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INTR OO UCTI ON

Welcome to Sandy Hook and to the initial New Jersey Aquaculture Development Workshop. I would like
first to acknowledge the support of the New Jersey Commission on Science and Technology, Public Service
Electric and Gas Company, and our co-hosts, the National Marine Fisheries Service and the New Jersey Marine
Sciences Consortium in putting this conference together.

Because of a number of initiatives, and a resurgence in public awareness, New Jersey is currently in a
position to bring together an extensive array of services to form an effective aquaculture development program.
This workshop is a vital first step in the process.-

The workshop participants we have brought together today have been so important to aquaculture
development in the United States that they really need no introduction to anyone even slightly familiar with
finfish or shellfish farming. We wish to bring their knowledge, their experience. and their insights to bear on New
Jersey; to help us decide what direction we should be taking to allow New Jersey to become the strong force it
ShOuld be aS aquaCulture StartS tO mature as an induatry in the United StateS.

Nils E. Stolpe
Conference Chairman

P~~Pr~,~~ h id Af>frl .



FOREWORD

Aquaculture is not a new subject or interest in New Jersey. In fact, the state has a long history of interest
which. until recently. was directed primariiy, though not solely, to oysters, Dr. Harold Haskin of Rutgers
University is recognized as a world-class oyster and bivalve scientist, and among the bivalve culturists of The
world a disproportionately large number were his students.

More recently. a very large utility, Public Service Electric and Gas Company joined forces with university
scientists. notably Dr. Albert Eble of Trenton State College, and with today's program chairman Nils Stolpe and
Bruce Godfriaux, for the first substantial scale experiment in the use of power plant heated waste water for the
culture of organisms, Specifically, the animals were the Giant Malaysian prawn, Macrobrachium rosenbergii,
and later, the rainbow trout. The extensive reports resulting from this experiment are a substantial contribution
to the state of waste water culture technology.

But despite history, interest in aquaculture has revived only recently and grown rapidly in New Jersey, and
a new organizational structure'which has not yet taken firm outlines and content is being developed. This new
interest is the reason for today's workshop, which is hosted jointly by the New Jersey Marine Sciences
Consortium and the National Marine Fisheries Service through its laboratory here at Sandy Hook.

Although the mission of the Sandy Hook Laboratory has been development of scientific data leading to
the proper preservation and rnanagernent of the marine environment and naturally occurring stocks, the
laboratory consistently has been a supporter of aquaculture through advice and guidance, in some cases the
provision of badly needed facilities, and actual participation by individual scientists, sometimes on their own
time.

The New Jersey Marine Sciences Consortium, for its part, is a joining together of 29 Universities and other
entities, not only in New Jersey but in nearby states. It further acts as expediter and channel for cooperation
between member institutions and scientific organizations in other states. As the agency responsible for the
operation of the New Jersey Sea Grant Program, the Consortium and its members are also a part of the
nationwide Sea Grant network and association � and, as is generally recognized, Sea Grant has been the most
consistent and innovative supporter of aquaculture among Federal programs. Of the colleges and universities
who are members of the Consortium, at least 15 have received either Sea Grant or Consortium funcfing for
aquaculture ventures or related activities. It may be noted that such ventures are not necessarily the direct
growing of organisms, but may be in biochemistry, biophysics, genetics, or sometimes in a pragmatic approach
to bioengineering.

In convening this workshop, it was our hope that we could prov~de a sense of direction and a review of the
state Of the aquaCulture artS that wOuld be useful as New Jeraey wOrkS tO create a COherent. Statewide
aquaculture program using alf competent and interested public and private resources.

To this end, we planned a small workshop of perhaps 20 people with responsibility or mission interest in
aquaculture, to hear and discuss aquaculture with a few of the most knowledgeable and experienced aquacul-
ture specialists in the nation.

Despite some losses in mechanics of the meeting, we found that what we had, instead of mere proceed-
ingS, waS a CapSuled Summary Of the State, methOdS, prcspeCtS, and prqblems Of aquaCuiture. In effeCt. the
combined words of our invited speakers and following discussions form a primer on how to think about
aquaculture, what needs to be realized before planning for a venture � or development of a plan � even begins.

We recommend this report to all who may have any degree of interest or responsibiiity in aquaculture.
including those with good or bad experience. We think it helps to clarify thoughts about this sometimes
controversial sublect.

Robert B. Abei,
President
New Jersey Marine Sciences

Consortium



CHAPTER I

THE STATE Of AQUACULTURE

An Overview

Clarence Idyll,
Fisheries and Agriculture Consultant

Clarence Idyll has been a major figure in international fisheries and agriculture for over 4S years. Among
other positions related to aquaculture, he was Senior Marine Scientist for the National Advisory Committee on
Oceans and Atmosphere, Chief of the Internationai Fisheries Development and Services Divisions of the
National Marine Fisheries Service, Fisheries Research Advisor oi the Department of Fisheries of the Un~ted
Nations Food and Agnculture Organization, and for over a decade the Chairman of the Gulf and Caribbean
Fisheries Institute, an organization for which he was Executive Secretary for nine years before becoming
Chairman. From 1953 to 1972 he was Professor and Chairman of the Division of Fishery Sciences, University of
Miami, and Chairman of Graduate Stuclies of the University's institute of Marine Science from f956 to 1959. Dr.
Idyll was educated at the University of British Columbia, and received his doctorate from the University of
Washington at Seattle. Since retirement from Federal Service, he has been a consultant on fisheries manage-
ment and development.

In addition to a great number of scientific and technical papers on fisheries, aquaculture, and mar~ne
science, and articles for such publications as National Geographic and Scientific American, Dr, Idyll's books
include Abyss: The Deep Sea and the Creatures That Live in /t; Exploring the Ocean World, and The Sea Against
Hunger.

The Nature of Aquaculture

Aquaculture is the controlled production and harvest of aquatic animals and plants. In the United States
and in most other countries outside of Asia few plants are raised by aquaculture, so we shall be restricting this
discussion largely to the culture of animals.

While the word suggests that aquaculture is the watery equivalent of agriculture, in fact in most kinds of
aquatic farming the culturist has far less control over the animals he is raising than the land farmer, usuaily
depending on a supply of seed � the young stages of the cultured species � from the wild. Only in a smail number
of aquaculture operations does the farmer have full control of the life cycle of the animal from brood stock
through spawning, larvai, luvenile and adult growth, harvest. and back to brood stock.

Examples of this fully controlled aquatic farming incfude the culture of catfish and trout in the United
States, carp and tiiapia in China, Israel and elsewhere, and a few operations which grow salmon, oysters and
other species in various parts of the world. But the ma!ority of aquaculture businesses over the globe � including
a great inany which are profitable � depend on the collection of spawn in the wild  mussel culture in Spain, oyster
culture virtualiy worldwide!, or on the capture of wild fry  miIkfish culture in Indonesia, shrimp farming in
Ecuador, yellowtaii culture in Japan!. This dependence on seed produced in nature can constitute a strong
disadvantage since wild production is notoriously variable, leaving the operation with an undependable source
of supply. In addition, some species are being depleted by heavy use of the fry, and industries are threatened
exampies are the milkfish farming in Asia and some shrimp operations in Latin America. It is because of this
weakness in the aquaculture system that strong efforts are being made in many areas to develop techniques for
gaining control of the full life cycle of the animal, including maintaining brood stocks and producing young
under controiled conditions � operations that are routine in land farming,

Confusion often arises in discussions of aquaculture through lack of understanding of its cornpiexity ano
diversity. It is commonly treated as though it were a homogeneous activity, and as a consequence mistakes are
sometimes made in applying taws and regulations, or in public attitudes. Instead of being a single kind of activity
aquaculture consists of a large number of different ones. It includes culture in fresh water or the sea I" maricul-
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desc�be sea farming!, it includes culture in ponds, raceways, tanks, enclosures, cag~~; it
ture" is often useo o ' e sea with hatchery pioduced yo
includes stocking of streain,lease of young fish  e g salmOn! with the expectation that adults will return to the
ranching", involving t e re the farming of a iarge number af spec
area of reiease and can e

'"" " ' P"" oy h«ac«hat the amount of sophistj
A further eve o t

practice varies wi e y. n
extensive culture"

y o ulture animals is low, supplefnientary f
species, meaning h' h

minimum o care ism of care is deli~ared to the animals, Increasingly, "intensive culture-,-
d 'tie of an~mals, suPplemental feeding with carefully crafted rations, diseas cdensitiee o anima s,a y u ts in higher profits, but obviously also involves greate,,n;1, I
This usua y resu
higher level of skill.

A final point in this discussion of what aquaculture is � or is not � it is emphasized th t it ho Id o b
regarded as a solution to the world hunger problem, Some enthusiastic but poo Is r i g a aise enormous amount~ of cheap food, whereas in faCt nearly all a It

over t e whoie worid are raising products that are moderate o
b a se our technology usually iequires relatively expensive s edg o ess and it survivesonly if it makes a profit, so that itsproductsareus all

blywil'I
-p oduce food ate low Price, but for the present, any in some areas h

investment and public support for fish farming should be based on the expectation that it is a business whose
product is designed for the reiatively affluent and not for the poor.

Statue of World Aquaculture

Aquaculture is a moderately to substantially iinportant method of food production in certain countries of
the world, but of insignificant importance in many others, Most of the countries where fish farming makes a large
contribution are in Asia, where 6S'% of aquaculture production takes place, Among the countries where fish
farming flourishes are China and India, where 25'4 of aquatic food consumed is from farms, and Japan where
this figure is 10%i. Other Asian countries where fish culture is especially important include the Philippines and
Korea. In israel, where aquaculture has reached a high level of technology. half the fishery products used are
grown in farms; in Eurape. Poland, Romania and Spain grow relativeiy large amounts of aquatic food by farming.

WOrld prOduCtiOri by aquaCulture haS inCreaaed rapidly in reCent years, r~aing fram a rOugh estimate Of 1
m~llion metric tons  rnrnt! in 1966 to 10.5 mmt in 1983  Table 1!  The figures for 1983 were pravided through the
kindness Ol Dr T V R. Pillay.!

But even with the inareaSea that have Ocaurred in reaen't yearS, the quantitieS Of fOOd prOduCed by
aquaCulture are muCh Smaller than thoSe by land farming  lees than 1%>! Or by fiahing  about 11 "o! The
~mportance of aquaculture becarnes higher when it is realized that its products are relatively high in nutritional
value, being rich in animal protein.

