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product of the 89th Congress, the National Sea Grant College Program was
conceived as a unique plan to develop and wisely use our nation's ocean and Great
Lakes resources, It was created in the belief that the nation does not stop at the sea, that
oceans of opportunity exist beyond the shoreline. The National Sea Grant Act of ]966
thus provided for the development of the nation's marine resources through a
partnership between the federal governmentand educational institutions, much as the
century-old Land Grant Act had provided for the development of the land.

Since its conception, the Sea Grant network has grown to encompass more than
300 universities and other marine organizations that work within a core of 29 Sea G rant
colleges and institutions. The Office of Sea Grant, within the Department of Com-
rnerce's National Oceanic and Atmospheric Administration, provides national direc-
tion, leadership and coordination for the individual programs. It particularly encour-
ages broad interdisciplinary cooperation among researchers to solve national and
regional problems.

Under the program, institutions submit to the Office of Sea Grant proposals to
conduct research, education and training, and technology transfer projects related to
the marine sciences. Following a thorough review, including a site visit by a team of
experts, a grant may be approved. By law, two-thirds of the funds for a project come
from federal appropriations. The remaining one-third must come from non-federal
sources.

The National Sea Grant College Program is the first federal program mandated to
support activity across the full spectrum of the marine sciences. It has undertaken
research projects on issues as diverse as coastal protection, estuarine health, fisheries
development, and water quality. But the true genius of the Sea Grant concept is its
ability to attack the traditional barriers between discovery and application through the
technology transfer efforts of advisory/extension services projects.

Sea Grant, now in its third decade, will continue to address its goals to develop and
wisely use our nation's ocean and Creat Lakes resources in the belief they are central
to our and the global community's health and prosperity. There are, indeed, oceans of
opportunities for Sea Grant to pursue!



Fostering i nternational trade competitiveness

Exploring the new realm of marine biotechnology

1 0 Discovering marine natural products

1 4 Developing unmanned underwater work vehicles

l 6 Improving trawler efficiency

2 0 Fntroducing new advances in fishing gear technology

Upgrading seafood science and technology

3 a' Investigating parasiti c diseases of shellfish

3 '4 Advancing arIuaculture

8 Enhancing satmun resources3

40 Promoting exports of U.S. fishery products

A pubitcation of the National Sea   rant Network, April t 989. Victor Omelc~enk'o. editor, and Susan Borrfa, editorial assistarn,
Naf,onal Sea <,rant Office; Amy Broussard, design, and par l.owry, eever photograph, Texas Sea Grant College Progratn;
Cftar otte fstgrarn, insignia design, Georgia Sea Grant College Program; Texas Sea Grant College Program, production.
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1 he Natronal Oceanic and Atmospheric Administration is a

composite of its missions. Some of these missions are shared by the

National Sea Grant College Program while others, such as marine

biotechnology and education, are unique to Sea Grant. During the

past decade, some of the shared mission responsibilities have gravi-

tated to Sea Grant as the dominant, if not the sole, vehicle for fulfill-

ment, These include aquaculture, seafood technology, shoreline

processes, and research in the social sciences  economics, anthro-

pology, law and policy, etc.i,

Sea Grant is comprehensive in its approach to problem solving

and disaggregated in its management style, utilizing more than 300

academic institutions through a network of 29 state and regional

brokers. These factors that are at once the key to Sea C rant's success

also serve to confuse the casual onlooker who is usually exposed

only to individual parts rather than to the rnultidisciplinary nationa I

network as a whole.

lt is the purpose of this document to demonstrate that the Sea

Grant mechanism has the capability to recognize marine-related

problems and opportunities, and to address them through nationa I

programs executed in a comprehensive, purposeful manner. The

document does not address Sea Grant's other role, the ongoing

conduct ofbasic research needed for the future across a broad front

ot marine economic development. That is a topic for another time.

Ned A. Ostenso
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Fostering international

trade competitiveness

tiveness and national econorriit well-
being are inextrit:ably linked. 6 om-
petitiveness means the degree to
v hich a nation can produce goods
and services that meet the test ot
international markets, ancl, at the
same time, raise the real standarcl of
living of its citizens. Recently, the
Presirlent's C.omrnission on Indus-

trial I Conipetit iveness reached [ hi ee
kev finrfings about the U.S ecori-
orriv:
2 � sea Grant

First, the nation's ahility to com-
pete has declined over the last 20
years.

Second, consequently, if our na-
tional goals for economic security
and a rising standard of living are tn
be realized, the U.S. must reverse
this trend.

Third, it is essential for all adrriin-
istrators arwf executives in bo h the
public and private sectors to make
decisions in tight of their competi-
tive consequences.

Role of science and technology
The entrepreneurial capacity of

the National Sea Grant  ;otlege Pro-
grant has been used to keep the
United States a world-c lass econom-
ic competitor. The historica I record
of Sea Grant, illustraled later in
severa I examples, demonstrates that
it is a coinmanding factor in the de-
veloprnent and growth of the ma-
nne sector of the nat iona I economy.

The large and persistent U.S. in-



t 'rnatii>naf trad< d 'ti< ItS Ot thE'
t<>8<ys Iir > il,ht,ittention to irnpor-
t irit qu< stir>ris about the n,ition's
«in>lx titive marrow. F irst aniong
these, putting aside the broader trade
anti rn,ic r >< c i>nomic polit.y issues,
is how to spur innovation and re-
store the nation's industria! produc-
tivity growth.

F xperts differ about the solution.
I f<>wev< r, a reasonable consensus
exiStS that V.5. eCOnOmiC conipeti-
tiveness will depend more on the
performance of science than it has
in the past.1here<'anbe little doubt,
then, that the U.S. must strengthen
the c:apacity ot our nation's resear  h
universities, which, sine e World Wa r
II, have been the prime engine of
scientific discovery. Strong univer-
sity research programs are critical,
not only to c xplor  p romi s ing sr i  n-
tific research areas but also to train
t he ii ceded sc i en t i sts arid cog i neers.

At the same time, scientific dis-
coveries alone are not adequate to
su jet~ in the nation's standa r f of liv-
ing, America  .annot play the role of
laboratory t'or the world, producing>
the scientific ideas while other na-
tions make the products Clearly,
the competitive ability to pro luce
commercial produ<ts that embody
scientific ideas is the ha~i~ for a
nation's t rade adva ntage.

Sea Grant's role in international
competitiveness

I he National Sea Crant College
Program, through its national re-
search programs and technology
transfer network, is well-adapted to
the foreign trade challenge, receiv-
ing high marks as an effective indus-
try competitiveness program. Sea
Grant is set up to raise marine indu s-
try procluctivity, its approach distin-
guished by the deliberate setting of

develuprr>ent-Oriented researCh
agenda and hy the attention given to
transtorrning sc i enfi fic results in to
commercial use.

Two insights about competitive-
ncws and the innovation process
gu i de Sea G ra nt's investment:

I.irst, < ompetitiveness de-
pends not only on the dis-

 . overs ot ic ielltlfl . know I-
g . I>ut,>iso!>n th< sp«ci

with v hich this hi><>wledge
iS uS d iri  <in>ni< r  i,il,rppli-
< ati<>n.

The neW reality of intiur1,1li<>n,>l
markets is th   tui< k< ned tin>< t>bin
of c orr>lx tition. The peri<>cl,iv il-
able foi inclustry to iriove su<.cess-
fully t'rom sci< ntifi  knowl dg<
cornmer«al produ<ts is greatly re-
duced, more so than ever Iiefore.
The Sea   rai>t network, recognizing
the r.ritically short time span indus-
try faCcs, sCts go,ils explicitly rle-
signed to press rapidlv from scien-
titic discovery ki end-us< industry
appliCatiOr1. FirSt, IrOni the OutSet,
Sea Grant gears its national s< ienc  
agenda toward opening up new
science-based opportunities for in-
dustry, then, se< ond, it steadfastly
cornrnits to rapidly diffusing result-
ing technological innovations
throughout an industry.

To work e><peditiousfy within in-
duStry's market-imposed time lin1-
its, Sea 4rant commits a balanced
investment across the whole of the
kr> >Wledge r Oriti nuur>1, lrOrri diSC OV-
ery to use. This broad focus has not
undermined the qualify ot s< ience,
as some pure advo ate ot discipli-
nary sc. ieni;e would suggest. Ir> fact,
Sea G>rant has demonstrated that its
developm< nt-orienttsd < search pro-
grams, oiten involving, several disci-
plines,  ontribute nu less rigorously
to fundamental and basic scientific
knowledge. Rut Se,1 t>rant doesn' t
stop there. Its strength and intellec.-
tual vitality come t'rom a science
management ethic that, unlike other
public research program~, also man.
dates attention to the process by
w hie h k now l edge becomes ernbod-
ied in commercial applications.

Second, sc ie n< «-based in-
novations are a key element
in the competitiveness strug-
gle, but are not enough to
aSSure COmnierCial advan-
tage. A spcctrurn of features
on thecompetitivc ness plane
called the "knowledge infra-
structure' is also essential.

E co no rn is ts stu dy ing nation a I

 '  onon>l<   ol11 p<'tltiv 'n<'ss call point
t<i,i list <it'< ritiC-al deterniinantS. the
r»ost in>p<>rtant ot these inCludes
st i< nce-hased technological inno-
vati<in. But equally important is a
nation's "knovvledge infrastructure."
the I'equi site «>ndit ioiis that enable
new «ientific ideas and technolo-
g i < s to diftusc widely and be quickly
adopted by industry. t he rate of
iridustrv adoption is not necessarily
based exclusively on the merits of
the innovation. If the intrastructure
conditions are not present, newly
discovered knowledge will be inef-
Iicieritly captured by the commer-
 .ial ~ector, reducing productivity
and diminishing competitiveness in
international markets.

The knowledge infrastructure
touch<a ac mss the broad socia I fah-
ric of a rlation's institutiorls, its rlatu-
ral eridOwrrnent, and itS investment
in human and physical capital. It
depends on progress in the func-
tioning ot socioeconomic and legal
iriStitutions. increaSeS in human Cap-
ability, enhancements to the stock
and quality ofnatural resources, and
the growth in physical assets that
embody technological change. In-
veStnient iri Sc ientitic research is
likely to have a far lower economic
return if these innovation threshold
factors are ignored. Talcen together,
they make ~lear the necessarv con-
tours for rapid Industry adoption of
science-based innovat ions. I ncreas-
ing nati ona I competi t ivenes~, how-
ever, is not simply a rnatter or a hit or
miss investment in them. Rather,
systematic. attention to all first-order
competitiveness factors is necessary.
Resolute as~ent to this ethic by Sea
Grant is responsible I' or the high
COn1merCial adOptiOn rate Ot' its sCi-
entific discoveries.

Sea 4rant invests both in produc-
ing knowledge and in movingscien-
tilic ideas along the path to market-
able products. This latter aspect, the
delibcratc ettort to improve the ot-
ten sluggish process by which in-
du stry ennbraces scientific advanc.es.
make s Sc.a Grant different from other

national research programs. The de-
veloprnent of a strongly competitive

Sea Grant � 3
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marine sec'tor, I'rom Sea Grant's per-
spective, is a search tor the appropri-
ate investr»er>t across all clem  nts  >f
the innovation pn>cess. Programs of
social science, legal,,ind policy re-
searc:Ii aid insti1utions to c hange in
ways that promote innovation. Irn-
provements in human capital are
attained through gi aduate educ afior>
and provision of life-long learning
forums. What's morc, Sea Grant acids
to the natural resc>urces available to
marine industrie~ through its envi-
ronrnental resear  h program. An i
finally, it influenc es the pac.e of capi-
tal investment through 1echnology
transfer prr>grams.

Sea Grant's contribution to marine
sector competitiveness

The persuasiveness and the ap-
peal of Sea c <rant as a model indus-
trial competitiveness program come
from the high dividends realized since
its inception. Sea Grant's history is a
re<cord of recognizing early on the
pivotal opportunities and issues fac-
ing1he marine industry, engaging the
top scientifi< talent available, and
propelling iesc arch results quickly
fr<im the lal>  >r tiel i into pra 'tical
use. f'ourexarnpl< s � tak  n t'n>m Sea
  rant s nl«rine   heimi»1ry, oc e.> ri tech-
riology, pollution resear h, and aq-
uaculture � will h  iised to illiistratr>
the point.

Adarrn  'Vafur >f Prorfu  fs

!iea Grant's natir>na! program in
marine chemistry has discovered
sc oresof novel suf>stances with broad
potcnti a I commerc ia I application in
medicine, agric.ulture, and pollution
con1rol. Along another nat iona I re-
search tracl', Sea Grant has dircctccl
a total-utilization program aimed af
the con>piete recoverv of protein and
fhe development ot n>arl etabfe prod-
ucts from seafood proc essing wastes.
These paths eventuallv converged in
a research program focused on thc
marine polymer chitin and its deriva-
tive c.hitosan, made t'rom shrirrtp and
crab exosl eletons.

The priii>ran> I!o<il was t<> prob 
 hi1os«ri s prop< rties anrt tind «>m-
m  rcial ways to usc. its unique  h«r-
a r. 1 eri st i .s. I- u I I-s< a le tes1 i rig ot  . hi t<>-
!ian s pru >ei tleS I I> a wlcle v<1I'Iety or
;ippli 'ations, however, rlepended on
making scifficient quaiitities of the
n>ateri«I avail«k>le to s .ientists from

many disciplines. In, in agreement
with the private sector, Sea Grant
suppliecl research cfuantitics of this
material to,tnys< ientist doing funda-
m  ntal r< search on c hitosan's prop-
erties and uses.

The Sea Graf>t strategy paid ot'r in
many valuat!lc   ontrihuti on» t<> i >ri-
d*mental p >lyrner sc ience. A fdition-
ally, a contirtu«I stre. in> of n  w appli-
cations fi>r chitosan are being tound
in medicine, water quality, ancl food
process in g. Ma n y patents wo n by
Sea G ra nt sc i ent i sts are now I i  en serf
by t'irn>s in various industries. Fven
though the commercialization of this
technology is lust f>eg inning, a recent
fore ast placed the near-term poten-
tial U.S. market alone in excess of'
$300 million in annual sal<>s. Sca
Grant's chitosan n search progran>
c.ertainly produce d a tiue iniiovation
in t hat it is notablv c.hanging business
behavior. As more marketable prod-
ucts <.ome on line, shellfish wastes
 ertainly will go from beirig a di»-
posal problem for seafocxl pr<xes-
soi's to be  oming a prf n>a ry Industl lal
comrnodify with a high value-added
n>a riutacturing potentia I,

P >rhaps the most striking virtue of
gea Grant's long-term research efforl
can be seen in the recent di~~overies
of chitosan's antitungal properties.
Chitosan is a natural, though minor,
component of the cell wall of many
soil fungi that are harmful to agricul-
tural plants. However, the dormant
form of the organism in the soil con-
tains large accumulations of chito-
san. Sea Grant scientist~ posited that
an infusion of chitosan into the t'un-

gus may bring on its dormant phase,
thereby making it harmless to plants.
They developed an inexpensive chi-

tosan treatment for wheat seed that
protects the crop against soil fungus.
Five-year fieid trials irtdicate a 10 to
20 percen1 higher crop yield and a
higher protein content in cornpari-
son to the untreated seed. Re»earch
is continuing to investigate chitosan's
effects on plants at the rnolcc.ular
level and will undoubtedly result in
further discoveries that will prove
useful in promoting disease re»ista nce
in many commercial crops. It is also
likely to be among the largest returns
to Sea Grant's chitosan research in-
vestment.

Ocean Acoustics

The term "remote sensing" is gen-
erally associated with satellite observ-
ationss. However, in its broader
sense, it refers to the collection of
data From a distance, usually by auto-
rnated means. Satellite observations
have limited utility for assessing fish-



eries br< ause of the inability of light
to penetrate water, In contrast, sound
penetrates water well. This property
has been well recognized in naviga-
tion and und< rsra warfare. Sea   rant
began a Iong-term research progracn
in the late 1960's to link advances in
electronics technology to a fiinda-
mental understanding of the acoustic
Scat1ering prOpenieS Of fiSh StoCI's.

Ocean acoustics studies pioneered
by Sra Grant � combining thr talc nts
of biologists, engineers, and physi-
c ists � provided an entirely new tech-
nology for conducting living marine
resource research and assessments,
Remote sensing of stoc k a bund ance
and f'ish behavior by hydroacoustic
systems is rapidly proving to be a
sophisticated too I of fi s he ries sc i ence.
FisherycnanagerstrainedbySea Grant
are bringing these new techniques to
their agenc irs, markedly inc:reasing
their rate of adoption.

The hydroacousti cs innovat ior! in>-
proved the precision of resource
survey information, making it pos-
sible to increase substantially the yield
from fisherie~ to the benet'it ol the
commercial and rec reational indus-
tries. What's more, it ushrrc.d in the
birth of a new doniestic industry to
maniifacture high precision acoustic
instruments needed for fishery re.�
search by university and rnanagr-
ment agency scientis1s. Today, this
equiprnc.nt is marketed throughout
the United States and eight foreign
countries.

Hazardous Waste

Hazardous wastes from indu stria I,
agricultural and maritime sources
have caused water quality and pub-
lic health problems. Detoxitication
of wastes is c,ostly and can result in a
final product that is as toxic and dif-
ti< ult to deal with as the original
waste products. Sea Grant research
aimed at solving such problems in
the marine environment often results
in the development of nevv commer-
cial technologies.

For example, Sea Grant started re-

sear< I> to addrrss tre,iting a waste
strean1 that <.otltains niulliplr toxi~
etfluents. Th< res< ir< h gr!aI was t<i
develop, thnxigh th<' manipulati<>n
of vari<ius str,iins ot b,icteria, a ihio-
logical mech,inism for the c leanup of
hazard<!us wastes in both saline and
freShwater envirOnmentS. 1 he et'1Ort,
carried out in laboratory microcosms
of the natural ensironrnent, resulted
in the discovery that colonies of
mi< rob< s could be assembled that
break down multiple toxic substances
to harri>less coriipourxls.

Thc. next step, ti.sting these results
rinder field conditions, made it desir-
able to join in a cooperative research
effort with the private sector. Sea
Grant initiated a joint venture with a
domestic company that produces
industrial diatomaceous earth. The
firm wanted to test  he comrnercia!
feasibility of using its product as a
substrate f' or the S< a Grant produced
toxicant-eating microbes to remove
c. h lori nated organ i c. cont pounds from
w'astes.

Thc. field I sts proved the concept
and solidified the Sea Grant-initiated
joint venture. Sub equent improve-
ment~ resulted in many new com-
me rc i a I applications. Recently, the
Environmenta I Protection Agency a p-
proved the procedure for cleaning up
an abandoned waste disposal site,
making it the first Superfund site in
the nation to be detoxified using
microbes. The tec.hnology is now
licensed to several private corpora-
tions for use in cleanup of both haz-
ardous and non-hazardous wastes
sites all over the v orld. One firm,
realizing a sharp business growth
based on the Sea Gr~nt microbe
innovation, established branches in
London and Tokyo to handle the
market volume as interest steadily
grows all ac:ross Europe and lapan.

Aquacuf tore
Sea G ra nt, for 20 yea rs, has led the

drive to develop a domestic marine
aquaculture industry. The gap be-
tween U.S. seafood demand and

domestic commercial fishing harvest
has resulted in a $7 billion net-irn-
ports bill. Demand for fish outpaces
thr growth rate of that for any other
pro1ein soiirce. Sea Grant works with
goo<1 sue c ess to iricrease the produc-
tion of the U.S. c omrnercial fleet. But
this route is limited, ultimatr ly, by
natural I'ish stock yield~; many pre-
ferred spe<. ies are already being fished
at their maximum output, Sea Grant,
grasp in g this fa ct ea r ly, made the
deci sion to establish a marine aquac-
ulture research program, seeing cul-
tured products as offering the Rent
c hancr to increase domestic supply.
Arid fortunately for today's times. it
also offers the best potential to re-
duce The seafood trade imbalance.

Sea Grant prepared a national
aquaculture development blueprint
to guide the program through the last
decade. Today, we are in the suc-
cessful industry takeoff stage for sc v-
eral < onimercia I products, including
shrimp, salmon, freshwater prawns,
crawfish. and various crustacean and
rriollusk spe<.ies.

A recent aquaculture innovation
illustrates Sea Grant's ability to push
both 1he discovery ot knowledge and
the needed int'rastructure rhanges.
Oysters are high priced and scarce
during the summer season with beds
normally closed to harvesting due to
the drop in oyster meat ctuality. Sea
Grant researchers genetically devel-
oped triploid Pa< ific. oysters, a sterile
species that does not expend energy
producing ga metes. This innovation
makes possible a year-round oyster
industry with good potential for ex-
port to thc. Asia n markets.

