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Further information:

Dr. Robert W. Corell, Chairman
National Sea Grant Task Force

University of New Hampshire
Durham, NH 03824
�03! 862-2994

Dr. James L Jones, President 1984-85
Sea Grant Association
Gulf Coast Research Laboratory
Ocean Springs, MS 39564
�01! 875-9341

Dr, William L. Rickards, President 1985-86
Sea Grant Association
University of Virgirua
Charlottesville, VA 22903
 804! 924-5965

Dr, John Kermond, Assistant Director
Governmental Relations
National Association of State Universities

and Land-Grant Colleges
One Dupont Circle NW, Suite 710
Washington, DC 20036
�02! 293-7120

Or contact the nearest Sea Grant program.
For a list of Sea Grant programs, please see
section 1 of this book.
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Section 1. A. National Capability
A range of important issues confronting the U.S. marine sector and a geo-
graphic listing of academic and non-profit institutions that conduct or ac-
tively participate in the work of the National Sea Crant College Program.



SEA GRANT: A NATIONAL CAPABILITY

The National Sea Grant College Program is a national, grassroots-based ca-
pability which is essential to the future of U.S. marine resources. Sea Grant
is dedicated to the national goal of promoting the understanding, develop-
ment, utilization, and conservation of ocean and coastal resources through
university-based research, education, and advisory services.

Sea Grant Works

~ The National Sea Grant College Program is a successfuJ investment in
the marine sector of the national economy. This investment has produced
new ideas, economic benefits and skilled personnel,
~ The National Sea Grant College Program has been studied and evalu-
ated repeatedly. Congressional and other external evaluations have de-
clared that the program is carrying out the intent of Congress, The pro-
gram has been cited many times by Congressional committees as one of the
most efficient, cost-effective programs of the federal government.
~ The National Sea Grant College Program has become a model for uni-
versity/private sector/government partnership on critical resource develop-
ment opportunities and problems. Its broad-based, multidisciplinary, qual-
ity research-which emphasizes societal and industrial needs � makes the
program a model which should be fostered and extended to other areas
where there are national development needs.
~ Sea Grant is the primary national university-based marine resource pro-
gram. It is the only federal ocean program which couples research and the
transfer of results to marine sector users.

Sea Grant Is Essential
To National Ocean Policy
~ New opportunities and demands for sustained Sea Grant effort are
growing out of priority national policy areas such as the Exclusive Eco-
nornic Zone, outer continental shelf resource development, and Great
Lakes and ocean water quality questions, as well as from rapid scientific
advances in such areas as genetic engineering and undersea technology.
~ The country needs a stable and adequate base of support for the tunda-
rnental, lung-term, high-risk Sea Grant research that is the basis for scien-
tific advance in support of economic development, Continuity ut support is
also vital to sustain Sea Grant's educational and public service mission.

Marine biotechnology, estuarine processes, fisheries recruitment and
variability, waste assimiliation, and ocean technology have been cited re-
peatedly as areas fundamental tu marine sector advancement and to sound
environmental management. The Sea Grant network's proven capabilities
for enlisting the talent of the universities-the main source of scientific ex-
pertise in our society � make it uniquely qualified to undertake these irnpor-
tant new initiatives.

The following sections of this book describe the unique capabilities and
achievements of this national program.



THE NATIONAL
SEA GRANT NETWORK

Thirty Sea C rant colleges and in-
stitutions comprise the core of the
National Sea Grant College Vro-
grarn. A unique Sea Grant cre-
ation, these programs i unction as
the primary planning, goal-set-
ting, management and accounta-
bility units of the natio nal pro-
gram, and they are the main
source of continuity and long-term
commitment to the pui poses of
the National Sea Grant College
Program Act.
In 1982, the National Sea Grant
Task Force surve> ed the core Sea
Grant institutions, asking fora list
of other educational in: titutions 4
participating rn local programs
since 1976, A "particip int" was
defined as   I ! an adrnir istratively +
separate campus or svs tern level
erititv and �! a recipierit nf Sea
Grant funds and,'ur a re quired sig-
naturv t'ur a Sea Grant institutional
proposal,
The Task Force also «hi eked the
annual listing ot prolec:s prepared
by the National Sea Grant College
Program Oft'ice, It shoe ld he
noted, liowever, that t»is list dues
not show subcontractai s or partici-
pan ts in multi-in s titutiuna I proj ects.

Over the years, the nat anal office
has a warded a number of gra n ts
for individu il projects, separate
fram the cure institutiu:~al pro-
grams. Records uf thesi grants
were checked for additional partic-
ipants.

The survey results, which follow,
show that more than three hun-
dred institutions have participated
actively in the program since the
enactment of the Sea Grant Im-
provement Act of 1976:

254 institutions of post-
seconda ry education

27 elementary and secondary
schools or school systems

26 nonprofit insti tution s wi th
marine-related educa tional
and research missions

These institutions are located in 39
states  all 30 coastal states and 9 in-
land states!, the District of Colurn-

bia, Puerto Rica, and Guam, The
list dues not include federal labo-
ratories or agencies, state agencies
other than those with special ma-
rine research and education func-
tions, cooperative private sector
enterprises, other cooperating
groups that do not receive funds,
or foreign universities,
Since the 1982 survey, a few addi-
tions and deletions have bee n
made in this section to refie>ct

known changes, but the map and
list following are basically derived
from data developed in 1982,



PARTICIPATING INSTITUTIONS

Vniversitv of ArizonaARIZONA

ARKANSAS

CALIFORNIA

V»iversih of Arkansas

COLORADO

CONNECTICUT
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ALABAMA

Dr. Jairies l. tones, Direct» '
1 rfrssrssrppr-Alaf>an>a Sea C ra>it

Co> isorti nni
Cay!or Brrilriirrg
Grrlf Coast Rcscarcir Lal orrr for y
Ocearr Springs, MS 39564
�01! 875-9341

ALASKA

Hr. Do!raid H, Rose>rl>er<!, Director
Alaska Sea Grnnf College P rograr>r
Uiiit!ersity of Alaska
590 U!rivers>fr  Ar!eiiiie, S»ite10'
Fairba!rks, AK 99701
 907! 474-708<>

Dr. Jaiiies J. Srrlir'rs»r, Pr !< rain AI rrra !er
Cafrforrri r Sea Grn»f Co/!<  'Pr Igra»r
l lni nersi t rl of C ali lor i> in. 5  !i Die !i!,

A-032
br /olla, CA 92093
�19! 452-4440

Dr. Rof! rt Fr!<'rf!r<'ii!!, Dir« f<>r
USC S ' r Grriiif P!'ogr'rir!r
liisrifrrtei >r hrtarr!r  «ial   < asfal !trr<lres
Urriner!rl' !r of S !rrtir 'r!r Cnl tonrr i
Urrit < r. it   P«rk
Los Airgeies, CA 9 ti!tf9.03 fl
�13! 743-t>0<!8

Dr, 3'! t !r E S<uiir »r, Drr <t ii
Cur»r<' 't!  Iii S '!r Gr«!rf
I i!ir»<'rs! ty  !l   <»r!i<'   i '!! r

!il Ai' 'i'lr P!'r!ir
 !! !f »!. c 1 f! !.34i!

!! !! 44 ! . !Jf!s

Auburn University
Marine Environmental Sciences Consortium
Talladega College
Tuskegee Institute
University of Alabama
University of Alabama in Birmingham
University of South Alabama

Kodiak Commur>rt  College
Sheldon Jackson C !liege
University of Alask,i, Anchorage
Universitv of Alask i, t »operative Extens<o» Service
University of Alaska, F iirbanks
University of Alaska, Juneau

California Academ  ot Sci<.nces
California l»stitute ot 'l'echnologv
California State Pol vt»chnic University, Pomona
Calil'ornia State Umv»rsitv, Long Beach
Calilornia State Univ»rsitv, Northridge
Humboldt Stat» University
Moss Landing fvlann» Laboratories
San Diego State University
San Francisco State L'niv»rsitv
San Jose State U»iversitv
Scripps lnstit rtion ot Oc»anography
Southern California L oastalWat»r R«s<'arch Projects
Southerii California pc»an Studies Coi>sortium
Stanford Universitv
University of !L'afifornia, Berk»lev
Univ ers i ty of C >I i for>!in. D i v i s
Univ»rsitv of Calif<iriiia, lrv»i»
Univ»rsity <il Califoriii<i, Los Ang»l»s
Universitv of Ca!ifoniia, Riverside
U»iversitv ot C<ififorn a, San Diego
University of California, Saiita Barb<ir,r
University ot California, Sant i Cruz
Universitv of San Diego
Ul'liv<.1'sl'tv  lf >o itli . r'r   C<ll'If !>or<1
Universitv of th» Pacific

Colorado Stat<! Ulllver'sitv
Americ<ii! C <i»  'r R< s  arch C»»ter a»d Hospital

L Iliversity of Coll» 'cticut
'vV»stern Con»»ctici t State C ill»g»
Yale U»iv rsifi



University of Delaware

GEORGIA

UniVerSity Ot GirarEEGUAM

HA WAI [

Uni verSity Ol ld,rh<7lDAHO

I L L 1 NOI 9
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DELAWARE

Dr, Caro!trit A. Jfrororrt Irgoo<L Director
Unit ersi fit of Delaniare Sea Grairt College

P rogra ir I
Roiiirrsorr Hall
Urri 3 ersi tv of Delatoar»
I<lnryrrk, DE 19." I 6
f302�5i-S062

DISTRICT OF COLU MBIA

tEIatirrrtaf S»a Gr<1 iit COllege
Pr»rfrrrrrt Offj»<'

6010Frr< irtio» B<i«l< irr rf
Ro»kr'ill», Iyl D 20852
f3f!I! 443-8923

FLORIDA

Dr. janr»S C. Cate, Dire»trir
FIOrr<fa Si'a Gf'iiiit C<illei e Prtigraar
BI<i i<I trig 803
Uiltrvr stilt! ci! blurt<lit
Gaiire»r III<, EL 326H
39M ! 392-587f!

Dr. Etfrerti<I Clri it, Diri'< t»r
G»<>rgi<7 S«.1 C mitt C<ill< qe Pr<EE<rarrr
Llrr Iei'r»If I/ Of  <e trgr<7
Fcol<igr! f37< tlilrirg
.4tli 'ir».   A 3 �02
f404,< 5-12-, f771

Dr. /ar k R. Ltar<I<f»»<7, Drr»»t<tr
S»a  <ra«t   <III»q'<' PI'� 'I t1lii
UII!r'<'r»it<I iif H<ilr<Y1«
Mtii .'lI<.' !<. I<.'lr»<' Blitt<frit",, R <»III 220
f00 ! I'ii�» Riiri<f
Hoii<ilrrlii, l II <96822
ft�8! ~48- f�I

Dr R<il« I! I »!a»< tlr  »<it<It»or<<I
IIII»i ~«!it, it<1 7«7 . c'<I I <iiilrf I '<77'~ I'<1III
Lli! I i '<'I <I! lt c <I flit I!<Iti
li<>c>tir Ef! 3, Hrtfr H<il'
I Ef!r< S<itrt!t I <irirt!t »tr<
  It<litt�<iiv'I,', IL»lB '!I
  2 I, ! .3,3.3 i 824

AmeriCan  .eoplEV»iCal Union
National Associatirin for equal

Opportunity in Higher Educatioii
National Fisheries institute

Florida Atlantic   ' tits ersitv
Florrd<E institute of Techrlologv
Florida intern,itioii,il Universitv
Florida J unior Ciil loge
Florida Kevs Coinniunitv College
Florida State UniversitE
Harhor 13r<EnclE Foundatiiin
Mote Marine Lahoratory
Nova Universitv
St. Petersburg ju<Ei<» College
University of CeiEtral Florida
University of I.lorida
University o t Mia mi
University of North Florida
Uillversity of Soiitli 1"lorid,i
UIEIver'ii'tv <if Vi est l 11'ifrd<E

Ceorgi<E institute rit Technology
Georgia Southern  :r>!tege
lylorehouse Medic<EI College
SkidawaV lnStitute <it Oee»IEOgraplEE
Universitv of Georgia

Uilivei'Sl'tV ot H<E WcE11 at Hik!
Universitv of H<Evvaii, H inolulu Community College
University ot'Harv,iii, Kauai Communitv College
Universi'VHaEvaii. LeeEE ard  "ommunitv College
Uiliyer»ity Of Ha W,Eii, M<EEEEEa
University ot Hawaii, Maui Communit> College
University ol' HaEvaii, windward   ommunity College

Univ ersity of llhn<7<s at Urhiii 1-C'hE»Ep<Eign



Indiana University
Purdue University

Iowa State UniversityIOWA

MARYLAND

MASSACHUSETTS

Dr, Dn<i</.L R<iss
Seri Gf<lilt Coor<lrnat<<r
IV<i<ids H<i/<  !cerrrr<igrn/r rri <

liistrtirtroii
W'o<i<ls Ho!<, MA 02543
�/."! 548- /4 / /.v2398
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INDIANA

Dr. Robert Espeseth, C<ordinntor
ft/inoistlrrdinna Sea Graitt Progrant
Ltnit<ersity of llli iiois
Room 203, Huff Hal/
1206 South Fourth Stre<'t
C/rampargrr, /L 61820
�17! 333-1824

LOUISIANA

Dr. Jack R. Van Lopick, Director
Loriisiaiia Sea Grant Co 'lege Prot mr<i
Cent< r for IVettarrd Res< urces
Louis<<iIi<1 Strite Llilrr<ersitl/
Bntorr R<iri< e, LA 70803
�04! 388-6345

MAINE

Mr. Rnirn/8 K. Drnr/«irrr,
Erect<true Drrect<rr

USE Seri Grn»t Co/leg< Progrnrrr
Lhiir er. it</ <iflvlnirre
14 Cobrini Hnll
Oroiio. ly/ F 04469
�07! 581-1436

t<r/r. Ri<hnnt inrriinii
Ex«rrtioe Director

t<rtnrrrtrrrr<f Sen Grant Cn /eye Pr<rg~rn»r
H. J. Pntt< rsoii Hal/. Rooin 1222
Lhrrr<ersitit nf Mnrvlnii</
Co//e</e Pn rk, /<<r/ D 20<74. '
�01! 454-5690

Dr. C/in/ssos/oui<is Chr ress<i! t<iiiridL.
Seri Grrrrrt Cot/e< e Pnrgr rni
Mns:<a</Iris<'tts lirstltirfi .ij T<'ctl <1<it<!8<t
f/rri/rtrrr<; L38, Ro<»ii $0.
7. Mr<sere/tris<'tts Ai'r'Ili e
  rrrrr/rrr<'/<<<', lv/A t/ /39
�1. ! 253-. 041

Hebert Law Center
Louisiana State University Agricultural Center
Louisiana State University, Baton Rouge
Nicholls State University
Northeastern State Universitv
Southern University, Baton Rouge
Terrebonne Parish School Board
University of New Orleans
University of Southwestern Louisiana

Bigelow Laboratory for Ocean Sciences
College of the Atlantic
Maine Maritime Academy
Southern Maine Vocational Technical Institute
University of Maine at Machias
University of Maine at Orono
University of Southern Maine
Washington County Vocational Technical Institute

Anne Arundel Community College
Baltimore City Public Schools
Citizens Program for Chesapeake Bay
Council for National Cooperation in Aquatics
Johns Hopkins University
National Aquariiim in Baltimore
St. Mary's College in Maryland
St, Marv's Countv I'ublic Schools
Undersea Medical Society, Inc.
University of Maryland, Baltimore Citv
University of Maryland, Baltimore County
University of Maryland, Center for

Environment.il,ind Estiiarine Studies
University ol' Maryland, College Park
University of Maryland, Eastern Shore

Boston University
Chikfren's Mem<irial Hospital
Harvard L'niversi tx
Mas!ach<lset'ts Ir<st< /lite ol Tecllnologv
/Vlassachusetts Maritime Academv
Marine Bioliigical I ahora t<irv
New Bedford Public Sch<iol Sv stem
New I-'ngl*nd Aquarium
Tabor Academy
University <it Mass,ichusetts, Amherst
Woods Hole Oce.in<igraphic Institution



MONTANA

NEVADA

NEW HAMPSHIRE

MICHIGAN

Dr. Alfred tyl, Beet»ir, Director
tvficlrignrr Sea Grout Crltege Pro<ernrrr
Uiriuersi t rr of ljrfictr rgnrr
2200 Boi«steel B<rrr ere rd
Ann Art<or, irrII 48]09 2099
f313! 76 4- I I 38

MINNESOTA

Dr, Doirnld C. tvtcletnr<gtrt, Di rect»r
ttrlirrrres<rtn Sert Grnirt l<rstit<rt<
Urtrr<ersit<r»flvl rrrrreso'a
I16 Closer»o«r Offrce E'rrildiirg
1994 Bi<ford Ar err<re
St. Pniil, tvlt<i58108
�12! 3 3-1708

MISSISSIPPI

Dr. fir<ries l. J<»«'s, Direct<ir
tvfississit'jfii-Ai<rtrarrr<r S<'ir Grn«t

  ««s<ii ti«i«
Cart/or Briildiiig
Grrlt C<rrrst Reseirrelr Ln!r<rr <rt<rrrt
Oc<'nrr Slirrirgs. MS 39364
�07! 875-934 I

Dr. R«h< rt W, Corell, i!ire<'t<rr
UNH Sen Giant C<rtte«< Pr<rg>r<rrrr
<Vi<1< iil<' I iarg'rnlil Bliilil Ily
Lli r ir<ersitit <>f IVeii' t loll<ps!<I i'<'
Dr< rtrrrrrr, VH 03824
t 6r j3! 8«2-2994

NEW JERSEY

Dr. Riil>eit B. Aliel, L!r, e<.t»r
t<rer<~ J<'rs<'<i S<'ri Grnirt
Nei<' l<'is<'It tvfa i'i<i<' 3cl< ir«''s C<'Ils<ii t!rirl!
Br<it tr!r<! ' 2
Fort Hit<i«<et',,V] 07, 3 '
�0/I 872-1300

Eastern Michigan University
Michigan Primary and Se condary Schools
Michigan State University
Michigan Technology Universitv
Northern Michigan University
Northwestern Michigan College
University of Michigan
Wavne State University

Universitv of Minnesota, Duluth
University of Min<resota, Twin Cities

Biloxi High Scho<rl
Gulf Coast Research Laboratory
Jackson State University
Mississippi State University
Ocean Springs High School
University of Mississippi
University of Sou lhern Mississippi

University of Mori tana

University of Nevada, School of Veterinary Medicine

Colbv-Sawver College
Dartniouth College
Franklin Pierce l.a<v Center
New Hampshire Council of Universities and Colleges
Plymouth State Colle'ge
University of New Hampshire

Atlantic Communitv College
Brookdale C<rmrnunity College
Fairleigh Dickins r Univ rsity
Kean College ol .ie<v Jersev
Montclair State College
New Jersey lnstite<te of Technology
New Jerse> Marine Sciences Consortium
Nev Jersev Me<heal and Dental School
Princeton University
Rider College
Rutgers--The State Universilv
Stevens Institute nf Technology
Stockton Slate College



NORTH CAROLINA

OHjo

OKLAHOMA University of  ?klah<ima
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NEW YORK

Dr. Donald F. Squire:, Director
1<let<i York Se<r Grrrirt lnstitir te
37 Elk Street
Ailrarry, IVY 72246
�38> 436-070/

Dr. B. J. C<rpclrrrr<t, Dii ectirr
LINC S<vr   rrrrit C<ri!ay~. Pr<ri>rirrrr
Bir.r S605
I<>'<rrtlr C<ir'<rli rr<r Stat<.' Ll iri i>ersi t rt
R<rf< ryir, NC 27695-86 <5
f919! 737-2454

Dr, Clurrl, ' E. Her<i»i<«rrt,
Dr!.i< i<>r.

0/lr < > 5<'ir   > r< il r i I P I' >r e>or I I r
The Olri<r St<rt<' Llrrit crsrtir
484 West T>o<lfth Stree,
Coliirrrf>rr!,  !H 432 !0
f614! 422-8949

Adelphi University
City University of New York, Graduate

School at University Center
City University of New York, Hunter College
Clarkson College
Columbia University
Cornell Universitv
Creat Neck Public School District
Jefferson County Communitv College
New York Uni ersity
New York University Medical Center
Pra t t Institute
Rensselaer Polvtechnic Institute
Rochester Insti tu te of Technology
Southampton College of Long Island University
St. John's University
State Universitv of Ne~ York, Agricultural and

Technical College at I armingdale
State University of New York, College of

Environmental Scienc» and Forestrv
State University of New York at Albany
State Universitv ot New York at Binghamton
Stat». Universitv ot New York College at Brockpiirt
State Universitv of New York at Buffalo
State University ot New York College at Fredonia
State Universitv <ir New York College at Oswego
State Universitv or New York College at Potsdam
State University ol' New Y<rrk at Stonv Brook
Staten Island Continuunr of Education
Societv of Nav,il Architects and Marine Engineers
Syracuse School I!istrict
Wehh Institute >ir Naval Architectrrr»

Beaut'ort Courlty Technic,il Institu t<:
CampbeB Univ<'rsitv
Cap» Fear Technic<I Instit<it»
Colleg» of the Alhcmarle
Duke Universitv
East Carolina Ur>iv»rsit v
L*<lue Center for   orrosion I »chnologv, lnc,
North Carolina A6r3 Univ»is<tv
North Carolina  . entral Univ»rsitv
North Carolina itate Univ»rsitv
University ol' N<irtii Carolina at Chap»l Ififl
Universitv of North Car<rlina at Wilmington

Bowling Green Stat» Urrii»rsity, Bowling Green
Bowling Green State Unix ersitv, Firelands
Case Western Res< ive University
Center of Science.ind Industrv
Cleveland Museum of Natural Historv
Findlay Col leg»
Hiram Cogege
Lakeland  'ommiinitv College
Lorain Countv  o<nmur'riiv Colleg»
Ohio Arts C<iuncif
Ohio State L niv»rsity, Columbus
Ohio State Univ»>r! itv, M,insfield
University of Ciricinnati
Universitv of Mi,irni



PENNSYLVANIA

SOUTH CAROLINA

TEXAS

OREGON

Professor Wiltianr Q. Wick,
Director

Sea Graiit College Pnigra»i
Adttri>ristratitv Serti<'es Baii<titrg
Oregoii State U>ri uenity
CorI alii:, OR 97331
�03! 754-2716

PUERTO RICO

Dr. 1><>la>rtt<'I Her>ta»dez-A oiln
Director, Sea Grn>it F'ri>gr>tt>t
Departi»eirt ofRara> Scie»ce
Utrir<ersi ttl of Puerto >Rico
!Vlay<rgtiez, PR 00708i
 8f19! 832-4040

RHODE ISLAND

Dt'. Scott tyixo>t, C<io "di»ator
URl Sea Gratrt College Pn>grat»
Mari>re Re!or<re<~ Btt, I<ti trg
Utrt't«'rsttrt of R!torte l.'l<iiul
t<!nrragn>>sett Bart, Rl 02882
f40l! 792.6800

Ms. Qargtte< t Da;i<tso> 
Er<'ct t ti < < Director
Sottth Catoliiirr Sen G.niit Coiisorti>it»
221 Fort ti>!it>so>t Roti<i
Clat>'le. tiui, SC 29422
 8t �! 795>-9650

M r. Feei>a it D. jei i i i i ii 9!, Dir«' toe
Sen Graiit College Proer>rt>t
T< .ras Acv>"<I I I iiit < r!i, y
Co!leg>e Sti>ti<>it, TrY. 77843 4225
� !9! 1�5-3854

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

Lake Erie Marine Sciences institute
Lehigh University

Catholic University
Inter Arnericaii University, Arecibo
Inter American University, San German
University of Puerto Rico, Humacao
University ot Puerto Rico, Mayaguez
University of I'uerto Rico, Rio Piedras

University of Rhode Island

Clemson University
College of Charle!ton
Marine Resources Research Institute
Medical University of South Carolina
South Carolina State College
The Citadel
Universitv of South Carolina, Colurubia
University of South Carolina, Beaufort
Universitv of Soiith Carolina, Coastal Carolina

Baylor College ot Medicine
Brazosport College
Lamar University
Pan American University
Sam Houston State Uiiiversitv
Tex.is AtkM Uriiversitv
Texas AQNI Universitv at Galveston
Texas Education Service Center, Waco
Texas Sou then> Universi tv
Texas Southmost College
Texas State Technical Institute, Harlingen
Universitvof Houston
University of Houston at Clear Lake Citv
Universitv of Texas at Austin
Urliversitv <>f Texas at Port Aransas



University of LrtahUTAH

West Virginia UniversitvWEST VIRGINIA
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VIRGINIA

Dr, William L, Rickar4s, Director
Vi rgirria Grnrluate Mn rine Science
Coirsortr'r>rrr
203 Monroe Hill I-lorr. e
Urrit>ersitlrt of Virgirrin
Ctrnrlottesr>ilte, VA 21903
 804! 924-5965

WASHINGTON

Mr, Lou>'e 5, Echols, I rirector
Wnstrirri>tort Sivr Grarr > Pro> rarrr
Cutie> i' ot Ocea>r nii>l }'is/re> rt Sci e>rces
Uriir>ersitir of Waslrirri torr
Sentttle, WA 98195
�06! 543-6600

WI SCON SIN
Dr Rot»crt Rn> irt tie, Director
Sen Gr>rrrt lrrstitrrt>
Ltrrir>ersit>r irf Wiscorrs rr,
18 l0 Llrri r ersitrt A e>r ne
lvt>r>fi ~»r, Wl 53705
 b08! 262-09�5

College of William and Mary
George Mason Universitv
Hampton Institute
Norfolk State University
Old Dominion University
Rappahannock Community College
Thomas Nelson Community College
University of Virginia
Virginia Institute of Manne Science
Virginia Polytechnic Institute and State University
Virginia State Universitv

Bellingham Vocational- Technical Institute
Clover Park Vocational-Technical Institute
Gravs Harhor College
Highline Community College
Pacific Science Center
Seattle Aquarium
Seattle Central Community College
Shoreline Communitv College
University of Washington
Washington State University
Western Washington University

Lawrence Universitv
Medical College of Wisconsin
Universitv of Wisconsin, Extension
University of Wisconsin, Green Bay
University of Wisconsin, Madison
Universitv of Wisconsin, Martnettc
Universitv of Wisconsin, Milwaukee
Universitv of Wisconsin, I'arkside
Universitv of Wisconsin, Stevens l'oint
University ot' Wisconsin, Superior



Section 2. Regional Capabilities
Descriptions of regional projects conducted by Sea Grant programs in
five regions:

~ New England
~ Mid-Atlantic
~ Southeast
~ Great Lakes
~ Pacific Rim





SEA GRANT MID-ATLANTIC ADVISORY SERVICES NETWORK

THE SEA GRANT MID-ATLANTIC ADVISORY SERVICES NETWORK, formerly the
Mid.Atlantic States Advisory Services, was established in 1980. The network is comprised
of the region's Sea Grant Programs from the six mid-Atlantic states  New York-North
Carolina!. The network was formed to serve several purposes. These include providing a
structure ta respond to regional issues as a group; to efficiently mobilize the expertise and
skills of member programs to benefit the region; and to foster continued collaboration on
cooperativ: projects that address regional marine resource issues. During 1984, a charter
was adopted for the network that formally embodies these principles.

Member institutions are: New York Sea Grant Institute, New jersey Marine Sciences
Consortiuri Sea Grant Program, University of Delaware Sea Grant College Program, Mary-
land Sea Grant College Program, University of North Carolina Sea Grant College Program,
and Virginia Sea Grant College Program.

The Sea Grant Mid-Atlantic Advisory Services Network has conducted a number of
workshops, conferences, and cooperative demonstration projects. Representative accom-
plishments include:

WOR KS HOPS
The SGMAAS has sponsored several soft-shell crab workshops. Expertise from the
states of Virginia, Maryland, and North Carolina has been shared throughout the
regior> at various workshop locations. Workshop topics have ranged from facility
desigr>s to marketing and economics. Participation from both the business and aca-
demi< communities during these sessions has resulted in the transfer of technical and
practical information which has fostered a significant increase in the production of
soft-shell blue crabs in the mid-Atlantic region. The economic impact of this industry
is in the millions of dollars. Importantly, this impact is realized by all of the sectors of
the industry which includes individual fishermen, shedders, and processors.

CONFERE NCES

"Striped Bass and Striped Bass Hybrids: Production and Potential" was a conference
sponsored in cooperation with SGMAAS. This conference was a joint industry-govern-
ment-university-planned effort designed to foster the exchange and discussion of
current information on the topic. Issues discussed included aspects of culture and
production, diseases and parasites, legal constraints, and marketing. Presently, several
projects are underway ranging from site specific feasibility studies to the operation of
proto type fish culture facilities.

D E MON ST RAT ION P R0j ECTS
In cooperation with the National Weather Service  NWS!, a cooperative computerized
marine reporting  MAREP! collection center was established in Lewes, Delaware. At
the site, radio reports are collected two scheduled times per day seven days per week
and via microprocessor are sent to NWS. Discussions and meetings have been held
with users to find ways of improving marine forecast services in the region A slide/
tape I: romoting and explaining the MAREP program has been cooperatively developed
by the New York Sea Grant institute in cooperation with NWS and distributed
throughout the region.

By joining in this regional effort, the Sea Grant Programs of the rnid-Atlantic states are
able to mo e effectively apply the resources and expertise of the member institutions to
problems associated with the development, conservation, and wise use of the marine re-
sources of the mid-Atlantic region, For more information, contact: Dr. William DuPaul,
SGMAAS, Virginia Sea Grant College Program, Virginia Institute of Marine Science,
Gloucester Point, VA 23062.
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THE SOUTHEAST MARINE ADVISORY

SERVICE  SEMAS!
Using Resources Across The Region

2.3

The Southeast Marine Advisory Service  SEMAS! is
a cooperative network of Sea Grant marine advisory pro-
grams in the coastal states from North Carolina to Texas
and Puert<i Rico. SEMAS serves as a medium l'or ex-
changing ideas, talents, and educational materials; it co-
ordinates major regional educational programs lor the
public and training activities for the staffs of participating
MAS programs; and it provides a structure through which
business, <ndustry, and government can work with the
various Sea Grant programs. SEMAS is the vital mech-
anism through which regional needs and interests can be
inserted into national programs.

Cooperation among the ptsigram leaders who compose
the governing body of SEMAS is voluntary and the group
has neither budget nor staff. Yet a number of important
activities affecting marine and coastal matters throughout
the Gulf and South Atlantic have resulted from this col-
laboration.

Conferences anti Workshops. SEMAS cooperates
with indus!ry to promote educational programs for com-
mercial fishermen, such as the three-day series of work-
shops, leclures, and lilms presented in conjunction with
New Orle ins' Workboat Show '85, and the symposia
conducted at the Commercia  Boating ond Fishing Fx-
position '89 in Miami. Specialty conferences and work-
shops. covering such topics a» long-line hshing. energy
conservatirin for fishing vessels, marine safety. and ma-
rine in»<!rance, have attracted hundreds of fishermen and
marine bu! iness people.

New Fishery Development. With the National Mariire
Fisheries Service and the Gull and South Atlantic Fishery
Development Foundation. SEMAS participated in efforts
to develop new squid resources along the Atlantic and
Gulf coasts. With the Mid-Atlantic Marine Advisory
Service, SEMAS sponsored an interregional symposium
on soft-shelled blue crab shedding research intended for
scientists, marine advisory personnel, and ultimately,

crab fishermen. SEMAS personnel have been active par-
ticipants in the regional task force, composed of people
from state and federal agencies, industry, and academia
that developed the Marine Fisheries Research Initiative,
intended to accelerate the economic development of Gulf
of Mexico resources.

Educational Materials and Professional Trnihing,
With the National Marine Fisheries Service and the Geor-
gia Marine Extension Service, SEMAS states partici-
pated in funding an important educational film on the
dynamic behavior of shrimp trawls. The group has also
sponsored a publication on soft-shelled crab shedding, a
bibliography of coastal erosion, and a catalog of program
resources. These materials are used in educational pro-
grams organized for a variety of audiences, including
commercial fishermen, seafood processors, and coastal
landowners.

Talent Sharing. Through SEMAS, researchers and
marine advisory agents from one area share their knowl-
edge and skills with those from another, A Louisiana
crawfish specialist trained the marine agents of at least
five other states in the pond cultivation o ' crawfish; a
Georgia marine agent conducted seminars on twin trawl-
ing in the Gulf states; and researchers from Mississippi
and Louisiana joined forces to conduct workshops on
solt-shelled crab shedding in Alabama.

Coastal Weather. SEMAS ha» been ins rumental in
helping the National Weather Service to organize a south-
east regi<inal mariners' reporting»ystcrn  MAREP!, in
which mariners radio their ob»ervarions on offsh<ire
weather and»ea conditions to a land-ba»cd operator and
the information i» relayed lo the regional National
Weather Service forces»ting oflice. SEMAS personnel
have been active in planning a l985 national workshop
on MAREP, involving personnel from the Sea Grant
network and the National Weather Service.



THE GREA T LAKES SEA GRANT NETH/ORK
Enhancing and Safeguarding the Freshwater Fishery

The Great Lakes Sea Grant hletwork includes programs in blew York, Ohio, Michigan, ttriscon-
ain, Minnesofa and illinois-indiana. One common aim of these programs is to foster wise use
of the fish resources of the Great Lakes. Sea Grant's research and advisory services have
played a malar role in rehabilitating the Great Lakes fishery end in determining their size and
economic value to the region.

November 1984
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THE FACTS

Nearly destroyed by overexploitation, the invasion of
alien species and pollution in the first half of this century,
the Great Lakes fishery has undergone a remarkable
rebirth.

Virtually nonexistent just 20 years ago, the Great Lakes
sport fishery today attracts about five million anglers,
with a regional economic benefit of about 41.1 billion an-
nually, The Great Lakes also support some 600 commer-
cial fishermen, whose catch has a dockside value of
about $48 million a year and a regional ecanomic impact
more than four limes that. The rebirth of the fishery has
been responsibl: for the economic revival of hundreds of
Great Lakes coastal communities.

THE PROBLEMS

This billion dollar resource cauld not exist at ail without
cantinuous control of the parasitic sea lamprey and con
tinuous stocking of salmonid predators, including the
once-native lake trout, Today, thia resource is also im.
periled by the cestruction ot spawning habitat and by
contaminatian of the fish by toxic substances from both
point and nonpo nt sources, including the atmasphere.

Management Of:he tiahery far maXimum Suetainabie har.
vest is impeded by uncertainties about the size and po-
tentiai of the lai.es' forage fish populations, the mainte.
nance of which is critical Io sustaining the sport fishery,
It is aiso frustraied by the fact that some 40 separate in.
ternational, national, interstate and state governmental
units have an inliuence on reSearch, regulation, manage-
ment and manipiilation of the fish stocks and fisheries of
the Great Lakes.

THE RECORD

Sea Grant resea.chers have analyzed the effects on the
Great Lakes eco'ystem of both the sea lamprey and the
lampricide used to control it, They have identified and
mapped for the irst time the spawning grounds of vari-
ous Great Lakes 'ish. They have traced the sources, path-
ways and fates c f PCBs and other Great Lakes contami-
nants and analy;.ed the health effects of these contami-
nants on fish and people alike,

Sea Grant Great Lakes researchers have also provided
state and federa management agencies with critical in-
formation about i he life histories and interactions among
the lakes' forag< fiah populatiOna upon whlCh to baae
stocking decisioiis.

Sea Grani inslitiitions have taken and will continue to
take the lead in establishing new directions for manage.
ment ol the fishei y and in exploring new potentials for the
continued developmenI and maintenance of this Great
Lakes resource b r providing:

Comprehensive Iriformation about the Great Lakes
Ecosystem. New York Sea Grant researchers are compil-
ing new data on the population dynamics of both the
Lake Ontario and eastern Lake Erie fisheries, while Min-
nesota and Michigan Sea Grant researchers are develop-
ing a means of !xploiting and managing the relatively
new pink salmoii fishery in Lake Superior. Ohio Sea
Grant scientists continue to provide valuable information
on the spectacular walleye fishery that has arisen in west-

em Lake Erie amid its vastly improved water quality. Wis.
consin and Michigan's Sea Grant programs are currently
cooperating with their state Departments of Natural Re-
sources on a lake trout rehabilitation project in Lake Mi-
chigan that also involves a National Oceanic & Atmos.
pheric Administration research vessel. Michigan and Wis.
consin are also caoperating on an assessment of white-
fish stocks in northern Lake Michigan, one of the most
Important fisheries in the lake.

New Tools for Fishery Mar>agement Wisconsin Sea
Grant researchers have developed a prototype model of
Great Lakes predator-prey interactions that fishery
managers throughout the region can use to make stock.
ing decisions based on trends in the forage base and a
variety of other factors. The predictive capacity af this
modeiing approach is now being tested in the Saimonid
Diet Survey program involving the entire Great Lakes Sea
Grant Network, the U.S. Fish & Wildlife Service, the On-
tario Ministry of Natural Resources and several state
agencies, Michigan Sea Grant researchers are develop-
ing a management model for Lake Superior herring
stocks.

Plotteerlng Research on Contamlnants tn the Environ.
ment. The Great Lakes Sea Grant programs have been
national leaders In providing information about the
sources, environmental fates and health effects of PCBs,
dioxin, toxaphene, mirex, lead and a host of other toxic
contaminants. Wisconsin Sea Grani researchers were
among the first in the world to study the human health ef-
fects of prolonged, low-level exposure to PCBs. Min-
nesota and Wisconsin Sea Grant scientists also deter-
mined that the atmosphere Is a major source oi many of
the contaminants found in the Great Lakes,

Promoting Use of the Fishery and Its Products. The Sea
Grant Great Lakes Network has played a ma>or role In
publicizing Great Lakes fishing and fish products. Re-
cently, New York Sea Grant Extension helped private
businesses create the Lake Erie Trail, now a part of the
National Seaway Trail. Following the shore from the Ei-
senhower Locks on the St. Lawrence River to Lake Erie, a
major attraction of the trail is its many excellent fishing
sites, which were identified by New York Sea Grant
agents. Minnesota, Michigan, New York and Wisconsin
Sea Grant scientists have aiso developed better storage
and packagmg techniques for fresh fish.

The Great Lakes Sea Grant Network is the vehicle where-
by � for the first time � research on the Great Lakes is be-
ing coordinated so that duplications of effort are avoided,
methodologies are being standardized and results widely
disseminated. Sea Grant researchers provide objective
information for better understanding and resolving con.
troversies among managers and users of the Great Lakes
and the lakes' fisheries. Sea Grant advisory services field
agents deliver research results to users and convey the
research needs of users back to Sea Grant scientists.

