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Purpose

This statement is preparedin anticipationofproposalreceipt and review for
FiscalYear 1994 funding. The intent is to uniformly provide the Sea Grant
network, and others, with guidance from the National Sea Grant Office (NSGO)
staff. It is not implied that only efforts in areas stated to be ofhighest priority
will be supported, but it is intended that dissemination ofthis guidance will skew
the distribution toward such areas.

Background

Expansionofknowledge for its own sake is not adequatereason for Sea Grant
support. Focusshould be on increasing the valueofpublicbenefits from basic
research leadingto the development anduse ofmarineresources. Proposed
efforts will continueto be subjectedto athree-tiered review processat the
national level(extramural written peer review, on-sitereview,andreview bythe
NSGO staff.)No proposal project in research, education, oradvisoryfields will
be considered for funding unlesstherationale (and programmatic values),
methods(project protocol), and a prospective use (user relationships) are
considered suitable. Proposedactivitiesshould have sufficient intellectual
content to make them appropriate university functions.

Networking, either within oramong campuses orinstitutional programs,
continuesto be encouraged. Meeting some ofthe current coastal and ocean
challenges willrequire fiscal, intellectual, and operational resources not available
to any single program. Insuch cases, useof the concept ofnetworking is
clearly indicated. Consequently, the NSGO is placing greater emphasis on
networkingamonginstitutional programs wheneverappropriate to meet the
programmatic guidance below. Staff attheNSGO areavailable for consultation,
assistance, and coordination.

Regional Marine Research

Regional Marine Research Plans have been under development for the past
twoyears inaccordance with thenewRegional Marine Research Program
(RMRP). At thetimeofthis writing, two plans have already been approved. This
guidance has taken into account those plans, and the essential complementarity of
the two programs, Sea Grant and RMRP.
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Ocean Engineering

High Priority:

• In the developmentofefficient aquaculture produc
tion systems, engineering support appearsto be one
ofthe weak links. In particular,advances in the
computersciences,includingartificial intelligence,
should be utilized in more efficient design and
control ofsystems. Water quality control and
transfer and mixing processes areother key areas.

• The competitiveness ofthe U.S. fishing industry
can be increased by focusing on the efficiency of
theharvestingoperation.Engineeringstudies should
includegeardevelopment, propulsion,andhull
design, forexample.

• The safety and economics ofworking in the marine
environmentand conducting researchcanbe
enhanced with the use ofunmanned vehicles. This

technology is in its infancy and deserves added
attention. In particular, with regardto autonomous
vehicles,research shouldincludedesignofappropri
atemissions for' 'single purpose'' vehicles to take
advantage ofthe best ofcurrenttechnologyandto
fitwithincurrent limitations; developmentofnew
sensorswith low powerandspacerequirements;
extension ofpresentpower andcommunication
limits;development ofadvanced artificial intelli
gence concepts to expand the ability to learn from
the environment and control the vehicle; and
development ofmethods to accomplish progres
sively more complexmechanical work functions.

• Most materialsaresubject to accelerateddeteriora
tion inthe marineenvironment. Maintenance,
repair, andreplacementarecostly. Particularly
important are fundamental studies ofmetal corro
sionandthe use anddegradationofnon-metallic
and/orcomposite materials.

• The assessmentofthe remaining useful life of
aging structures andextendingthe lifethrough
appropriate repairs isa developing focus ofactivi
tieswithin SeaGrant; this is stronglyencouraged.
The problemsinvolvedinourdecaying infrastruc
turehave receivedinsufficientattention inthe past.
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Low Priority:

• Routine engineeringdesignorcommercial practices.

• Increasedsophisticationofahydrodynamicorother
mathematical model for its own sake.

• Collectionofgeographically specific information for
advisingparticulargroups (without specialjustifica-
tion).

Marine Transportation

High Priority:

• In collaboration withNOAA's Coast and Geodetic

Survey, there is aneed for Sea Grant institution(s)
to provide a robust and defensible method for
settinghydrographicsurvey priorities:

- Develop ageneral model or procedure
which can be used to assess navigation risks
andvulnerability inwaterways, approaches,
harbors, etc.

- Identifyallareas andregions, suchas
waterways, approaches, and harborsthat
arereasonable candidatesfor futuresurvey
operations. Define adata base structure
which representsthese areasandregions.

- Designandimplement aprogram to popu
late the data base.

- Perform analyses and demonstrate the
system, showing how survey priorities can
be derived.

• Evaluate changing conditions(suchastechnology
change,majorinternational political andeconomic
events,majorfinancialdevelopments, changesin
trade patterns,andchanges in capitalmarkets) in
terms oftheir effects on port management and
productivity.

• Determinethe types ofinformation needed for
decisionmaking and particularlythe kinds ofdata
bases needed to meet the market forecast informa

tion requirements ofsmaller ports.



Examinethe factors thatdetermine port growth,
includinginternalandexternal factors.

Examinetherole ofports ineconomic develop
ment

Define appropriateenvironmental controls forthe
prevention ofcatastrophic accidents inports and
harbors andexploremechanisms forenvironmental
mitigation, includingarbitration ormediation.

Determine the impact ofvarious forms ofuser fees
onlarger andsmallerports.

Explorethe training needsofthe portindustryatall
levels.

Marine Economics

The goals ofthe Sea Grant Marine Economics
Program are to:

• enhancethe competitive positionofmarinere
source-based businesses in order to sustain eco
nomic growth andjob creationinthe longterm;

• increase the economic and societal benefit derived

from the nation's marine resources and environ
mental assets; and

• improve the efficient allocationofmarinere
sources, especiallythrough theuse ofeconomic <
incentives and market-based solutions.

Researchshould focus on understandingthe under
lyingeconomic prerequisites andconditionsneededto
meet these goals. Research proposals must offer to
make asignificantcontributionbothto solving practical
problems andto economicsscholarship. Interdiscipli
nary efforts with other social sciences, the natural
sciences,engineering,and law arestronglyencour
aged. Priorityresearch areasare identified and dis
cussed below.

Sea Grant Business Initiative

The Sea Grant network, through a series ofwork
shops and planning meetings, has made a renewed
commitment to supportingresearchandadvisory

programs related tothelong-term economicdevelop
ment, growth,andcompetitiveness ofmarinesector
businesses, such as:

Aquaculture
Commercial Fisheries
Marine Trades

SeabedMining
Offshore Energy
Ports and Harbors

Water-borneTransportation
Marine Biotechnology
Coastal Recreation and Tourism

Oceanographic Services

Industry studiesofproductivityandeconomic
performance, business trends andpractices, technologi
cal change, the impactoftrade orenvironmental policy,
andthe effects ofdemographic change or resource
regulation onthese industriesarehigh priority research
areas. (See Economic Competitiveness and the
CoastalEnvironment: Towards the 21st Century,
The NationalSeaGrantCollegeNetwork, 1993.)

Economic Valuation ofMarine and
Coastal Resources

The estimation ofbenefits derived from marine
resources,especiallynon-market values, identified with
marinerecreation, wetlands,habitatpreservation,
endangered species,biodiversity,andenvironmental
quality—is ari appropriate research area. Analyses of
resource valuesofecological systems is extremely
important, andprovideanexcellentopportunityfor
economistsandecologiststo work together to integrate
theirquite differentapproaches to analyzingeconomic
development.

Recent efforts to elucidate the concept ofsustain
ableeconomic development, andthe Clinton
Administration's announced intent to movetoward

''Green'' national income accountingmeasuresto
track the economy's use ofnaturaland environmental
resources, makes research on valuing marine re
sources astrong priority.



Coastal Ocean Management

Land and water use conflicts, habitat loss, water
qualitydegradation, andincreasedwaste loadingsare
severe problems in coastalareas. Remediation ofthese
effects and their cumulative impacts on marine re
sources present important economic researchneeds.
The ocean disposal ofwastes and hazardous materials,
the problems ofmarine debris, andthe design of
economic incentives for pollution abatement and
environmental improvements continue to be important
areas of study.

Fisheries Management

The design ofefficient market mechanisms to
allocate fishery resources and minimize industry
dislocations is the most criticalproblem in fisheries
management today. Research is required to analyze
how fishingbehaviorwould respondto individual
harvestingrightsvs. fishery-wide quotas;to measure
the benefits andcosts andthe distributional impactsof
regulatoryregimes;andto improve empiricaltech
niques to measure the value offish stocks in alternative
uses, including the rebuilding ofstocks.

Routine economic baselinestudies insupportof
fisheriesmanagement arelow priority. However,
there is a tremendous need for economists to commu

nicatewith fisherymanagers and industry members
aboutfundamental socioeconomicconceptsapplicable
to the management and allocation offish stocks. In the
process, economists gainthe insight that comes from
thequestioning ofunderlyingassumptions,analytical
paradigms, and research results.

Property Rights in Ocean Space

There is continued need for clarification ofocean

propertyrightsacrossthe whole spectrum ofmarine
resourcedevelopment activities. Ifocean property
rights arenot satisfactorily defined, incentives for
technological advancement are lessened. The familiar
debates onover-fishing, coastal waterfront develop
ment,beach access, pollution discharge intoestuaries,
oceandumping, aquaculture leasing, sealevelrise, and
seabed miningclaims exemplify property rights issues
in the oceans. Sea Grant wants to develop a research

program built around the concept ofproperty rightsin
oceanspace. Itwould be multidisciplinary andinclude
economic, legal,social,historical, and political research
on ocean property rights related to resource use.

Recreation and Tourism

Recreation and tourism activities areimportant uses
ofGreat Lakes and ocean resources. Sea Grant's

support ofresearch and advisory service programs in
this area follows from the importance ofthis sector to
the national economy and to the economic base of
coastalcommunities acrossthe nation. Interdisciplinary
approaches—involvingeconomists, sociologists,
psychologists,geographers,lawyers, engineers,natural
scientists, diving and safety experts, and others—are
encouraged.

High Priority Areas:

Recreation and Tourism Economic Development
Research aimed at providing better planningand

analytical tools for use by communities and small
businesses considering investment in coastal recreation
andtourism development is very important, given the
need to make efficient use oflimited fiscal resources.

The segment oftourism markets which focus on
environmental tourism areofspecialimportance.

Valuation ofMarine and Coastal Resources

The economic and social benefits derived from

coastal recreation andtourism aresignificant. Develop
ment ofconceptual models andempiricalmethods for
valuing marineresources allocated to these purposes
must remain in the forefront ofthis research.

Access to Coastal Recreation Opportunities

Coastalrecreationopportunities depend upon the
public having access tothe shoreline and adjoining
waters. Research that addresses the technical, legal, or
socioeconomic changesneeded to broadenrecreation
opportunitiesandto remove barriers is important.This
might include, for example, researchon boating access



that addresses smallharbor design, marina manage
ment, andpollutioncontrol;urbanrecreation research
that focuses onwaterfront revitalization; sportangling
enhancement looking atthedesign offish aggregation
devices, artificial reefs, catch and release programs; or
the study ofbeach access and congestionas it effects
the quality ofbeach recreation.

Resource Scarcityand User Conflicts
Recreation and tourism issues are often tied to areas

suchas fisheries orcoastal zonemanagement, water
qualityand pollutioncontrol, andtransportation, among
others.Forexample, claims to fish resourcesare
voiced bycompeting usergroups suchassports,
subsistence, and commercial fishermen or environmen
tal groups. Here, recreation research mightbe part of
thebroader resource usequestion. Another example is
whereconflictsarise frommultiple-useofcoastal
resources suchaswith shoreline development orthe
leasing ofwaterrights foraquaculture.

Low Priority:

Routine Analysis ofBaseline Recreation Data

Sea Grantdoes not have the resources for, nor
shoulditbe intellectuallyinclinedtoward,the collection
and routine analysis ofrecreation data for themany
regions orparticipantgroups wanting suchinformation.
Research aimedatproviding adescriptive picture,
inventory, or economic baseline ofrecreationand
tourism activities are low priority. Alternate ways of
responding to theseneedsshould be found, perhaps
with financial supportfromtheindustry orstate.
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Aquaculture

General

Itisbecomingapparentthataquaculture forcertain
speciesinNorth Americais goingto be more intensive.
Therefore, added emphasis needs to be placed on the
development ofcost-efficient intensive systems.This
willrequiremore attentionto engineeringproblems,
computermonitoringandcontrol,andcomparative
economics ofdifferent systems. Nursery systems
utilizing recirculatingwater and conservation ofheat
need to be developed to interface with open pond
situationsthat canbe used duringwarmer months.
Baseline informationneedsto be setonwaterquality
requirementsby species forclosedsystem conditions. It
isalso timeto start lookingatengineeringtechnology for
offshore cultureofselectedspecies.