An important infrastructure issue
Sea Grant addressed was whether
property rights protection could be
given to organizations and firms that
devel op genetically-altered ~ ultured
fish species. The Supreme Court in
1980 granted General Electric a pat-
ent for a laboratory-produced strain
ot' ba<.teria, but did not extend this
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Exploring the new realm of
Biotechnology, which encompasses a wide variety of ways to use plarits, animals and microorganisms in

providing goods and services, is i normously important to many cornrnercial and public activities. For

example, just the biotechnological production of antibiotics by traditional methods r ontributes more than $8

billion annually to the U.S. er onorny; these antibiotics are invaluable in rncdical practice. Tr,irlit ion,il I!u!-

technology based on use ol terrestrial organisms prrxluces other kind~ of products and cnnimodities for

commerce, among them cheese, alcohol, and organic acids. Furthermore, the use ol microorganisms in

treating sewage and purifying v ater is essential to public waterworks.

Modern biotechnology, based primarily on the application of DNA technology to change the genetic

complement ol organisnis, has stimulated much excitement and activity in scientific and commercial circles.

These activities promise to add hundreds of millions oF dollars to the economy by solving problems and

providing new products and services, particularly in medicine and agriculture,

Recognizing the extraordinary diversity of marine organisms and their neglect as resources for use in

traditional and modern biotechnology, the National Sea Grant College Program implemented a program oF

research that would explore the viability of marine plants, animals, and microorganisms as subjects for bio-

technology. Parts of this program, such as that focusing on biochemistry, were initiated early in Sea Grant' s

history, others more recently. The program is still small, but already it has proven that interdisciplinary

science can provide new approaches for developing marine resources � approaches conservatively pre-

dicted to contribute tens of millions of dollars to the economy.

The fundamental nature of Sea Grant's research in marine biolechnology and its direct contributinn to ad-

vancing science have inade it low risk as an academic activity, It trains students well-prepared for technical

careers. The importance of the educational benefits are espec ially apparent at a time when the number of

Americans receiving advanced degrees in science is declining. 'The added attribute of the program's rele-

vance to problems and opportunities in development or use of marine resources gives the program its Sea

Grant imprimatur.

SIochemistry and pharmacology

Most drugs are natural suhstances from terrestrial plants or synthetic analogs of them, Nature will con-

tinue to serve as an important source of pharrnaceuticals and an intellectual stimulus for scientists who

develop synthetic drugs. However, the diminishing returns from rontinued screening of terrestrial organisms

for new drugs, the slow progress in making synthetic substances with specitic pharmacological properties,

the lack of effective treatment for many diseases, and the continuing development of resistance to drugs by

pathogenic organisms have stimulated Sea Grant's support of marine natural products chemistry and associ-

ated biological studies 1he academic scientists conducting this research have defined the chemistry of

many unusual new substances with potentially useful biological properties as the examples below show.

Anti -inflammatory Substances

At the Scripps Institution of Oceanography and the Llniversity of California, Santa Barbara, collaborating

6 � Sea Grant



marine biotechno ogy
chemists and pharrnacologists show  d that a gorgonian coral contains a nesv chenii-

cal class ot riatural produt t, the pseudopterosins. These compounds also represent a

new class of pharmacologica! agent. The pseudupterosins are anti-inflammatory and

analgesic at levels greater than some cornrnon drugs such as indomethacin and rnor-

phine. Ivtanoalide, another powerful anti-inflanimatory marine substance studied earlier

by the Calitornia group, now is under intense study at Allergan, Inc., and is expected to

enter clinical trials within the next few months. If so, this investment by Allergan would

indicate a market for manoalide at least in the tens of millions of dollars.

Anti tumor agents from a marine wor m

Scientists at Cornell University and the University of Hawaii, in collaboration with

scientists at Japan's University ot the Ryukyus, have isolated and identified a series of

unprecedented constituents ot a new species of acorn worm, recently discovered in deep

underwater coves otf the island of Maui, Acorn worms are inconspicuous, fragile marine

invertebrates that live in sand, mud, or under pebbles. The scientists were originally

intrigued by the iodoform-like odor of live species from shallow water and studied their

chemistry, They determined the structures of a number of aromatic compounds. In addi-

tion, they determined the structures of six cyclohexene derivatives by spectro-

scopic methods. These structures svere confirmed and absolute configurations

were detr.rrnined by x-ray crystallography. tn vitro testing of the compounds

against mouse P388 tumor cells showed them to be highly active. The most

active was effective at 10 nanograrns per milliliter.

Progress in this component of the program rests significantly on interdisci-

plinary cooperation and collaboration that have been promoted by the Na-

tional Sea Grant Office, The collaboration between chemists at Scripps and

pharmacologists at the University of California, Santa Harhara, has been

mentioned. These pharmacologists also collaborate with Sea Grant sci-

entists at the University of Oklahoma, the University of Cuarn, and

the University ot Hawaii. The pharmacologists' success in stimu-

lating the interest of pharmaceutical firms in this research has been

largely a result of their focus on looking for new mechanisms ot

physiological action and new points of reaction in bio-

chemical pathways. Because the expense ot bringing a

new family ot drugs to market is so great  up to $80

million or more!, these firms are most interested in

uniquely active compounds that might be the basis of
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'I il'I   ' lr> dlil' 'ii '  it I>i,i<if'I ' lil I»'li .in i
! »I»1 1 li i iillili <' I li il Ii >I id OI   h< ni i ,il x
,l rid 'Io I >I Olio  t' ii 'W S 1    in 'i,ul d diag
ni!ili  I'<sig 'nli. It t <iuld .ili i I!  <is<'cl
I<> inil>ri>vi ni  t,ihttll«,tp,ibiliti i <>I
lilt< ri > ilg ill linis iiii'd In lin!   'iillig
Es lil i <!r < l<,!ning < ftlii nfi,  ir Ir> In-
  rt,l< ' tlii I>rtxliii tir»E r» ui< till ii «!ri-
d,iry nlel,il!<ilif  i liv   iilturirig nii  nx>r-
g,i»iinii,iiiil « lli  it higller <erg,!nlinli,
I lt>M evi'r. xi>lit>on Itic <!nlV,I ti es S SI
 <rant pr<>IOC ls ft>«ixing On,ipplying
f!NAt<;  hii >lt>gyfo iii !riot' st! '  i 's.Encl
prot!lemi h,ii l!een I>c!isihl ,!!ut resulls
c>f this ini< xtm< nt li> ik lire>nE ising to !.

Tf<>! Is}< 'lit< Ftif!
te<dvan<   m  nti in m<>lt «II,!r grnef-

i  i <irid g< ri  trariiter I<<< hnology  ifter
th  ni< !nit > intn>rlu<   1<klition il genet-
i< v,lri.it ii >n � ithin,! xp«' i< S. Thii r.!n
reiulf in I!r i<lucti<>n  it il>eciei with
improi ed tr,1ifi t<>r c C r!nr>rni< des elOp-
m  nt � r ipc< tall  in,irtii,!r ulture. To
develop thix f<  hnologv f irllntish, Sea

 <I <Ent r< s<sir< hr. ri,it th< l<!lE»s H !I!ki<Es
LIIEIVeritty hEV< iiit. d I!r<>leiil   h< rnii-
try Eild g 'nrli«ngirieeriril,' IO IIE,lrllpu-
I ite thr genes initriprd b,!ii and whit 
p  r< h,,ind h.ive clrvis  d,ln egg<-hold-
ing nEICrosC !i>e fol' nil< r<!-i»le<.tlol'I ol
gc<iletl  ni 11 .'I I il ii!to tlill eg}<<<. Reer'nt
reiul i ind«,it  Ih,it fhey will he <lhl< I >
t!r<>CIu   ' ll'Enig 'rli< tish

I r! i>hi I I » gt xid   ><pc 'silt>» nl <I t I<iris
f 'fl<'ll g 'll<', ll i11<iil I> ' ipll .<'d to <!
itn!ilii j!B>»1OI 'I. I h ' lnloi!'< ' »1< t,illi>-
tliionrin I,Mfl g il  h,ii h   ii wt I  ly
iii 'd <I  <I pl<in!i >1  r I>   ,iui  M I ii,l
l!rot 'Ill Wld 'Iy  llillif!ilt« I in n,iliir<
Ind lli hli!iynlh 'ili  ,in hi indil  cxt hy
fl '!Vy ni 'l,ili iir    irtiC.<iitcrioili. In
<circler to g,iin,i h< tier iiridrrit,indir!g  >t
th  ni  t,illotllinni i»i i>l fish,in<I th 
gt n< i   n< rgling trir th  ni, the re-
«<Er  heri,if I l >pkiiii ilii bed the ilril>ed
l!,iii,ind tlir whit< prr  h. They purirICCI
flic fvtT pr iteini with iimplt l!i<i< hr mi-
C,il I>r<>«'CI<ir  S,ind prep,irrd gen '
l!inks. they ii!e<l these gefionii  li-
br,!ries lo i<.reen tor Se<tu !I!res hO-
nlOIOgOus t<i m,lmnl,ili,in MT They
introdur.ed icldition,il <.opies ot Is>IT
gene i hy mi  ro-irlje<tion ol tish eggs
with tlieir new deiic ' th,it both holrls
the egg,ind lioiiticini it iO th,!t the
nc   dlr mt  rs in t lie rei,ion where for-
eign OSI<E«ari I>c incurpOr!ted. L'Sing
the sime teChni<tue, they hEv< intro-
rfuc Pd the human grossEh hormone gene
into a fiSh and are wOrkirig l > opt>mize
concllllOIES tol tl  explesslori I 4 t!EP fol'I11
<>f faster or greater growth

F is! I V,i<   ri! c<s

I h» Cliagnr>Sis a>ECI COntrOl Of diS-
eases <!I t iih iuch,is irit !ctious pan< re-
;lti< neC rOSiS !IPNI, intectiouS hrma-
tOIX>i  tiC necrosis IIHNh in lvibrOSiS
irr cconomi .ally iriiport int. Several
y<,iri,igo, Se.i Gr,int s< ient>Sts.lt Ore-
gon St,ilr LJnivr rsity proclur r cl us  ful
v,«< ini i Io vi!>rr»ii,,i disease com-
n'II!n I<!  . <ill lied i ii»1 !n, thrnugh COri-
Vent�i>ii,il h<,it in,ir. tiv,lti On Ot the<' iuSa-
tiv  ~ IE 1 teriunl.  «nCtiC engine Print<
n<iw I>rr»Elis< s l i l>rOVirl ' IEIOre Sp '< it i<
,ind  tt<  tiv  v,ir.< irieS. F >r eX,irnple,
i ieritisti,it the Oregon I IPElth Scio-
nn    i   r ntc r < Ion< d th< gene for the
outer mCmhr,ln  prOtein Of y'>brio ar!-
, ,'uifl <rur!>, a riialol pathogen O'I flSIE.
Other reiPEr< hers h,iveC lr!ned the llhN
vlriii fO!' th ' i,lm ' pul pOSC'.

TO>tir> IS.i IVS

Th . unpredictable o  cur rence of
cigu,itoxin i» tropical finfish can make
eating seafoodhazardous. so research-
erss at the LfniverSitl Ot Hawaii dc sel-
oped a rapid assay tor detecting the
iieuroloxin. Their assay is based on
the use of r!iono .lonal aritiborlies to
thr toxin that < omes trom a dino-
I lagell,ite in the food < h,E in. The assay
may allow the delection ol unsafe fish
vyhile still at dockside an i, thus, in-
crease holh consumer satety and the
use ot tropical fish as food Qthcr
 linoflagellates, niicroalgae that are
uhirtuitous in marine yvaters, also pro-
<Eoce toxins and cause many filter-feed-
ing mollusks to bec.ome toxic andunsafe
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as food sources. Thus, advancements
in detection and control of toxicity and
disease in fish and shellfish are
important. The issue of d1sease is also
important in aquaculture because pro-
duction is projected to risc from the
<.ur rent S>35 rni I I ion pounds annually to
1,000 million pounds by the year 2000.

Biochemical and chemical
engineering

Design and cxpcrirnc.ntation with
system» and pro< edures for producing
marine organisms or their cells and re-
covering their products f<>r commerce
would fall into the broad category of
biochemical and chemical engineer-
ing, For example, bioreacto<s could be
designed to recover pharmacological
agents, enzymes, vitamins, pigments
or oils from cultures of marine bacteria,
algae or cell~ of higher organisms, but
little research of this kin<i has been
undertaken yct, Also includ<..d woulcl
bc investigations of the use of biologi-
cal materials in tc< hno'l<>gy such as
high tempcraturc enzymatic reaction»
and biogenerat ion of energy.

Production from marine sources of
feedstocks and primary chemicals is
also a long-rang>c goal and one that is
even more clependent on economic
fa<.tors than the produ< tion of specialty
chemicals which can bc»old at high
prices. When the price of petroleum
and its chemical derivatives increases
relative to <.hcmicals from renewable
resources, the importance ot natural
substances in commerce will bc espe-
cially apparent, However, marine bi-
ota that represent a large potential
source of useful chemicals have been
studied very little.

Inclustrial chemicals detox' icatiot>
The presence of agricultural and

in du stri a I tox i ca nts in aquatic enviro n-
ments is of concern from both ecologi-
cal and health perspectives. Threat~ to
both surface and groundwater supplies
are posed by hazardous waste sites.
Sea Grant scientists at Louisiana State
University  LSU! have shown that
microorganisms can be used in bi-
oreactors to detoxify chemicals in in-
dustrial effluents or to decontaminate
waste sites. They sclectecl yeasts and
bacteria that could be immobilized on
solid support matrices and developed
optimal conditions for their usc in de-
toxifying chlorinated phenol», PCB's,
and other toxicants such as wastes from
industrial plants that produce herbi-

c ides. They ac hieved continuous re-
moval of toxtcants for periods of three
months or longer with residual levels of
100ppb or less. For solid waste sites,
thc LSU investigators developed mix-
tures of microbial species with broad
catabolic abilities and defined optimal
level» ot appli< ation of the microbial
mixtures to such sites.

LSU has license<i the Manville Serv-
ice Corporation to commercialize its
biorcactor  echnology. The university
has als<> negotiated a contract with En-
vironctics, ln<, to usc. the newtechnol-
ogy for det<>xifying ~olid waste disposa I
sites. Tw<..lve new jobs have been cre-
ated for testing these new systems;
another six are to bc added shortly, The
market for application of this technol-
ogy is estimated at $9 million per year
within five years. This is thc result of
Sea Gra nt investment of $164,000, fol-
lowed by state and private sector sup-
port of' $4:35,000.

Microbio1ogy and phycology
A wi<fe range ol resear<'h important

to producing goods and services from
the marine world falls in this relatively
underdeveloped category. Some im-
portant themes that now need attention
include: �! fundamental processes in
biofouling> and bacterially-mediated
c or ro» in n, �! b i oc hemic a I p roc esses
in organisms from extrcme environ-
ments, �! use of marine polymers in
control of discase in agriculture, and
�! dcvclof>mcntoffood an<1 feed plants
tol<. rant <>f salty <.onditions. Other
themes that have potential for contrib-
uting to commer<.i al and tee hnical ad-
vancements includcbiosensorsandbio-
logical generation of power for under-
water vehicles,

Control of biof<>uling and corrosion
Bacteria play an important role in

the fouling of surfaces in marine eco-
systc ms. Sc veral investigations indicate
that some invertebrates settle prcfcrcn-
tially on surface films composed of
microorganisn>s, but the biochemical
processes in their settl<.ment arc oniy
beginning to emerge. Researchers at
Harvard University have proposed a
model for settlement and rnetamor-
phosis of invertebrate larvae that in-
volves lcctins, whi< h are proteins and
glycoprotc ins that bind very selectively
to certain units of sugar. They have
dc ve loped evidence that a lectin on the
surface of the larvae "recognizes" and
binds to sugar units in exopolymers of

marine bac eria, Researchers at thc Uni-
versity of California have shown that
anoth<.r Llass ot substance also is in-
vo'Ivcd in scttlern< nt of larvae. Spec ific
natural products, including gamma
arninobutyric acid  GABA!, a normal
component <>fa crust<>se red alga, caus<'
settlement and metamorphosis of aba-
lone larvae. At thc University of Mary-
land, researchers found that another
amino acid, DOPA, induces such be-
havior in oyster larvae. Because all in-
vertebrates that foul submerged sur-
faces in marine environments are re-
cruitccl as larvae from the plankton,
knowlcdgc. of the biochemica I indu< er
systems can be applied to the develop-
rnent of spc< ics-spccific inhibitors, lt
may be possible to use analog» and de-
rivatives of these biochemical signal
moleculcs to tie up the < hcmoreccptor
site~ and prevent settlement and meta-
morphosis of larvae. Thus, the devel-
opment of such biological control
would obviate thc. usc of toxic antifou-
lant paints which are associatecl with a
variety of environmental and health
hazards.

Disease resistance

The mechanisms through which
plants recognize pathogens are poorly
understood. A first step for establish-
ing the molecular basis of disease resis-
tance in plants may be to identify genes
whose expression follows biochemic al
changes during infection, Researchers
at Washington State University have
found that thc marine polymer chito-
san can activate specific genes in plants
that stop RNA synthesis in»nme fungal
pathogens and, there'by, protect thc
plants. While. stirnul sting discase resis-
tance in plants, «hitosan can incluce
gene activity and inhibit reproduction
in an array of fungi such as tho»e c aus-
ing athlete's foot and Dutch Elm dis-
case. Inexpensive treatment of whc at
seeds with chitosan prior to planting
provides seedlings protcc:tion from root-
rotting pathogens ancl increases yielcl»
up to 20 percent. Preliminary evidence
suggests chitosan als<> increases pro-
tein content ot' wheat seeds, a particu-
larly important fincling in highly rnan-
aged agriculture such as that practiced
in Europe. Washington State has pat-
ented some of the discoveries and li-
censed them to a comrncrcial tirm that
anticipates rapid growth and a signifi-
cant level of export~. The researchers
bclicvc their studies of discase rcsis-
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One fo<.us of th» National Sea Grant Col-
lege Program has been the dis< overy of new
organic substances of marine origin and th»
development oi uses for them and other ma-
rine natural products. For example, in the
early 197 !'s Sea Grant recognized that wastes
from seafood processing werc both a growing
disposal problem and a potential source of
raw material for by-produ<t recovery, Sc,i
Grant then support»d thc pilot-scale produc-
tion of chitosan, whi< h is a polymeri< material
derived from chitin, the major coniponent of
shrimp and crab shells. Samples of chitos in
werc distributed t<> any resear< her requesting
th»rn, and the availability oi this material
spurred research in thc United States. Sca
Grant was early to commit to cleveloping these
products and continues to sponsor rnu<.h of
the ongoing basic research. This resear< h has
lecl to a variety <>t new commercial products.
In 1907 Bioprocessing Technology f<>recast,i
$335 million annual market in the Unite<I
States for chitin an<i its <fcrivativ<ss.

Sea Grant's research on n,itural products
also has included the stu<fy of secondary
rnetabolites of marine plants and animals.
Secondary metabolites are natural organic
substances having no obvious bio<hemical
r<>l< in th» functioning of an organism. Many
are ch»micaliy exotic and exhibit biological
activity, the ability to elicit a physiological
response in a test organism. Because a rnajor-
ity ot' pharmaceutical substances have their
origins in secondary rnetabolites of terrestrial
plants and microorganisms, Sea Grant's rnan-
agers in Washington D,C. saw thc potential for
developing drugs of marine origin and forged
collaborations between chemical and biolog-
i<.al scientists, especially pharmacologists. The
resulting work in marine natural products
demonstrates thc relationship between re-
search and advancement of' technology an»i
commcrce.

Pharmaceuticals

The high incidencc of biologic.,il activity
associated with secondary metabolites of
marine organisms underscores th» potential
richness of the n1arine cnvironrnCnt as a Source

of compounds for use in medicine. The em-
phasis in research to date has b»»n on d»ter-
mining thc chemical structures of the varied
and exotic compoun<fs isolated from marine
organisms. The focus has been the obvious
and easily collected members of coastal fauna
and flora. In general, th» biological fun<.tion
and pharmacological or medic. inal properties
of thcse substances have not been investi-
10 � Sea < rar>t

Discovering Marine

gated. The primary efforts in this
direction have been through the
National Sea Grant College Pro-
gram. Some of the new marine
substan< es are evaluated in a few
biolog>ical <>r pharmacological as-
says. This research has produced
numerous promising leacls, and
some discoveries that are in the
early stages ol commercialization.

Manoalide is one of these new
substances. Scientists at the Uni-
versity of Hawaii first isolated it
from a Pacific sponge and then
determined itsstru< turc, C<>inciden-
tally, a researc her at the S< ripps
Institut» of Oceanography also iso-
lated nianoalide and related com-
pounds from another specimen an<i
subrnittc<I them for pharrnacologi-
ca I evaluation. Then, researchers at
the University of  alifornia at Santa
Barbara dor:umentcd nia noalide's
anti-inflammatory and analgesic
properties. Its potency has been
found to b» greater than that of
indomcth,icin, an anti-inflarnma-

tory standard of the pharmaceuti-
cal industry, but its site <>I' action is
different, While it is less potent than
cortisone, manoal i<le exhibits a
pharmacologica I spectrum ditfcr-
cnt from that of steroids. Because it
is not a st< roid, manoalide is not
cxpe<.t»d t<> have the adverse side
effc.cts associated with steroids.