Clearly, the future of the billion-dollar fishery of the Great
Lakes is closely tied to continued, coordinated research
on ail facets oi the Great Lakes ecosyeiern � the kind of
research represented by the Great Lakes Sea Grant Net-
work.



Paclflc Sea Grant College Program  PSGCP!

Five Sea Grant college programs in the Pacific states � Alaska, California, Hawaii, Oregon, and
Washing. on � are working cooperatively to achieve sound management and utilization of the vast
resource!, ol' the Pacific. The ocean area covered by their activities exceeds the landmass of' the
continen.al United States.

The formalized network organized by these programs, which is known as the Pacific Sea Grant
College I'rogram  PSGCP!, grew out of' earlier cooperative activities going back some 15 years.
The pres.nt objective of PSGCP is to provide coordination and suppor  lor major regional activities
in education, research, and advisory services

An'ong recent activities are the following:

~ In the autumn ol l983, over 300 people from 10 countries me  in Seattle at the International
Syniposium on Salmonid Reproduction. This symposium, focused on  he scientific basis for
salraonid enhancement, was the major meeting of the past decade involving those scientists,
industry, and government o5cials who are concerned with  he enhancement of troubled
salmon stocks. The meeting was organized by the University of Washington wi h support
from the other PSGCP institutions and held in cooperation with the Na ional Marine Fisheries
Ser iice and the Department of' the Interior,

~ In June of 1984, PSGCP sponsored a workshop on Guam on the taxonomy of' selected
economically important algae of the Pacific, A small group of leading taxonomists from the
United States, Guam. the People's Republic of' China, Australia, Taiwan, Chile, and Japan
speiit four days conducting comparative assessments of different specimens. A proceedings
with photos and taxonomic keys will be produced as an aid to algae identification; the
publication will also contain suggestions for needed follow-up activities, The Calif'ornia Sea
Grant College Program planned and conducted this workshop,

~ A workshop on Biological Interaction Among Marine Mammals and Commercial Fisheries in
the southeastern Bering Sea was held in Anchorage, Alaska in October 1983. Sponsored by
PSCiCP, the Marine Mammal Commission, and the North Pacific Fishery Management
Council, the workshop, which at racted 81 participants, consisted of 15 major presentations
and four working sessions on marine mammals and grour dfish, salmon, herring, and shellfish.
Woikshop proceedings were published by Alaska Sea Grant,

~ The Oregon State University Sea Grant College Program organized a two-day conference for
PSCCP on small boat fisheries as part ol  he seminar series at Fish Expo '83 in Seattle. Fish
Exp» involved 16 sections with 48 speakers and 3,000 participants.

~ The markedly increased volume of debris in the world's oceans was the topic of' concern at a
workshop held in November 1984 in Honolulu for scientists, technicians, and members of' the
marine community. The presence of' marine debris, such as lost fishing gear and nets, has
crea:ed concern over entanglement of marine mammals, reptiles  turtles!, seabirds, and
fishes, and may result in fouling of' vessel propulsion systems. The meeting was co-sponsored
by the University of Hawaii in cooperation with other PSGCP institutions, the National
Mar ne Fisheries Service, regional fishery rnanagemen  councils, and several other
orga hi za t on s.

~ A fi 'e-day training workshop was held in December 1984 in Honolulu to bring  ogether more
 han 60 marine advisors, specialists, and communicators 1'rom the Pacific Sea Grant colleges.
The workshop addressed both highly l'ocused topics. such as fisheries oceanography and
seafood quality, and topics of broader scope, such as mediation and conflict resolution and
long-range planning, The workshop also included a half-day session on computer sys erns.
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Descriptions of major Sea Grant programs conducted by 30 universities in
coastal and Great Lakes states and Puerto Rico:

Alabama Louisiana
Alaska Maine
California �! Maryland
Connecticut Massachusetts �!
Delaware Michigan
Florida Minnesota
Georgia Mississippi
Hawaii New Hampshire
Illinois New Jersey
Indiana New York

North Carolina
Ohio
Oregon
Puerto Rico
Rhode Island
South Carolina
'I exa s
Virginia
Washington
Wisconsin

Section 3. Statewide Capabilities



Tbe University of Alaska Sea Grant College Program is a partnership between the university,
the federal governinent, the state of Alaska, and industry encouraging the wise development, use, and
conservation of Alaska's marine and coastal resources. The faculty and staff of the statewide university
system advance their knowledge and skill in a program of marine research, education, and public service.

Alaska Sea Grant has been instrumental in promoting cooperative activities between governmental and
indu.'try organizations concerned with Alaska fisheries. Currently participating entities include:

� Alaska Department of Fish and Game � Alaska Trollers Association�
� Alaska Department of Transportation and Public Facilities�

� National Marine Fisheries Service�
� North Pacific Fishery Management Council�

� Northern Southeast Regional Aquaculture Association�
� United States Coast Guard �-

� University of California�

Representative program achievements are:

Education

In I978 Alaska Sea Grant undertook the revision of the Alaska Sea Week project to bring it froin
a kindergarten through sixth grade program developed by and for schools in southeast Alaska,
to a program containing all aspects of the marine and coastal life found throughout Alaska for
use statewide. This program has gained enormous momentum through a series of seven curriculum
guides and teacher workshops. The Governor of Alaska proclaimed April 23 io May I I, 1982 as
Sea Weeks. In 1984 the state of Alaska provided continuing support for the program through the
university's College of Human and Rural Developrnem.

lafor atatiou

Alaska Sea Grant maintains a public information staff to provide information on fisheries and
marine resources to Alaska residents, industry members, governmental agencies, and the university
community. The past few years have averaged ten technical reports, four journal reprints, four
marine advisory bulletins, and six informational brochures. In addition to printed materials, Alaska
Sea Grant coordinates major conferences and symposia such as the Alaskan Marine Archeology
Workshop, the International Sablefish Syrnposiurn, the Workshop on Biological Interactions
between Marine Mainmals and Coinmercial Fisheries in ihe Southeast Bering Sea, and the
Symposium on Dungeness Crab Biology and Mangement. Proceedings of these ineetings are
published and have proved valuable for use as "source books" by resource biology and manage-
ment personnel.

Research

Cooperative research between Alaska Sea Grant and the Alaska Department of Fish and Game
has lead to a better understanding of the life history of the commercially important Tanner crab.
Research results have allowed the harvesr to be increased while still providing protection of the
resource.

Paralytic shellfish poisoning  PSP! is a ma~or public health and economic problem and a severe
impediment to the development of major coastal clam and mussel fisheries resources in Alaska.
Research supported over the past ten years by Alaska Sea Grant, the Food and Drug Administration,
and others has identified the dinoflagellate Prorogonyaulax as the source of the toxin, that the
cells vary in toxicity, that there are at least l2 toxins involved, and that they are not necessarily
detectable by conventional assay methods. Findings imply that management si.rategies will need
to vary from one region to another, but the same strategy can be applied throughout a region.

For further information contact Alaska Sea Grant College Program, University of Alaska, 590 University
Avent.e, Suite l02, Fairbanks, Alaska 9970I,  907! 474-7086, Donald H. Rosenberg, Director.

October, l984
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The California Sea Grant College Program � largest of the 29 Sea Grant programs in the United States
and Puer o Rico � is a statewide partnership among government, industry, colleges and universities, and the
public. I s mission is to promote wise development of our nation's marine resources through programs ol
responsiv" research, education, and advisory services. The National Sea Grant College Program is part of the
National tXeanic and Atmospheric Administration, U.S. Departrnen  of Commerce.

One aim of California Sea Grant is to support research that will result in practical applications. Among the
programs funded by California Sea Grant are projects that have:

~ Tested new pharmacological compounds derived from marine organisms. The compound manaalide,
derived from a marine sponge, has f' or example been shown ia be a potent anti-infiammatary and
ana Igesic ageni.

~ Investiga ed tremie concrete for bridge piers and other massive underwater placemen s; this work laier
fariied  he basis for the massive concrete footing of the Hope Creek  New Jersey! Nuclear Power
Pleat intake,

~ De ~eloped a squid cleaning machine that does in seconds what used to take as long as 20 minutes. A
prototype of the machine is being tested commercially. Fstimates are that the rnachine could increase
the value af the squid fishery filty.fold, boosting the economic value ol' the fishery ta $60 million
an r. u ally.

~ Discovered a correlation between the lunar cycle and smol ification-related thyroxin surge in salmonids.
When coho salmon releases were timed on the new moon, ocean catch and hatchery returns improved
by more than twa-fold. In addi ion, the degree of the thyroxin surge can be enhanced by salt
Iree tment.

~ De~ eloped storage techniques which keep fish lresh seven to nine days longer  han conven ional
meihads. Designed a free-moving fish filering knife tha  runs on an air motor instead of an electric
mol of.

~ Deinanstrated that modern biochemical and genetic engineering techniques can be used to improve the
produc ion of abalone and other commercially valuable shellfish.

~ Dei eloped ar ificial propagation techniques for aquacul ure of Pacific sturgeon. Commercial operations
are being developed using techniques l'rom this program.

~ Provided information and advice on coastal wetlands to port districts, residential development
arg;inizaiions, planning agencies, and the federal governrnen , with the aim of' protecting marshlands
I'or '.heir environmental and economic benelits.

~ Trained nearly 400 graduate studen s since 1972 in technical aspects of biology, chemistry, economics,
engineering, geology, oceanography, and political science. Most of these students are now putting their
skills and knowledge to work in government, industry, and university positions throughout the United
Stat 's.

~ Have shown that artificial elevation ol intracefiular pH increases hatchability of cysts of the brine
shrimp Arremia salina. This result has particular applications in the aquaculture industry, which uses
nau ilii hatched from ihe cys s as l'eed for cultured shrimp, lobster, and fish.

~ Fducaied more than 500,000 people annually through public displays, outreach programs, and
consumer workshops on fishenes management and economics, salmon and abalone enhancement,
trawling and gear development, alternative fisheries development, and the use of remote sensing data.

In addiiion to supporting application-oriented marine research, Se i Gran  sponsors educational ac ivi ies to
communic;ite research results to governmen  agencies, marine-related indus ries, scientists, fishermen,
aquaculiurists, and consumers � people wha can translate research infarma ion into social and economic
benefits fo the coastal regions and the nation.

Since iti inception in 1968, California Sea Grant has l'unded marine activities ai mare than 30 academic
and marin  ins itutions in California, including; California Institute of Technology; Calif'ornia State
Universities at Humboldt, Long Beach, Northridge, San Diego, San Francisco, and San Jose; Claremoni
College; Liiyola Marymount University; Moss Landing Marine Laboratories  a consortium of six state
universities in northern California!; Occidental College; Sou hem Cahfornia Ocean Studies Consortium
 comprising six state universities in southern California!; Stanf'ord University; University of California
campuses 't Berkeley, Davis, Irvine, Los Angeles, Riverside, San Diego. Santa Barbara, and San a Cruz;
Universi y of San Diego; and Universi y ol'Southern California.

In addition, the California Sea Grant College Program, in cooperation with the Pacific Sea Gran  college
programs iii Alaska, Hawaii, Oregon, and Washington, is working to conserve and develop the vast resources
of the Pacilic Ocean. For more than a decade the Pacific Sea Grant college programs have provided advisory
and education services regionally through the Pacihc Area Sea Grant Advisory Program, This coordinated Sea
Grant research base along the Pacific Rim has enhanced local marine advisory programs and allowed the
develapmeiit ol' regional educational workshops and research symposia.

Dr, J; ines J. Sullivan, Program IVIa  ager, California Sea Grant College Program, University of
California, San Diego A-03Z, La Jolla, CA 92093, �19! 452-4440





CONNECTICUT SEA GRANT is a statewide program of marine research. educat on and advisory services
CONNECTICUT SEA GRANT is part of a nationwide program of research that contributes ta the giowinq body ol knowledge
about our coastal and iceanic resources and to the solution of contemporary problems in the marine sphere
THE SEA GRANT MARINE AOVISORY SERVICE transfers rhe information and teel noiogy developed iii tpie nationai
research network ta a wide cornrnunity of users in Connecticut. the region and the nation

Sea Grant also support.. a broad range af educational programs far students at all levels. and lar adults, so aur coastal and oceanic
resources may be undiirstood and judiciously used by this and future generations.

The Sea Grant affice..t The University af Connecticut's Avery Point Campus, has been designated the cooidinating center for
maritime activities and information in education and research for the State of Connecticut

More than a dozen inst tutions are involved in the Connecticut Sea Grant Program, iricluding The University of ConnecTicut, Fair-
field University and Western Connecticut State University
Connecticut has had a Marine Advisory Service, operating as pait of the Cooperative Extension Service, since 1974 The Sea
Grant program was established in 1980.

Sea Grant.makes every effort ta develop research interests in the major problems af the region. Current research centers on hard
clams, soft clams, the behavior of dredge spoil mounds, growth regulators in crusfacea, and the production af biomass in
seaweed.

These are some oI the ways Sea Grant is serving Connecticut.
~ Researchers hai e identified techniques for raising hard ciams that will insure increased survivorship of seed clams.
Managing the c>nditians under which clams are grown cari foil predators and permit greater numbers of clams to
reach maturity. when they can be harvested for commercial or recreational purposes, In Connecticut. the potential
far a sizeable inrlustry exists as an acre of cultivated clam graund can yield $35.000 worth ol clams. One commercial
hatchery has ali eady gone inta operation as an outgrowth of the research

~ Advisory Service agents have worked with nine shoreline towns in developing shellfish management plans in
creating shellfish commissions, and were instrumental in establishriient al a statewide Aquaculture Commission.

~ Researchers studying behavior of mounds farmed in dispasai of material dredged from Connecticut s harbors expect
to produce a handbook of dumping procedures that will result in stable mounds and procedures tor covering ar
"capping" conlaniinated riiaterials in the dredge spoil mounds. They estimate savings as high as $400.000, if lhe
depth of capping material cauld be reduced by ane yard on a mound 250 yards in diameter

~ Technical assistance provided by Advisory Service agents contributed materially to revitalization of the Port of Ston-
ington. home of the State's sole commercial fishing fleet That work paved the way for construction of a $300.000
dockside processing plant in 1984. Other cities which h;ive benefited from technical assistance include New Lon-
don, Norwalk arid New Haven

~ Advisory Servici, agents work with fishermen and others in the marine trades ta help them increase their income
thraugh better financial management and more efficient operations, and provide instruction through demonstrations
and workshops on netmaking, specific fishing techniques and seatood quality.

The University of Connecticut is developing the Avery Point Campus into a malor marine research center. Besides Sea Grant, the
campus houses the UCcnn Marine Sciences Institute, NOAA's National Unde~sea Research Program, and Project Oceanology. The
U.S. Coast Guard Research and Development Center, which is also an the Avery Paint Campus. is one of a host af state and federal
agencies with which Sea Grant has ties. Others include the U.S Coast Guard Academy, the Naval Underwater Systems Center,
the Naval Submanne Base, the Internal Revenue Service, and National Marine Fisheries Service Laboratory in Millord, as well as
Connecticut's Departments ot Environmental Protect~on, AgriculTure and Transportation.

We believe that the total program in Connecticut � research, advisory services and education � closely matches the needs ot the
State as well as the goal af the National Sea Grant College Program.

For more information on Connecticut Sea Grant, contact.

Dr. Victor E. Scottron, Director
ConnecticUt Sea Grant
The University of Connecticvt at Avery Point
Grotori, CT 06340
�03! 445-5108



1JNIVERSITY OF DELAWARE  UD! SEA GRANT COLLEGE PROGRAM
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Now iri its scvcntccnth year in Delaware, Sea
Grant continues as a partnership in which the uni-
versity, industry, and government pool their in.
tellectual hand financial resources to address coastal
and marire issues. The primary objective of the
UD Sea Gi ant College Program is

to stimulate practical marine resource devei-
opmen and use through application-oriented
researcr>, marrpower education and training,
and adiisory services,

Current emphasis in the Delaware program is in
estuariiie and coastal environmental asscssmcnts,
marine biotechnology, geological and coastal dy-
namics, and marine programs outreach,

Resear< h. I acuity members are conducting re.
search th it contributes information that can b»
used tn s<>lvc identified coastal and marine prob.
lems and iiccds, These are some of UD Sea Grant' s
accomplisliments through research;

~ Thc co rosion of ships, offshore structures, and
materia s used in the marine environmcnl. an-
nually i esults in billion-dollar losses to industry,
A mu ti-institutiona! research program has
verified that calcium. based deposits arc morc
protective than magnesium-based deposits, mak-
ing it p sssiblc to begin to manipulate the calcare-
ous coating to get the best protection possible.
To red!ce feeding costs of controlled-environ-
ment rr aricultured oysters, scientists have found
that thi food costs of culturing juvenile oysters
could I!e reduced by 56% using a 50% algal
ration supplemented with yeast, rice starch, and
kanliniie, instead of a 100% algal ration.

~ Delaware and New Jersey are jointly involved in
a comprehensive study of the Delaware Estuary,
on whi:h a large area depends for continued in
dustnal and rccrcational growth, Defining how
this system works, describingits health,and pro-
viding inanagers with predictive models to assess
f'uture rends could save potentially the loss or
misuse of millions of dollars,

~ Salt.tol rant plant research has identified several
haloph> tes with potential usc as grain, vegetable,
and forage ciops, which could grow in high sa-
linitv coastal and estuarine waters, where tradi-
tion aI crops cannot grow, One plant yields an oil
similar to safflower oil and a crude proteiri
contcni approaching that of the soybean.

~ Chitin,,> cellulose-like componcntof the shells ol
crab, sf.rimp, and other marine animals, is being
investigated for its possible use in absorbable
sutures In recent calf-feeding trials, researchers
have found that diets containing both chitin and
whey,,i cheese industry waste product, coul<i
reduce the cost of food production while re-
ducing environmental w,iste, resulting in sub-
stantiall economic. savings.

Advisory Service. Marine Advisory Service
 MAS! outreach activities serve the public, the users
of our marine resources, by extending the know.
ledge gained by research:

~ Through cooperation with the National Weather
Service, MAS began a maririe weather reporting
system to improve thc safety and reduce the
losses to recreational and <.ommercial fishermen,
and other vessel operators.

~ Focusing on shark as an undcrutilized species,
specialists produced a videotape on Shark
Preparation and Cuisine" to help educate con-
sumers on how to use this unfamiliar fish eco-
nomicallv and nutritionally,

~ A special series of Delaware Estuary Situation
Reports <vas initiated to communicate and in-
terpret the bistate Delaware Estuary research
project findings. The series is designed to relate
research on the Delaware Estuary to resource
management concerns and practices of the
region,

~ A socio-economic analysis of the Delaware
charter/head boat-industry indicated that pcr-
trip expenditures by anglers contributed signifi.
cantly to local economies. The findings are being
used by several captains to target their marketing
efforts.

~ IV!AS cosponsored the Governor's Conference
on the Inland Bays and one specialist served on
the ! nland Bays Task Force, charged with
making rccornmendations to control future
growth and development in thc area surrounding
the bay.

Education. As important as research and advice
is the training of young professionals who, thr<!ugh
their Sea Grant education, become aware of thc
importance uf our marine resources and become
prepared to deal with present and future marine
issues. During the pastyear, 30graduateandunder-
graduatc students have received Sea Grant support
and have been exposed to marine studies.

Sea Grant is a mechanism to identify and bring
together all aspects of marine and coastal resources.
As it provid»s answers to problems uf the local,
regional, and national coastal and marine environ-
ments, the program is rcl»varit and of usc to state
agencies, legislative committees, indiistries, and
individuals.

We would be pleased to provide you with further
inf'ormation un oui program. Contact;

Dr. Caroly n A, Thoroughgoud, Director
University r! f Delaware Sea Grant College Program
University of Delaware
Newark, Delaware 19716
�02! 451-8062



Florida Sea Grant College....is a university program aimed at solving real problems. Faculty skills in
research, education and ex:ension services focus on the wise use, development and management of Florida's
coastal and marine resources. Sea Grant relies on the knowledge and talent in the nine state and two private
universities. These institutions are.'

Florida A 5 M University ~ Florida Atlantic University ~ Florida Institute of Technology
Florida International University ~ Florida State University > University of Central Florida

University of Florida ~ University of Miami > University of North Florida
University of South Florida ~ University of West Florida

SCIENCE FOR THE PEOPLE
Research projects are funded in the universities as needs are identified. Non-federal sources of funding include matching industry,

agency or citizen support. Projects are funded based on their rationale, scientific contribution and potential for application.
A few of the more significant accomplishments during the past ten years are,'

Analyzed, labe ed and experimented with vibrios to dispel some of the fear and mystery surrounding cholera
and showed that no:ases have resulted from eating commercially prepared seafood.

" Examined a piomising surfactant as an inhibitor of marine biofouling-- a major probiem with ail vessels and
structures in marine waters.

Developed a method used by the state resource agency to estimate the amount of sand held in offshore bars to
judge the feasibility of barrow sites for beach nourishment projects.

Conducted ressarch on corrosion fatigue of welded steel in seawater with results incorporated directly into the
American Petroleum Institute practices on design of fixed offshore structures.

Developed a ms thodology for data collection and evaluation of structures for use as hurricane shelters,
+ Conducted ressarch on barrier is/ands, their mobility since origin, response to storms and prediction of future

barriers and mobility. This work has been used by Florida coastal cities in guiding coastal development.
' Evaluated the use of fiber and polymer-modified concrete for use in inarine structures,

EXTENDING OUR KNOWLEDGE THROUGH APPLICATION
Sea Grant Marine Extension agents and specialists provide statewide coverage through eleven coastal county Extension offices

and the Florida Cooperative Extension Service. Campus based specialists and agents utilizing faculty talent statewide identify
research needs and develop educational programs, Some activities are:

Demonstrated ltarvesting and processing techniques to show that a potential new deep-sea crab fishery exists in
the Gulf of Mexico. ommercial companies are currently outfitting vesse/s to participate.

Organized a symposium to bring technical information to decision makers and to identify priority research,
education and management concerns for the 140-mile-long Indian River system on Florida's east coast, A similar
effort is underway for Northeast Florida.

Organized over 20 workshops for more than 500 participants in coastal engineering.

Conducted a riarina seminar to provide more than 200 owner operators the latest research results and tech-
nology in economic> and engineering.

Transferred technology from the Chesapeake soft shell blue crab fishery to Florida with 20 firms now attempt-
ing soft crab production.-an industry with a potential annual dockside value in excess of $1 million.

EDUCATION FOR OUR FUTURE

In addition to marine re>earch and Extension activities, education efforts by Florida Sea Grant College have been effective in a
number of areas, includin:

' participation o> more than 300 students in Sea Grant projects at the state and private institutions, This includes
undergraduate programs as well as advanced degrees in fields ranging from fisheries to philosophy with einphasis on
the sciences.

Provision of "xied money for start-up of courses to train professional divers and marine propulsion systems
mechanics. Industry contributors have been Outboard Marine Corporation, Evinrude Motors, Johnson Motors and
Mercury Marine.

" Assistance in funding a ship and yacht design course utilizing computer graphics aids in the design of both
power and sail yachi.s. The course, the first of its kind to be offered at a U.S. university, has been taught three times.
Students included those needing to upgrade current employable skills.

The combined effort of Sea Grant research faculty and Extension agents has built an effective framework that has created inter-
institutional cooperation ir solving Florida's critical coastal problems. In addition, bridges have been built to Sea Grant institutions
who help form the Natioral Sea Grant College Program, to industry, and to federal, state, and local agencies. and the coastal
public-one large web of in titutions and people cooperating with each other in the common task of responsible development and
.management of our marine resources.

For further information on the Florida Sea Grant College Program contact:

D r. James C. Cato, D i rector
Florida Sea Grant College Program
Building 803, University of Florida
Gainesville, FL 32611
 904 j 392-5870



GEORGIA SEA GRANT PROGRAM
UNIVERSITY SYSTEM OF GEORGIA

�04! S42-7e7 IKCQI OGY 4UII DING ATHENS, GEORGIA 30502

In I 78!, the Georgia I eg I slature establ i shed the land grant concept
by chartering the Nation's f irst state universi ty. Almost a hundred
years later, the University of Georgia, the f irst land grant insti tu-
t ion, became the Nation's f ifteenth Sea Grant College. President
Fred C. Davison has said, "No program more clearly demonstrates this
uni vers i ty' s commi tment to RESEARCH, EDUCATION, and SERVICE for the
benefit of the state, region, and the nation through a strong state-
federal partnership than the GEORGIA SEA GRANT COLLEGE PROGRAM."

Al thougit strongly focused on the needs of Georgia's coastal and marine
communities, the Georgia Sea Grant Col lege Program has the potential
for wider Impact through a network of more than 30 Sea Grant univer-
sities bordering the oceans and the Great Lakes. These institutions
make up a coordinated system which generates and disseminates infor-
mation «nd technology to address the signif icant marine resources
problems and opportunities which confront the United States today.

A few examples of current Sea Grant projects with significance and
appl icat;ion beyond Georgia's boundaries include the following:

In studies conducted to facil itate the development of an eel
f ishery in Georg ia, eel behavior was studied by divers and
recorded by underwater cameras. Based on these observations
of ee'I movement and foraging habits, more eff icient traps
ar» being developed for the capture of eels.

Biologists are tsolating natural compounds from marine organisms
in an effort to find prototypes for pesticides that are more
seiective and more easi ly biodegraded than manmade pesticides
now used by agriculture,

The performance characteristics of recently developed shrimp
tr«wls were recorded on film in a project designed to demonstrate
techniques for maximum trawl ing eff iciency and for lowering the
rate of fuel consumption in shrimping operations.

Food scientists are searching for ways to use underutilized fin-
fishes in products already a part of traditional foreign markets
in an effort to diversify and expand the seafood industry and
hei p to ease the U. S. trade def ic it,
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THE UNIVERSITY OF HAWAII SEA GRANT COLLEGE PROGRAM

Research, extension, and education � the tripartite mission of the University of Hawaii Sea
Grant College Program � have dynamic, changing foci as projects are completed and new initia.
tives are begun. Highlights and major areas of emphasis include the following programs:

In aquaculture Sea Grant projects have developed both theoretical and applied approaches
to incrsase prawn production

~ a numerical model can predict harvestable population in ponds
~ a new net design has improved the harvesting of prawns from mud-bottomed ponds

In tourism and recreation extension agents have worked with local individuals and groups on
the island of Hawaii to develop

~ a community action plan to enhance the attractiveness of and access to the island's unique
marine resources for the use and enjoyment of residents and visitors alike

In fisheries scientists have made breakthrough discoveries in
~ tracking the horizontal and vertical movements of tunas in an innovative capture-and-pursuit

vessel
~ developing preliminary mathematical models of the best sites for the deployment of fish

aggregation buoys

~ improving fish aggregation buoys to alleviate fish hook damage and to eliminate points with
high corrosion potential

In educational programming Sea Grant funds have supported the initiation of
~ professional-level summer educational programs, focusing on coral reef systems, for partici-

pants from Hawaii and other states and a number of foreign countries

In economics Sea Grant researchers studied the implications of fishery-related joint ventures
on the economies of the host country in the western and South Pacific to enable

~ pacific island communities to negotiate better joint venture agreements with Asian rim nations

In Iaw snd public policy Sea Grant support enabled
~ the convening of leading international law of the sea scholars and governmental officials to

discuss customary international law governing Pacific Ocean activities
a comparative study of legal, institutional, and economic factors expected to influence the
siting of manganese nodule processing plants ~n six countries � Australia, Canada, Columbia,
Ecuador, Fiji, and the Philippines � to provide pub'lic and private sectors with critical infor-
m ati on needed for decisionmak ing

For further information, please contact:

University of Hawaii Sea Grant College Program

Marine Science Building, Room 220
1000 Pope Road

Honolulu, HI 96822

Phone  808! 948-1031
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Louisiana Sea Grant
Benefits and Accomplishments

Louisiana Sea Grant College Program
Center for Wetland Resources Louisiana State University

Baton Rouge, I.orrisiarra 701�

3. �

Since t9<rg. Louisiana Sea Grant has been at thc  'ore-
tront of the s a e'» ettor s to develop sound»cientilic prin-
ciples and information for the management of marine
resources. 'I'he great size. biotogicat productivity. and
mineral wer Ith of Louisiana's coastal zone make the region
singularly i~portent to both the state and nationa! econ-
omies, i s management has been Louisiana Sea Grant' s
dominan cc ncern, for withom «ffective management. vital
tong- em> e;onomrc and social benefits will undoubtedly
be tost.

Based at Loui»iana State University'» Center for Wet-
land Re»oui ces,  he Sea Grant Program is committed to
research, e<lucation. and advisory projects that lead  o
practical »olutions for the probtems ot' marine resources
managemen  and utilization,

The folkiwing are representative of recently completed
or ongoing Sea Grant proje«t» in research and advi» iry
services  ha: benelit the state  >f Louisiana and are in keep-
ing with  h  goal» of  he National Sea Grant Prograiii.
~ Chemical spill» and thc discharges of industrial wastes
into wa erway» cause»eriiius concerns about the contam-
ina ion of drinking water and the resulting public health
problems, Present method» of removing or reducing  oxic
wastes are often inadequate and expensive. sometime» cre-
ating new combinations of chemicals that are more dan-
gerous  han the original toxican s. Using genetic
manipulati<in, Sea Grant researchers have developed
strain» ol bi<cteria that can destroy hazardous wa»te» � the
first microorganisms tailor-made to feed on such toxicants
as PCB, PC P, PAH, and creosote in brackish and»attwater
environmen s «» wetl as in fresh water,

~ Louisiana's seafood processing industry di»cards enor-
mous amouiits of wastes, creating»eriou» and cos ly dis-
posat problems. Sea Grant researchers developed a proces»
 o recover the orange-red pigment astaxanthin from the
waste produ t» of shrimp and crawfish processing plant»�
thus  urmng the wastes into a vaulable resource, When
added  o the diets of commercially grown»almon and  iout,
astaxanthin gives these hsh the rich color and Havor of
wild papula ion», increasing their market value consider-
ably,
~ Sea Grani ha» re«ently concluded ten year» ot rese;irch
nn crawfish aqu;icutture, which virtuatty c»tahlished and
developed a thrivin ' mdu» ry in Loui»iana froni what had
<inc« been u»t;i  raditional wild harvest. Though S«a
Grani'» invi»tmeri  over the decade wa» only '$300, ! X!.
this indu»try ha» had an economic impact on l.ouisiana of
over S70 million.

~ Louisiana Sea Grant and the Mi»»is»ippi-Alabania Sea
Gram Cons<irtium cooperitively built and tested a criib-
»h«dding fa ili y  ha  u»e» a chi»ed. recirculating wa er
sys em. The infornia ion provided by this facility, di»»cm-
inated through publica ion» and annual work»hops. ha»
enabled»ofi-»helled blue crab producer» to d«»igii,ind

operate commercial I'aciti i«» w< hout thc financial risk in-
herent in»ystern» that u»e untreated water from naturat
sy»tenis.

~ The dynamic forces fo»tering the grow h of the' evolving
Atchafalaya delta and their ex ensive impac » on surround-
ing we laird» have aftccted inany important activiti«» in
the region- � commercial li»hing, trapping, hunting, shell
dredging, �ood comrol. oil and ga» production, and nav-
igation. Louisiana Sea Grant » research program here has
provided important int'<irniati >n for governinen al agencies
and private industry in coast'il management planning and
re»ource-development project».

~ L >uisiana's coastal rnarshes, which»u»tain the nation's
most valuable commercial and recreational fisheries, are
yielding to saltwater intrusion and erosion. Sea Grant
sponsored research has been in the vanguard of state efforts
 o measure the rate of wetland lo»s, study the fundamental
proce»se» that control wetland growth and decline, and
pmpose measures  o reverse the declining trend. The re-
»ul s of Sea Grant research are also used by fedcrat agcn-
cie» like the U.S. l'i»h and Wildlife Service, the U.S.
Corps of Engineers, and the National Marine Fi»hcries
Service.

~ Loui»iana Sea Grant's Marine Advisory Program»up-
ports 20 marine agent» and specialists who live and work
throughout coas al Louisiana, providing information and
practical assistance  o their communities on a variety of
topics such as aquaculture, »eafood marketing, h»herie»
technology, mariculture, environmental inanagernen , rec-
rea i<in, and marine economics,

~ S«a Grailt inarine advi»ory agents have been active in
pronui ing new  ypc» i>f gear for Louisiana fisherrncn. One
agen  led shrirnpcr» in the devel<ipnient and refine>r>cnt <if
the aluminum trav 1 «fficicncy device  TED!, which ex-
clude» jellyti»h and other unde»irahle species from shrimp
catches and ha» been adop cd by th«NMFS in its prograni
 <i protect the»ea turtle from accidental inclu»ion in fishing
 rav l». O h«r agc nt» have worked lo educa c li»hcrmen
abou »pe«i,il modili«a ion» that make bo tom longlining
for fiiifi»h morc  'ea»ihle in thc n<>r horn Gulf, thus opening
;i new enterprise for Loui»iana fi»hermen.

~ Ex err»ive work»hop» c<>nduc cd by Sea Grant marine
iigcnt» ar>J»peciali»t»  o  each r«tail »cafood dealers how
 <i ir>c<u;<s« heir hu»ine»»- � 'ind, thu». pr<ih » � through
i>>ore cf!'ective merchandi»ing, grea er product diversity,
'ind more efticien  quality contr<it resulted in reports of
»alc» incr«a»e» from ho h large «hain s ores and inde-
p«oJ«r>  d«'<Ier» throughout Ihe» 'r e.

~ Sca Grant marine agent» worked to c»tabli»h state and
federal programs for compen»a ing fishermen who lose
expensive gear on underwater obstruction» in thc northern
G>utf,  o �»»l»l tl»hcrmcn in hling claini». and  o aid the
»ta e in de»ignating for rcm<ival »ome ot' Loui»iana'» most
damaging underw;i cr ob» ructions.



Sea Grant College Program

University of !elaine

Joining with the many individuals and organizations in the state for guidance and knowledge,
the Sea Grant College Program at The University of Maine is providing significant benefits in the
development and monagement of hhaine's marine and coastal resources.

R.K. Dearborn, Executive Director
UhhE Sea Grant College Progrant
14 Coburn Hall
University ot hhaine at Orono
OranO, Maine 04460
�07! 581- l 43e

500 Universi y of Maine University of New Hampshire Sea Grant College Program 9/84
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The Sea Grant College Program at the University of Maine is a cooperative program with the
University of New Hampshire.

As part of the National Sea Grant College Program created by Congress in 1966, the University
of Maine Sea Grt3nt College Program is a statewide cooperative effort in marine research, educa-
tion, and advisory service activities which focus on the coastal and marine opportunities of the Gulf
of hha inc.

Since its inception, the Sea Grant program in hhaine has focused on these program areas:
1! Fisheries Development, 2! Fisheries Management, 3! Conflicting Demands for hharine Resources,
4! Education for the Development and Use of Marine Resources, and 5! hharine Environmental
Research.

University oi' Maine Sea Grant projects in these program areas include:

FISHERIES DEVELOPMENT CONFLICTING DEMANDS
~ Development of medicated diets for Iob- FOR MARINE RESOURCES

sters to contr<>l gaffkemia, a bacterial dis- ~ Development of a model of the circulation
ease which cciuses high mortalities among and tidal response of the Gulf of Nlaine
lobsters held in pounds, will significantly by Sea Grant researchers will provide an
reduce the cc nsequent, severe economic important contribution in evaluating the
losses for Ma ne's highest value fishery. impact of tidal power development in the

~ A Sea Grant researcher in economics, Bay of Fundy.
working witt representatives from the ~ Due to Sea Grant-supported studies on the
Maine Fishermen's Cooperative and Port- structure of the Gulf of hhaine fishery, a
land' ~ pier operations committee, is help- University of Maine economist has been
ing to establish sound operating rules for selected as a special expert witness to the
the auction o3 Portland's $25 million fish World Court proceedings at the Hague on
pier the maritime boundary dispute between

the United States and Canada,
FIHERIES MANAGEMENT ~ An annual conference on Eost Coast Fish-
y Over a decade of Sea Grant research on eries Law is offered with Sea Grant sup-

clom biology; clam seed-planting efforts port by the University's hharine Law Insti-
in towns sucli as Jonesboro, Brunswick, tute for those involved in managing New
and Freeport; and the economic impact of England's fisheries.
clam flat mat>agement have been com-
piled in the publicati», increasing Cfam SHORELINE MANAGEMENT
Harvests in Alaine. This book will aid both
the University and the Department of Ma- ~ Sea Grant studies characterizing major
rine Resource» in assisting all coastal towns sandy beach systems and suggesting

guidelines for their future uses have led to
the implementation of construction guide-

e Seo Grant-suf>ported studies on bottom- lines along Maine's sand dune areas and
feeding flatfishes in conjunction with the an amendment to an existing State of
hhaine Department of Marine Resources
and the National Undersea Research Pro-
gram will lay the groundwork for new,
multispecies fisheries management strat-
egies in the Culf of Maine.



The Maryland Sea Grant College Program ...

Our mission; To improve and accelerate the development, use and management of the coastal, estuarine and manne resources
of Maryland and the nation.

Our approach: To driw on the knowledge. talent and expertise in the universities, colleges and schools of Marvlarid and
elsewhere for addres ing marine resource problems and opportunities through a coordinated program of research, education
and advisory service'..

Through Research

To manage our resour:es wisely, we must understand them. Nowhere is this more evident than in our oceans, lakes and bays.
To Improve our understanding of an important natural resource, the Maryland Sea Grant Cofiege has focused its research

efforts on the Chesapeake Bay � on estuarine biology and physiology. Furthering our understanding of estuaries and the seafood
that comes from them, Sea Grant-supported researchers have:

~ Studied the genetic make up oE the striped bass or "rockfish," a much sought. after commercial and sport tish in grave decline.
This research has told us more about the nature oE striped bass migrations and has given us a highly improved method for the
analysis of mitochondrial DNA from fish.

~ Examined some of the important factors believed responsible for the dechne of what has historically been the Chesapeake's
most valuable fishery. the oyster. Researchers have analyzed oyster reproduction, nutrition and growth in an effort to identifv
weak links in oyster rmuitment and production.

~ ldenfifiied the role of a new bacterium, LST, in the metamorphosis and setting of oyster Iarva~n important finding that could
lead to the control of spat settlement and metamorphosis in oyster hatcheries or in the natural environment.