Now that many ofthe problems oflife historyhave
been solved for key species, there is ashift in interest
toward morebasicphysiological andendocrinological
studies.This is to be encouraged so better controlof
reproduction, environmental adaptation, andgrowthcan
beobtained. However,appliedstudieswithshorter-term
payoffsarestillappropriate.

Highpriorityis given to researchdirectedtoward
improvingthepotential for commercial aquaculture
operations involvingmarine orGreat Lakesspeciesthat
areeconomicallyviableornearly so.Those species
highestonthe listofpriorities forthisyearinclude:
hybridstripedbass,marineshrimp,marinefinfish
(grouper,mahimahi,snapper,redfish),salmon, fresh
water finfish ofthe Great Lakes,hardclams,oysters,
and mussels.

Aquacultureresearch onnon-marineorganisms
(thosethatdo not occur naturally inthe GreatLakes,
oceans, orbrackish waterduring anypart oftheirlife
cycle)islow priority, especially those forwhichthe
DepartmentofAgriculture or Interior has assumed
responsibility.

Specific Research Areas:

Aquaculture Permits, Regulations, and Policy
Thisarea ofresearch is moved forward inimpor

tance, and the issue should be addressed in every state
expectingaquacultural developmentto occur.Re
search is needed that will provide states with informa
tionthatcanbeusedindevelopingappropriate policies
andregulations pertaining to aquaculture. At the very
least, advisoryagentsand specialistsshouldhave at
theirdisposal guidelines on how stateshandleaquacul
ture permits,regulations, and policy.Advisory person
nel should be fully familiarwith the regulationsoftheir
particular stateandshould keep abreastofactivitiesin
other states.

Genetics and Selective Breeding

Researchisneeded to understandthe basicgenetic
makeup ofthe organismsin culture sufficient to deter
minethe potential for improvementofthespecies and
to identifythemost promising methodsfor making
theseimprovements. Specialemphasisneedsto be
placedon producing faster growing and disease-
resistant strains ofcommerciallyimportantspecies.

There is also a need to determine the effects of

hatchery-produced aquatic species onthewildpopula
tionsintowhich theyareintroduced.

Physiology and Endocrinology

Understanding endocrine effectsonphysiologyand
growth ofaquatic animals isbecoming increasingly
moreimportantforcommercialoperations. The chemi
cal composition ofactivehormones inaquatic animals
needs to be characterized.

Environmental Requirements

As the environments inwhich aquaticanimalsare
raised continue to be modified, it is essential to know
theoptimumenvironmental requirements for specific
species. Inaddition,the complex interactionsthatoccur
in open pond culture must be understood in orderto
control productionunderthoseconditions. Thecarrying
capacityofthe naturalenvironment for cultured marine
organisms needs to be better defined. A new area for
1994 is to determine the effect ofthe microbial com
munity on hatchery and pond culture success. Recent
advances in Japan have indicated thathatchery
environments canbe improvedthroughpropercondi-



tioningwith beneficial bacteria.

Thecombinationofaquacultureactivities inany
particularareaneedsto beassessed asawhole system.
Inotherwords, thereisaneedto knowthecomplemen
taryeffectsofgrowingfish,algae,andfilterfeedersin
thesameareain orderto reducetheimpactofaquacul
ture on the environment.

Nutrition and Feed Development
Studiesleadingto morecost-effectiveartificial diets

forcrustaceans and finfish areneeded. Recent analyses
of European aquaculture have shown thataquaculture,
particularlyofcrustaceansandfinfish, willbecome
limited bytheavailabilityoffishmeal. Presentaquacul-
tural feeds are taking fish protein from trash fishand
converting itintohigher-quality proteinforhuman
consumption. However, in many parts ofthe world, the
original fishproteincouldbeuseddirectly forhuman
consumption ratherthanbeingfedtoahighertrophic
level fish withtheconcomitant loss ofefficiency. This
limitationneedstobeovercomebylooking atbiotech
nologytoprovidenewways tomassproduceproteins
suitablefor inclusioninaquaculturediets.More efficient
methods forproduction ofhigher-qualitynatural diets
anddevelopmentofbetterfeedingproceduresare
neededforcultured animals. Improved understandingof
thenutritional requirements forspecificlifestages for
hardclams,oysters, marinefish, saltwatershrimp, and
salmonisalsohighpriority. -

Pathology and Disease Control

Determinationofthecausesofmajordisease-related
mortalities inculturesystems, andthedevelopmentand
testingofprocedures and substancesto preventor
controlthesemortalities areassigned ahighpriority for
oysters, marinefinfish, salmonandshrimp.Disease
poses no constraint at this time for mussels, clams, and
freshwatershrimp;thus, workofthistypeon those
animalsis low priority.

Fisheries

General

High priority isgiven toresearch thataids insolving
managerial andconservationproblems confrontingU.S.
commercial and recreational fisheries or that advances
the state ofknowledge in fisheriesscience.

Highpriorityresearchincludes:

• Improvingthecapabilityforpredictingshort-and
long-termpopulationstatus;

• Identifyingand quantitatively describing thepro
cesses andmechanisms controllingnatural variability
inpopulationabundance;

• Quantifyingthe functional relation between habitat
characteristicsand qualitywith fishand shellfish
productivity;

• Developingmeansfor restoringandenhancing
depletedspeciesandstocksoffish and shellfish;

• Developingmethods and means to reduce the
capture of non-targeted speciesand lifestages
and/or the degradation ofbenthic habitat;

• Developing improved means toquantitatively
sample all life stages offish and shellfish in close to
"realtime;" and

• Designingand evaluatingmanagement schemes
aimed atimprovingtheefficientandequitable
allocationoffisheries resources amongcompeting
users.

Althoughhighpriority isgiven to the research
objectives listed,thefollowing topicsshouldbegiven
particularattention duringthenextthreeyears.

Population and Community Modeling
The activitylevel inmodeling has diminished over the

pastfouryears.Althoughlowprioritywillbe givento
studiesthatsimplyapplywell-knownpopulation models
to variousfisheries,high priorityisgivento developing
new models, evaluating the assumptions ofcommonly
used populationmodels, and incorporating resultsof
recruitment research into population and community



models. Efforts in multispecies fisheries models are
alsoencouraged.

Recruitment Fisheries Oceanography

Highest priorityisgiven to the development of
comprehensive* multidisciplineoceanexperiments
focused on ocean systems. Excellentopportunities exist
to develop studies in associationwith orcomplementary
to NOAA's Fisheries OceanographyCooperative
Investigation (FOCI) in the GulfofAlaska and the
BeringSea,the South AtlanticBightRecruitment
Experiment (SABRE) offthe AtlanticCoastbetween
North Carolina and central Florida, and with the
Georges Bank Ecosystem Study ofthe coast ofNew
England. Additionalopportunitiesexistindeveloping
research thatis complementary to theNational Science
Foundation/NOAA GlobalEcosystemsDynamics
(GLOBEC) field study in the areaofGeorges Bank.

Restoring and Enhancing Exploited Stocks
Through Hybridization and Genetic Engineering

A greatdealofresearch activityis being pursued
throughoutthe countryto develop hybridsandgeneti
cally-improved fishthatcanbeused foraquaculture and
instockenhancementandrestoration programs.
Researchon the consequences ofthe accidental or
intentional release ofimproved fish onwild populations
isofthehighestpriority. Suchinvestigation should
includesocialandeconomic components, aswell as
biologiccomponentsbeforebeingsupported.

Gear Studies

Research on fishing andsamplinggear hasbeenvery
scarcedespitethe largenumber ofproblemsassociated
withharvesting and sampling. Thehighest priority is
assigned toresearch aimed atestimatingand assessing
theimpacts associated withbycatch and ondeveloping
novelandinnovativeapproaches to selectivelyand

•* efficientlyharvest fish andshellfish. High priority isalso
givento research onsamplinggearforlarval and
particularlyjuvenile stages. Emphasis should beplaced
onsamplinggearthatfacilitates sampleprocessingand
speedsup processingtime. Inaddition,studiesare
encouraged that investigatethe effects ofgearon
habitat.

Marine Biotechnology

General

Marinebiotechnology canbe broadlydefined asthe
useofmarineorganismsortheircomponents to provide
products andservices—products such as polymers and
pharmaceuticalcompounds, services such ascontrolof
biofouling and biocorrosion orsensitivemeasurement
with biosensors. Sea Grant's researchto provide the
scientific basis fortechnical developments inthis field
canbe considered in the categories described below.
Making research inthese categories relevant to the use
ofmarineorganisms ortheircomponentsinhigh
technologymay requireefforts inengineeringand
investigationoffundamental physical,chemical, and
biological phenomena. Interdisciplinary planningmay
benefit orbe essentialto such endeavors.Usually,
however, planning inacademicresearch proceedswithin
singledisciplines andhasresultedinthe callby some
scientificphilosophersto bridgethe gapsamongthe
chemical, biological, andengineeringsciences.In
additiontoexploitingopportunities for interdisciplinary
approaches whereappropriate, proposals andprojects
shouldbe orientedboth to advancingscienceandto
providingthebasis for developments inhightechnology.

Bio-organic Chemistry

The studyofthe structure and function ofprimary
andsecondarymetabolitesofmarineorganismsis
important becausethesemetabolites havepotential for
application inmedicine,medicalresearch, agriculture,
and the chemical industry. What is their role in nature?
What insight canthey provideto suchissuesasallelopa
thy,ecological relationships, biosynthesis, chemical
communication, and biochemical aspectsofsymbiosis?

Few scientists interested in marine bioactive sub
stances haveturnedtheirattentionto aqueousextracts,
enzymes, other bioactive macromolecules, orto marine
bacteria; fungi, yeasts,andmicroalgaeassubjectsof
study.Alongwithtraditional topics instudyofnatural
products,these neglected topics representareas of
opportunity for marine research.

Isolating, identifying,anddetermining function and
properties ofenzymes responsible forunusualbiosyn-



thesesand unique processes constitute a research
direction ofpotentialimportance. Researchonmeta
bolicpathways leadingtosubstancesofreal orpotential
commercial importance, likethealginates inalgae, could
providepartofthebasisfor improvingtechnology. The
nitrogen-fixingthermophilicbacteriainparticular, and
thermophilic bacteriaingeneral, aswellasnon-photo-
syntheticsulfur bacteriafrommarineenvironments,
maybe promising subjects for fundamental studies that
couldprovidethebasisfortheir application inindustrial
processes.For example, enzymesfromorganismsthat
function athightemperature couldbeusefulinchemical
processing. Of highpriorityis exploratory research on
algae, includingsingle-cell algae, todevelop abasic
understandingoftheirbiochemistryandmetabolism and
to determine their contentofuseful chemicals such as
enzymes, pigments,vitamins,otherfinechemicals, or
feedstocks forthechemicalindustry.

Cellular and Molecular Processes
Relating to Bioactivity

Becausemanymetabolites are difficult to obtain in
largequantity,highpriorityisassigned todevelopment
of bioassaysthat require onlysmallquantities of test
substance. Developmentanduseofbioassays that
define new or uncommon mechanisms orsites of
physiologicalorpharmacologicalactionareespecially
important. Definingpharmacophoresthroughmolecular
structure, synthesis, andcomputermodelingisviewed
asa productive route to advancing scienceandtechnol
ogy.Characterizingstructural features that result from
interactionofa bioactivecompoundanditsreceptoris
viewedas vitalto describingnovelcharacteristicsofa
naturalproductanditsinherentbioactivity, andimpor
tantto providinga basisfor designerdrugs.Lowpriority
isassignedto generalized screeningforantibiotic
properties unless it isgeared to providing leads to
substances with activityofsignificanceinthe contextof
products already inuse.

Cell Culture, Bioreaction, and Bioprocessing

Opportunitiesinthisunderdevelopedcategoryinclude
studies on basic physiologyandnutrition ofmarine
microorganismsand cells ofhigher organismsto set the
stage for their use in controlled systemsfor producing
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commercial substances. Cell culture couldprovidea
technique useful instudying thebasic physiologyand
nutritionoforganisms.It could be useful for determin-
ingnatural regulation ofsecondarymetabolism. Of
special interest isunderstandingnutritional andenviron
mental controls onmetabolism (especiallysecondary
metabolism),determiningmutualbiochemicaleffectsof
symbiontsonproduction ofmetabolites, and determin
ingfactorsthatpromoteproductionofusefulmaterials.
Also important arestudiesonuseandadaption of
microorganisms inbioreactors todetoxifyindustrial
effluents and wastes, andstudiesof bioprocesses that
mayhaveindustrial application suchas inwastepro
cessing. Researchinthiscategorycouldprovidethe
sciencefordevelopingphoto-bioreactorswhichcouldbe
usedinexploiting thebiosynthetic capabilitiesof
photosyntheticorganisms. Suchdevelopments could
dependalsoonadvancements inbiochemical engineer
ing. Bioreactordesign, materials selection, product
separationandpurification, andinstrumentationwould
beamongtheimportantengineering issues.