T"e SpeCieS p~aduCed by aquaCulture in the largeat quantitiea are oyaterS, muSSelS, Seaweeds and fish
shrimP and other crustaceans are far less important quantitatively. In 1975 Pillay reported in Venice that of the
9-4 mmt ot aquaculture products tish accounted tor 37. 1%, molluscs  oysters. mussels, clams! 36.7'%%d .seaweed s
25-4lti and crustaceans  shrimp, freshwater crawfish! less than 1'/o. Over the world about 93 species af fish were
" 'u'ed»pecies ot shrimp, 6 species of crawfish, and many species of oysters, clams and seaweeds,

The Ie argest aquacuiture operations are for growing oysters  e.g., in Japan, Korea, the USA!, mussels
 S ain!,a' a« seaweeds  Japan, China, Korea. I Substantial amounts of fish are grown in China and india, these
are mostly freshwater species like carp and tilapia.

The most rapid growth of fish fa ming has taken place in countries which have se o g
protein or where thwhere the government has made a particular effort to support and p o
Japan, the Phili in
like China, Poland and

uch nations. In central y s

I d d H fi hf i istypicallyperformedonstate a
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Of great importance is the fact that these production units commonly receive substantial government aid in
research, extension and information services, and supplies of eggs and fry, In Western nations and other
co~nt~ies where aquaculture is a private enterprise it usually suffers from a lack of aid from the government in
services that agriculture takes for granted � especially research and extension services. The dilemma of aqua-
cullure here is that it is not recognized in many countries either as agriculture, animal husbandry or fishing, and
consequently has low visibility and rank in the government heirarchy.

There have been some significant advances in aquaculture techniques in the last decades. These include
�! a trend away from "extensive culture", where animals are held in large enclosures at low densities. toward
"intensive culture" where they are crowded at high densities in small, more manageable ponds or other
enclosures; �! the use of high technology. involving supplemental feeding, disease controi and other modern
techniques,' �! the greater use of brackish and salt water areas in which to raise crops; �! greater control over
the environment and the stOcks.  e.g., Careful mOnitOring Of Oxygen Content Of the water, and the addition of
supplemental oxygen when necessary!; �! closing the life cycle of cultured animals by rnaintainance of brood
stock, with artificial stimulation of spawning to produce eggs and fry as they are needed; �! the productio~ of
SuperiOr feedS and feeding regimeS, tO inCreaae the grawth rateS, viability and market value Of the Cultured
aniinals; �! the development of pens and cages, permitting the more efficient use of water areas, including bays.
fjords, and other ocean areas;  8! polyculture. where more than one species  sometimes 5 or 6! can be raised in
the same pond by using fish that exploit different layers of the water and different populations of the animals and
plantS living there;  9! integrated culture. where fiah are raiaed alOng with duCkS, ChiCkenS, pigS, Cattle Or land
plant crops, employing the waste from these species to increase the fertility of the water; �0! the use of sewage
effluent tO perfOrm the Same funCtiOn; �1! the uae Of waete heat frcm pOwer plantS tO inCreaae the range Of SOme
kinds of fish culture and to iinprove growth rates,

The Status of Aquaculture in the United States

Aquaculture in the United States is highly advanced or less advanced � depending on what part of the
elephant the blind observer is feeling. The United States is highly advanced in many technical areas. These
include: �! Reproductive physiology, where knowledge is already sufficient to exert control over the production
and maintenance of brood stock and over spawning in severai important species. �! Nutrition, feed formulation,
and feeding regimes, to produce healthy, fast-growing animals. �! Environmental control, permitting high
density farming in smaller areas. �! Vertically integrated fish farming, where control is maintained by one
operating group over all or nearly all phases of the operation, including egg and fry production, larval and
juvenile raising, grOw-Out to market stage. harvesting, and marketing. �! Diaease deteCtion and control
American scientists and cominercial operators export these kinds of technology and skills world-wide. including
countries often said to be far ahead of the United States in aquaculture � as indeed many are in certain aspects of
the activity, including some practical operations and the ability to make a living by fish farming

The United States is less advanced in aquaculture in other ways:  I! Public acceptance of aquaculture in
relation to other food production systems  agnculture, cornrnercial fishing!, and to other industrial and recrea-
tional activities. �! Laws, or at least public and societal will to apply legal authorities and rights that aquaculture
already haS, whiCh wOuld permit theae inveatOrS tO Create and maintain viable COmmerCiai unitS. �! Profitability
far many kinda Of fiah farming, nOw diffiCult beCauae Of high COStS fOr land, labOr, feed and Other eSSenlials, �l
Difficulty in satisfying several levels of government regulation and permit requirements. �! General apathy of
the federal government.

Thus, the backwardness of the United States in aquaculture is a consequence of societal, poiiticai and
economic pressures and not of a lack of scientific and technical skills

Aquaculture is sometiines regarded as a new activity in the United States, but in fact it is over 1QQ years
Old.  Idyll. 1970.! HatCheriea were established in thiS Country befOre the turn Of the Century tO Supplement the
natural production of young, for species whose batches had cleclined. It was recognized then, as now, that the
rnOst vu! nerable phaSe Of the life hiS!Ory Of an aquatiC animal is its yOuth, when lack Of food and heavy preClatiOn
COmmOnly reduCe the numberS tO a Small fractiOn of one perCent Of the eggs laid. HatChery enthuSiaStS hoped tO
build up stocks of valuable species by raising them in protected environments and releasing them into the ocean
ln 1885 the Unitecl States Comm~ssion of Fisih and Fisheries pu'I the Fish Hawk into service as a floating hatchery
Millions of young shad, lobsters. cod, pollock, and other species were distributed
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Th t' t proved fruitless in increasing commercial catches, because of poor techniques and the
This activity proveb I t t ele se enough young, and marine atcherles ceased operations in the1920 s, Salmon hatcheries are

inability to release enoug y
back in avor now, re eak 'n a o now, releasing young fish which increase spo~t and cornrr ercialtechniques, ut mo er control of the species raised-' bi'ood 'lo k ho
maintaine in captivi y a

t ined in caPti~~tY and ~Pawning controlled, techniques should be avaiiabie to feed and protect not o ly th
young u e ar er

ng but the lavage~ animals. right up to the time they are r eady for harvest. Natural selection sho uld be o sibl,
so that roo anirn sthat brood animals can be chosen for size, flavor, rapid growthd sirable characteristics, The skiils for this have been developed in the United Stat
desire e c

A new enthusiasm for fish farming has been evident in the United States in recent ye
in some notable successes, with goad profits being made raising several spec,es.call pse o hgh hopes in many instances, and some of these failures have hurt subsequent atte t t
aquaculture by making it ha~der to ~a~ac capital and to get public and government I t

The species ra~sed 'n greatest quantities in the United States are catfish, fre h t ftrout and baitfish; clams and salmon are also irnPortant, and mussels are showing promise. Most of the catfishand crawfish sold, nearly all the trou't, and about 40'k of the oysters are raised by culture. Statistics are poor in
this country  reflecting weak government interest! and production estimates are available only as recently as1983  Table 2!, These are presented through the courtesy of Benson Brucker of the National Marine Fisheries
Service. Data on the number of commercial aquaculture enterprises are even more scanty; in 1980 the support-ing material for the National Aquaculture Act stated that about 5 f00 catfish farms existed in the United States,along with 250 trout, 400 crawfish, 35 salmon, 30 clam, inussel. and abalone farms, and over 500oyster culture
farms. About f5 United States owned rnarine shrimp and 20 freshwater prawn farms operated outside the
country in areas where physical and economic climates are more amenabie to this activity.

Over most of the rest of the world, fish farming is usual'ly a smali-scale operation. ln many countries one of
the chief social attractions of this activity is that it is conducted as a cottage industry, and that it is labor intensive.
ln the United States, by contrast, fish farming is usuaily a large-scale, and frequently a vertically-integrated
industry, Our economic system favors this mode of operation; there is still an opportunity for United States
cettage industry-level aquaculture, but this is minimal.

The strengths of American aquaculture are impressive; first, an excellent scientific and technological
foundation and good equipment: secondly, high entrepreneural and operation skills; and, thirdly, high qua! ity
products.

The constraints are also impressive: �! high costs, �! Official apathy, �! numerous and sometimes
inappropriate laws, �! lack of research and development assistance, including pilot-scale testing of new
systems �! low availability of capital, �! the ecological threats posed by the introduction of non-native species.

Aquaculture iS a buaineSS, and as SuCh muat make a prOfit tO Survive. Dealing aS it dOeS with living
organisms,  in the United States, usually with animals!, it is beset with many risks, including the possibility of
losing the fruits of years of labor. It is a highly technical activ~ty, where knowledge of the results of science is
essential for profitability � at least in our economic system. As a latecomer in competition for land and water
SpaCe it is uaually at a StrOng diaadvantage COmpared with Other cornmerCial and reCreatianal aCtivit~eS. AS a
sometiine water polluter and as a frequent victim of water polluted by other activities, it suffers disproportion-
ately from environmental degradation

Bearing the pressures, aquaculture in our society has little chance of sustaining profitable operations. Or
indeed, even of ge'lting started, without some government assistance. Action � or lack of action � by a govern-
ment can have a powerfuf and even critical effect on the success of attempts to initiate or sustain an aquaculture
operation, Such action includes certain essential elements without which the industry can exist only with
unnecessary struggle arid with diminished chances of success. The essential eiements are:

t. An explicit public policy that manifests a positive attitude toward aquaculture.
2- An e«n-handed system of reguiation that gives aquacuiture some degree of equity with coin peting or

imposing activities,
3. An administra'strative infrastruct re capable of implementing state policies and regulations concerning

aquaculture.
4. Support for repp rt or research, extension services and training for aquaculture.



TABLE 1

TotalMolluscs Crustaceans SeaweedsRegion Finfish

286 26

2,589,151

548,380

86.095 2,392,047

167 100

20,087 1,63730,953

133,178 27.425North America

Total 3,301,948 133,800 2.393. 784 10.500, 764,671,244

Source. Food and Agriculture Organization, Rome
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Asia & Pacific
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Latin America

WORLD AQUACULTURE PRODUCTION
 In metric tons!

1983

43,553

3,575,084

729,200

167,801

155,800

43,865

8,842,377

1,277,853

220,478

316,203



TABLE 2

ESTIMATED U.S. AQUACULTURE PRODUCTION FOR 1983
WK10HT

 Ntetric tons!

