Enhance
ment oftheexisting leadershippositionoftheU.S.
inseafloorinstrumentationofsulfide-forming

processeswill alsoenhanceits position forexploita
tionofsulfidedeposits on analogouspiecesofthe
marinecrustthatarefoundwhereexistingmining
techniques may be used. Both ofthese technological
developments willhave spin-offs in marine research
thatwillgo beyond marinemining applications.

Newtechnological advancements in fracturing,
drilling, ordissolutionofmanganese oxide crusts
withaconcomitanttechnological development in
recoverytechniquesmust be developed. These
technologicaladvancescouldbe achievedthrough
developmentofroboticinstruments,automated
mining machines, or novel methods ofinsitu
benefaction and recovery ofthe desired minerals in
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crusts without the need for recovery ofthe crust.
Thesetechnologicaladvanceswillhave spin-offsin
robotics and automated underseavehicles that will

find applications inotherareas ofmarine research.
Sulfidedeposits are accumulating under the

influence ofprocesses that occur and vary on a
human time scale at volcanicaliyactive seamounts
and spreading centers. The existinginsituinstru
mentationused inareas ofpolymetallicsulfide
emplacement in those areas must be further devel
oped to include widespread arrays and linkagesto
land-based observatories. The presence ofaccumu
lation areas within the U.S. EEZ allows an unprec
edented opportunityto examinethe processes
responsible for formation ofan ore body. While this
ore bodymaynot be economicallyrecoverable in
thefuture, an understandingofthe processes
controllingformation ofthedeposit willlead to a
betterunderstandingoftheanalogous ore bodiesthat
are mined at present. The instrumentation ofthe
hydrothermalventingthatleadsto sulfideemplace
mentmust beextendedto subductionmarginsand
sedimentedspreadingcenterswheremoreporous
oceanic crust serves as a betterhost for the mineral
izedzones.

Theenhancement ofseafloor instrumentation
arrays thatcandeliverhigh-resolution, long-term,
synopticmeasurementsofseafloorprocesseswill
leadto anunderstandingofoceanicprocessesthat
goesfarbeyondmineral resourcedevelopment. Like
thenewminingtechnology,thisinstrumentationwill
have spin-offs in many other areas ofmarine
research.

Ground Water Research

Duringthe past threeyears,groundwater
research received onlyminimal SeaGrantsupport
inspiteofmanyimportantproblemsincoastal
regions. Contaminationbysalt-waterinjectioninto
aquifers inmarinecoastalareasandbypolluted
waters in fresh-water lake areas is a problem that
threatens both groundwater sources for human
consumptionandagriculturaluse ofgroundwater.

Supportfor researchinhalting orslowing
groundwatercontaminationbysaltwaterorpollut
ants is needed. That research should be directed at
better waysofrecharging coastal reservoirs,

reducingcontaminantsenteringcoastal aquifers,
and more accurate monitoring or modellingof
contaminant flow in affected areas. Especially
innovative ideas may be required to assure a
continued source for one ofthe most important
geological resources used by humans.
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Diving Physiology,
Safety, & Technology
Introduction

The priority ofthe Sea Grant diving safety,
physiology, and technology program is to sponsor
research that will improve human safety and diver
performance. Sea Grant encourages the study of all
aspectsofdiver physiological and psychological
restraint, the development of decompression and
excursion tables, andthe investigation of equipment
andprotective gearthat will improve diver perfor
mance during exposure to hostile environments.

Most civilian diving activity by recreational,
commercial, scientific, and government organiza
tions is performed by constituents of the states that
are served by a Sea Grant institution. Sea Grant is,

Diving Physiology, Safety, &
Technology Research Areas

1990-1992

Research Area '90 '91 '92

Physiology Research 2 1 1

Practical Operations 1 0 0

Safety/Training 1 1 1

Medical Aspects 1 1 1

EnvironmentalAspects 0 0 0

Technology 0 0 0

Data Dissemination 0 0 0

Table 1

therefore, uniquely suited through its 29 participating
universities (and researchersin neighboring institu
tions) and their outreach programs to communicate
with those performingwet diving activities andto
support research that directly benefits their needs.

Forthe Sea Grant system and its sister NOAA
organization, the National Undersea Research
Program (NURP), the following research areas have
the highest priority:

* Practical operations—procedures, constraints,
physicalandtechnological limitations, table
development, and topside support require
ments.

* Safety—certification/training requirements,
epidemiological informationon diving-related
accidents and fatalities, and diving accident
management.