Biofouling, Biocorrosion, and Biosensors

Biofouling and biocorrosion inthe marine environ
mentare extremelycostlyforms ofdeterioration.
Increasinglystringent environmental regulation is
makingtraditional methods ofcontrollingorameliorat
ingthese processes difficult. Thus,environmentally
soundmethodsforpreventingorcontrollingthese
complexprocessesareneeded.These methods likely
will derivefromfundamental informationgainedfrom
studyingthe mechanisms ofthese processes.

Progress inrapidly evolvingfields likebiotechnology
andmedicineisoftenlimitedbyinadequacies inmea
surement technology. Biosensors promiseto meet some
importantmeasurementneedsfordrugs,metabolites
and otherbiomolecules. (Biosensors use an immobilized
biological material,evena livingmaterial,incontact
withatransducer toconvertbiochemicalsignalsinto
quantifiable electrical signals.1)Thus, marine organ
isms could play an increasingly important role in
biotechnologybecause oftheirbiochemical compo
nents that could be exploited indeveloping biosensor
technology.

'After Belli, S.L and Rechnitz, GA, 1988, Biosensors based on native
chemoreceptors. Fresenius Anal. Chem. 331:439-447.



Molecular Genetics ofAlgae

Blue-greenalgae, nowdesignated cyanobacteria,
are the onlyalgaethathave beengenetically modified
bymolecular techniques. Because a wide spectrum of
bothmicro-and macroalgaefrom marine environments
isuseful orpotentiallyusefulincommerceormedicine,
thereisastrongrationalefordeveloping information
andmoleculartechniquesthat eventuallycanbeusedto
alterthegenetictraitsofalgaefordesirablepurposes.
Thus, research focusing on (a) determiningmecha
nismsbywhichgene expressionis regulatedinmarine
algae, and(b)developingmethodsbywhichforeign
genesandadditionalcopiesofnaturalgenescanbe
addedto the genome ofalgaeisconsidered important.

Molecular Genetics ofFishes and Invertebrates

The U.S. imbalance oftrade in seafood products
makesup a significant partofthe total trade deficit.
Aquaculture isconsidered oneroutetoamelioratingthis
problem. Someaspects ofaquaculturearetechnologi
callysophisticated, especiallyinJapanandScandinavia,
butlittleprogresshasbeenmadeingeneticengineering
ofaquacultural speciesforimprovedperformancein
controlled culture. Becausethis isan important goal,
research focusing ondevelopingfundamental informa
tionand techniques for modifyinggenetictraits of
marine fishes, mollusks, and crustaceans is important.

Aspectrumofmarineinvertebratesandmicroorgan
ismshas been shown to produce bioactive substances
andotherbiochemicalsofimportance or potential
importanceinpharmacology, research,andthechemical
industry. Whilechemicalsynthesiswillbe theroute to
commercialproductionofmostchemicalproducts,
some are too complex for synthesis.Thus, production
from livingsystems could be a viable route as it is with
manyantibiotics. Developingmoleculartechnologyfor
modifyinggenetic traits ofinvertebrates and marine
microorganisms could be important to technology in the

-long term. For most types ofmarine organisms,
research inmolecularbiology, including DNA technol
ogy,at a fundamental level will be required before
practical application ofthese sciences can be reason

ablyattempted. Ofspecialinterestis (a) determining
the mechanisms by which gene expression is con
trolled,(b)developingtechniquesfor introducingfish
growth genesintomicroorganisms to providethebasis
forlarge-scaleproduction, and(c)developingtechniques
for introducingforeignDNA to or amplifyingnative
DNA in the genome.

Marine Biomaterials

Althoughthepolysaccharides ofavarietyof
macroalgaehave been studied and a few are produced
commercially, thestudyofmarineorganismsgenerally
as sourcesofusefulpolymershas been neglected.
Almost no research has focused on polymers of
microalgae, othermicroorganisms, oranimals. Biopoly-
mersdisplay chirality (left-orright-handedness) andfor
thisreason mayhave usefulproperties differentfrom
petroleum-derived polymerswhichdonothavethis
property. Theadvantagesofferedbyhydrogenbonding
and controlledcrystallinityinnaturalpolymerswill
provide control ofphysicalandchemical propertiesthat
maymake possibleproduction ofchemicalswith
sophistication transcendingthecapabilitiesofpetro
chemicals. Also, ofinterest is defining properties of
marinebiomaterials,developingmethods for manipulat
ingmaterialsintonewforms, andproducingmodified
prototypematerials.

Seafood Science and Technology

General

Of high priority are research projects that address
the problems which prevent delivery offresh and
frozen domestic seafood products ofhigh microbiologi
caland organoleptic quality to consumers inthe United
States and foreign countries. The research may
encompass development ofconcepts for new products
that could create new domestic markets; allow U.S.
fishery resources, includingunderutilizedspecies,to be
used in traditional foreign markets; and enhance
productivitybyprovidinguses for food- or feed-grade
materials currently wasted in processing. Other work
relevant to these problems may include efforts to
improvepracticesinhandling,processing,transporting,



andstoring fishand fishery products so thatsafe food
of consistent high quality can beexpected from the
industry. Ofequal importance isresearch directed
toward developmentofgenerictechniques for improv
ingefficiency in processing which can and should
includeengineeringapproaches.

Some areas ofconcern, relating to research and
extension, that were included ina1988 report ofthe
U.S. General AccountingOffice, SeafoodSafety:
Seriousness ofProblemsandEfforts toProtectCon
sumers, arethe following:

• theneed to develop bettertests to measuremicro
biologicalcontaminationinshellfish-growingwaters
andin shellfish stock,

• the need for a better indicatorofviral contamination
inshellfish,

• theneedto create agreater public awareness ofthe
potentialhealthrisks associated with consumingraw
orundercookedmolluskanshellfish,

• theneedfor moreconsumereducation ingeneral
about seafoodhandling and preparation, (mishan
dling ofseafood and impropercooking are regarded
asmajorcauses ofseafood-borne illness), and

• the need for more research to better understand
chemical contaminationinseafood and itsimplica
tions for human health.

Moleculartechniques,includingDNAtechnology,
maybeespeciallyappropriate for addressingtheneed
forbetterassays for food pathogens andtoxinsand for
organisms responsible for degrading productquality.

Product Safety

Research addressing issues of seafood safetyis
important. Ofparticular concern are problems arising
from contaminationofseafood withpathogenic bacte
ria, viruses, and chemical contaminants, including
natural toxins.Developmentofrapid andeconomical
testswhichcouldprevent commercial trade incontami
natedproducts isimportant. Developmentofdecon
tamination procedures isalso important. Establishing
theecological basis for sensibly managing fisheries to
lowerriskofcontamination mayalso be adesirable
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approach to solving problems.

A new issue ofparticular seriousness is the natural
toxin,domoic acid,thatcausesamnesiacshellfish
poison(ASP). Domoicacid isaninsidious, neuro-
excitatory,non-proteinaminoacid. ASP wascharacter
ized forthe first time in late1987.InNovember and
December ofthatyear, itmade 153 persons ill in -
Canada; 93 experienced gastrointestinal distress only
and 58reported, inaddition, neurological symptoms
including confusion, loss ofshort-termmemory,
seizures, and coma. ASP directly and indirectlykilled
five persons. ASPwas traced to the diatom Nitschia
pungens. The effectofthis toxin on humans is still
being studied. ASP ispresent inU. S. waters, including
those ofthe West Coast, and Maine closed two harvest
areas because ofit.Obviously, ASP andtheoceano-
graphic controls onsizeand density ofNitschia popula
tions are topics of highpriority for research.

Processing Wastes

Oneoftheimportant issues confrontingseafood
processors is increasinglystringent regulation ofquality
ofeffluents.Consequently, research directedatalleviat
ing this growing problem isimportant. A widerange of
approaches isappropriate—from developmentof
methods for decreasingvolumes ofeffluents todevelop
ment ofuseful products from waste materialsand
developmentofnew, inexpensivebiologicalorphysical
methods for makingeffluents conformtoregulatory
standards.

Nutrition

Sea Grant research in seafood science has included
studies on microconstituents ofseafood and on its
nutritional quality. Workofthis typeisstill appropriate
ifit is justified on the basis ofits relevance to well-
defined problems oropportunities relatingtohealthor
safety. Opportunities toinvestigate and document
seafood'scontributionto goodhealth areextant. For
example, fish oilsarethoughtto improve cardiovascu
lar health, buta fundamental understanding oftheir
nutritional andbiochemical modesofaction islacking.
In some quarters, there has been concern about
bioavailability, especiallyofinorganic constituents.
Studies thatwilldevelop reliable informationon



bioavailability inmany casesrequirethe use ofhuman
subjects andcareful controls. Experiments ofthistype
areexpensiveand,ifundertaken throughSeaGrant,
shouldbe on the basisof highly significantproblems or
opportunities indevelopment ofresources. Of low
priorityisworkdirected towardcatalogingconcentra
tions ofchemical constituents ofseafood without a
justificationbasedonspecificproblemsoropportunities.

Basic Studies

Research in seafood and technology is or can be
directly relevantto realizingopportunities forsignificant
expansionandimprovementoftheU.S. fishing industry
and concomitant reduction ofthe national deficit in

foreign trade.Because much ofthis researchisapplied
andcanbe quickly and directly transferred to industry,
heavyemphasisisput oninteraction andcooperation
with industry and outreach specialistsaswell as with
the technologicallaboratories ofNOAA's National
MarineFisheries Service which are also engaged in
researchofthis type. It is recognized, however, that
appropriatestudies may be basic in nature. Forex
ample, to solve certain problems in seafood quality, it
would be logical and cost-effective to first develop a
fundamental understanding ofthe factors that affect
the organolepticqualityofseafood, andthen to apply
thisknowledge to specific problems.
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Environmental Studies

The complexnatureofmodemmarineenvironmen
tal issues calls for research extending beyond tradi
tional, descriptive studies of local ecosystems. Instead,
investigations must focus onfundamental ecological
processes that regulate ecosystem structure and
function and onthe response ofecosystems tonatural
variabilityand anthropogenic change. Theultimategoal
ofsuchresearch is thedevelopment ofadetailed,
quantitative understanding ofecosystem response that
will permit timelyand accurateenvironmental predic
tionandmitigationofundesirableeffects.

The NOAA Strategic Plan includes as one of its key
program elements theneedto**promotehealthy
coastal ecosystems byensuring that economic develop
ment inU.S. coastal ecosystems ismanaged inways
thatmaintainbiodiversityand long-term productivity for
sustained use.'' High priority willbegiven bySea
Grant to research thathelpsachieve this goal. Of
particular interest isthedevelopment ofapproaches to
assess and predictthe effects ofmultiple stresses on
coastal ecosystems, theirassociated watersheds, and
their living marine resources, sothat management can
becarried outeffectively and ontheappropriate scale.

Sixbroad topics are identified as focal points for Sea
Grant environmental research during FY 1994: primary
production andnutrientdynamics; trophic dynamics;
habitatdynamics andutilization;toxicants andother
materials thatposethreats to the well-being ofmarine
organismsandecosystems; human healthconcerns;
andapplications. Specificguidance foreach topicis
provided later in this section.

As general guidance, highpriority willbe givento
environmental studies that address critical environmen
tal problems onanational orregional basis. Inthis
regard, multidisciplinaryandinter-institutional studies
arestronglyencouraged. Researchundertaken in

-support ofotherNOAAelements isalsoencouraged.
Low prioritywill be given to environmental character
izations, monitoring, and*'baseline'' studies.

Nutrient and Carbon Dynamics
Studies pertaining to estuarineand coastalissues

includingtheregulationofprimary production, nutrient
12

effects, nutrient dynamics, and eutrophication are of
major interest toSea Grant. Topics ofhigh priority
include:

• Therelative importance ofriverine, terrestrial,
atmospheric, and oceanic sources ofnutrients and
carbon inshaping estuarine and coastal production.

• Alterations intheproductivityand biodiversityof
estuarine and coastal ecosystems inresponse to
natural and anthropogenic environmental changes.

• The impactofthe eutrophication ofriversand
estuaries onnutrient and carbon cycling onthe
continental shelves.