15,000

100,000

4, 3009.500

Ci'awflsh 30.000 27.300

Freshwater
prawns

1,500 125 275

Mussels 1,500 1,680 3,700
�75!

275,000
�3,300! 'Oysters 31,500 1 25.000

Pacific 6, 800 9.400 20,600

Salmon

Trout

Other

50,000

7,000

20.000 50,000

3, 200   .000

TOTAL 369,800 308,005 679,035

' Meat We i g ht

Source: National Marine Fisheries Service

SPKCtKS

Baitfish

Catfish

Clams

VALUK
 $1000!

100.000

132,000

�000 lbs.!

33.000

220,000

9,460
�.689! '

60,000



Before describing the government role in aquaculture development. it should be emphasized that careful
examination should be made by government groups to determine whether aquaculture is an appropnate activity
for the politiCal unit COnaidering it. ClimatiC, envirOnrnental, eCOIOgiCal, pOiitiCal, eCOnOmiC, and legal charaCter-
istics of a region may well make fish farming an unsuitable industry there. Thus, in spite of the manifest promise
of aquaculture generally, officials of a particular region should not be dazzled by this promise. but should
Carefuliy weigh the COSta � mOnetary. pOlitiCal and SOcial � of enCOuraging aquaculture againet the returnS that
Can realiatiCaily be expeCted. If the reaulta Of SuCh a Study are prOmiaing, the gpverninent Can increaae the
ChanCea Of SuCCeSS Of a fiah farming induatry by COnaidering ita rOle, inCluding the four essential elementS
previously mentioned,

The OowmmerN' ~ Role ln Aquaculture Dewloprrtent

1. A favorable attitude toward aquaculture by the state can be inost clearly manifested by explicit pubiic
pOliCy Stating that the aCtivity ie in the publiC intereat. This iS mOSt IOgiCally iOCated in an aquaCulture aCt whiCh
the legislature should probably pass for this and other purposes. The passage of such an act is in itself a
statement of a positive attitude. But obviously, the attitude will most effectively be shown in the actions of state
officials in dealing with the industry.

2. An even-handed system of regulation can be centered in an aquaculture act, As a latecomer among the
many aCtivitiea uaing the water and Shoreline envirOnrnent. aquaCulture haa been laden With a COnfuaing and
burdensome array of regulations, many of which were designed for other activities and are inappropriate to fish
farming. There are 120 federal laws, scores of state and municipal laws and hundreds of regulations that impact
On fish culture in thia COuntry  Aepen Syateine COrp.!. Theae are deaigned tO keep peaCe between aquaCulture
and aCtivitieS On whiCh it irnpinges, to prateCt the enviranment, tO prpteCt publiC health, tO COntrOI diaeaae, and tO
acCOmpliah many Other taeka whiCh are in the pubiiC intereat. Aquaculture shOuld nOt be given exemptiOn from
necessary environmental regulations. but by the nature of this new activity and the history of many of the laws in
exiatenCe, it haa tranapired that fiah farming ia SOmetimea unneCeaaarily and unfairiy burdened by laWS intended
for other activities.

Appropriate regulations and laws include those which establish clear property rights in the organisms
being cultured and in the subaquatic lands and the water column where the culture is taking place. through
provisions for leasing land and water areas, To quote from a paper prepared for the Worid Conference on
Aquaculture held in venice, Italy, in 19S1  Idyll, in press!: "A major problem faced by fish farmers is the difficulty
of establishing ownership or legal control over a water area. This is especially hard in coastai regions where
rightS tO uae and traverae water have already been vested in uaee wh~Ch may be inCOmpatible with aquaCuiture
These uses include commercial and sport fishing, recreational boating, navigation, waste disposal minerai
extraction. and aesthetics. Aquaculture usuaily appears on the scene long after the other uses have been
establiShed and accepted, and there may be nO rOOm fOr a new cOntender. Whereae in Japan. the exiStenCe Of
forests of stakes supporting seaweed culture or crowds of rafts covenng coastal bays is accepted as a matter ol
COurae. In the United Statea, rafte far suspended Oyater Culture Or pens fOr Salmon raising have caused strong
opposition from residents on the adjacent shoreline."

3, In the prOCess of eatablish~ng regulatiOna, a State gOvernrnent ShOuld eneure that it Createe the
I nfraatruCture neCessary tO make it wOrk effiCiently. Regulati One ShOuld nOt impOse a crushing administrative
and bureaucratic burden on the fish farmer � as is unfortunately very frequently the case. To quote from the
paper cited above, "ln the U,S,A. the states have the primary authority and responsibility for developing and
supervising aquaculture, although the federal government has a substantial role  and one that many in govern-
ment and industry think is too substantial.!. But most of the laws that specifically authorize or control aquacul-
ture business operations are at the state level, and state laws and regulations often have greater impact than
federal actions on the daily operations and on the end of the year profit or loss sheets "

Complianoe with reguiatiOnS has sOmetimes been SO burdensome tO fiah farinerS that their enterprises
have failed for thiS reasOn alcne. Water laws and regulatiOns are amOng the mOSt trOubleSome AS One Of many
examples, the United States Army Corps of Engineers requires permits for the disposai of dredge and fill, based
On requirernentS develOped by the EnvirOnmental PrOteCtiOn AgenCy. "The law alSO iequireS that the Fish and
Wildlife Service of Interior and the National Marine Service of Commerce have opportunity to review applica-
tions." Then, one or more state agencies may also review them. "One of the commonest complaints ol fish
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erns the length of time and the exPense of securing dredge and fill and other permits. Delays due to
farmers concerns e erf everal agencies may take one to two years, Most states have not developed the machinery, staffs and
reviews of severe agen
skills to imp emen

»e growers are handicapp dby h
' P om theirstate, ln Virginia. the Ma R

inspectors to ce i y 0

lacks a equa e
for oyste~ leases, and the stat i f �

applications
y «ke ~even to eight yea� to

situation in
written, but it is

administrative machinery is not fully up to the task.
Quoting again from the paper Prese~ted at the Venice Conference in t 981: "Many and perh o t t thave not made serious efforts to promote aquaculture, but others have. Florida has a special Mari It A t, dhas made official pronouncements of policy supPort. This has not been fully effective yet since the state hasretained a cumbersome bureaucracy i~~olv~~g 32 agencies without a clear central authority. Oregon hasestablished a State Permit Center and a Regulations Service Program whose objective is to simplify permit

requli'ements and to make their results more certain."
"Hawaii has been the most aggressive in the official encouragernent and practical assistance to aquacul-

ture. In 1977, the Hawaii Coastal Zone Management Program published a Register of Government PermitsRequired for Oevefopmenf, '... to encourage Government agencies and the public to consolidate and streamline
the development review process so that Government red tape can beeiiminated without compromising Hawaii's
environmental quality.' That same year the Department of Planning and Economic Development issued Permits
an<1 Environmental Requirements for Aquaculture in Hawaii, which 'provided an analysis of the redundant and
overlapping Federal, State, and county laws... T'his document .. provided the impetus for a major regulatory
reform in Hawaii that has vastly simpiified certain permit and review procedures.' lt proved so useful that a
revised edition was issued in 1980.

in the latter document, an introductory statement by the Governor of the State summarized the problem
faced by prospective aquaculture operators in the United States: 'lt is often the complexity of today's society
which discourages citizens from becoming entrepreneurs... very often the anticipated gains are simply not
worth the cost in time and effort to overcome institutionai barriers, The growth in government red tape � peimits
and approvals required, officials to see, hearings to be held, forms to be filled out, studies to be done, statements
to be filed � has been discouraging to everyone who confronts the tangle. Red tape is often the resultof society's
laudable desire to protect its citizens and environment, and we pass laws and regulations to prevent similar
crimes. In the process, we handcuff desirable activities.

A SpeCial aCt in Hawaii Seta fOrth pOliCy and SpeCifieS the kindS Of available aide and the contrOIS impOsed
The aquaculture Planning Office provides a consulting service for active or would-be farmers. State offices work
with applicanta befOre the permit prOCeSS begins, Substantially reducing delayS frOm abcut two years tO as little
as two months.

4 Agriculture in the United States is acknowledged to be the best in the world It has gained this eminence
to a significant degree through the information and techniques provided by research in the universities and
government institutions. It is taken for granted that agricultural research must be done, and that it must be
continued indefinitely since new problems are constantly being encountered. Aquaculture has the same needs.
Re eesearch on a complex array of probleins facing the industry is necessary; life history and biology of the species
beineing raised; genetics and reproduction; growth and behavior; nutrition and diet; environmental requirements;
e~g~neering, COnatructicn, and operatiOn Of hatCherieS, pandS and Other faCilities; diaease and paraaite COntroi
Production of seed stock; predation and mortality; harvesting and processing; introduction of non-indigenous
species. Agriculture receives this kind of research and inore, continuously and as a matter of course, from the
ed«al and state governments the attitude of the United States federal government is that aquaculture, although
't » a food producing industry, must stand on its own in providing research support. This leads to a catch-22
situation since there is no aquacuilture industry, in the sense of large companies or cohesive consortia of
companies. raising one crop, which couid af ford to maintain support for the necessary research. After a certain
stage of devevelopment, such strength might be attained by industry. But any pohtical unit with serious intent to
«eioP aquaculture should expect to support some level of research and pilotscaie studies. Some of this could

be Provided by S~PPort to university and other scientific groups. Support for extension services and training
could be handled similarly,
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Summary

In summary, aquaculture can be an activity of considerable economic and social value, providing food.
jobs and profit, and using water and land resources that might otherwise be under-utilized. But while this
substantial promise exists, it should not be assumed that aquaculture is appropriate everywhere. There are
places and times where environmental, economic, poiitical. or administrative conditions prevent aquaculture
from being successful.

Aquaculture in the United States is a relatively smallindustry compared to this activity in some other parts
of the world, and compared to agriculture. This is partly because it is a relatively new activity as a science-based
food industry and partly because the United States is not short of food. But the products of aquaculture are in
demand and can be of especially high quality, and with catches of seafood facing a fixed upper limit, fish farming
deserves careful scrutiny.

Aquaculture in the United States is backed by good technical information, but it is constrained by high
costs of labor, land and other requireinents, and by social and legal barriers. To be successful, an aquaculture
enterprise should have the explicit support of government. If a state determines after careful weighing of
probable benefits compared to monetary and sociai costs that aquaculture would be an appropriate local
aCtivity, the gOvernment ShOuld be prepared tO COmmit the legal and finanCial baCking required for prOfitable
operations.