~ Devised methods for examining nitrification and denitrification processes in the estuary.

Education ...

As part of Sea Grant's charterand as an integral part of a large university � the Maryland Sea Grant College supports
education, both informil and Eormal, Eocused on the Chesapeake Bay and the sea. In an active effort to promote both an
appreciation and undenitanding of marine and estuarine resources, Sea Grant has.

~ Supported outstanding undergraduate and graduate students pursuing marine-related courses of study,
~ Worked with public s«hool administrators and teachers to improve the presentation ot' marine-related course matenals in the

classroom.

~ Produced films, slide shows, television and radio spots and publications informing selected pubiics about the problems,
opportuniffes and potentials presented by the state's and the nation's abundant marine resources

~ Supplied hmely info@nation about striped bass, oysters and other commercially important fisheries to an interested public,
including resource managers and planners.

Advisory Services

Louis Pasteur said that scientific research was most fulfilled when it found an outlet in practical application. In order ta assure
that new methods and insights find their way to relevant marine industries and public decision-making agencies  whether
fisheries, seafood harvesting, processing, shipping, or recreation! the Maryland Sea Grant College works with the University's
Cooperative Extension ~service to deliver practical information and technical assistance. Marine advisorv agents and specialists
have:

~ improved methods for shedding of soft-sheUed blue crab~ growing business in Maryland,
~ Worked closely with watermen who are interested in planbng oysters on specially prepared plots in the Chesapeake Bay. Such

work helps stimulate oyster production in the face of a declining wild fishery,
~ Demonstrated, through the use of pond culture, how farmers and others can grow stnped bass and hvbrid stocks in closed farm

ponds.

~ Helped distribute information on navigation, fuel efficiency, collision avoidance. ship maintenance and marine safety to
literally hundreds af thousands of boaters and fiishermen.



MIT SEA GRANT PROGRAM
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MIT sea Grant is one ol 29 programs in a
nationwide network thai carefully balances
research, education, and advis>ry services
to advance the use and management of
ocean and coastal resources hfIT is
COIIabarating Wilh buSineSS, gC Vernrnent
agencies at all levels, and the public to lind
ways to

» wOrk mare Safely and eCOnOiniCally in the
oceans

~ protect the productivity ol th. marine
environment

~ develOp new, innovative uSeS Of marine
resources

~ fOSter StrOng, efficient US Oc.an
industries

~ educate and train students fcr marine
careers.

Sea Grant, A University-j3ased
Program

The university base of the natic nal Sea»
Grani program offers special h:Ip to marine
industries who develop marine resources, to
qovernrnent agencies who manage marine
uses, and to private citizens who benefit
from marine products and a clean manne
environment. Because the oceans are
owned by everyone, many voic:s mus92 be
heard before decisions concerriing resource
development and management can be
made Universities provide an c pen forum,
where groups with competing interests and
conflicting viewpoirits can mee. with experts
ana initiate research that is mu'ually
beneficial

Academic institutions represeni a large
reservoir of talent and thus give Sea Grant
the flexibility and ability to respond to the
diverse needs ct the marine coinrnunity.
Hundreds of researchers in the Sea Grant
network have underlaken high 'isk studies
and/or technoloqy development that have
haij long-term payolfs Unlike studies done
for the benefit of a single organization, the
results of Sea Giant s prolects;ire made
widely and freely availabie to aiiyOne who
has need of Ihe ininrmation Ur iversities not
on y provide the free and open:ransfer of
mformation responsive and mc tl-
discipiinary research. but they ire also a
superb training ground for youiig men and
women who will work as manacers,
scientists, educators. and techrologists in
the marine iield

MIT, A Focus on Technology
Development

FOr Over a hundred yearS MIT I aS been a
leader in marine enqineering ant technology
devel pp ment In I IIII3 the In St itu e Offered
the first formal course leading ti> a degree

in naval architecture and a year later
established a department of sanitary
Chemiatry, the firSt labOratory Of itS kind
concerned with proper waste disposal and
Water pOllutiOn COntrOI. In 1970, MIT WaS the
first private university asked to become a
member of the network of Sea Grant
institutions. Since then, faculty and students
have made SignifiCant ContnbutiOnS tO the
development of new ocean technologies.
FOr inatanCe, the Pragram haS'

~ been a pioneer In undersea robotics.
RObatS are playing an increaaingly
important role in scientific and industrial
operations offshore to increase diver
safety. At MIT manufacturers and users of
underwater rObOtiC VehiCleS have
collaborated with researchers from ocean.
electncal and mechanical engineering
departments to develop novel systems for
new unmanned underwater vehicles The
systems include supervisory control for
vehicles and manipulators, para! Iel linkage
manipulators, tactile sensors, and
sophisticated acoustic communication
technology developed to meet industry
needs. MIT faculty and students are
combining and implementing these
systems on an underwater vehicle,
Sea Grant I

~ created widely used modelling tools for
assessing environmental effects of marine
development. An environmentaf and
economic model was a critical tool for
state. federal and privale groups for
assessing and negotiating oil and gas
development on Georges Bank. A portion
of the model, employed in response to the
ARGO MERCHANT accident in l976, is
still being used by the LIS Coast Guard.

To aid industries and government
regulators, fvIIT Sea Grant created two
hydrodynamic models that have been
used to monitor environmental effects in
large coastal bays throughout the US.
Accurate information on the probable
diaperSipn and cirCulatiOn Of particleS and
heat wastes has ailowed ocal companies
to engineer coastal power plants to
specific conditions, thereby saving the
COmpanieS and COnSumerS milliOnS Of
dollars while meeting clean water
reqvirementS Oi the EnvirOnrnental
Protection Agency

~ fostered greater efficiency in the fishing
industry. Outdated technology has kept
US fishermen from being competitive with
foreign fleets in both dumeslic and
international markets. The Center for
Fiahery Engineering AeSearCh at IVIIT haS
been given access to the large-scale and
sophisticated Nalional Ship and Research

Development Center  NSRDC! in
Bethesda, Maryland lo work with industry
and university researchers to improve the
fuel and catch efficiency of widely used
trawl nets.

~ converted wastes Into benefiClat
pharmaceuticals through biotechnoiogy.
TO help turn milliOnS Of tOnS Of fiSh WaateS
into profit centers for fishermen and
benefiCial pharmaCeutiCalS fOr dOCtOrS
and patients. Sea Grant sought out IvllT's
grOWing pOOI Of biOtechnOIOgy
researchers. One project has shown that
Shark Cartilage inhibita the Spread Of
blood vessels that feed tumors. The
reaultS published in Science have
attracted interest for their great promise in
the control of vascular and some other
kinds of cancer ln a companion project
the viscera of flounder, cod. scallops and
clams were found to be an abundant
source of heparin, an anticoagulant that is
critical in many kinds of surgery.

~ brought offshore companies together lo
make ocean operations safer and more
economical. MIT Sea Grant's advisory
services, through the Collegium and the
Communications/Information Office, have
spurred collaboration among industry and
v ni vers ity des ig ners, hydro dynarnicists,
and struc'tural engineers to address many
Of the IOng-term prOblemS Of reCOvering
oil and gas supplies from deep waters. In
one current geolechnical project, soil
experts from MIT and a consortium of oil
companies are correlating industry data
with information gained from the
application of a new procedure developed
wilh IVIIT Sea Grant support The result of
thiS induStry-univeraity prOjeCt will be the
refinement of a cost effective, reliable
terhnique for characterizing marine soils.
This prolect, and the work leading to it.
haS alSO prOduCed a well-trained Cadre Of
geotechnical engineers � the dozens of
students who have contributed
significantly to research development.

For more information on MIT Sea Grant' s
education program, advisory service
activities and its research in robotics,
coastai processes. offshore facility
engineenng. living reSOurce develaprnent,
and other technology lor ocean uses
contact:

MIT Sea Grant Program Director,
Chryssostornos Chryssostornidis or
Executive Officer,
Norman Doeiiing
77 Massachusetts Avenue, Building E38-302
Cambridge, MA 02139
�17! 253-7041
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THE WOODS HOLE OCEANOGRAPHIC INSTITUTION SEA GRANT PROGRAM is a co-
herent effort that focuses most of its effort on research. Over the last
several years emphasis has been on marine resources and related marine
policy issues. Representative studies are:

* Paralytic shellfish poisoning  commonly known as red Hdej
study in the New England region, including possible methods
for its control and pharmaceutical applications of the toxin.

* Stabilization of the bay scallop population in Massachusetts.
The objective is to optimize the use of seed scallops from
other areas or from hatcheries to compensate for natural losses
of juvenile and to develop management techniques to optimize
the harvest.

* A book and atlas on Georges Bank assessing existing knowledge
of this important resource area and identifying areas for
future studies.

* Study of the biogeochemistry and dispersion of PCB pollutants
in the Buzzards Bay area, surrounding New Bedford, Massachusetts.

* Study of sediment bypassing of tidal inlets, in general, and
sediment transport on Cape Cod.

* Polymetal1ic sulfide studies concerning policy and economic
issues of this potential marine metals resource.

* Support of our International Marine Science and Policy Program
that works with selected countries  Colombia, Ecuador, Brazil
and Jordan! to assist them in the development of their marine
resources and other marine opportunities.

Local and regional research and information projects also form an im-
portant part of our Program, Our Marine Assistance Service has worked to
increase interactions with state and national shellfish agencies and
associates as well as with selectmen and natural resource personnel in
the local towns of Cape Cod. Our program at Woods Hole has also been
involved with local teachers in severa1 endeavors, including a marine
studies !ecture series for science/math teachers in the Town of Falmouth
school system.

A joint doctoral program in oceanography exists between the Woods Hole
Oceanographic Institution and the Massachusetts Institute of Technology;
several of these students have been supported by Sea Grant.

DR. DAVIO A. ROSS SEA GRAHT COOROINATOR
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The NATIONAL SEA GRANT COLLEGE PROGRAM plays a major role in the develop-
ment of a responsive marine research effort for the United States by
promoting the understanding, assessment, development, utilization and
conservation of our Nation's ocean and coastal resources. The WHOI SEA
GRANT PROGRAM has strived during the past decade to meet these ideals.



GREAT LAKES FIStKRKS RECREATION AM! TOURISM

COASTAL RESOURCES

TRANSPORTATION

WATER SAFETY

TOXIC SLHSl ANCES

Michigan Sea Grant College Program

The Univeraity of Michigan - Ann Arbor -  >13! 764-1158
Michigan State Univeraity - East Lansing - �17! 
!-0647

10/843.15

~ Sea Grant research and extension
activities a'e helping poorer, rural
coastal counties in Michigan develop new
practices arrd facilities to attract
angler s, wha brinq much-needed revenue
to these ar as  $1 million in 1981 to
Alcana County!. Similar efforts are now

- beinq applied in other U.S. coastal
counties.

~ Sea Grant has developed hiqhly efficient,
law-cast nets far commercial fishers.

~ Sea Grant research on ways ta improve
the natural reproduction of sport and
commercial fish in the Great Lakes
will reduce federal and state sport fish
stocking costs, increase revenue from
angler spending, and improve the
commercial fishing industry.

~ Sea Grant engineers have developed and
tested effer'tive, low-cast alternatives
to expensiv shore protection devices,
lowering protection costs by up to 95'k.

~ Sea Grant developed improved quidelines
for divers which help prevent
decompression sickness  the bends!.
BaSed On this researCh, e diver-Carried
device that tracks decompression status
was recently developed and is
manufactured by a Pennsylvania
company. The device allows commercial
divers mucker more time underwater,
which translates into dollars saved.

~ Sea Grant '.oxics research resulted in an
economical laboratory method to identify
potentially hazardous chemicals. The
research hes been used by major s'tate
end international agencies to develop
critical hazards lists.

a Sea Grant analysis of boater spendinq
patterns is helping businesses and cam-
munities more profitably accommodate
boating activity. In ane city, Grand
Haven, a Sea Grant agent helped
develop a tax incremental financinq
plan ta fund a marina expansion
project.

~ Sea Grant marketing research and
extension efforts helped establish the
first two underwater preserves in the
U.S. waters of the Great Lakes.
Michigan now has three preserves and a
fourth is planned. The annual value of
the diving tourist industry at an Alger
County preserve is predicted to
increase from $600,000 in l980 ta $5
millian by 1990. A Sea Grant marine
extension agent is helpinq the city of
Munisinq establish and promote e land
park and interpretive center next to
this preserve.

e Sea Grant courses in ship and workboat
production techniques helped U.S. ship-
builders compete in the international
merchant marine construction market;
led ta a U.S. Navy contribution of
$250,000 to The University of Michiqan
ta develop a ship production curri-
culum; and resulted in the production
of seven texts on advanced boatyard
technologies for use in the industry.

~ Sea Grant has studied cost-effective
and environmentally sound ways ta
overcame constraints imposed by the
narrow, icy St. Marys River at Sault
Ste. Marie, such as a path control
system that guides ships accurately
through the narrow channels; end
modifications to vessel design that
would facilitate passage through ice
without ship damage.



Minnesota Sea Grant Institute

116 C assroom Ofhce Building University of Minnesota-1994 Buford Aveitue St P»ttt Mirineso!a 55106

Office of the Director Phone � 2!:379 170!t,

HINNESGTA'S SEA

APPROACH

RESULTS

APPL I CA T IONS

.r chemical herbicides sre used, the

.ablem af plant resistance snd envi-
ird. Ses Grant is working to create
des froe naturally occurring lake
sarchers have already isolated s
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Ses Grart is a national pragrse established
in 1966 ta proeots the wise use of our marine
resources.  n Hinnesota, Sea Grant ie concerned
with the country'e largest inland sea: Lake
Superior. As the largest, coldaet, and northern-
most of the Great Lakes, Superior hes gwgique
prablees. Hinneaota Sea Grant works toward salv-
ing those problems through research, extension,
and education.

Research
~aseity at the University oy Ilirlneaata tain
Citiea and Duluth campuses investigate a variety
of issues, in-luding: pollution of the lake, fish
papulations, the lake's ecosystem, water quality,
prevention of hypothermia, and improving tourism
and shipping in the region.

Extension
~rea agents captain reseatoh resuita to the
public and to organizations that can bensf'it fram
Ses Grant's w>ark.

Education
tree Grant supports md trains graduate

students snd 4asriqen Indian undergraduates in the
marine sciences.

4Northess"ern Hinneeota, including the region
along Lake Superior, ia the moat depressed region
in the stets. But the region hee great potential
to build s strong tourism industry. Ses Grant
economists, aFter completing s three year study,
wi ll be able to provide tha state md private
investors with options for developing new fscil-
itiss and attractions to bring mare people ta the
region.

4Sss lamprey hsvs had s devastating effect on
Lake Superior ' s trout populations. Recently, See
Grant researchers suggested new methods to help
management agencies deal with the parasitic
lamprey. They sho~ed that lamprey cantrol should
shift from chemical treatment af individual
stre>ass ta control of areas with dense popula-
tions, miniei..ing the rate of lamprey reestablish-
ment.

Hypo thermi s is a contributing cause in 50
percent of the drowning F'atelit ice in Hinneeats.
Ses Grant researchers studied ho« the body
responds to cold water and the mechanisms it uses
ta protect itself. Sea Grant haa researched this
impartsnt Field for six years, resulting in
greater public awareness and scientific under-
standing of hypothermia and prevention of cold

Is ~

chemical which is toxic to some aquatic «cede snd
algae. The new products developed from that
chemical could help salva resistance problems snd
would bs plant-specific, killing only the intended
plants while leaving fi eh snd other plants
unharmed.

4Sea Grant researchers found that esnsgement
of nutrient inputs ta Lake Superior aust be
changed to avoid long-term damage to the lake. A
study of the three major nutrients entering the
lake � phosphorous, nitrstes, end silicates--sho«ed
that sll three nutrients  not just phosphorous, ss
previaualy believed! must be controlled ta esin-
tain «ster quality snd to keep areas «i th high
nutrient input productive for the F'ishery.

4Chinook salmon er e one of the major, non-
native stocked fish in Hinnesats. The tieing of
their release from the hatchery ta the streams
entering Lake Superior is crucial to their
survival. Sea Grant researchers determined when
chinook salmon reach smolti ficstion, the time at
which they should be released. Their findings
shaw haw salmon hatcheries eay esnipulste light to
speed up smolt i fi cat ion, potsnti ally deer easing
hatchery expenses end improving the number oF
chinook salmon caught by Hinnesota'e fishermen.

4The United States exports ears coal then any
other country. Yet very little coal is shipped
out the Hid«est'e Duluth/Superior port, even
though the port is close to vast western coal
reserves, Sea Grant economists sre reseerching
ways to ieprove the part's competitiveness with
eastern parts.

4The number af bosters who «snt ta launch on
Lake Superior is increasing but the Facilities ta
deal with thee are not. Ses Grant extension
helped the town of Two Harbors ta organize,
design, end get funding for s ne» boat launch,
parking Facilities, snd s breskwsll. The improved
facilities srs expected to bring more bosters snd
revenue to the ares.

4The Duluth/Superior port «ants ta increase
shipping to international ports. Ses Grant exten-
sion, by sponsoring a workshop on international
trade, brought several business operators together
to discuss ways to enhance the part's business.
As e result af those diecusaians, a new processing
facility snd RO new jobe were created in Duluth,

Ses Grant ie funded by the Federal govern-
ment, the University of Minnesota, the state leg-
islature, snd some smell businesses. Seceuse Ses
Grant's research is of national ss «ell as
regions.l itsportsnce> many agencies are able to
utilize Hinnesots'e results. Same of these
include: the Great Lakes f ishery Comrsi ssi on,
Internet i one 1 Joint Cosmi as i on  on the Gr est
Lakes!, Environmental Protection Agency, Hinnesats
Department oF' Natural Resources, snd Port Author-
ities of Duluth snd Superior.





The Sea Grant College Program at the University of New Hampshire is a cooperative program with the Uni-
versity of Maine.

As part of the National Sea Grant College Program, the University of New Hampshire Sea Grant Program
works cooperativeIy with marine industries, slate and federal agencies, organizations, and individuals to identify
and solve problems associated with the development and conservation of northern New England's marine re-
sources. At the same time, Sea Grant attempts to increase pubiic awareness of important marine and coastal re-
sources through i ts various marine information and education programs,

Examples of Sea Grant's work in New Hampshire � much of which also has national significance � include:

PROTECTION AND ENHANCEMENT

OF MARINE RESOURCES
INDUSTRIAL AND

COMMERCIAL DEVELOPMENT

FISHERIES MANAGEMENT
AND DEVEI OPMENT

EDUCATION

The state of New Hampshire and northern New England have benefited significantly from Sea Grant's contribu-
tion to marine research, education, and advisory services. For further information, contact:

Robert W. Corell, Director
UhlH Manne Program and
Sea Grant College Program
Mar~ne Program Building
University of New Hampshire
Durham, New Hampshire 03624
�03! 662-2994

University of New Hampshire University of Maine Sea Grant College Program 10/84
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Saa Grant College Program

University of New Hampshire

~ Development 0f hydrodynamic and dispersion
computer models to trace the movement of pollu-
tants within estuaries and harbors. These mod-
els have been utilized in strategically locating a
sewage ouffalI Itipe in New Haven Harbor, Connect-
icul and in posiiioning offshore breakwaters in Bris-
tol and Sconnet Harbors, Rhode Island.

~ Refinemertt of laboratory techniques which can de-
terrnine the decree of atlachment of toxic organic
substances to suspended sediment particles � an
important parameter in determining the transport
and ultimate fate of the pollutants along the coast.

~ Technical assistance to the state, towns, and indi-
viduals on the proper design, location, and use of
shoreline erosion protection structures and
techniques.

~ Development t>f an accurate and inexpensive
method for detecting toxins of the red tide
organism whi:h sometimes contaminate New
England shellfish.

~ Determination t>f the impacts of sea urchin over-
population on productive kelp beds and lobster
populations along the coast of northern New
England.

~ Assistance in establishing the successful and profit-
able Portsmouth Fishermen's Cooperative, This
Cooperative has resulted in reliable deliveries of
fresh produce to the marketplace and timely pay-
ments to fishemtert,

~ Discovery of a technique for predicting the stability
of coastal and seafloor sands, This technique can
help avoid earthquake and storm-weve damage
to oil figs and pier foundations.

~ Development of a microbial fermentation process to
produce valuable chemicals from tropical agri-
cultural products. The new process is designed to
generate industrial alcohols, chemical feedstocks,
and antibiotics in a seawater medium in mobile
shipboard units, or at fixed coastal facilities.

~ Profiles of visitor acllvity snd spending patterns
within selected coastal communities. This informa-
tion will be used by coastal tourism businesses in
advertising andmarketing strategies.

~ Development of emergency oil spill containment
boom techniques for high velocity current areas.
These boom configurations are now required at all
oil terminals along the Piscataqua River.

~ Production of a monthly marine education news-
letter, The Tidepool Times, for students and
educators. This has led to publication by Prentice-
Hall of a 240-page, illustrated trade paperback,
The Seaside IVaturalist, based on the newsletter.

~ Assistance in the development of the educational
and research rnanagernent components of the
Great Bay Estuarine Sanctuary Plan.

~ Coordination of a volunteer marine docent program
which delivers marine education programs to more
than 15,000 students, educators and members of
the public each year.



The Natiortal Sea Grant College Program, through the education, research and advisory service activities of the
state Sea Grant programs, isa successful ~nvestment in the nation's marine resources It is a model partnership
involving toe universities, the private sector and government at all levels. It is based on a national network
involving s:rong local program input.

The New Jersey Sea G ant Institutional Program is managed by the New Jersey Marine Sciences Consortium. an alliance of
27 institutions of higher learning, a number of business and private entrepreneurial organizations, and individuals
interested in marine affairs New Jersey Sea Grant has recently entered its ninth year of activity in coastal and marine
concerns.

Sea Grant has grown steadily in value to New Jersey by directing attention to the challenges and opportunities afforded by
the state's extensive arid invaluable marine resources Emphasis on critical coastal problems dealing in fisheries, shoreline
processes, and pollution continue to be at the forefront of Sea Grant activities under the New Jersey program

These activities. high y sophisticated in academic terms, nevertheless possess a very real pragmatic interest in the
economy of the state. Tourism is its second largest industry, accounting for over 5 billion dollars annually, most of it
attracted by marine recreational activities Its fishing industry alone generates almost 1 billion dollars each yeari

Listed here are the results of a few of the most recent educational and research prolects conducted under the Consortium's
Sea Grant program Each of these has been beneficial in providing knowledge essential to making correct decisions
regarding use of our valuable marine resources

~ A three-dimenaianal, time dependent phySiCal OCeanOgraphiC mOdel Of CirCulatiOn in the HudSOn-Raritan eStuary haS
been deVelaped an3 teSted. The HudSOn-Raritan eatuary iS COnaidered amOng the mOSt pOlluted in the natiOn and the
ability to apply this model to circulation within the estuary will allow environmental managers to predict pathways and
fates of pollutants introduced into the system.

~ Sea surface temper ature charts and weather and wave condition forecasts have been two important services provided to
COmmerCial and rei:reatiOnal fiaherrnen in the Mid-AtlantiC regiOn by a NeW JerSey Sea Grant ExtenSian Agent TheSe
programs aided in mproved catches, reduced transit time, and conservation of fuel by fishermen. Both services have
now been successfully transferred to the hands of private industry

~ The condition of th» state's inlets. barrier beaches, and other coastal features are crucially important, both economically
and culturally. The Sea Grant coasta! systems program, in full cooperation with the NJ Department of Environmental
Protection. has been successful in identifying barrier iSland hazard areas, analyzing the sucCeSS Of beaCh nourishment
projects and testing new techniques for maintaining inlet channels. Continued emphasis on the problems of shoreline
changes will enable Sea Grant to contribute to coastal zone management in New Jersey

~ The New Jersey Sea Grant Extension Service, in cooperation with the National Oceanic and Atmospheric
AdminiatratiOn'S OCean ASSeSSment DiviSian, held an OCean Dumping ConferenCe deSigned tO bring together
environmental managers. researchers, and the public to discuss the key issues regarding ocean dumping in the 1980's.
The conference identified the status of ocean dumping activities and how they relate to pollution of the New York Bight,
discussed ways to r solve the waste disposal problems of our region, and offered predictions on what can be expected in
the future The cOnlerence Waa Well reCeived and a ConferenCe PrOCeedingS haS nOW been publiShed

~ Two marine pollution educational module units, 'If Fish Could Talk' and 'The Great Garbage Chase' have been produced
in cooperation with the New York State Sea Grant institute, the NOAA Ocean Assessments Division, and the Cook
College-Rutgers University Department of Education. Developed for use in secondary and elementary school
curriculums respectively, these modules have been demonstrated by the Consortium's Pollution Specialist at dozens of
schools and state aiid national teachers meetings, including the New Jersey Science Convention. the New Jersey Marine
Education Association Annual Meeting, and the National Association of Biology Teachers Convention.

The Sea Grant Program is conducted nationally by the National Oceanic and Atmospheric Administration of the U S.
Department of Commerce. Created by Congress in 1966, the program takes its cue from the historically-proven Land Grant
agricultural tradition, namely the integration and articulation of research, education and outreach. In New Jersey, the Sea
Grant Program continues to achieve the goals and objectives established by the National Sea Grant Program

From the shallows of he Delaware Bay to the offshore canyon depths of the Atlantic Ocean � from Sandy Hook to Cape
May--New Jerseyans are. in ever-increasing numbers, associating themselves with the Consortium's leadership in the
preservation and conservation of their irreplaceable marine resources

Additional informatior may be obtained from: Dr. Robert B Abel, Director
New Jersey Sea Grant
New Jersey Marine Sciences Consort~urn
Building 22
Fort Hancock. NJ 07732
�01! B72-1300
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New York. Sea Grant Institute is...
addressing diverse needs in a diverse state

~ Contractors building bulkheads and
docks in the coastal region told Sea Grani
Extension statf of their need for useful in-
formation on building materials and con-
struction specifications. Most data sources
available had been prepared for engineer~-
most coastal contractors don't have engi-
neering degrees. Sea Grant h.id universitv
engineers, working with the contractors,
prepare new handbooks which are useful
to the contractors and are helping them to
do a better job.

~ Sea Grant support ot research in highly
speculative areas can pay olf handsomelv.
Two examp!es of "tar-out" ideas which
have worked are:

Nev York is a coasta! sta:e of great diver-
s!tv. Its 320II miles of coa. t include:

~ 57 t mile s of shoreline o  the ! argest c>ty
in the nation--and th< nation's busiest
port

~ �40 nlilvs of shor»line along Lakes Ene
and Ontario and the!it. Lawrence
River, the corridor of commerce for the
Creat Lakes

~ 
 >S miles of shor»line of th» nation's
fourth largest island  largest of the con-
tiguous 48 states!. Long Island, most of
whose S 2 million res dents often do not
know that the bays s<irrounding the is-
land produce many of the shellfish con-
sumed in the nation

~ 37! ml!»s of shoreline along the Hudson
River»stuarv which,nc!udvs New
York's»atua rin» sane!'uarv

New York's coasta! rvgii>n is.i critical part
of the state and regional economv. Eightv-
five percent ot New Yorxers lie» >n the 28
coasta! counties. Metro! olitan New York
and the P<>rt of Ne'w York and Ne|w]ersey
constitut» about 30 perci nt ot the popula-
tioll and e<'OOO>PV Ot the noi'iheaStei il
United States.

In 1974, the Trustees of <..ornell Univers>tv
and the!ita!e. Universitv of Nels York svs-
tern iormvd the Ne«York Sea Grant Insti-
tute, as a cooperative ac iv>ty, io heilp Ne' w
Yorkers to appr»clat» th ir coastal re-
sources and to make bet ter anc! wiser use ot
then> The Sea Grant Ins lit«te ex>ordinates
New York's Sea Grant program in which
 aceiltv and students fro T< inany institu-
tions in th< state particit ate through their
res»,lrch Ill co!!abor.>t>on <vith Cooperatwe
Extension, Sea Grant Extens<on staff, lo-
cated in nine coastal off>:es, help coastal
uaera, biiSineSSe S a nd in du Stre tO be a war»
of nei< >de ls and technclugi»s and to rnak»
bette r decisions on c<>asi al matt»rs.

The New York Sea Grant Institute
of State Vniversity of New York and Cornell Uriiversity,

37 Elk Street, Albany, New York 12246,
I 518/436-0701! or call your nearest Sea G rant

Extension Office lisled in the telephone directory.
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Getting Results
~ kvstocking ol salmo» and trout m Lake

Ontario hns be»n a greai succ»ss. Sea
Grant, through research and ext»nsion, has
help»J coinmuniiies an<i businesses along
the Lake to develop a m,ijor sportt'ishery
into a ma!or economic ai,set-a $100 million
a year industry. For < xn np!», when
research tound where s.i!mon congregated
in the l.akv's <vaters, a chartvrboat Esh<ng
industry «as able to dv< clop. Five years
ago ther» ive re no <h.lri rbo«is operating
on Lake Oilt >no--today there are 125.

~ N»lv '«>rk's shel!lish, froni oyst»rs and
hard c!a>ns to bay sca!!ops, haec long bee'n
a national deli< acv. Incr< asing production
of these crops can bv achieved only
through aquacultur< T< ward this»nd, th»
Statics!»g>i!atur» and a!;enci»s tumed to
Sea Crani and asked it t<> create a plan t'or
increasing invvstment iri aquaculture busi-
ness Though only r< cer<tlv rel»used, manv
Of the pi'«>'s re»omme.nilatioils are being
irnplernented. S>gniticar<tlv, the Ne>v York
Legislator< has appropr ated S I million to
stimulate th»,lquac«llui» industry within
the state

As/> n>xi,<cr>i!>I>»r «us < ' produced bv electr i-
cal generating plants burning coal arv a ma-
jor disposal headache. The idea of combin.
ing theSe WaSteS and COrnpresSing thenl
into so!id blocks was presented to Bea
Grant. It was found that, although the
blocks contain toxic materials. thvv do nol
leach these to the ala rine or  reshwa ter e n-
vironment and so can be used salelv tor
various purposes, One of these is the cori-
struction of artificial fishing r»e s. One mid-
west utility is now building a coal-waste
block reef in Lake Michigan.

Ffla> I>i>rh>r S»<fuse>ii> are Often badlV C<>n-
tamlnated with organic taxies and heavy
metals. Disposal of these svdiinents, wh<. n
they are dredged for channel maintain»neo,
is a major problem tor all ports. Sea Grant
sponsored research exp!oring the possible
burial of contaminated spoils in pits created
by underwater sand mining and then < o<-
ering them with ck>an sand. 'this disposal
technique prevents the contanunants from
re-entering the est«a rine environment or
 rom polluting groundwaters Research is
highly promising. I'ilot seal» proj»cts ha<»
shown the feasibility and now. several pc rts
are considering the option for the>r spoil
disposal problems.

~ Sea Grant researchers haec successtulle
farmed large seaweeds that occur naturally
in New York's waters. At present the prin-
cipal crop is a species e'a!led Li»>i>r«rki.<i<-
eh«rien, but researchers are also experi-
men ting with anothe ~ species, Grni.>l<> r»
I>khnt»a<y as a summer crop. Using an orien-
tal-style rope farm, the economic feasibihtv
for growmg large ma~~es of seaweed tor
feed stock or  or cony»rsion to natural gas
or to alcohol has be eii shown One success-
ful test of the concept was th» w»athenng
Of the farm thrOugh l "I CKI-Ve > r storm "

~ Metropolitail Ne'w York is not wher»
one would expect to tind a big recreational
fishery. I!ut then, no on» had !ooked! A Se 1
Grant funded pro>»ct ex«min»d that ques-
tion and found large numbers of shore-
based fisherfolk. Although thvv are not
boat owners, these recreational fishermen
and women «ere not the subsistence fish-
erinen expected. The stud v showed the av-
erage angler spent more than J>250 on his or
her equipment. Highly diverse ethnic and
economic groups having inany di terenl
fishing habits and uti!izing their catch in
many wave were also found. Some con-
sum»d most of what they caught--oth»rs
threw th» lish back! I'or the niore than
100.0!� shor»based t'ishernlen the biggest
problem is getting t<> the <vater's vdgv
through fences, across highways. and
a!ong rock rubble riprapped shores. S»vera!
state and city agenc>es. whi< h pre viouslv
did not realizv the need for belch access,
are now planning tor same. Anlong these is
the port of New York Authi>ntv <e h>ch is in-
cluding plans for f!shing p>ers aod wharves
in it inulti-purpose water ron! develop-
rnent.

~ Vvith S»a Grant support, the VVebb ln-
stitut» ol Naval Architecture developed a
computer prograin to matc!i a fishing i'»s-
sel's hull characteristics and engine perfor-
mance with proper prop»!le r des~go to
maximize per ormance' «nd re ducv fuel
costs. VVhe n thv<r boats are hau!ed tor
maintainencv. manv cominvr<ia! fishermen
now arrange lo have Sea  ~rant Extension
agents help thein ch»ck their v»ss»ls, using
the computer progra>n oo th» wavs.

~ Cod liver oil was a trust»d remedy "for
what ai!s vou." As is the ease with inanv
other folk traditions, there is <nore than a
little truth to the saying A variety of stud-
ies have show n Ihat certa>n polyunsatu-
rated tat tv ac<ds occuring in fish lipids and
fish <>ils reduce the tendencv i>t blood pla-
telets lo form clots, the roost frequent cause
ofd»ath or debilitation from heart attack.
Nev York Sea Grant has conducted nutn-
tional studies to deter>nine which tatty acid
COmpunents of fish Oi!S lre respOOS>ble tor
th» b»neficia I effects. That rom pon en t,
20:Sw3 eicosapentaenoic acid, which is
most responsib!e for altenng platelet aggre-
gation in rats is now being assessed quanti-
tatively to deter>nine how much is needed.
Research >s also being conducted to d<'t»r-
iniov which tissues are roost sensitive to
part>cu!ar fatty acids. with this intorrnation
will come th». need to retiree fish oils to»x.
tract that part<cuber fraction desired. That
research is also in progress



UNC Sea Grant College Program
The UNC Saa Grant College Program is a federal-and-state partnership that draws on
the talent from the 16 institutions of the University of North Carolina to solve marine and
coastal problems. The program integrates research, extension, education and com-
rnunication into programs and publications that answer to the state's coastal needs.
Today, with over a decade of problem-solving experience to its credit, UNC Sea Grant is
paying off for coastal North Carolina in several important ways.

For more information, contact:

Dr. B.J. Copeland, Director
UNC Sea Grant College Program
105 1911 Building
Box 8605
North Carolina State University
Raleigh, North Carolina 27695-8605
919fl37-2454
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Keeping seafood on the menu

Shrimp and oysters commonly adorn seafood
platters n restaurants. But what about shark and
squid? UNC Sea Grant advisory agents are
working to expand the fisherman's repertoire of
catchabies and the pubiic's acceptance of these
once inedibles. And Sea Grant scientists molded
a fertilizer fish into delicious seafood substitutes
that cost the consumer less. Meanwhile, other
Sea Grant researchers are ensuring that
fishermen's nets always brim with bounty.
They' re studying the complexities of our
estuaries where all valuable species spend a
portion of their lives. And in the future, more
seafood may have a cultivated flavor as Sea
Grant scientists perfect the commerciai culture
of hybrid striped bass,

StrlMng a balance

To use the soggy soils of coastai North
Carolina for agriculture, farmers flush fresh
water from the land into the estuary, where
fishermen believe the influx is reducing their
catch. Can the estuary be used as a drainage
outlet arid as a fishing hole? A team of Sea Grant
scientists are taking a multidiscipline approach
to the cc nflict. On land, Sea Grant studies are
testing how different agricultural practices and
drainage methods can lessen freshwater flows
from fields. In the estuary, Sea Grant scientists
are tracing the impact of drainage on circulation
patterns and learning how much fresh water a
fish can tolerate, When the results are all in, Sea
Grant may help to balance the scales between
fishing a nd farming.

Lettlag sdence pay off for people

In many other ways, Sea Grant pays off for
people. Sea Grant workshops about crab
shedding spurred the construction of over 50
new shedding facilities, producing an estimated
$2 million in additional gross sales of soft crabs
A commercial fishing show, organized by Sea
Grant, grossed an estimated $750,000 for ex-
hibitors selling nets, boats and gear. A weather
reiay program, begun by a Sea Grant marine ad-
visory agent, helped the National Weather Ser-

vice broadcast offshore conditions. The program
helped fishermen make informed decisions at
the docks, saving them fuel costs, time and per-
sonal risk. Sea Grant's coastal engineer helped
toughen North Carolina coastal building codes
against hurricanes, preventing thousands of
dollars of damage when Diana blew ashore.
These examples, and others, point out Sea
Grant's ability to reach out with science and
solutions.

Prmridlng the facts

Thousands of North Carolinians look to UNC
Sea Grant for information each year, People seek
information from Sea Grant publications,
workshops and demonstrations. And many ask
Sea Grant agents and specialists for advice
firsthand at the NCSU Seafood Laboratory in
Morehead City, the Aquaculture Research
Center in Aurora and at Sea Grant offices in the
N.C. Marine Resources Centers. They use the in-
formation to get a better buy on fish, to interest
students from kindergarten to college in marine
science, to improve their fishing efficiency with a
new piece of gear. People turn to Sea Grant for
the facts. And more often than not, the facts are
there waiting for them.

As Sea Grant closes the file on one coastal
problem or works out the flaws in a fisherman' s
gear, another problem looms in the distance and
another fisherman waits at the door. As long as
people use our coastal and marine resources,
conflicts and problems will continue to crop up.
And Sea Grant will continue to assemble the
state's best scientists to solve these problems
and disseminate the results.



Lake E. ie: Assets and Problems
that Lake Ene is nat only na< dead, bu< one at the must
productive and important lal'es in <hc «orld These pro-
grams iiere successfully tollo«cd by Ohiv Sca Gran< s t1<rs<
"State Legislature Day vn Lake Eric" in June, !984.

Surrounded by tour <<ates and rwo countries, Lake Erie is ane
vl <he mast impiirtant lakes in <he wotld and Ohio's most
valuable aa<vrzl <e.zzurce. Since the star< of Ohio Sea Grant, thc
number vtcha<ter fishing businesses has increased From 34 to
vvvr 6 ! !, and ««h rhe average sports enrhusiasr coming from
86 miles awa! anJ 10 percent corning Fram over �0 miles a«ay,
Lake f rie is <rub at <be heart of Ohio's developing courts<
in<i v s«y.