Trophic Dynamics

High finfish orshellfish (secondary) production in
coastal and estuarine waters is often associated with
high primary production, buttherelationship isnot
consistent orwell understood. Amongthepriority areas
to be addressed are:

• Thelinkages between primary productionand living
marine resources, and the waythoselinkages are
affectedby anthropogenic stresses andnatural
variability, especiallyinterannual variability in
weather patterns.

• The identificationofkey species in estuarineand
coastal food webs and the elucidation oftheir roles
inmodulatingsecondary production.

Habitat Utilization and Dynamics

SeaGrant isconcerned withunderstanding boththe
processesthat shape marine communities over time
and space and withtheimportance ofspecific habitats
tothewell-being ofliving marine resources. Special
emphasis is placed on estuarineand wetland habitats
because oftheir proximity to centers ofhuman popula
tion, their usebysociety for multiple, oftenconflicting
purposes^ andtheirrolesas spawninggrounds and
nursery areas foreconomically valuable speciesof
finfish and shellfish.

Priority research areas are:

• To determinethe ecological interdependenceofthe
habitats in agiven watershed,including, forex-



ample, the seasonaland age-specific patternsof
habitatutilizationby key living resources, andthe
advective exchange ofmaterials (e.g., nutrients,
sediments, and larvalstages) among estuarine and
associatedupland habitats.

• To measure the variationin habitat quality in space
(locally, regionally, andgeographically) andtime
(seasonally and interannually) in response to both
naturaland anthropogenic stresses (e.g., changes in
hydrology, sedimentloading,andeutrophication).

• To improve techniques forrestoringandcreating
wetland andestuarinehabitats,emphasizing the use
ofbiotechnologywhere appropriate.

• To developpopulationandcommunitylevelindices
ofhabitat qualitythatreflectthe ability ofhabitats
to support living marine resources in orderto
improve the abilityto evaluatethe success of
habitatrestoration andmitigationactivities.

• To address the issueofnonindigenous species
introductionsincludingprevention, control, and
mitigation oftheirenvironmental andeconomic
impacts.

As the importance ofbiodiversity hasbeenacknowl
edgedinthe coastal andmarineenvironment, the lack
oftrainedtaxonomic specialistshasbecome aserious
impediment totheresearch community's ability to
address theissue. Inlight ofSeaGrant's responsibili
ties forgraduateeducation, innovative research
projectsthatincludetraining studentsto become
taxonomic specialists, while atthesametimeimproving
understanding oftheroleofbiodiversity incoastal
ecosystems, willbeconsidered ahighpriority.

Toxicants and Other Ecosystem Threats
A continued needexiststo examinethe physical,

chemical, andbiological pathways oftoxicants inthe
aquatic environment. A need also exists to understand
theeffects of toxicants onvalued living marine re
sources and on theecosystems required for their
support.

Research onthefollowing topics isof priority
interest:

• The processes that control the transport, fate, and
bioavailabilityoftoxicants in the marineandGreat
Lakes environment.

• The effects oftoxicants at the population and
community levels. This includes investigationsof
contaminant-induced alterations inreproductive
ability,growth, and disease incidence, and studies of
effects on critical life-historystages. Investigations
ofthe physiological andbiochemicalmechanismsby
whichorganismsdetoxify ormetabolize pollutants
areofhigh priority only ifsuch studies areunder
taken as partofa larger investigationofpopulation-
or community-level effects.

• The implications oftoxic substances on the function
ingofcoastal andestuarine habitats/ecosystems.

• The interactionsofpollutantsand natural stressesin
organisms.

Human Health

Sea Grant environmental research has always been
focused towardunderstanding factors that canad
versely affecthumanhealth. The presence ofpollution-
derived toxic materials in the edible tissues offish and
shellfish is ofconcern. A need exists for a better
understanding ofthedynamics ofpathogenic bacteria
and viruses inthemarine environment, including
sources, transport, survivability, andrates ofuptakeand
depurationbyshellfish. Blooms ofnoxious andtoxic
algae in coastal and estuarine waters posethreats to the
health ofhumans and to coastal livingmarine resources
as well as aquaculture. A need exists for a better
understanding ofthecauses oftoxic algal bloomsand
for thedevelopment ofmethods to predict theonset,
duration, andseverityofsuch blooms.

Priorityresearch interests include:

• Development ofrapid,specific, andsensitive
detection methods for bacteria and viruses in the
environment.

• Understanding harmfulalgal bloomscauses; the
developmentoftechniques to predict theiroccur
rence, severity, and duration; and the control of
harmful algal bloomsand mitigation oftheir effects.
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Applications

A majorobjective ofSeaGrantenvironmental
researchisthedevelopmentofinformation, equipment,
and procedures toenhance society's ability towisely
useitsmarine resources. For example, several Sea
Grantprograms have initiated efforts to use remote
sensing—specifically satellite imagery—as asource of
data for environmental interpretations. Geographic
Information Systems (GIS) are also beingusedto
combine results from studies ofhabitat function and
habitat spatial relationships withextant and projected
demographic andimpact-related databases.

Priority research topicsinclude:

• Theapplicationofenvironmental technologyto
supportsustainabledevelopment inthe coastal zone
throughthedevelopmentofnew products and
processes that reduce or eliminate the environmen
tal impacts ofexisting andnew industriesand
businesses.

• Reformulatingwater-, land-, and waste-manage
ment practices; subsequent changesinnutrient,
sediment, pathogen, and toxicant loadings; andthe
likely environmental implications ofsuch changes.

• Evaluatingenvironmentalmanagement practices to
determine whether specific governance strategies
have greater likelihoods for success, in association
with the prioritiesofthe National Sea Grant
Office's Human Resources Division.

• Developmentandtestingofnovelequipmentand
procedures forgatheringoranalyzing environmen
taldata, particularly ifspecific usersareidentified,
and ifevidence is presented ofin-kind or actual
support from projectedusers.

• The development ofremote sensingandGIS
capabilities withinthe SeaGrantnetwork;coopera
tion among investigators from several Sea Grant

' programsmay be especially appropriate.

In contrast,low-priority is assignedto requests for
the long-term support ofresearch facilities or monitor
ingprograms.
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Coastal and Ocean Processes

General

The Sea Grant Coastal and Ocean Processes Pro
gram supports fundamental andapplied research onthe
physical and geological processes influencingthe
quantityandqualityofcoastal resources. Additional
support isprovided for developing engineeringtoolsand
numerical modelsuseful in predicting the effects of
natural and man-induced changes tonatural systems
and management oftheresource base. This guidance
addresses theneedfor quantitative understanding of
fundamental hydrodynamic and sedimentary
processes—understandingwhich must be obtained
before significantadvancements canbe made in
related subject areas.

In recentyears, the impacts ofnatural phenomena
(e.g. storms,hurricanes, long-term change)on man's
activitiesalong thecoasthavebeenincreasingly costly.
Millions ofdollars ofwaterfront real estate are lost each
yearto shorelineerosion, andpropertydamage from
coastal storms isequallyascostly. Sediments deposited
innavigation channels and harbors require hundreds of
millions ofdollars ofdredging eachyearto insurethe
safe andefficient passageofwaterbome commerce.
These problemsarebeingexacerbatedby anever-
increasing demandforcoastal resources andrapid
development ofcoastal areas.

Solutions to suchproblemsdependupon knowledge
abledecisions byscientists,engineers,andmanagers.
Gooddecisions not onlyrequirequantitativeunder
standingofthe processes, but alsodemand accurate
models forpredictingtheimpactsofnatural andman-
made changes.However, within the surfzone and
nearshorewaters, the interactions betweenwaves,
currents, sediment andthe seabed areextremely
complex, spanningtime scalesrangingfrom seconds to
millenniaandpccurringinaregionofsignificantwave
nonlinearityandrelativelyhigh turbulence. Because of
thiscomplexity, anda pastinabilityto make accurate
fieldmeasurements, knowledge ofthe fundamental
physics ofthe coastal ocean remains ratherrudimen
tary.Consequently, existingnumerical models are
generallycrude, and engineering design relies as much



on experience andjudgment ason quantitativetools.

Recent scientific andtechnological advancements
makethisanopportunetime to undertakefundamental
research on coastalhydrodynamicandsediment
transport processes. Althoughthe ultimategoalisto
predictphysicalchangestonearshore environments
basedontime-dependent dynamicalmodels, the
behaviorofcomplex, large-scalenearshoreregions on
time scales ofmonths to years can only be understood
ifthe physical processes ofsmaller, simpler systems
overmuchshortertime scales are modeled correctly.
Therefore, anordered sequence ofprocess-oriented
experiments is envisioned to investigate forcing/response
mechanisms over awide rangeoftime andspace scales.
Existing models ofthe physics offluid motion and
particletransportshould be used to define experimental
needs, and results should be used to verify models and
develop andtest newrelationships.High priority
researchtopics discussed inthis guidance relateto:wind
waves, long waves, sediment transport, coastal storm
hazards, sealevel rise, and instrument development and
are discussed below.

Incident Wave Processes: Turbulence

The temporalandspatial distribution ofhigh velocity,
high frequencyturbulenceisimportantto sediment
motion initiationandtransport. The intensityofturbu
lence producedmay eventually be predictablegiven
knowledgeofthe incident wave characteristics.How
ever, the precise mechanisms ofenergy transfer to
turbulence andsediment interactions with turbulent

fluctuations areunknown.

Researchneeds include studies of:

• Turbulence generation atboth the sea surface (wave
breaking)andtheseabed (bottom boundarylayer).

• The role ofturbulent fluctuations in the initiation of

sediment motion and in the maintenanceofsus

pendedsediment concentrationsviaeddy diffusion.

• The general roleoffluid accelerations (large with
high frequencyturbulentmotions) in sediment
suspension.

Incident Wave Shoaling and Breaking

The shoalingandbreakingofsurfacegravitywaves is
amuch studied problem innearshore processes,and
there is alargebody ofliteraturedealing with the
idealized situationofanormally incident, monochro
matic wavetrainpropagatingon auniformly sloping
beach.The linearwave theory-based expressions for
radiationstress,energy density, andenergy flux devel
oped by Longuet-HigginsandStewart (1960) have
proven qualitatively correct, and most featuresofthe
shoaling wave field arerelatively well known. Condi
tions forthe onset ofbreaking ofthis particularlysimple
wave type, andthe shorewarddecay ofthe resulting
bore,have alsobeen studied extensively in the labora
tory. However, relativelylittle dataexist for field
conditions.

Researchneeds include:

• Generalization ofrefraction-diffraction equations to
a directionally spread, weaklynonlinear, random
sea

• Development ofaspectral, random wave model for
bore propagationin the surfzone with
capabilities to predict turbulencelevels and
nonlinearmoments ofthevelocity field,including
the effects ofinfragravitywaves andcomplex
bathymetry.

• Field verification ofthe above models.

• Furtherquantificationofbreaker characteristics,
including the importance ofwave plunging on
sediment suspension.

• Wave processes over soft, muddy bottoms.

Infragravity Waves (also referred to as surfbeat
and edge waves)

Long-period water level fluctuations in the surfzone
arean orderofmagnitude or more greater than the
period ofthe incidentwind waves. Recent fieldexperi
mentshavesignificantly improved knowledge of
infragravitywaves andconfirmed theirimportance to
nearshore fluid and sediment motions. In addition to

exhibiting standingwave structure inthe cross-shore
direction, infragravity wave energy at the shoreline
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(which isimportant incontrollingwaverun-up charac
teristics) was found toincrease with increasing incident
band energy outside the surfzone. In fact, within the
surfzone, incidentwaveheights are reduced bybreak
ing, whilethe amplitudesofnonbreakinginfragravity
wavesincrease. Finally, someindications havebeen
found thatonabarred profile, resonant interactions
betweeninfragravitywaves and thebathymetrycould
lead toamplification ofdiscrete infragravitywave
frequencies. No conclusive linkagehas beenfound,
however,betweenbarcrest positionand peak-fre
quencyinfragravitywaves.

Researchneeds include:

• Incident to infragravity energy transfer processes.

• Infragravity wave effects on beach and surf zone
sedimenttransport.

• Tuningofinfragravitywavesbynearshore
morphology.

• Parameterization ofinfragravity energy
dissipation.

Wave-Induced Nearshore Currents

Quantitative models for thedynamics ofnearshore
currents driven byincident waves utilize theconcept of
"radiation stress," thedepthintegrated excess mo
mentum flux owingto the presenceofwaves. Ina
spatiallynon-uniformwavefield, as occurs during
waveshoaling andbreaking, gradients intheradiation
stress result inasteady force. The cross-shore compo
nent ofthis force drives bottom return flow and other
cross-shore currents andproduces changes inthe
meanseasurface elevation, i.e. set-up. The longshore
component, non-zero when waves approach the coast
obliquely, drives steadylongshore currents. However,
monochromatic(single frequency)wave models
applied to anaturally occurring random sea yield only
crude parameterizations ofthe physics oflongshore
currents. Random waves are an essential element of
realistic longshore current models.