Ivtan<>alide's potential uses in-
clu<ie treatment of rheumatoid ar-
thritis, rheumatic carditis, auto-
irnmune diseases, allergic diseases,
bronchial asthma, and ocular and
skin inflammatory rliseases. It may
be useful as adjuvant therapy asso-
ciated with org>an and tissue tr~ns-
plants and neurological diseas<'
such as multiple s<.lerosis. Because
it amelioratcs chemical irritation
ancl it prevents the paralytic action
of S-bungarotoxin, another stan-
dard in pharmacological testing,
manoalide may be useful in the
treatment ot vcnorns such as cer-
tain snake an ! insect bites, Since
manoalide blocks induced inflani-



Natural Products

Signal mo ecules
Research can effect prog-

rnation it could be useful in

treating certain forms of aller-
gic contact dermatitis like that
from poison oak or poisori ivy.
Accordingly, researchers be-
lieve manoalide will make a

significant advancement in the
pha rmaceut i ca I arts, As a re-
sult of the academic research

on manoalide and protection
of the related intel  ectua I prop-
erty with patents, Allergan, Inc.
a pharmaceutical firm, is pur-
suing development of it. If ma-
noalide is introduced to the

pharmacopoeia, it is likely to
have a worldwide market in

the tens or hundreds of mil-

lions of dollars annually.

ress in seemingly unrelated
fields of inquiry. A good ex-
arnple comes from efforts tn
improve aquaculture by iden-
tifying biochernica  signals
affecting reproduction and de-
veloprnent in moflusks. Exten-
sion and application of these
findings are expected to ad-
vance technologies for sophis-
ticated diagnosis and control
of disorders of the central

nervous system in humans.
Aquaculture is receiving

in crea sod c omm ere ia I atte n-

tion as a method tor supplying
seafood, Development of stra-
tegies tor improved cultiva-
tion and ocean ranching of
abalones, rnussels, clams, and
oysters requires c ontr of of
biological processes that limit

yield and efficiency of production. Thus, a fundamental
understanding and control of processes such as repro-
duction, larval settlement and metamorphosis are
needed.

Studies at the University of California at Santa Bar-
bara have shown that reproduction in aba ones and
variety of other mollusks is controlled by hormones
known as prostaglandins, Thus, spawning can be in-
duced in reproductively competent males and females
by adding prostaglanc ins to the seawater in which they
are contained, However, because the use of expensive
hormones for this purpose is impracticaf, an alternative
approach was needed, Research showed that hydrogen
peroxide  H,D,! is a key substrate in controlling pros-
taglandin biosynthesis in mollusks. Because H,O, is an
inexpensive chemical, the researchers developed meth-
ods for its use in inducing spawning. The addition of a
small amount to tanks holding abafones causes imrnedi-
ate and copious release of eggs and sperms. This method
is used now in research and commerce to synchronize
reproduction in large numbers of rnollusks and to obtain
larvae.

Free swimming larvae of abalone hatch from fertil-
ized eggs in about one day. Sustained entirely by nutri-
ents in the yolk, they normally drift in the coastal waters
for approximately one to three weeks without feeding.
During this period they are highly susceptibfe to preda-
tors and microbial infection; therefore, rapid settling and
metamorphosis are distinct advantages, Although the
larvae become competent to settle and metamorphose
to the juvenile stage soon after hatching, they must be
induced to do so by biochemical signals present in
appropriate habitats. Because the natural inducing bio-
chemicals are present in very low concentration under
the conditions of cultivation, improper settling and
metamorphosis can result in heavy losses.

Sea Grant scientists also isolated substances in spe-
cific red algae that induce settling and developmental
changes in abalone. Abalone commonly settle on these
algae in nature. Analysis has shown an analog of 8-
aminobutyric acid  CABA! to be a major component.
GABA, a common and readily available amino acid,
also will induce settlement and metamorphosis. In fact,
it is the most powerful of the inducers studied. When
added in concentrations as low as one part per million,
GABA induces quick settlement, metamorphosis, juve-
nile development, and growth in almost 100 percent of
larvae with no observed mortality. This is the first ex-
ainple in which GABA, a principaf neurotransmitter in
the mammalian brain, was shown to induce rnetarnor-
phic changes in an animal. Use of GABA not only results
in greater yields of abalone at a lower cost, but afso
produces healthy juveniles that grow faster than juve-
niles obtained with traditional hatchery technology,

Almost 50 pere.ent of the neurons in the human brain
and the spinal cord are controlled by the neurotransmit-
ter CABA.

Therefore, it is not surprising that a major proportion
sea Crant � 1 t



Cvl t ! ln Il I lt Itic clif,'ale c1nd l!~lc tet l~l
have I!een shown to produce
C.AHA-nlin!ctic peptidcs

Martne Natural Preducts

of prese ri pt ions for drugs in the United
States is for agents that lct as recep-
tors for or at sites of uptake for GAHA.
Such drugs are prescribed for control
of convulsion, sleep disorder, muscle
dysf'unction, and other nervous sys-
tem I'unctional disorders. Because of
the dtstnbution of a very large num-
ber of CABA neurons in the central
nervous system and the low selectiv-
ity of the drugs currently in use, both
diagnosfic and therapeutic success
with these drugs are quite limiled.
Therefore, enhanced speciticity is
needed to minimize the side effects
inherent in the uSe <tf nOil-SpeCitiC
d I'Ul',s.

C ertain marine a fgae and bactt ria
have been shown to produce GABA-
mimetic pepticles, substances rnim-
icking the action of GABA. These
pep 1 icles bind st rnngly a nd se lee tive ly
with CABA receptors from the mam-
malian brain. By means of specific
structural changes, these peptide s
could provide unique opportunities
for development iif a new class tif
therapeutic agents lor medical diag-
nosis and treatment of related disor-
ders of the nervous system, Sea Grant
scient i sts a re cur re nt ly work in g wi th
medical researchers and several bio-
tec hno logy companies to explore the
potential of these GA BA-mimetic pep-
tides. They expect each of the GABA-
mimetic pept ides and 1heir synthehc
analogues to have unique effects on
nervous function because of differ-
ences in binding site and strength. If
so, it may be possible to greatly refine
treatment ot nervous disorders. This
prosper 1 is espe<ially exciting be-
'I 2 � Sea Grant

cause these new substances can pass
the barrier between circulatory blood
and the brain, a passage impossible
for many current drugs,

Anti-sealant substances
At the University ot South Ala-

barna and Clenlson University, col-
laborative Sea Grant studies on how
oysters make their shells lcd to the
finding that the protein which forms
the matrix of oyster shell inhibits
calcification, the crystallization of
cafe iurn carbonate ICaCC!,f. This was
surprising because CaCO, is the pri-
nlary material of the shell, and the
profein was expected to prornot
formation of CaC tv However, sci-
entists recognized the relevance of
their results to potential application
in prevent ing both inorganic and hi o-
logical calr. ifit ation, processes which
are of enormous cost to industry. For
example, CaCO, deposits foul c ool-
ing towers, condensers, and boilers.
In the United States, industry spends
more than $100 million each year on
synthetic inhibr'tors ot' calcification,
some of which h ave deleterious envi-
ronmental side-effects. In addition,
fouling of ships and other man-made
surfaces in the marine environment
by cak ifying organisms costs indus-
try billions of dol! ars annually in di-
rect losses, inefficiency, and control
measures.

Control of CaCO, encrustation and
growth of calcifying organisms on
surfaces in marine environments has
long been recognized as a poten-
tiallyy solvable problem. By prevent-
ing or slowing the occurrence of these
"fouling" substances in organisms,
the useful lifetime of sur laces such as
hulls of ~hips and pilings at docks
c,an be increased. In the case of hulls

of ships, prevention of fouling also
has the effect of allowing the ship to
move more efficiently through the
water.

Hi stori ca fly, the p rob l em has been
approachedby impregnating or coat-
ing surfaces with compounds that
intertere with the metabolism of toul-
ing organisms. For example, the use
of inhibitors uf carbonic anhydrase,
an enzyme often involved in c alc ifi-
cation, has been suggested. less
specific metabolic inhibitor~, such as
the toxic organotin compounds, are
widely used now in industry.

C:aCO, crystals can grow without
lhe aid of organisms in most natural
waters and cause unwanted depos-
its, For example, scale builds up in
many places in the sea as a result of
spontaneous crystal growth because
seawater is supers~tur~ted with re-
spect to CaCO,. Inorganic scales of
  a  O,are also often encountered as
unwanted deposits in pipes and boil-
ers where supersaturation becomes
a problem due lo evaporation. Cer-
tain organic substances such as eth-
ylenediarnine tefraacetate IEDTA!
have been used to retard or inhibit
the precipttation of   a '0, in super-
saturated solutions a l though high
concentrations are needed for these
compounds to be effect ive. Inorganic
hexametaphosphate in low concen-
tration was found to retard scaling
and led to the widespread use of
phosphonates as sc:ale inhibitors in
municipal and industrial water sys-
tems, but the phosphate inhibitors
a ren't ideal either.

In recirculating cooling water sys-
tems, calcium carbonate is generally
the predominant sealant. Calcium
carbonate is especially worrisome in
industria I processes beca use it shows
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an inverse soluhility with ternpera-
ture; it is less soluble at higher tem-
peratures. Thus, scaling occurs on
critica I heat-transfer surfaces, reduces

efficiency of operation, increases
frequency of required cleaning, and
decreases the life of systems, Chemi-
cals currently used industrially to
retard scaling and biofouling are not
ideally effectiv and their use is costly.
Some of' them are toxic and may
damage the environment,

The collaborative team from South
Alahama and Clernson also deter-
mined the conditions under which
natural matrices can control crystal-
lization of CaCO,. They showed that
synthetic analogues of these proteins
also can inhibit crystallization and
control CaCO, formation. They re-
porIed their results in the scientific
literature and in patent disclosures.
The research has led to collaboration
between the researchers and indus-
try and pointed the way for research
on other applications of the observed
phenomena. The~e potential appli-
cations may be userul in aquac ulture
and medicine, for example, in pre-
venting hardening of soft-shell crabs
and formation of dental plaque.

In 198ft, investors in Chicago put
up several million dollars to form the
Cygnus Corporation which will pro-
duce and market nontoxic and bio-
degradable products for the water
t'reatment industries. In addition,
another industrial partner will work
with the Sea Crant researchers to
develop products for oralhealth care.

Agricultural enhancer
Research on the natural polymer

chitosan, whic h can be derived from
shrimp and crab shells, shows that it
kills certain fungal pathogens ofagri-

cultural crops. It is thought to acti-
vate disease-res ista n re genes i n pl a nts
and suppress gene tunction in cer-
tain fungi that infect plants. Sea
Crant studies were conducted at
Washington State University on the
use of chitosan to treat wheat seeds
and pea seedlings in order to expand
agricultural yield. Results have ap-
peared in nun>erous scientific pa-
pers, and the university has secured
patents for agricultural applications.
Hentech Corporation in Oregon
bought rights to them and is market-
ing chitosan and chitosan-treated
wheat seeds.

In colonial times and later, coastal
tarrning was enhanced by plowing
excesses of fishing into the earth.
Dead fish and seaweeds return nutri-
ents to the soil. Today excesses are in
the form of wastes from processing
fish and shellfish. A new use of ma-
rine largess in agriculture has more ot
the flavor of high tech than it does
organic gardening. The Washington
State scientist has taken crab-shel!
waste that has been powdered, ex-
tractrrl, and demineralized as his
marine additive. He's looked at the
effects of the resulting compound,
chitosan, on plant growth and dis-
ease resistance at the whole-plant
level and at the mole< ular level.

The scientisl, a plant pathologist,
then developed a treatment f' or seeds
that protects wheat against damage
by a soil fungus. In field trials in an
eastern Washington area where fun-
gal rot is common, crop yield was up
to 20 percent higher than that from
untreated seed. More recently, stud-
ies have shown that the seed treat-
ment also increases the content of
protein in wheat crops, a feature
demanding premium prices and very

important to efficiency in highly
managed agriculture such as that
practiced in Europe. And in an Okla-
homa wheat-growing area where root
rot seldom causes visible wheat
damage, «hitosa n-treated wheat had
more grain per head, giving a 10
percent increase in yield and indicat-
ing that its growth-enhancing effects
are not due to suppression of fungus
alone.

This inexpensive treatment for
wheat seeds has virtues that go be-
yond its enhancement of yield

~ lt creates a new commercial
use for shellfish wastes,

~ It is providing a new product
for international markets.

~ Chitosan, a naturally occur-
ring compoundd, does not have
toxic etfects often associated
with synthetic chemicals.

~ Determination of the I'unda-
mental mechanisms by which
resistance to disease is in-
ducedmayhavegeneric appli-
cation in and profound effects
on righting disease in plants
and animals, including hu-
mans.

Conclusion

These examples of research ad-
VanCernentS Shaw their direCt COiatri-
hution to advancing fundamental
science while providing the basis for
new products and processes for med-
icine and industry. The list of useful
discoveries and scientific advance-

ments is expected to grow rapidly
when greater investment can be made
in studying other types of marine
natural products and organisms.

� David H. Attaway
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an<i shipbuildiiig inv<>ives a nurtlber uf
connplex ntark< t I<ir< es whi< h this
progrann could not hope Io manipu-
late. Aniorig the hey elements ner:es-
sary tor international < orn petit iveness,
however, are:  I I sufficient supply ot
well-educated nianpower, arxl l2! leacl-
ership in producing the innovati<>ns in
s<. ience, en g i neer ing, a nd ma nufac t ur-
ing pro< esses that lead Io the continual
advancement of technology. E he po-
tential appears greatest in the applica-
tion of emerging technologies such as
robotics, artifirial intelligence, andnew
~ensor designs, Accordingly, Sea Grant
has made the application of these fec h-
nologies to under~ca vehicles one of
the foci t'or its limit< d resources. It is
this effo rt that is reported here

The U.S. Department of the Navy
has recognized Sea Grant's capabili-
ties and commitment to this area of re-
search. Some of the effort that is re-
ported was beguii and continues with
Navy sponsorship, for whir h Sea Grant
is gratetul,

Working in the oceans
Men working in the o<.cans, as in

spac.e, must have reliable lite support
systems because minor system failures
can caus< maior catastrophes. Manned
submersible vehicles have been devel-
oped for deep water studies and rela-
tively simple work tasks, but they are
costly to build and require expensive
support ships. As we move into cleeper
waters for research and resource ex-
ploration, thc hazards, the unknowns,
and the expense increase dramatic a I ly.

In recent years it has become clear
that special purpose unmanned sub-
mersible vehicles can augment or re-
place manned subrnersibles, The tech-
nology for unmanned suhmersibles is
in its int'anry, but further development
is indispensable for anv cost-etfe<tive
program ainied at understanding the
ocean c.nvironrnrnt and learning to
wisely develop its vast resources.

Sea Grant research

Unmanned submersible vehicles fall
into three classes: towed vehicles,
which do not have power systems of
their own; remotely operated vehicles
 ROVs!, which have motors and
thrusters ot' their own, but receive e! ec-
tric power and eIectronic control sig-
nals from a stationary "mother" surface

v essel; a nd au tonomo<is vehi< l«s i A Vsh
which operate completely indep<ind-
er>tly of any surfa<r vess< I, utilizing
pre-prograrnrned instru< tions and s< If-
con ta invd powr'I',

Sea Cirat>I attention to unmanned
subrnersibles b< ga nmore  han 10 years
ago. In the early attempts to understand
the linnifs of Iwesenf te<.hnology, stu-
dents,it the M,issa< hus«tts Institute of
Tec h no logy  M IT I a nd t he Un i vers i tv of
New Hampshire  UNH!, under Faculty
supervision, explored the possibilities
of autonomous vehicle operation and
builtexperirnental vehicles. At approxi-
rnately the same tirrie, a towed vehicle
witfi a r arnera system was developed
in cooperation with NMF S at Missis-
sippi Slate University  IvISUI. This
vehicle was to be used for fisheries
assessment and observation of the
operat ion of fishing gear. Alt hough none
ol these projects resulted in a su< cess-
tul operational vehicle, they did out-
line the problems, and therefore pro-
vide<i the basis for further program
design.

Technology transfer
One of the first etforts to develop a

r<.gular dialogue between university
researchers and industry protessionals
was the Marine Industry Collegium
which was tormed at MIT, but is not
restricted in scope to this single <.arn-
pus. lvleetings are held four or fivr
times each year, af which industry
presents its needs, and the comrnerrial
potential ofcurrent long-range research
is explored. This activity has spawned
varioiis forms of continual informal
interaction between industry and uni-
versity. Because of the. excellent worl'-
ing r<lationships which have devel-
oped, and the greatly increased level of
knowledge, Sea Grant hosted a major
international conte rence on und< rwa-
ter work vehicles in 1986. quartic:ipants
included university resear<.hers an<i
representatives I'rom all ot the major
U.S. manufacturing companies,

Towed vehicles

Towed vehicle research has paid off
well, and relatively quickly I hree sig-
nificant contributions by Sea Grant
Programs in<.lude the developmentofa
Towed Underwater Gear Observation
System  TUCOS! at tvIIT with the coop-
eration and support ot NMFS, a Serni-

Aufomatic Vlagrietic Processing Sys-
tent ISAMP! developed hy UNH with
the < ooperation and support of Navy,
and a Remote Underwater Manipula-
tor  RUM III! at the Seri pps Institution oF
Oceanography.

TUGOS is only 36 in< hes long, 20
in< hes high, and has a wingspan of 42
inches. It weighs only 140 pounds and
can be hand-launched trom small ves-
sels using a hand-tended tow cable. It
can carry a variety of sensor~, such as
underwater video equipment, and is
the first low-cost, easily-handled ob-
servation system of its kind. It is depth
rated to 1,000 feet. This vehicle is
being used by Sea Crant and NMFS tor
various fisheries resear< h projects, and

Massachusetts-based company is
already marketing its version of this
design for comnnercial use.

Magnetorneters have been used on
towed vehicles to locate submerged
objects. Previously, however, the sig-
nal from the sensor has been stored I'or
analysis at a later date by an expert
trained to recognize the peculiar pat-
tern or "signature" characteristic oF
specific types of objects in that particu-
lar geographic location. SAivIP essen-
tially autontates the data handling so
that the. same job of object identifica-
tion can be done on board the survey
vessel, virtually as it is collec.ted.

RUM III is capable of working to
depths of 20,0 N teet. ft ran map the
seaffoor, take biological samples, and
collect fairly heavy r<x:ks or sediment
cores. It consists oF a main chassis, to
which are attached TV booms and
cameras, sonar instruments, thrusters,
and a manipulator boom for coring,
lifting samples, a nd p lac i ng instruments.
The vehicle can crawl along the bot-
ton> for short distances on two smooth
conveyer br.lt tracks, lo move the
vehicle significant distances, it is lifted
off the bottom and towed by the cable
from one position to another

Remotely operated vehicles  ROVS!
With regard to remote operation,

the attention of MIT researchers was
directed to the specifi<- problems assn-
ciat<'.d with vvork systems having oneor
more manipulators. One approach,
caf fed s upervisory control, assumes the
remotely operated system is like a co-
operative, but not very intelligent, as-

 ronrinued on page 45!
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The eftect of this is to inrrcas< low-
speed res i st a nce,

Since the indi vi du a I fi she mr a n is
rarely faced with designing a vessel to
suit his<her particular use patte ms, hut
rather needs to determine how best to
modify and use an existing ver~el, tow
tank tests by the Massarhusrtts Insti-
tute of Technology <.-onsidered pos-
sible modifications of currently used
vessels. It was shown that vessels can
be economically retrofitted with a
bulbous bow to reduce the bow wave
and thus the high speed drag.

A wide variety of seaworthy hullc
can serve as trawlers if the engine, re-
duction gearing, propeller, and trawl-
ing gear are properly matched. There is
a problem in accomplishing this, how-
ever. If a fixed pitch propeller is de-
signed to provide maximum towing
I'orce at trawling speed through a cingle
speed gear, it will not be properly de-
signed for the free-running condition.
However, it' it is designed to develop
fuJI pnwer in the tree-running> condi-
tion, it will not be able to develop full
power in thc. slow ~peed trawling situ-
ation. The d< signer ic again forced to
selec t the most economical compro-
n>i se.

There are many types of practical
marine propellerc. Sea Gf i>it studies
have produced analyse~ tor conven-
tional single propeller driven systems
that <nahl< num< roue clesign optionc
to be compared. 1hese equations inrli-
catc that larg>e diameter, slow fuming
propel Jers are generally most effi< i ent.

The comp<ster model
Within the limitations disc ussed so

far, there arc numerous combinations
ot gear ratio and propeller chararteris-
tics  hat permit a given engine to func-
tion within its a llowable operating zone.
The desig>nrr or owner concidering >
possible retrofit mu st have some mea ns
ofensuringthat noessential< onstraints
are violated and of' comparing the
economic implications ot alternatives.

Thus, a computer nrodel was devel-
oped by Sea Grant researc hers at the
Webb Institute of i' lava I A rc hit ecture to
permit rapid evaluation of the many
design pocsibilities. The fisherman gen-
erally know~ the best trawling speed
t<>r rapture of the species he seeks
 between 2.5 and 4.S knots usuallyh
an<i also th< averag>e <fistance to the
fishi ng ground~ as well as the total time
for the trip. I or any particular vessel
dimensions, engine, gear reduct ion a nd
propeller combination, the free-run-
ning speed  and thus the time I ft for
fishing! canbecalculatrdforany speci-
fied t'ree-running RPM, I ikewise, the
available tow force can be ccrmputed
for any specified trawling RPV. This is
roughly proli<irt iona J to the dollar value
ol fish caught per hour,

Fu<'I rates <.an then be <.omputed,
and total t'uc.l costs for thr trip can he
estimatrrf.