However, La! e Ftie has economic values reaching Far beyond
its rvcrez«anal asst<'. Each Jay 11 <nillion people get their drinking
«ate< tram Lake Lri». The lake is surrounded by «e0 over 20
pv«ir plants, manz vt «hich use ovet 500,000 gallons/minute
t'vr .vahag pu<posw, and annually ships almost as much coal
trom Ohio parts;s is produced within the state. Lake Erie is
also ihe mvs< pro<.uc«ve oF the great  akes znd produces more
tish Fvr human caiisvmp«on chan the ocher Four combined.

L,ike E«e is no< «i<ho»< problems. !r is <he most arganicaUy
v»riihvd at' the G ea< Lakes v:ith <ans ot agricultural Fertilizers
anil sewage pourinz m daily. This fertilizativn has caused major
pvr»vns vt the baito<n water in the central basin ot <he lake to
lxiamc Jevaid vt axvgen and fish liFe. Furthermore. tish from
areas svih as ih» Ashtabula River canna< be eaten because oF
cv»<am<nation. Etc<ion is also a significanc problem «ith 560
millivn vt' damage docu<nemed in Lake and Ash<abula counties
tram 19 2-19 Ai.

A market has been Jcvelvpcd tor gizzard shad.
heretofore valueless tish, valued in excess vt' S l !t!,000
i'ca I'

The filar<ac Reports Program  hlAREPS! has been
Jevelaped and implemented ivi<h 'qOAA <l 'cather Service
to <<«prove Lake Erie «cathe< tvreizsts and make the lake
a sat'er place tv boa<.

5. The artigicial rect' program has been developed and
implemented For the central basin vt Luke Erie ivhich «-Jl
serve as an economic stimulus  ar <he region.

6 Economic value estimates have been Jvvclaped to«ht
vanous components at tbe Lakv Erie eianvmi- ta ai J
resource inanagers.

. A sivrm-surge mvJel h.i< bvvci Jevelvpvd iv improve
predic«ans of t1ooding in !vw-!! ing shore areas ot western
Lake Erie.

H. A strategy has been Jvve!vpvd tv determine su«ab e
loca«ons t'or large vtfshvre structures.

9 Xe«strategies have been iievelopeJ to increase pro-
Jui«va ia tish hatcheries

Sea Cjrartt Accomplishments 10 Assistance has been provided <v iammvaiiics ia plan-
maa chore!inc and rvurisr Jvvtlvpmen< ptaivcts <a aivid
iiasting va!uab e cammunit! Jv�<s a«J <v hvtp them p!an
<v maximize <hv iinpacr at <autism dali.irs rather <haa
siinplv increasing char number

The mul<iphci<y at uses ot' Lake Erie provides mani' <esearch,
vJuic«iva aaJ i<<< ce opportunities A t'ew oF vur recen< acco<n-
plishmcnti are hs<c J bcla«.

1 XVi<h <hc assistance af <hc U.S. Army Corps vt' Engineers,
sand dredge 3 t'rom <he harbor a< Fairport was returned <a
<hv linoial Jr<fr zone iihere it v,ill reduce erosion The
svvcess vf <liis rffvrr has been valued at 5380,000 iear.

For tv<<her into<ma<ivn abvui the Ohiv Sv-.i Gran<
Program con<ac<

The first 'Cvngressivnzl Da! va Lake Erie" ivas held
ia Junc vt 982 and <he second in June at !983. These
programs alawcd our congressional delegarivn anJ <heir
aides iv learn at <hv iatvv vt Lake Erie and personally
;xpe«ence i«beauq and richness. Thei' now understand

Ohio Sv.i Gran< Prvgr.im
The Ohiv State L'anv<si<y
4<14 'i 'cs< 1'-h ivaiuv
Cvluinbus. OH ui '1 !
6ls a "vg9t9
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The Ohio Sea Graat Program is...
uiique partnership oF Ohio colleges and universities, scarc agencies, private industry, thc general pubic and <he Fcdvr<J
rrem, «orking ta increase the ucilizarion, development and wise management of our Lake Erie and marine resources. The

p ograrn, hzused within the Ohio State University's Cenrer for Lake Eric Area Research  CLEAR! which also administers thv Fraiiz
Theodore 5<on« laboratory  <he oldesr freshwater field sration in the country! on Lake Erie at Put-in-Bay, accomplishes its goals ~hrough

research, educa«or and advisory service or extension programs.

Research pro!cc<s, some of «hich arc funded ar ocher Ohio colleges and ur»versities, arc designed <o solve problems which are inhibi«ng <he
wise development and utilization of' our Lake Erie resources.

Ohio Sea Gran~.'s education program is viewed as a leader nac<onatly, and is best known For rhe development of curnculum matetials t'or
grades 5-9, <caches muning projects, the devdoprnenr of museum programs For informal public educanan, and innovative evaluanon techniques
<a iletermine i<s e.ffecriveness oF educational programming.

The <ecbnolagy transfer aspect of Ohio Sea Grant is accomplished by the Advisory Service, its 3 Extension Specialists, and their Advisory
Committees camp!scd ot influent<a  and energetic citizens represen«ng a diverse set at imetests in Lake Erie. Committee members have many
respvasibihnes incuding advising on program and area needs and assisting in prionnzing Sea Gram acriviries. consequendy, Ohio Sea Grant
provides for input from the privare senor when university research priorities are established, and it provides a tnechanisin to coordinate and
direc< the capabdities and expertuc of <he private/public sector onto cnncal problems and issues relating ro Lake Erie and Ohio s coastal
resources.



Oregon State University

Sea Grant College Program

The Oregon State University Sea Grant College Program was established in 1965. a direct result of the
National Sea Grant College and Program Act of I 966. In creating this marine program. Congress
envisioned a system of universities parallel to the Land Grant College system Eighteen years later
Cc ngress' desires are being met.

Fr<!mits beginnings, the Oregon program has been dedicated to the maintenan< e. conservation, an<j wise
us of the marine world and the coastal zone of Oregon the Northwest and the nation We are helping to
put the oceans to work through an integrated program of research. education. and advisory services.

Facilities: Several academic institutions in addition to Oregon State University contribute to the program.
~ University of Oregon
~ Lewis and Clark College
~ University of idaho
~ Washington State University
~ University of Washington
~ latsop Community College

in addition to the research undertaken at these institutions Sea Grant work is carried out onboard oceanic
vessels such as R/C We<o«t<t and at several satellite facilities including.
~ the Oregon State University Seafoods Laboratory in Astoria
~ the Mark O. Hatfield Marine Science Center in Newport

People:

Recent

Successes: Sea Grant-sponsored projects cover many marine areas and issues

~ Helping beleaguered salmon fishermen is one goal of innovatn e Sea Grant ocean research How ocean
conditions like the El Nino of f983 contribute to the decline of salmon runs is being discovered through
on pioneering project that. for the first time <s examining the behavior of young salmon in the ocean

~ A unique research institute headquartered at OSU and started with the assistance of Sea Grant offers
ne ~ insights into international trade opportunities in seafoods The research of the institute will help
government and industry decision-makers improve their seafoodmarketing plans. The potential for U S
pr<xiucers would appear sizeable Americans currently import 60 percent of the fish they eat

~ vlining of the deep-ocean seabed off the Oregon coast may offer new economic opportunities for
Or.gon coastal communities. Sea Gran -sponsored research will help evaluate the feasibility and
en zironmental consequences of this mining activity so that wise use may be made of this potentially
valuable resource.

~ 'I'o give fishermen an added margin of safety against sudden changes of weather, OSU Extension Sea
Gr,int agents introduced the usec<f timely weather information gathered by space satellite But extreme
vai iations in nearshore v'cather conditions remained a problem Sea Grant agents helped establish a
sy< tern in which fishermen at sea regularly report nearshore weather and ocean <.onditions that are then
incorporated into daily National Weather Service forecasts to the marine community

~ A hen shortened salmon seasons and dwindling catches oi such traditional species as Dungeness crab
an<i shrimp cut sharply into fishing income. OSU Fxtension Sea Gian  agents organized a series of
edicational programs for small-boat fishermen in conIunction with I-'ish Expo in Seat<le More than 3. K0
fisliermen from all the West Coast states attendecl offerings on such topics as alternative fisheries.
value-added processing. and direct sales to resiaurants and the public

+ Ivlarine mamma logists studied pinnipeds  sea mammals with flippersi. developing te< hniques to track
se< I movements with radio transmitters They discovered much about what seals eat and whe~e they roam
A <ound-producing device was subsequently developed to ward ofi seals and sea lions. It promises io save
milions of dollars in damaged fishing gear and lost fish catches while saving marine mammals' lives Radio
tagging is being adopted for satellite use to study and track migrating whales traversing offshore oil dnlling
areas.

~ '.~a Grant communicators. cooperating with other Sea Crant programs nationwide. and the public
tel<;vision station WGBH in Boston. produced Far<i<en of If<e Sea. which is to be broadcast as part of the
highly acclaimed science series. NOVA.

Foi further information, contact Sea Crant College Program ~ AdS 402
~ Oregon State University ~ Corvallis, OR 9733 I ~ f503! 754-27l 6
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Th. program is only as good as its people and fortunately many outstanding iridividuals are involved.
Or e hundred faculty members work at the above institutions on Sea Grant-sponsored work More than 320
Sea C rant-supported students have received advanced degrees c ver the years



UNiVERSITY OF PUERTO RICO

isa grani Program

THE NATIONAL SEA GRANT COLLEGE PROGRAM IS

... UNIQUE!!

IN EXTENSION SERVICES
Ir ic ss

IN RESEAI CH

IIN EDUCA   ION

For further inta rm arian p lease cori act
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The Uniqueness, as in the Lend Grant Callege Pragrsm in
Agricvltvre, lies in a CONCEPT. the working partnership
between viiiversi ies, industry, government and the commu-
nity; in th  endeavOr ta promete and acCelerate natiOnal cue.
Velapment af marine and COaatal resaurces, including  hair
conservation, proper management, utilization snd enloyrnent
by engagini the skill ~, talents and knowledge available at uni-
versities, ir the pursuance of precipice , quick response salut-
tions to coiistal issues through the establishment of integrated
programs iif applied research, education and extension ssr-

Saa Grant is particularly unique for Puerto Rico. The Univer-
sity of Pu rto Rica Sea Grant College Program iUPRSGCPl
has generated nev opportunities that provide:

~ the incentives and funds tor significant applied re-
sear  h:

~ the nform ation and guidance to achieve economic be-
nefi s which have not previously been available irs rhe
rtiarins resources reaiml

S tns nlorrnatian and funds  o increase the oppoitu»i
1 ias and capabilities for technological developmsri ,
dnd IOr enhanCing the ability Of Constituents to make
deci:,iona in marine issues,'

~ the means ta disseminate information and results of
high y sophisticate 9 research performed in tha 32 uni.
vsrsities that comprise the National Sea Grant Ne -
warl;

~ the:apabili y tO plaCe in peiapective the impartari«a
af solving practical niarine resources problems and
needs af the island, the Caribbean and the ~ation.

Wit!f Sae Grant in Puerto Rico it has been possible to
underi aks prolects that address meaningful issues.

~ the iiature and origin of Ciguatera intoxication, .
~ the,iggregation behavior intensive fishing and annual

spam ning of a commercially important species of
f ish

~ the i opula ian dynamics ot mangrove oysters ir lhe
saut  east region oi Puerto Rico...

e tits liassibili y af obtaining medicinal snd natural pro-
ductt.i fram trOp Cal marine libra and fauna ..

~ the racia-economic prob eras at fishing villages and
lish e rrn an...

~ the iixtent and ecological effects of sewage poilu  an
in ac astal bays, lagoons snd estuaries

~ the iiCcurrence af Ssa leVel variations eau aed by SeiC heS
and n arnal waves and theii effeCt On coastal circula
't ion

~ the feasibility and probable value of trepph g fish arid
shrirrip st depths greater than 200 meters...

~ the Marine Eclvcation Section af the "Boletin Marina"
avr monthly newsletter, reaches hundreds af students
 rom the elementary and secondary public and privare
si ho> s system through 465 libraries and Sea Giant
trained teachers

~ appr zximateiy 300,000 viewers ere reached weekiy
throiigh televirian programs...

~ the thesis research af twelve graduate students has
been funded, and the students themselves supported
with assis a»ships

~ span ared and offered the ser vices of spec is lists,

marine adyiaarS, drid reSearCherS tu isreterit mdr irif: ta
pics through lectures seminars dr«d hands on training
thraughOul the i land'S clem e»iaiy dnd se«Ondary
educ at i an sc ho a 1 sy stem

e inStrumental in the p laiinifiratiarl dtid organ iZatiari at
a Trapical Scliool of Fisharias that looks Iarwaid to
train DSOpla frani the United Slates. Puerio Rico dnd
the Caribbvan Baain CuuntriaS .

~ held WOrkahape On hygiai»C haiidling Ol Sedluad pi o
ducts dirac ted at hsa lh officers, fishermen, fish food
wholesalers and retailers, and restaurant owners...

~ increaSed the marketing potential a  under-utilized
species through demonstrations in shopping mails

~ offered workshops, lectures and dsmoristialians an'
marketing COnaepts for fishermen; crier  d ian On
fisheries management plans; prevention of SCUBA
diving accidents. aiiaiitalian an  axes sacidl  tauri y,
and insurer Ce far fishermen, aric  develapment ot new
tachnolog es tor lishsrias...

~ promoted new legislation ta remove boats iioin  he
list of tribu table pioper1y; created an ef le« tive bast
registry with provisions for recarr  rig mortgagas and
reliable, cantirmed statistics on rec i eational boating .

~ surveys on sea fabri eating habits especially of under
utilized species such as shark, tuna and mal uses

~ translations to Spanish of much needed literature  ram
government agenr.ies such as  he U. S. Coast Guard
and other Sea Grant p agrdrns ..

~ marina adViSOrS haVe been medidtorS in agreementS
with the tuna canneries ra buy same 6,000 Ibs ul tuna
a week from several fishing villages, thus praviding the
fishermen an added source of income

~ the "BO et in Iylarr»O" iS diS rihutei1 in tirxelye I stir 
American countries, Israel, Spain and Africa. We have
also been ins rumenta  in piomalinq Sea Grant
thraughou  the U S. Virgin Islarias uid the Caribbean
through published irttarrnatian tu appropria e audi-
ences and vsei groups

See Grant in Puerto RiCo offers the Na i»rial Ssa Grant Cal-
lege Program an added dimei>sian: in«i vases Sad Grant's visi-
bility and prestige extending its range oi influence through-
out Latin America and the Caribbean Bdsiri region... We
are the only tully bilingual program in tha nation,

THERE IS NO OOUBT: SEA GRANT IN PUERTO RICO

IS UNIQUE... ANO NECESSARY!

LIPRSG is specifically encoui aging researi.hers to address the
problems af management t, development, conservation and
utilization ot marine and «aas al ie'auri:as in three pro
grarrrmatic arses: FISHER ILS AQUACULTURE, MARINE
PH A RMACO LOG Y AND N ATU RAL PROOLICTS, and
COASTAL PROCESSES.

Or. Manual L. Hernandez-Agile, Director
Seg Grant Pro!!ram

University of Puerto Rico

Mayagiiez Campus

Ilayagiiez, P. R. 007IQ8



SEA GRANT BENEFITS

UNIVERSITY OF RHODE ISLAND

Benefits

Special Area Management Plan for the Salt Pond Region. Now in the process
of being adopted into state law as part of the Coastal Program, the plan
is based on findings of fact derived from the salt pond research project
and identifi.es the salt ponds as ecosystems of special concern. The plan
provides a coazson set of objectives for all agencies with authority in the
region; creates a coordinated, streamlined permitting process to replace
what is presently a fragmented, cumbersome and expensive system; establishes
a permanent citizens' action committee to instill a sense of locaL responsi-
bility for these resources; and provides a framework for balancing competing
uses.

Zoning Amendments. Two of the three coastal pond towns have adopted new
zoning regulations which increased minimum 1.ot size in criticaL areas to
protect aquifer recharge areas and salt pond water quality to provide for
future uses of the region.

Fishery Management Guidance. Recommendations by the fishery scientists,
including a simple computer model, were used by the Rhode Island Marine
Fisheries Council and the DER in regulation changes.

Dredging and Beach Nourishment. A sediment catchment basin is being dredged
inside one breachway to a larger salt pond in order to stop the severe shoal-
ing of the pond which is altering circulation and causing hazardous boating.

Hydx'odynamic Models. Computer models developed by the salt pond researchers
to reflect the tidal circulation in shallow coastal embayments have been
used to predict optimal channel design and breachway  inlet! management.

A Tidegate for inlet Management. The Department of Transportation has
incorporated a tidegate in plans fox' bridge reconstruction over a tide
inlet to one: of the ponds. The tidegate is a flexible management tool
for flood control and fishery enhancement.

Septic System Maintenance Program. In response to information and recom-
mendations generated by the salt pond project, DEM is presently clarifying
and strengti'.ening state septic system regulations and designating the salt
pond region as an area of special concern.

*Department of Environmental Management

For further information: Scott Nixon �01! 792-6800 10/84
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The ocean shore of Rhode Island, like much of the Atlantic and Gulf coasts of
the U.S., cons: sts of shallo~ coastal lagoons or salt ponds lying behind bax'rier
beaches and connected to the sea by narrow passes, inlets, or breachways. An
integrated, mu'.,tidisciplinary study of these coastal Lagoons was developed by
the University of Rhode Island Sea Grant program in response to requests for
help from citizens groups, town governments and state regulatory agencies. As
a result, a special area management plan has been developed, local zoning
changed, dredgi ng programs initiated, sewage inputs reduced, and a sense of
stewardship and involvement invested in local residents.
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Providing Extension Assistance To Coastal
Residents

The South Carolina Sea Grant Consortium also supports a
marine extension program along with Clemson University's
Cooperative Extension Service. Four marine specialists, located
in Georgetown, Charleston, and Beaufort, offer extension
assistance in. aquaculture, coastal development & management
commercial fisheries, and recreation & tourism,

The South Carolina Sea Grant Consortium 221 Fort Johnson Road ~ Charleston, South Caroflna 29412 ~ 803-795-9650
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Addressing the Needs of a Growing State
Like many sunbelt states, South Carolina has grown as more

people are drawn to warm t  mperatures, golden beaches, and
vast natural resources. In th» ten years between 1970 and
1980 the coastal counties hai e increased in population over
24%. Along the state's 187 ir ile coast, pressures trom commer-
cial, recreational, industrial iind preservation interests con-
tinue to increase. The state's abundant coastal and marine
resources are among her greatest assets.

A Partnership Of State Institutions
Recognizing the needs and opportunities presented by South

Carolina's vast coastal and ocean resources, the State
Legislature formed the South Carolina Sea Grant Consortium.
The Consortium is designed:o supply the knowledge and
technology needed to develop and manage these resources. To
accomplish this, the Consort'uni draws upon the talents and
physical resources of its seven member institutions: The
Citadel, Clemson University, the College of Charleston, the
Medical University of South Carolina, South Carolina State
College, South Carolina WiMlife and Marine Resources
Department and the Univers.ty of South Carolina, This consor-
tial partnership encourages cooperative research, extension
and education efforts in a va iety of disciplines: it also offers
access to a wide variety of facilities, including 30 laboratories
and the new James M. Waddell, Jr. Aquaculture Research and
Development Center.

Working With Other Organizations &
Agencies
Sea Grant is an objective organization willing to work with
diverse agencies and institutions to improve the quality of life
on the coast. Sea Grant also consults private sector advisors
about needed n search projects With broad input from a
variety of sources, Sea Grant helps address the questions and
concerns of people who live, work, and play on the coast, The
Consortium is commit ted to: mproving the economic, social,
and environmental potential of South Carolina's ocean and
coastal resources

Converting Ideas Into Action
~ A group of businessmen had the idea to develop a

commercial-scale hard clam ' farm". Sea Grant structured a
program coinbining research, industry, and government to
look at the operational and economic potential of a hard clam
f;,i. In this cooperative pro ect, Trident Seafarms, Inc, pro-
v .ied all facilities and personnel and the South Carolina
Wildlife and Marine Resourc=s Department provided research
and technical support, The Consortiuin provided the funding
to develop mariculture protocols, systems, and equipment.

Today, Trident Seafarms, lnc. operates as a commercial-scale
hard clam mariculture facilit r, Over 500 individuals have

toured the farm including other commercial enterprises who
have employed project-generated technology at their facilities.

~ As Knobbed Whelk continued to appear in the shrimp
harvest, several shrimpers had the idea to fish specifically for
the large marine snails. The fishery is attractive to shrimpers
since it requires little new gear, Harvesting also occurs at
times different than the shrimp season; thereby extending but
not interfering with the shrimp fishery, As the number of
trawling boats has increased, there has also been increasing
concern about management of the resource.

Sea Grant supported a study of the bio!ogy and population
dynamics of the whelk to provide data to support fishery
management regulations. On April 29, 1983 the South Carolina
General Assembly passed special whelk resource legislation to
preserve and manage this important ne~ fishery. And today,
Sea Grant research continues to be used by the agency manag-
ing snd regulating the whelk fishery.

In the past year extension specialists have:

~ helped coastal landowners grow crawfish in over 500
acres of ponds; up from 20 acres in 1980. Potential production
for 1984 may exceed 400,000 lbs.

+ helped to organize the South Carolina Marina Association,
which represents fresh and salt water marinas and related
marine trades, Through the Association, marinas can now ac-
cess an insurance program that has already saved $25,000 in
just 2 marinas.

+ helped to produce a Recreation Guide to the I.owcountry
that has been distributed to over 80,000 coastal residents and
visitors, The guide features a map of historic sites and other
points of interest.

~ helped to develop alternative commercial fisheries, A re-
cent workshop on squid introduced 100 fishermen to this
potential fishery. Investigations of "golden" crab and
'slipper ' lobster fisheries are underway.
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Texas AsrM University is the Sea Grant College for Texas, providing leadership for
research, education and extension activities to promote wise use of our marine resources. For more than a
decade this effort has involved the knowledge, talent and skills of specialists from:

Texas A/kM University ~ Texas Agricultural Extension Service ~ Texas Agricultural
Experiment Station ~ Texas Engineering Experiment Station ~ Texas A8cM University at
Galvestoti ~ The University of Texas at Austin ~ The University of Texas at Tyler ~
Universitii of Houston ~ University of Houston at Clear Lake City ~ Baylor College of
Medicine ~ Texas Southern University ~ Larnar University e Brazosport College e
Texas Southrnost College ~ Pan American University

Artificial insemination also aids genetic and
domestication research by enabling selection of
breeding pairs to produce more desirable offsprinq.

~ As part ot its efforts to educate seafood processors on
the latest quality control efforts, Texas A&M's
Marine Advisory Service equipped a mobile seafood
quality laboratory that provides processors and
fishing tournament officials with on the spot
freshness tests or more detailed microbiological and
processing intormation.

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

~ Millions of peopl. 'in the nation's coastal areas are
threatened by hurricanes, and the principal means of
preventing loss i!f life is through evacuation, Sea
Grani provided seed money to analyze and
encourage the us of computers, sategites and other
forms of technology to develop guidelines for
burr~cane evacua:ion,

~ The Marine Advisory Service has organized a series
of safety seminars for the offshore industry, which
employs more than 28,000 workers in the Gulf of
Mexico. Since the seminar began, the industry's
accident rate per 100,000 people has dropped by
more t han 45 percent, a decrease attributed in par t by
industry safety officials to techniques demonstrated
during these sessions.

For further information on the Texas
A&M Sea Grant Coljege Program, or for
copies of recent publications, contact:

Feenan D. Jennings, Director
Sea Grant College Program
Texas A&M University
CoIIege Station, Texas 77843-4115
�G9! 845-3854
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Recent Texas A&M Sea Grant research and advisory
efforts have made direct contributions to the state' s
economy and to ihe safe use of the marine environment. For
example.

~ As a result ot a Sea Grant effort to identify, catalog
and disseminate ntormation on bottom obstructions
or "hangs," Gulf;hrimp fishermen save an estimated
$20 million annuilly that would be lost on damaged
gear and missed fishing time. The Texas/Louisiana
publication was updated recently with 3,860 new
Loran C reading:>, and a similar book was prepared
for the Mississipr. i-Alabama coast with help from the
Mississippi Alabama Sea Grant Consortium.

~ Sea Grant resear =hers work closely with Mexico and
U.S. government agencies on sea turtle conservation
programs, since 1 exas is the site of important feeding
grounds for the Kemp's Ridley, green and loggerhead
species and hosts the U.S. portion of the Kemp's
Ridley experimerital conservation program. Recent
data supporting t ~e imprinting theory contributed to
the decision to continue federal support of this type of
research.

~ Researchers at Hay!or College of Medicine have
determined that s irus kiund in polluted waters otten
adhere lo solid substances, which, in effect, form a
virus reservoir when the solids settle to the bottom,
Subsequent wine and tide-induced movement of
these substances probably explains outbreaks of
infectious hepatiti > among consumers of raw shellfish
presumably harvested from safe waters.

~ Marine Advisory Service specialists continue to
explore the po! eni ial for a softshell blue crab fishery in
Texas. Flow throtigh and closed recirculating system
shedding operati<>ns have been built in three areas
and provisions have been made to study improved
harvesting techni<tues.

~ Continuing Sea Grani funded mariculture research
has resulted in the development of intormation and
technology required to artificially inseminate female
marine shrimp. his increases the production of
seedstock, which, in turn, makes shnmp tarming
more commercially teasible in the United States.

~ Public school teachers from throughout the country
are given special inservice training in all aspects of
marine education. More than 6,000 teachers in 20
states a! tended at least one workshop within a two-
year period.

~ An annual Marine Education Symposium attracts
high school students and teachers from throughout
the state, and introduces them to current scientific
research, career opportunities, and inarine related
aspects of social studies and the humanities

~ Texas youth ages 10 through 18 are involved in Sea
Grant-sponsored Marine Adventure Camps each
summer. The week-long sessions involve classroom
study, beach and dune work, fishing, swimming and
rec reational act ivit ies.



VIRGINIA GRADUATE MARINE SCIENCE CONSORTIUM

Virginia Sea Grant was established in 1969 In 1981, the Virginia Graduate Marine Science
Consortium was formed to strengthen and coordinate Sea Grant's activities in Virginia. Con-
sortiurn members include the College of William and Mary, Old Dominion University, the
University of Virginia, and Virginia Polytechnic Institute and State University. The Virginia
Sea Grant College Program promotes high quality, objective research, education and pub-
lic services related to marine resources as set forth in the National Sea Grant College and
Program Act of 1966. As a member of the national Sea Grant network, the Virginia Sea
Grant College Program is one of 30 Sea Grant programs throughout the nation which aid
the coastal states, and  he nation, in better use and management of the coastal environ-
ment and its resources.
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Academic Resources
A tremendous reservoir of research, education and

advisory talent within Virginia's universities forms the
foundation of the Virginia Sea Grant College Program.
Resources of   onsortium member institutions include
expertise in fisheries, seafood processing technology,
environmental matters, marine law, and many other
areas. In addi ion to Consortium members, Virginia Sea
Grant has also suppor ed projects at other educational
institutions su< h as George Mason University, Hampton
Institute, Norfolk State University and Virginia State
University.

Cooperating Organiza boss s
Central to tl e Sea Grant concept is a cooperative

partnership between government, academia, and the
private sector n addressing problems concerning state
and national c >astal resources. Through research, advi-
sory and edu<,ition projects, Virginia Sea Grant cooper-
ates with busir ess, industry, and federal and state agen-
< ies from the planning stages through project
<.ompletion. V rginia Sea Grant has worked closely with
the National lvlarine Fisheries Service, the National
Weather Servii e, the Virginia Cooperative Ex ension
Service, the National fisheries Institute, the Mid-
Atlantic Fisher es Development Foundation, Kroger
Food Stores and many other organiza ions,

Nalfonal Impact
In addition to providing leadership in the state of Vir-

ginia, the Virginia Sea Crant College Program is also
involved with inany regional and nat~onal efforts. For
example, Virginia Sea Crant activities involving the
  hesapeake B iy complement existing efforts by Mary-
land Sea Grant in a conscious effort to coordinate activ-
ities between the  wo programs, Research efforts focus-
ing on fishery esources of the Bay are also being
<oordina ed with similar activities in Maryland and Del-
aware in order to promote the conrinued availability of
truly national resour< es such as the blue crab and the
American oyst r. Through Ihe Mid-Atlantic States
Marine Advisory Services organization, Virginia Sea
Grant Marine >dvisory Services works Iointly with oth-
er Sea Grant programs to address <ornmon regional
and rational p oblems in an efficient and effective way.

Results
~ Virginia Se,i Grani's commercial fisheries gear spe-
cialist designe<l a multi-purpose "split winch-
cornbination net reel" which allows the traditional
Chesapeake B. y deadrise to both dredge and otter
trawl, and thus take advantage of nearshore and bay
fisheries year-round. In a demonstration project, the
sp i  winch wa< installed on a local fishing vessel and
resulted in a twelve-fold increase in productivity, as
measured by gross fish poundage and deck value. As a
result of thi success oi the pilot project, several local
fishermen hav< begun constructing and installing the
innovative gea on their vessels.

~ Virginia Se; Grant seafood technology specialists
were credited ivith saving 570,000 worth of pasteurized
<.rab meat whi< h had been quarantined by the Food
and Drug Administration because of canning defects.
At  he request of the industry, Sea Grant specialists

designed and implemented a research plan that saved
an entire season or a major seafood producer. Subse-
quent workshops sponsored by Virginia Sea Grant in
cooperation with the FDA and the Virginia Department
of Health alerted the rest of the industry to the prob-
lem and  ransferred the correct processing
information.

~ A major soft shell crab producer in Virginia, upon
the advice of Virginia Sea Grant's commercial fisheries
specialist, changed his flow-through crab shedding sys-
tem to a closed recirculating system. The survival rate
on crabs, from peeler through soft shell stage,
increased from 35'IF, to 65%, in one season. Sea Gran 
outlay was 15 working days, and  he shedder's outlay
was SS00 in material cos s. In the past year alone, the
specialist has provided in-dep h consulta ion to five
new closed system crab shedding firms, and over 30
individual crab ~bedding operations.

~ Research sponsored by Virginia Sea Grant in hard
clam culture has resulted in refinement of hatchery
techniques, and production of a step-by-step instruc-
tion manual for growing the hard clam. Subsequent
annual short couises for participants from16 states,
one territory and three foreign countries has seen the
es ablishment of 21 commercial hard clam seed hat< h-
eries, with four more under construction or in rhe plan-
ning stages.

~ In an effor  to address the interests and <on<erns of
Virginia's recreational fishing community, Virginia Sea
Grant annually sponsor~ the Virginia Sport Fisherman' s
Forum The Fnrurr> provides an opportunity for corn-
munication between legislators, fishery management
officia s, scientists and fishermen concerning up-to-
date fishery rnanagernent and recreational fishery
issues. Recent topics included the proposed saltwater
fishing li<'ense in Virginia and regional rnanag< ment of
striped bass in thi. < hesapeake Bay.

In response t<i the need of the seafood industry for
assistance in increasing consumer awareness of under-
utilized fish species, Virginia Sea Grant condurted a se-
ries of eight workshops for volunteers willing Io be
"demonstrators" in exchange for training in seafood
promotion and marketing techniques. With this train-
ing, the volunteers exposed an estimated 2,200 consu-
rners to a new line of surirni-based seafood during 2B
hours of dernonurations in retail outlets. Retailers sold
4,500 pounds of product valued at $19,300 which they
largely attributed to the volunteer efforts. Volunteei
time was estimated at $950. These demonstration activ>-
ties are continuing at seafood festivals and other
functions.

For further informatiors about the Virginia Sea Crant
College Program, contact.

Dr. William I.. Rickards, Director
Virginia Graduate Marine Science Consortium
203 Monroe Hill House
University of Virginia
Charlottesville, VA 22903
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Senftwwi retailing A trend toward increased
seafood consumption for health and nutritional
reasons is evident in Washington State just as in
other states. To help Washington seafood mar-
kets capitalize on this trend, Sea Grant advisory
pe tonne l have held seminars for retailers
throughout the State to explain arid demon-
strate basics of seafood handliiig, rnerchandis-
ing, quality evaluation, and sanitation. Attend-
ance has ranged from owners of ' mom and
pop' markets to employees of major food
chains.

Among the results: A supermarket in Befling-
ham reassmed its philosophy about seafood,
made dramatic physical renovations, and now
boasts an attractive seafood section that features
a wide variety of top quality seafood products.
The largest chain in the state, Safeway Stores,
Inc., is improving their ability io handle and
dfspia> seafood. One food chain store executive
reports that as a result of changes made, "vol-
ume and profitability are up."

To achieve results such as these has required
many years, the dedicated efforts of hundreds of
individuals, and the cooperation of a multitude
ofbusinesses, agencies, public institutions, and
civic groups This indeed is a partnership that
has paid off for the users of Sea Grant efforts
and has shown time and again that Sea Grant
is a wise investinent.

More infornsationy In addition to the proj-
ects described here, the Washington Sea Grant
Program has undertaken extensive research in
diverse marine fields: from fisheries and ocean-
ography to ocean law and public policy. The
program supports several education and train.
ing projects at the Iiniversity of Washington and
institutions elsewhere in the State,

There is also a network of marine specialists
and agents throughout Wester» Washington
who provide businesses, agencies, and citizens
with inforinatio» and assistance needed to ad-
dress marine problems and opportunities. For a
directori of current projects and personnel, the
latest biennial report of program accomplish-
ments, or a catalog of Washington Sea Grant
publications write or call.

Washington Sea Grant Program
College of Ocean tk Fishery Sciences
University of Washington
Seattle, WA 98 I 95
�06! 515-6600
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To address the problems and iipportunities of
resource conservation, develof ment, a»d man-
agement, the Washington Sea Grant Program
undertook in 1968 a coordina;ed program of re-
search, education, and advisa y services.
Through its advisory services;ind because of a
one-third matching fund requirement, Sea
Grant's custoniers have becoitie active partners
in the developinent of effectivt research and ed-
ucation activities This user-u.iiversity partner-
ship has nat only produced new ideas that corn.
bine academic theory and ma ketplace
practicality, but it also has facilitated the evalu-
ation of these ideas in the fielil,

The effectiveiiess of this partni rship is amply
demonstrated by the followi»g projects in which
Washington Sea Grant has pro vided regional
and national leadership
Testing for sheHftsh toxin Researchers at
the Universi I of Washington'g Institute for Food
Science and Technolog have developed an au-
tomated test for paralytic shel I flsh poison PSP! .
Run on an autoanahzer lan instruinent which
automates a chemical  est!, it is faster and eas-
ier to use than the standard mouse biaassay.
Consequently. the Washington Department of
Social and Health Services, wl. ich is currently
experimenting with the new test. should be able
to process more shellfish samples than before. It
is unlikely tha  the test will reiglace the mouse
biaassay for deterinining wher beaches should
be closed or re-opened to shell l'sh harvesting.
however, the  rst can be used lor routine moni-
toring of closed beaches. Its in roduction will
permit monitoring a wider get graphic area and
more frequent monitoring of closed beaches.
Using shellfish wastes to protect wheat
crops Washiiigto» State Univ.rsity plant pa-
thologists, investigating agricultural uses for
chitosan, a modified carbohydrate derived from
shrimp and crab shells. have developed a w! nter
wheat seed trea ment that lielp s protec  the crop
against damage bi soil fungus In field trials in
an eastern Washingtonarea w iere fungal root
rot is cornrnon, crop yield frani treated seed was
up to?0 percent higher than yield from un-
treated seed. Since chitosan oc:urs in nature, its
use in agriculture should have none of the un-
expected toxic f>r residual effect that sometimes
occur with syiithetic chemicals. Moreover, the
treatment offers yet another commercial use for
waste crabshell that is a disposii problem for
seafood processors.

Deep ocean exploration In the late I 970s,
discovery af hydrothermal vents on the ocean
floor stirred great interest--not atllv Iii the Mw
life forms found near them but also in the rich
mineral deposits encrusting vent areas. None of
the vents were observed for more than a few
hours because submersibles can stay down for
only short periods of time. However, during
summer 1984, Sea Grant support enabled Uni-
versity of Washington oceanographers to place
new monitoring devices an the ocean bottom.
The instrument package contained a time lapse
camera and electronic sensors to measure
changes in seawater chemistry, teinperature,
flow rates and electrical conductivitv, For the
6rst time, ~ measurements of the chem-
istry and flow of superheated water issuing from
ocean vents were made over a week s time, Fur-
ther development will enable scientists to mea.
sure mineral and thermal outputs of the vents,
will provide essential environrnentai informa-
tion and will improve the quality o  instruineno
used to ineasure deeps er phenomena.

Manqpineot planning for ports Most
poib use financial reporting systems that are
dictated by state auditors or other administrative
entities. Frequently these systems do nat provide
pot  managers with the data needed to deter-
mine a port's financial performance--much less
to formulate effective polioes. In reyonse to
this problem, Washington Sea Grant's port in-
dustries specialist developed a simplified perfor-
mance indicator system that is now being used
by port managers worldwi ie to measure rapidly
and accurately:
~ the efficiency with which a port uses its

resources such as land, labor, and capital
~ the care with which a port controls its expenses
~ the proFitability of a port's investments
The monitoring system, described in a recent
advisory report, enables port management to
isolate significant data and  o use them alone
or in concert with other data to forniulate poli-
cies. The ability ta plan intelligenth thai is
engendered by this system has been a boon to
port managers who are t'aced with complexities
of technological changes, scarce capital con-
struction funds, high interest rates, arid in-
creased public pressure for services and benefits.
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UNIVERSITY OF WISCONSIN SEA GRANT COLLEGE PROGRAM

The University of Wiscansin Sea Grant Program was established in 7968 � one of the first programs
in what is now a natfonvfrfde netwOrk of 29 Sea Grant universities. ln 1966, Congress established
the Nations! Sea Grant College and Program Act to promote research, education and public service
activities related to marine and Greet Lakes reaources, Congress challenged universities to do for
the marine community whet they had done for American farmers, Eighteen years later, the experi-
ment is succeeding.

THE GOAL

For more information: Sea Grant Institute
University of Wisconsin
1$00 Umversity Avenue
Madison, Wl 53705
I808! 2tt2 0905November >Qtt4
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THE INLAND SEAS

Wisconsin's "ocesns" are the Great Lakes, and the Sea
Grant program here focuses most of its attention on
these inland sea!. Headquartered in Madison, UW Sea
Grant is a statewide program, with advisory services of.
flees in Superior, Sister Bay, Green Bay and Milwaukee.
Ivlore than 300 faculty, staff and studenta are invOlved in
Sea Grant projects on campuses throughout the state-
at UW-Green Bay, UW-Madison, UW.Milwaukee, UW-
Parkside, UW-Stevens Point, UW.Superior, UW-Extension,
Lawrence Univers ty and the Medical College of Wiscon-
sin.