Research needs include:

• Developingandverifying, inthe field, random wave
models for steadywave-driven currents oncomplex
bathymetry.
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• Quantifying theenergy andmomentumtransfer
processes of abreaking, broad-bandedwave field
thatgenerate longshore currents.

• Determining thetemporal and spatial variabilityof
thevertical structure ofvelocity within thewaveand
current boundarylayers undervariouswave and
bottom conditions.

• Quantifyingripcurrenthydrodynamicsand sedi
ment transport processes.

Tidal and Wind-Induced Currents

Thetraditional concept ofpurelywave-induced surf
zonecurrents isofteninadequate todescribe longshore
andcross-shorecurrent behavior. In fact, shelf-wide
tidaland wind-driven flows extend to the shoreline and
insomecases maybestronger than wave-driven flows.
Onshore windsmayproduce localized setup ofwater
againstthecoast, resulting inaseaward directed flow
nearthebottom.Conversely, offshore windsdrive
surfacewaters away from thecoast producing onshore
near-bottom flows. The direct contribution ofsurface
windstress isveryimportant to longshore flowson
shallow, gentlyslopingshorefaces such asin the Great
Lakes. In certainareas, tidal currents dominate
shoreface sedimenttransport.

Research needs include:

• Quantifyingtherelativecontributions ofwinds,
waves, and tides to longshoreandcross-shore
currents throughfield experiments ofsurfzone and
shelf-wide observations oftidal and wind-driven
flows.

• Determiningthevertical structure ofvelocitywithin
wave andcurrentboundarylayers.

• Developing models oftide- and wind-forced
nearshore currents andsediment transport.

Sediment Response to Physical Forcing
Recent fast response measurements offluid flows

andsuspended sedimentconcentration profiles inthe
surfzone, andlimitedapplication ofnumerical models
incorporatingtime-dependentturb.ulent diffusion



conceptshavebegunto providenew insights into
sedimenttransport inthewave-dominatedenviron
ment.These insightsincludethe roleofinfragravity
energy indriving sedimentmotionsinthe inner surf
zone; boundary shearstress estimates from wave-
current shear flows; and the coupling between cross-
shoreoscillatoryvelocities andthe totalsuspended load
andcross-shoreparticleflux. Preliminary results
clearlysuggest the importance oftime-dependent
boundarylayermodeling and fieldexperiments.

Research needs include:

• Determining suspended andbedload transport
dependence on sediment size, density,andshape.

• Quantifyingthe effectofbed roughnessonoscilla
tory boundary layers.

• Suspended andbedload effects on bed shearstress.

• Turbulent transfer mechanics associated with

combined wave-current boundary layers.

• Characteristics and behavior ofbed-forms under

combined wave and current flows.

Coastal Storm Hazards and Sea Level Rise

There areanumberofproblems associated with
coastal storm hazards and sea level rise that could be

addressedeffectively with relativelysmall, focused
research efforts.

There is aneed for storm surge and wave height
measurements indeveloped areasduringahurricane.
The abilityto model storm surgeshasimproved consid
erablyin the last 20 years, unfortunately it is very
difficult to measure and interpret waveheights and still
waterlevels aroundbuildings.This problem means that
models are probably poorly calibratedinthe most
critical areas.

A numberofdune erosion models are now available

-but it is not clear ifone model is better than another, or
forwhat circumstances one model might be preferred
over another. Further,it would be very advantageous to
have an erosion model that included breached dunes

with overwash.

The current rateofsea level rise along the U.S.
coast is quite variable. Estimates of future rates are

extremelyvariable andcontroversial. Still,thereislittle
questionthat sealevel is rising,andthis trend willhave
a profoundinfluence on coastalprocesses,coastal
engineering, andcoastalzone management. Sea level
rise works with the increasing pressure to develop the
shorelineto placeirreconcilabledemands on coastal
areas. However, with only controversial estimates it is
difficult to develop plans that have abroad base of
support. What is needed is at least a conceptual model
that could guide society in determining what shoreline
will be defended and what shoreline will be abandoned.

Research that could reduce the uncertainties in sea

level risewould be very valuable, but will be difficult to
achieve given the intrinsiccomplexityofthe phenom
ena.Anotherapproach is,given realisticbounds onthe
uncertaintiesofthe projections, to develop prudent
responses to the problem. This laterapproach seems
practical and clearlysuggests a probabilistic approach
with input from anumber ofdisciplines.

There are,ofcourse, many small pieces in the puzzle
ofhow to respond to sealevel rise,which, ifimproved,
would contributeagreatdealto developing realistic
plans. The increasederosion rates for shorelinesand
dunes, the decreasing effectiveness ofbeach nourish
ment, andthe degradation ofperformance ofcoastal
structures areallexpected effects ofhigherwater levels
andexamples ofresearchareaswhich could produc
tively complement abig picture researcheffort.

Researchneeds include:

• Storm surge and waveheight measurements in
developed areas.

• Critical evaluation andimprovement ofdune erosion
models.

• Confidence limits for rates ofsea level rise.

• Cost-effective responses to sealevel rise.

• Effectiveness ofshoreline defenses against
increasing water levels.

• Response of wetlands to sea level rise.

• Extent to which Great Lakes experience can be
applied to saltwater coast.
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Instrumentation and Technology Development
Recentdevelopments inacoustical andoptical

technologies suggestthatitisfeasibleto measureboth r
fluidvelocityandsedimentflux inthe nearshorezone '
withhighspatial andtemporal resolution. Highresolu
tionmeasurements areessential inviewoflargevertical
gradients inflow andsedimentconcentrations. Acoustic I
Dopplercurrent meters have worked well in inlets and
coastalwatersoutsidethesurfzone.Developmentof
similarinstruments forthehighlyenergetic surfenviron-
ment would providevaluable research tools.

Anadditional requirementexists fora remotely-
operated orinsituhigh-resolutionsurfzone bathymet-
ricmappingsystem. Rapid andsubstantial changes in
shorelinepositionandnearshorebathymetryduring
storms requirefrequent surveys ifchanges inlarge-scale
sedimentary features such as bars and troughsare to
beaccuratelymonitored. Ongoingdevelopment of
shallow-watermulti-beam surveys offers apotential
meansto map areas outside the surfzone, but systems
capable ofoperation inturbulent and aerated environ
ments will be needed for inshore sites.

Continued developmentofremotesensing tech
niques, highlydesirable fortheir capabilitytoobtain
rapid measurements overlarge areas, offers promise for
measurements ofcoastal variables andbathymetry.
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Marine Advisory/Extension Services benef,ts^^ creatio,?) is extremelyimportant.
This section discusses topical areason which

advisoryservicestaffs might concentrate. Recognizing
thatstatepriorities arepertinentto the development of
soundprograms, Marine AdvisoryServices(MAS)
shouldalsoincrease regional andnational andeven
international talent-sharingandprogramdevelopment.
Coordinatingactivitieswith otherlocalandregional
NOAA offices such as the National Ocean Service and

theNational Marine FisheriesService, where appropri
ate,shouldcontinue. Developing programsintechnol
ogydiffusion, product qualityimprovements, entrepre-
neurship,andsustainableresource managersare
appropriateto NOAA andDepartment ofCommerce
long-termgoals.

SpecialAttention:Continuingreferenceshouldbe
made to the report, Sea GrantMarine Advisory
Service: Making Waves in the 21st Century, and
considerationgiven to implementationofideasinthat
reportwhich seem appropriateto long-rangeincreases
in efficiency ofinstitutionalMAS programs.

Coastal Business and Economic Development

Americansarerapidlymoving to the nation's coasts.
Estimates ofcitizens living within 100 miles ofthe
coast (including the Great Lakes) by the year 2000
rangeashigh as70 percent.This will placeincreasing
demand on marine resources, forboth personaland
community livelihoodsandrecreationalopportunities.
There isgreatpotential forincreasedinfrastructureand
development ofbusiness opportunitiesto meet this
demand. MAS programsareencouragedto provide
guidanceto decisionmakersandleaders concerning the
appropriatedevelopment ofthis potentialthrough
proper planning and support forbusiness andeconomic
development, while, atthe sametime, assuringappro
priateenvironmentalandresourceconsiderations.
Programs arealsoencouraged to provideentrepreneur-,
ialguidance andtechnical information relativeto
developmentofappropriate coastal businessopportuni
ties.These opportunitiesrangeover the entirespectrum
ofresourceissues, from aquacultureto urbanwater
front developmentto underwater preserves. Quantita
tivedocumentationofaccomplishments (i.e. economic

Coastal Zone Management (CZM)
Most statesnow have CZM plans in placewhich

provideguidancefordevelopment strategies alongthe
coastline. Competitionalongthe coastal zone forwater-
dependent andwater-independent usescontinuesto
expand.With increasing development alongthecoasts,
demands grow forbetter pollutioncontrol strategiesand
formaintenance ofthe ecological integrityofcoastal
wetlands. The potential for long-term sealevel riseand
the problem offluctuating water levels in the Great
Lakes requireusingthe most advancedthinking and
technology. Oilspill response planningandhurricane
preparednessareissues ofgrowing public concern.
Programs aimed atcommunity leaders and users to
focuson environmental management issues inthe
decisionmakingprocessareofgreatpotentialandvalue.

Conflict Resolution

Multiple use ofmarine resources is causingincreasing
conflict among user groups. Examples include contro
versiesover fishing gear,oilandgasdevelopment in
fishing areas, tribalfisheries,access, resourceallocation,
protectedspecies, andmany others. It is appropriatefor
marine advisory personnel to enter such controversies
from aneutral position to explore ways to open commu
nication, gainmutual understandingofallsides ofthe
issues, and provide a forum forcompromise, negotia
tion, and mediation by other professionals. While
extreme caremust be taken in tiptoeing through these
issues, positive results canhave a big payoffin terms of
resourcemanagement, andin many cases, MAS is the
only entity capableofcreatingthese forums because of
itsneutral,educational position.

Fisheries

Commercial and recreational fisheries remain a

significantelementofmost MAS programs. Each
programtends to emphasize different elements ofthe
fishing industry based on local needs and staffre
sources. The programs are basically successful and
should be continued in this format.

Working relationships with fisheries agencies are
seenasdesirablein planningandimplementing educa-

19



tional programs. Itiscritical that Sea Grant manage
mentmaintain anonadvocacy role that provides
objectiveandbalanced educational information and
avoids program relationships thatmaybeinterpreted as
slanted regulatoryorenforcementoriented. Specific
topics ofconcern include gear conflicts and develop
ment, such as with the Turtle Excluder Device and
bycatch issues, gear and fuel efficiency, and manage
mentoffishing asa business, amongmanyothers.
Social aspects offisheries management (e.g. minority
group influences, novelmanagementapproaches such
astheIndividual Transferable Quota system and
refuges, access, andeconomicdislocation) are of
increasingimportance.

Fishery extensionactivitiescarried out forthe sole
purposeofincreasingefficiencyoftaking already fully
exploited stockswillnotbe favorably received, but
applied population-level research insupportofmanage
mentdecisions isanappropriate extension activity, ifit
isadequatelypeerreviewed. Lookto SeaGrantdirector
leadership andguidanceinregional councilmeetingsto
address mutualcooperative programsandinformation
transferactivities. Interaction withmanagementgroups
such asregionalcouncils or commissions should be for
thepurpose ofprovidingtechnical adviceonly.

Recreational fisheries areamajoreconomicand
management consideration inmost parts ofthecountry,
and theysoonwillbe inallparts. Supportofbusiness
infrastructuredevelopment whichinturn-supports
recreational fisheries isimportant asiseducating sport
fishermen aboutfisheries managementand viabilityof
fishery resources.