* Medical aspects—treatment ofdiving-related
accidents, hyperbaric equipment, emergency
equipment, procedures and protocol, and
diving in remote locations.

* Environmental impacts on divers—hazardous
materials and pathogens, ambient tempera
tures, and psychological concerns.

* Fundamental hyperbaric physiological research
—all levels from cellularto systemic that
address decompression table development.

* New technology development—**tools" to
complement the diver's capability systems that
enhance underwater abilities and equipment
and procedures that increasesafety and well-
being.
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* Data dissemination—workshops/symposiums,
papers, abstracts, bibliographies, and data
repositories.

Research results in the above areas will benefit

alldivers, andwill be especiallybeneficial to civilian
diversengagedin diving activities for scientific
research, industry, emergency services, and govern
ment.

Sea Grant andNURP are sibling organizations
under NOAA's Office of Oceanic Research, and the
two programs are closely coordinated. NURP,
composed of NOAA's Office of Undersea Research
and its network ofNational Undersea Research

Centers, is uniqueamong federal funding agencies in
its support of shallow submersibles, remotely
operatedvehicles, surface-supported diving, nitrox
diving, and seafloor habitats. The National Sea
Grant College Program endorses the application for
use of the NURP systems in conducting Sea Grant-
supported research in the above or other subject
areas. In particular, use ofthe Aquariushabitat
recently installed in the Florida Keys andthe nitrox
diving capabilityofthe National Undersea Research
Center at the University ofNorth Carolina-
Wilmington are encouraged in conducting studies to
improvediver safety and performance.

ProgramStatistics

Projects supported by the program in 1990,
1991, and 1992 by research area are shown in Table
1;total supportby yearis shown in Table 2.

Trends

Only three of the 29 Sea
Grant institutions sponsored
wet-diving-relatedresearch
projects in 1992. This is a
very poorshowing for diving
safetyandphysiology. It must
be improved if Sea Grant is
going to uphold its shareof
the NOAA mandate under the

Outer Continental Shelf Lands
Act to perform studies that
increase diver safety and
performance.

The downward trend in diving physiology
projects can be partially explained by a misunder
standing among some investigators that only re
searchers at Sea Grant institutions can apply for Sea
Grant funding. It must be made clear that this
funding is available to all qualified researchers and
that all proposals will be given serious consideration.
An effort should be made to solicit proposals from
outside institutions to reverse this trend.

Progress and Significant Achievements

PhysiologyResearch
A. Applied Physiology ofDiving

Lin, Yu-Chon
Hawaii Sea Grant

This research showed that a set of whole body half
time equations is appropriate fordeveloping animal
(rats, rabbits, dogs, monkeys) decompression tables.
A tentativeequation has also been produced for
extrapolating human decompression tables from
animal experiments. The tables resulting from this
equation would require less decompression time than
currently used tables. While tests cannot be made
directly usinghumans, anindirect study will be
performed through cooperation with JAMSTEC
scientists.

B. Physiological Reactions to Deep Breath-hold
Diving in Humans

Lundgren, Claes E. G.
New York Sea Grant Institute

Respiratory and circulatory adaptations to deep
breath-hold diving were studied in expert divers.
Whilediving, the divers exhibited a pronounced dive
reflex with slowedperipheral circulation andmarked

Diving Physiology, Safety, and Technology
Program Funding 1990-1992

90

91

92

Table2

Sea Grant

$251,831

$200,059

$153,875

Matching

$213,477

$150,984

$128,008

Other

$32,186

Total

$497,494

$351,043

$281,883



increase in anaerobic metabolism. Dangerously low
oxygen levels were reached toward the end of the
dives, and throughout the dives there were marked
cardiac arrhythmias. Increased knowledge about
human breath-hold diving has been gained, and
divers should bewarned against breath-hold diving,
including snorkeling, for persons whohave heart
problems.

C. BodyFluid Balance During a Seven-Day
Nitrox Saturation

Suk Ki Hong
New York Sea Grant Institute

These research results, together with other dives
conducted at low chamber pressure (e.g., 4 ATA
N202 or 4 ATA He-02), suggested that hyperbaric
diuresis is gas-density-dependent rather than pres
sure-dependent and, also, that the critical (or
threshold) gas density for thedevelopment of a
hyperbaricdiuresis lies somewhere between 3.2 and
5.0 Kg/m3

PracticalOperations

Decompression Sickness: Pharmacological
Control of Inert Gas

Lundgren, Claes E. G.
New York Sea Grant Institute

Human studiesof pharmacological effects on
nitrogen elimination were performed in an attempt to
identify substances that,by enhancing bloodcircula
tion,might enhance the nitrogen elimination rate
during inhalation ofgasmixtures with lownitrogen
content. Terbutaline was found to cause a significant
(18 percent) increase (compared to non-medicated
controls) in the nitrogen eliminated over a two-hour
period. In a separate seriesof experiments, inhala
tions of 3 and 5 percent carbon dioxide were tried in
combination with nitrogen washout procedures. This
was done because carbon dioxide retention is a

potential problem duringdiving. No effect of carbon
dioxide on nitrogen elimination was evident.