In both free ru~ning and tra>vling,
the model checks the proprllc.r and
no7zle Iif it is enclosed! I'or possible de-
structive Iow pressure conditions. The
engine is «he<.ked to see if it is within
acceptable torque ancl RPh1 limits. It'
,any <>f thece criteri~ are not met, the
reasoi> is printed. If the Iree running
an<f trawling c'ases satisfy all criteria,
the total revenue  value of fish caught

minu~ i ost of fuel burned! is calculated
for the trip  !ther economic fartors
suc.h as c.rew costs, insurance, mainte-
nan< e a nd mortgage payments a re p ro-
rated per fishing day, and overall rrv<.-
nue before or atter Taxes c an be com-
puted for each trip.

Since the progrant allows specifica-
tion of virtually any type of propeller,
ac well as diameter, pitch, gear ratio
and REM, a designer or owner consid-
ering a retrofit can predict the perform-
ance of various alternative propellers
and configurationc, and then compare
thein on an economic basis.

improved engine design
Sin<.e the early analysis ot the fuel

cost problem indicated three probable
areas for improvement, attention was
also direc'ted toward improved engine
design. In a recent study by Sea Grant
researcher~ at the University of Ala-
bama, a diesel engine has been con-
verted to use ei the r con vent i ona I die se I
fuel or methane. The result is a fuel and
relrigeration system for fishing vessels
that uses diesel for running speeds and
methane for heavy-load operations such
as trawling.

Liquified methane is stored in cylin-
drical stainless steel tanks. It enters the
ret'rigerat ion system from these tanks as
a liquid at about -2hO degrees f and
leaves as a gas at - T 0 degrees F, thereby
providing three tons ot direct refrigera-
tion for the fish catch. Since liquified
methane is priced 40 to 50 percent
lower than diesel, an early economic
analycis indicates a 30 to 4' percent
saving on fuel costs and an additional
10 percent saving from the refrigera-
tion that is provided.
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Similarly, tvlassachusetts lnstituteof
Technology Sea Grant researchers did
a n a na lysi s a nd preliminary design of a
Hrayton-Cycle gas turbine for use on
fishing vessels. Their studies showed
that this engine would have an effi-
ciency 10 to 30 pc.rcent better than
aclvanced diesel, would have a lower
initial cost, be smaller in size, and
require less maintenance. To realize its
fullest potential, the engine depends
on the development ot improved ce-
ramic materials. Several rnanufactur-
ers are moving cautiously toward this
type of engine, but it will not be avail-
able in the irrimediate tuture. Wihen
fully developed, an additional advan-
tage wil I be the useability of the power
in the engine's waste heat for an on-
board I'reezer.

Cost-benefit analysis
Although the technology for reduc-

ing the tuel cost burden is available, it
usually requires a relatively heavy ini-
tial investment, which raises the ques-
 ion ot whether or not the fuel savings
generated hy the vessel modifications
are suft'icient to justify the required
investment. Many variables must be
considered in order to answer this
question correctly. Among these vari-
ables are the time value of money, the
decision maker's tax bracket, the life ot
the equipment being <:onside.red, in-
vestment tax credits, the cost of fuel,
the amount of tuel used, and the c.ost of
money. Mississippi-Alabama Sea Grant
developed a methodology that incor-
porates the effects of all these variables
in a mariner that leads to a correct
'accept" or "reject" dec;ision on any
new fuel-saving tec hnology.

Improvements in net design and
usage through laboratory testing and
at-sea observation

I he third area targeted for study was
net design, The efficiency of the fish
ha r vest in g operation is directly affec.ted
by net design because a wet I-designed
net will catch more fish in less time,
and also because the resistance of the
net in the water consumes a large per-
centage of the vessel's fuel. Trawl net
design has not bec.n readily adaptable

to mathematical description and com-
puter methods, Expl<>ratory stuclies are
uircler way that may eventually change
that situation, hutso f,ir this has been
largely a trial-and-error art based on
riiodifications to existing gear, A fur-
ther complication is the fact that a
particular nct will act difterently, and
be more or less su< cessful in c:atching
fish depending on its rigging and other
use factors such as towing speed. Ihe
individual fisherman is dependent on
fishing lore and his own experience
and instincts, This is especially true be-
cause he/she cannot see the net be-
neath the water while it is in use.

To make it possible for net designers
land individua I fishermen! to "see" how
their nets perform under different con-
ditions, physical model testing facili-
ties have evolved. Known as "flume
tanks," these are essentially large rec-
tangular lanks with windows on a side
for viewing. Models of the net are held
in place in front of the window, and
water is circulaled past the net, sirnu-
lating the converse situation of the net
being towed through the water. For
bottom trawling, it is necessary to es-
tablish soine friction with the bottom;
this is approximated  poorly! by a bot-
torn consisting ot a moveable belt.
Several of the largest and best of these
facilities are in the V.K, and Denmark.
There has been no comparable taci lity
in the U.S., thus restricting the number
of net manufacturers and fishermen
who might have acc:ess to them.

Rec ogniz ing t hi s need, Massachu-
setts Institute ot Technology Sea Grant
was encouraged to negotiate a merno-
randum of agreement with Navy's
David I aylor Research Center to allow
the use of their test facilities by MIT Sea
Grant, and through Sea Grant, by U.S.
net manufacturers and ti shermen. These
facilities include one ot the largest ffume
tanks in the world, the test section
measuring 22 feet wide, 9 teet deep,
and 60 feet long. It allows the testing of
models up to about a 1;6 scale ratio.

The flume tank is complemented by
a tow tank that is more than 3,00ft teet
long and 50 feet wide, in which full
scale models have occasionally been
tested. Its size avoids the problems of

scale distortion that are alway~ present
in the smaller t'tume tanks. A large tow
tank has thc added advantage of more
correctly simulating the condition ot
motion over various bottom rough-
nesses and obstructions. This center is
superior, I'nr rc search purposes, to any
fisheries research facility in the world.
lt has already been used for several
years by V.S. net manufacturers, and
their experience has been uniformly
excellent, ln addition, a fisheries engi-
neer from the Massachusetts Institute
of Te< hnology regularly offers training
courses to tishermen from various parts
of the country, thus giving the fisher-
rnen a chance to "see" the effects of
rigging changes and various net altera-
tions.  Introducing Islevv Advances in
Fishing Gear Technology  next page!
discusses t'ishing gear in more detail.!

Another relevant cont ribut ion by the
Massachusetts Institute of Technology
is the design of the Towed Underwater
Gear Observation System, which is
described in "Developing Unmanned
Underwater Work Vehicles." This ve-
hicle, which is now being manufac-
tured and marketed by a Massac.hu-
setts-based company, allows for the
unde rwater oh servat ion both of fishing
gear in actual use and of fish behavior
in the vicinity of the gear. This rec,ent
accomplishment is proving to be an
invaluable additional research tool.

Conc/usion

The fishing industry has been a t'o-
cus of Sea Grant attention since the
program's beginning. The uniqueness
and strength of the Sea Grant concept
are seen in this full spectrum approach
ot' a carefully designed research pro-
gram, formal education programs, and
marine advisory activities to transfer
the accumulated knowledge and wis-
dom to those who need it. This case
study illustrates Ihe Sea Grant approach
of first ana 1yzing the problem and then
directing appropriate activity toward
the solution of its various parts. Always
coupled with the research activity is an
educational advisory effort to transfer
the accumulated knowledge to those
who need it for their livelihood.

� Richard C, icoff
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New and modified fishing gear is needed continually in
the highly capitalized commercial fishing industry in order
to: I I ! allow fishermen to target new underutilized species,
�! fish on new grounds that offer challenges of bad bottom,
tremendous depth, and/or heavy current, and �! simply
increase Fish quality and fishing efficiency, although care is
taken not to develop fishery capability further in already
overexploited fisheries. Technology development of this
type is an irnpossibie task for the industry itself because ol
the costs, time, and risks involved.

In order to maintain commercial fishing as a viable,
strong industry in the U,S, that can contribute to our neg-
ative balance of payments in the Face of heavily subsidized
foreign fishing fleets, the Sea Grant Marine Advisory Serv-
ice  SGMAS! acts as a technology broker and facilitator in
developing new gear so that fishermen can increase their
productivity. Technology in one sector or geographic area
is transferred to others, providing an international focus to
these efforts.

The technology transfer process utilizes experimental
approaches including flume tank simulation and real time
demonstration using industry leaders as demonstrators in
addition to the tried and true processes of workshops, class-
roorn training, publications and one-on-one work with
individua I ti sherrnen,

Gear development
Loss of endangered sea turtles in shrimp trawl gear has

become a major issue with environmentalists and marine
resource management agencies. A major development, the
trawl efficiency device  TED!, which was previously called
the turtle excluder device, was first conceived and con-
structed by National Marine Fisheries Service  NMFS! gear
specialists at Pascagoula, Mississippi.

The device, which is inserted into shrimp trawls,consists
of a metal grid that deflects turtles out a spring-loaded trap
door that is mounted in a metal frame sewn into thc net.
Working with the Niv FS design, SGMAS programs in all
Southeastern states have worked on a regional basis to
introduce the TED to the shrimp fleet.

The original model was c onsidered by some to be hea vy,
diffirult to handle on deck, relatively expensive and a safety
hazard. MAS programs throughout the Southeast have been
instrumental in modifying the original NMFS design, both
through their own engineering efforts and by soliciting in-
novative ideas from the shrimping industry itself. Several
new designs, reduced in size and weight, have resulted.
These designs generally consist oi a metal grid or soft
webbing inserted into the throat of a shrimp trawl that
directs turtles and other large objects out of a precut hole in
the net without greatly sacrificing shrimp retention.

NMFS and conservation organizations have developed
an experimental protocol to certify the various TED mode s
for use by commercial fishermen, Through an experimental
process, TEOs must be proven effective at releasing 9g per-
cent of the turtles captured in the net. Sea Grant programs,
working with NMFS, havecertified six different designs, in-
cluding the original NMFS design. Efforts are now under
way to fine-tune these TEDs to minimize shrimp loss.

There will no doubt be some reduction in catch, espe-
cially over trashy bottoms, but some cooperating fishermen
have seen losses lowered to less than five percent  95
percent retention of all shrimp caught! with well-tuned
gear, Handling of the catch is considerably reduced be-
cause much of the trash is releasecl through the TED, and
quality of shrimp is significantly increased. The technol-
ogy may also have application in reducing bycatch in other
fisheries, a subject for future exploration.

While the use of TEDs is currently in legislative limbo,
agency professionaIs feel the need to use them will soon be
mandatory because of the overriding ramifications of the
Endangered Species Act. When this happens, TED tech-
nology will be sufficiently developed that the industry
should be able to respond with little economic impact. This
has been a perfect example of an Interagency effort that has
resulted in technology development for future protection of
several endangered species and, at the same time, has the
potential for increased efficiency of operations and product
quality.

Rhode Island and Georgia MAS programs have trans-
ferred European technology by introducing the "rock
hopper" trawl to the East Coast groundfish trawl fleet, This
trawl, which consists ol' a series of resilient rubber and
fabric disks along the foot-rope of the trawl, is equipped to
fish on exceedingly rough bottom, which was heretofore
unfishable. SGMAS experts have recently refined and cal i-
brated this gear to maximize its efficien< y, and it is now
widely used from Maine to Georgia as well as in Oregon.
These programs were also instrumental in establishing U.S.
outlets for components for making and repairing this spe-
cialized trawl, which has opened up thousands of square
miles of previously unfishable bottomin the country's EEZ.

The rising price of fuel in the early 19SO's prompted
SGMAS gear experts in Alaska, Rhode Island and Massa-
chusetts to work together to determine design parameters
for trawls that minimize frictional drag and maximize areas
fished in front of the net. This work, utilizing trawl models
in flume tanks, resulted in use of muc h larger mesh in some
parts of the trawl without sacrificing catch. This technol-
ogy was transferred through trade journals and work-
shops. Fishermen v, ho have incorporated these idea~ into
their trawl gear have realized fuel savings of up to 26
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percent. Using the larger mesh *Iso
allows for bigger trawls towed at taster
speeds to increase catch.

The Sea Grant Prograr» at MIT de-
veloped technology to harvest surf
clams using a hydraulic dredge in the
early1960's. Thisdeveloprnentgreatly
increased efficiencyol'harvesting the~e
clar»s throughout the Northeast. As a
result of SGMAS technology transfer to
fishermen, surt clam landings have
doubled since 1984, with an annual
added value of more than $10 million.

I' s fit ii I

Methods development
Many MAS activities related to in-

creasing commerc ia I fishing effic iency
and catch involve developing new ap-
proaches with existing technology. For
example, the traditional shrimp trawl,
considered for SO years as one of the
most efficient harvesting device~ in
fisheries, has recently undergone sig-
nificant change as a result of SGMAS
gea r developrrtent efForts.

The traditional shrimp trawl was
modified by inc,reasing Ihe netting at
the headrope and connecting it to a
third towing wire, creating a "tongue,"
which increased the fishing height of
the trawl and increased its efficienc.
Then, using the lee hnology developed
for low drag trawls with larger mesh in
the body and more efficient door de-
signs, fishermen were able to tow two
trawls, one off e Tch side of their vessel,
for the sar»e cost as they tormerly had
in dragging one trawl. This trawling
configuration allows fishing an area 47
percent greater than ordinary shrimp
trawl s with the sar»e I'uel consumption.
This SGMAS te< hno logy developnTent
has gained almost uni versa I acceptance
in the U.S. shrintp fleet, and nosv four
nets, two on each side, are becoming
the norm.

Two-vessel trawling tee hnology has
been used by Europeans for many years
as a way to increase size ot gear towed
with reduced fishing times for smaller
vessels. Rhode Island SCMAS intro-
duced this te< hnology into the New
England trawl tishery allowing small
boats to fish economically tor such
species as haddock, cod, and pollock
and pelagics. Ten "pair" trawling oper-
ations in,"dew England doubled their
landings in half the fishing time, and
this technology ~eemingly will con-
tinue to develop among the small boat
fl x.t.

Sea Grant research efforts have dis-
covered harvestable levels of golden
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crabs, deepwater crabs inhabiting the
Gulf of Mexico and Southeast Atlantic.
Market demand has been created by
test marketing the species through Sea
Grant MAS activities in seafood tech-
nology, but mechanisms to catch these
crabs economically need to be devel-
oped. The extremely deep water and
currents in the Gulf Stream create prob-
lems for setting and retrieving gear that
is not encountered in traditional crab
fisheries. the F! or ida M AS program has
developed a method to weight traps
and set them long-line fashion in deep
water, and it is now developing a re-
trieval method by grappling since cur-
rents sometimes prohibit use of marker
buoys. Util iz in g these developments,
this Fishery in Florida ~lone has grown
in value to $1 mill ion/year in two years
and further expansion is certain.

iz diameter Solid mOulded rubber
roiiei of roller-rigged sweep

ktorrer i hain hole 2- I 2 diameter

Training
Alaska, Georgia and Massachusetts

Sea Grant Programs a I I conduct unique
training courses for fishc.rmen and trawl
manufacturers utilizing scale models
of nets in flume tanks. Participants can
actually see and measure the effect of
c hang i ng va r ious pa ra meters, materi-
als, and rigging schemes on actual trawl
performance. They can then experi-
rnent with these variables to maximize
actual fishing etficiency of their nets.

These training programs have dern-
onstrated several benefits: �! based
on the tank tests, New England fisher-
men have documented higher catch
rates, yet have modified cod-ends of
their nets to successfully decrease ju-
venile fish mortality and in crease qual-
ity, �! participating U.S. trawl manu-
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Alabama
Alabama Cooperative Extension Service
Alabama Ivlarine Environmental Sciences

Consortium
Auburn Uni versity
University of Alabama
University of Alabama, Birmingham
University of Alabama, Tuscaloosa
University of South Alabama

Alaska
Northern Southeast Regional Aquaculture

Assoc i ation
University ol Alaska, Anchorage
University of Al aska, Cooperative Exten-

sion Service
University of Alaska, Fairbanks
University of Alaska, Fishery Industrial

Technology Center
University of Alaska, Juneau

California
Bodega Marine l.aboratory
California institute of Technology
California State Polytechnic Un'iversity,

Pomona
California State University, Long Beach
California State University, Stanislaus
CIaremont-McKenna College
Humboldt State University
Institute of Marine Science
Institute of Urban and Regional Develop-

ment
Marine Bioassay Laboratories Marine Sci-

ence Institute
Moss Landing, Marine Laboratories
Point Lorna College
San Diego State University
San Francisco State University
San Jose State University
Seri pps Institution of Oceanography
Stanford University
University of California, Berkeley
University of California, Davis
University of California, lrvine
University ol California, Los Angeles
University of California, Riverside
University of California, San Diego
University of California, Santa Barbara
University of California, Santa Cruz
University of Caiifomia Cooperative Exten-

sion, Qavis
University of California institute of Marine

Resources
University of Southern California
University of the Pacific

Connecticstt
Fairfield University
Institute for Marine 8 Aquarium Studies

Division of Sea Research Foundation
Inc., Wig imantic

Project Oceanology
University of Connecticut

Deiaware
University of Delaware

District of Ct tlombia
American Geophysical Union
Howaid University

Fioritla
Florida Atlantic University
Florida institute of Technology
Florida International University
Florida State University
Harbor Branch Oceanographic Institute,

lnc.
Mote Marine Laboratory
SL Petersburg Junior College
University of Central Florida
University of Ivliami
University of Nonh Florida
University of South F lorida
University of West F lorida

Ceorya
Atlanta University
Georgia Institute of Technology
Georgia Souther~ College
Morehouse Ivledical College
Skidaway Institute of Oceanography
University of Georgia
University of Georgia Marine Extension

Service

Guant
University of Guam
University oi Guam Marine l.aboratory

Hawaii
University of Hawaii, Hawaii Institute of

Geophysics
University of Hawaii, Hawaii institute of

lviarine Biology
University of Hawaii, Hilo
Liniversity of Hawaii, Honolulu Commu-

nity College
University of Hawaii, Kauai Community

College
University of Hawaii, leeward Community

College
University of Hawaii, IVianoa
University of Hawaii, Maui Community

Cogege
University of Hawaii, Windward Commu-

nity College

Idalto
University of Idaho

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

lntBana
Bag State University
Purdue University

Lotsislana
Louisiana State University
Louisiana State University, Agricultural

Center

Louisiana State University, Herbert Law
Center

louisiana Universities' Marine Consortium
fvlc Neese State University
Nicholls State University
Sea Space Research
University of hiew Orleans
University of Southwestern I ouisiana

Maine
Bigelow Laboratory for Ocean Sciences
College of the Atlantic
Maine Department of Ivlarine Resources
Maine Ceological Survey
Ivia inc Maritime Academy
Southern Maine Vocational Technical In-

stitute
University of Maine
University of Maine School of Law, Port-

land
University of Maine, Orono
University of Southern Maine
Washington County Vocational Technical

Institute

iti4aryhnd
Academy of Natural Sciences
Anne Arnudel Community College
Johns Hopkins University
National Aquarium, Baltimore
St, Mary's College, Maryland
University of Maryland, Baltimore City
University of Maryland, Baitimore County
University of Maryland, Center for Envi-

ronrnental and Esutarine Studies
University of Maryland, Center for A4arine

Biotechnnlogy
University of Maryland, Chesapeake Bio-

logical Laboratory, Solcimians
University of Maryland, College Park
University of Maryland, Eastern Shore
University of Maryland, Hom Point Envi-

ronmental Laboratories

II4assacltttsetts
Boston University
Children's Memorial Hospital
Harvard University
Massachusetts Coastal Zone Management

Office
Massachusetts Institute of Technoktgy
Ivtassachusetts Maritime ~y
Marine Biological Laboratory, Woods

Hole
New Bedford Public School System
New England Aquarium
Tabor ~y
Un tverstty of Massachusetts, Amherst
University of Massachusetts Boston
Woods Hole Oceanographic Institution

A4ichjlan
Eastern Ivlichigan University
Michigan Primary and Secondary Schools
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California Sea Grant College Program
Univers ity of Ca lifornia A-032
La !olla, CA 92093
�1934%440

!vtr. Donald Keach, Director
U SC Sea Grant Program
University of Southern California
Institute for Marine and Coastal Studies
University Park
Los Angeles, CA 90089
�1 3! 743-6068

Connecticut
Dr. Edward C. Monahan, Director
Connecticut Sea Grant Program
University of Connect icut
Avery Point
Groton, CT 06340
� 03�45-51 08

I3e4ware
Mr. Andrew T, ivlanus, Executive Director
Delaware Sea Grant College Program
University of Delaware
Robinson H all
Newark, DE 197I6
�02>431-8062