Seafood Technology

Oneofthemajoropportunities inseafoodtechnology
isimproving thequality andsafetyofseafoodproducts
beingdelivered totheconsumer. Thisopportunity
primarily involves the freshseafood market but canalso
include frozen, processed, and packaged products. One
ofthemajorproblemsinhibiting greater useofU.S.
domesticallyharvested fish isthewidespread inability to
producefreshfishofadequatequalitywith sufficient
shelflife foruse inmost majorretail outletsininland
and coastal states. Advisory services can play a
significant roleinimprovingthe qualityofthe product
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delivered totheconsumer. Program consideration
includes thetotal marketchannel, fromcatchto the
consumer's table, butpriority willbe placed onship
board and processing sectors. Advisory service
programs directed atsanitation and handling ofthe
catch areneededto improve the shelf life of fresh
products and thequality ofprocessed, packaged and
frozen products. Improving seafood qualitymayalso
helpexpand theexportofseafood products. Inaddi
tion, theapparent proliferation oftoxicalgal bloomshas
affected seafood safety, primarily ofshellfish, and
public attitudes toward seafood safety. Programs
addressing thisissue, aswellasseafood inspection and
Hazard Analysis Critical Control Points training, are
very appropriate.

These approaches also apply toaquaculture products,
includingdevelopmentofvalue-added components to
the marketplace.

Disposal ofprocessingwasteandplant effluentis
becoming an increasingconcern, and development and
transferofnewand improved technology are important.
Also,ofincreasing importancetotheeconomic viability
oftheprocessing industry isdevelopment ofbyproduct
recovery and utilization systemsasanintegral strategy
to improveeffluentwaterquality.

Aquaculture

The continued developmentofaquaculture inthe
U. S: willbfeaided bytechnical assistance provided
through advisory services. Anefforttoassist develop
mentofviable aquacultureenterprises through technol
ogytransfer andbusinessandmarketingeducationisof
highpriority. Aid inthedevelopmentofexportmarkets
for cultural products isappropriate. Economic analyses
ofproductionlevel projectsareneeded by financial
institutions to provideentrepreneurial backing.These
programs areparticularlyadaptabletoregional program
mingapproaches.

Ports and Marine Transportation

SeaGrant is interested inincreasing technology
transfer andapplication to portsandmarinetransporta
tionindustries. Severaladvisoryservice programs have
found such efforts productive. Sea Grant programsand
their advisory components are encouraged to review



portandmarinetransportation facilities andindustries
withintheir regionsto determine if useful advisory
servicescouldbedeveloped,perhaps, inregional
collaboration.Reviewing past Sea Grant-sponsored
port conference proceedings mayhelp identifypossible
researchand advisoryserviceoutreach activitiesthat
mayhavewidespreadapplicability. Withthesigningof
MARPOL and its implementation, ports and harbors
stillneed considerablehelp in meeting the requirements
for collectionand disposal ofnon-biodegradable debris
from vessels. Priority should be given to working with
small isolated ports which may not have the needed
information and the resources.

Education and In-Service Training
ofMAS Personnel

In-service educational opportunities areessential for
advisory staffto keep abreast ofthe changes in their
field ofexpertise. For advisory programs to operate
efficiently,the staffmust be alert to improvements in
operational techniques and programexpertise.Each
program should address this issue to ensure there are
adequate trainingopportunities.Regionalandnational
trainingopportunities should befostered.

The rapid movement ofcitizens toward the coast was
noted above. Manyofthese people come from inland
areas, and while a coastal life style is their interest, they
know littleabout the complexity and vulnerabilityofthe
marine environment. Educational programs to encour
age these coastal residents to be good stewards ofthe
coastal community are encouraged.

Safety

MASprograms are encouraged to emphasizesafety
inallelementsofprogramming. Safetyawarenessand
knowledge will make the marine environment safer for
those who live,work, and/or playwithinthe confinesof
marine and Great Lakes resources. Program areas

-include,amongothers,divingsafety,boatingsafety,
industrialsafety,hurricane preparedness, andgeneral
publicsafetyinvolving lifeand/or propertyincoastal
areas. Recognizing that promotingsafety isa univer
sally-shared responsibility and that manysafety
programs and safety providers exist outside Sea Grant,
emphasisshould be placed on increasing regionaland

national talent-sharing and programdevelopment.

Pollution and Global Change

Marine debris is a form ofpollution ofrisingconcern
and one for which anational public educationcampaign
mightbe particularlyeffective. Global climate change
and the resultant long-term effect on sea levels can be
linkedto atmospheric changes and contamination. Sea
level rise has major adverse connotations for coastal
communities and should be factored into long-term
coastal planningefforts. Advisoryefforts to beginto
address these issues are appropriate.

Aspectsofpollutionand environmental (habitat)
problems permeate almost everyaspect ofadvisory
service programs. Rather than being treated as a
separatecategory, these problems should be linked to
specific programs withinexistingparts ofindividual
advisory programs and SeaGrant research efforts.

Regional Activities

Programs are urged to continue regional interactions
for programming, resource andpersonnel sharing,
trainingand other activitieswhich can be enhanced by
cooperativeefforts.Several recent success stories
testifyto the merit ofthis approach.

Setting Priorities

All issues discussed above have significance to the
national Sea Grant effort if addressed in ways that
maximize results. Relative merit will thus be evaluated

bysignificanceofpast performance; potential effecton
behaviors,economic impact, and/or resource manage
mentanddecisionmaking;novelapproaches to leverag
ingresources;approachesto maximizingprogram
impact (ie.appropriate choiceoftarget audienceto
maximizemagnification, effectivenessatstimulating
educationalactivitiesbeyondlocal/stateboundaries,
etc.) and the relative merits ofprogram proposals as

' judgedagainst the published criteria ofthe Joint Modi
fied Procedures Committee (ie. Rationale, Outreach
Quality,Innovativeness, ProgrammaticJustification,
User Relationships, Relationship to NationalOffice
Priorities, Past Record ofAccomplishment, Use of
AvailableTalent, and Identification ofMilestones.)
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Communications

Communications projects shouldaimtoexpand
publicawareness ofSeaGrant research, education and
training, andadvisory/extensionactivities. Highest
priorityshouldbegiventocommunications projects
whichdisseminate, inacost-effectivemanner, the
results ofSeaGrant research, education, and advisory/
extensioneffortstothescientific community, user
groups,the media,andthegeneral public. Communica
tions projects should strive to create abetter under
standingofSeaGrant accomplishments and benefits
andto promote an awarenessofocean and Great Lakes
issues.

Communication projects vary instaffsize, funding,
andemphases; however, certainfunctions must be
performed before otheractivities areundertaken.These
priority functionsinclude:

• The dissemination inefficiently produced formats of
SeaGrant research, education, and advisory/
extensioninformation tothescientific community,.
usergroups (suchasfishermen andcoastal plan
ners), themediaandthegeneral public. Mailing lists
should beanalyzed and revised sothat proper target
audiencesarereached. Particular thoughtshould be
givento exactlywho the priority audiences arefora
particular program and whythesegroups take
priority. Insomeprograms, there maybea few
large audiences suchascommercial fishermen or
resource managers, while,inothers, theremaybea
varietyofdifferent audiences.Inadditionto direct
ingcommunicationseffortsatspecial constituencies,
it is important to remember that Sea Grant is also
committedtoensuringamarine literate public, and
someeffortmust begiventoreaching thegeneral
public through the use ofthe mass media.

• The provisionofcommunications expertise and
adviceto allcomponents ofSea

'•- Grant—management, advisory/extensionstaff,
researchers, and educators. Close ties must be
maintained withadvisory/extension staffwho
themselves are often involved in communications
activities. Theburgeoninguseofbothdesktop
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publishingand video capabilities requires that
communicators coordinatewithall appropriate
parties to identify potential audiencesandto ensure
productquality.

• Theevaluation ofcommunication efforts, with
documentationofresults toindicatethatprograms
are meetingneeds and helpingtoeffectuatechange.
Forinstance, issuing news releaseson research
results isencouraged, but,besides providingdetails
onthenumberofreleases issued, cananyensuing
mediapick-up bedemonstrated? Providing infor
mation onthesizeof print runs for various reports
isexpected,but isthereanyevidencethataudiences
are reading, using orbenefiting from thesereports?
Anysuch evaluative information should bepre
sented incommunications proposals.

• Thesubmission ofall appropriate publicationstothe
National SeaGrant Depository. While theoverall
record for submissionofjournal reprints has
improved, closer attentionneeds tobegivento
ensuring thatallrelevantadvisory/extension and
education publications are also reachingtheDeposi
tory. With the production ofthenationallydistrib
uted SeaGrantAbstracts quarterly, the need iseven
greaternow forallrequiredmaterialsto be submit
ted to the Depository.

• Thepreparation ofannual orbiennial reports.
However, the National Sea Grant Office does not
requiretheseannual/biennial reports ifindividual
SeaGrant programs submitsatisfactory
completionreports withinsixmonthsofthecomple
tion dateofprojects.

Following areother observations that should be of
value ascommunicators plantheir efforts for 1994:

• Sharing availableresources andworkingoncoop
erativeprojectsto increasepublicawarenessofSea
Grantarecertainlyencouraged. Adaptingalready
existingpublications inthenetwork foruseregion
ally orinone'sownprogram and participating in
jointexhibits atmajorconferences are waysin
whichcommunications programs canfurther spread
the Sea Grantstory.



• Giventhat goodvisualaidscanmake animpacton
audiences, communicators areencouraged to
expandtheirphotographicandcolorslidecollec
tions to show scientists, educators, and marine
advisory/extension personnel inaction, investigating
scientificproblemsandeducatingandadvising
constituents.

• Communicators shouldseize opportunitiesto
describeaccomplishmentsofindividualprograms
within the broader context ofthe Sea Grant net

work. Such products asnews releases and feature
articlescould be writtento incorporaterelatedwork
atother Sea Grant programs.

• Obtainingthemostmileage outofalreadyexisting
communication products in orderto achieve a
multipliereffect is desirable. For instance, anews
release announcing research results to the print
media could be adapted (shortened to a few para
graphs) for use by the broadcast media. State
agencies,such asdepartments ofnaturalresources
oroftourism, often have publications thatcould use
relevant Sea Grant articles.

• Another techniquewould involve placing SeaGrant
personnel onradioandtelevisionprograms inorder
to provide Sea Grant information to awider audi
ence.This lattertechnique ofmedia placement
suggests using alreadyexisting broadcastoutlets;it
does not mean hiring, during tight fiscal times,
additional new staffin the broadcast area.

For furtherthoughts on communications, reference
should be made to the report Sea Grant Communica
tions: Reaching Out in the 21st Century. A special
focus task force oncommunications, jointlyconvened
by the NOAA Sea Grant Director and the Chair of the
Council ofSeaGrant Directors, presented thisreport at
SeaGrantWeek '91. This reportand two others,
preparedby task forces on advisory services and on
education, should be consulted for information that
couldproveuseful forlong-range planning.

Marine Policy and Social Sciences

Human and policydimensions ofnaturalresource
managementareofgrowingimportance due to in
creasing populationgrowth and use ofcoastalareas. In
addition,there is increasingrecognition ofthe need for
sociocultural insights forresourcemanagement No..
longercanenvironmental issues be solvedthrough
researchin naturaland physicalscience alone.The
human and policyaspectsofenvironmental issuesmust
beconsidered.

The goalofthe Marine Policy and Social Sciences
Programis to provide relevant information forthe wise
use ofcoastal and marine resources. Sea Grant is

interested insolving problems andcontributingto
decisions that have national relevance and that advance

theory andmethodology. Projects may involve collec
tion, synthesis and analysisofdata for policy and
evaluation, analysesofsocial change and ofmanage
ment options fornaturalresources, suggestions for
alternativeinstitutionalarrangements,andsocioeco
nomic impact studies. However, case studies that
monitor socioculturalimpacts with no theoretical
generalizability, andinput-output analyses thatarecase-
specificarenot appropriate.

The application andaccessibility ofthe resultsof
social scienceandmarinepolicyresearch relyon clear
strategies foruserinvolvement, andsuchstrategies
shouldbeclearlyidentifiedinproposals. Investigators
areurged to involve user groups, extension agents,and
resource management agencies in the project to facili
tate use ofresults.

The followingresearch areas merit attention. Because
theseresearch topicsare problem-focused, theyofferan
opportunity for cross-discipline perspectives. Research
ers should be aware ofwork in related areas and use the
SeaGrantnetwork to identify relatedefforts when
developingtheirprojects.

Coastal Growth Management and
Multiple Use Dilemmas

Coastal growthmanagementisnot anti-development,
but stems from the idea that new development canbe
channeled into areas able to accommodate it with
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minimalenvironmental riskandmaximum fiscal savings
and social results. Wetlands, flood plains, erosion-
susceptible areas,and other coastalareasatrisk face
growing demands foruse.Intergovernmental manage
ment opportunities,incentives, andpenaltiesneedto be
consideredto copewithgrowingchallenges inthe
coastal zone.Hand-in-hand withcoastal growthare
conflictsoveruseby multiple parties. Researchthat
adds to theability to resolveconflicts among
recreationalists, local communities, fishing interests, and
other partiesis animportantmission forsocialscience.