Safety/Training

Factors Governing Stress Responses
in Scuba Divers

Morgan,William P.
Wisconsin Sea Grant Institute

A survey of 500 scuba divers revealed that 54

Diving Physiology, Safety, and Technology

percent haveexperienced panic or near-panic
behavior on one or more occasions. It has been
possible to predict panic behavior in beginning scuba
divers with 88 percent accuracy using standardized
measures of anxiety. Also, preliminary research has
revealed that approximately 12 percentof trainees
whohave completed a formal scuba course experi
ence panic behavior during open water checkout
dives. Research on the psychophysiological re
sponses to paced scuba finning has revealed that
various stress responses are influenced by personal
ity structure, gender, protective clothing, and water
temperature. The validityandreliability of a Body
Awareness Scale have been evaluated with 600 male

and 300 female volunteers, and this scale is cur
rently being applied in stressresponse modification
research in scuba divers.

MedicalAspects

Decompression and Diver Safety
Lanphier, Edward H.
Wisconsin Sea Grant Institute

This research produced a large animal model of
hyperbaric osteonecrosis, a form of bone necrosis
that can permanently disable the diver and tunnel
worker. In sheep, persistent limb bends, lasting more
than four hours, are highly correlated with the later
development of bone necrosis in the same limbs.
Recompression therapyof limb bends, within four
hours, prevented the development of bone necrosis
in sheep, and this finding appears consistent with
clinical outcomes in recompressed commercial
divers.

Otherimportant accomplishments included
findings that,with sheep, dive profiles affect the site
andmanifestation of decompression injury. Al
though the incidence of serious spinal cord DCS and
possible brain injuryis small, it is more likely to
occurduring short deep dives. Limb bends, and
resulting potential bonenecrosis, are morelikelyto
occur in prolonged shallow dives. These findings
appear to be consistent with reports of decompres
sion sickness in divers.
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EnvironmentalAspects

Microbiological Hazard Associated with Diving in
Polluted Waters

Colwell, Rita R.
University of Maryland, College Park

Professional and emergency service divers often
conductoperations in waters which arechemically
and/or microbiologically polluted. This canbe
hazardous to the diver's health, especially the naive
or inexperienced diver. Detection of pathogens in
water and of antibody in blood clearly demonstrates
the risks for potentialbacterial infection, and
suggests greater diver protection is required.

As a result of this research, test kits, such as
CholeraScreen™ and CholeraSMART™ have been

developed for rapid detection of Vibrio cholerae.
Application of thesetest kits extendsnot only to
(livers but to the hospitals and food processing
industrieswhere a patient or food must be tested for
the presence of the pathogen.

Future Directions and Plans

NitroxDiving

The recreational, scientific, commercial, and
police search andrescue diving communities are
increasing their useofnitrogen-oxygen gas mixes
(nitrox) thatcontain more oxygenthan air to in
crease their time on the bottom. Diving operations
arenow being performed for which either the
current tables have never been proven or no tables/
procedures exist.

NOAA/Sea Grant hasanopportunity to
sponsor the development of safe nitroxdiving
procedures. This role is consistent with their respon
sibility for civilian diving procedure and decompres
sion table development.

Sea Grant is encouraging investigators to
submit proposals in the seven research priority areas
with a special emphasis on purposeful research that
will benefit nitrox and shallow water habitat users in
the following ways:

• Improvements to diving procedures and
decompression tables for all aspects ofnitrox
divingincluding:
- Excursion dives from saturation onnitrogen-

oxygenbreathing nitroxorhelium-oxygen.

- Long duration surface dives using surface
decompression on oxygen and/or air.

- Repeat surface dives with and without
surface decompression.

- Treatment protocols.
• Clear recommendations on safe practices when

using nitrox and training procedures that
include recertification requirements.

• To provide and improve the required nitrox
procedures, a greater knowledge is requiredof
the extended exposure of humans to oxygen,
the effects of cyclic exposure to gas mixes
containing nitrogen andhelium, and physiologi
cal aspects of related decompression sickness
and treatment.