Florida
Dr. James C. Cato, Director
Florida Sea Grant College Program
University of Florida
Buidling 803
Cainesvi lie, FL 3261 I
 904>392-3870

Georgia
Dr. fvlac Rawson, Director
Georgia Sea Grant College Program
University of Georgia
Ecology Buifding
Athens, GA 30602
i 404! 542-7671

24 � Sea Grant

Hawaii
Dr, Jack R. Davidson, Director
Hawaii Sea Grant College Program
University of Hawaii
1000 Pope Road, Room 220
Honolulu, Hl 96822
 808!948-7031

tllinoittifIndlana
Dr, Robert D, Espeseth, Coordinator
lltinoisfindiana Sea Grant Program
University of Ill i nois
1206 South Fourth Street
Room 104, Huff Hall
Champaign, IL 61820
�17! 333-1824

Louisiana
Dr. Jack R. Van Lopik, Director
Louisiana Sea Grant College Program
Louisiana State University
Center for Wetland Resources
Baton Rouge, LA 70803
�04! 388-6710

hhaine
Dr. Bryan Pea rce, Director
Maine Sea Grant College Program
University of Maine
14 Coburn Hall
Orono, ME 04469
�0781-1436

Maryland
Dr. Christopher F. D'Elia, Director
Maryland Sea Grant College Program
University of Maryland
H.J, Patterson Hall
College Park, MO 20742
�01�34-3690

Dr. Chryssostornos Chryssostornidis, Director
Sea Grant College Program
Massachusetts Institute of Technology
Building E38-302
Cambridge, MA 02139
�1 7! 2 53-7131

Dr. David A. Ross, Coordinator
Sea Grant Program
Woods Hole Oceanographic Institution
Woods Hole, MA 02543
�08>548-1 400

Michigan
Dr. ivlichael Parsons, Director
Michigan Sea Grant Program
University of Michigan
2200 Boni steel Blvd.
Ann Arbor, Ml 48109-2099
�13>763-351 5

fvtinnesota
Dr. Donald C. Mchfaught, Director
Minnesota Sea Grant Program
University of Minnesota
1994 Buford Ave.
St. Paul, hrLN 55108
�12�23-9288

h4lssisslppi/Alabama
Dr. James I. Jones, Director
Mississippi-Alabama Sea Grant Consortium
Gull Coast Research Lab
Ocean Springs, MS 39364
�01!875-9341

National Office
Or Ned A. Ostenso, Director
National Sea Grant College Program
6010 Executive Boulevard
Rockvf lie, MD 20832
�01! 443-8923
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Michigan State University
Michigan Technological University
Northern Michigan University
University of Michigan

Ivtinnesota
University of lvlinnesota, Duluth
University of lvlinnesota, Twin Cities
Witliam Mitchell College of Law. St. Paul

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

Nevada
University of Nevada

New ttampsbire
Cotby-Sawyer College
Dartmouth College
Franklin Pierce Law Center
New Hampshire Council of Universities

and Colleges
Plymouth State Coliege
University of New Hampshire

New Jersey
Atfantic Community College
Brookda le Community Cotlege
Cumberland County College
Fairieigh Dickinson University
Glassboro State College
Judson County Community College
Jersey City State College
Kean Cogege of New Jersey
Monmouth Col tege
Montclair State Cogege
New Jersey institute of Technology
Ocean County College
Princelon University
Ramapo College
Rider College
Rutgers University
Seton Hall University
Stevens Institute of Technology
Stockton State Cot tege
Trento~ State College
Union College
University of Medicine 8i Dentistry
Wit harn Paterson College

New York
Ctartcson Cot tege
Columbia University
Cooper Union
Cornell University
Farmingdale Agricultural L Technical Col-

lege
Hunter College
Kingsborough County Cogege of CUNY
New York University
St. John's University
State University of New York, College of

Environmental Science and Foiestry

State University of New York. Alhariy
State University of New York. Hinghamton
State University of New York, Buffal
State University of New York, Stony Brook
State University ot New York, Syracuse
State University College, Brockport
Slate University College, Buffalo
State University College, Fredonia
State University College, Oswego
State University College, Potsdam
University of Toronto
Webb institute of Naval Architecture

North Cauotma
College of the Albemarle
Duke University
Duke University Marine Laboratory
East Carolina University
North Carolina A8 T University
North Carolina Central University
North Carolina State University
University of North Carotina, Chapel Hill
University of North Carolina, Wilmington

Ohio
Bowling Green State University, Bowling

Green
Howling Green State University, Firelands
Case Western Reserve University
Center of Science and Industry
Cleveland Museum of Naturaf History
Findlay College
Heidelberg Col tege
Hiram College
Lakeland Community College
Lorain County Community College
Ivledical College of Ohio
Ohio Arts Council
Ohio State University, Columbus
Ohio State University, iviansfield
Peace Western Reserve
University of Cincinnati
University of Toledo

OMahoma
University of Oklahoma

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

Pennsylvania
Drexel University
Lehigh University
Pennsyfvania State University
University of Pennsylvania

Puerto Rico
Inter-American University
University of Puerto Rico, Center for

Energy 8 Environmental Research
University of Puerto Rico, Humaicao
University of Puerto Rico, Rio Piedras
West Indies Laboratories

Rhode Island
Brown University
National Sea Grant Depository
Newport Historical Society
University of Rhode Istand

South Carol tna
Clemson LJniversity
Coker College
College of Charleston
lvlar inc Resources Research In stnute
lvledical University oi South Carolina
South Carolina Marine Resources Center
South Carolina State College
The Citadel
University of South Carotina, Columbia
University of South Carolina, Beaufort
University of South Carolina, Coastal

Carolina

Texas
Baylor College of Medicine
Texas A&/vi University
Texas Ag % University at Galveston
Texas Southern University
Texas Southmost College
Texas Tech University
University of Houston
University of Houston, Clear Lake
University of Texas, Austin
University of Texas, Port Aransas
University of Texas, Tyler

Utah
University of Utah

Virgin islands
College of the Virgin islands

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

University
Virginia State University

Washington
Bellingharn Vocational-Technical institute
Eastern Washington University
Grays Harbor College
Pacific Science Center
Seattle Aquarium
Seattle Community College
Seattle Paciffc University
Shoreline Community College
University of Washington
Washington State University
Western Washington University

Wisconsin
Lawrence University
Medical College of Wisconsin
University of Wisconsin, Extension
University of Wisconsin, Green Bay
University of Wisconsin, Madison
University of Wisconsin, Mari nelte
University of Wisconsin, Milwaukee
University of Wisconsin, Parkside
University of Wisconsin, Stevens Point
University of Wisconsin, Superior
University of Wisconsin, Syste~
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seatood science

and techno o3;y

Since 1976 when the Magnuson
Fishery ConservationandManagement
Act went into effect, commercial land-
ings of fish at ports in the United States
have increased from 5,4 billion pounds
to 6.9 billion pounds in 1987, and for-
eign fishing in the U. S. Exclusive Eco-
nornic Zone  EEZ! has decreased by
more than 90 percent, During the same
period, imports of edible fishery prod-
ucts increased by 44 percent and the
national deficit in trade of all fishery
products stood at a record $7 billion.
This growing lack of self-sufficiency in
fishery products results in part from an
expanding population that consumes
increasingly larger amounts of seafood
lup 18 percent since 1976 to 15.4
pounds per capita annually! and lack
of additional stocks of traditional spe-
cies, particularly tuna, shrimp, and
groundfish for steaks and fillets. The
imbalance in trade is in part the result
of declining comrnerc ia I catch of some
traditional species, and it will not be
erased by advancements in seafood
science and technology, However, re-
search and education can slow its
growth; alternative products and new
by-products can reduce it.

In the fiercely competitive environ-
ment surrounding international trade
in seafood, academic science plays an
important role. Central tocompetitive-
ness is how productively industry can
use its nation's limited resources. Also
critical is the relative ability of dornes-
tic manufacturers to introduce new
products and adopt new processes,
Scientific advances and well-trained
students are essential ingredients for
success in an industry facing continu-
ously changing problems and opportu-

nities � an industry made up mostly of
small companies without researc h divi-
sions. Fewerthan 3 ! percent havegross
revenues greater than $1 million annu-
ally y.

Sea Grant research

Because the public is becoming in-
creasingly sophisticated in its seafood
requirements, quality and, of course,
safety are particularly important issues.
Much of the increased consumption ot
seafood is in fresh and frozen fish, the
qual ilv of which can deteriorate quick-
ly. A large proportion of food-borne
disease in the U. S. is contracted from
seafood, yet safe seafood seems to have
specia I benefits in improving the ca rdio-
vascular health ot those who eat it.
However, seafood is out of reach tor
most consumers as a staple because of
its high cost. It's expensive to process
and has a short shelf-life. It is a luxury
item, the most expensive source of
protein i n the American diet. Research
may find ways to make certain types ot
seafood broadly affordable to the pub-
lic, but this is only one issue. Sea Grant
designed its program in seafood sci-
ence and technology to draw academic
talent to a spectrum ot issues pertinent
to strengthening an industry less ad-
vancedd than other segments of the food
industry. The program can be charac-
terized by four types of effort:

~ Developing equipment and engi-
neering solutions to problems in
processing and waste management,

~ Developing technology for prirnarv
products and by-products,

~ Developing the scientific basis for
designating safe fishing grounds and
seafood, and

~ Improving efficiency and quality of
process in g a nd storage procedures.

Many problems and opportunities
in these categories are of interest to
academic scientists and amenable to
their research methods. The cadre of
academicians dealing with seafood,
while too small and declining, had its
primary development from 1969 to
1979 in response to growth of the
National Sea Grant College Program
and the importance it placed on sea-
food technology. Results ot research
in this field are accessible to users for
three primary reasons: �! a number ot
the researchers are also specialists in
marine extension programs, �! most of
the researchers are known to the indus-
try and have regular interaction with
certain companies, and �! the results
appear in scientific papers and advi-
sory bu I letins.

The researchers and extension spe-
cialists collaborate across state lines or
between institutions when appropri-
ate. For example, when an outbreak of
cholera traceable to seafood occurred
on the Gulf Coast, researchers in Lou-
isiana, Maryland, and Oregon joined
to determine the bounds of the prob-
lem. They showed that the causative
bacterium is a natural species in many
marine environments, that it is not
associated with sewage outtalls, and
that seafood properly handled is not a
source of infection. In June 1988 at the
request of the Institute of Food Tech-
nologists, seafood specialists in the
Florida, Louisiana and Virginia Sea
Grant Programs joined with industry,
the National Fisheries Institute, and the
National Marine Fisheries Service to
present a two-day educational work-
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shop in seat ><>ri Ie< hniilogy oi>
th ' w   'kelad prH. e ling the In-
stitute s,innu,i I < onventir>n.
tvtore than 8 ! food technoli>-
gists participated at a cost ot
$350 each.

Engineering and waste treat-
ment

Sea Crant's level of effort in
engineering and waste treatment
is small. Most of the research
on control of wastes is in by-
productt development that is des-
cribed in the next section. There
have been few projects in de-
veloprnent of machines and
devices for processing seafood.
Few project~ of this type are ap-
propriatefor academic research-
ers, but certain kinds of engi-
neering problems are appropri-
ate and offer universities good
opportunities to train students
and aid the industry.

Engineering for the soft shell
crab industry

SoFt shell crabs form a srna I I
but growing part of retail trade.
Moreover, potential domestic
and foreignmarketsforsokcrabs
appear to be large, but a paucity
of prernolt crabs limits expan-
sion ofcommerce. Recognizing
these latent markets a tew years
ago, Sea Grant began efiforts to
increase produr.tion, improve
the holding systems used in the
industry, and design more effi-
cient filters for them. This effort
resulted in guidelines and engi-
neering designs for increased
capacity and better operation.

Recent research at Louisiana
State University  LSU! has fur-
ther defined improvements in
systems for ho l ding live
crabs. t.SU'shigh-ratefilter with
a fluidized sand bed removes
solid wastes, provides a large
surface area for growth of puri-
fying bacteria, and eliminates
the threat of clog ging. This con-
figuration provides high rates of
bacterial removal of ammonia
and nitrite. The LSU systemhas
a carrying capacity 25 times
greater than standard systems
using submerged rock filters.
The filters require p H control at
peak loads, but this can be ef-

f» cted with s<> tium hioc >rbon
ate. LSLi has <i>nsoliclatirl its
advani es in a new desigt>
m >nual t'or cornr>ierci,il users.
I argely l>ecausr of Sea Grant
etforts in rest arch and technol-
ogy transter, the soft-shell crab
industry has grown tram $1
million annually to $1 f> million,
with $4 million ot this total in
exports.

Product development and by-
product recovery

Early on, the National Sea
Grant Ottice emphasized by-
product recovery as an irnpor-
tant approach to dealing with
seafood wastes. For example,
recognizing that wastes from
processing of shrimp and crabs
represented a problem of grow-
ing significance, it paid for the
pilot-scale production of chito-
san, a natural polymer that can
be derived from the chitin in
shells, Chitosan was distributed
tree of charge in one-pound lots
to any researcher requesting it,
This spurred research world-
wide; Sea C ra nt sponsored
much of it in the U.S. Biopro-
cessing Technology  july 1987!
foresees a $335 million annual
market in the L!,S. for r.hitin and
its derivatives. Development of
nc'w products for domestic and
foreign markets also aids ex-
pansion ot commerce, and Sea
Crant has invested in research
to this end. It has advanced
technology and enhanced
trade. Research on minced fish
and surimi is an example.
.SUrimi

Fishes traditionally used only
for industrial products of low
va lue or those not heavily fi shed
are potentia I ly viable as sources
ofsurirni, a bland, white form of
minced tish Surimi is an inter-
rnediate step in making a wide
variety of restructured products
ot high value suc h as simulated
scallops. These products have
the potentia I to greatly expand
the inarket for seatood. Severa I
Sea Grant projects have ad-
dressed the opportunity for use
of certain fishes as minced prod-
uct � some through develop-



nient cif t'undament il infornia-
t i c iii oii the i r chemical a nrl phy!-
I  ll propert i 's, otfier! ori pro< .
essing factors that control
quality. A teani of s< ieritists at
North Carolina State University
 N  SU! has conducted much ot
this research, documented its
accomplishments in a n im por-
tant series of professional pa-
pers, and trained a dozen stu-
cicnts for industry,

This research, in the Oepart-
ments of Food Sc i ence and Civi I
Engineering at NCSU, had its
origins in Sea Grant research ot
the early 1970's on minced fish
tcx hnology. As the technology
for minced fish and surimi de-
veloped, a basic research pro-
gram also developed with the
objective of defining ways to
precisely manipulate the func-
tiona I properties of proteins from
fish and thus extend their usage
in food manufacturing. From
this work have come improved
methods for testing and sper; ify-
ing both gelling properties and
color and flavor/odor proper-
ties. Computer-based, least-cost
formulations of surimi-based
l'oods also have been developed.
Unique properties of tish pni-
teins, such as the ability to gel at
very low temperatures, give
these materials a rune tional
advaritage over competing food
pn>teins in certain applications.
fhe engineers have developed
computerized sc hemes for ul-
tr afi I t rat ion and water reuse t hat
provide significant protein re-
covery and conservation of
water. They also have deter-
mined optiniurn conditions for
treating wastewater and devel-
oped rnathernatical models of
the processing of niinced fish.

The NCSU scientists have
worked with sand trout, Alas-
kan pollock, red hake, silver
hake, Atlantic croaker, and rnen-
haden. One aspect of the re-
search on the effects of cyclic
freezing and thawing on the
quality of frozen surimi revealed
that increasing the ~umber of
freeze-thaw cycles reduced the
strength and deformability of
surimi. The studies showed that
these deleterious effects could

hc otfset hy variiius thermil
pretreat nients. I he st tidies,ilso
led to a generic rriethod<ilogv
lor hetter clefining propc rties oi
protein gel s. Anothei aspec t of
the research showed that red
and silver hake have excellent
potential lor surinii production.
Besides producing a surimi of
except iona I quality, the red ha ke
is in good supply, has few other
commercial uses, and is, there-
fore, a low-cost rnateriaI. The
resear< hers suggest that as the
consumption ot restructured
seafoods increases, demand for
surimi will force use of non-
tradit iona I tood spec ies. NCSU
is now focusing on menhaden.

Equally important is the broad
impact that the developing
sur irni industry is having on sea-
food qua 1 it y. R esca rc h has
derrionstrated that tight control
ol temperature and sanitation
during manufacture prevents rle-
naturation and degradation that
alter the phys i co-c hem i ca I prop-
erties of fish proteins and lower
their va lue. Translated into prac-
tice, some lish processors are
adopting sanitary procedures
more stringent than those re-
quired for meat and poultry
processing.

The successful research and
trainingofstudents at North Car-
olina State University, lunded
jointly hy Sea Grant and the
N at iona I Marine Fisheries Serv-
ice, vvas a prime factor in a
surirni plant's locating in North
Carolina. This new plant em-
ploys more than 50 people full-
tinie with an annual payroll of
more than $1,000,000.

Microbial, chemical and
nutritional quality

Research on quality and
safety deal~ with seatood as it
comes out of the water, particii-
l arly in regard to contamination
by pa t ho genic rnic. roorga ni s ms.
and with deterioration of qual-
ity during processing, transit and
storage. Some projects focus on
determining the environmental
far tors responsible for contarni-
nation of shellfish by viruses
and bacteria or on procedures



c:ontan1ination cif shellfishit1t,
waters is a problem

 or accurately rneasuriny,
and eliminating path-
ogc ns. A large proportion
of c oastal waters arr closed
to shet lfishing bcx:ause of
concern over bacterial, vi-
ral or alga I c ontarnina ion.
Obviously, this is a signifi-
cant issue. In other projects,
scientists are developing
methods to deal with natu-
ral c'ontaminat ion of clams,
oysters, and finfish by algal
toxins that cause paralytic
shellfish poisoning  PS Pl and
ciguatera. PSP causes enor-
mous losses of resources in
New Englancl, the Pacific
Northwest, and Alack~. Ci-
gua tera inhibits develop-
ment of fisheries in most
trcip ical waters. Methods tor
prrc<ictiny, algal blooms and
rapidly delineating fishing
grounds contaminated with
toxic rnicroalgae would al-
low for y,reatcr usc of valu-
able resources.

Bacterial ancf viral c ontami-
nali on

Contamination of shell-
fishing waters is a problem.
The standard method for
determining sewage polluti-
onon depends on detection
of feral coliform bacteria.
However, this nonspecific
method provides unrel iable
protection against specific.
diseases such as inr'ectious
hepatitis and non-bacterial
gastroen ter it is. Thu.s, Sea
Grant researchers have

taken a number ot ap-
proaches to alleviating this
problem, At Louisiana State
University, thc y developed
and ev >luatecf methods for
the extraction of enteric vi-
ruses from oysters and corn-
pleted a study of their oc-
r urrence in oysters and
overlying waters. 1 hey
tound that cnteric viruses
can be present in waters
considered sate on the basis
of standard assays. In re-
lated studies after an out-
break ot' viral gast roentcrit is

1982 that closed many
oyster bed s a nd cost the t ish-
ing inclustry millions of dol-
lars, scientists at Nicholls
State and Louisiana State
Universities detected en-
tero-viruses in water sam-
ples only during the coldest
months when viruses could
pers i st for I o n ger t imes.
However, they found no sta-
tistical <.orrelation between
levels of fecal coliforms and
presence ot' enteric viruses
in either the oystc r meat or
the overlying waters. These
results further debase use ot
assays based on indicator
bacteria,

A majority ot viruses front
sewage is associated with
suspended solids that pro-
long their surviva I In order
to quantify the relationships
between viruses and solids,
virologists at Baylor Col lcge
of lvledicine studied viruses
in Galveston Bay. The vi-

ruses often were attached to
suspencled solids on which
they <:ou Id rc ma in infectious
ror up to 19 days. The re-
searchers showecl that cr>I-

lec ting suspended solids for
viral a na lysis has advantages
over collecting and proc-
essing large volurncs of
water. They also dc veloped
a nucleic acid tcDNA! assay
for the detection of he pat it is
A virus in estuarine samples
and a highly sensitive, en-
zyme-linked irnrnunosorb-
ent  A-EL ISA! assay that doc s
not require the usc- ot radio-
l,ibelcd reagents in detec:t-
ing this virus iri estuarine
samples. Their studies in-
dic.ate that thee new rneth-
ods will he useful in more
precisely monitoring the en-
vironrnent.

Mocfh' fi eel ati os pft eres
Researchers at the Uni-

versity ot California have
examined the microbial and
safety iniplications of using
modified atmospheres lmi x-
tures of innocuous gases t to
exTend the storage life of
fish, Ihey have focused on
the bacterium Clostridiurn
botulinurn and determined
thit in the case of red snap-
per, temperature and stor-
age time, but not storage at-
rnospherc., significantly af-
fect probability of toxi gene-
sis. Using linear regression
models, they derived equa-
tions that can predict the

probability of one spore ini-
I i at ing growth a ncl tox i gene-
sis at a particular tinie ancf
temperature during storage.
They showed that naturally
ocr urring levels of C. 6otu-
linum will not intoxicate fil-
lets stored at 4'C for up to
21 days. At an abusive tem-
perature fft C!, even one
spore ran c.ause toxicity
before spoilage is obvious.
This predirtive approach is
a powertul tool in defining
rnirrobial interac.tions with
food.