Fisheries

Fisheries continuesto be ofinterest, especiallywhen
buildingonpreviousstudiesandprovidingcomparable
orsupplementary information inacoordinated fashion.

There isarapidlyexpandinginterest in information
onthe socialandeconomic aspectsoflimited accessor
effort limitations. More information is needed on the

ways that individually assigned privilegesaffect recre
ational andcommercial fisheries. Consequently,the
followingtopics arehighpriority:

• Comparativestudiesofinstitutional designand
implementationforindividual quotas(IQs)andother
limited accessregimes.

• Identificationofthe causes andconsequences ofthe
patternsofindividual permit or quota transfers.

• Identification ofthe effects ofinitial allocation on

the distribution ofbenefits, and research into the
related issue ofwho should have rightsto the initial
allotment.

• Investigationofthe interrelationshipbetween by-
catchissues andindividual quotas.How have
fishermen andmanagers dealtwith bycatch?

Information is needed on inshore fisheries and

subsistence fishing. The extent andnature ofsubsis-
<tence fishingand petty-commodity fishing isnot well
documented, and NOAA's National Marine Fisheries
Service has not been able to fund research in this

area. It is likely that hundreds ofthousands of families
supplement their diet and incomes by fishing in sounds,
bays, and estuaries. States that consider fishing
licenses or bag limits may affect livelihood offamilies
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who depend onthisstrategy.

Commercial fishing isimperiled inmanycoastal
areas wherethereisincreasing population growth and
changing land use. The effects ofgradual
marginalizationoffishing asalivelihood inareas under
pressure,andtrends in labor,migration,economic
viability, and socio-structural adaptations toincreasing
marginalizationofcommercial fishing needtobe
described.

Conflictover the use andmanagementoffisheries
resourcesislikelyto escalatedue to stock depletion,
increasing numbers ofrecreational fishermen,and
environmental regulations. Resolvingtheseconflictsor
mediatingtheminconstructivewaysisveryimportant
forthe future offisheries and foravoidinglengthycourt
battles.Theoretical and practical advancesint' ieareaof
conflictmanagementareencouraged.

Aquaculture

The aquacultureindustryhas the potentialto revolu
tionize the seafood industry and to affect consumers of
seafood.Advances forseveralspecieshavebrought
technicalandeconomic constraintsundercontrol.Vet,
moreinformation isneededonthesocial andpolicy
aspectsofaquaculturedevelopment. It is important tt
assesshowthe development ofaquaculturedspecies
will affect the structureofthe commercial seafood

industry,from producersto distributionandpricing.
Whoaretherftospective investors—small entrepre
neurs,corporations, agriculturalists—and whatarethe
socialandculturalconstraints that affect adoption?Will
aquaculturedevelopment fosterconflict with commer
cial fishermen and coastal property owners andhow
might this be resolved? On the policy side, there is a
wide rangeofproblems to address.Potentialaquacul-
turistscomplain about the difficulty in obtainingleases,
licensing, and permits from states.Whether andhowto
consolidatethe permit andlicense process orhowthe

. permittingprocesscanbe facilitatedshould be exam
ined.What publicmanagementoptions arethere for
integrating aquaculture useswiththe increasing demand
for coastalareasfor competing purposes? It is impor
tant to know how local interests can be involved in

aquaculture operations to reduceconflictandprovide
economic stability.



Marine Biotechnology Policy/
Exotic Species Issues

Asnewgeneticallyengineeredorganismsandnatural
chemical products pushforward theedgeofestablished
regulatoryregimes, theuniquepolicy issues thatwill be
raised bydevelopments inmarine biotechnologyneed to
beaddressed. Is the current regulatoryframework
adequate to deal withtheemerging issues? What isthe
properfederal role? Istherea rolefor stateandlocal
governments? Withthe recentdecisiontograntpatents
forgeneticallyengineered animals, itisimportant to
assess long-termstructural implicationsfortheaquacul
ture industry.

The colonization ofthe Great Lakes region by the
exotic zebramussel has raised similarscientific, policy
andsocioeconomicquestions. Becauseofthelikelihood
ofother introductions ofexotic species, from algae to
invertebrates, it isvaluable to assess the regulatory and
policy options aswellastheeconomic andsocial effects
they may have. .

Global Climate Change
Thehuman consequencesofglobalclimatechange

could be enormous. TheNational SeaGrant Office
(NSGO) coordinateswithNOAA'sglobalchange
researchprogramregardingthehumandimensions of
global change. NOAA's OfficeofGlobal Programs has
identified *'Human Dimensions ofGlobal Change'' as a
program element forFY94.Fundingforthisprogram,
however,isdependentonFY94 appropriations.Given
this uncertainty, NSGOwill entertain proposals in the
human dimensions ofglobal change for veryspecific
topics. Researchshouldfocusonregional domestic
issues in coastal areas.

A sea-levelchangeofone meter over 100years isa
conservative estimate. It is important to know how state
and localgovernments should, and would, cope with the
lossofvaluable recreational areas, eroding property tax
bases and the inundation ofharbors, bridges, and roads,
and how the privatesector willdeal withthe loss of
valuable coastal property. Creative ways must be found
to deal with changes in resource management—with an
increase in sea level, for example, one ofthe first
resources to suffer may be coastal ground water due

tosaltwater intrusion ofpotablewatersupplies. It is
important toassess howthepositive and negative
effects will be distributed across the social and eco
nomicfabricofcoastalregions. For example,howwill
thesechanges affectindustries dependent onmarineand
coastalareas? From a public policyperspective,are
there creative waysto harness the changes? .

Coastal Economic Development

Trends incoastal economic development are spurred
bychanging demographicandlifestyledemands.
Retireesand owners ofsecond homes are choosing
coastal communities as residences ofchoice. At the
sametime, thereare pressures for coastal tourism
development, bothpublic(recreationalboating/fishing
facilities) andprivate(resorts,marinas). Manycoastal
communities face choices aboutgrowth management
becauseopportunities foremploymentandfinancial
returnsare forcingthe issuesofmultiple use ofre
sourcesandof rapidsocialchange.The processesof
socialchangeand thesocialand culturaleffectsof
differentstrategiesfor economic developmentin
communities and regions need to be understood. In
addition, itisimportantto knowwhichalternative
strategies forcommunities willallowlocalinterests tobe
involvedto reduce economic dislocation and legal
conflictandto providelong-termeconomicstability.

Interpretations of Coastal Demographic Trends
With the release of 1990 U.S. census data over the

next several years, it is important to analyze what these
datamean for coastal communities and industries.

Analysesare encourage that are linkedwith theoryand
publicpolicy issuessuchasnaturalhazards,fisheries
management, andnonpointsourcepollutionandwhich
arenotsolelystatisticalenumerationsor casestudies.

A related demographic and land use issue is to
identifyandquantifyanthropogenicimpactson

- nearshore coastal areas. The effect ofland use on
estuarinewaterqualityisan important issue.Land use
patternscontributeto waterqualityindifferentways-
sediment, nitrogen, phosphorus, PCBs, etc. Given past
experiencewithestuariesandsurroundinglanduse
changes, quantitativemodelscouldbedevelopedto
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predict the effects ofdevelopment orchanging land
use patterns on estuaries whichhavenot yet become
"developed'*inorderto anticipateenvironmental and
social problems.

Communicating Risk

Becauseofthe presenceoftoxic chemicalsinGreat
Lakes waters, there is some risk to humans who
consume fish. Sea Grant has funded research into the
processes ofestablishing fishadvisories andcommuni
catingrisk to coastal users. The results have been
promisingandmay be useful forothercoastal hazards
such asshellfish advisories orsitingofconstruction in
hazard-proneareas. The proposals should focus on
communicatingriskto coastal clienteleandshould
advanceknowledgeaboutcommunicationtheorywhile
atthesametime provideinformationusefulto extension
agents, federal orstateagencies, orothercoastal user
groups. Proposals shouldbecomplementarytowork
previously fiinded orcurrentlyunderway.

Education and Training

The 1992 Guidance document announced a new
educational effort for the Sea Grant network. Funded
bytheNational Science Foundation (NSF), the project,
"Interpreting CurrentResearchon GlobalEnvironmen
tal Issues for Middle School Teachers and Their
Students," isbeingdonecooperativelywiththeGulf
Coast Research Laboratory(GCRL). Its focus is a
middle-schoolteacherenhancement program on
understandingglobal marine environmental issues.The
principal investigator is Dr. Sharon H.Walker, aSea
Grant marineeducationspecialistandanadministrator
ofGCRL's J. L. Scott Marine Education Center and
AquariuminBiloxi,Mississippi.

To date, four sets ofintensive courses have been
held for middle school teachers. FY 1994 will be the
last year ofthe GCRL grant. Teachers have received
traininginfour areas: declining biodiversity, overpopu
lation, marine and estuarine pollution, and climate
change. As part ofthe overall plan to enhance middle
school teachers' capabilities toteach about global
change, complementary proposals from otherregions in
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the SeaGrant network will be submitted to NSF to
fund training courses. This year, under leadership from
Vicki Osis, the PacificNorthwest was able to initiate
teacher training inglobal change. Thenetwork will
continue to seek funding for courses intheMid-
Atlantic regionandthe GreatLakes.

Principles and Priorities

The present and future role ofSea Grant is stated in
theSea Grant long-range educational white paper Sea
Grant, Society andMarine Education: Shaping the
Future. Thebroad educational goals clearly spelled out
in the document are as follows:

Teachers and scientists mustworktogethercoopera
tively to find ways to teachscience as it is
practiced—with wonder and excitement—inorderto
attractand retain more students in scientific careers. Sea
Grant providesthefoundation for that cooperation.
Undergirding Sea Grant education efforts isaCongres
sional mandatetoconductmarineresearch, technology
transfer, and education and training. Theresearchers,
outreachspecialists, and educators workingtofulfill the
SeaGrant missionareresources for accomplishing
stated educational goals through thefollowing planof
action:

Sea Grant should:

• educateandtrain preservice andinserviceteachers
through acontinuation ofexemplaryinformal
workshops and through graduate and undergraduate
coursesasdeveloped, piloted, andrefined within the
SeaGrantnetwork. Teachingteachersisanational
priority;

• drawonnetwork expertiseto augment efforts,
through these workshops and courses, todevelop or
improveand disseminate stimulating instructional
materials thatcanbe used forspecific audiencesin
formal and informal educational settings;

• capitalize on the allureofthe ocean and its inhabit
ants to increase scientificliteracy, to retain students
inscientific disciplines, and toattractyoung people
to marineandaquaticscience;

• provide leadership inevaluatingandincorporating
the use ofspecific new electronic communications



technologies intoformal andinformal teaching
strategies to meet SeaGrant's educational objec
tives.Satellite systems,forexample, now existthat
beamcurriculadirectly intoclassrooms, andSea
Grantmarineeducatorsaredevelopingprograms for
these systems;

• present scientificconceptsinvolvedinmarineand
aquaticenvironmentsto broadpublicaudiences
through informal,' 'hands-on'' activities.This
strategy will foster anexpanded public awareness
andunderstanding ofmarine andaquaticenviron
ments, and ofthe role ofoceans and inland seas in
theglobalenvironment;

• target assistantships and fellowships toward
specific professional opportunities in areaswhere
shortagesofscientific personnelarepredicted;

• adaptelements ofproven Sea Grant programsto
attract and retain minorities and women in the

sciences; and.

• where possible, link Sea Grant resources with other
agenciesinvolved inmarinescience education.

These goals should provide the basis for all future
educational proposals submitted to theNationalOffice.
Each proposal shouldstatewhatgoal(s) itisaddressing.
Proposalsshould also include the rationale forthe
project,the processor mechanisms by which it will be
carried out,andprovisionsforinsuringthatteachers
introduce curricular materials to their students or

colleagues to' 'multiply'' the results oftheirlearning
andtraining. Proposals shouldincludeproceduresfor
monitoringthe progress andevaluatingthe results ofthe
educationproject.

Policy

Forevaluationpurposes,nocontinuededucation
grantshould go over four years without a review of
progressmade andbenefits obtained.Therefore, after
four years, anew proposal would be expected.

Ocean Law and Policy

Research Projects

Legalresearch projects must demonstrateasignifi
cantbenefit to potential users and should reflectuser
involvement inthe development ofproposals. Projects
which considergeneric issues ofsignificanceto abroad
rangeofusersor group ofstatesor a regionand provide
forappropriate disseminationofresultswill receivehigh
priority. Interdisciplinary studies alsowill receivehigh
priority.