Questions and comments following Dr. Idyll's presentation

The first question to Dr. Idyll was: Considering the success of catfish, crayfish, rainbow trout and oyster
aquaculture in the United States, have they successfully overcome the constraints you discussed> Are they fairly
old industries that were there before the regulatory morass was created and so did not have to be confronted with
it? SeCOnd, haa gOvernment Suppcrt been SignifiCant in their preeent SuCCeSS, and if SO, tO what extent?

Dr. Idyll pointed out that catfish and trout aquaculture are very different in their history and both have
surmounted problems, creating successful and profitable activities to some degree despite the government. The
trOut induatry exiats, Of COurae, beCauae Of highly favOrable envirOnmentai CirCumatanCes, namely the availabil-
ity of good water, As to the catfish industry, Dr. Idyll said he really did not know to what to attribute its success,
catfish farmers continually have fought with the government. and have sought its support. Certainiy catfish
farming has had state government support. notably in Mississippi. The trout industry received no financial
government support or encouragernent, but profited from research conducted for the trout sport fishery

Dr. Idyll alluded several times to the importance of public acceptance. Because the organisms most under
culture are those the public liikes � such as oysters � was the reference to public acceptance of the product. or of
aquaculture as a business?

In answering, Dr, Idyll contrasted the general attitude in the United States toward aquacuiture with what
he haa Seen in Other partS Of the wOrld, in ASia far example. "I was deeply impreSSed in Japan by the fact that in
bay after bay along the coast there are forests of stakes and multitudes of cages where aquaculture is being
carried out. This kind of occupation of the shallow water closest to the coast would not be tolerated in the IJnited
States. In fact, there were some attempts on the West Coast where oyster farms were created and other places
where SalrnOn Cagea were Set up and the OperatiOnS had tO be StOpped beCauee the publiC wculd nOt permit the
operations to continue, Thus. the attitucle I allude to is one where aquaculture is given some kind of preference,
or at least equity, in operations along the coasts.

Qf course there are many opposing interests. recreational fishing. boating. swimming, and so on and
many laws. Laws depend on the will of society and the attitudes of the public, and many of these laws make
aquaculture very hard to sustain, I think the reason that catfish and crayfish farming have boomed so fast 1$ that
they are On privately Owned farmiand. That iS in Sharp COntraat tOOyater prOduCtiOn in COaStal areas where there
are multiple use confiicts.
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d that the cages and stakes in the bays of JaPan are specifically related to a
A listen' te er commented t ar hi between cooperatives- e i and the government

partners ip e s been successful in paternaiistic soc; t,
exists In ot pinother artsof thewor w e p les in a large part of india. In free enterprise world th
o p
f car s in Poland and China, an or o r o ay are small compared to those where p bl

not much aquaculture; even e
efforts are integrated.

A floor comments or i't 'tor dlscussecl the essentially two types of aquaculture
States, One type is sma pr

ail ProprietorshiPs, partnershiPs, or small col'porations which have the advantage th t
they have no large over ea

I rhead to support, generallY not a large capital base to carry, and a general lack of built-
corporate bureaucracy or

b racy or procedural requirements. The other type is the large corporation
corporations in e ni e

t' 'n the United States today are not production-oriented in the aqualculture sense They may procesfood, but don't farm it. Large c«Porations have the advantage of strength and power and experienced staff tofi ht thro gh Procedures and regulations, and they can sustain losses for a long time. gut after creating thaquaculture subsi dier Y and carrying it, they find it does not produce sufficient return on investment and they g t
rid of it.

There is much evidence that large corporations have a hard time making it, but on the other hand, there
aren't many small operations that have succeeded, either, and those which have succeeded � trout and catfish-are marginal. 8ut listen to what the land farmers have to say and it becomes clear that traditional agriculture is
marginal, too,

A number of comments were directed to government regulations, especially state regulations. One point
in regard to the small aquaculturist is that he would profit most from what might be termed benign neglect of
freedom from some restraints which often inake no sense. However, a related point is that the aquaculture
industry such as it is, has been of little or no help to the government in formulating sensible and useful
regulations, ancl in establishing guidelines that will protect the public interest while aiding the cuiturist.

Comments critical of government regulation were balanced to some extent by other comments pointing
out that state agencies have been very helpful, within their ability, to give assistance, but are often bound by laws
which they must carry out even if counterproductive. A New Jersey Department of Health person added that too
often persons approach the agency resentful over the fact of being regulated at all instead of discussing specific
problems and seeking solutions together,

A final comment to close Dr. Idyll's portion of the program was from a person who said that his experience
with government people was pretty positive; he had come to realize that there is only one way the image oi the
bureaucrat can go. and that is down. because all the helpful and useful actions go unnoticed while mistakes or
u~pOpular aCtiOnS are given wide publiCity and COmment... yet, On balanCe. age~Cy people. whether Federal Or
State, are very dedicated and helpful.
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CHAPTER II

THE NON-FOOD ASPECTS OF AQUACULTURE

John H. Ryther
Director, Division of Applied Biology

Harbor Branch Foundation, Fort Pierce, Florida

John Ryther was associated for over thirty years with the Woods Hole Oceanographic institut~on as a
research associate, marine biologist. senior scientist, Chairman of the Department of Biology. and Director of the
Coastal Research Center. He continues his association with Woods Hole Oceanographic institution as a guest
investigator although his focus of act~vity is now the Harbor Branch Foundation at Fort Pierce where he moved in
1983, He has been professor of aquaculture at the University of Florida, Gainsviile, where he continues as Adjunct
Professor of Agriculture, and he is Adjunct professor of Oceanography at the Florida institute of Technology at
Melbourne. Dr. Ryther was educated at Harvard, where he earned his doctorate: in addition, he holds anhonorary
dOctOrate Of SCienCe frOm the Univeraity Of New Hampehire. InCludeCI arnOng hiS many hOnOrS and aCtivitieS are
Directorship of the United States Biological Program for the Indian Ocean Expedition, Chairmanship of the
Tropical Laboratory Study Committee of the Associated Universities, membership in a number of commissions
and committees of the National Academy of Sciences-Research Council, including head of the Commission on
National Resources; membership on the Biological Oceanography Panel of the President's Science Advisory
Committee. Commissioner on the United States Marine Mammal Commission, and member of the editorial board
of several scientific publications, including Aquaculture.

We begin with a bit of history about waste water treatment, which is a non-food use of aquacuiture. Shortly
after World Was ll. a method was developed for treating waste water by dumping it into ponds, called sewage
oxidation ponds. The concept was that organic matter would decompose and produce nitrogen, phosphorous,
and other nutrients needed to support the growth of algae, the algae would produce oxygen for bactena to
decompose the sewage, and the bacteria would produce CO2 needed by the algae. With ali parts of the system
working together, the organic matter would be converted from something not very pieasant to nice, clea~ aglae.

The problem with the system is that if waste organic matter is converted to aigae and then the algae is
dieposed Of in a river, lake, Or OCean, the OrganiC IOading is nbt reduCed at alf; there iS juSt aS muCh SuSpended
SOlid, and juat aS muCh BOD  biOIOgiCai Oxygen demand! in the algae aS there were in the waateS. The next Step.
then, iS tO run the algae thrOugh sOme kind Of procesa wh~Ch will de-water, grind up and sack the residue. which
may then be used for cattle feed, fertiiizer or mulch.

At this stage, that horrid word "economics" emerges. It costs a lot of money to extract the algae! rom the
water, far more money than any use of the algae could bring. So the system has never proved to be economically
feasible.

Peopie around the world who tried to raise single-cell algae as a high protein food. always ran into the
same economic constraint. In attempts to improve the economics, the concept was then taken in two directions

Growing Higher Plants in Waste Water

A number of higher plants have been grown in waste water with varying degrees of success. and perhaps
the best example is in the South, especially in Florida. Water hyacinths are grown in waste water in a number of
places and are very effective in cleaning up the water. The plants are big enough for relatively easy harvesting.
but once harvested, what's to be done with them~ lt's costly to haul them around and the final product of any kind
Of prOCeSSing isn't wOrth muCh. The plants can be cOmpoated and used locally, and this iS dOne IO a limited
extent.

Anather apprOaCh Can be Seen at Dieney WOrld: A big hyaCinth farm praduCeS plantS that are digested tO
produce methane gas for fuel. The system is neat, effective, and economicai.

A related process not strictly aquaculture, is what EPA and others are calling Nutrient Film Technology
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There seems to be considerable interest in the technique, which has been known for years as hydroponics.Terrestrial piants grow huge root masses in gravel or some other substrate through which a thin film of waste
water flows, This technique probably is worth additional examination.

Anirttala to Harvest Waste Water Plants
instead of paying the mechanical and energy costs of getting algae and other plants out of the wastewater, why not get an animal to do it for you't The Chinese have done this for centuries, using Chinese Carpswhich eat plankton and detritus directly. A number of animals are available which feed low on the food chain,either eating the algae or feeding on the small plankton animals which feed on the phytoplankton.
The method has produced very large fish production in a number of places. Again, the problem is one ofeconomics. The kinds of fish which feed at the proper trophic levels are not much prized by the American fishfood eater. While carp has an ethnic market, which is very seasonal, the price remains low or the marketnon-existent except for a few days a year. Other species similarly face low demand and low price, and if

production is in waste water, that fact deals the final blow to marketability.
Mtafng Waste Water and Sea Water

At Woods Hole we conducted a similar marine-based project to see if we could grow single-cell algae in a
mixture of waste and sea water and feed the aigae to such marine animals as clams, oysters, musseis, andscaiiops, We got good conversion and good growth of oysters and clams, but we did run into some problems.One waa that we couldn't control the species of algae in the big, open ponds, so we ended up with weed specieswhich would not support the growth of local oysters and clams, although the weed algae did well in supportingexotic speciea like European and Japanese oysters and Philippines hard clams. We don't understand why. Wegrew a pretty good crop of the exotics, and then ran into a basic ecological problem: animals do not eat their food
with 1004%%d efficiency, We had efficient nutrient removal from the sewage by the single-cell algae, then the oystersate the algae and put all the nutrients back into the water again. So, as a final polishing step, we used seaweeds as
an excellent filter which took out all the nutrients the shellfish had put back into the water again. We ended up
with clean waste water and a crop of seaweed.