Handling and processing
This research cover~ a

variety of approaches to im-
prove handling anti proc-
essing practice s � in some
ways, "bread and butter"
issue~ because the results
are ot'Ien immediately use-
ful tci agents and specialist~
in technology transfer. Sea
Grant has focused a number
ot recent projects on proc-
essing and storage ot' mol-
luscan shellfish. For ex-
arnple, in efforts to extend
the shelf life of calico scal-
lops, food scienti sts in Geor-
gia and Florida exaniined
and c:ornpared a number of
processing practices. They
developed and published
quality control procedures
and a bulletin that outlines
considerations for plant lo-
cat ion, I a you t, con structi on,
eqiiipment, and personnel.
The bulletin also covers



inspectio~ schedules a nd
methods, c.leaning, sanita-
tion, product quality and
grades, and product descr ip-
tion and evaluation. It pro-
vides a list of relevant regu-
latory agencies,

Freezing methods
Vac uurn-packed seafood

products, such as shrimp and
crab, are rnalor products in
the Pacit'ic Northwest. A
variety ot' packing tech-
niques are used in the shrimp
industry, with vacuum pack-
ing in cans most common.
The cans are frozen either
directly in an airstream or
after packing in cardboard
cartons. Because reliable in-
formation on freezing rates
is unavailable, application
of poor procedures is corn-
mon. Resulting problems
can cause slow I'reezing that
towers qu a I ity and efficiency
and wastes energy. Thus,
engineers at Oregon State
University began studies to
measure freezing times un-
der various packaging and
stacking conditions, inves-
tigate how various condi-
tions affect freezing rate,
compare experimental
freezing times with pub-
lished prediction methods,
and specify improved proc-
essing methods. Vacuum
level had little effect on the
freezing time, but pac.king
technique was a key issue.
Freezing times for stacked

cans werc. 30 percent longer
than those for unstacked
ca ns. Enc losing the shrimp
cans in a carton doubled the
freezing time.

Fresh fIavors

Researchers at the Uni-
versity of Wisconsin took
another approach to im prov-
ing quality ofseafood byde-
termining the chemistry of
fresh and spoiled fish flavors
� factors very difficult to
control. Theirresultscanbe
applied toward providing
longer-lasting, better-tasting
products. Using modern
techniques of rnicroa na lyti-
cal chemistry, the research-
ers were able to define en-
zyrnatic mechanisms by
which compounds respon-
sible for tlavor and aroma
are produced. They showed
that the nine-carbon vola-
tile alcohols and aldehydes
responsible for much of the
aroma of cut umber and
melon fruits also occur in
some species of fish such as
whitefish, ciscoe, smelt and
spawning Pacific salmon.
They also showed that oxi-
dat ivel y-derived ca rbonyl
compounds that smell bad
canbe detected in harvested
fish held just one day on
ice. Fish spoils rapidly and
off-flavors can develop long
betore any nutritional or
salety factors are measur-
able by normal procedur.s.
The researchers' results have
enabled them to prolong

shelf lite of some fish from
six to eight days to nearly
two weeks. They also have
more than quadrupled the
storage time of some types
of frozen tish to over a year.

Conclusion

From the inception of the
National Sea Crant College
Program, its managers rec-
ognized the importance of
applying food science and
technology to problems and
opportunities in the seafood
industry, As a result, they
encouraged and supported
projects that brought fish and
shellfish into academic de-
partrnents that had previ-
ously dealt only with poul-
try, beef, pork, and vege-
tables. The few departments
that already dealt with fish
were able to expand their
research and educational
activities relating to seafood.
A cadre of academic scien-
t ists developed in ther oastal
states that has proven high-
ly effective in solving prob-
lerns and exploiting oppor-
tunities in research, educa-
tion and advisory service for
the seafood industry and
consumers. They were re-
sponsible for establishing the
seafood technology group
in the Institute of Food Tech-
nologies. This group now
has several hundred mern-
hers.

Sea Crant expanded its
research and educational ac-

tivities relating to safe and
competitive use of fishery
resources unti I the early
1980's when level funding
and inflation began a long
decline in level of effort.
However, needs for re-
search, education, and serv-
ice continue to grow, and
there is mount i ng di scour-
agernent among academic
leaders and industria I repre-
sentatives that a lack of re-
sources is styrnieing prepa-
ration of a second genera-
tion of scientists and advi-
sory specialists to serve the
public and industry.

Important problems and
opportunities ripe for re-
search and re! evant to health
of the industry continue to
present themselves For
example, the U.S. trade defi-
cit includes a $3 billion defi-
cit in trade of nonedible
products. As much as $200
million of these irnponed,
nonedible fishery products,
such as hormones, fatty sub-
stances and fish meals, de-
rive from processing wastes
and industrial fish. A greater
level of research on bypro-
duct recovery could reduce
this import dependency
while ameliorating prob-
lerns in waste disposal. The
opportunity to continue up-
grading a comparatively
backward segment of the
food industry remains an
important t hallenge.

� David H. Attaway



investigating Parasitic Diseases of Shellfish
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When European settlers first came to North America, they were amazed at the

quantity and accessibility of clams and oysters. The humblest of colonial era recipes
caNed for shellfish ingredients, indicating that these seafoods were considered staples
rather than, as today, delicacies. By the end of the 19th century, overharvesting and
industrial and municipal pollution had all butelimrnated many littoral stocks of clams
and oysters. However, deeper water populations and those located in less populated
coastal and estuarine areas were sufficient to meet general demand. At the turn of the

century, commercial harvests of oysters peaked at such famous producing areas as

Long island Sound, Delaware Bay, Chesapeake Bay, Puget Sound, and San Francisco

Bay. Since that time, commercial harvest levels have dropped to such an exterN that

only the Chesapeake supports an entirely wild oyster fishery, and today even that is
threatened,

In addition to overharvesting and pollution, degradation of habitat, lack of appro-

priate clean cultch, and disease have contributed to oyster stock declines, Of these,
theee consequences of diseases are the most devastating. In the early l 950's, the parasite

MSX, Halosporidium nelsoni, was first identified as the cause of oyster mortality in

Delaware Bay. By the end of the decade, virtually all oysters in the high salinity

portions of the bay had died. The disease then spread into the Chesapeake Bay where

it destroyed oyster beds throughout the Virginia portion of the bay, During dUnng

surnrners, MSX spreads into oyster producing areas of Maryland. Oyster producing

areas from Massachusetts to Georgia are infected with MSX and in the summer of

 987, these areas experienced rrrass mortalities attributed to MSX,



Sea GrmH � 33

Among the shellfish beds of the Gulf
ancl Southeast states, another disease
called dermo is the major source of
mortality among oysters and clams.
Derrno is caused by the parasite Perk-
i nsusn1arinus. Although dermo is most
common in southern states, this dis-
ease also affects shellfish populations
along the entire Atlantic Coast. Finan-
cial losses attributed to dermo are esti-
mated at millions of dollars per year.
Along thc Pacific Coast, heavy exploi-
tation and pollution were primary fac-
tors in the collapse of the native oyster
fisheries; however, a flagellated proto-
zoan, Hexamita was assoc iated with
some oyster mortalities. Shellfish dis-
eases arc not unique to the United
States, Parasitic diseases are recognized
as the major cause for the collapse of
oyster and clam fisheries and aquacul-
ture ventures throughout Western Eu-
rope and extensive portions of the Far
East. To date. all attempts at seeking
relief from these diseases have resulted
in modest success.

Sea Grant research

As parasitic shell tish diseases spread
throughout the most productive and
economically important shellfish areas
of the United States, Sea Grant joined
with state and, to a lesser extent, fed-
eral agencies in pursuing research
aimed at restoring disease-infested
waters to their historic levels of pro-
ductiveness. Sea Grant's approach is a
program consisting of research in para-
sitology, genetics, and physiology inte-
grated with aquaculture and hydrody-
namics. Although not yet a complete
success, Sea Grant is makingconsider-
able progress in this seemingly intrac-
table and perplexing problem.

Both tvlSX and derrno are caused by
protozoan  single-cell organism! para-
sites that are characterized by hav ing a
life stage called spores, thus their sci-
entific name sporozoans. Like many
parasites, the sporozoans have corn-
plex I ife cycles requiring different hosts
at different life stages. If the appropri-
ate host is not available at the right
time, the parasite will die. Thus, the
easiest way to control the disease is to,
in some way, break the life cycle by
either eliminating any one of the host
organisms or reducing the degree of
contact between the infectious host
and the shellfish. Since the onslaught

of these diseases, researchers througli-
out the nation have attempted, with no
success, to identify the intermediate
hosts of the parasite~. They have also
attempted to addrc.ss thc perplexing re-
lated issue of why, under normal ron-
ditions, healthy shellfish are not in-
fected when held together v"ith dis-
eased animals.

Although Sea Grant supports re-
search in MSX and dermu life cycles,
the network focuses on developing
alternative solutions for dealing with
these diseases and thereby restoring
shel Ifi sh productivity to infected coasta I
waters. The approach taken by Sea
Grant is divided into two well-inte-
grated components, one stressing fun-
darnental research on life cycles and
shellfish physiology and immunology,
and the other developing techniques
and methodologies for managing
around the problem.

Fundamental resea rch

Sea Grant reseaich on solving the
life cycle of MSX and dermo has met
with limited success. Investigators have
attempted to use florescent antibodies
developed from ~pores of the parasite
to trace spores ingestecl by oyster scav-
engers. Spores were ingested but re-
sults were inconclusive as to the trans-
mission of the. disease. Work on the
dermo life cycle was similarly incon-
clusive with respect to identifying in-
fective hosts.

However, Texas Sea Grant research-
ers were able to demonstrate for the
first time that disease-free oysters in-
fected by the parasitic marine snail,
Hoonea impressa, invariably come
down with dermo. Although dermo
doc.s occur among oysters unexposed
to the snail, this is the first inkling of
how this disease may be transmitted.

Because of the failure to make criti-
cal inroads on the problem of! ife cycles,
Sea Grant began to fcx us on the poten-
tial ofdisease resistance, Seizing upon
the opportunity presented by a labora-
tory population of apparently VSX
resistant oysters produced at Rutgers
University, Sea Grant scientists initi-
ated studies on the immunological
mechanisms among rnollusks. These
investigations suggest that disease re-
sistance is related to physiological con-
ditioning rather than the immunologi-
cal responses known for higher ani-

mals. Thus it is hypothesized that if
high quality oysters ran be produced
by means of aquaculture, they could
withstand ti<SX for longer periods than
naturally produced seed stock.

Managing ~round the pcobfem
Recognizing the limitations oftradi-

tional types of research, Sea Grant con-
currently embarked upon a research
program designed to increase produc-
tion in disease-infected areas by work-
ing around the problem. Shellfish are
produced in infested areas by harvest-
ing animals from disease-free, low sa-
linity waters, planting them in the high
growth, high salinity water, and then
harvesting them before the disease kills
them, The problem with this practice is
that success and failure of the crop
depends on the a bi I ity to detect disease
carly enough to begin harvests before
the animals begin to die.

Sea Grant researchers sought to de-
velop diagnostic tools capable of rapid
detection, Todate, Sea Grant has made
excellent progress in developing,
through biotechnological means, an
enzyme- I inked irnrnuno sorbent assay
 ELISA! for detecting MSX, This past
year, Sea Grant also developed an ELISA
test for dermo. ELISA te~ts shorten the
time for diagnosis from three days to a
few hours and allov' a greater number
of tests to be conducted.

Even more encouraging than the
development of diagnostic tests is Sea
Grant's work in evaluating and intro-
rfuc ingdisease-resistant oysters to aqua-
culture and into the wild. Again, build-
ing on the opportunities presented by
the availability ol' stocks of disease-
resistant oysters, Sea Grant initiated a
program to determine if the stocks are
significantly resistant to tvISX and
whether the growth rates of these oys-
ters and meat quality are equivalent to
nonresistant stocks, The objective of
these ongoing studie~ is to provide,
through mass aquaculture techniques,
seed oysters that are suitable for high
salinity water. If these stocks prove
satisfactory, thousands of acres of for-
rnerly productive oyster growing areas
can be devoted to full-time shellfish
culture.

In associated research, Sea Grant
scic.ntists are attempting to introduce
self-sustaining populations of oysters

fcontinued on page 43!
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The 'I 990's will see a major shift
a way from dependency on wild pop-
ulations of marine seafood species
and a greater reliance on aquaculture
to supply the growing demand for
seafood m the United States. Per
capita consumption of seafood has
risen from 12.3 pounds in 1982 to
15.4 pounds in 1987, yet most tradi-
tional U,S, fisheries are being har-
vested at or near maxirnurn sustain-
able yields, Many fisheries have ac-
tually declined in terms of catch.

In 1987, the United States im-
ported 3 2 billion pounds of edible
fishery products valued at $5,7 bil-
lion, Fishery exports totaled $1.6
billion leaving us with a $4.1 billion
trade deficit in edible fishery prod-
ucts. This is one af the largest trade
deficit areas for the United States.

This situation does not have to per-
sistbecause we nowhavethemecha-
nisms and technology to produce
the necessary seafoods at home
while creating jobs and new indus-
try at the same time. Aquaculture of
both freshwater and marine species
will become increasingly more im-
portant in offsetting the shortfall of
aquatic foods.

As a result of past research, by
both the public and private sectors,
dramatic aquaculture production
inrreases have already occurred, In
1985, United Stales aquaculture
production was about 535 million
pounds. This was up 100 million
pounds over the 1983 estimate.
Aquaculture production for 1990 is
estimated tobe 700milf ion~,
and for the year 2000 about 1,Q}0

million pounds. Additional technolo-
gy developmentt in aquaculture will
result in even greater gains and the
availability of a much wider selec-
tion of marine products.

Sea Grant research

The National Sea Grant College
Program has been the main funding
source for aquacultural research in
marine and estuarine species since
the late 1960's. Much of the tech-
nology in use today on such valu-
able species as lobster, shrimp,
salmon, dams, oysters and marine
fish has been the result of Sea Grant
research.

The Sea Grant aquaculture pro-
gram has constantly adjusted to new
opportunities and scientific ad-
vances. Guidance and coordination



in illr  ! vc'I III l!i !gr lln   oillei ironi th»
a<Inn«<fturr it! '< ialisl ai the aviational
  1III  I.i f~eer ievieii Ii srtcight Ior e,ii h
priijc c I arul <liitin  t l>riigrini,ireas.ire
invi. itigatr<l in,i system. itic and irate-
gialecI w.ay. I his appro,i<.h has been
sue c r sful in developing new technol-
ogy that cari hr used hy industry to
cnrrcornc produi:tion barriers.

Se i G r iiit has funded hetween 1 X!
arxl 12 ! projec ts each year valued at
$7 to S8 million when rion-federal
m,ilching funds are inc luded. Through
the years, sevsera I c ategories of projects
have bee n emphasized. These are:

~ Aqua i:ulture Systems
~ C enetics/Selective Breeding
~ Physiology/E ndoc rinology
~ "4 u trit ion

~ Disease/Parasites

~ Policy/Economics
In general, a species that is a candi-

date for aquaculture production goes
through seve ra I stages of development
related to these categories. The follow-
ing are representative examples of Sea
Grant's role in providing the scientific
and technological basis for a Few of the
more economically important species.

Shrimp
ln thc late 1960's, it became appar-

ent that domestic supplies of shrimp
were insufficient to meet domestic de-
mand and that the value of imports was
increasing dramatically. The price of
shrimp was increasing and an opportu-
nity was developing tor the production
ot' farm-raisecl shrimp.

Sea Grant supported the first work
on shrimp ai the University of Miami in
the eirly 1970's. Hatchery techniques
were developed for pink shrimp and a
manual For hatchery production using
wild caught females was developed.
Other NOAA rc searchc rs at the iVMI-S
laboratory in Galveston, Texas, then
developed hate hery methods for white
and brown shrimp. Sea Grant resea rc h-
ers at Texas A&M University, using
hatchery-produced sHrimp from wild
caught females, then were able to pro-
duce commercial quantities of white
shrimp in ponds on the 1exas coast.

After this work on developing thr
systems necessary for culture of s hrim p,
Sea Grant researchers, seeing the pros-
pects for improving stocks through
hybridization and selective breeding,
began work in reproductive control of
the commercial shrimp species. The
next step was to induc,e spawning of

ihrinili in < ilitivity uiing phyiir>lcigi< aI
ancl enclo< rine c irntriil. Thii w,is tirit
,i  c ornpliiiliecl in 1981 hv Tc x,ii Ag.44
University v ith ihrnnp endrniic io the
Pic ifir. Coist of Ceiiiril anci Soulh
America. The~e shrinip Iirnvecl e,isirr
to mature iri captivily and grew faster
and survived liefter in pond triali. Diet,
photopc riod c'untrol, and teniperaturr
were tound to be very important in
coritrolling the qu.iniity and quality of
eggs ancl shrimp larvae produced trom
spawning stoc ks in c aptivi ty.

Another Sea Grant researcher in
South Carolina, building on teclinol-
ogy developed for artificial insemina-
tion ol lobster and freshwater prawns,
sui c ceded in obtaining spermatophores
from marine shrimp through efectrical
stimulation. This led to the first hybrid
shrimp cross between white shrimp
and blue shrimp, which was accom-
plished at I exas A8 M. After reproduc-
tion of c.apt ive marine shrimp became
routine, pond studies and economic
analyses at South Carolina and Texas
AR/vt showed that shrimp culture
should be <.omnier«ally feasible.

The technology developed through
Sea Grant research led to the establish-
ment of several shrimp farming cornpa-
nies in Texas, Hawaii, Florida, and
South Carolina. A pilot scale shrimp
tarm demonstration at the new Wad-
dell Mariculture Center in South Caro-
lina yielded more than 5,000 pounds
per acre in six acres of pond~ in 1986
and close to 10,000 pounds per acre in
1987. One Texas shrimp farm pro-
duced more than 200,000 pounds ot

ihrinili in iii ponds in 1986, with even
greater piixluction expected for the
iutiir< . Tlie projec trd value of ihe de-
veloping ihrimp cuhure industry is
several rnilliori doll arsa year, and more
technological breakthroughs could le ad
to an industry that is wonh tens of
millinns per year.

Striped bass/hybrid striped bass
The culture of striped bass dates

back to the turn ot the century but it was
not until the mid-1960's, when the use
of hormones to induce spawning came
into wide use, that fry could be pro-
duced on a reliable basis. Pure striped
bass provedhardto work withbecause
of the large size of the females and the
rlelicate nature of the specie~ when
placed under captive conditions. A
second technologic a I development, the
hybridizationofstripedbass withwhite
bass, created a much stronger fish that
exhibited hybrid vigor and was quickly
accepted and stocked in many parts of
the country because of its e> ceptional
qualities as a sport fish.

Sea Grant became interested in
hybrid striped bass in the rnid-1970's
when it became obvious that the hy-
brid was vigorousenough tobe consid-
ered tor production as a food fish. This
ef tort was stimulated in part because ot
declining stocks of striped bass, par-
tic ularly along the Vast Coast; the need
tor a substitute white ffeshed fish in the
market p I ace; a nd the need to st imu late
coastal economies that were suffering
from the collapse of natural fisheries.
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Sea Grant research has accomplished several major
breakthroughs th,it have brought hybrid striped bass < ul-
ture to «>mm< r< ia! feasibility. Resear< hers in both North
and South Carolina have simplified the proc edures tor the
hyf>rid cross so that smaller, more rnariag< able male
striped bass can h  crossed with tlie small white bass
fen>ales. 1 his has al luwed the maintenance ot brood sto< k
at hatcheries under captive condition~. This in turn has
allowed researchers to devefop environmental controls of
the reproductive process so that br<> >d stock can be made
to spawn out-of-season, thus pr<>viding for earlier stocking
of production ponds.

Even after the difficulties of providing reliable hatchery
produ<tion ot hybrid striped bass had b< en worked out,
there was still a need to develop reliable nursery proce-
dures to provide stockable ~ized t'ish to the cornrnercial
growers. Sea Grant researchers inboth South Carolina at><f
North Carolina helpe<l develop th< procedures t'or f>ond
production oftingerlings whi h ar  now f>< ing us«f through-
out the developing industry. Pond produ< tion trial~ estab-
Jish<xf appropriate stocking d  nsities and feeding regimes
and showed that production could i'<'.a< h 7,400 pounds
per acre at harvest. Routine production of 4,00 ! to b,000
pounds per acre was achir ved in other production trials.