Projectsinvolving almost any areaofmarine law can
have the requisite degree ofpracticalbenefit and
significance. Therefore, those that appearto be
particularlytimelywillreceivehigh priorityinclude
studies that:

• Identify significantlegalobstacles to the develop
ment ofaquacultureand provide concrete sugges
tions for removing them.

• Identify specific issues that result from use conflicts
inthe coastalpublic trust landsandwatersand
examineconcreteproposal formanagingthese
conflicts. However,studiesthatgenerally review
well-knownuseconflicts and simplycatalogue
relevant lawsandregulations willnotbegiven
priority.

• Pursue innovative legal approaches tocontrolling
the effects ofacidrain inestuarinemanagement.

SeaGrantrecognizesthe valueinappropriate cases
of holding conferences and symposiato discuss legal
issues, butnormally willgivehigher priorityto projects
that involveoriginal research and problem solving.

SeaGrant continuesto stressthatlegal research
projects must demonstrateasignificantbenefit to
potential users. Proposals which donotspecifically
address userinvolvement inthedevelopmentofthe
proposal and a clear user interest in the dissemination of
results arenot likely to be funded.
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Educational Activities

In general, Sea Grant believes that the current
marine-oriented legal programs train an adequate
numberofmarinelegal specialists. Therefore, propos
als todevelop newprograms orsignificantly expand the
capacity ofexisting programstotrain additional special
istsarediscouraged.

Manyresearchprojectswill provide side benefits in
terms ofeducating law students undertakingthem.
Providingthese benefits is encouragedbut will not be a
basis for funding aresearch projectthatdoesn't qualify
on its own merit.

Many funded educational activitiesmay be more
properlycharacterized asadvisoryservices—providing
practical, day-to-day information to usersofcoastal
and ocean resources and to policy makers responsible
for these resources.

Advisory Services

Legal advisory services can be an effective way to
translateoriginalresearchinto practicaluse and,
conversely, to identify legal issues that merit further
research. The National Sea Grant Office will give high
priority to proposals that combine research andadvi
sory efforts.

Requests for legaladvisoryservices should demon
stratea particular need on the partofother Sea Grant
elements, local or state officials, or coastal usegroups,
for such services. This need may be demonstrated by
citingpastexperience and/ordescribingfuture projects
in which the users are expected to become involved,
andthe generaltypes oflegalproblems which canbe
anticipated as a result. Services may be provided
directly orin conjunctionwith andassupportto other
advisoryserviceactivities.

Highestprioritywill be given to proposalsthat
identifyrelativelyspecific legalneeds ofa particular

,groupor groups and can describe proposed methods of
addressingthese needs, e.g., publication ofanewslet
ter,holding seminars, conducting limited researchor
defining a research project and referring it to a Sea
Grantlaw school. Priorityalsowill be given to propos
als which:
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• demonstratea past patternofuseful services and
indicate whythispattern is likelyto continue; and

• provideresults useful beyondtheimmediategroup
or areagenerating the need for services and
provide fordissemination ofthese results.

Proposers may be required to demonstrate that a
particular projectisnot appropriate forreferral to local
practicingattorneys. ';
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Marine Geological Resources

General

Developmentofmarine geologic resources, aswith
the explorationofanyresource,must be approached
systematically.The decision to utilize a particular
geologic resource, although primarilybased on eco
nomics, must take into account environmental consider
ations.The commercial feasibilityofdeveloping agiven
geologicresource will depend on the delineation,
extent, and quality ofthe resource, its usability and
beneficiationrequirements, production costs, market
value, and rules and regulations.

Priorityshould be assigned to researchthat will
identify scientific questions that must be addressed in
orderto assess potential additional sources for eco
nomicallyviablemineralsormaterials,asidentifiedby
Congressor the Administration.

Projectsintegratedwith relatedengineering,environ
mental, oreconomic studies areappropriate. Such
integrationcould be accomplished on one campus, in
one university system, or in institutions throughout the
Sea Grant network.

Highpriorityshould be accorded:

1) To assure,through adequate research on
marinegeologicresourcesinthe publicdomain,that
dataessential to decisionmaking and management in
the public interest areavailable,along with datato
encourage the rapidcommercialization ofsuch re
sources. Forexample:

• Research on the environmental impacts ofdeep
seabedmining.

• Adequate researchon marine geologic resources in
the Exclusive Economic Zone (EEZ) to provide
datanecessary forrational decisionmaking and
management.

2) Evaluationofscientificquestionsrelating to the
formation, distribution, commercial potential, exploita
tion,orenvironmental impact forrecoveryofmarine
resources. For example:

• Improved understanding ofthe physical,chemical,

and biological processes that will lead to knowledge
necessary to evaluate the distribution ofmineral
resources.

• Economics ofpotential mineral resources withinthe
EEZ.

3) To develop innovativeexploration orresearch
technologies;alternativemethods and systems for
mining, beneficiating,and processingofmarineminer
als resources; and systems for monitoring effects of
extraction on the environment. Forexample:

• Utilization ofnew research technologies to assess
the processes ofmineral formation at or beneath
the seafloor.

• Development ofasuite ofmonitoringtechniques
that accurately sense change in the marine environ
ment from extraction activities, and which can be
conducted in an efficient and cost-effective man

ner.

• Refinementofdevelopment ofmineral exploration
and prospecting technology that conserves time and
energy and that has direct application and benefit to
privateindustry.

• Adaption ofnew computer technology andstatisti
cal methods to enhance or manipulate data for
improved environmentalinterpretationorresource
assessment.

Recently discovered phenomena ofventing (both hot
and cold) arenow increasingly seen to be a global
phenomena, active over thousands ofkilometers ofthe
seafloor. The significance ofthese phenomenaupon
the seafloor,the oceans, and the atmosphere has not
yet been quantified,but some evidence andhypotheses
indicatemajor significanceover varyingscalesoftime
and space. In so far as the study of these phenomena
helpsto quantify the significantgeologicalelements of
the process andthusthe United States' wise develop
ment and use of the oceans' resources, then thatstudy
is appropriate Sea Grantresearch and is considered a
priority topic.

Low priorityis assigned to research projects di
rected at resources for which generic questions related
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to assessment of the resource, the technology for
exploration and recovery, environmental effects, and
economics generally have been answered. For ex
ample:

• Resource research, assessment and economics of
manganese nodules on the deep seafloor.

• Marine sand and gravel resources (except in the
Arctic environment).

• ''How to" design research for most local needs.

Undersea Research and

Diving Safety and Physiology

The National Undersea Research Program (NURP)
composed of NOAA's Office ofUndersea Research
(OUR) and its network of National Undersea Re
search Centers (NURC) is unique among federal
funding agencies in its support ofshallow submersibles,
remotelyoperated vehicles, surface-supported diving
systems, and seafloor habitats. Recent research
indicates the importance ofthese systems inconducting
precise, detailed insitu samplingand observations.
Withoutthesesystems,precisepositioning andmicro
sampling ofthe water column, the sediment water
interface or the benthos are, ifnot impossible, most
difficult. TheNational SeaGrant CollegeProgram
endorses the application for use ofthese OURsystems
in the conduct ofSea Grant-supported research in the
above or other subject areas. In particular, use ofthese
systems is encouraged instudies offisheries/habitat
relationships and effects ofgear on habitat and bottom
communities.

Diving Safety and Physiology

The emphasis on studies that improve the safety and
performance ofdivers remains constant and includes

-efforts that benefit the entire diving community includ
ing:recreational, scientific, and commercial. The
decompression schedules available, composition of the
breathing gas, oxygen toxicity, inert gas narcosis,
sensitivity to carbon dioxide, and onset and growth of
bubbles in the body all limit insome way our ability to
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work safely and effectively in the oceans and on the
seafloor.

Accordingly,highpriorityshould be placedon
research intothe following:

• Operationsproceduresincludingdecompression
tables, excursion tables from saturation and treat
ment tables.

• Safety;certification/trainingstandards, information
on diving-related accidents,anddiving-accident
management.

• Medicalaspects; treatment ofdiving-relatedacci
dents,hyperbaric/emergencyequipment,procedures
for diving in remote locations.

• Environmental impacts on divers; hazardous
materialsand pathogens,extreme temperatures, and
psychologicalconcerns.

• Equipment; protectiveor lifesupport gear that
enhances the diver's performance, and/or increases
safetyand well-being.

• Fundamental hyperbaric physiological research; all
levels from cellularto svstemic.
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International Program

For ahalf-dozenyears, upthrough themid-1980s,
SeaGrant received funding to strengthen the marine
R&D capabilities ofdeveloping nations. SeaGrant
proved tobeaunique vehicle for this, successfully
leaving behind inthedeveloping world anenhanced
marineresearch anddevelopmentcapability. Despite
thesuccess, budget pressures throughout the decade
eventually broughtto anendtheInternational
Program's appropriation.

SeaGrant'scurrentauthorizinglegislation, however,
still provides forthe conductofanInternational
Program, althoughno funds aredirectly appropriated
for thispurpose. In fact, the legislation is considerably
broader inscope thanthe original program whose
domainwas limited to providingtechnicalassistance.
Thecurrent legislation (Sec. 205a)authorizes abroad
sweepofinternational activities which, ingeneral, are
aimedatmutual gainsto cooperatingnations:

• enhance cooperative international research and
educational activities on ocean, coastal and Great
Lakes resources;

• promotesharedmarineactivitieswithuniversities in
countries with which the United States has sus

tained mutual interest in ocean, coastal, and Great
Lakes resources;

• encouragetechnology transfer that enhanceswise
use ofocean, coastal, and Great Lakes resources
in other countries and in the United States;

• promotethe exchangeamong the United States
and foreignnationsofinformation and datawith
respecttothe assessment, development, utilization,
and conservation ofsuch resources;

• use the National Sea Grant College Program as a
resource in other federal civilian agency interna
tionalinitiativeswhose purposes are fundamentally
related to research, education, technology transfer
and public service programsconcerning the under
standing and wise use ofocean, coastal, and Great
Lakes resources; and

• enhanceregionalcollaborationbetween foreign

nations and the United States with respect to
marinescientificresearch, includingactivities
which improveunderstandingofglobal oceanic
andatmospheric processes, underseaminerals
resources within the exclusive economic zone,
andproductivityandenhancementofliving
marine resources.

As with the 1991 Sea Grant Week meeting in
Denver, the 1993 meeting inHonolulu demon
stratedsignificantsupport within the Sea Grant
network forgreater involvement in international
activities. Why?

• The Sea Grant Act authorizes an International

Program more robustthanouroriginalprogram.
We should capitalizeon this.

• For its own vitality and health, Sea Grant must
operateconsistentwith globalrealities—earth-
scaleenvironmentalchange,trans-national
marineecosystems,instantaneouscommunica
tions,worldmarkets,regional tradingblocks,
globalization ofscience,technology-driven
multinational firms.

• While many SeaGrantprincipalinvestigators
will do international work on their own, the
likelihood ofSeaGrantgetting recognition, let
alone funding, forits international activities is
diminished without anorganized initiative.

Goals

Some Sea Grantcolleges continue to include
projectswith international components as partof
their institutional programs, and we encouragethis.
In fact, the Denver meeting affirmed the need for
Sea Grant to undertake several pilot projects which
take advantageofSea Grant's broader authority for
conducting internationalprograms and which might
serve as the basis for developing a new interna
tional initiative within the National SeaGrant

CollegeProgram. It's likely that most ofthis
funding will have to come from other sources;
however, the NSGO's tactical plandevelopment
approachmightoffersomelimited opportunities for
fiindingpilotprojects.
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Themission for arenewed International Program
would be to provide the Sea Grantnetwork with the
opportunityto pursueSeaGrant'smandateinamanner
whichrecognizes theglobal domain oftheenvironment,
scienceandtechnology, communications, andcom
merce. As such, projects under the Sea Grant Interna
tionalProgramshould encompass one or more ofthe
followinggoals,listed without referenceto orderof
priority:

Promoteinternational cooperativeeducationrelated
to the globalenvironment andtrans-national marine
ecosystems.

Fosterinternationalcooperation inthe marine
sciences.

•

•

•

Gainthe benefits oftechnology transfer across
nationalboundariesthrough programswhich
capitalize on each country's strengths in marine
technologydevelopment

Strengthen the competitive positionofU. S. marine
industries in world markets.

Providescholarshiponsignificantgeopolitical
marinepolicyissues andon comparativeinstitu
tional arrangements formarineresources manage
ment.

Improve the capabilityofdeveloping nationsto
become fullpartners inthe world community's
stewardship ofthe marine environment.

Exploit globalcommunications technology asa
means to share marine scientific knowledge and
enhanceglobal environmental understandingamong
nations.
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