The next problem was with the Food and Drug Administration. We hired a virologist and added polio
vaccine virus to our system in huge quantities as a tracer, We found that if we depurated the oysters and clams for
a couple of weeks we couldn't find any traces of virus left in the system. But the FDA people asked if we couldprove there wasn't a single virus present in the oysters. Of course we couldn' t. They claimed that one hepatitis
virus can produce hepatitis. That may or may not be true, but it appears as though the heaith implications of
growing a crop like oysters and clams in waste water eliminate the possibility of doing it commercially.
Seaweed and Biomass

Finally, we questiOned why we shOuld gO thrOugh the labOriOua proCeSS Of treating waste water tO grOw
phytoplankton, feed it to molluscs, and then grow seaweeds; why not just run it through seaweeds in the first
place? We started working with seaweed, and that turned out to be very satisfactory.

As we ran into the first oil crises, the Department of Energy began hunting for new energy sources, and
among these was bioinass. The idea was to grow biomass, convert it to methane by anaerobic digestion and so
produce a nice, clean fuel. Department of Energy wanted scientists to devise ways of producing quantities of
biomass. We applied for and received a grant to grow seaweeds for biomass, and moved our operations from
WOOda HOle, MaasaChusettS, lO FIOrida beCause we Cauld graw abOut twice as muoh Seaweed in the warmer
climate.

We becaine quite proficient in growing seaweeds in a highly intensive system. We aerated ihe flow so thai
the seaweed is continually suspended in the water and got tremendous yields. Although the green alga uiva was
one of the most successful, the fastest grower was a red seaweed, Gracifaria, which is found up and down the East
COaat Of this cOuntry, and all aver the wOrld. The yieldS Of GraCifaria were aa high aS 50dry tOns per acre per year,
and if you know about crop yields, you know that such an amount is tremendous production, about as high as any
plant on earth. lt compares with the impressive yields of sugar cane and some of the other grass-type land plants.
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To get such yields, we had to pump great quantities of water, and in terms of energy. the system was iust
nOt energy effiCient. Then the Oil ShOrtage ended and there turned Out tO be a glut Of natural gaS, SO the whOle
Idea of growing biomass for energy no longer looked exciting. We' re still getting a little support. due to
government inertia, but our hearts really are not in biomass production any more.

There is however, another fascinating aspect to seaweed growth, and especially to our work with
Gracilaria. Like other red seaweeds, Grecifaria contains a valuable marine colloid, in this case, agar, the gei
material put on bacteriological plates to grow cultures. There is a huge industrial and medical demand for agar.
as there is for the other marine colloids, carrageenan and alginate. The demand for food grade agar is especially
high. Every MacOonald's hamburger has some agar in it, in the sauce.

Much of 'the agar we use come from Japan, produced from a red seaweed called Gefidi um harvested from
their cOaatal waters. But pollution is depleting the Japaneae CrOp, SO the Japaneae are searching around the
world for new sources. There is a lot of Graciiaria that grows in Florida's Indian River and other places up and
down our East Coast, but unfortunately, it is a poor source of agar On the other hand, Gracifaria grows
vegetatively; it is a sterile plant which does not go through a reproductive cycle at all, and one of the interesting
things about it is that it mutates freely. Not only the color, but the shape and everything else changes.

Some of the mutants are not red, but green. Some have no agar at all. and others have a lot. We now have
27 varieties of Grecifaria and have hired a biochemist to begin looking at their chemical content. One that is an
exCellent agar SOurCe, better than the Chilean agar which haa been uSed COrnmerCially and expldited by the
Japanese. Ours are all natural mutations, but a Canadian scientist working with Gracifar a has been using
chemical rnutagens and has produced hundreds of varieties.

YOu can see the pOtential. If yOu Can grOw 50 dry tana per aCre year and produCe gOOd quality agar which
sells for about a thousand dollars per ton, that is pretty good farming.

The possibilities of Gracf feria mutations does not stop with a good agar producer. One mutant, a really
deep red one, contains about three percent of its weight as phycoerythin, the red pigment, Those of you who are
up to date on biotechnology are aware that phycoerythin is very much in demand because it is conjugated with
monoclonal antibodies for detection by laser. The pigment flouresces at just the proper wavelength. Now.
phycoerythin is worth about $2500 per gram � and these plants contain three percent of the pigment. It isn't easy
to extract, but perhaps the technique can be improved.

The potential of seaweed for useful active substances has not really been investigated enough. bul even
the little we know tells us more effort would pay off. For instance, another of our seaweeds contains a substance
usefui in medicine and agriculture; a nematologist at the University of Florida, who tested some of our seaweed
extracts against nematodes under a small Sea Grant, found one that was extremely active Extract from the
seaweed not only controls the growth of nematocles, but stimulates the growth of the host plant � tomatoes in
this case. We' re beginning to try to grow that seaweed as an agriculture materials source.

Finally, the cOmmOn temperate zone seaweed, AScdpnyffurn, whiCh grows in the New England intertidal
areaS and in EurOpe. COntaina fairly high COnCentratiOn Of a g rOwth hOrmOne particu arly good fpr rOot crops iike
potatoes. It's obvious that there are a lot of such useful naturai products which could be utilized.

We found another use for our Gracifana mutations, by the way, which feads me into another non-food use
Of aquaculture. PeOple frOm the trbpical fiah induatry Came by and they happened IO IOOk intO Our tank S. and they
saicf, "Wow! Where did you get that stuff?" We told them we grow it all the time, so they asked Ior some to take
back for market testing for a aquarium use, A few weeks later we got a big order from them. and they asked how
much we would sell it for. We figure that the stuff was worth about 10cents a pound for methane, but worth more
than that to them, so we decided to charge a lot � 5 I.50 a pound. They said they'd take a large quantity, and we ve
been shipping to them regularly. I lust found out a couple of weeks ago that they' ve been sel ing it for $10 00 a
bunch. I think our price will go up next year.

Aquariums and tropical fish are big business. Florida is the leading United States producer of ornamental
fish, a 50 to 100 million dollar business annually, mostly of a "mom and pop' type Only a very few species are
bredand grown in captivity. The most valuable onesare imported from Hong Kong, Thaiiand, Singapore, and the
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Philippines, The fish are collected from coral reefs with cyanide which kills three-fourths of the population. Theother fourth is shipped to the United States and three-fourths of those are dead by the time they get here. So theprice is very high per fish, and the sizeable market is expanding. Oecirnation of the natural reef populations has
become a very serious problem.

There iS nO reaSOn why exatiC fiah frOm 'the TrOpiCS shOuld nOt be bred and grOwn. We' re wOrking withabout a dozen species in our laboratories, trying to develop a breeding technology that will make us independentOf fOreigh ShiPmenta With their huge IOSSea. If prOfit ia yOur rnOtive, IOOk at it thia way: priCe tO the grOwer far afOOd fiahoatflah-ia abOut 70 cents per pOund, SOme of the ornarnentals are worth about $400 per pound.
I think my principal point in all of this is that the non-food uses of aquaculture have considerable value and

promise.

Ctwstfons and comments fallowing Dr. Ryther' ~ presentation
Carrageenan is a marine COIIOid muCh like agar which also is Obtained frOm red SeaweedS. Or. Ryther

nO'ied that Carrageenan happenS tO be plentiful at the mOrnent COmpared with agar and hence doeS nOt have thesame value. He does have a few tropical species which do produce carrageenan. While there is a bit of research
on red seaweeds going on in Canada, Maine, the traditional United States source, is devoting itself to harvesting
only  Canada and Maine have been principal suppliers of irish Moss, C, criapus, valuable for its carrageenan
content!.

A questioner astonished at the news that water hyacinths are being cultivated on purpose after all the
efforts to get rid of them in Southern waterways, asked what products could be made from the pests. Or. Ryther
replied that mulch could be made from hyacinths or they could be fermented for methane, but the vaiue is very
low, They are grown only because they are so effective in waste water treatment.

In answer to another question, Or, Ryther said he thought there probably were fresh or salt water seaweed
or algae species that could be used in New Jersey for waste treatment, and efforts should be made to key the
species to the kind of waste, e.g. agricultural waste, human waste, or industrial waste.

Following up on his comments about tropical fish in answer to queries, Or, Ryther noted that ornamental
flah iS the SeCOnd mOSt pOpuiar hObby in terma Of mOney Spent, with the winter mOnthS aa the big market SeaSOn.
TrOpiCal fiah breeding can be dane with mOdern CIOsed syatem teChnOIOgy; hiS Own Syatema are semi-CIOsed far
the fish and open for the seaweeds. For the future, as breeding succeeds. prices will probably drop anc
companies will set up in the Caribbean where they can work more profitably.

Finally, on Ihe reason for open systems and high pumping rates for seaweed, a new supply of CO2 must be
introduced constantly to get high yields. If one could set up next to an industrial plant, with CO2 output, pumping
costs would be less.

For New Jersey, Or. Ryther recommended senous consideration of aquatic plants as sources of high value
materiais and for their ability to clean waste water.

39



CHAPTER III

CANDIOATE SPECIES FOR AQUACULTURE IN NEW JERSEY

Michael Caetagna

Scientist-in-Charge, Virginia Institute of Marine Science
Eastern Shore Laboratory, Wachapreague

Michael Castagna became a Virginia Institute of Marine Sciences Division Director in 1979 after a career
which carried him around the United States and to a number of countries abroad as a planner, designer, and
consultant on aquaculture business and academic aquaculture ventures. He is an internationally recognized
authOrity On the Culture Of mOilusCs and had held OffiCee ranging fram ExeCutive COmmittee memberahip tO the
Presidency of 'lhe National Shellfisheries Association, He is Assistant Director of VIMS and Professor, College of
William and Mary.

After completing graduate work with an MS at Florida State University in 1955, Michael Castagna spent
two yearS ae an aSSiatant curatar at Marineland, FIOrida, befOre jOining the Bureau Of COmmerCiai FiSherieS
where he beCame a reeearCh biOIOgiat. During this periOd he beCame a diver and underwater Camerama~.
working on fisheries investigations between mollusc culture activities. Starting in 1958, he became known as a
practical expert in mollusc culture and was called as consultant to cornrnercial growers and several un~versit~es
for which he planned and develOped marine Culture faCilities. amcng them the UniverSity Del NOrte in Chile. Mr.
Castagna has written widely on the basic biology and applied culture of mar~ne oragnisms, and an indication of
the regard of the aquaculture community is, when a problem in mollusc culture arises, "ask Mike"

Aquaculture as a business in the United States is fairly new, but it has been used as a management tool for
many years, as in providing cultch for oyster set, or operating trout hatcheries for sport fisheries. Back in the
early t 950's, aquaculture became an extremely popular field for investment, and a lot of damaging things were
done in the name of aquaculture that set the industry back many years.