The Wisconsin Sea Grant Program represents a unique
working partnersl'ip of federal, state, university and pri-
vate sectors. Witli a combined annual budget of $3 mil ~
lion, UW Sea Grant supports a variety of research, educa-
tion and public seivice activities. The program's major re-
search areas include fisheries, mlcrocontaminants and
water quality, seafood technology, diving physiology,
aquaculture, policy studies and a comprehensive Green
Bay research program. The program's advisory services
field agents prov de a direct link between those who
study the lakes and those who use or manage the re-
sources � including commercial and sport fishermen, re-
creationai businesses, industnes and government agen-
cies.

THE RECORD

The UW Sea Grant Coliege Pragram is recOgniZed aS a na-
tional leader in research on microcontaminants and wa-
ter quality, fisher~ and ecOsystern dynamiCS, and diving
medicine:

~ Microcontarninants. Sea Grant scientists are identify-
ing the sources and fates of toxic chemicals ln the
aquatic enviroiirnent and predicting how long these
compounds will remain a probiem in the Great Lakes.
The UW Sea Grant institute sponsored a pioneer study
of the health of infants exposed to PCBs in the
mothers' blood while in the womb and in breast milk
after birth. The study found that the benefits of
breast-feeding outweigh the risks of low levels of
PCBs in breast milk. The results of such projects have
allowed industry and government to better manage
and control the discharge of toxic compounds.

w Groundwater. Sea Grant researchers have discovered
that groundwater may contribute f0 to 15 percent of
the water in Lake Michigan � and pOSSibly a signifi-
cant amount of phosphorus and other nutrients. This
information wil be essential in assessing the impact
of landfill wasti: disposal on both ground and lake wa-
ter qualify, and in considering strategies to control nu-
trients to protec t the lake's water quality.

a Oiving, The goal is to make scuba diving safer and
easier, and ma e cost-effective for industry. UW Sea
Grant reSearch.rs recently diSCOvered that the ShOrt,
deep "bounce <lives" often made by sport divers hold
greater risks of paralysis and death than previously be-
lieved. Spinoff medical benefits have included the dis.
COvery that exerciaing in water can be therapeutic for
emphysema and other lung disease victims.

w Fisheries. Sea Grant researchers are working to re-
store native lake fish popuiations to enhance
Wisconsin's sport and commercial fisheries, whilch
have an estimated annual worth of $60 million and $4.2
million, respectively. Sea Grant researchers have also
developed a model of predator-prey interactions and
are now testing its predictive capability in a Great
Lakes-wide survey of the diet of salrnonids. The Wis-
consin Oepartment of Natural Resources is using this
and other Sea Grant research to manage the trout and
salmon sport fishery and to balance commercial and
sport use of the fish resources of Lakes Michigan and
Superior.

> Engineering. Each winter, lake ice causes hundreds of
thousands of dollars in damages to marinas and har-
bor structures throughout the region. UW Sea Grant
advisory services published the first comprehensive
manual on how to design small-craft marinas and har.
bar structures to better withstand winter ice.

~ Education. More than 250 students have received
Master's and Ph.o. degrees as a result of UW Sea
Grant support. Representing a broad range of disci-
plines, these students have gone on to work in acade-
mia, government, business and for major industries,
including Bechtel Corporation, Exxon, General Motors
and Bell Labs.

THE WISCONSIN IDEA IN ACTION

"The Wisconsin Idea" � that the boundaries of the univer-
sity are the boundaries of the state � is a tradition that
has grown strong since it began in the early 1900s. The
UW Sea Grant GOnege Program embOdieS this philosophy
by devoting more than 25 percent of lls resources io edu-
cation and service programs outside the classroom.

Sea Grant emphasizes public service. It helps the univer-
sity work for the people of Wisconsin � by sponsoring
workshops for commercial and sport fishermen, helping
marina owners minimize ice damage, advising the Port of
fvlilwaukee on dredge spoil disposal, and producing the
pOpular EarthwalCh RadiO SerieS.

The resourceS Of Lakes Superior and IVlichigan are ex.
tremely valuable lo the people of Wisconsin. The lakes
provide high quality water for coastal residents and in-
dustry and offer abundant recreationa! opportunities�
fishing, boating, swimming and scuba diving. Bul the
lakes also mean jobs for Wisconsin shipbuilders, dock-
WarkerS, SailOr', tOuriSt buSineSSeS, COmrnerCia! and
charter fishermen, and many others.

The University of Wisconsin Sea Grant College Program
is dedicated to protecting and enhancing these re-
sources, which are of wlal importance to the economy
and quality of life in Wisconsin.



Section 4. Recent Achievements
Recent benefits and accomplishments of the 30 Sea Grant college and i»sti-
tutional programs conducted in coastal and Great Lakes states and Puerto
Rico.

Alabama
Alaska
California �!
Connecticut
Delaware
Florida
Georgia
Hawaii
Illinois
Indiana

Louisiana
Maine
1Vla ryland
Massachusetts �!
Michigan
Minnesota
Mississippi
New Hampshire
New Jersey
New York

North Carolina
Ohio
Oregon
Puerto Rico
Rhodelsland
Sou th Ca m1 i »a
Texas
Virginia
Washington
W i sc ? n st B



'University of Alaska Sea Grant College Program
Increased Revenues in Alaska's 'Bawl Fishery

The commercial king crab industry began in Alaska in the 1920s but until after
World War II, there was no major domestic king crab fishery. Japan did have
a fishery off Alaska in the 1930s and both Japan and the Soviet Union exploited
king crab in these waters between the late 1940s and mid-1960s when limits
were set on their catches. By 1975 the king crab fishery bewme a solely domestic
fisherp the catch almost tripled form 108,998 mt in 1975 to 293,749 mt in 1980.
Thereafter the king crab fishery began a remarkable decline; the 1982 harvest
was 7:l,575 mt. As a result of the decline, the major king crab fishing areas
were closed in 1983 and estimates are that they may be closed until 1990.

The majority of Alaska's kirtg crab fishermen reside in Kodiak and until 1981
contributed largely to Alaska's and especially Kodiak's economic well-being.
With the rising harvests experienced during the mid- and late 1970s, crab
fishermen were able to buy larger vessels and more sophisticated gear. Now
only the payments remain.

In order to alleviate the effects of the decline, Alaska Sea Grant sponsored
a training program to assist these fishermen in diversifying and entering the
developing groundfish fisheries.

Ten Kodiak fishermen, paying their own way, took advantage of a two-week
course offered by the university's Fishery Industrial Technology Center at the
British Sea Fish Authority facilities in Hull, England during April 1984. The
fishermen were able to program the computer-linked trawl simulator for any
specif..c bottom-type, vessel horsepower, net design, rigging and fish behavior.
Although the full benefit of the training received by the fishermen will not
be known for some time, some very significant results have already been
observed.

One Kodiak vessel, averaging $60,000 gross per month before its captain took
the course, is now averaging between $90,000 and $120,000 a month. As the
vesse1 owner put it, "before the class, they were hanging up all the time; now
they ate fishing on the bottom." While no figures are yet available on the savings
in gear and lost fishing time, they are said to be "considerable,"

Donald H. Rosenberg, Director
Alaska Sea Grant College Program

University of Alaska
590 University Avenue

Suite 102

Fairbanks, Alaska 9970l
 907! 474-7086

October, 1984



CALIFORNIA SEA GRANT

improved Production of Abalone
Using Biochemical and Genetic Engineering

Modern biochemical and genetic techniques are being used to improve control over biological processes
thai limit th: production of commercially valuable shellfish, »uch as abalone, These processes include several
stages of reproduction, larval development and metamorphosis, and survival of the cultivated animals.

Experiments conducled by Daniel E. Morse, Marine Science institute, University of California, Santa
Barbara, wits funding provided by the California Sea Grant College Program  National Oceanic and
Atmospherii Administration, Department of Commerce!, have concentrated on the Red Abalone, a major
commercial resource in Calif'ornia.

Dr. Miirse and his research associates initially sought ta improve comrol over reproduction. They f'ound
that they coiild induce abalones to spawn by adding a small amount of' the hormone prostaglandin to the
surrounding seawaler. A search for a less expensive procedure led lo the discovery thai hydrogen peroxide
stimulates production of prostaglandins, and thus also induces spawning.

A second research problem arose from the fact that the larvae that hatch from lerlilized abalone eggs
I'requently exhibit high rnortahty-a problem that had been plaguing efforts at industrial cultivation for years.
Dr. Morse found that the swimming larvae are normally induced to settle and undergo metamorphosis to
their juvenil: form at the surfaces ol specific red algae In subsequent work, Dr. Morse was able to isolate
ihe substances in these algae that are responsible lor the induction of settlement and metamorphosis. Of
ihese, the most potent and least expensive proved to be a simple am~no acid known as GABA  for gamma-
amino-butyr c acid!. Use of this chemical provides a»af'e and inexpensive method for inducing rapid
metamorphcsis with high eSciency arid survival. Most excitmg perhaps is the potemial application of GABA
to human medicine, since the amino acid is known io be a potent neuroiransmitter that controls nearly one-
half ol' the c:lls in the human brain, New compounds have been discovered by this research group in marine
algae and ba=teria thai mimic the action of GABA; these are now being explored I'or their usefulness as
diagnostic ar d therapeutic agents.

One of the major problems remaining in the commercial production of abalone is the animal's relatively
slow growth. To attack this problem, Dr. Morse has begun to clone and amplify the genes that code for
growth-accel.rating hormones. thereby applying the techniques of genetic engineering to mariculture.

By far he greatest application of Dr. Morse's work has been in t.he area of marine aquaculture. Phe
methods developed are simple, inexpensive, reliable, and applicable to a large number of' species. Procedures
developed b> Dr. Morse have been applied to a large number of mofiu»c species under cultivation or harvest
in Mexico, Europe, Africa, New Zealand, Australia, Japan, and China.

One valuable spinoff of'ihi» research relates to the control of manne fouling. Having identified the
mechanism that controls settlement of larvae aiid their attachment to surfaces imtnersed in the ocean  such as
ships, pilings, piers, and platforms!, Morse and his colleague» are investigating means f' or blocking these
processes wiih a new generation i!f nontoxic inhibitors; this work is being supported by ihe U.S. Navy and the
offshore indiistry.

For ihi work, Dr. Morse and his research specialists have been twice recognized by the World
Mariculture Society. ln 1982, a Sea Grant trainee working with Dr. Morse, Andrea J. Baloun, received the
prestigious Predoctoral Research Award from lhe Association for Women in Science Education Foundation,

Or. James J. Sottlvan, Program Vianaxer
California Sea  ~rant College Program

LJniversitv of California. San Diego A-tl32
Lit .lolla. CA O2093
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USC SEA GRANT'S 'HOUSE-FLY ASSAY ATTACKS

PROBLEM OF PARALYTIC SHELLFISH POISONING

When the presence of Paralytic Shellfish Poisoning is discovered,
regulators close large sections of coastline thereby quarantining
uncontaminated as well as hazardous shellfish populations. This
practice reduces the credibility of the quarantines among recreational
divers and strikes a severe economic blow to the fishing industry.

SEA GRANI' RESPONSE

+ The fly assay has been shown to be inexpensive, simple to teach
and highly reliable.

+ Several laboratories and governmental agencies have expressed
interest in the results of the research.

+ The fly assay is significantly more sensitive at lower levels of
toxin than is the official mouse method. This will prove useful in
research and perhaps in forecasting the occurrence of dangerous levels
of toxin,

+ Two USC doctoral candidates have won national honors for their
work on the USC Sea Grant research project.

+ Research also has established that certain crab larvae can feed
on the toxic dinoflaggellates and accumulate the toxin without being
affected by it, This result defines another pathway by which the toxin
can ente! the marine food web.

FU$5HI9t 1NPO I TIONc USC Sea Grant Program
1'nstitute for Marine and Coastal Studies
University of Southern California
University Park
Los Angeles, CA 90089-0341

1984
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Regular toxin monitoring in commercially harvested shellfish is
mandated in several states, including by the State of California
Department of Health. The only assay approved by the U.S. Food and
Drug Administration  FDA! teste whether laboratory mice are affected by
extracts of shellfish meat. This test, however, is costly and is too
complex and cumbersome to be used in the field.

Research by the University of Southern California Sea Grant
Program has developed a bioassay that eliminates the many disadvantages
of the present mouse bioassay. The new test animal is the comnon house
fly, Musca domestica. A typical mouse bioassay costs $100 or more,
whereas a fly bioessay costs only about $50. The new assay method is
being tested nationally and the USC Sea Grant Program will seek
government certification of the process.





UN  V E RS IT Y OF DE LA WA R E
SEA GRANT COLLEGE PROGRAIVI

HALOPHYTES: SALT-TOLERANT PLANT RESFARCH

Salt-tole.ant plant research continues
toward thi.' goal of developing improved
cultivars of a grain, a vegetable, and several
forages from wild halophytes that will
thrive when exposed to salinities character-
istic of coa'tal and estuarine waters,

Having,.elected the first generation of
the leafy, spinach-like A triplex tri ongularis,
researchers are beginning to increase the
seed of this strain, Selected cultivars are
being tested both in a saline desert and in a
coastal sit' with high humidity, which
offers an opportunity to compare plant
performance in two distinctly different
types of environments.

The research emphasis is now focused on
using somai:lonal variations in tissue culture
as the basis for selecting plants with specific
desirable genetic traits. Although the reasons
are not coripletely understood, cells in tis-
sue culture undergo more changes than
they would in the whole plant. By subject-
ing these cultures to temperature extremes,
the cells that survive will have endurance to

these extremes, Selection of cell lines which
can subsequently be regenerated into whole
plants that can withstand low temperatures
will make it possible to grow certain salt-
tolerant plants in Delaware arid other loca-
tions that ordinarily could not withstand
our winter lemperatures,

Researchers are also evaluating the
nutritional content of halophytes, Several
salt-tolerani plants have been identified

that have value for use as food, feed, or
forage crops. Kosteletzkyv, seashore mal-
low, yields seeds whose oil is very high in
linoleic acid, an essential fatty acid, and is
similar to that of safflower; its crude
protein is almost 25%, compared with the
30 to 40% found in soybeans, Feed made
with KosteletzAya seeds has a higher
protein efficiency ratio than those made
with corn, wheat, or rice, indicating that
Kosteletzkya seed protein is used effectively
in the body, Researchers are now evaluating
how the nutritional value of A triplex
withstands cooking and freez ing. They
are also testing possible use of KosteletzAya
in cereals, poultry feed, breads, and commer-
cial gums.

The ability to grow a crop where none
could grow previously and the ability to
irrigate a crop with salt water v hile saving
precious fresh water will have a real eco-
nomic impact, Supplying high-quality seed
sources of halophytes with specific char-
acteristics could be anew source of income.
Using halophytes in the food and feed
industries also could have a significant
economic benefit,

For more information, please contact:

Dr. Carolyn A. Thoroughgood, Director
University of Delaware Sea Grant

College Program
University of Delaware
Newark, Delaware 19716
�02! 45]-8062
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DEVELOPING VALUABLE NEW FISHERIES:

BURGEONING HARVEST OF
CALICO SCALLOPS IS AIDED BY

FLORIDASEA GRANT R & D

In just the last fee years, the fishery for calico scallops
has grown from mir or status to become one of Florida's
most valuable, Questions concerning seafood product
quality. processing technology, vessel operations, and
education of the incustry end regulatory interests all have
been addressed by F Iarida Sea Grant. Work to help establish
and sustain a fishery also has provided new economic
opportunities for o-.her sectors of the fishing industry,
which were overcapitalized.

Prior ta 1980, annual production of the shellfish, calico
scallops, never exceeded 2.5 million pounds in Florida. In
recent years, harvests have increased dramatically, with
forecasts of over 26 inillian pounds for 1984. This amounts
to a wholesale value of over $60 million dollars, making it
the second most valuable in the state and of great economic
impact locally due ra its concentration geographically in
the Cape Canaveral ai ea along the Atlantic coast,

Development of tie fishery has been accompanied both
by normal growing pains and by unique circumstances that
threaten its well-being, the quality of its seafood product,
and even the safety of its participants on the high seas.
Specific concerns have included:

~ consumer attitudes toward product appearance affected
by scallop parasites

~ regulatory limits affecting disposal of processing wastes
~ safety and stabil ty of vessels never designed for scallop

fishing
~ information far potential entrants into the fishery
~ industry concern for sustained levels of harvest of

scallops

Sea Grant Respon.ai

Florida Sea Grant has melded five faculty and additional
support personnel fram three universities inta a research,
extension, and technology transfer team that has provided
both leadership and ..upport in various phases of a coopera-
tive academic, agency and industry response ta the needs of
those involved with this remarkable fishery.

As fishery expansion began a few years ago, naturally
occurring parasites iri the adductor muscle of the scallops
taken in the principal fishing grounds aff Cape Canaveral
raised concern for ths quality and aesthetics af the product,
ln one instance regulstory action forced the destruction of
13,000 pounds of scallops valued at over $30,000. A Sea
Grant pilot study culminating in a loriger project due to
end in 1984 has developed initial descriptions of parasite
burdens in scallops.

From this work has grown a related but broader study,
jointly funded with industrial development support, to
assess how quality control is influenced by current harvest,
processing, and storage practice. Generic industry needs
such as anboard handling, cleansing, shucking, processing,

and yield are being scientifically analyzed in this newer
project. This work includes assessments for methods to kill
and remove any parasite infestation to within regulatory
guidelines. All work is due to culminate in a final industry/
regulatory workshop on quality control where Sea Grant
published operation manuals will be distributed.

In response to problems with the volume and content of
viscera and shell wastes generated by shoreside processing
facilities located in a limited geographic area, Sea Grant' s
seafood technologist has addressed treatment procedures
and options. Further work has been proposed to address
water conservation in processing, and waste utilization as
livestock feeds.

In addition to addressing onboard handling, and espe-
cially the length of time that scallops are stored on deck,
Sea Grant also is determining vessel loading capabilities,
which are of intense interest because shrimp vessels are
being used in a situation for which they were not originally
designed. In other words, vessels built to trawl nets through
the water and store catch below deck are now storing
scallops  and the weight of the shell! above deck. This
creates a top-heavy situation and vessels have capsized. with
loss of equipment and casualties. A current Sea Grant
project is assessing hull design and construction parameters
ta improve stability and safety.

Information about the burgeoning fishery is sought by
many interests, and Sea Grant extension personnel have
played a key role in supplying it. For example, at a work-
shop dealing with fishing industry expansion to the north
of the historical Florida scallop ports, Sea Grant personnel
provided facts that demonstrated the economic potential
and benefits to be realized from start-up of the fishery.
State regulatory agency, industry, and local governmental
voices were heard in an objective forum that also addressed
the general issue of waterfront development,

Research, meanwhile, has demonstrated that the para-
sites do not constitute a human health hazard, Even if they
did, the effectiveness of processing to kill them has been
established with data from the Sea Grant research,

Preliminary engineering studies have charaCterized and
called attention to the vessel stability situation. Public
workshops to disseminate practical guidelines for vessel
operation are planned. Interestingly, one of the graduate
students involved with the project won a national research
award from the Sea Grant Association for the excellence of
his study,

Communications with regulatory state and federal
agencies has built bridges of understanding and provided a
data base for rational evaluation of this industry. Sea Grant
studies that have established the compliance of processing
standards to acceptable norms have built credibility for the
industry in dealing with remaining needs.

Far further information;
James C. Cato, Director
Florida Sea Grant College Program
Suilding 803, University af F lorida
Gainesville, FL 326'l1  904! 392-5870



1TY GEORGIA SEA GRANT PROGRAM
UNIVERSITY SYSTEM OF GEORGIA

I404! 642-'76'71ECOLOGY BUILDING ATHENS, GEORGIA SO602

Although Georgia has over l,000 miles of fishable rivers, eel fishing had long been
prohibited west of Interstate 95, a highway which runs roughly parallel to the coast
approximately eight miles west of it. The widely held perception was that eel
traps would also capture young game fish, shad, and catfish, and that this, in time,
would adversely affect both sportsfishing and commercial catfish and shad fishing.

Sea Grant researchers, however, saw potential advantages to the coastal counties,
to the state, and to the nation in an expanded eel fishery. They pointed out that
the trapping methods and the seasonality of eel fishing could complement other
part-time fisheries, such as crabbing, and offer the possibility of full-time
ernployrnerrt. Since the market for eels historically has been an export market
primarily to Europe and Japan, increased exports of eels would also help to ease
an increasingly unfavorable balance of trade.

In an inve:tigation designed to assess the impact of expanded, legalized eeling, the
Departrner t of Natural Resources was persuaded to open the com mercial trap
fishery for yellow American eels in Georgia rivers on a provisional, one-year basis
in March l980.

Data gathered during that year showed conclusively that a very small incidental
catch of other economically important fishes occurred in eeling. This information
provided "he basis for management's decision to open the rivers to eeling
permanently.

As more fishermen became involved, new studies were conducted to facilitate the
development of the Georgia eel fishery. Baseline populations were determined as
a basis for recruitment studies, and it was found that eels in Georgia grow faster
and may te more capable of sustaining greater fishing pressure than populations
farther no*th. Commonly used eel traps were tested for efficiency. Eel behavior
was studied by divers and underwater cameras to determine eel rnovernent and
foraging I abits. These observations contributed to the development of more
efficient traps.

Commercial landings af eels have increased to the point that they are the fourth
largest fishery in the state after shrimp, crabs, and shad,

The inforn>ation generated by four years of Sea Grant. research and disseminated
by the Sea Grant advisory staff has resulted not only in increased catches, but will
continue tv form the framework for future rnanagernent decisions in the fishery.

Edward Chin, Director



RESOURCE ASSESSMENT OF THE NORTHWESTERN HAWAIIAN ISLANDS

The 200-mile exclusive economic zone placed vast expanses of marine real
estate off the Hawaiian Archipelago and particularly off the remote Northwestern
Hawaiian Islands under federal jurisdiction. The fishery resources have only been
sporadically exploited because of the great distance from the populated islands.
Until a tripartite-Sea Grant assessment of the fisheries and wildlife resources was
completed in 1984, very little was known about the extent of the fishery resources
of this region. Participants of this major interagency research program included
the University of Hawaii Sea Grant College Program, Hawaii Division of Aquatic
Resources, National Marine Fisheries Service, and U.S. Fish and Wildlife Service.

The resource assessment established the existence of commercially exploitable
shrimp, precious corals, lobster, and bottomfish fisheries. tt also confirmed the
difference between standing stocks on continental and insular shelf environments,
the former region has great populations of limited number of species, whereas the
latter has great diversity of species with smaller populations of each species.

The Western Pacific Regional Fishery Management Council used this data to
develop its management plan for spring lobsters and is currently using this data base
to develop the fishery management plan for bottomfish. Other uses are being made
of the data by the state and federal governments to develop management plans for
threatened and endangered species and fishery resources in waters off the North-
western Hawaiian Islands.

More than 200 researchers from the three state and federal agencies and the
University of Hawaii participated in this multidisciplinary research program. Thirty-
eight research reports have been produced and more than 50 articles and papers
published in professional journals. Two symposia were held to disseminate the
results of research to scientists, fishery administrators, fishermen, and other inter-
ested individuals. These papers have been published in three volumes by the Univer-
sity of Hawaii Sea Grant College Program.

For further information please contact:

University of Hawaii Sea Grant College Program
Marine Science Building, Room 220
1000 Pope Road

Honolulu, HI 96822

Phone  808! 948-7031



~ ~tefma Illinois-Indiana gaa Grant program

CilARTERBOAT FISHING INDUSTRY PROVIDES SIGNIFICANT ECONOMIC

RETURN TO THE REGION

The charterboat industry is
ri presented in the Illinois-
Indi.ana region by six charter-
btiat associations plus many
ftidependent charterboat opera-
t, mrs. Charterbaat operations
a e an important part of' the
tiiurism industry fn Illinois and
Indiana for several reasons:

spor t f Is hing to scuba-
divfng. This was pr i.nted
in caoperation with the
Illinois Department of
Can ervation and the
Illinois Department of
Commerce and Community
A f f'a i r s .

The institution of the
Marine Reporting Program  I ! Lake Michigan provides a

unique and outstanding
fishery to cesti.nat ion
f' i she rm en;

 MAREP!, which is a sys-
temm f' or obtaining t imel y
loaal ized weather f'ore-
casts for sportf fshermen.
A central location has
been est.ablished by the
Chicago af'f fce of' the
ffatianal Weather Service
for receiving and trans-
mitting this weather
information. Through the
coordination of the Illi-
noiss-indi ana Sea Grant
Pro gr am, t en vo lunt cere
f ram the Chicago Sport,-
f'fshing Association have
been r.rained in report-
ing ~cather data f' or this
syst,em.

�! Conf'erence-goers and out-
of'-town businessmen pour-
ing f nto the Chicago area
every day f'requently take
advantage of the charter-
boat fishing exper ience;
and

i 3 ! Many vacationers are at-
t.racted to the Indiana
shoreline ta enjoy charter-
boat fishing as a part of
their vacation experience,

The I llino is-! ndi ana Sea
Grant Program is helping this
industry bring in and retain
m>re tourism dollars by educa-
ting charter boat operators in
fisheries resources, fmproved
business practice and by inform-
ing commerce-related sectors and
local governments about the
economic importance of the
char terboat industry.

Involvement in the Sa'-
manid Dfet Study, a
i esear ch project that is
being done to provide a
better understanding of
salmonid foad habits in
Lake Michigan. This stu-
dy fs part af a project
being cooperatively in-
vestigated by the other
Programs in the Great,
Lakes Sea Grant Metwork.
'The information gained
will be used by the
resource managers charged
with the maintenance and
utilization of the f'ish-
eries resour ce of' Lake
Michigan. A long range
result of' this study will
be to sustain the econ-
omic return and enjoyment
of sport fishing in the
region.

The Program has provided
assistance through the f'ol lowing
acti vit,les r

WorkShapS wniCh offer in-
f'armat on ranging f'ram
stocking program updates
to charterbaat liability
insurance .

Preparation of' the Direc-
tor af Illinois Licensed
Boat Charter and Liver
Services, a camprehensive
directory listing all
types of charters f rom

F' or f'urther information about this program, please contact Rober.t gspeseth,
Coordinator, Illinois-Indiana Sea Grant Program, University of Illinois, 203
Hjff Hall, 1206 S. Fourth Street, Champaign, !11. 61820. Phoner 217/333-1824.





Sea Grant Coll e Pro ram
University o Maine

Increasing Clam Harvests in Maine:
From the Campus to the Clam Flats
Where Have All the Clams Goner

The Results: Hope for a Better Harvest

What's Sea Crant Doing About It'f

Cooperating with the many individuals and organizations in the state interested in the wise
management of the clam resource, the Sea Grant College Program at the University of Maine has
provided significant benefits to the local clam management committees in coastal towns, clam dealers,
and the clam harvesters themselves.

R,K. Dearborn, Executive Director
UtvtE Sea Graot College Program
14 Coburn Hall
University of iviaine at Orono
Ciroito, tvtaine 04469
�07! 561-1436

University of Mai ae University of New Mampshire Sea C rant College Program 9/84

411

That's what clam diggers, wholesalers, town
clam committees, clam wardens, and researchers
all wanted to kntiw when clam landings started
decreasing drastically in the mid-1950's. The soft-
shelled clam, Mya arenaria, is Maine's third most
important comm rcial fishery, after lobsters and
groundfish, and the principal means of income
for many people in the small, coastal towns in
Downcast Maine. In 1976 clam harvesters and
local shellfish committees of these coastal towns,
which are resporisible for their own tidal flats,
came to the University of Maine and its Marine
Advisory Service for help in managing the
resource.

After the problem of a decline in stocks was
identified and a clam survey of the flats was
undertaken by Marine Advisory staff in the
Washington County area, a Sea Grant research
program, known as the "Mya Project," was
initiated in 1979 to generate information needed
for the improved management of the clam flats.

The research team, consisting of a
sedimentologist, a biologist, a geochemist, and
an aquaculturist, designed the proposal in
conjunction with Maine's Marine Advisory
Service which had instigated the project in direct
response to coastal community needs,

* study of soft-shelled clams and their
mudflat environnient was carried out in

Jonesboro, Main» during 1980 and 1981 to
determine what could be done to increase the

recruitment of ycung clams onto the flats.
Meanwhile, the quaculture facility at the Ira C,

Darling Center of the University of Maine at
Orono, located at Walpole, was the site of
hatchery-rearing activities where clam
broodstock were induced to spawn before being
shipped to nursery sites in various coastal towns
up and down the state.

In addition, Sea Grant researchers were also

studying the biology of the clam through clam
feeding and growth experiments in the
laboratory, while sedirnentologists were
conducting field and lab experiments to
determine the grain size characteristics and
nutritional quality of the clam fiats,

Already clam diggers in Freeport, Jonesboro,
and four other communities have begun to
harvest clams spawned three years ago in the
University's Darling Center hatchery. In
Brunswick, an inexpensive new clam seed
dredge, devetoped by the University's
Agriculture Engineering Department with Sea
Grant support, now makes it possible to
transplartt natural clam seed from overcrowded
areas to areas depleted by the elements or man.

Over a decade of Sea Grant research on
basic clam biology, clam seed-planting efforts in
coastal towns, and the economic impact of clam
flat management have recently been compiled in
a Sea Grant publication, Increasing Clam
Harvests in Maine. Along with this manual, the
development of aquaculture techniques, the
mechanical seed harvester, and an innovative
4-H program in raising clams from seed in a
hatchery built and maintained by the youths
themselves will assist all coastal towns to manage
their clam harvesting for optimal production.



ND SEA GRANT AND THE OYSTER FISHERY

OBLEM: The oyster fishery � traditionally the Chesapeake Bay's most valuable
source � is in serious decline, harvests dropping to Jess than half of their recent

PONSE: The Maryland Sea Grant College has moved to help revitalize the
ustry through research, education and advisory services.

decline of the oyster industry results from both man-made and natural
ons. To help explain how the oyster responds to changes in its environment,
.s have used Sea Grant support to study:

>e way in which oysters metamorphose and settle. This research has led to the
recovery of a patented bacterium, designated LST, which appears to trigger an
ster's change from free-floating larva to permanently settled oyster.
bstances associated with this bacterium also hold potential as marine glues and
hesives.

ie distribution and availability of food for the oyster.
>e quality and nature of that food, with an eye toward subtle changes in the
>esapeake Bay's flora and fauna.
>w an oyster feeds and reproduces--through an analysis of molluscan
ioener ge ties."

elp those who are trying to come up with innovative methods, Sea Grant has
several practical projects. Marine Advisory agents and speciaiists have:

>rked with watermen to plant young oysters  or "spat"! on specially prepared
y bottom to increase future harvests and production.
operated with aquaculturists to improve the spawning, setting and feeding of
tchery-reared oysters.
ared information with commercial aquaculturists in other parts of the country
.specially in the Pacific Northwest � and brought new aquaculture methodolo-
.s to the Chesapeake region.

The decline of the Maryland oyster industry is a large-scale problem which
no easy solution. But the research and education now underway at Maryland
has offered up some interesting benefits. The newly patented bacterium, LST,
distributed to a commercial hatchery, which is experimenting with the
to improve oyster spat set and survival. Methods for year-round algae culture
employed by oyster hatcheries to feed cultured oysters. Recommendations
made to state management agencies about the best places to plant oyster shell
"seed" oysters. And thanks to Marine Advisory efforts, some watermen now
, oysters growing � and nearing market size � on specially prepared plots. This
n of scientific and practical expertise offers our best hope for reversing the
stry's deep decline.

4.12



MIT SEA GRANT PROGRAM

Computer Tools for Predicting the Effects of Change

For more information Susan Stolz
Iniormation Center
MIT Sea Grant Program
77 lvlasaaohuaetts Avenue
Cambridge, MA 02739
�17! 253-3461

4. '!3

Problem

Decisions to make changes in coastal communities often
pit group against gr<rup, even neighbor against neighbor.
One of the inheren' problems of change has been the
difficulty of assessing residual and synergistic effects on
the marine environntent. For some towns a new marina
could mean more and much needed jobS, revenues and
boating facilities Btit how to tell whether dredging the
harbor entry or mooring areas will change circulation
patternS? INIII the ChangeS make fluahing Of muniCipal
wastes less efficient'. Could spilled oil and gas or bactenal
contamination from shipboard wastes get trapped in the
bay or harbor, ruining swimming beaches or recreational
fishing areas? If the tides and currents dO carry the
pollutants safely out to sea, will they pass over and taint
economically important shellfish flats?

Solution

In recent years, computer models have provided com-
munities, governmer t regulators, and industry with a kind
Of CryStal ball - a Wa / Of IOOking intO the future tO under-
stand consequence, and mitigate those that might be
adverse Through lvllT Sea Grant, in the mid 19706, faculty
and students created a unique and powerful hydrodynamic
model for predicting the transport and dispersion of natu-
ral and manmade substances in large harbors and bays

Originally, the mode was part of a planned, multi million
dollar National Ocean Mining Environmental Study
 NOMES! to assess the environmental and ecological
impact of massive d.edging of offshore sand and gravel
resources for use by the construction industry. Later in
1973 and I9/6 BOStOn EdiSOn uSed the madel, divided intO
two parts � CAFE for looking at water circulation and
DISPER for looking at particle dispersion � to win a license
for a second general 3r at their Pilgrim Nuclear Plant. The
company saved for themselves, and ultimately for con-
sumers, between $29-54 million dollars by proving that
their cooling water channel, increased flow rate and the
prOjeCted heat flux could be handled by exiating facilities
within the environme ital requirements of state and federal
regulations. These rriodels have been used in almost 40
applications to pre<fret the effect of waste dispersal,
sediment transport, hurricane surge, and power plant
sitings in Massachusetts Bay, Great Egg Harbor, New
Jersey, San Francisco Bay. Miami's Biscayne Bay. Long
ISland SOund, the IVI ssiSsippi River, and harbar areaS in
Alaska and Australia.

Future Applicstionl
CAFE and DISPER offered information that had previously
been available only through extremely expensive and time
consuming measurement programs They have worked
especially well for cOmmunities loCated on large, regularly
shaped bays. However, for smaller towns and ctties tucked
into irregular caastlines with craggy embayments, the
application of these models has required extensive, costly
computation.

So two years ago, Jerome Connor, one of the creators of
CAFE and OISPER, and Keith Stolzenbach, a respected
hydrodynamicist, began to adapt the models to develop a
new, faster, and simpler tool to be known as TEA  Tidal
Embayment Analysis!. A new mathematical approach has
increased the speed of execution, with a concomitant
reduction in the cost. The improvements have been
dramatic. A program that took two hours to run now takes
two minutes.

At present TEA is being applied to three case studies in
New England: two are power generating plants and one is a
pond on Cape Cod which is implicated as a source of red
tide organisms. In the near future, TEA and its ac-
companying users' manual will give small communities
well founded insights into the effects of changing or
expanding the uses of local bays and harbors, MIT Sea
Grant, which has already had one major meeting to
introduce TEA to potential users, will further disseminate
this valuable information through it's well coordinated and
publicized report series In addition, the new knowledge
gained from creating TEA as well as CAFE and 0ISP ER will
be hand cerned to the marine community by some of Sea
Grant's most effective disseminators � the scores of stu-
dents who have worked with MIT faculty members to bring
these new technologies to life



Woods Hole Oceanographic Institution
Woods Hole, MA 02543 ~o
Phone: �17! 548-1400

Telex: 951679

SEA GRANT OFFICE
X2398

Red Tide

Red tide, the cause oi paralytic shellfish poisoning  PSP! in
humans, threatens a shellfish industry worth more than 348.5 million
i.n New England and more than 4263 million nationally. Consumer
reaction to news coverage of red tide outbreaks is known to extend to
lobsters and finfish species not directly affected by red tide and to
areas far removed from New England. At Woods Hole, Sea Grant research
on red tides has identified life cycle stages responsible for
initiating red tide outbreaks as well as associated environmental
factors. Recent effort focuses on factors responsible for aspects of
the bloom dynamics and termination and their implications for
artificial control of red tides. Pinally, s new research project here
is examining how the powerful red tide toxin might be used
pharmaceutically for benef icial applications,

Rsd tide, caused by a microscopic marine alga or phytoplankter,
first occurred in southern New England in L972, although it was
earlier known in Canadian waters for many years. The southern
extension of red tide may be continuing, as in more recent years the
organism has been found in Long island Sound. A similar southward
spread of red tide has been found on the West Coast in waters of the
state of Washington.

ln early Sea Grant research, Dr. Donald Anderson identified the
key role played by a resting stage, or "cyst", in overwincering of the
red tide organism in estuarine sediments and in the distribution,
timing and initiation of the red tide bloom in late spring.
Subsequent research, including that of Dr. Pacricia Clibert, has
focused vn factors determining the severity of the bloom and its
duration. More recently, Dr. Anderson has focused on the role of a
natural >arasitic microorganism in cermlning red tides and its
potential use in artificially controlling these blooms. A second
potential control mechanism under investigation involves
cross-br eding wich Less toxic algal strains co reduce overall
toxicity of the bloom.

The potency of red tide saxitoxins and their reversible effects
suggest :hey may serve as a source of anesthetics, possibly safer and
more Long-lasting than chose presently available. Dr, Sherwood Hali
is currently researching che pharmaceutical potential of this class of
toxins o- their derivatives.

Th primary impact of PSP is the chreac of its presence. Most
sheLLfisI> are probably safe to eat most of the time, but the
possibility they are not results l.n costly monitoring programs and
stifles;.he development of otherwise viable shellfisheries in terms of
natural harvest as well as aquaculture. Sea Grant research at Woods
Hole has made significant progress in the prediction, control and
understanding of red tides and in che possibility of curning their
poison into a useful pharmaceuticaL product for the benefit of mankind .

Contact: Dr. David A. Ross, WHOL Sea Chant "oordinator



Michigan Sea Grant College Program

SEA GRANT SAVES LlVESs Cold Water Drowning Research

Rmlta-

Michigan Sea Grant College Program

The University of Michigan - Ann Arbor -  >13! 764-1138
Michigan State University - East Lansing - �17! >53-0647

10/844.1 5

Hund~9e of lives ara saved worldwide
per year aa a result of Sea G~t
research «nd education on cold water
drowning and revival techniques.