With this production information, it was then possible
to do econorni< analyses ot' the potential  <ir hybrid striped
bass farming. This analysis led to a 18-a< re pilot proj« t in
North Carolina that is guided hy S<.a Grant extettsion
personnel, and the first  ommercial crop of hybrid striped
l>ass is now berng harvested. Dunng the < ourse of produc-
tion, the fish experienced an intection of a parasite that
could have caused total inortality. l fowever, earlier re-
search by another Sea Grant researcher in North Carolina
had clarified the environmental tolerances of the parasite,
and the farmer was able to add freshwater to the brackish
water ponds and lower the salinity to the known lethal limit
i>t the parasite. Consequently, the infestation was elirni-
nat<'.d. This is a perfect example ot' how Sea Crant basi<
researc h can be transferred and ut i lized to obtain practi  a l
results. The valur of the procluction t'rom the pilot project
is <.stimated at more than $250,000, or a I most $14,000 per
a< r<, which is considerably more than can he obtained
trorri traditional agriculture crops.
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Oysters

The current U 5. oyster iridustry has sutiered almost a
tota I < ol lapse < ompared to pn>du< tion levels at the turn ot
the century. f oss of habitat, pollutiori and < nvironmental
stress, and disease have tff acted to deer<'ase oyster yields.
Natural oyster beds also suffered fron3 rr>isntanagen>ent
and neglect as there was no  firect ownership due to the
historic open fi~hery policies of most states. 1hose few
states that allov:ed private lea~ing ot' oyster production
area s noted that private grnunds consistently ou tprodu  cd
those grounds in the public dontain. lt has l>ecome appar-
erit that the cuftur of disease resistant, genetically irn-
prov d, hat<.herv produced oysters in privately controlled
production systerris is on  of the best approa hes to
revitalizirig th< oyster fisheries of the U.S.

With the al>r>ve philosophy in mind, Sea Grant has
fund<xf many projects on oysters to improve the feasibility
ot  ulturir>g them. A long-term study at th<. University of
Delaware established techniques ot ciilturing oyster~ in
semi-closed, recirculating systems. this work provided
techniques !or growing algal foods in commercial quanti-
ties, designed improved water treatment syst  ms for reus-
ing seawater and corttrolling oyster diseases, initiated
work on artiticial diets For oysters, and helped develop
superior strains for culture under controlled conditions.

Two oyster disease~, fvtSX and dc.rrno, are responsible
for the majority of oyster mortalities on the East and Gulf
Coasts, particularly in Ch< sapeake Bay and in Delaware
Bay. Realizing this, Sea Grant has maintained a continuing
program related to the diagnosis and control of lvlSX and
dermo. Progress is being made on developing disease-
resistant stocks through selective breeding, and fir ld trials
are now in progres~ to evaluate various disease-resistant
stocks.

Sea Grant has also heen instrumental in reestablishing
an oyster industry on the Pacific Coast. 1he Pacific oyster
industry, which was based on a small endemic species,
was in very poor condition due to overfishing and habitat
degradation when Sea Grant researchers at the Llnivcrsity
of Washington and the University of Oregon began experi-
menting with the larger Japanese oyster Crassostrea gigas.

Origina Jfy, Japanese oysters were imported as juvenile
oysters attached to ~hells. but as production increased.
oyster hatch .ries were established to produce the Japa-



nese oyster in the U.S, Sea G rant researchers helped refine
hatchery techniques and later worked on improvements
for outplanting young oysters to the production beds,
Further work led to the development ot remote setting
ter.hnology that permitted the oyster farmer to buy oyster
larvae from the hatchery and set them on his own cultch
material. This reduced the costs ot oyster farming consid-
erably.

The Pacific oyster industry based on the japanese oyster
was moderately successful but in some years high summer
mortalities of t he oyster sto< ks were experienced. The mor-
t,ilities ~eemed to be associated with high water tcrnpera-
ture and loss ot vigor due to excessive reproductive activ-
ity by the oysters. Previously, Sea Grant researchers at the
University of lvla inc had experimented with manipulating
chromosome number in oysters in order to obtain a sterile
oystc r. Oysters wc re created that had a complete extra set
of chromosomes, a triploid ovster, that made them sterile
and resulted in faster growth rates,

Sea Grant researchers at the University ot Washington
thought that a sterile oyster might solve Ihe summer
mortality problem being experienced by the Pacitic oyster
industry. They applied the technology developed at the
University ot Maine for thr eastern oyster to the lapanese
oyster and obtained a triploid oyster. As mos  oysters har-
vested in the Pacific oyster industry are produced in
hatcheries, this situation provides the opportunity to ma-
nipulate the chromosome number on large nuntbers ol
oysters. Initia! trials with a triploid Pacific oyster showed
that it grew faster and maintained high commercial quality
throughout the year. Vow roost hatcheries are producing
triploid, sterile oysters for year-round marketing of oyster
products, thus stabilizing the industry and increasing in-
come for producers.

Technology transfer and manpower development
Sea Grant provides t'unding support for workshops and

symposia to brirlg investigators together to determine
status and chart future research need~. These work~hop~
are frequently conducted by Sea Grant Marine Advisory
 Extension! Service personnel who make sure that industry
representatives and academic researchers have an oppor-
tunity for intormation exchange. Extension personnel are
also involve d in identifying legal, social, and other institu-

tional obstacles to the aquaculture industry and working
within legal and regulatory systems to get necessary change s
tor development to occur. In recent yea rs, workshops have
bren held on the culture of marine shrimp, freshwater
shrimp, hybrid striped bass, red drum, clams and oysters,
biotechnology, legal and regulatory constraints, aquacul-
ture engineering and other topics. In most cases, informa-
tion presented in these workshops is published as a pro-
ceedings volume so that it can be used by the industry and
general public that have an interest in aquaculture.

Perhaps one of the greatest benetits of the Sea Grant
aquaculture program has been its support ot' many gradu-
ate and undergraduate students that have now become
leaders in the field of aquaculture. Sea Grant alumni now
inanage shrimp farms, fish farms, oyster and clam hatcher-
ies, salmon farms and ranches, and they participate in a
ntultitude of other industry positions, Each year many of
the 100 plus projects supported by Sea Grant include sup-
port for students, Over the years, this support trained
hundreds ot' young people who are now instrumental in
developing the future course ot' U.S. aquacu!ture.

Conclusion

The key feature of the Sea Grant system is that the
researc h prog ram is constantly adjusted to present day and
long-term needs of the aquaculture industry througih the
use of peer review and overall guidance and coordination
through the National Oflice. This purposetul, competitive
process assures the highest standards of research and
development. furthermore, the Marine Advisory Service
provides the mechanism to ideritit'y research needs and to
bring these research findings to user groups.

Aquaculture has the potential to reduce the tremendous
trade deticit that presently exists in seafood products. New
industries, new lobs, better quality seafood products and
stabilization of the existing seafood industry will be the
result of a continued, and hopefully expanded, Sea Grant
aquaculture program. Sea Grant can take advantage of the
expertise contained in the nearly 300 universities pres-
eritly participating in the program to develop the technol-
ogy needed to make aquaculture successful in the United
States. Failure to properly exploit the potential ot aquac ul-
ture wil I lead to even greater trade detic its and the depend-
ency of the U.S. on other nations to provide the marine
protein needed by its people. � James P. McVey
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Enhancing
Salmon
Resources

Cornrnercial fishing, once a main-
stay of our nation's economy, has
declined to the point where seafood
irnpons make up one of the largest
additions to our foreign trade deficit.
The 200-mile extension of the U.S. Ex-
clusive Economic Zone gave domestic
fishermen access to 20 percent of the
world's fish stocks. The United States,
however, remains a net importer ot'fish
and fisheries products. The reasons why
are many and complex, ranging from
rigid consumer preference t'or a limited
number of species le.g�shrimp and
white-flesh fishes! to overfishing, envi-
ronmenta I degradation, and pol lution,

Seafood technology can perhaps
satisfy some of the demand for more
desirable species through the process-
ing of unaccepfable species into ana-
log products  e.g., surimi shrimp and
crab!. Aquacu!tore can also add to
domestic production through intensive
cultivation of preferred species. Still,
the long-term outlook is that most fish-
ery products will continue to come
from capture fisheries. If it is true, as a
number of authorities claim, that The
world's fi sher ies are very c lose to be ing
harvested at maximum capacity, then
the prospect of reducing the fishery
trade deficit is not bright.

Recognizing this prohlem, Sea Grant
has encouraged cooperative and coor-
dinated research with state and f'ede ral
agencies aimed at restoring and en-
hancing heavily exploited s ocks.
Among these, salmonid fisheries were
targeted as having a high potential for

success. A ma!or Sea Grant effort was
initiated in 196ft to apply the funda-
mental scientific principles of ecology,
physiology, genetics, and epidemiol-
ogy tor The purpose of enhancing
salmon populations.

In the 1930's, darn construction in
the I'acific Northwest resulted in the
inunda t ion of spa wning grounds ot
many salmon populations. In an at-
ternpt to mitigate these losses, federal
and state governments developed a
network of salmon hatcheries c.osting
millions of dollars. The effort to reha-
bilitate salmon stocks never did reach
preconstruction levels of abundanr e.

During this same period, cornmer-
cia! stocks of salmonid fishes flake trout
and white tish! in the Great Lakes col-
lapsed, The cause is attributed to a
combination of spawning habitat loss,
pollution, overfishing, and the inva-
sion of the parasitic sea lamprey. With
fhe collapse ot the salmonid popula-
tions, there was a virtual population
explosion of two exotic pla nkt ivorou s
species, the rainbow smelt and, more
importantly, the alewife. In the early
1960's, after lamprey control methods
were developed, hatchery technology
was introduced into the region in an
attempt to reestablish the native lake
trout. Once again, millions of f deral
and state dollars were spent on this
mitigation eftort with little success.

Recognizing these two seemingly
unrelated yet similar problems, the Sea
Grant network embarked on a multi-
disciplinary research and advisory pro-

gram aimed at in< reasiiig the aburl-
dance ot the nation's salmonid re-
sources.

Hatcheries of the Pacific Northwest

Sea Grant's salmonid research be-
gan with a program to determine why
hatchery-producecl salmon were fail-
ing to relurn to their rivers ot origin in
tlie pacific Northwest. Early research
focused on testing the hypothesis that
hatchery-reared fish were unable to
detect their native river. Building on
studies that showed salmon use their
sense ot' smell to "home in" on their
natal streams, Sea Grant scientists iden-
tified the principles of rhr.mica! irn-
printing that could be used to artifi-
cially imprint the outmigrating hatr.h-
ery-raised juveniles. Artificial irnprint-
ing is presently used in hatcheries
throughout thc worM. However, irn-
printing alone did not Fully improve the
number of returns to the fishery.

In addinon to the studies on imprint-
ing a research program was begun on
hatchery production methods with par-
ticular emphasis on smolt production
 the life stage of salmon thaf transforms
it t'rom a t'reshwater into a saltwater

fish!. The research premise is that
healthy srnolts would have better than
average post-release su rv iva!rates. T his
was supported by observations of high
mortality rates among young fish intro-
duced to saltwater before the smolt
transformation had been completed.

Initial studies emphasized the de-
velopinent of better feeds, improved



n,itc ri tun liti, ancl diseasecontrol. later,
' '5ea i < Ii ii x u»etI iiii tnt prov i ng I;ruwth
ot hat< hi rv stoi-ks, < iintrolling repro-
<lti< ti<in, and  leterniinir>g the optimal
tinie to release juvenile fishes front the
hat< h e ri ex. These p in nec r in g studies
led to frindamental investigations on
fish genetics arid control of reproduc-
tion aiid srtiolitifi cation through hormo-
nal and environmental manipulation,
1he results of this Iong-term research
have been to increase the survival of
hatchery-reared fish. These develop-
ments also provided the foundations
tor cominercial salmon sea ranching
and salmon pen culture. The net effect
of Sea Grant activities has been a sub-
stantial increase in the availability of
Pacific salmon species, and the devel-
oprnent of a new salmon cu! ture indus-
try.

Fcology of Pacitic salmon
Cornplernenting the hatchery re-

search was research on the ecology of
salmon. Studies of seaward migrating
salmon showed that, for a number of
important salmon populations, smolts
took up residency in estuarine waters
f' or a few months betore moving out to
sea. Those fish that reside in estuarine
waters longer have higher survival rates,
These Sea Grant results were among
the first to identify the importance of
Pacit'ic Northwest estuaries as fish
nursery areas. Although it has long
been believed that survival of young
salmon depended on the occurrence of
nutrient upwelling derring their first
months at sea, Sea Grant researchers
were the first to test this hypothesis and
demonstrate that such a relationship
does not exist. What these investigators
did learn was that survival was highly
dependent on phenomena that take
place during the first two to three weeks
after young salmon reach saltwater.
Preliminary ev i dence suggests that pre-
dation at river mouths is the major
source of salmon mortality.

detailed analyses relating environ-
rnental data such as sea surface tem-

perature, prey ahiindan<c, and tish
health to salmon ahundaii< e Iiavr
enabled Sea Grant scientists to develi>l>
a nuniber of forecasting and manage-
ment models. Fisheries scientists now
use thrsr models to determine how
natural ocean fluxes influence the dis-
tribution, abundance, and rnovernents
of different sa Imon stocks and species.
These models are also used by re-
sources managers to prnlict the timing
of adult salmon runs and to identify the
most appropriate times and locations
for harvesting these resources,

fntroduction of salmon into the Great
Lakes

While salmon research was under-
way on the West Coast, fisheries biolo-
gists were initiating cooperative stud-
ies with state fishery agencies to intro-
duc.e Pacific salmon  coho and chi-
nook! into the Creat Lakes. Sea Crant's
research on Pacific salmon was trans-

ferred directly toSea Crant programs in
the G reat Lakes states. Further advances
in hatchery technology and salmon
physiology ultimately led to the pro-
duction of chinook and coho salmon
wel I suited to the Great Lakes environ-
ment.

The outcome of these introductions
was twofold. First, two highly desirable
salrnonids that were very acceptable
alternatives to depleted indigenous spe-
cies were established in Lake Michi-
gan. Second, salmon proved to be an
effective means ot controlling nuisance
alewife that had spread throughout  he
lakes.

Rather than encouraging the devel-
opment of commercial salmon fisher-
ies in the Great Lakes, Sea Grant worked
to develop high value-added recrea-
tional fisheries and organized exten-
sive advisory efforts with the private
sector, which resulted in a thriving
I ake Michigan recreation salmon fish-
ery, This success resulted in coopera-
tive programs to introduce salmon into
the other Creat Lakes. Again, very valu-
able recreation salmon fisheries were

estahlislii d in each of the Great Lakes.
ln Lake  !ntario, with no history of a
res rt ati inal fishing industry, Sea Grant
is < redited with developing a highly
sue< essful one. Today, the Great Lakes
are considered the most valuable rec-
reational fishing areas in thc world.
The value of the fishery is presently
estimated at approximately $2 billion
a nnua I I y.

As the Great Lakes salmon fisheries
grew, scientists concluded that the
foundation of these fisheries was the
alewife forage base, Since man can
stock almost any number of salmonids,
the limits of the fishery are determined
by availability oi forage stock. How-
ever, no method existed for estimating
stocking levels of salmon based on
their dynamic interaction with alewife
stocks.

Responding to this need, Sea Grant
fishery scientists developed a mathe-
matical model of predator-prey inter-
actions based on the teeding and en-
ergy requirements of the set ot' species
found in the lakes. The model is ca-
pable of estimating salmon dema nd on
forage populations. After development,
the model was widely transferred to
Great Lake fishery agencies who now
use it in determining annual stocking
rates, Versions of the Sea Grant model
have been adapted for use in many
areas of the country inc Iud ing the Pacific
Northwest and Alaska, It has also be-
come a valuable tool to fisheries biolo-
gists studying salmon ecology.

Information transfer
Although ocean and Great Lakes

salmon environments differ, many prob-
lerns are similar. Hatchery production
innovations developed in the Great
Lakes area are quickly adopted on the
coast and vice versa. Ecological hy-
potheses developed on the West Coast
are presently tested in the more con-
trolledd environment of the Great t.akes.

The flow of technical and scientific
information between the West Coast

 continued on page 44!





 ler> ur>strate riew n>ethods of harvest-

in>, six cies desirable for e> port. R third

area involves the introduction of im-

proved stc>rage methods to provide a

bette r qt>ality product for U.S. compa-

nies to export,

Sea Grant MAS involvement in help-

ing to increase thc export of fisheries

p roducts dates l>ack to the early 1 970's.

Thc University of California Sea Crant

Marine Advisory Service responded to

the reduction in the harvest and export

of abalone by helping to develop the

sea urchin fishery. Through a joint ef-

fort with the National Marine Fisheries

Service  fsIIVIFS!, the California pro-

gram held a series of' workshops to

bring together fishermen and proces-

sors with representatives of Japan Air-

lines to discuss exporting possilaililies.

Next, the program dove loped contacts

with Japanese exporters for the devel-

oping industry, and helped develop

technology for extracting, packag>ing,

and shipping high quality urchin roe.

By 1987, the value ot this expanding

export market had grown to more than

$2S million.

The ivlAS staft has also worked with

Santa Barbara, California, fish ermen to

develop the sea cucumber fishery as an

export product, MAS assistance pro-

vided lechnical information on life

histories and habitats of the sea cu-

cumber in order to identify productive

fishing areas and suggest optimum

levels of harvest for fishermen. Today,

markets in Japan and the Philippines

rnporl sea cucumbers harvested in

southern Ca lit'ornia waters.

In Rhode Island and New York, the

MAS f is he ries spec i a lists have educated

fishermen about the need to improve

on-hoard quality of locally harvested

tish products to gain acceptance in

t'oreign markets. A major focus of their

efforts has bean to inform fishermen of

vari ous on-board refrigeration systems

that will improve the quality of popular

export species such as squid and but-

terf'ish. They have also assisted fisher-

men in developing the capability to

begin exporting squid to foreign mar-

kets. A group of 25 fishermen in lvton-

tauk, New York, were brought together

through the efforts of the extension

service personnel and informerl of
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Exports of Fishery Products

various exporting opportunities and
potenti a I markets. They formed the first
fishermen's cooperative in the North-
east tor the purpose ot' developing ex-
ports. As a result of this 10-year effort,
several New England fishermen have
established joint venture operations
with the Japanese to export squid and
butterfish, The annual value of squid
and butterfish exports now fluctuates
around $20 million, up Irom nearly
zero a decade ago.

In New Jersey, Sea Grant extension
personnel have actively helped the
seafood industry in The state and region
develop export opportunities. Begin-
ning in March 1981, the New Jersey
Extension Service and NMFS hosted
the Japanese Fisheries Association and
the Japan Deep Sea Trawlers Associa-
tion at a fisheries workshop. Sixty-
three interested fishermen participated
in the workshop, which was designed
to show Atlantic Coast fishermen and
proce»ors gear, methods and proce-
dures for producing fish that would
meet Japanese requirements for quality
and appearance.

Following the March workshop, the
Sea Grant Extension Service hosted a

Japanesi. trade mission in Cape May
C<tunty, New Jersey, in August 1981.
The aim of the mission was to observe
U.S. processing facilities, mee  fisher-
rnen and proc.essors who would want
to develop overseas markets, and to
explain the Japanese efforts in test
marketing fishery produi.ts. The results
ot the test marketing program v'ould
then guide Japanese importers to the
further development of markets for LJ.S,
tish and tish products.

A major eftort that the New Jersey
Sea Grant Extension Service co-spon-
sored with NMFS and other New Jersey
~tate agencies, vvas a Mid-Atlantic Sea-
tood Export Conference in October
1982. The Conference attracted more
than 80 individuals from eight states
and the District of Columbia. The ob-
jectives of the conference were to
describe the basics ot' exporting  e.g.
t'inane ing, shipping!, review inarket po-
tentials te.g. available resources, over-
seas markets!, and provide an opportu-

nity for industry representat ives to meet
and discuss future marketing efforts.

New Jersey Sea Grant personnel have
also worked closely with the Nrw Jer-
sey Department of Commerce'.> Divi-
sion ot' International Trade to identify
contacts within the state's seafood in-
dustry. These contacts have been use-
ful as New Jersey officials travel to
international trade shows IFra net,
1984; England, 1985! to promote the
state's seafood products on the intema-
tional market.

The Virginia Sea Grant Marine
Advisory Program has been active in
supporting NMFS and regiona I Fishery
Development Foundations in promot-
ing the export of LI.S. fish and seafood
products, The advisory program has
also developed a progrant to assist
Virginia seafood producers in explor-
ingg the potentials of export markets. In
1978 and 1980, the advisory program
sponsored seafood export marketing
workshops for the Virginia Seafood
Council, These workshop~ have aided
Virginia seafood producers in estab-
lishing a targeted export marketing
progra m.

In 1980, the advisory program par-
ticipated in trade missions to Nigeria
and the Netherlands and coordinated
the shipment of seaf'ood samples from
Virginia to be exhibited at trade shows
in Japan and Holland. Advisory pro-
gram personnel also participated in the
USDA Cairo, Egypt, Food Show. MAS
coordinated the shipment of frozen
seafood samples and represented re-
gional interests at the show and during
visits vvith Egyptian government offi-
c ia ls and U.S. AID representat ives, M AS
also secured and coordinated shipment
of Virginia seafood products to addi-
tional shows in Holland, Saudi Arabia
and London. Severa I promis ing sales
leads were developed and continue to
be pursued by dealers.