Very Often, Candidate SpeCieS were ChOSen that had nO chanoe Of making it. The Culturiets wOuld Say. 'I'rn
in an aquaculture business." only they ignored the meaning of "business.' One basic thing about a business is
that the product has to sell at a profit, and aquaculturists were slow to learn this. In fact, we had a man in our area
who grew a product to just below market size, at which point he had 25 cents per item invested. and he sold the
product for a nickel. The sooner this man got out of business, the better off he would be. Obviously, in a case iike
this. increasing production was not the answer.

Originally, more often than not, species were selected because they were easy to grow. There was no real
concern about marketability. For instance. a well-known millionaire in the fishing business supported a lot of
research in Florida for pond culture of menhaden. He thought if he could grow menhaden under controlled
conditions, he would escape all the other problems of the fishery, such as a tempermental fish captain and it
would be the happiest day of his life. When you reaiize that even in today's market menhaden are worth only a few
Cente per pOund and were wcrth even lees then, it was nat a viable bua~neSS ChOiCe Of speCieS. HOwever, the
menhaden were easy to grow � easy, but not cheap.

The next species to be tried were mullet--and mullet brought 10 cents a fish in a good year in Florida.
Finally, there waS a SwitCh frOm IOw value tO high demand fish like pOmpanO and red Snapper. and crustaceanS
like white shrimp, This was the right way to go--except that the species. though they had high marketability. were
being farmed in a poor area of the country for their culture. For instance. pompano leave Florida every winter
because temperatures drop to a lethal level. White shrimp weren't ready for culture except perhaps on a
labOrtatOry SCale, and red snapper had tO COmpete with a pretty gOOd fiehery, and the teChnOlogy waSn t
established to grow them.

During this period, we went through the idea of feeding the world through aquaculture. It's a high ideal
but the third world which needs the aquaculture product are going to have to produce for themselves-and quite
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a few are doing so. As for the United States producing the aquaculture products, when we consider our highlabOr COStS, the high COstS Of water and land, and even higher COsta fOr engineering, plua the Strdng dallar, theCOuntries that need aquaCulture praduCtS, the mOSt Can't affOrd them. SO a ldt Of the gOOd, eaai ly g rawn fiSh mastuseful for protein had to be abandoned as prospective specimens. On the other hand, the technology wedeveloped for some of the spec~as which have little or no market in the U.S. was applied and even improved in
other countries. So prolects thar didn't pan out economically here did some good eisewhere.

One species did work out-catfish. It's a hard business to understand in some ways Onginally catfishfarmers just started as pay-to-fish ponds and made money doing it. A few trout farmers, incidentally, have madea little money the same way. Well, the catfish people kept producing more and more catfish. and the technologyimproved with some gooduniversity research, and the farmers went out and found markets for their catfish. Theybanded together and started promoting, and today farmed catfish are a staple. We even have fast food catfish
outlets. So that industry is booming.

For a while there were many trial projects with polyculture, catfish, bass, and bluegiils all together in thesame pond, if the ponds were in the right geographic area from the standpoint of climate, the ponds eventuallyCOnverted tO juat Catflah. Carp were grOwn, tOO, and IOOked prOmiaing far a whiie. Carp Sell far a high price inNew York and other places were there's an ethnic deinand at the right time of year--but at other times you can' t
give them away.

Finally, looking at aquaculture aa a business led people to the only economically sound conclusion: togrow species for which there is high market demand and a good price. species which can be produced at a costthat will allow a return on Investment and a reasonable profit. Today, the aquaculture business is growing
shrimp, prawns. clams, oysters, abalone, and a few high priced finfish like red drum.

SOme Of the gOOd high-value SpeCiea have prOblerna, tOO. Often Our Climate iSn't really well suited, and
aquaculture businesses have moved to other places, usually south in more tropical areas.

The regulatory climate also offers plenty of problems. We have so many regulations that people who might
otherwise develop a profitable business simply give up, or grow broke paying lawyers. Part of the social problemia that culture of many species may compete with a traditional fishery, and a 'lot of fishing associations do their
best to block aquaculture because of the possibility of competition.

With this background, let us try to set up some criteria for choosing candidate species for aquaculture �-
and this applies not only in New Jersey, but anywhere people are thinking about going into the aquaculture
business,

First, the selected species should have good market demand and a good market price.

If these two factors are not present, the task of marketing becomes so overwhelming that no enirepreneur-
ial Outfit COuld make it. A majOr COmpany with plenty Of Capital reSOurCea and plenty of patienCe wOuld be
needed

Interestingly enough, in the early days some of the biggest money made by aquaculturists was in selling
their little outfits to big corporations. For one thing, the econoinic structure of the country is such that a big
company could pick up a little one and write off virtually t' he entire costs of the RB D and market development. If
the enterprise failed � -and a lot of them did--there were further tax write-offs. In essence, the big outfit had a
choice: give it to the IRS or put it in aquaculture.

Second, with a good market and a good price, is species compatibility. The geography must fit the
candidate spec~es. Temperature is of primary importance. Now, it is true we can improve on nature's tempera-
tures with power plant effluent, or with the big inflatable greenhouses used in Florida in recent years by
ornamental fiSh Culturiats. Or thrOugh Other engineering rneanS, but keep in mind we are talking about buainess.
If too much money has to be put into engineering and energy, those who provide the energy and engineering
inake the money, not the aquaculturist.

The Choaen SpeCieS alSO muat be COrnpatible with native aquatiC and terreatrial SpeCieS, and with the
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environment. A species which might prove antagonistic, or might bring disease or parasites into an area must be
avoided. If the very idea has all the residents of the area and their associations up in arms, the species is
incompatible with the social environment. These are not minor matters. There are species which have escaped
into the wild and Cauaed diffiCultieS; fOr inatanCe. Ihe famOua "walking catfiah" Caae in FIOnda, There have been
several Caaea Of aquaCulture prOjeCta whiCh were SOund in every way � exCept that the pena, neta. trayS, Or
whatever were considered to ba "visuat pollution" by people who owned waterfront property, and the owners
won out.

Thircl. it is a good idea to look into the history of native species for possible aquaculture candidates. In too
many regions some of the fine and highly prized species that used to be plentiful are no longer around in
COmmerCial quantitiea. The reaSOn may be degradatiOn Of the Water, Or it may be pallutian COmbined with habitat
destruction or even over-harvesting. But, the waters still are poiluted and the habitats changed, you say, so that
door is closed-but that isn't necessarily so, Often the weak iink in the fife cycle of sotne species is the embryo
Stage. FOr inatanCe, Oyatera are very vulnerable tO relatively ininOr Changea in water quality from the time they are
eggs until they become larvae.

In thia and Similar Caaea, if yOu Can COntrOI the early Stagea in a hatChery, treating Or SeleCting the hatchery
water Of siting the hatCheriea in gOOd water. the speciea Can be brOught Safely tOa uaeful Seed Stage and planted
in areas less than optirnurn for hatching but good for growth, Those of you familiar with aquaculture history can
recite l~sts of operations of both sheilfish and finfish species that are hatchery based. Some are publicly
supported and some are successful commercially.

Fourth, it is important to select a species for which the technology of culture exists. If the technoloty isn' t
there and it ia neceaaary tO Spend a COuple Of years On reaearCh and develOpment yOur entire Capital Can be eaten
up and bankruptcy is luat araund the cOrner. Thia uaed tO happed quite Often in the early daya, and thOSe who are
gOing intO the aquaCulture buaineaa tO make a profit shOutd take thiS very Ser~Oualy, and SeleCt SpeCieS we knaw
how to grow.

Fifth, there are many factors which add up to economic feasibility. There is the cost of space. If the species
requires lots of room. the costs go up, so you are better off choosing an animal which can be grown in a tight.
efficient little culture facility, Then, there are time constraints. If growth to market size takes a year, more or less.
you perhaps can live with that, but if it takes six years, you' re in trouble. It isn' t enough to say, "I can get six times
as much for this procluct, so I can take six times as long to grow it." In six years a lot canhappen: storms. flooding,
extensive power failures, drought, a polluting industry setting up next door, a change in political climate which
affects the degree of protection you get, or even a change that imposes a whole new set of regulations you
cannot meet and stay in business.

Sixth. and last. an aquaculture business has to be managed like any other business. Without going into ail
the elements which constitute good management, let me sum up a lot of 'them in one sentence; lf it costs a dime io
grow a thing you can only sell for a nickel, don't grow it.

Now. let's look at species which might be considered for aquaculture.
We Start by defining Our purpOSe, beCauae there is a different mi x Of SpeCiea fram whiCh tO ChOOSe for eaC h

purpOSe. If the aquaCulturiat iS primarily a hObbyiat whO iS Satiafied if he makea Only a Small prOfit or luat breaks
even, he has a wide spectrum to choose froin. If the culturists are running a "Mom and Pop" operation and have
another major source of income they hope to supplement, that's another, smal!er selection But if the oblective in
an honest make-a-profit type of business. the real constraints set in, and that's the only type of aquaculture.

The firat diviaidn Of SpeCies is between freah and Salt water. Among the fresh water SpeCieS, it'S Clear ycu
could do all right with any kind of trout in New Jersey, assuming good water quality. Perhaps catfish might make
it in the southern parts of the state � but not in the north because the growing season is too short Other fresh
Water speCiea that might be IOOked at are baas, pike, carp, tilapia and so on. but nOne are really gOOd CandidateS
either beCauae New Jeraey iS tOO far narth, Or. because the state has fresh water problems, there simply wOuld not
be an adequate supply of high quality water Except for very small operations, it would be pruclent to ignore most
Of the fresh water speciea, YOu Can prababiy Cite exCeptiOnS. and I'm sure there are SOme. FOr inatance, fresh
Water prawnS in pOwer plant effluent have a Subatantial hiatOry, as Al Eble and Bruce GOdfriaux Can relate Bul in
diSCuaaing a real buaineSS OperatiOn with grpwth patential and genuine return on investment. I dpn't believe fresh
water animals are the choice,
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That leaves us with estuarine and marine species. We don't have time for an exhaustive examination, solet's take a few examples. To begin with, one historically excellent species which is now practically missing is thesturgeon. Work done in recent years shows that they grow rapidly, either to pan size or a size which can besmoked-and smoked sturgeon is thought by many to be one of the great gourmet delicacies. So. naturally, iscaviar. The sturgeons can be grown to proper size then taken into the iaboratory, operated on and the gonadsremoved. After that the fish are put back into the water to grow new gonads for the next year. In California they' vebeen doing this with the same group of sturgeon for five years. so the technology does exist. The fish probably
don't tike it but it can be done.