Research - Until 1976, drowning
victims submerged underwater for
longer than four minutes were
generally >resumed dead and efforts
were not wade to resuscitate them.
However, based on medical knowledge
and first-hand experience, Sea Gr ant
resear cher and physician Martin
Nemiroff had developed a theory that
people submerged for even longer
periods of time underwater, especially
cold wats>, could survive with little
or no after effects. ln 1976,
'Michigan Sea Grant funded Qr.
Nemiroff to further document his
theory. I-is research activities
revealed t~at caId water drowning
victims could survive after submersion
for as long as an hour if properly
re susc i t ate d.

Outreach " Through the efforts of Or.
Nemiroff, the U.S. Coast Guard, and
Michigan 'tate Police, Michigan Sea
Grant began a widespread public
education program to promote
awareness of the nature of cold water
near-drowring and resuscitation
techniques, Sea Grant communicators
assisted in deveiopinq and
disseminating infor mationai materials
throuqh national and international
media and other outlets. Sea Grant
field agents began extensive training
and education to train first responders
 such as fi.emen, sheriffs, water
rescue personnel! and those in charqe
of hospital emergency room treatment
of cold water accident victims.
Agents also help those already trained
to tr a in others.

a The U.S. Coast Guard estimates a
25% drop in drowning fatalities. It
has been training its personnel and
has carried out a wide-reachinq
campaign to teach boaters about
cold water near-drowning and
revival measures. The Coast Guard
estimates a 50% drop in boating
fata}4ties with continuing public
education efforts.

~ Hospitals across the nation have set
up emerqency teams to handle near-
drowninqs and have obtained special
equipment to handle these cases.
National and international medical
personnel have been trained in cold
water near-drowning revival tech-
niques.

~ Water safety manuals used by the
Coast Guard, hospitals, and Red
Cross have been rewritten to
incorporate information on cold
water near-drowning rescue
techniques.

~ Sea Grant iield agents have
informed, educated, and/or trained
over 8200 first responders,
emergency medical personnel, and
others about near-drowning and
rescue procedures. 'Many of these
have received state-approved EMT
course credit and have trained
thousands of others.

~ Aqents and Communicators have
prepared publications on emergency
treatment of near-drowning victims
which are now distributed by the
Coast Guard, Departments of
Natural Resources, and other
org ani z at i ons.



innesota Sea Grant Institute

assroom-Office Building University of Minnesota f 994 Buford A~eriue Sl Paul Minnesota 55108

Phone �12! 373-t 708

IMPROVING IAKR SUPERI Rf S ALTER QUAUTY
AND FISHERY

he Duluth-Superior region of Lake Superior is among the lake's most pro-
areas. It is also a heavily used recreational area and receives high

t input from runof f and sewage ef fiuents. High rates of long-term
  input have the potential to harm the fishery by enhancing growth of

rable algal species, altering the forage base, and leading ta changes in the
Bmese algal production is <ac of the best predictors of maximum

nable fish yields, greater knowledge of the nutrient-algal Interaction is

NT APPRCNCH

the three most common nutrients entering the lake � phosphorous, sil-
and nitrates--oQy phosphorous is regulated by treatment plants; the other

ts have been considered less critical to water quality. Ecology Professor
vid Tilman's research shows that the ratio of all three nutrients, along
water temperature, affect water quality and the type of algae that will

'ilman found that the undesirable blue-green algae thrive in the warmer
of Lake Superior, with low nitrate to phosphorous ratios. 'Ibey are

ly indictors of poor water quality and may be toxic to zooplankton.
on the other hand, are indicators of good water qwlity, are a good
fish, and they dominate in cooler water with a low phosphorous to

ratio.

ilman's results show that water quality management should be changed to
regulation of all three nutrients since they all affect the growth of

able algal species.

Sea Grant-sponsored research has uncovered a major mechanism that
nes the quality of algal production irf Lake prior, providing scientific
fr future research on the link between algal growth and fish production.
also revealed a relationship between nutrients that could maximize the

f desirable algae without leading to an abundunce of harmful species.
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A Sea Grant College
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Ocean Springs. Mississippi 39564 - �01! 875-9341

MAJOR ACHIEVEMENT--ONE EXAMPLE

The softshell crab industry in the Gulf is faced with
continuing decline in the quality of coastal waters and with
limited supply of premolt  peeler! crabs.

The development of closed, commercial-scale recirculating
seawater systems to hold and shed peeler crabs has allowed
for expansion of the industry independent of coastal water
quality. The solution to the problem of limited supply of
peelers is also under development through Sea Grant research
involving hormones that induce molting in blue crabs.

A network of advisory agents snd scientists is identifying
other problems and filling needs with applied research.
Sea Grant scientists, advisory service agents and industry
representatives work closely together to provide the latest
information to interested individuals, business people and
other marine agents from Maryland to Texas. Nore than 300
Mississippi and Alabama residents have participated in
softshell crab workshops and dozens have set up their own
shedding systems.

"DEDICA TED TO IBIARIKE RESEARCH, EDUCATION AILID PUBLIC SERVICES"
MISSISSIPPI STATE LJNIVERSITY
Mlseiersppt Stets. Misstsstppt 35TB3

AUBURN UNIVERS Ir Y
Aeterm Llnleerelte. Aleseme 35599 UNIVERSITY OF MISSISSIPPI

Unleersttk. Mleeleslppl 35537

GLILF COAST RESEARCH LABORATORt
Oeesn Sprlnoe, Mlseleslppl 3555e UNIVERSITY OF SOUTH ALABAMA

Moooe, A4lmms 35555
LINIVERSITY OF ALABAMA
Llrrleerelty, A4seme 35555

L'NIVERSITY OF ALABAMA Ik BIRMINQt-IAkl
slrmln5ltsm, A4trsnts 352IM

JACKSON STATE UNIVERSITY
Jsekesn, M lssleel ppl 352 t T UNIVERSITY OF SOUTHERN ISISSISSIPPI

Fl ~ Itlesourg, M lest esippl 35551
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The result of Sea Grant efforts: grassroots entrepreneurs are
starting new enterprises; operators of existing crab shedding
businesses are applying Sea Grant guidelines for more efficient
and economical operations. At a price ten times higher than the
hard shell crab, the softshell offers the potential for
substantial supplemental income; and the fledgling industry is
attracting investment from a broad spectru~ of coastal residents.



Sea Grant College Program

University of iiiktiw Hampshire

The economy and life of norlhern New England are intimately tied to the marine environment, Fish landings in
Maine and New Hampshire are worth over $1 25 million annually and generate another $320 million in reiated in-
come. Tourism and recreation bring in another $2 billion in revenue as Maine and New Hampshire attract 11
million visitors ea:h year, more than half of them to the coastal region. On an average summer week-end, an esti-
mated 500,000 people pack Maine and New Hampshire's 60 miles of sandy beaches.

Increased growth and development within the coastal zone present serious challenges to the marine re-
sources which fo m the basis of these industries. New Hampshire has had a population increase of 24.8% since
1970, making it trie fastest giving state east of the Mississippi. The bulk of that increase took place within 50
miles of the coast, and more than 30% of the region's population now lives in the coastal zone.

Because of these pressures on a fragile and finite resource, Sea Grant research at the University of New
Hampshire is particularly focused on the protection and enhancement of valuable marine resources. These are
some examples.

The state of Nev, Hampshire and northern New England have benefited significantly from Sea Grant's contribu-
tion to marine research, education, and advisory services. For further information, contact:

ROberl W. COrell, Director
UNH Marine Program and
Sea Grant College Program
Marine Program Building
University oi New Hampshire
Durham, New Hampshire 03824
�03! 862-2994

University of New Hampshire University of Maine Sea Grant College Program 10/84

418

~ The dynamics >f interaction between estuarine nu-
trient cycles and New England's multi-million dollar
coastal fisheries have not been explored ade-
quately. Workittg with the pristine Parker River es-
tuary at Plum Island, Mass., a multi-disciplinary Sea
Grant team from UNH has begun a project to study
the internal pr messing mechanisms and complex
water movemeits of this ecosystem.

~ The Atlantic Salmon, once the king of sport and
commercial fisheries, is now rare in northern New
England water,, but an agressive stocking and rest-
oration program could restore it to its former glory.
The success of this resloration project will depend
upon suitable water quality, and a UNH Sea Grant
research project is investigating the effect of acid
precipitation ori the migration patterns of this valu-
able salmonid.

~ The ports of Portsmouth, N.H. and Portland, Maine,
annually receive about 23 million short tons of crude
oii by sea. In either port, a major oil spili could be dis-
astrous. Working with the New Hampshire Water
Supply and Pollution Control Commission, a UNH
Sea Grant team designed and field tested oil spill
boom configurations for spill containment in high
velocity currenis. As a result, these boom systems
are now requir& at all oil terminals along the Pis-
caiaqua River, A similar program is being consid-
ered for Searsport, Me.

~ Sewage, industrial discharges, and runoff can have
very negative impacts on water quality, Recogniz-
ing the need to predict what happens to a pollutant
once it's been discharged into coastal waters, UNH
Sea Grant researchers have developed hydro-
dynamic and dispersion computer models to trace
the movement of pollutants within estuaries and
harbors. These models have been used in strategi-
cally locating a sewage outfall pipe in New Haven
 Conn.! Harbor and positioning offshore break-
waters in Bristol and Sconnet Harbors, Rhode
Island.

~ Northern New England estuarine sediments serve
as major sinks for certain toxic trace metals as-
sociated with industrial and municipal discharges.
One UNH Sea Grant project has refined laboratory
techniques which can determine the degree of at-
tachment of toxic organic substances to suspended
sediment partides � an important parameter in de-
termining the transport and ultimate fate of pollut-
ants. These same researchers have been studying
PAH's � polyaromatic hydrocarbons � which may
cause tumors in bottom-dwelling fish. Their research
considers both chemical and biological processes
to determine how these PAH's may be affecting the
food chain and, ultimately, seafood consumers.



NEW JERSEY SEA GRANT INSTITUTIONAL PROGRAM

THE OBJECTIVE OF THIS SEA GRANT STUDY IS TO PROVIDE A BIOLOGICAL BASIS
FOR MANAGEMENT OF TILEFISH STOCKS.

Tilefish are an important fishery resource in several Mid-Atlantic and
southern New England states, with an annual dockside of about $8 million.
In New J rsey, over four million pounds were landed in one year, primarily
at Barnegat Light, dubbed "the ti aefish capital of the world." New Jersey
Sea Grant sponsored research on the li fe history and population dynamics
of tilefish has provided valuable information for the enhancement of this
commerci >1 fishery and for the rational management of this tilefish resource.

Tilefish occur along a relatively narrow portion of the outer continental
shel f and in submarine canyon walls at depths of 120 to 240 meters where
temperatures are fairly uniform. In situ observations with submersibles
revealed that they live around bouTders and in vertical burrows in clay
substrat s. These burrows can be up to 4-5 meters in diameter and 2 meters
deep, Tilefi sh reach a maximum size of 60 pounds in weight and 120 cm in
length. Their habitat extends from Nova Scotia south to Florida and
throughout the Gulf of Mexico, being most abundant in the North Atlantic
from Cap Cod to New Jersey and less abundant in the South Atlantic between
Cape Hatteras and Cape Kennedy. Small commercial fisheries occur off the
southeas' coast of Florida and in the Gulf of Mexico.

With the full cooperation of the commercial fishing industry, investigators
of a five-year New Jersey Sea Grant project amassed data on stock separa-
tionn of 'i 1 cfish on the east coast of the United States, catch and fishing
effort, age, growth, mortality, age/size structure of the fishery, and
reproduc.ive biology. Techniques were developed for tagging tilefish to
determini. migration or movement patterns and for advancing the catch ratio
of longline fishermen. Results of these studies have been utilized by the
Mid-Atlaiiti c Fishery Management Council/National Marine Fisheries Service
for incorporation in a tilefish management plan. In addition, they have
transferred to the east coast of Florida to enhance that area's tilefish
fi shery, and plans are being formulated to continue these studies in the
Gulf of Mexico.

The success of this project is attributed to the cooperative efforts of
academe, NOAA's Sea Grant College and Undersea Research Programs, the U,S.
Geological Survey, the New Jersey Sea Grant Program and the Harbor Branch
Foundat.ion.

Addi tion<il information may be obtai ned from:

Dr. Robert B. Abel, Director
New Jersey Sea Grant
New Jersey Marine Sciences Consortium
Building 22
Fort Hancock, NJ 07732
�01! 872-1300



Savings for New York' s
Commercial Fishing Fleet

Output

Approach

The New York Sea Grant Institute of
State University of New York and Cornell University,

37 Elk Street, Albany, New York I2246.
�18/436-0701! or call your nearest Sea Grant

Extension Office listed in the telephone directory.
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Problem
Increasing fuel costs and relatively stable fish
prices have placed commercial fishermen, par-
ticularly those usir<g trawling gear, in a financial
bind. A survey of llew York's Long Island
based commercial t'ishing fleet indicated that 20
percent of the existing vessels could signifi-
cantly increase their catch or reduce their fuel
costs by improving their propulsion systems.

The survey of fishing vessels, undertaken by
New York Sea Gra it extension specialists work-
ing with researche ..s from Webb Institute of Na-
val Architecture, provided information for the
design of' needed r.search. Research included:

~ Evaluation ot various techniques of fuel con-
servation available to commercial fishermen
including: sail assisted power, effective
matching of pr<>peller to hull design and en-
gine capacity, gear reduction and two-speed
gear boxes as well as the use of nozzles, vari-
able pitch prop~ llers and other pr<>peller
conligurations.

~ An analysis of the relationship between vari-
ous types of fishing gear and fuel economy.

~ Based on the evaluation and the analysis, a
propeller design program was developed for
use on a portab e computer, which matched
propeller and hull design configuration for
greatest efficien cy.

~ Field trials of the computer program were
undertaken, in;ooperation with a propeller
manufacturer, to determine if commercial
fishermen foun 3 it useful.

A series of technical reports detail criteria for se-
lecting the proper propeller for a fishing trawler
and show how to match hull, engine, reduction
gear and propeller for maximum efficiency,
Ways to increase the efficiency of trawling gear
in concert with vessel capability are illustrated.
The coniputer program, which describes alter-
nativee vessel/propeller combinations and the
towing power characteristics which result, can
easily be taken into the field by an extension
specialist, New York's Sea Grant extension spe-
cralists have field tested the computer program
and found that commercial fishermen want to
use it in deciding on vessel modifications.
1o help fishermen further understand all factors
involved in increasing efficiency of their vessels,
a I4-minute video-tape was produced by Sea
Grant Extension. The video-tape demonstrates
propeller design,. construction and effects on
fuel economy of vessels.
Now that the project has been shown to be ef-
fective in New York, steps are being taken to
broaden the use of this research. Sea Grant Ex-
tension specialists in northeast and middle At-
lantic states are being trained in the use of this
information, particularly, the computer program.

Benefits
Although the research has been completed only
recently, some benefits can be demonstrated.
One New York commercial fisherman, after
studying the output of the computer program,
invested $20,000 in a nozzle system for propel-
ling his fishing vessel, Since that investment, he
has increased his catch by a third and will pay
back conversion costs in less than six months.



UNC SEA GRANT COLLEGE PROGRAM

. Surtmi: A New Use For
An UnderutBhd Spedes

For more information, contact:

Or. B.J. Copeland, Oirector
UNC Sea Grant College Program
105 1911 Bu<lding
8ox 8605
North Caralina State University
Raleigh, North Carolina 27895-8605
919/737-2454
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Too many of our fish are either wasted or sold
for pennies because the market foi them is
weak. As a result, fishermen and seafood pro-
cessors suffer, and a lot of good food never
reaches the consumer.

Over the past decade, UNC Sea Grant re-
searchers developed food uses for underutiiized
species of fish from the Atlantic Ocean and the
Gulf of Mexico. Most of these food uses involved
surimi, a minced fish product developed by the
Japanese Sea Grant researchers worked out the
details of the texture, chemical structure, binders
and waste reduction for surimi, And scientists
shared their findings with the seafood industry.

Sea Grant researcher Tyre Lanier currently is
evaluating the Atlantic and Gulf menhaden as
possible candidates for use in surimi. While the
menhaden fishery is the nation's largest in terms
of volume, its value per pound ranks well below
other species. But Lanier predicts menhaden
may become "the soybean of the sea." At the
turn of the century, soybeans were used mainly
for animal feed. Now, the protein from soybeans
can be found in many items on the grocer's
shelves.

The surimi process transforms the bony, fatty
menhaderi into an edible fish. A mechanical
deboner removes the bones, and the washing
process removes all but 2 percent of the fat.

Along with the fat goes the strong, fishy taste
characteristic of menhaden. Since the surimi
process uses only 20 percent of the fish, the re-
rnainder can stilt be processed for fish meal and
fish oil.

As a result of past and ongoing research, UNC
Sea Grant scientists developed one of the most
extensive banks of surimi research information in
the country. And that's why Kibun Products Inter-
national, Inc., the world's largest processor of
surirni-based food products, recently constructed
a plant in Raleigh, N,C. Kibun's Raleigh location
will provide an opportunity for industry/academic
cooperation that could lead to better utilization of
domestic fish resources and to improved quality
of surimi-based foods at reduced costs.



ARTIFICIAL REEFS: A REALITY IN Li6% ERIE

Lake Erie is the souchernrnosr, the shaUowesc, the warmest, the most organicaUy
enriched and consequendy the most biologically productive of the Great Lakes.
fact, Lake Erie produces more fish annuaUy for human consumption than the

ocher 4 Great Lakes combined. Between 1976 and 1984 the walleye harvest
increased from 111,000 to 3,000,000, and che number of charter boats increased
from 34 to over 600. However, most of this fishery production, harvest and
recreational development is associated with che western basin of the lake with its
many natural reefs which are used for spa~ning by many of the lake's most
desired sport species.

Lake Erie is traditionally divided into 3 basins; a smaU shaUow wescern basin
 average depth 24 feet!, a large moderately deep central basin  average depth 60
few!, and a deep eastern basin  maximum depth 210 feet!. Compared to the
western basin, the central basin is a flac-boccomed pan, This lack of relief inhibits
sport fishing success because there is nothing to congregate fish or fishermen.

To aUeviate this problem and iinprove che sport fishery in the central basin of
I ike Erie, the Sea Grant Prograin, at the requesc of and with the assistance of
o«r Sea Grant Advisory Committees, developed an Artificial Reef Program for
Lke Erie.

First, Sea Granc researchers evaluated bottom types, water quality patterns,
chermociine locations, ice flow patterns, points of angler access, and fish population
d'.ca co deterinine suitable sites for artificial reefs. Five sites were identified,

R~archers also determined the suicability of various material types for reef
construction. Then, in cooperation with the Ohio Department of Natural Resources
 ODNR!, a permit application was developed and sent co che U.S. Army Corps
of Engineers. The permit was puc in the name of che ODNR so chat concributions
to the program would be tax deductable.

At this point, our Sea Grant Advisory Committees went to work to obtain
donations of materials, supplies, labor and doUars for che program. To start the
program, O'Brian Scone Company of WarrensviUe Heights, Ohio donated 3,000
tons of sandscone rubble. The Ford Mocor Company donaced a storage facility on
che Cuyahoga River. The Cuyahoga County Commissioners first donated county
diimp trucks to haul the material to the Ford Motor Company site, and then
donaced $62,500 to the Sea Granc Artificial Reef Program in The Ohio State
University Development Fund co construct the reefs.

Sea Grant researchers working with che contractor, developed duinping techniques
and patterns which would cum the artificial reef into an underwater research
laboratory suitable for resting hypotheses regarding the effectiveness of the reef in
congregating sport fish,

On August 9, 1984, the first of the artificial reefs was constructed in Lake
Erie, Several research efforts are already underway co evaluate che reefs and aid
in future reef construction, buc sportsmen are already flocking co the area and
m"ecing wich a greac deal of success.

For further information about the Ohio Sea Grant Program contact:
Ohio Sea Grant Program
The Ohio Scace Universiry
484 West 12th Avenue

Columbus, OH 43210

614r422-8949
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UNIVERSITY Of PUERTO RICO

J'ea Orant Fr~ram

FISH TRAPPING IN DFFP WATERS...

ensifer an J Plex>nniba ud<>»>rds>, >u<ve roagbt a
corn merc>al fishery usmg traps fnr panda!>d
shrimps has bre» recvetIy developed <n l!a<vuii
I!ae to these enns>dr>attn>i>. tbr nr<jf>na! f>nfisb
project <uas expanded. »»d<» L>pk Cra <,'ra>it, tn
include sbrinsp sainphng asmg specie!ly drsigi>ei
sbri>np traps. I u Jatr Ih <tauon> have b<'r» sam
pied us<ng tbisgcor.

Fr i>blem

Itrsai»

I!< script>un

A pnt»»tio! problem <»><h imp f>sbi»g <hese
depths beca<ne apparc»< dur>ng the early phases of
tbu study, >nb<eh UPR Sea <'ra»t perso>inr! hnpv
>n be able tn invcstigotr farther. This imnlves >he
large numbers nf the gian< i sopn J  I a thy i>or>ius gr
guetcas! and bagf>sbr>, bntb cn»siderrd >i>a!nr
Jr»p>outer scam ngers, <cb>ch m>t<.r lish a»J shr>mp
trups, I a>ure plans itic!a J< pnsub!< usr. nf a Je, p
>outer subm<»sible ti> nb<<»vv efj«ts tbe>< scar<'i>
grrs are bav>eg >in ut>ract>o>i of targ<t spec>es tn
tbc tmps a»J n» target species <»>>bi» the traps.
'I'bc gi>al of thrse <>bseruatines >udl be tn deter>note
if any»>odifications of gear nr its deployment u>d!
rrdacr the nrgativc ef frets these >co»rug<vs mo><
have on catch

THE RED HIND FISHFRIES
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I <osibility und vol»i nf trapping fishes aed
shri>np at depths greater ban 200 m aroand puerto
R>co hove»ever bee» det »»el»ed.

<>rtg>»n! ob!ect>ves n! thu  <!>R S»a t,rant pr<>.
j <'ct suer< ti> I ! Jrterm>ne zubat j>»fishes arr prese»t
<uLirb ci>n hr trapped, .<sing >»expense» gear, at
d< pths of 200-1000 >n> 2! tesi the frosibility ond
valor of j>shing these d>5>tbs, and 3! to rxammr
carta>» b<o!og>cat parom<ters n! the specks ca»ghf.
Tn date ux tmesects are n<'arly <ompl<'trd, <uitb a
total nf 24 statioits soe>,>i<eh I nr logistic r<osn»>
>»nst statin><s san>pled hi ve brc>i ut tbi dr< pn < >id
 i.c, 500-�00m! nf tb<. prnp<ised san>pl>eg raage.

!>arly i»su>!s nf th>s pro!ec> clearly i»dicated
tl»it sbr>mp r»soarces vere slg>i>f<cant and b<id
harvest pntential. Ie pa>ticelar, sev<»u! species of
pandahd sbr>mps, most <ign>ficantly !Ieterocarpas

I'rnble>i>
Wbot <.!jest dnis int< usmc fish>eg nver aneaa!

spa»>ning aggregations of the red bind ha»< n» fi<.
tare pop>i!ut>n» s< es'

Sofatinii
Sea < rant n spnnsnrisg a ma!or rrse<trch effort

to produce >b< bas>c b<ol<gical information nerdvd
sn a»etc<» this ques»n». Ih< potential vff<ct, <nr
futarr reprnductiue pote»tie! nf the p<ipulutinn, i>f
intensive fi>b>ng over gro>iper aggrrgat»>es v:ill de-
pend nn jn»r fa<'tars

 I> I'hr prnpn>tion nf ibe total annual
sp<i>un<ng >e the f op»latin» that generally
occurs in and du>xeg tbe agprgati<r». Bi
mn»tby analysis «f gn»adal hist»!ngy nf
comm»re>ol!y <aug! t spec»i>ri>s over a 24-
month pen'od demonstmte that gonadal
r>pr»ess cr><nc>dr> '>itb th>' n»rmeeh period

!o»»ary dunng which tb> fish aggregate,
k< J binds rarely spa<>» <>atside nf that
0>'rl<l J.

<2! Tbe selectiv ty nf o!i>cga>inn f>sbmg.
i.». ivbetbcr tbe f<s>> caught over an aggrego.
ttn» tend tn br' di<prnpnrtin»ately of pu>
t>cu!ur sizes n> <rx«. !etc»siv< Jiving nver u
<pain»>eg aggrcgat«n at <L >' <'Jgr nf tbr i».

su!ar I»>ecto Rica>i shelf en<>bled us to spear
a representative a>mp!e nf f<sh tn c<>mpari
by hoed!icing from a bi>at. TI. r sex rata> of
tb<' tpearrd sample >»us 5. T> f'»males per
male, evt stge<jico»t!y diffrri.nt frnn> tbr
srx ratin nf hued.caught fish. 5> r distribu
tion a>as olsu the >a>ne bctsuer» the tun set>
nf suinplcs. Thus, comm»re>al fishing tech
ea!ues re<i<our males and female> raednm!y
froni the aggregate>n

�! I he ca>ise>»f feme!e.to-mu!e srx
cbangr in thts her>naphrod>t<c fish, Study u
no<u u»der»»>y tn di termine v>bvtbrr srx
cba»ge >s cvntrollcd socially, o> it isin ntbc<
fishes <n Ibe group< r Io»>ily.

I4! Tbr natarr nl th< socsal sysie>e bv
fore and after >Le >pa>vnmg aggregative.
Th<' snca>l system >>us Jescnbr J by mapp<ng
the lncuttnns nf tagged fish nri a gr>d a> a
shul!ozu reef. Al!»tdividua!s ina>nta<i»d
fixed born< range> >ha< i>verlapp<d beuv>!y
v»th the home ranges of neighbor>ng fish.
I!omc t'ange uze did»nt co<re!ote <uitb tbe
size nf' the mdtv<dual fitb. nor >uitb i>s sex.
Ie fu<'t, oll fish on >be grid, aitd in t>oo otb<e
sheila»> inshore r< cj< >bat mere s>ad>cd,
suer< feeatles. It appears that >>>shore popu-
latines are pr< dnmniately frnu>le. I emales
probably move tn <be >nsu!ar sbrlf o< par-
ticular s>zes or tim< s vf tbe year aber» they

t>nes nf gr<or nr its dvpl<iymc»t v>ill rrdacc tb<»e-
gotive effects these sea»< tigris >nay bavr ne ca<eh

I v date tb>t pr»lv<t ha> shou>» that l! snappers
arc prese»t and can bh tn>pped us>ng t>iexpeesive
methods at depths nf ca. 2004000 nt off Puertn
Ricu and <utn»u Isb>nd- 2! severe! sp<'<irs nf' por>du.
hd sbrmips are pres<'ris at depths <if <a. 500 l000 m
iu signifi<ant quantities ued bane harvest pntc>it ial
and 3! the< a pntrntiot problen> rxists in usieg
traps at deiprr depths  ca 500.�00 i>i! in tb<'
jnr>n nf >cuveegers ti.e gmat isnpods and bag
fisbrs!. tub><'b e>ay feed ni> taigrt sp<'cu s <e traps
or deter' them fr»m enter>eg tn>ps.

Results ancillary tn tb< gnals nj this prn!rct
have bere the discr>vr<y nf n»r, a»J piissibly tzun,
n<'tu species nf hagjishrs a»d s<»»»a!»ru> records
fnr kurrtn kiev of deep<outer f>she>.

assnc>ot«v>th ma!as and become capabl< nf
sex cbangr.

I'rout>cal Sigmficancc
I'he study bas f>rode»ed >nserestieg pnsctical re-

sults. I nst, the duta demonstrate that lncol fsabmg
tecbei4»es adequate!y sutnplr both sex mtin and
siv< ds'stributini> nj tbr under!ying pnpalatinn.
Thus, futarr f'isber>cs >ouch con rely upoe cnmmn-
cial catchrs to provide unb>'used samples nf this»
measures 5< cond, thr st>idy bas begun tu >+fluenc
tbv deve!npme>it i<j neu: yield mndils, part>cutarly
mode!s being de»< loped ot CI<<>IAS and tbr L>nine>-
siiy vj' I>tiami that cons>d<» tbe i»flu»ace nf a
protogynous Ii.<. fensale-tn.n>ah sex change! lifi
bt'stnuy strot<gy. Thrrd, the study ts s<»z>ieg as a
mode! fnr hnsv >n conduct other stud><s of tba
hied, particularly for studirs plaitned <»t groupivs
in tbe LLS Virg>e Island> ued m !t<liz».

I or further information plrasr conte<'t
I!r. >yiueuc! I Heredndes-Avila, T!irector

Seu I'rant Prngiu>n
 Iniversity nf Pui<»tn Rico

<>Iayagii<z Campus
I>tayagi<rz, kk 0070$



FISHERIES ANn CSLStAL EESMlkCE MAMCKMElC'

continue to be the major thrusts for the pioneering
QNXVEL'IX' OF NKOE ISLES SR@ GNOME COLLEGE PROGRAM.
As one of the first four Sea Grant Colleges, URI has developed
a successful research, education, and advisory service
combination which responds to local and national needs in
marine resouxce use and management.

URI research in marine business management, seafood science, marine
resource economics, ocean engineering, oceanography, and other areas
provides understanding of the marine environment so that resources such
as fisheries and coastal lands can be used and managed more profitably
with minimal negative impacts. As the need for trained personnel arises
in industry and government, short courses and academic curriculums are
developed; examples include financial planning for marinas and marine
management. Many URI advisory projects including demonstrations on
floating breakwater technology and the fishing vessel weather-reporting
system have been adapted for use by out-of-state programs and by foreign
countries. Cooperation with other programs and agencies in solving
regional or national problems is fostered through the national Sea Grant
network.

FISHERIES, Through joint projects with Rhode Island and Massachusetts
fishermen, URI's program in fishing technology transfer has helped the
Northeast industry to adopt more efficient fishing gear and methods. It
has also worked closely with the National Weather Service to improve
weather products and delivery systems and has provided guidance to
fishermen in the areas of vessel safety and marine insurance.

URZ Hi.gh Rise 340 Trawl. By using this trawl design, vessel owners
have increased their fish catches; at least 25 fishermen have reported
annual net benefits of $125,000. High-rise trawls are now commonly
produced by K.S. netmakers,

Pair Demersal Trawling. Initial trials begun in 1982 with two Point
Judith vesseIs indicate that this gear has potential for reducing by 25
percent or mere the cost per ton of fish caught.

COASTAL RESOURCE MANAGEMENT. Interpreting environmental and economic
research for coastal planners and assisting in the development of
strategies fcr managing coastal areas have been substantial contributions
of the URI pxogram. The close warking relationship that has evolved between
URI and state agencies and citizen organizations is a factor in the success
of Rhode Island's coastal management.

Coastal Ecosystem Productivity. An understanding has been gained of
the importance of bottom-dwelling organisms ta enhancement of coastal
productivity. Highly susceptible to pollution, coastal bottom communities
are naw knowr, to be major regulators of nutrients.

Coastal Lagoon Studies. This interdisciplinary study resulted from
urgent community questions on the impact of increased development on the
state's highly productive coastal ponds. The state has adopted a plan
for preservirg and improving these areas based upon this study and URI
coastal planrers are being consulted by the towns on which measures to
adopt ta preserve these areas.

Far further information: Scott Nixon �01�92 � 6800 10/84
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th Carolina Sea Grant Consortium

THE PROBLEM
The Atlantic Swordfish is ranked as the highest dollar value finfish landed in South
Carolina; for the last two years, harvest values have exceeded $2,000,000. Analysis of
recent landing. has revealed a decline in the average size of swordfish landed locally
and regionally; a possible indication of over-fishing, As such, commercial longliners
and Fishery Management Councils have become aware of the urgent need for a
resource management plan. However, insufficient data on the age structure of the
fishery made c.evelopment of a base management plan difficult.

THE RESEARCH
Investigators at the University of South Carolina assembled a three-year project to
estimate the age structure of swordfish landed in South Carolina. Age estimation can
be accomplished through the observation of annuli in various hard parts of fish  ie.,
scales, vertebrate,: pines!, but this research showed that the aging techniques using
the otoliths of swordfish were most effective.

Based on analysis of data and age estimates, the investigators showed that the decline
in the average size of swordfish landed was due largely to over-fishing, Sixty-five per-
cent of the fish landed during the study period were four years old or younger. In
terms of their reproductive state, females were almost all pre-reproductive and only a
few of the males were capable of reproduction. The South Atlantic Fishery Manage-
rnent Council «nd the investigators applied these data to South Carolina landings and
showed that, irt 197'8, 33% of fish landed were 4 years old or less; by 1983, this figure
rose to 66%. I!ased on these results, the investigators concluded that cornrnercial
fishing has been removing an increasing percentage of pre-reproductive females from
the population, As a result of stock over-fishing, future year-class strength, recruit-
ment and health of the fishery have been affected.

RESULTS
The South Atlantic Fishery Management Council has incorporated these data into its
existing Swordfish Source Document and Draft Swordfish Management Plan for the
Atlantic, Gulf, and Caribbean. Provisions to protect the stock from overfishing have
been modified. Before these data were available, the proposed regulations sought to
reduce total al:owable catch per fisherman  per boat!. As a direct result of Sea Grant
research, the Plan now proposes a management scheme to reduce the allowable catch
of swordfish u.ader 50 pounds, thus protecting pre-reproductive fish. Public hearings
on the Swordf..sh Management Plan are now being held with the expectation that it
will be implen>ented by the end of 1984.

For ignore information contact: The South Carolina Sea Grant Consortium
221 Fort Johnson Road ~ Charleston, South Carolina 294 1 2 ~ 803-795-9650
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Background
Virginia lias long been a leading producer of blue crabs. For example, in 1982 hard crab

landings in Virginia totaled 44,057,437 pounds worth $9,128,196 dockside, Now, the soft shell
blue crab, n demand as a gourmet food item, is also increasing in popularity. In 1982 this
specialized fishing industry was estimated to be worth $6.5 million in Virginia and Maryland,

The Problem
As the market for this product continues to grow, so does demand. Yet a great many blue

crab shedders still use methods dating back to the earliest days of the industry. Consequently,
excessive niortality of crabs frequently occurs during the shedding process. Many of these
mortalities can be traced to poor water quality. !n some casei,, mortality can exceed 65-70
percent.

Virginia Sea Grant Response
At the ret~uest of industry, Virginia Sea Grant initiated a program to increase the production

c apabilities of the soft shell blue crab industry through information transfer, diagnostic services
and improved shedding facility design/construction.

information transfer occurs through workshops, publications and individual contact. An
on-request diagnostic service was begun in 1982 which provides on-site determination of
water temperature, salinity and dissolved oxygen in shedding facilities, as well as consultation
on mortality problems. Considerable effort has been devoted to facility design and construction,
These effor [s occur at two levels: services to those individuals desiring to update their current
systems, an 3 services to individuals desiring to enter the industry.

Results

~ One crab shedder in Reedville, VA explained his problem of excessive peeler crab mortality
to Virginia Sea Grant's commercial fisheries specialist, The specialist assessed the situation
with regarc to water quality and system operation. Since the shedding operation could not
be relocated and the water source could not be up-graded, the only option available was
to convert from an open system to a closed system in which the water was filtered, conditioned
and recirculated, The specialist provided consultation and schematics for component parts
that could l!e incorporated into the existing facility design. As a result, the shedder's survival
rate on erat>s, from peeler through soft shell stage, increased from 35% to 65% in one season.
Sea Grant <>utlay was 15 working days, and the shedder's outlay was $500 in material costs.
This case sttidy is just one example of the results of this program,

~ Virginia Sea Grant's commercial fisheries specialist is a nationally recognized expert in
crab shedding and has cooperated with other Sea Grant programs throughout the nation
including Maryland, North Carolina, South Carolina, Georgia and Louisiana, This cooperation
has involved providing written information regarding shedding, giving presentations at
workshops n other states, and acting as an advisor to other Sea Grant programs in the network.
This regional and national interest is testimony to the emerging value ol this program to
the i ndu st ri .

~ A comprehensive publication, entitled "Manual for Handling and Shedding Blue Crabs
 Callinectes sapidus!" has been produced by Virginia Sea Grant. This 76 page document is
serving as tlie authoritative source for information regarding blue crab shedding,

~ Within:he past year alone, the specialist abided in the design and construction of five
new closed-system shedding facilities and has provided technical advice arid consultation to
over 30 c rat> shedding operations.