A very successful export program
that was initiated through the assis-
tance of the tvlAS staff in Virginia ini-
tially beg~n five years ago. With sup-
port of the Gulf and South Atlantic
Fisheries Development Foundations,
MAS personnel introduced, Ior the first
time, soft shell blue crabs in the Japa-
nese market. Two soft-shell crab sup-
pliers from Virginia sold approx itnately
30,000 dozen crabs to the Japanese
market in 1984. Original marketing
information indicated that it was rea-

s<ii«ib'e to assuiiie!hat hi.t.0 > ! dozen
soft-sh» II i iahs i ould be supplircl to
thc Japanc s< Irom the   hesapi',ike Bay
regiiin within twt! to three years, but
export~ ir T 1987 exc. ceded 80,000 dozen
and are limited only by the supply of
the~e crabs

In 1984, a Sea Crant IvIAS agent
walking the docks in fvtontauk, New
York, real iz  d there were growing num-
hers of large sport-caught tuna being
landed, but wastet'ully discarded. A
concerted effort to educate sport fisher-
men and charteroperatorsabout proper
handling of these large tish for poten-
tial sale and export to The Japanese
sashimi markeT ensued. By 1987, an
estimated $4 million was being re-
turned to recreational fishing interests
in the U.S. by Japanese fresh tuna buyers.
who now regularly ply the major rec-
reational tuna centers along the East
Coast.

Conclusion

The Sea Grant Marine Advisory Ser-
vice supports and aids exporting op-
portunities for the United States sea-
food industry in a variety of ways.
Many of the potential economic irn-
pacts of expansion of foreign markets
have yet to he realized. Meanwhile,
new foreign markets will continue to
be identified and improvements in
quality will continue to be made
through Sea Grant research and devel-
opment efforts so that economic. bene-
fits can grow. In addi tion, Sea Grant
research and development in aquacul-
ture and underutilized species devel-
opment has and will continue to cut
demand for foreign products in the
United States.

While the emphasis here is on rnar-
keting, a traditional MAS function, this
is just part of' a major coherent Sc.a
Grant program of research and devel-
oprnent. For example, the urchin roe
markets could not have been devel-
oped without Sea Grant-sponsored
research onurchin biology and stocks,
nor could the soft-shell crab iridus ry
have become such a success without
pioneering Sea Grant research on crab
biology and recirculating systems for
~bedding operations. While the deficit
in fishery product exports continues to
grow, it would be considerably worse
without the cohesive, combined ef-
forts ot the National Sea Grant College
Program. � Bernarcf L. Griswofd
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t,iiice,it the rriolecular level will ad-
vance the understinding of resistanre
nie< hantsnts and provide new ap-
pr<>acties to coittro! of disease in both
plints and animals.

Conclusion

Academic, governmental and in-
dustria I sc i en ti sts and a dmin i st rators in
several countries, especially Japan, are
taking interest in and actions to support
development of ma rine biotec hnology
Most aggressively, Japan will invest
more than $200 mi I lion during the next
10 years to develop a full-scale insti-
tute of marine hiotechnology, About
$SO million has been allocated for the
institute's construction in the second
half of t'iscal year 198g. The U.S.S.R.
has also recently launched a major
effort in research on marine natural

products. Although the N,itional Canc-
err Institute has increased s<gnifi< aiitly
its focus on marine soul'«s o'I ill't<-
can<.er substance~ during the past tvv<t
years and the Office of Nava I Rt search
has increased its support for certain
kinds ol biotechnological research, no
broad effort in marine biotec hriologi-
ca1 research has emr rged in the
U,S. However, interest continues to
increase for a number of reasons, among
them-

e the promising results of invc strnent
in such research so far,

~ the relatively unexplored state of
marine organisms and their chemi-
cal and biological capabilities and
processes,

the greater phylogenetic and spe-
cies diversity of marine organisms
as compared to terrestrial organ-
i srns,

~ recent progress in DNA technology
that shows how to exploit the bio-

< herriical < apabilities of organisnis
quick! v and efficiently,

~ the <>I!portunity to conduct research
thit is directly relevant both to
commerce and to advancing our
knowledge of fundamental proc-
esses in marine science,

~ the need to reduce the dependence
ot the cheniical industry on petro-
Ieurn, and

~ the need to enhance the Nation's
potential tor economic competi-
tiveness in internationa I markets.

lt is clear from Sea Grant's at first
tentative and then more deliberate ef-

fort in marine biotechno logical research
over the past few years that scientifi-
r.ally rewarding research can play an
essential role in laying the basis for
commercial development. However,
many additional areas of research
bearing on long-term development of
marine biotechnology need to be ad-
dressed. � David H, Attaway

Parasitic Diseases

 Continued from page 331
into diseased waters. This is a multidi s-

ciplinary program drawing upon ge-
netics, hydrodynamics, and maricul-
ture. Geneticists areevaluatingthe heri-
tability ot MSX resistance and estimat-
ing the consequences of the interaction
between resistant and nonresistant
stocks inhabiting the same body of
water. Hydrodynamic models are being
used to locate the most appropriate
sites for stocking resistant oysters to
insure that their larvae settle in desired
locale~. Aquaculture activities aim to
provide substantia'! numbers of brood
stock to counteract the "swamping"
effect of unresistant stoc:ks  i.e., the un-
resistant population is capable of pro-
ducing so many larvae that these could,
if not corrected, out-compete larvae of
resistant species t'or space or as foodt.
Studies on physiological condition and
immunology, described above, pro-
vide essential information required to
culture with MSX resistance. This is an
ongoing, high risk effort with the po-
tential for providing the means of re-
storing the Nation's historically impor-
tant shellfish growing areas.

Sea Grant is also pursuing addi-
tional research in the culture of oysters
aimed at overcoming parasitic disease,
projects are under way to develop
transgenic  genetically manipulated!
shellfish that possess increased immu-
nities to disease. Through this type of

research, Sea Grant envisions the de-
velopment, in the laboratory, of geneti-
cally immune oysters and clams. Fur-
therrnore, Sea Grant scientists are eva lu-
ating non-indigenous shellfish species
with respect to their disease resistance
and their ability to survive and grow in
areas heavily affected by MSX and
dermo. Risk analyses are constantly
performed to insure that these exotic
species are environmentally cornpat-
ible.

Information distribution

The magnitude of the. MSX and
dermo problems both in infected and
adjacent waters has such important
economic and social implications that
any new information on these diseases
must be distributed very quickly. This
is achieved through Sea Grant's Ma-
rine Advisor y Serv ice programs that
hold workshops, and produce and dis-
tribute newsletters and brochures. Corn-
rnunication among scientists is tacili-
tated hy Sea Grant-sponsored sympo-
sia and technical reports. Wider distri-
bution of scientific information uses
the traditional techniques of publica-
tion in the refereed literature and pres-
entationss at professional societies.

Conclusion

The advent of parasitic diseases in
shellfish has resulted in the destruction
of wild and cultured fisheries world-
wide. Sirice the early 19$0's, many of
the nation's most productive oyster

growing areas have suffered severe
losses in production of native species.
Recognizing this critically important
problem, Sea Crant, building on exist-
ing eftorts, embarked on an i nnovative
program to a I lev iate the consequences
of shellfish diseases. Sea Grant research
on parasite life cycles, though incon-
clusive, did demonstrate, for the first
time, that parasitic disease could be
transmittedby parasitic snails. Research
activities are producing fundamental
understandingof shellfish immunology
and its relationship to physiological
condition of susceptible animals.

Through Sea Grant's leadership,
diagnostic tests have been developed
which enable rapid detection of dermo
and lvtSX, thus saving growers millions
of dollars in lost harvests. Sea Grant
expects to continue its research pro-
grams on introducing and evaluating
disease-resistant oysters and c! am s into
shellfish-producing waters. fhis re-
search will focu~ on the development,
through modern genetic manipulation,
of immune oysters and r lams and the
identification of environmental I y com-
patiblele exotic species tolerant of niajor
parasites. Addition a I Sea Grant research
will seek to develop, through biotech-
nology, rapid growing shellfish that
can be harvested before diseases take
their tol I, Such research holds the prorn-
ise of the eventual restoration of the
nation's shellfish stocks to their histori-
cal levels of productivity.
� eugene S. Fritz and james P. fvtr Key
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and Great Lakes states is facilitated by
the Sea Grant communications net-
work, Research findings are typically
published in the refereed literature or
as Sea Grant technical reports. The
communications network targets indi-
vidual Sea Grant programs that have
interests in salmon research, whereas

the individual program managers iden-
tify interested scientists and advisory
agents in their respective programs. In
this way, users are appraised of infor-
mation in a t'raction of the time it takes
using traditional literature review tech-
niques.

Sea Grant extension agents and sci-
entists promote the distribution of re-
search results through well-developed
channels of communication between
the Sea Grant programs and the user
community. This dialog also provides a
means of bringing the problems and
opportunities confronting the users of
the research to university scientists.

Conclusion

Sea Grant was called upon to help
restore salmonid fisheries reduced by
man's activities. In the Pacific North-
west, Sea Grant developed technology
to improve the survivability ofhatchery

international Trade

 Continued from page St
decision to cover higher animals. The
University of Washington, on behalf of
the Sea Grant program, applied for a
patent in 1984 on the process that
producesthe triploid oysters Theappli-
cation became a national test case.
Two important questions were raised,
First, under current law, could higher
animals be patented; and second,
wherher the triploid oyster and the Sea
Grant process for producing it could
win protection.

The U.S. Patent Office, ruling on the
oyster patent app lie at ion in April 1987,
established in principle the right to
patent higher form anima Is. However,
it denied a patent in this case because
the resulting animal was judged not
sufficiently different from a variety
found, though very rarely, in nature.
Ihe principle that patents could be
awarded to protect an investment in
ge net i c:ally-a lte red animal forms, ho w-
44 � Sea i rant

produced salmon andbegan to identify
the factors influencing survival at sea.
The Sea Grant research and advisory
programs ultimately resulted in the
development of cornrnercial salmon
ocean ranching and pen culture as wel I
as the development of better scientific
forecasting techniques for fisheries
managers. Together, these deveiop-
rnents res.ul ted in a substantial increase
in the abundance ot Pacific salmon
available for the marketplace. In the
Great Lakes, Sea Grant research led to
the introduction of salmon species more
suitable than the native species that
were greatly reduced and not respond-
ing to rehabilitation programs. The
introduction of salmon to the Great
Lakes led to the development of a rec-
reational fishing industry that is bring-
ing ernployrnent and income to some
of the more economically depressed
areas of the nation,

ever, is a crucial step in establishing
the growth of commercial aquacul-
ture. Property rights to genetically-al-
tered fish will induce greater private
sector research investment by enabling
commercial firms to secure a proper
share of the economic benefits that
accrue to their discoveries.

Conclusion
The Sea Grant College network

functions by directing the intellectual
talent of the nation's universities to
focus on the goal of marine resource
development, The creativity inherent
in the Sea Grant paradigm flows from
two tenaciously held premises:
~ First, technological innovation is a

complex, highly uncertain process
where progress comes most surely
from the intellectual stimulation of
confronting marine economic
opportunities and societal problems
with know ledge from across the
ma ny sc ient if ic disc ip lines,

~ Second, scientific knowledge

Sea Grant's leadership resulted in
the development ot new technological
innovations and methodologies used
widely in the United States and through-
out the world. In addition, Sea Grant
trained numerous young scientists,
spurred entrepreneurial development
of commercial salmon ventures, and
filled the scientific literature with ex-
ceptionally high quality research break-
throughs. Sea Grant's substantial effort
and success in salmon research contin-
ues today with scientists developing
techniques for predicting annual and
long-term abundance, determining the
salmon-carrying capacity of water
bodies, and searching for effective rnan-
agernen  techniques that more explic-
itly account for the im porta nce of ph ysi-
cal ocean parameters in controlling the
variability of salmon abundance,

� Eugene S. Fritz

ac hieves its fullest measure of value
when it is adopted by entrepre-
neurs in commercial enterprise and
when it is rigidly held to the pur-
pose oi securing for the nation the
benefit of its marine resources.

Sea Grant has amply demonstrated
that developments achieved on the
campuses can be brought to life in the
marketplace. Economist Robert Solow,
awarded the Nobel Prize in 1987 for
his study of technology's contribution
to economic growth, makes a related
judgment for all industry sectors: the
solution to improved technology in
America is more interaction between
academia and business. In the more
than 25 studies on competitiveness
produced since 1980 by private and
public sector entities, some version of
this theme can be gleaned in most,
although maybe pronounced less de-
finitively.

If the national will is committed, Sea
Grant can show the way.

� Francis Jvl, Schufer
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sistant who can carry out fairly curn-
plex tasks if given explicit directions.
The vehicle's computer system carries
instructions for a variety of tasks such
as picking up an object or tightening a
boh, but the vehicle operator must
assess progress, as displayed through
the sensors, and periodically adjusts
the instructions to the vehicle. The
issues of how often and what kinds of
communications are most effective or
most required are at the heart of super-
visorycontrol research. Equa ly impor-
tant is the computer system which
guides the ROV. It must be able to do
some sensing of the environment and
be able to learn, The offshore industry
has now adopted this concept for use in
ROVs, but, since the tasks these ve-
hicless are able to perform ar e still rela-
tively elementary, refinement through
further research is still necessary.

Another direction for this early re-
search was the study of the dynamics of
tethers. A remotely operated vehicle
may operate many hundreds of feet
away from the mother ship, and the
tether is subjected to forces due to the
motion of the surface vessel caused by
waves and to the ocean currents to
which it is exposed. These forces must
be accurately understood because the
vehicle computers or the supervising
operator must be able to compensate
for them in such a way that the mission
can be executed efficiently, and disas-
ters such as the snagging of the tether
on an obstacle can be avoided, Also,
since it is not possible for a freely
floating ve hie le to accomplish mecha ni-
cal work like tightening a bolt, tethers
can be used intentionally as a means of
anchoring. The procedures for accom-
plishing suc h tasks are not obvious a nd
need considerable analysis.

A third direction for ROV-related
research has been the development of
technologies for accorn pl i shing the vari-
ous repair tasks that are considered
routine on land, As an example, in the
case of welding, the task is compli-
cated not only by the remote manipu-
lation itself, but also by the rapid
quenching effects of the cold seawater,
An early development by MIT resea rch-
ers was an underwater stud welder that
has attracted the attention of U.S. Navy
repa ir professionals, Adaptations of this

design are now being r.onsidered for
ROVs.

Atrtorromous vehicles  AVS!
The elimination of the tether frees

the submersible from drag and from the
danger of entanglement, but since there
is no longer a direct electronic connec-
tion, the ability to communicate is se-
verely curtailed. The requirement for
the vehicle to carry its own power
source is also a formidable restriction.
With regard to communication, elec-
tromagnetic waves have not proved to
be a feasible technology. Acoustic corn-
munication seems to be Ihe best possi-
bility, but high data rates require high
si gnal frequencies. Unfortunately, high
frequencies are attenuated rapidly in
the ocean. At low frequencies, sound
propagation is very good, but multiple
echoes corrupt the signals, and data
rates are low.

Sea Crant researchers at MIT have
designed an underwater acoustic te-
lemetry system which operates in two
directions, so that the submersible can
send data to the mother ship, and the
mother s hip can send comma nds to the
submersible. The system is reliable for
distances of one to ten kilometers, and
is resistant to potential errors intro-
duced through the sonic reverbera-
tions found in shallow nearshore envi-
ronments. Spread spectrum, frequency
hopping techniques are incorporated
to obtain data rates up to a few kilobits
per second. This technology is now be-
ing adapted by at least one of the major
undersea instrument manufacturers.

Generally however, AV system de-
sign assumes that there is little or no
communication between the system
and the operator. Prior to starting the
rni ss ion, the operator instructs the vehi-
cle about the task, and the vehicle is
expected to carry it out without further
assistance. The concepts of Artificial
Intelligence  Al! are central to the de-
sign. At the University of Washington,
for example, an AV has been devel-
oped that travels under polar ice caps,
assesses information about fish and
other forms of life, and returns to its
mother ship. It does so while avoiding
the pack ice formations a nd tak ing into
account thecurrents itencounterswhile
underway.

Anotherdcvelopment by the acous-
tics group at MIT, working with scien-
tists at the Woods Hole Oceanographic
Institution IWHOI!, is a technology for
using acoustic signals to "map" the
local environment of the vehicle, and
simultaneously for the ve hie le to locate
itself within this environment, thus
providing the means to navigate from
one point to a nother. Many of theexper-
iments to date have been simulations,
but acoustic images of the lvfonitor in
its watery grave off the North Carolina
coast have shown the power of the
technique.

The earlier studies at UNH, rnen-
tioned above, attracted the interest of
the Defense Advanced Research Proj-
ects Agency  DARPA!. This agency has
provided funding to the university for
the development of two experimental
A Vs with excellent maneuverability but
limited depth capability. These are effi-
cient platforms for testing early con-
cepts such as multi-vehicle coopera-
tion and communication.

In a related study, Sea Crant, with
Navy support, examined the limita-
tions of present technology with regard
to long range operation of AVs. Three
groups were involved: a team corn-
posed of investigators at MIT and
WHOI; a similar team made up of in-
vestigators from Florida Atlantic Uni-
versity  FAU!, Carnegie-Mellon Uni-
versity  CMU!, Perry Offshore, inc�
and Harbor Branch Foundation; and a
third group from Texas ARM Univer-
sity  TAMU! and Shenandoah Systems
Company  SSC!. This study showed
that present technology is adequate for
the tong-range navigation problem and
for the performance of simple tasks.
 Power storage, however, is one of the
serious limitations to long-range op-
eration.! The TAMU-SSC group is now
developing the AI software and control
electronics, which will be installed on
a research submarine for a dernonstra-
tion of the AV concept.

Successful collaboration spawns
other activities, and it is not possi 6!e to
list all the "spinoffs" in a brief report. As
one recent example, the H.A, Perry
Foundation is now sponsoring a hu-
man-powered underwater vehicle
contest in cooperation with faculty at

 continued on next page!



nology transfer and to help universities
to understand the technology prob-
lerns facing industry. Student gradu-
ates are much in demand, and industry
has provi ded several of the universi ties
with grants for student support.

Conclusion

Encouraging domestic commercial
innovationsthrough carefully designed
Iong-range research and accornpany-
ing technology transfer is a direct ob-
jective of the National Sea Grant Col-
lege Program. I ong-range research can
be productively carried out as a part-
nership among government, academia,
and industry. Industry provides infor-
mation concerning long-term probl e ms

lcontinued from page 22!

Illustration Credits

Georgia 5ea Grant College Program,
page. 2

Maryland 5ea Grant College Program,
pages 7, 8, 31,

Michigan 5ea Grant College Program, '
pages 34, 35

Massachusetrs Institute ol Technology I
Sea Grant College Program, pages
18, 36

Oregon sr.a Grant r.ollege Program, page
40

Texas sea C rant College Program, pages
14, 17, 20, 30, 32,

Washington sea r rant College Program, '
pages 4, 10, 11, 13, 28,

46 � Sea Grant

Sea Grant will continue

to focus on the needs of

U.S. ocean industry

FAU. The purpose is to inspire innova-
tive designs of vehicles in recognition
of the fact that most research on sub-
rnarines has concentrated on the needs
of the military  high speed, low noise,
etc,!, The knowledge needecl for the
relatively slow speed maneuvering of
ROVs is quite a different matter.

This kind of research is not esoteric.
It requires cooperation among engi-
neering faculty specialists, and it there-
fore provides a truly interdisciplinary
education f'o r the students who are
associated with it. In recognition of this
area's vita I ity and irnportanc e, industry
has periodically sent their own engi-
neers to work with Sea Grant research-
ers. The objective is to accelerate tec h-

facturers have itnproved design and performance of their nets, and �! fish-

ermen in Alaska joint-venture operations have used results of the tests to

stabilize their catch rates and maintain consistent landings.

Condusion

Sea Grant is filling a national void in the area of fishing gear technology,

There are no other programs currently supporting the industry in gear tech-
f

nology since the National Marine Fisheries Service severely cut back its ac-
tivities a decade ago. The U.S. industry, facing unprecedented hi-tech
competition from numerous subsidized foreign countries, is in no position to
underwrite the research and development efforts needed to verify the tech-

nical and economic viability of new methods. By teaching fisher.nen new

applications and giving them an understanding of gear behavior in changing
conditions, Sea Grant Marine Advisory Service programs can help fishermen

help themselves. Sea Grant maximizes their potentia I to compete in interna-

tional markets yet respond to vagaries of biological populations and neces-
sities of appropriate management strategies. � Hernard L. Crisrvold

reit vant tn international competitive-
ness; Sea  'rant researc.h programs are
then p I armed, taking into account these
needs. rhrnugh advi sory service/tech-
nology transfer programs, industry is
encouraged to adapt the fruits of the
research into its product improvement.

Manpower development and im-
proved technology are never ending
demands of a healthy economy, Sea
Grant will continue to focus on the
needs of U.S. ocean industry. The
continuing objectives of Sea Grant
research in the specific area of under-
water work vehicle technology are:  l !
designing appropriate missions for
"single purpose" vehicles to take ad-
vantage of the best of current technol-
ogy and to fit within current limita-
tions, �! extending present power and
communication limits, �! developing
advanced artificial intelligence con-
cepts to expand the ability to learn from
the environment and to better control
the vehicle, and �! learning ways to
accomplish progressively more corn-
plex mechanical work functions

� Richard C. Kolf
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