Another species which might be considered for this area is the rockfish, There are some very successfulrockfish hatcheries on I ong island, and in North Carolina for instance. I think you could grow both rockfish andthe rockfish-perch hybrids. Now, having grown these desirable animals, what do you do with themg At present,you could sell the rockfish to various state and federal agencies to be put back in the environment to helprehabilitate the species, which is in serious troubie. As to seiling them for a profit�.the regulations would be
simply an unbelievable mass of barriers. More about this in a moment.

One species you could grow here-which I do not advise you to grow-is eels, The market for eels isprimarily export, and it's too "iffy." The history of eel culture in this country is one of booin or bust. If theJapanese have a severe shortage of young eels. they' ll pay anything to get them; but the next year they may haveplenty of their own and they don't want yours. The Europeans like a somewhat larger eel, and raising them to the
proper size for the Scandinavians, for instance, just isn't profitabie.

We haven't done very much in this country with a family of finfish with which the Europeans have donevery weli-the ftaffish. The English have rnalor production going,so the technology aiready exists and is
welt-proven.

But as we look over the range of possibitities, it seems to me the natural choices for New Jersey are the
shellfish. The have a lot of advantages, like staying where you put them, and feeding very low on the food chain
so expensive pelletized foods are not needed, Of course the market atready exists.

I think a careful cost assessment would show that a method being used on the West coast would not only
work in New Jersey, but would be a real stimulus to oyster culture, I know you already are culturing oysters by
tradi'tionai methods and that you have some very highly skilled and qualified oyster people in the state, and to
them I recommend consideration of the remote setting technique, The oysters are taken into a hatchery wherethey are fertilized and spawned, Then the larvae are grown through the various stages until somewhere around
the 16th day they develdp a red SpOt, visible under a miCrOScOpe, whiCh ia Cailed the eye Spdt. Once the eyed
tarvae stage is reached. they can be shipped to oyster growers.

To ship the eyed larvae you lust drain them down, wrap them in wet paper towels and pack them in an ice
Cheat. They Can be Shipped far up tO Seven dayS, thdugh that'S a little lang tO hOld them. OnCe the larvae are put in
warm sea water, they start swimming, and finish the next 72 hours of their metamorphosing and setting. There
are even drugs to enhance the process.

What I'm suggesting, is the possibility of either a commercial or a state-sponsored hatchery which
prOducea great quantities Of eyed larvae fOr Shipment tO grOwers with Setting tankS--and theSe setting tanks, by
the way, are backyard swimming poois bought pretty cheaply off the sheif from Montgomery Ward or Sears, You
fill them with sea water whiCh yOu heat, and aerate. An aerator whiCh wOrkS well is the anti-pOllutiOn device off a
wrecked General Motors car.

This system works. In Virginia, we found we could carry our larvae around in an ice chest in the back of a truck,
and after 36 hOurs we put them in Sea water at about 24 degi'eeS Celaiua with high setting rateS. We use
automotive anti-pollution biowers to demonstrate they aerate satisfactorily. On the West Coast growers get
between 11 and 40 percent setting rates, moving toward the higher numbers as they get better at it. Our setting
rate is between f 4 and 28 percent, so we' re doing pretty well,too. We leave the 'larvae in the tanks for three days
until the setting is done, then we suspencl them off piers for a hardening period. At that point the seed can be
moved to a growing area.
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A good possibility for New Jersey is the hard clam, M. mercenaria. This is an excellent candidate species
beCauae it reaCheS itS higheat market demand at itS Smalleat Saleable Size. AS SOOn aS they reaCh lit tleneCk SiZe.
they are worth the most. Tihere already are three or four successful clam farms here in New Jersey

One Clam that may Surpriee yOu aS a gOOd pOSSib~lity iS the Surf Clam. I knOw yOu' re remembering that
theae ClamS take frOm faur tO Six yeara IO reaoh market size. but Surf Clarna Can be bred in a hatChery and then pul
in natural waters where they will grow to steainer size in about a year, They are excellent as steamer clams, so
muCh SO that a COmpany in Delaware ia Seliing them at 22 Cents eaCh. whaleSale.

I know some of you have thought about the edible mussel,Mylilis adults, and it's one that deserves a brief
look. It does occur in these waters year around, but there are periods when the temperature goes high enough so
the mussels do poorly. Even though the market is growing, it's good to keep in mind that New Jersey is right on
the southern edge of the mussels' range. As the price goes up, the risk may be worth it. but I'm not sure the time
has come.

The SOft Clam, Mya arenarie, simply iSn't wOrth grawing. The higheat prioe I COufd find in the green sheets
over the last 10 years-they' re the reports that give market prices. published by National Marine Fisheries
ServiCe-waa $80 a buahel. It takeS abOut 2100 tO 2400Clama to make a buahel, and when ycu figure Out the price
per animal, it'S Simply tOO low. Over the paSt decade while yOu were selling littleneCk SiZe hard Clarna for an
average 10 cents each, the average price for soft clams would ha ve been less than four cents. Think of it this way
it takes aS much spaCe, aa muCh pumping of water, and as rnuCh COst to grOw the sOft Clam aS it dOeS littleneCkS.
and that makes them a comparatively poor candidate,

My own pride and joy was the bay scallop. A delicious animal. It's pretty, it has blue eyes, and it's a perfect
aquatiC animal whiCh Can be grOwn in Seven tO nine months. There isn t a better Speciea-until yOu IOOk over lhe
green sheets and find the highest price in the last ten years was $48 for an eight pound gallon, which is how they
are sold. Part of the cost to you is shucking the scallops and disposing of the shells, It takes 450scallops to make
the saleable gallon, which means you are getting just four and a half cents each.

A SpeCiea that lOOked prOmiaing Waa the AmeriCan IObater. The teChnOIOgy far grawing IObaterS iS pretty
much in place, but the profit picture is shaky, so I think I would say better wait a few years on those.

That sums up a brief overview of candidate species for New Jersey as I see it from my particular vantage
pOint. I'm Sure yau have bath argumentS and queStiOnS. but at leaat yau knOw nOw what I think

QueNions and comments following Dr. Castagna's presenlaNon

In reSpOnae tO a queatiOn abOut OySter Culture on PVC pipe. Mr. CaStagna replied thai the French have
turned reCently tO PVC pipe for setting Oysters. FOr years the French used different kinds of materialS while in fhe
United Statea we Stayed pretty much with oyster shell cultCh. The FrenCh. espeCially On the coast Of Brittany, sel
their SOCalleCf plate Or BelOn OyaterS � OSfrea edul<S--On tileS. Later they Changed to a kind Of g rOut made of sand
and Cruahed oyster Shells: after the Oyaters reaChed a certain SiZe, they COuld be knOCked IOOSe and sold aS
single oysters. Then they turned to plastics and developed a gadget called the French venetian blind, because
that'S what it IOoked like. The blinds were promising. but expensive. and in getting the oysterS loose they
SOmetimes brOke. Then the FrenCh went tO a deviCe that loOked like a ChineSe hat whiCh COuld be flexed by
maChine SO the Oyatera wOuld IuSt pOp Off. Now the choiCe is PVC pipe with external groOveS whiCh can be
placed first horizontally and then vertically to get best growth, after which it is simply flexed and the oysters drop
right off. The French are delighted with it, and the Canadians are making the pipes in British Columbia Recently
the COaat Oyster Company, which is the General MOtOrS Of the Oyater induatry, began experimenting with the
pipes and they like the system. They will make their own p~pes because it costs loo much to import them
Eventually they will quit using cultch and go 100 percent with the French pipes.

When single oysters are popped off any substrate, there is a soft spot where the oyster set It would be an
~dVantage tO dip theae spOtS in grOut, beCauSe crabS, whiCh are natural OySter predatOrS, pinCh that soft SpOI fo
get at the meat. The Coast Oysler Company is working the proper engineering to solve the soft spot problem at
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on The company actual ly owns 22 thousand acres i n Cal i forn i a, Oreg o n
their locatio~ in Bremerton, Washington. e cand Washington, wi th the largest holdings in Washington.

d f hard shell clams: When Mr. Castagna and colleagu
ln re ard to market demand or ar s

g
I m shipper that they could find, and were told the same story, that tl,e

ing wi h
it clams, they went to every clam s ippd t0 times the number of littlenecks they could put their hands or They

shippers couid handle between four an ibl th mber of cherrystones, but chowder clams were a glut ocould also ship double the number o c e' d t, t would be well to put a restriction on the number of large chowder clam th t
To manage a clam industry, i wou

can be brought in, because t e ight ' . beca se the big ones are the best spawners and the best survivors
ervatlve estimate, the market can handle at least four times the present volume, even witf present

At a conservative es irna e, I minimal

method of selling t e c ams on y i
h d f ll g the clams only in the shell, With application of a little seafood technology and some minima

processing o the c ams-m y
f th l ms-maybe PopPing off one shell, putting 'them in aluminum pans and freezing for ease of

handling, or with a sauce an
I, th a auCe and a plaatiC COntainer for miCrowave COOling, the demand might be inCreased a very

great deal. Marketing is perhaps the most important thing to be done in aquaculture
A question on harvesting-only raking and treading are acceptabie harvesting methods jn New Jersey

led to a discussion of law as it affects aquaculture, and Mr. Castagna had these comments
"Every state on the Atlantic Coast has had an independent study on harvesting by dredge and has foundthat the hydraulic dredge, even including the hydraulic box dredge, do far less damage than the standarddredges that are now allowed � and the hydraulic dredge has been turned down repeatedly as a harvesting tool.ln Virginia, an oyster dredge can be used to dredge clams. The breakage rate for animals brought aboard is 30percent, and the breakage rate on the bottom probably is even higher. The breakage that is seen on a hydraulic

dredge is less than one percent, Yet, efforts have so far failed to change the law."
"The states must come up with a model aquaculture law that takes aquaculture out of the existing complexof legai structures and strictures. Aquaculture needs its own iaws and regulations, and these should have

nothing to do with wild harvesting of fish or shellfish."
'lt makes no sense for aquacuiturists to be hemmed in with restrictions that have little or no bearing on

aquaculture. For instance, a farmer who is leasing farming land is not told by the leasing agency that he can plantanything he wants to within limits, but when he harvests it he must use a John Deere tractor. He should be able to
use whatever t' he crop and situation cail for, whether he is farming the land or an estuary. 'lf he does it wrong and
loses money through inefficiency, that's his problem, not the leasing agency's."