For further infor>nation about the Virginia Sea Crant College Program, contact:
Dt. William L, Rickatcls, Director
Virginia Sea Crant College Pi ogrart>
2f>3 Monroe Hill I-louse
University of Virgini.i
Charlottesville, Vh 22903
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~ <««~ SAIMON ENHANCEMENY: Renewing a Resource
It was a series of unrelated and nadvertem human
steps that led. over many decades, to a timeline in
salmon resources in%'ashingtoi arid manv parts of
the nation. The building o dan' s. detensrattng water
quality, losses of spawning habi at, changes m fish-
ing techniques and effort-.alI these combined to
undermine the security of once- elf-maintaining
stocks. To stem the decline ii  this resource similarly
requires hurrian uiterventioii--tliis time deliberate-
along several different fronts

NET PEN PRODUCTION ity, one which researchers are now pursuiiq» that a
strain can be engineered" so that this surface pra-
teincomponentisamplifiedsignificantlv Such a
strain shouldbeniuchntare likely than the origin«l
to provoke t he st rail g aiu I body resp o fisc»ceded tn
confer immunih an fish. If this approacli succeeds.
then it will he usedio develop vaccine. for such in.
tractable hsh diseases as furuiiculos is

INFORMATION EXCHANGE

AND PLJBUCATION
ECOSYSTEM RESEARCH

West Coast estuaries are suhieci o increasing develop-
ment. Yet their tntpartance:n pi oviding fixxf and
tempomry habitat to iuveiuie sa.mon m grating sea-
ward is not «vII understood Sea Grant r~rchers
have detenninnl that chum anc pink salr»on food
sources iii estuaries are denved Irom the productivity
of tide lat and eelgrass ams rat ier than saltmarsh or
riverine-based habitat To deters aine  he limits of
such estuarine areas to support hese iase»ile
salmon. the researchers are con lucting experiments
which will reveal whether camp tition fir food occurs
when the fish occupy the same liabitai If such cam-
petitiar occurs and proves deleti rious to one or both
species, then certain parts of esti iaries may need to be
protected to avmd further damage to salmon stocks

HATCHERY MANAGFM ENT

The realization that concerted effort could halt the
decline in salmmi stacks came earlv in the Northwest
and is evident in the butldi»g of the fiist hatchen in
Washington state on the It«lama River in 189' Tet
incomplete understanding of salmon biologj and
continued habitat loss limited the success of the early
efforts. With iiicreased itifarntatio» mi both the bio-
logical requirenients and ge»eric piasticitv of Pacihc
salmon have come improvements I» trtditional cul-
ture methods, new culture methods. and even the re-
alizatioii that new straiiis of salmon can he developed
for particular uses I'rogress in some- research areas is
slaw, iu mte limited by the gro«sh a»d matur«lion
rates o  the hsh themselves yet the stiides made thus
far suggest that this muhiple-front effort is a pnxluc-
tive, even essential appniach ta secuniig salmon re-
sources in the regia»

DISEASE RESEARCH

To obtain a director of curreni projects, «publica-
tions catalog, or die mast recent biennial report af
the Washington Sea  !rani Program please write:

Washington Sea Grani i:omminiicaiians
College of Ocean and Pisheq Science
Liniversiq of% ashingtoii
Seattle, WA 98 I 9s
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Compo rrr.urded huicbrrv pros uchorr Naw being
evaluated at six Washington Deiiaitme» of  lame
trout hatcheries is a Sea Grant-<Ieveloped computer
program ia assist at everI decisi sa point in lish pro-
duCtion The personal COrnputei proyuam requireS de-
tailed input plvrsica! and chemical characteristics of
hatcheiv waters, sirx, weight, inimbers ',nd species af
tmui or salmon heing reared, a id faad iype used
The output is equalIy detailed; hatcheD manager
can protect weights of hsh and»umber >I days ta
reach a certaiii sire, when a poiid of  is i should be
split to maximire weight gain. < osts of rearing. food
requirements. and probable iin .I number of lish. The
hatcheq manager ca» also tracx and evaluate the
progress af  is i duriiig re«nag

f>iectinfr.rntollificorri»z The inabilitI to determine
when juvenile hatches salmon are in condition for
transfer fmrn freshwater ta ieaw«ter has frustrated
managers for iears It also red»esp»xi«etio». since
hsh released io streams before tliey are readi for sea-
ward migranan suffer i»ere«sed mortality Research.
ers have been unable to find a simple. unambiguous
indicator of smaltifiication, ihe iihvstological change
juvenile salmiii. undergo io he:ible ia Iwe in seawa-
ter A technique ixrw viewed v it i some optimism,
however, is measurmg thyroid I ormo»e levels aver
time in a populanon of juvenilr salmon A pulse of
thyn»d haimaiie seemv ia iwcu i» the lilaod of
sma itin 8 coho salmon Experirz ems ncxv underway
will test whether salmon released al'ter the thiroid
pulse survive i» greater»uniheri than those released
at other times

Cobosrrrtr'nsrkdarn Rearing 2 acific sal man in net
pens isa relatively new approach in salmon pmduc-
tion. One goal is to develop« coho salmon stock
suited to pen culture using selective breeding tech-
niques. Desired traits include rapidgrowth in fresh-
waterand seawater. goodsurvival tomatunty, high
fecundity, andhigh yields at processing

Working with twocoho " amilies ' at a commercial
net-pen operation in Puget Sound. researchers mate
fishwith high fecundity, high offspring vialxliry and
largeeggsizeaswell as good grwvth characteristics
Theprogem aregrownundercammercialproduction
conditions. Three generatninsofselecti on, combined
with improvements in husbandn, have resulted in
increased freshwater and seawater growth r«te .
greater success in smoltificatioii, and better adult sur-
vival, These improvements led for the firs. time iri
l982 and 1985 to more-than-adequate egg pmduc-
tion for the facility's needs, ensunng continued
genetic impravemenu.

Braadr OC r nutrition ASeron d goal of net-pen
salmonresearch is to put the i it«min supplement
fed to female broodfish on a scientific basis Working
ata commerc ia I net-pen facili tv, researchers have de-
terrnined that increasing vie«nun levels in the fe-
males'  eedcanresult in higher levelsafsome vita-
nunsintheeggsandhighereggproductiisn. Ta
determine optimum vitam:ii levels, thermae«rchers
suppiemem braodstack feed with varyi»g amounts of
vitaminsandthenmeasurrtheactivity ofvitamin-
dependent erizymesof the fern«les as wel I as the
numbers of eggs produced and egg vitamin content
Incontrasttothecurrentpracticeo simply doubling
the juvenile vitamin supplement when feeding adult
broodstock, this approach avoids unnecessary and
costh' Increases in vitamiii suppltvne»h

Dissueconrrollfunchecked,bactenalkidney dis-
ease  BKD! may kill up to 4jpercent afspav ner and
reduce the production ofyaung tish at hatcheries It
is a particularly difiicutt disease io er«iiicate front
hatchertesbecause IIIG!, although usually fatal in the
long run, can be carriedby tisli for vears arid can he
tr«asm ttteddirectly to offspriiig via the egg. Se«
Grant researchers h ave developed an el ective treat-
ment for BKD" adult fish are iiijetnedwith the anti
biotic erythramyci», v hile eggs are immerMd in a
solutionoftheantibiotic. Theireumenieliminates
BKD-caustngbacteria frorr. «ppanntly he«lthl "car-
rier" fish andso prevents dr~a~ transmission after
the fish have been released I 's of the treat me»t rd
hatcheries has reduced BKI!-c «used losses < if adults ia
five percent or Ieav

Osreueprrven6onA nev approach ta vacc itic de-
velopment is to employ the ioa s of ge»eii c en gi»eer
ing where traditional techniques have failed tode-
velopeffective vacnnes. Usitig «s a model the dtsease-
causingbactenum V!6rroonpurfhzrvrn researcher,
have identihel a protein in the surface structure af
one strain of the bacterium v hi eh is a detentiiii ant of
thestrain'shighvirulence The havesha«» that the
geiietic m«tert«i coding for thn pmtein can he inani.
pulatedin the laboratarv. Thi suggests tlie possibil-

Efforts hy its Marine Adi isory Services have resulted in
Washington Sea Graiii-sponsared v arkshaps oii sal-
mardd braodstock maturation in l98tt aad 198 l and
a full-scale international symposium an salmanid re-
productioii i» 1985. At the earlier wiirbhaps.
researchers and resource ma»agers identified critical
research needs and exchaitged information leading to
direct improvements in Iiusba»dry The s mpcaium
on salmonid reproduction was held at a time when
researchers aniuiid the world had developed a variety
of techniques perinitti»g unprecedented degree of
control over salmon and trout life cycles. That this
research area was ripe  or discussian, evaluation and
comparison af resulu was amply confirmed i» the
numbers «ttendirig, the qualih of papers preseined,
and the participatiaii bI scientists fmm many parts of
the world Publications resulting fram hath efforts are
further ensuring worldwide appreciation «nd under-
stutdtng of progress in these areas of research.



UNIVERSITY OF WISCONSIN SEA GRANT COLLEGE PROGRAM

Helping to Keep the Great Lakes Clean
The tofal value of Wisconsin's Great Lakes resources is almost impossible to calculate, bui they
are easily worth more than Stgo million annually to the state's economy � and their value is in-
creasing. Sport and commercial fishing in Wisconsin waters of Lakes hflchigan arid Superior alone
have net benefits to the state totaling nearly $65 million a year. The lakes provide a prachcaily li-
mitless supply of high quality water for residential and industrial use � an asset that should nor be
underestimated with theincreasingly severe problems in eater-poor states. They also provide mui-
 lmiil!on-dollar shipping and recreationa! industries.

THE PROBLEItti

THE RECORD

For more information: Sea Grant Institute
University of Wisconsin
1 800 University Avenue
Madison, Wl 53705
�08! 282-0906November 1984
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Wisconsin's ecor omic slake ln Its Great Lakes resources
is imperiled by an emerging, insidious threat � contami-
nation of the iakes' water, sediments and fish by a variety
of toxic chemicals. Firtit it was DOT, then PCBs, now it' s
toxaphene. dieldrin and dloxins.

Contamination oi the fish has caused restrictions on the
commercial fishery and large, continuing economic
losses for the state's fishermen and related industries. It
has also cast a cloud over Wisconsin's Great Lakes sport
fishery � the ecoiomic lifeblood of many coastal com-
munilies. Contarnlnants in the sediments of shipping
channels threateii the slate's shipping Industry � the PCB
levels in Milwauk e Harbor sedimente were So high a few
years ago that the dredged material almost qualified as
hazardous waste which would have cost $1,5 million for
disposal.

Relatively little i< known about the actual human health
risks these contamlnants pose. The problem is com-
pounded by the fnct that there are hundreds of chemicals
in the discharge! of the industries and cities around the
Great Lakes. An] now it appears that many of the con-
taminants enteririg the lakes corns from the air and from
sources far beyorid Wisconsin's borders.

Tracking down theSe contaminants Is extremely COrnplex
and lime-consuniing. It is also expensive � testing the
PC8 level in just one fisin costs around $200; for dioxins, it
costs more than!'1,000. New and more economical meth-
ods for identifyiiig and controlling these contaminants
are urgently needed nol only in Wisconsin, but nation-
wide.

The University of Wisconsin Sea Grant College Program
is a national lea ler in determining the sources, environ-
rnental pathways and health effects of toxic contarnl-
nants and in assessing how much and how long they will
be a problem, especially in fish. This effort combines
many scientific d sciplines � chemistry, biology, toxicolo-
gy, ecology, med cine and others, UW Sea Grant's recent
achievements inc lude:

Identifying the Atmosphere as a Iyiajor Carrier of Contami-
nants. Sea Grant researchers recently determined that
the atmosphere i the source of at least half and perhaps
as much as 90 pr rcenl cf the PCBs, toxaphene, lead and
other toxic conlaminants entering the Great Lakes. For
instance, thougl' little was used here, toxaphene has
been found in Grirat Lakes fish at levels as high as those
in the Cotton Bell, where the now-banned insecticide was
most heavily used. Such information is critically impor-
tant in helping the state, the regicn and the natiOn deter-
mine the true nature and magnitude of the contaminants
problem.

Determining How Long Contarninants Remain in the
Great Lakea. UW Sea Grant ScientiStS have found that
some toxic metiils lik. lead and zinc remain in Lake
Michigan's water as little as two years, while others like
copper and cadriium may remain as Iong as 30 years.

PCBs have been estimated to take up to 50 years to pass
out of the lake ecosystem, although recent observations
on fish suggest that the residence time is much shorter.
This information is being used by resource management
agencies, industry, fishery managers and public health
officials alike for taking immediate actions and making
long. term plans io control these contaminants.

Identifying the Structure-Activity Relationships of Toxic
Chemicals. Sea Grant scientists are building models for
predicting the specific environmental pathways of whole
classes of compounds according to their basic chemical
structure. They are testing the idea that the similarities of
the molecular structure of a chemical to PCBs is a rneas-
ure of its toxicity and biochemical behavior. With 55,000
different compounds manufactured in the U.S., such
models could be very valuable as a means of screening
and regulating whole classes of compounds without the
considerable time and expense of testing each and every
chemical.

Conductiitg One of the First Studies of the Human Heatth
Effects of PCBs. A recent UW Sea Grant study in Sheboy-
gan, Wisconsin, was one of the first in the U.S. Io examine
the effects of low-level PCB exposure on infant health.
The Sheboygan study showed that fetal PCB exposure
was linked to an increase In the number of minor infec-
tious illnesses lo age four months, but early infant
development and growth was norma!, The study aiso
Showed that the benefitS Of breaSt-feeding an infant out-
weigh the risks of PCB exposure from the mother's milk.
In addition, eating fish and exposure to PCBs in the work-
place seemed tc be only minor factors in the women's to-
tal PCB body burden.

THE BEHEFITS

The transfer of research information to those who need it
is a hallmark of the Sea Grant program. UW Sea Grant
scientists deliver their findings through scientific jour-
nals, professional conferences and directly to managers
ln state and federal agencies and in industry. The UW
Sea Grant Institute keeps the public informed as well with
understandable publications and by public presentations
by advisory services personnel.

Wisconsin residents have long recognized that clean, un-
contaminated water is a valuable resource, With in-
creased scientific knowledge and public understanding,
both industry and government are better able to manage
and control the discharge of toxic compounds. The state
iS One Of the few in the nation in which nearly ail of its wa-
ters rnel the "fishable and swirnmable by 1983" goal of
the U.S. Clean Water Acl of 1970. The University of wis-
consin Sea Grant College Program has played and will
continue to play a key role in providing the scientific infor-
mation needed to protect and enhance the water re-
sources of Wisconsin, the Great Lakes and the nation.



Section 5. Ecunumie Effects
A reprint of a 1%1 report documenting 5230 million in annual gross reve-
nue or savings  cost avoidance! resulting from or stimulated by selected
Sea Grant projects.



ECONOMIC EFFECTS OF SEA GRANT

Reprinted from a report prepared by the Sea Grant Task Force, Washing-
ton, l3.C,, March 26, 1981, on behalf of the Marine Affairs Committee of
The National Association of State Universities and l and-Grant Colleges in
conjunction with the Sea Grant Association.

Sea Grant Task Force - 198]

Chairman

R. Covell, University of New Hampshire'
Members

D. Hor», Massachusetts institute of Technology'
F, Jen»i»gs, Texas A&M University'
J, Judd, University of Michigan'
J. Ker»to»d, Sea Grant Association/NASULGC
N. Rorhot»~, University of Rhode island'
D. Rose»berg, U ni versity of Ala ska'
V, Scotfron, Umv~ rsitv of Conne  ticut"

' For idenhfic ahon porpose n»lv

The National Association of State Universities and Land-Grant Colleges,
Suite 710, One Dupont Circle N.W., Washington, D.C. 20036



ECONOMIC EFFECTS OF SEA GRANT

EXECUTIVE SUMMARY

~ Examples for this economic appraisal came from Sea Grant
programs nationwide

~ Economic effects on industry, business and commerce, de-
rived from 57 projects stimulated by federal investment
through Sea Grant, showed:

A, Fish harvesting $37,552,000
B. Seafood processing and marketing 17,500,000
C, Acluaculture 21,752,000
D. Marine construction 126,896,000
E. Marine transportation 2,890,000
F, Marine-related retail trade 19,400,000
G. Marine-related real estate 3,000,000
H. Marine service industry 813,000

Total $229,803,000
~ This annual figure  $230 million! approaches the total fed-
eral investment in the Sea Grant program over its thirteen-year
history.

5.2



PARTIAL LISTING OF ECONOMIC EFFECTS
OF THE NATIONAL SEA GRANT COLLEGE PROGRAM

gated annual effects,
The material that follows provides
summary information on each of
the fifty-seven projects in eight
major categories outlined in Table 1.

nomic effects of Sea Grant's work.
A summary  Table 1! of the find-
ings for eight major categories of
Sea Grant research and educa-
tional activity indicates the aggre-

$37,552,300

$17,500,465

$21,752,000

$ ] 26,895, 771

$2,890,000

$19,400,000

$3,000,000

' Pr<iduction costs have not l een sub-
tracted. l atcr analvsis u ill at tempt more
detailed nct benefit itue ies of, elected
parts. The partial naturi ot thi analysis
should also he stressed It is hiscd on ex-
amples irorn individ<ial programs r.ither
than on tota I eiivcragc I tcnee, it is conser-
vative.

$ 812,760

$229,803,296

5.3

Summary: Estimates and analyses
of parts of the Sea Grant program
indicate it has ted ta or stimulated
over $230 million iii annual gross
revenue or savings  cost avoid-
ance! leading to ful ler utilization
and greater efficiericy in marine or
coastal resource based industries.'
Not accounted for,ire cc ntribu-
tions to better management of
these resources. Ni ithei do we at-
tempt to place a mtineta ry value
on the manpower tievelopment
role of Sea Grant. '1'he latter is a
major contribution to the nation's
ability to use its coasts and water
productively whetlier for com-
merce, food, or t'or recreation,

Twenty-six Sea Gr tnt programs
participated in d e v lop i ng the
data for an analysi. of economic
effects. A substantial volume of
background data m as prepared as
source information on the eco-
nomic stimulation o industry,
business, and cominerce. The data
obtained  based on fifty-seven
projects! represent a fets percent
of the total project tctivity within
Sea Grant. Each pnigram selected
only a few example s of docu-
mented economic c ffect from its
research and educational efforts,
The intent of this rt port is to pro-
vide, frotrt a nationwide point of
view, a partial asse sment of eco-

Table 1. Selected set of economic effects from the National Sea Grant Col-
lege Program.

A. FISH HARVESTING
Increase the econoinic productivity of
commercial shellfish, groundfish, and
mid-water fisheries.

B. FISH PROCESSING AND MARKETING
Expand the economic base of the
seafood processing industry.
C. AQUACULTURE
Provide new commercial opportunities
by developing the science, technology,
and economic potential of aquaculture
of marine species.
D. MARINE CONSTRUCTION
Facilitate improvements in environmentally
sound, economical, and safe waste disposal
and offshore construction activities.

E. MARINE TRANSPORTATION
Increase the efficiency «nd safetv of
the U,S, shipping fleet and the
competitivenes s t tf U.S. boa t ma n ufacturers
in the foreign market.
F. MARINE-RELATED RETAIL TRADE
Promote the groivth ot precious coral
and pet turtle industries and reduce the
loss of lives from cold-water drownings,
G. MARINE-RELATED REAL ESTATE
Develop new technologies for shoreline
stabilization, flexed control, and
alternative melhtids of sewage treatinent.
H. MARINE SERVICE INDUSTRY
Reduce wave damage to marinas and find
an economically feasible alternat is e to
breakwater construction for smail marinas,

TOTAL



SEA GRANT AND THE ECONOMY

The economic development potential of the marine and coastal resources
of the United States has attracted much.attention in recent decades. The
magnitude of 1972 economic activity within the coastal and ocean sectors
only recently has been assessed  Science, Vo!. 208, 30 May 1980!. This anal-
ysis of the ocean economic sector in the National Fncome Accounting Sys-
tem  NIAS! places the ocean sector value at $30,6 billion in 1972 which is
comparable to agriculture  $35.4 billion!, mining  $18.9 billion!, construc-
tion  $58 billion!, transportation  $46,2 billion!, and communications  $29,4
billion!. The NIAS is an analysis technique that indicates the contribution
of various economic sectors to national income and, hence, provides a way
of understanding the compositiiin of the economy. The NIAS assessment
is based upon nine major subs«ctors, with the p«rcentage indicated:

1, Commercial Fishing � /r !
Harv es ting, processing, and aquacu I t u re

2. Marine Mining �%!
Oil and gas, sand and gravel, and limeston«

3, Marine Construction  I /i !
4, Manufacturing �%!

Ship and boat building
5. Marine Transportation and Communications i8'/< !

Shipping, cargo handling, and warehousing, transportation,
services, and marine-related cornrnunications

6. Marine-related Retail Trade �4i/~!
Marine- related merchandising and r«tailing

7. Marine Financing, Insurance, and Real Estate �5%!
8, Marine Services �%!

Hotels, marine recreation, educational services,
museum», and inarine organizations

9, Public Administration � State and Local �7'/< !
Federal government, ocean-related activities

These data provided the first major overview of the oc«ans' economic irn-
portance. A mor«recent assessment of the magnitude of the private ma-
rine sector has b«en conducted by the Sea Grant Association Budget Com-
mittee. Considering all aspects of t'i»hing, marine-related manufacturing,
marine transportation and marine-related tourism, it was found that total
sales exceeded $58 billion in 1978, with employment in these industries at
nearly 1.4 rnillioii. Furth«r, D«partment of Commerce figures indicate that
sales within these industries increased 21.4'i< from 1977 to 1978 with an
increase of 8% in «mployment, for a productivitv increase ol' 14% in sales or
shipment per person bet'ore adjustment for inflation,
Understanding the structure and characteristics of the industrial, business
and commerce components of th«vie«an sector i» important, A preliminary
analvsis suggest», that with snrn««xceptions such as the oil and gas indus-
try, most of the components within the. private iuarine sector are disaggre-
gated and evolving in nature. I'he fisheries component, for example, is
cotnprised mainlv of small independent bu»inesse» tliat have been shown
to be the most i iable economic force in the catching sector.
Most observers agree that the university/industry commitment to research
and extension ivas the key Federal policy that contributed so»ignificantly
to the productivitv of our agricultural industry. In 1966, the Federal Gov-
ernrnent established th«policv aiid structure for similar activities aimed at
marine resources through the National Sea Grant College Program Act,
Fortunately, like the agricultural sector, the oceans»ector has access to uni-
versities and industry. I'rimarily, the focus is on fisheries and aquaculture,
seafood processing, marin«construction and transportation, and marine-
related trade, r«al estate, service industries, r«creation, and tourism.
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The Sea Grant College and Program Act of 1966  P, L. 89-688! was passed
"to accelerate national development of marine resources, including their
conservation, proper management, and maximum social and economic
utilization." More specifically, the program was directed to "achieve the
gainful use of marine resources"  Sec 202 d!! through a partnership be-
tween the Federal and State Governments, universities, and the private
sector. The term "Sea Grant" was chosen to emphasize the agricultural
parallel in meeting present needs of the nation by developing the economic
potential of our marine resources.

Since 1966, the United States has laid claim to a 200-mile economic zone,
including all resources in the water column, on and under the ocean floor.
By this single action, the United States almost doubled the territory under
sovereign jurisdiction. When developed wisely, these vast new areas offer
the nation economic opportunities equal to or greater than the agricultural
sector of the nation's economy.
The factors that contribute to thi productivity of the Sea Grant I'rograrn
are:

1. The partnership of universities, industry, and government.
2. Sea Grant is the only Federally stimulated program focused on

developing the resources of the ocean on a broad economic front.
3, Economic analyses of the Sea Grant Program, such as the following,

clearly demonstrate an unusually good return on investment,
4. The Sea Grant Program is identifying and developing new resources

for the nation in such areas as biomedicinals, aquaculture, ocean
energy, conversion, diverse waste conversion, reduction of marine
corrosion and biofouling.

5. Several independent assessments of the Sea Grant Program have
been made in the past. The productivitv of the program is generally
recognized. The most recent assessment was made by the Heritage
Foundation, which revieived all Federal programs in 1980 and re-
ported the following on Sea Grant:

It has an impressive record of success.... lt operates
in partnership with slate and local governments, pri-
vate industrv, universities, organizations and indi-
viduals concerned with or atfected bv ocean and
coastal resources... A key element <>f Sea Grant is
its outreach mechanism whereby results of research
are provided to users in industry, government agen-
cies, and the general public.

This appraisal deinonstrates the economic effects of the Sea Grant Pro-
gram. The sections that follow were based on data supplied by 26 Sea
Grant Programs. However, this report must be seen as a partial assess-
ment, prepared on relatively short notice. The Sea Grant Program will con-
tinue to improve its means of assessing benefits and documentation of pro-
grarn accomplishments.
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ECONOMIC EXAMPLES

A. Fish Harvesting

Sea Grant's assistance in increasing the productivity ot the commercial
shellfish, groundfish, and mid-water fisheries resulted in annual economic
effects of $37,552,300 on industry, from sixteen projects on which data are
readily available,

Develop the eel fishery in North Carolina.

Provide research to improve fishing and handling techniques and develop-
rnent of exporl market for t'resh frozen eels to Europe and Japan,
Growth of eel fishing industry from $16,000 in 1972 to $1,200,000 of foreign
exports in 1980, «ri average annual growth of $148,000.
North Carolina

Al. Challenge
Solution

Benefit

Source

A2. Challenge
Solution

Benefit

Assist ground fishing fleet changeover to deep water species.
Development of midwater tishing gear for herring export catch.
Has led to annual gross increase s of $1,250,000, or net increases of $431,000
of exportable tish from ]8 vesseis Technology is still spreading.
Rhode IslandSource

Improve the efficiency of harvesting by commercial fishermen.
Assisted the fishermeri to develop new and improved technology for han-
dling nets, crab pots, and other tishing gear. Cost-effective hydraulic gear
is now being usi d on 60 medium-sized boats.
$6,500,000 per year increased income for fishing industry.
North Carolii>a

A3. Challenge
Solution

Benefit

Source

A4. Challenge

Solution

Reduce loss arid damage to shriinp trawls  subject to federal compensation
by law! from b<>ttom obstructions.
Collected data on obstruction locations 1'rom personal contacts with boat
captains and the historical record, assembled their data with LORAN navi-
gation coordinates, and disseminated the information to the shrimping
fleet.

$3,500,000 per vear.
Texas

Benefit

Source

Examples of annual economic eftects
1. Eel fishery
2. Herring fishery
3. Cornniercial tish
4. Shrimp trawl obstruction
5. Side trawler operations
6, Soft blue crab production
7. Oyster tishery
8. Black cod fishery
9, Net damage by underwater obstructions

10. Offshore fishery
ll. Alaska commercial fishery
12. Swordtish and blackfin tuna fisheries
13. Finfishery
14. Herring fishery
15. Grea t l.akes commercial fishery
16. Crab fisherv

TOTAL

$ 148,000
1,250,000
6,500,000
3,500,000

494,000
1,000,000

98,100
321,000
600,000

11,210
1,055,000
2,600,000

475,000
1,500,000
6,000,000

12,000,000

$37,552,300



AS. Challenge

Solution

Benefit

Source

A6. Challenge
Solution

Benefit

Source

A7. Challenge

Solution

Bene6t

Source

A.8. Challenge
Solution

Benefit

Source

A 9. Challenge

Solution

Benefit

Source

A10. Challenge

Solution

Benefit

Source

Al L Challenge

Solution

Benefit

Source

Improve the safety of side trawler operations; the attachment of towing ca-
bles to the stern of a side trawler is extremely hazardous, sometimes caus-
ing serious injury or death to fishermen.
Developed and introduced to New England fishermen a quick-acting, re-
mote-releasing hook-up block. Modification of this unique device has
adapted it for irse by U,S. Coast Guard for life boat handling. A commercial
concern is studying use of the block as an anchor release.

Increased one fishing captain's earnings by at least $3,000 per year. When
fully implemented, a modified block for successfully handling its new RHI
lifeboat will save the Coast Guard an estimated $3,500,000 or $491,000 an-
nually over 15 years,
Massachusetts

Revitalize declining soft blue crab production.
Provided technica], economic feasibility analysis and marketing assistance
to the industry.
$1,000,000 per year.
Florida

Reduce threat to Chesapeake Bay oyster industry of the widespread occur-
rence of pink coloration in oysters.
Showed the pink coloration had no effect on the oysters' wholesomeness
or palatability, publicized these findings, and convinced a Federal purchas-
ing agent to reverse an earlier shipment rejection.
This one incident had a $500,000 benefit but the aggregate value to the
Chesapeake Hay oyster fishery is hard to calculate. Over 15 years this
amounts to an annual amount of $98,100,
Virginia

Re-establish black cod fishing catch,
Provided research and developed new design traps.
Landings increased by a tactor of 8  poundage! from 1973 to 1975 with an
average annual v,iirre of $321,000.
Cab fornia

Prevent net dainage by underwater obstructions  reimbursable by the Fed-
eral Government by law!.
Collected information on such obstacles from individual fishermen and
published the descriptions and lrrcations in a log book.
Saved fishermen $600,000 per year in net costs plus unaccounted reduction
of losses in fishing time.
North Carolina

Locate offshore lishing grounds and disseminate new sonar tracking tech-
niques,

Provided offshore research and training in advance fish travel, radar and
navigation.

$80,000 in one harvest involving 5 boats  otherwise idle due to failure of in-
shore fishery!. 1 his amounts to $j l,210 annually over 15 vears.
Georgia

Enhance income of native Al sskarr fishermen from cornrnercial t'ishing.
Designed prograni to improve effectiveness ol native Alaskan fishermen in
commercial herring fishery.
Earnings increase<i by $],055,000 in first year after program started,
Alaska
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412. Challenge

Solution

Benefit

Source

.413. Challenge
Solution

Benefit

Source

414. Challenge

Solution

Benefit

Source

ik15. Challenge
Solution

Benefit

Source

A16. Challenge
Solution

Benefit

Source

Develop a winter catch supplement for the seasonal Gulf coast shrimp fish-
ery to provide vear-round employment and capital utilization.
Developed new swordfish and black t'in tuna fisheries.
$2,600,000 per year,
Texas

Find alternative fisheries for shrimpers in South Carolina.
Helped shrimp fishermen adapt their vessels to fish for previously unex-
ploited finfish and instructed fishermen in new techniques.
$475,000 annual gross income !rom finf'ish over past 5 years.
South Carol i n a

Accurately determine the herring fish stock, to increase harvesting effi-
ciency while protecting against over fishing.
Successfully applied acoustic techniques for more accurately estimating
fish populations for the Pacific herring fishery. Data are used in establish-
ing the Regional Fisheries Management Plan for Pacific herring.
Increased the allowable harvest frocn approximately 30 percent resulting in
an annual landed value increase of approximately $1,500,000.
Washington

Rebuild the Wisconsin Great Lakes Fishing industry.
Identified historical spawning reefs in Lake Michigan, developed new pro-
cessing and new marketing techniques for under-utilized sucker fish, de-
veloped canned pack tor improved marketing of under-utilized alewives,
and provided research data and technical assistance to the industry.
Recovery of Wisconsin coinmercial fishing industry from brink of collapse
to $6,000,000 annual dockside sales.

Wisconsin

Increase number of crab species harvested by U.S. fishermen,
Carried out a marketing study in conjunction with North Pacific Fishery
Management Council which successfully showed that Japanese Tanner
Crab fishing fleets should be removed from V.S. waters.
Tanner Crabs now totally harvested by domestic fishing industries with a
value of $18,000,000 per year to date. The U.S. industry was $6,000,000
prior to 1977.
Alaska



B, Seafood Processing and Marketing
Through Sea Grant's efforts to expand the economic base of the seafood
processing industry, the annual aggregate economic effects from eleven
projects on which data are readily available was $16,500,456.

Help prevent closing of Alaska salmon canneries that would result from
proposed env> r<>nm»ntaI regulations on disposal of salmon-processing
waste requiring moditication of equipment.
Studied economic impact of proposed regulations and revealed serious er-
rors in the contractor data and analysis report supporting the regulations.
As a result of th» Sea Grant study, EPA regulations were modified,
The requirement for modifications to waste processing equipment was res-
cinded with the resulting saving of $22,500,000 to the Alaskan salmon pro-
cessors in 1979. 'I'his amount» to $4,615,465 annually over a l5-year period.
Washington

Bl. Challenge

Solution

Benefit

Source

B2, Challenge
Solution

Improve seafood cl uality by insulating boat holds.
Promoted engrneering and res»arch to devel<>p insulation requirements
and handling t»chnique» for improved quality of ca tch and increased in-
corne to fishermen for higher quality products,
$150,000 per year increa»ed revenue for fishermen,
North Carolin'>

Benefit

Source

'>33. Challenge
Solution

Estimated savings of $454,000 p»r year for transporting Alaskan salmon
into Californra a» well as saving one-third of energy costs.
California

Benefit

Source

84, Ch all enge

Solution

Recover and utilrz» protein and other nutrients trom surf clam processing
waste.

Development ot rnarketabl» clam broth and freeze-dried clam flavor
ingredient.

Clam broth - $50 I,OOO per y»ar in s >les and r»duced waste treatment cost
for one firm. Flrvor ingredient � <>ne Iirm est>mates potential annual sales
of $730,000.

New York

Benefit

Source

59

Examples of annual economic effects
1. Salmon canneries
2. Seafood quality
3. Storage of fresh fish
4. Clam-mincing by-products
5, Oyster industry
6. Crab-processing wastes
7. Oyster-cleansing system
8. New domestic seafood markets
9, Shrimp processing

10, Fish processors
11. Frozen seafood pack rging

TorAl,

Extend storage time in transportation of fresh fish.
Developed CO2-moditied atmosphere containers.

$4,615,465
150,000
454,000
500,000

1,000,000
2,500,000
1,000,000

100,000
5,600,000
1,231,000

350,000
$17,500,465



B5. Challenge

Solution

Benefit

Source

B6. Challenge

Solution

Benefit

Source

B7. Challenge
Solution

Benefit

Source

BS, Challenge
Solution

Benefit

Source

B9. Challenge
Solution

Benefit

Source

B'..0. Challenge
Solution

Beneflt

Source

B1 1, Challenge

Solution

Benefit

Source

Sustain Apalachicola Bay oyster industry threatened with shutdown due to
water-quality problem.
Through technical assistance in sanitation and processing procedures and
cooperation with the state Oyster Task Force, sustained and enlarged con-
tinued production of safe oysters, even under newly strengthened sanita-
tion requirement,
Not only was disaster to the industry averted, but oyster production was
increased from 5,784,930 pounds in 1979 to 6,395,778 pounds in 1980 equal-
ing a landing value of $5,800,000.
Florida

Reduce the cost of disposal of crab processing wastes  many processors
faced shutdow~ due to increased cost of waste disposal!.
Demonstrated crab-meal production, using 20-30 million pounds of hard-
crab processing scrap.

A gross benefit of $2,500,000 per year, through reduction of waste disposal
costs and sale of crab meal, has been achieved in the Middle Atlantic region.
Virginia

Develop an off-bottom oyster cleansing system.
Developed mechanization system for depuration process and performed
biological studies enabling lifting of some regulatorv restrictions.
Productive and economically tea»ible depuration process resulting in
$1,000,000 of oysters,
Mississippi

Find new seafood markets  domestic!.

Perform market research and provide technical assistance.
$100,000 per year to Alee ifn pan! in Tennessee.
Georgia

Prevent waste iit edible portion iit »hrirnp that is lost during processing.
Developed and introduced to industry improved handling and processing
techniques to reduce waste hy increasing yield and saving energy.
Annual yield region was increased by 4 percent; the equivalent of
$5,600,000 per year direct return to processors.
Oregon

Assist fish processors to cope with environmental regulation problems,
Studied operations of fi»h meal plants and developed a procedure to in-
crease productivitv simultane<>u»lv with reduction of problems from efflu-
ent pollution.
Prevented closiire of t'ish proces»iir allowing continuance of industry am-
ounting to $1,231,000 gros» annual income to processor and commercial
fishermen.

Wisconsin

Develop new convenience»eafood products from under-utilized species of
fish.

Develop and market test a number of new t'rozen product», several eventu-
ally adopted by commercial proci »»ors.
Additional annual sales revenue» to fish wholesalers and processors of at
least 5350,000.

New York
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C. Aquaculture

Aquaculture of marine species provided new commercial opportunities by
developing the science, technology, and economic potential. $21,752,000
represents the annual aggregate economic effects on industry from projects
on which data are readily available.

C l. Challenge
Solution

Develop crawfish aquaculture as m industry in Louisiana.
Since 1969, intrriduced research on crawfish aquaculture to pond operators
and to rice farmers where crawfish are now being stocked in rice paddies.
Increased pond acreage  rom 12,000 acres in 1969 to 62,000 acres in 1980
with associated Increased income for crawfish farmers of $8,450,000 per
year.

Louisiana

Benefit

Source

C2. ChaHenge

Solution

Reduce mortality rate �0 to 80 percent! ot pen-reared salmon when smolt
are transferred from freshwater to saltwater.

Through genetic research  similar to that applied to the poultry industry!,
developed a strain of Coho salmon specificallv adapted to pen-rearing with
one-half the mortality rate of natural stock.

One commercial s >Imon grov,er n alized a net saving of $192,000 per year
raising this new strain.
Washington

Help prevent connnual reduction of the size of natural oyster beds due to
development and prillution.
Develop pilot clos»d-system oyster culture facilitv.
Understanding in oyster spawning, spot setting, nutrition, and water qual-
ity control are already contributing an estimated $160,000 per year benefit
to the natural bed fisheries. Th» ultimate goal uf commercial sized closed-
system aquacultur» facilities will be a major industry and conservation
breakthrough.
Delaware

Benefit

Source

C:r, Challenge

Solution

Benefit

Source

Develop a net-pen tisherv,
provided resr arch and demonstrated projects that resulted in several com-
panies in the I'acific Northwest going into commercial production of
salmon using this ra chnokigv.
DomSea Farms, now a suhsidiarv i if Campbell Soup, >s harvesting over
$3,000,000 of salmon p»r i ear.
Washington

C4. Challenge
Solution

Benefit

Source

511

Examples of annual economic effects
1. Crawfish aquaculture
2. Pen-reared salmon
3. Oyster beds
4. Net-pen fishery
5. Land clam and oyster spawn
6, Seafood production
7, Maine fishing industry
8, Ocean ranching
9. Salmonid mortality

TOTAL

$8,450,000
192,000
160,000

3,000,000
400,000

6,000,000
1,000,000
2,300,000

250,000
$21,752,000



C5. Challenge
Solution

Benefit

Source

C6. Challenge
Solution

Benefit

Source

CT, Challenge
Solution

Benefit

Source

C5. Challenge
Solution

Benefit

Source

C9, Challenge
Solution

Benefit

Source

Reduce disease-related mortalities in New York shellfish hatcheries.

Research/extension program to identify diseases of New York shellfish, de-
velop disease-control procedures and train hatchery operators in these pro-
cedures.

Doubling of effective hatchery production on Long Island should produce
annual market sales increases of $400,000,
New York

Increase the production of seafood through aquaculture.
Conducted research to identify and select the most promising plant and
animal species for aquaculture, di veloped the supporting technology and
marine science for commercial expansion, and provided advisory assis-
tance to the developing industry.
Aquaculture in Hawaii now produces a wholesale value of over $6,000,000
�980! and is projected to increase to over $32,000,000 in 198S.
Hawaii

Bring greatei'economic stability to the Maine fishing industry.
Stimulated the forination of a nev shellfish aquaculture industry,
This still young industry's last yeiir's sales exceeded S1,000,000 with a pro-
jected five-fold increase iiver the next five years,
Maine

Develop ocean ranching in Alaska.

Assisted development of private non-profit aquaculture corporation and
hatchery to stock salmon in geographic areas where salmon fisheries do
not exist.

New salmon fishery where salmon stocks had not existed with a catch in
1980 valued at $2,300,000.

Alaska

Excessive inortality in smciltification of salrnonids,

By demonstrating the role of ammonia in oxygen transport in fish, investi-
gators have helped the Dworshak National Fish Hatcherv to reduce sal-
rnonid mortality during sm<iltification from 35,000 per day to 300 per day.
An annual savings of $250,000,
Rhode Island
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D. Marine Construction

Facilitating improvements in environmentally sound, economical and safe
coastal and offshore construction activities has resulted in $126,895,771 an-
nualized cost avoidance or savings aggregated froin projects on which data
are available.

Examples of annual economic effects
1, Mathematical modeling
2. Construction aggregates
3. Sand and dredging industry
4, Wave-tracking buoy

TOTAL

$80,645,771
45,000,000

250,000
1,000,000

$126,895,771

Dl. Challenge

Solution

Benelit

Source

D2. Challenge

Solution

Assure availability of reasonably-priced supply of construction aggregate
to New York Metropolitan Area.
Econometric mc>dels capable of predicting net cost reductions from aggre-
gate mining in New York Harbor.

Development oi most cost-eftective mining scenario would produce annual
cost savings of $20,000, ! ! ! to sand suppliers and $45,000,000 to building
industry.
New York

Benefit

Source

D,3. Challenge

Solution

Revitalize sand ind dredging industrv in Toledo, closed because of envi-
ronrnental conci ms.

Showed that the sand and gravel used for construction aggregate could be
dredged without liarming the env ironment.
$250,000 worth iif sand aiid gravel now dredged annually.
Ohio

Benefit

Source

Obtain accurate wave-spectra data !or de»ign and construction of offshore
facilities and striictures.

Developed wave-tracking buoy to directly measure and record wave direc-
tional spectra.

New wave-tracking buov has been adde d to a small business product line
with projected annual sales of $1,000,000.
Massachuset t»

D t. Challenge

Solution

Benefit

Source

5. �

Assess impacts on marine environment of offshore construction and dis-
posal permit ting,

Developed finite element rnathernatical models to accurately assess im-
pacts and succe»sfuHy predict transport and disposal of materials in semi-
enclosed water bodies.

Saved $29,000,000 to $54,000,000 in estimated circulating-water channel
modifications or new construction costs. An annual saving of $5,417,779
over 15 years. Using thv minimum estimate amortized over an assumed 10-
year construction period, this represents a $2,900,000 annualized cost
avoidance. Demonstrated environmental acceptabilitv of sewage outflow
led to EVA approval of a waiver request and will result in construction cost
avoidance ot $40 !,000,000  $300, ! X!,000 is federal subsidy!. Amortizing
this saving over a 10-year construction period, this represents a $74,727,992
annualized cost a voidance. Contractor reports savings of $15,000 to $80,000
for each application of the model over conventional techniques and esti-
mates total saving» of up to $5 �,i�0 per ve >r.
Massachusetts



E. Marine Transportation

The result of increasing the efficiency and safety of the U.S. shipping fleet
and the competitiveness of U.S. boat manufacturers in the Mexican market
meant an annual aggregate economic benefit to industry of $2,890,000 from
four projects on which data are readily available.

E,1. Challenge

Salutian

Disseminate NOAA's satellite intorrnation on Gulf Stream dynamics to dis-
aggregated user industries.
Worked with NOAA satellite and weather service personnel to locate and
establish communication linkages to a broad-base user clientele.
One shipping company estimates $1,560,000 annual savings in fuel costs.
Florida

Benefit

Source

E,2. Challenge

Solutian

Increase competitiveness of U.S. shrimp boat manufacturing  for interna-
tional markets!.

Trained international boat operators for maximum vessel usage  on site!
 e.g., Mexican fishermen!.
Continued gross sales of U.'S.-built vessels amounted to $700,000 in a year.
Georgia

Benefit

Source

Improve the saietv of oft'shore tanker mooring operations,
Developed prototvpe talking cun ent spar buoy that reports ocean currents
to ship operators making offshore moorings.
A new talking current spar buiiy instrument has been added to a small
business product line with projected annual gross sales of $590,000.
Massachusetts

E.4. Challenge
Solution

Benefit

Source

5 14

E,3. Challenge
Solution

Benefit

Source

Exainples of annual econoinic effects
1, Satellite information
2. Shrimp boat manufacturing
3. Fishing vessel replacement
4. Offshore tanker mooring

TOTAI

Replace worn out fishing vessels for individual fishermen.
Instructed fishernien how to build their own fiberglass boats.
Sixteen boats biiilt resulted in total net saving of $40,000.
South Carolina

$1,560,000
700,000
40,000

590,000
$2,890,000



F. Marine-related Retail Trade

Sea Grant helped promote the growth of precious coral and pet turtle in-
dustries and helped reduce the loss of lives from cold-water drownings.
$19,400,000 represents the annual aggregate economic effects on industry
from only three projects on which data are readily available,

Fl. Challenge
Solution

Reduce loss of lives resulting from cold-water drownings.
Studied temperature regulation <it humans in cold-water environments
and, in partnership with industry, designed new kinds of personal flota-
tian devices that rninirnize body temperature loss.
Stimulated production in three new lines of personal flotation devices and
thermal suits grossing $10,000,000 in 1980.
Minnesota

Benefit

Help prevent collapse of pet turtle industry threatened due to FDA ban on
interstate shipment of carriers of salmonella,
Developed antibi<itic treatment of turtle eggs in vacuum chamber that elim-
inated the salmonella transmission problem.
Industry expand< d in business to $2,100,000 yearly production.
Louisiana

Benefit

Source

Develop a precious coral industry while husbanding rare stocks of coral,
Promoted research and applicati<in of undersea technologies,
The industrv grew trom iO employees and gross sales of $500,000 to 214
employee» and gross sales of $7,800,000.
Hawaii

F3. Challenge
Solution

Benefit

Source

Source

!'2. Challenge

Solution

Examples <it annual economic effects
1, Cold- water drowning
2. Pet turtle industry
3. Precious coral industrv

TOTAL

$10,000,000
2,100,000
7,300,000

$19,400,000



G. Marine-related Real Estate

The economic importance of coastal real estate has motivated the develop-
ment of new technologies for shoreline stabilization, flood control, and al-
ternative methods of sewage treatment. This represents $3,000,000 aggre-
gated annual economic effects on industry from four projects on which
data are available.

Examples of annual economic effects
1, Shoreline erosion
2. Flood control
3, Waste disposal
4. Irradiation of sewage sludge

TOTAL

$1,000,000
750,000
850,000
400,000

$3,000,000

G1. Challenge
Solution

Benefit

Source

Improve flood coritrol techniques.
Developed and demonstrated new design concepts.
Reduction m federal flood insurance payments  e.g., $750,000 per flood!
and reduced flooding.
New York

G2. Challenge
Solution

Benefit

Source

G3. Challenge

Solution

Reduce the impact of waste disposal on the economic development of
coastal land and water.

Provide research on environmental distribution of sewage waste and de-
veloped alternatii e, cost-effective disposal system which has been ap-
proved and adopted bv coastal communities.
$850,000 per year increase in shellfish harvest and the lifting of building
restrictions to allow $4,000,000 of new building during 1980.
North Carolina

Provide a new inethod of sewage sludge treatment that is less capital and
energy intensive.
Developed and had approved by EPA an electron irradiation process for
pasteurizing sewage sludge,
Miami-Dade Water and Sewage Authority is now constructing the first fa-
cility based on this process which is projected to perform at an annual sav-
ings oF $400,000.
Massachusetts

Benefit

Source

G4. Challenge

Solution

Benefit

Source

Reduce economic losses to coastal property owners from shoreline erosion.
Performed research on vegetation to stabilize shorelines, studies of ce-
ment-asbestos bulkhead failure, and research on erosion in local communi-
ties, providing intormation to adjust building setbacks.
$1,000,000 saved from propertv dainages and remedial actions.
North Carolina



H. Marine Service Industry

Reducing wave damage to marinas and finding an economically feasible
alternative to breakwater construction for small marinas resulted in annual
aggregate economic effects on industry of $812,760 from just three projects.
These savings have been replicated numerous times in many regions of the
United States.

Examples of annual economic effects
1. Small-marina operators
2, Wave damage reduction
3. Marine trade seminars

TOTAI

5 176,760
500,000
136,000

$812,760

HI. C'hallenge

Solution

Benefit

Source

H2. Challenge
Solution

Benefit

Source

improve efficien< y ot marine recreational firms.

Formulated and conducted ten marine trade management seminars along
the U.S. East Coast involving 680 frrrns.
$136,000 in immediate savings.
Rhode island

H3, Challenge
Solution

Beneflt

Source

Find an economically feasible alternative to traditional breakwater con-
structions for small-marina operators,

Introduced marina operators to the concept of floating tire breakwaters and
floating tire docks, gave the needed design and construction information,
and advised on th» construction anct installation of an expanded marina
facility,
Saved $176,760 in annual facilities costs.

Michigan

Develop low-cost, effective shore protection technologies.
With Rhode Island, design, construct, and field test several floating tire
breakwaters.

Annual savings to shorefront property owners of $500,000 through re-
duced wave and storm related damage,
New York



Section 6. External Evaluatiuns
Evaluations of the National Sea Grant College Program by these federal,
academic, and private sector organizations.

~ National Advisory Committee on Oceans & Atmosphere
~ Department of Commerce, Office of Program Evaluation
~ General Accounting Office
~ University of Connecticut, Institute for Social Inquiry
~ National Oceanic & Atmospheric Administration,

Office of Policy & Planning
~ Massachusetts Institute of Technology, Center for

Policy Al ter na tive s
~ Heritage Foundation



EXTERNAL EVALUATIONS OF THE
NATIONAL SEA GRANT COLLEGE PROGRAM

Although funding for Sea Grant represents a mere fraction of the billion
dollar federal ocean program, it has been the subject of continuous scrutiny
and evaluation for more than a decade. Studies have focused on:

~ The general effectiveness of the program
~ Sea Grant's relationship to the National Oceanic and Atmospheric
Administration

~ Contributions ot individual research projects
~ Attitudes and perceptions of academic marine scientists toward Sea
Grant

Several themes emerge in these assessments:
~ Sea Grant plays a unique and important role in the nation's marine
program,

~ The program's strengths reside in its ability to promote interdiscipli-
nary marine research, education, and advisory activities responsive to both
local and national needs. Its biggest limitation in fulfilling its promise has
been insufficient funding.

Perceptions about the quality of Sea Grant research and administrative
effectiveness depend largely on whether researchers are interested primar-
ily in basic or applied research,
~ A variety of administrative changes would improve the effectiveness of
the program.
~ The relationship between Sea Grant and its parent agency, the National
Oceanic and Atmospheric Administration, can and should be clarified in a
manner that would enable each to draw on the strengths and resources of
the other.

The following sections summarize, with a minimum of commentary, the
major points made in these reports. Although many of the recommenda-
tions made have been addressed by the National Sea Grant Office and the
Sea Grant directors, no effort is made here to trace these actions or to
summarize the evaluations of the Sea Grant programs made as a regular
part of the congressional oversight or budget process. All of these forms of
oversight and review have been useful in helping lead to the program's
accomplishments cited in other sections of this book.

6.1



National Advisory Committee
On Oceans and Atmosphere, 1976

Sea Grant plays an impor-
tant role in the national ef-
fort to develop and conserve
our marine resources. lts
ability to draw o n the pool
of talent in our universities
and other research t'nstitu-

tions, and its close contacts
with users and potential
users of marine information
and technology, <.nable it to
complement the activities of
the numerous other Federal

agencies and programs.

Department of Commerce
Office of Program Evaluation, 1976

In a staff study, Department of Con>merce evaluation specialists addressed
two questions raised initiallv by the Office of Management and Budget.
These were whether Sea Grant was a "capacity-building program" or a
conduit for grants, and whether <ir not these grants duplicated w<>rk sup-
ported by other agencies. The report noted that Sea Grant represented only
a fraction of the total funding for tedelal marine pfogla<ns but endorsed
Sea Grant's role in developing institutional capabilities  e.g., "capacity-
building" !.

They concluded that Sea Grant research was funded by a variety of public
and private source s; provided a >nechanism f<ir pass>ng funds from other
agencies which reduced administrative costs and duplication; and em-
ployed an effect>v» six-stage  see tigure! review process which assured
project quality. I'hey als<i noted that peer reviews of the Sea Grant ap-
proach and progra<n administrati<in had been favorable and that "the local

6.2

During the fall of ]975, the members and statl ot the National Advisory
Committee on Oceans and Atmosphere  NACOA!, embarked on a year-
long evaluation of the Sea Grant program. Based on extensive interviews,
site visits, panel reviews, attendance at directors' meetings and a review of
the extensive documentation about the program, the Committee con-
cluded:

Sea Grant plays an important role in the national effort to develop and
conserve our marine resources. Its ability to draw on the p<iol of talent in
our universities and other research institutions, and its close contacts
with users and potential users of marine information and technology,
enable it to complement the activities of the numerous oth< r Federal
agencies and programs also concerned with marine resource develop-
ment. Its most significant contributions have stemmed from its sensitiv-
ity to regional and local perceptions of issues which, while collectively
important to the Nation, may be individually too small or too new to
have attracted attention at the Federal level.

The National Sea Grant Progntnr: A Rn>iezv
A Report for the Secretarv of Commerce

Washington, D.C�November 3, 1976
In strongly recommending that the program be continued, NACOA noted
that Sea Grant had been "responsive to its legislative charter", had "con-
tributed significantly to the Nation's marine effort," and that there was "a
continuing need for the kind of service it provides." To strengthen the pro-
gram, the Committee made recommendations on policy, management and
funding.
With respect to policy, NACOA urg» d the Administator of NOAA to "clar-
ify the goals and r<ile of Sea Grant in relation to NOAA's overall mission",
to make more extensive use of th» Sea Grant Advisory I'anel for advice on
broad policy issues, and to develop and implement procedures for im-
proved coordination between other agencies, other parts of NOAA, and
Sea Grant.

The Office ot Sea Grant was encouraged to clarify its guideline s; aid partici-
pating institution» in establishing priorities; expedite its proposal review
process; ensure that engineering is incorporated into research projects
where appropriate; and, for projects with commercial potential, consider
economic as we11 as technical feasibility.
NACOA conclude d that federal funding was "inadequate for the task as-
signed to the program," hence should be increased to a minimum of $40
rmllion per year over the next several years.
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This diagram outlines thi planning,
proposal and review process at mator
Sea Grant institutions. Tliough details
will vary From institutiori to institution,
the process is typical. I'hi. diagram,
which does not appear in the 1976 report
frOm the Department Of COmmerCe, iS
included here for information purposes.

initiative model" was preferred to a model which sought to int pose na-
tional criteria for requesting and selecting research proposals.
With respect to "capacity-building", however, there was no common
understanding of the goals, objectives, and procedures for developing the
kinds of institutions and resources required to fulfill government mission.
It did seem possible, however, that a model of "capacity-building could be
developed and tested which would have pay-offs in Sea Grant's resource
management and program structure." The evaluators recommended that
the Office of Management and Budget develop a "capacity-building
model" for application throughout the government.

Sea Grant Programs
Planning, Proposal and Review Process



General Accounting Office
1974 and 19'79

The General Accounting Office  GAO! has conducted two assessments of
Sea Grant. The t'irst and most extensive was conveyed by letter to the Of-
fice of Sea Grant on March 16, 1974, and the second, far more limited in
scope, was summarized in a letter dated October 15, 1979.

The 1974 observations were directed primarily at issues of program mair-
agement and reporting. Recommendations included more explicit atten-
tion to relating efforts to accomplishments and benefits; increased sugges-
tions for prograin development by local advisory groups; more attention by
Sea Grant to matching costs; development of procedures that wouJd, be-
fore final approval of a proposal, resolve and document actions taken as a
result of peer reviews; and creation of a NOAA-wide advisory service. Ad-
ditional suggestions concerned establishing guidelir>es and procedures for
the management of Sea Grant programs in the universities,
The 1979 letter was based on an exainination of the administration of Sea
Grant to identify areas needing further review ai>d analysis, On the basis of
visits to Sea Grant programs in six states, persr>nal coiitacts in four others,
and discussions with NOAA personnel, the reviewers concluded that: �!
"Many Sea Grant projects appear to have only limited application and to be
of little benefit tr> the identified user community," and �! "A followup
evaluation appears to be needed to determine if the federally supported
Sea Grant projects are meeting expected goals and objectives."
The first observation was based on a strictly literal interpretation of the re-
lationship between research, advisory services and users, a poii>t made
with great clarity and force in the Office of Sea Grant's explanation of why
it could not accept that statement as valid. The second statement involved
evaluation of completed projects, procedures for which were well estab-
lished in Sea Grant administrative practices,

University of Connecticut
Institute for Social Inquiry, 1977-79

W, Wayne Shannon and David D. Palmer of the Institute for Social Inquiry
at the University of Connecticut undertook an extensive study of the rela-
tionship between federal funding agencies and university marine scien-
tists, Their report, I'he Federal Fr>nrfi>re of Acade»>ic Marrrre Science, is the only
report that examines Sea Grant in the context of the broader pattern of fed-
eral support for academic marine programs.
Data were compiled between 1977 and 1979 from mail questionnaires re-
ceived from 793 academic marine scientists, 918 questionnaires from recent
graduates of marine programs, and 153 interviews with federal agency and
university administrators.

The researchers noted that Sea Grant, along with the National Science
I'oundation's Oceanography Section and Office for the International Dec-
ade of Ocean Exploration  since 1980 merged in the Division of Ocean Sci-
ences!, and the Navy's Office of Naval Research have the most extensive
linkages to the university ocean research community of all federal
agen cies.

Interviews and survey data revealed several areas of dissatisfaction on the
part of university marine scientists:

~ That the national Sea   rant office had not followed a consistent
program

~ That site visit review teams assigned to varir>us institutions were often
comprised of individuals who weri deemed insufticientlv tamiliar with the
programs to evaluate them "in a professi<>rial and c<>nsistent manner
over time"

6.4



Recogni tion is a idespread
that Sea Grant is the most
durable and insh'tutionaIIy
committed program support-
ing academic marine science
research beyond the disci-
plines of oceanography,
proper.

~ That Sea Grant was "too sensitive to political winds" and the wants of
different users, "too prone to 'target' various desired areas of research, too
much concerned with relevance and too anxious to cite accomplishments
in the real world."

~ That there was an "excessively arduous review process" for Sea Grant
proposals and too little money to support and sustain those who were in-
terested in doing Sea Grant research
At the heart of many of these concerns was the tension between Sea
Grant's emphasis on applied research and university scientists' desire to
pursue basic problems of their own choosing.
The authors observed, however, that often after such critical comments
were made, persons expressing them would quickly reaftirm interest in
and devotion to the "Sea Grant idea," They concluded:

While it is surely not everyone's enthusiasm, a broad range of individu-
als in the academic marine science community see Sea Grant as a highly
important part of the federal funding system. Recognition is widespread
that Sea Grarit is the most durable and institutionally committed pro-
gram supporting academic marine science research beyond the disci-
plines of oceanography, proper, lts importance as a catalyst for interdis-
ciplinary activity, marine-related engineering, and social science is
widely recognized. Generally, however, there is a pervasive sentiment
in the academic community, even among some of Sea Grant's strongest
supporters, that the Sea Grant idea � a creative partnership between the
federal government, the university, and the governmental and private
users of marine technology-needs continuing assessment and perfected
implemen tation.

National Oceanic and Atmospheric Administration
Office of Policy and Planning, 1980
This internal staff report reviewed the legislative origins of Sea Grant, its
administrative practices, and funding history as a basis for improving Sea
Grant's relationships with other parts of NOAA. The basic questions in-
cluded:  I! the responsiveness of Sea Grant to NOAA's needs and �! ways
in which cooperation between Sea Grant and other parts ot NOAA might
be improved.

Sea Grant, noted the report, fills a number of roles for NOAA. It is
NOAA's largest "marine outreach arm, through its advisory services, edu-
cational activities and university research," and thus is able to maintain
close contact with marine specialists in the universities. Sea Grant with its
constituency base and attention to local needs, is able to respond to local
issues and concerns, as v ell as serve as an effective early warning system
for emerging national problems. Sea Grant had not, however, "been used
adequately to enhance NOAA's stature and image."
The report recommended improved communication between Sea Grant
and other parts of NOAA, more participation in the Sea Grant review pro-
cess by other NOAA specialists, and improved understanding of the roles,
mission, and priorities bv those in Sea Grant and NOAA in order to irn-
prove the performance of each.

Massachusetts Institute of Technology
Center for Policy Alternatives, 1977

A study of program devel<ipmerit procedures and transfer mechanisms in
the National Sea C rant Program was undertaken bv the Center for Policy
Alternatives at Massachusetts Institute of Technology. This study evolved
trom an earlier MI1 evaluation <if the commercial and foreign trade impact
of the Sea Grant pr<>gram, and it s<iught to suggest ways Sea Grant could
increase the speed and frequency <if economic ben<.fits without sacrificing
other benefits of Sea Grant support, or "distorting the t'undamental charac-
teristics of participating institutions."



The analysis reviewed the conditions that influenced commercially suc-
cessful Sea Grant projects, program orientation, and development pro-
cedures and transfer mechanisms, with particular einphasis on the
strengths and deficiencies of each of these aspects of the program. Inade-
quate funding was a key problem. "Many imaginative initiativ»s" had
been rejected and Sea Grant instilutions had few incentives to promote
new ideas in the face of limited funding. A more fundamental problem,
however, was the failure of Sea Grant "to project itselt' forcetullv and prove
its usefulness."

The researchers concluded that "the objectiv» which it establi»hed for its«It
during its first ten years--the construction of a forceful and balanced net-
work of institutions to implement the Sea Grant concept � ha» been
achieved, and in the opinion ot the authors, with highly sup«rior marks."
They urged that attention turn to defining those areas where Sea Grant
wished to make an impact, to promote a network of diverse institutions,
each with its own special strengths and capabilities, and continue to play a
"forceful catalyst role, linking univ»rsity and coinrnunitv together in re-
search on relevant and highly present" marine resource issues.
In addition, Sea Grant should make a "more iinabash«d effort to 'sell' it-
self", and to continually emphasize the close working relationship be-
tween advisory services and res«arch projects which "remain Sea Grant' s
strongest asset,'

To pursue these goals, the analysts called for a more active role in program
development by the national Sea Grant office, the review panel, and the
directors, in particu/ar in setting priorities and identifying clusters  "port-
folios" ! of research projects, and the use of site visits to review past perfor-
mance.

They also recomm«nded greater latitude for high-risk proposals  which the
earlier MIT study found produced the greatest pay-offs!, and activ» pursuit
of more cooperation with the private sector, including joint university-
industry programs.

Massachusetts institute of T'echnology
Center for Policy Alternatives, 1981-82

In 1981, annual sales in the
range of $44-62 million re-
sulted from the 1& projects
surveyed that bar,e led to
commercial devel rpments.
Thus, even with the most
conservative figut e, annual
sales from this small sample
exceed the highest annual
federal appropria..'ion  $41.8
million in FY81! to the Na-
tional Sea Grant'   allege
Program.

The National Sea Grant College Program has many goals and activities that
are important to th» nation and to the individual states. Given the nature of
marine problems and opportunities ar>d of universities, not all activities
can or should lead to readily quantifiable results. However, the work of the
Sea Grant instituti<>ns has led to a niimber of' demonstrable econoinic bene-
fits.

One class of economic benefits can be measured by commercial product
developments that result in sales. In 1976, the Massachusetts Institute of
Technology's Center for Policy Alt«rnatives  CPA! looked at a sample �7!
of Sea Grant projects funded in 1975 that might lead to new commercial
products and tried to predict future sales.
In 1981-82, a tean> <it the Center h«aded by Protessor James Utterback and
Margaret I ir>ske! reviewed developments in >9 of the 77 proje<. ts over the
intervening six years. Results wer~ published in a CPA report entitled, A
Reez<al>ation i>i 1981 <>f the   <»»»><.r< >«! Its< of S<'<>  ,r<»tt Pr<~j < < I» F«>«f<'<t i >i 1975.
Highlights of the rcport include:

~ In 1.981, annual sales in th» rang«of $44-62 million resulted fr >m the 19
projects surveyed that have le d to commercial d«velopments. Thu», even
with the most cor>s«rvative figure, aniiual sale» from lhis»mall sampl» ex-
ceed the highest <>r>r>ual f«deral appropriation  841.8 million in FYHI! to the
'National Sea Crant College Prograin.
~ Eleven new products have r»suited as a direct ci>n»equenc». ot the Se*
Grant projects studied.

~ Ter> new companies have been f >rmed primarily as a direct result of Sea
Grant efforts to intr >due« tli«project»' results c<>miuercially.



Heritage Foundation, 1981

Prior to President Ronald Reagan's first inauguration, teams of knowledg-
able individuals, under the auspices of the Heritage Foundation, surveyed
the role and performance of programs throughout the federal government.
The group that evaluated the Department of Commerce found that:

Sea G~ant funding should be
increased by 10 percent per
year in real terms for the next
fi've years. The Sea Grant I'rogram has an impressive record ot' success, primarily

because it is based largely on local priorities and needs. It operates in
partnership with State and local governments, private industry, univer-
sities, organizations and individuals concerned with or affected by
ocean and coastal resources. The Congress makes regular requests of
Sea Grant for information,

A key element of Sea Grant is its outreach mechanism whereby results
of research are provided to users in industry, government agencies and
the general public.
Sea Grant funding should be increased by 10 percent per year in real
terms for the next five years.

M ar [<la te frtr Leader iIti p
Charles L. Heatherly, editor

I leritage Foundation, washington, DC, 1981
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~ There have been approximately 25 secondary companies that have
started producing products similar to those of the 10 prirnarv companies.
~ High risk, broadly based research projects have actually produced more
of the values reported than have those that were seemingly less risky and
more specific at the outset,

The more successful projects otten go in directions other than their
originally stated objectives, exhibiting Sea Grant flexibility to accommodate
emerging industrial and market needs.
~ At least 15 additional projects from the sample which have not yet pro-
duced commercial results are thought still to have potential. This under-
lines the long-term nature of research and de velopment.
~ Sea 4rant has built a stable and reliable marine research base.

~ Graduate students from Sea   rant programs are particularlv effective in
transferring Sea Grant research results to industry and government
agencies.

There have been many indirect or social returns from Sea Grant work,
such as increased personal safeh at sea, increased qualitv and availability
of seaFood products, and the introduction of new, production methods and
new uses for products originating in the oceans,
It should be reemphasized that the report, like the 1981 Ecun<u~tic Effects of
Sea Grant, studied only a small sample of Sea Grant work and only a specif-
ically prescribed set of benefits, Even in the circumscribed area of economic
benefits, it did not look at all prolects or at the many other kinds of eco-
nomic benefits, such as cost saving» or jobs preserved. ln that light, the
results are even more impressive.



Section i. Legislation
The Sea Grant Program Improvement Act of 1976  P.L. 94-461! and
Amendments of 1978, 1980, and 1984.
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Section 8. Index
A keyword index to Sea Grant projects described in Sections 2, 3, 4, and 5
of this book.



INDEX

acid precipitation 4. ! 8
advisory services -see sections 2, 3, 4,

passim
agric.ultural app!icationi/implications 3.5,

3.7, 3.]6, 3.21, 3.29, 4 5, 4.16
algae, taxonomic keys 2 5
aquaculture:

clams 3 4, 3.11, 3. 20,,16, 3.28, 4.2, 4,11
crawfish 2.3, 3.10, 3,25, 4.10. 5.11
lobster 3.2
molluscs 4.2
oysters 3,5,3,20, 4 2, !.12,5 12
prawns 3.8
salmon 4.29, 5. ! I-5. I i
scallops 3.20
seaweed 3.20
shell ish 5.12
shrimp 3.2, 3.27
striped bass 3,12, 3.21
sturgeon 3.2

artificial reefs 3.20, 3 22, 4,22
asiaxanthin 4.10

barrier islands 3.6, 3.!9, 3.25
beach access 3.20
beach nourishment 3.6, 3.19, 3.25, 5,16
bioiechno!ogy 3.2, 3.5,.'. l2, 3.13, 3.18, 4.2,

4. 12
breakwaters 5,17

charter boat industry 3.', 3,20, 3,22, 4.9
chitin/chitosan 3.5, 3 29
cigua tera 3. 24
coastal management 3.1~!, 3,19, 3.25, 4.25
comm errial fishing:

computerized propuhion design service
3.20, 4.20

cooperatives 3. 18
educational programs 3,23, 4.1, 4.20
financial ma nagemeni 3.4, 3.23, 3 24
insurance '3. 17, 3.13, 4 25
inediation 3.24
safety 5.7

commercial fishing gear:
hydraulic gear-handliiig system 5.6
long lining 3.10
nets 3.15
remote-releasing hool -up block 5,7
split winch.coinbinatiiin nei reel 3.28
traps 3.7, 4.25, 5.7
trawling 2.3. 3. 7, 3. 10, 3.13, 4.25, 5. 7

contaminants � see pofiu ants
coral  precious! industry 5.15

diving:
professiona! training 3.6, 5,9
safety 3. I5, 3.24, 3.30

dredge spoils 3.4, 3.20, 3.22, 4. �

economic studies 3.8 3."2
education, --see student

camps 3.27
curriculum guides 3.1, 33, 3.194-H4.11
!vtarine Educafion Syniposiuin 3. 27
newsletters 3,18, 3 24
teacher training 3.1, 3.8, 3.12, 3.14, 3.17,

3. 27
technician training 3.6 3.24

engineering;
biofouling 3.6, 3.17, 4.2
buoys 5.13, 5,14
coastal structures3 11 3 20 3 21 330

4.13
corrosion 3. 5
dredging 34 3 20
insulation for boat holds 5.9
oil spil! containment 3. 18. 4,18
shore protection 3 15, 3,18, 3.20, 5.16,

5. 17
simulation models 3. 13, 3, 17
stress resistant welds 3,3, 3.6
vessel propulsion systems 4,20

estuaries/ha*ors;
circulation 3. 5, 3.17, 3.21, 4. 18, 4.29
pollution studies 2. I, 3.3, 3.12, 3. 18,

3,19, 3,24
publications 3.5
sanctuaries 3. 18

exports 3,7, 3.23, 4. 7, 5.6

federal agencies:
COmmerCe Department, NauOnal

Oceanic 8i Atmospheric
Administration:
National Marine Fisheries Service 2.1.

2.5, 3,4, 3.10, 3.17, 4,8, 4. 19, 4.27
National Undersea Research Program

3.4, 4.19
National Weather Service 2.2, 2.3, 3.5,

3.21, 3.22, 3.23, 3.28, 4.9, 4.25, 5,14
Ocean Assessment Division 3,19

Environmental Protection Agency 3.13,
3.16, 5,9

Health 4e Human Services. Food and
Drug Administration 3,1, 3.28

Interior Department 2.5
National Park Service 4.27
U.S. Fish 6r Wiidhfe Service 3.10, 4.8,

4.27
U.S. Geological Survey 4 19

Transportation Deparuneni
U.S. Coast Guard 2. I, 3.4, 3.13, 3. 24.

4.15
Treasury Department, internal Revenue

Service 3. 4
U.S, Army Corps of Engineers 3.10, 3.22,

4.22
U,S, Navy 3.4, 3.15

fermentation process 3.18
financia! management for fishermen 3.4,

3.23, 3.24
fish/shellfish diseases 3.11, 4.29, 5,12
fish predators 2.4, 3.16, 3.18, 3.30
fisheries:

abalone 3,2, 4.2
black cod 5.7
blue crab 2.2, 2.3, 3.6, 3.10, 3.17, 4.17,

4.28, 5,7
bottomfish 4.8
clams 3,11, 4.2
crab 3.6, 5.8
crawfish 2. 3
eels 3.7, 4.7, 5.6
groupers  red hind! 4.24
herring 2.4, 5.6, 5 7, 5.8
king crab 4.1
menhaden 4.21
oysters 3.5, 3.12, 3,20, 3.24, 4 2, 4,4, 4, ! 2,

5.7
sa!rnonids 2.5, 3.2, 3 10, 3.16, 3.20, 3.23,

3.30, 4.9, 4.10, 4.18, 4.23, 4.29
scallops 4.6

fisheries cont.
shad 3.22
shrimp 3.17, 3.26, 4,24
snappers 4,24
squid 2.3, 3.2
striped bass 2.2, 3. 12
swordfish 4.26, 5,8
Tanner crab 3.1, 5.8
tilefish 4. 19
tuna 3.8, 5.8
whitefish 2.4
wa!!eye 2.4

fisheries, alternafive 2.3, 3.5, 3,26, 4.1,
4,21, 4,24, 5.6, 5.8

fisheries management/development;
models 3.8, 3,25, 3.30, 4.29
nearshore 3.3
regulations 3 26
sport fisheries 2.4, 3.9, 3,15. 3.17, 3.20,

3.30
fisheries/oceanography 3.23, 4.23
Fishery Development Foundations;

Mid-Atlantic 3,28
New England 2.1

Fishery Management Councils:
!vlid-Atlantic 4.19
North Pacific 2.5, 5.8
Pacific 5.8
Rhode Island 3.25
South Atlantic 4.26
Western Pacific 4.8

f!oating tire breakwaters 5.17
f!ood contro! 5.16

genetic studies 3.2, 3.12, '3.27, 4.2, 4.5,
4,29, 5,11

Great Lakes Fishery Commission 3.16

halophyies 3.5, 4.5
herbicides 3.16
human health, safety, inedicine:

absorbable sutures
cholera 3,6
ciguatera 3 24
cold water survival 2.1, 3. 16, 4. 15, 5. 15
diving safety 3.15
exercise therapy 3,30
fishermen's health insurance 3 17
hepatitis 3.27
nutrition 3. 20
paralytic shellfish poisoning 2.1, 3,1, 3.3,

3.14, 3.18, 3.29, 4,2, 4.14
parasites 4.6
PC� exposure 4.30
pharmaceuiicals 3,2, 3.13, 3.24, 4.2
safety seminars 3.27
salmonella 5.15
vessel safety 5.7

hurricanes,
evacuation procedures 3.27
resistant structures 3.21
shelters 3.6

hydrothermal vents 3.29
hypothermia 2,1, 3.16

International]oint Cominission on the
Great Lakes 3.16

international trade 3.7, 3.23, 4.7, 5.14



8.2

marinas:
design 3.30, 5.17
financing 3.15
insurance 3.26

marine mammals 2,5, 3,.3
Marine Maminal Corrunission 2.5
marine weather reportinq 2.2, 2.3, 3.3, 3.5,

3.19, 3.21, 3.22, 3.23, 4.9
media:

atlas 3.13
Earthwatch Radio 3.30
films 2.3, 3.12, 3.23, 4. 27
NOVA 3.23
publications, 2.3, 3.1,:3.12, 4.28
slideshows 3.12
television 3.23, 3.24
videotapes 3.5, 4.20

models:
circulation/tides 2.1, 3. 11, 3.13, 3.18,

3,19, 3 25, 4.13, 4.18. 4.30, 5 13
econometric 5,13
fishery management 3.8, 3.25, 3.30, 4.29
storm-surge 3.22, 4.13

National Ship and Research Development
Center 3. 13

navigation aids 3.12, 3,3!3

ocean dumping 3.19
ocean exploration 3.29
oceaii law 3. 8, 3.11
ocean mining 2.9, 3.14, 3.23, 5. l3
offshore/underwater stnictures:

biofouling 3.6
concrete footing 3.2, 3 6
corrosion 3. 5
platforms 3. 3
siting 3.18, 3.22, 4. I 3, k18, 5 13

oil and gas development 3.13
oil spill containment 3. I fs 4.18

paralytic shel! fish poisor.ing:
assays 3.3, 3,18. 3,29, k2
causes 3.1, 4.14
control 3,14
mapping 2.!

patent apphcation 3.1 7
PCH's 2 4, 3.10, 3.14, 3.33, 4.30
pesticides 3.7
pet turtles 5.15
pharmaceuhcals 3.2, 3.1.3, 3.14, 3.24, 4.2,

4,14
pohcy studies 3.14
pogution/pollutants:

general 2.1, 2.4, 3.3, 3.10, 3.15, 3.19,
3.24, 3,30, 4.25, 4.30

ocean debris 2.5
oil spills 3.18
PCB's 2.4, 3.10, 3.14, ...30, 4. 30

ports 3.3, 3.16, 3.17, 3.2c
precious coral industry ". 15
products froin waste 3.5 3.10, 3.13, 3.20,

3,29, 4, 1IIh 5 9, 5 10
recreation

boating 3 16,;3.24
charter boating 3.5. 3.20, 3.2', 4.9
fishing 3. 20, 3. 28, 4.9, 4.22
guides 3?6, 4.9
inclustry efficiency 5.17
resources 3. 8

regulahons '3.16, 5.9, 5.1.!
resource assessment 4.8, 4.24, 5.7, 5.8

salt ponds 3.25. 4,25
sand and gravel industry 5.13
satellite information 5. 14
seafood:

consumer awareness 2.1, 3.28
markeiing 2.2, 3.7, 3.10, 3.22, 3.12, 3.24,

3.28, 3.29, S.7, 5.8, 5.10
storage/packaging 2.4, 3.2, 5.9
underutilized species 3.21, 3.24, 3.28,

4.21, 5.8, 5.10
seafood processing:

fish fileting knife 3.2
quahtycontrol3,24, 3.27, 3.18, 5.7, 5.9,

5. 10
soft-shell crab shedding 2.2, 2.3, 3,12,

3.17, 3,21, 3.27, 3.28, 4.17, 4.28, 5,7
squid cleaning machine 3,2 technology

2.1, 5.9, 5.10
waste utilization 3.10, 5,9, 5.10

sea turtles 3.10, 3.27, 4.27
sediment transport 3.14, 4.13, 4.18, 5.13
sewage treatment 5.16
Spanish translations 3.24
sport fisheries 2.4, 3. 9, 3.15, 3.17, 3. 20, 3.30
student awards 4.2, 4.3, 4.6
student support 3.2, 3.5, 3,6, 3.12, 3.13,

3.14. 3.24, 3.30
surimi 3.28, 4,21

tanker mooring 5.! 4
tourism 3.8, 3.15, 3.16, 3,18, 4.9
toxicants-see poHutants
trade3.7, 3.23,4.7,5.14
trade management 5.17
trade shows:

Commerdal Boating/Fishing Exposition
2.3

Fish Expo 2.1, 2. 5, 3.23
Workboat Show 2. 3

turtles 3. 10, 3.17, 4 27, 5.15

undersea robotics 3.13
underwater obstructions 3.10. 3,17, 3.19.

3.25, 3.27, 5.6, 5.7
unmanned submer sible s 3,13

vessel design/construction 3.6, 3,15. 3.20,
4.6, 4.20, 5.14

vessel propulsion systems 4.20
volunteer programs 3.18, 3.28

waste products 3.5 3.10, 3,13, 3,20, 3.29,
4.10, 5.9, 5.10

water quality 3.16, 3,25, 3,30, 4.16, 4,30,
5.10

wave-tracking buoy S.13
weather reporting--see marine

weather reporting
wetlands 3.2, 3.10
women and minorities 3.17, 4.2, 4.30
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