"Sometimes we get hung up on definitions. I think the simplest definition for aquaculture is that seed
Planted for aquaculture is hatchery-produced That iininediately makes it different from wild harvesting

"Where conflict cornea in very often is in muitiple use of water areas. The same area might be useful for
commercial or recreational fishing, boating, swimming, SCUBA diving, water skiing, or aquaculture � and
sometimes ail of these. In the National Aquaculture Bill, for every species considered in the bill the greatest
constraint given was lack of suitable areas. I dOn't know what you do about that. Orle suggestion is that some
areas be zoned for aquaculture, and all other competitive users stay out. '

"ln Virginia, which is one of the more eniightened states for aquaculture but still a long way from ~deal. we
use oyster leases. There is nothing in the state law that allows for clam leases, but the state allows us to take up an
oyster lease and u ee and use it for clams. Anyway, there's no doubt that water column and sub aqueous botto m must be
leased to the a u-e aqua-culturiSt fcr hiS exCluaive use if we are seriOus about this induatry.

An attendee noted the
commented that this mussel P r

dee noted the appearance in some of oui' markets of the so-called green mussel o«»t»ar as agna

at t is mussel lperna! is imported primarily from Australia and is available in both fresh and
dehydrated form lt is claimed-ais c aimed-aithough not pubiiciy advertised in this country-that the gree~ mussel » goo d
for arthritis, and it is findin a bi marke9 g et in Europe. Although quite a bit of good culture research has been done
on the West Coast, the s ecies do
probably will continue to be im u s I

P s does not appear proinising for aquaculturists in this country. Green mussels
o be Imported, perhaps in increasing numbers, from Australia.
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Speaking of mussels, I believe this is a good example of species who have possibilities and the kind of
questions that need to be addressed. "There are a few little isolated places where inussel growing is dependable,
but the farthest south location I know of is at Wachapreague Inlet, If you' re not familiar with the geography.
Wachapreague is on the Atlantic side of the Oelmarva Peninsula, about halfway between the Maryland line and
Cape Charles at the mouth of Chesapeake Bay. Mussels can be found dependably at the Wachapreague inlet.
but inshore they are wiped out every August. South of Chesapeake Bay, there is no place where rnussels can be
obtained dependably even if you need only a handful every month,

"The parti~ence of all this about mussels is that the species is possible for New Jersey � if the price goes
high enough to warrant a high risk industry. For a high risk industry there had better be a high enough profit so
that, if you have a wipe out, the company will not be wiped out with the mussels.

No matter what you are growing, a return on investment of at least 20 percent is a must, I believe. When you
are growing a species which may be wiped out one year in there from climatic variations, from disease, or
anything else, your return on investment had better be closer to 40 or 50 percent. And make no mistake about it
and believe no ironclad guarantees, everything that is grown, whether on land or sea, or in the air, has occasional
dieasterS. Farmera are garnblerS, and aquaCuituriStS are even more SO. But, with Sense and gOOd planning. the
gamble is sometimes worth it."
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CHAPTER IV

BIOTECHNOLOGY IN MODERN AQUACULTURE

Fred L Singleton
Acting Director, Center of Marine

Biotechnology, University of Maryfand

Dr. Singleton's current research emphasis is directed to evaluating interactions between populations in
the bacterial communities of aquatic systems and between the bacterial populations and various elements of
their physico-chemical environments. In an ecosystem, co-existirrg species often are in competition for availa-
ble resources. To succeed, a competing species must either be more efficient in sequestering resources or must
negatively influence competitors. Dr, Singleton's research will yield information which can be employed to
control survival and growth of foreign or disease-causing species. Further. determining the manner by which
populations of bacteria interact can be a means of discovering novel bioactive cornpouncls. By evaluating the
interaction between organisms and components of their environment, it will be possible to determine the
mechanisms of survival of human pathogens in the marine environment,

Dr. Singleton received his baccalaureate degree in microbiology at Clemson University, his MS in medical
ecology at the University of Texas School of Public Wealth, and ihis doctorate in microbiology from Texas A8,M
University. Before joining the University of Maryland faculty, he held teaching and research positions at Old
Dominion University, and the University of West Florida. Earlier, he held visiting assistant professor. research
associate, and postdoctoral positions at Maryland,

Decades of research on the fundamental structure and function of nucleic acids and proteins have yielded
a technology which is so fundamental to the life sciences that we are seeing the beginnings of a scientific
revolution. The tools of the modern molecular biologist can be employed to excise selected genes from an
organism, transfer that gene  or set of genes! into another organism. and have the substance  e.g., protein!
encoded by that gene produced in the recipient organism. Thus, we can now employ microorganisms as a
source of a variety of important substances, For example, medically-important substances such as human
grOwth hdrmcne, inaulin, and interleukinS, amOng many OtherS, can nOw be prOduCed in thiS manner.

AS a reault Of many weil-publiciZed aChievementS in biolOgy and mediC~ne, bioteChnolOgy haS becOme a
familiar term in mOSt segments of SOCiety. It iS ObviOuS that biatechnOIOgy may have a SignifiCant impaCt On ail
aapeCtS Of Our liveS. Indeed. the potential Of biOtechnOIOgy iS unlimited. HOwever, I StreSS the wOrd "potential"
because of the need to understand that, although this technology is advancing rapidly, much of what may result
from biotechnology is, at the moment. only in the experimental stage. Therefore, even though the general public
haS beCOme aWare Of the "new" SCienCe of biOteChnOIOgy. a great deal Of wOrk muat be aCCOmpiiShed before the
potential of this technology can be reaiized,

The role of biotechnology in modern aquaculture can be significant. The extent of the impact of
biotechnoiogy on aquaculture will depend on a number of factors, including future advancements in molecular
biOIOgy and mOleCular genetiCS, as well aS reSOlving the legal and biOethical queatianS Concerning developing
and eXplOiting genetiCally-engineered strainS Of fiah, shellfiSh, and Other aquatiC OrganiamS, including miCrOal-
gae and macroalgae.

Biotechnology is not a new science. For centuries society has benefited from biotechnoiogy. The
production of bread, beer and wine, practiced for many centuries, are but a few examples of biotechnoiogy
HOwever, Only in reCent yearS haS teChnOIOgy prOgreSSed to allOw uS tO manipulate Selected genes Of an
Organiarn. The ability tO manipulate and tranSfer funCtional geneS has signifiCant potential fOr the aquaCulture
induatry. However, eVen SuCh pOwerful teChniqueS Can be Of limited uae unleSS baSiC biologiCal, ecolcgical
physiological processes of a species are understood.

In many cases it may be possible to empioy biotechnology in aquaculture in the absence of any genetic
modification of the species being grown, As an example. I will use ongoing studies of Drs. Ron Weiner and Rda
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f Microbiology University of Maryland! and Or, Dale Bonar  Department of ZooiogY,
Colwell lDep ' �h OIated a bacterium, referred to as LST. This bacterial isolate represents af Ma land! who have iso a eI t d from a mariculture facility,n Delaware a�dn w enus. LST was orig~nally iso a e ronew genus. d stuarine systems. This microorganism's natural h b;t
isolate d from numerous other marinean " 'n'dived with ~~d'action of settlement and metamo
of submerged materials. A rnetaboiic pro ucd have demonstra'ted that the melanin pigment, or one of its b'of oyster larvae. Studies ave emo roattracta~t and/or metamorphosis-inducing age�t fproduced by LST acts as a c emo y biotic relationship. Such relationships nd
believed that I ST and oys ers av m nne n""onment Futth«more, laboratory st�dies have
rrlicroorganisrns are common in e
that I ST can increase

' cre se the number of oYster larvae which set and begin rnetamorpho i, Fi Id
I

underway to test t e ypo
ypothesla that LST or some of its metabolic products can be empi

scale to increase productivity in oyster-growing facilities.
Understanding the fundamental Physiology of a sPecies can also be important for adaptin to
It r . Dr, O. E, Morse and his colleagues at the University of California at Santa Barbara h

strata that spawnint ted that spawning in a number of molluscs is regulated by certain prostagiandins
Ina are known to regulate reproduction in humans as weil as a numbei of other type f
di o th eproductive physioiogy of abalone, a commercially valuable inollusc, it was di o d t

h drogen Peroxide was formed as a metabolic byproduct. Subsequent studies dern
y rogen ppe~o~~de stimulated the natural enzymatic systhesis of prostaglandins. There fore

o he molluscs! can be induced by adding a small amount of hydrogen peroxide to th
facilities.

Obviously, the ability to induce spawning in molluscs is important to aquaculture of these species.
However, of equal importance to the success of a culture system is the ability of the larvae to grow and
metamorphose. Basic ecological and physiological studies have demonstrated that external biotic and abiotlc
influences are important in the development of invertebrate larvae. I have already inentioned the studies of Dr.
Weiner regarding the effect of metabolites of LST on the behavior and development of oyster larvae. The
symbiotic relationship between oysters and LST is typical of symbiotic relationships between other invertebrate
apeolaa and organiams of other trophiC levels, For example, abalone larvae have been demonstrated to settle and
begin metamorphosis in response to the amino acid, gamma-amino butyric acid  GABA!. GABA is a simple
amino acid and a powerfui neurotransmitter in higher animals, Numerous other chemical compounds have been
indentif led to induce settlement or affect development in marine invertebrates.

The ability to transfer functional genes from one species to another may have a significant impact on
traditional approaches to aquaculture. Many genes of fish and shellfish have been cloned in bacteria. Or Dennis
POwers lDepartrnent Of BiOIOgy, The JOhn HOpkins University! and colleagueS have ClOned the genes which
code for metallothionein proteins in some fish and shellfish. Metailothionein proteins are produced by orga-
nisms. In part, in response to heavy metal stress. Metallothioneins bind metals as a means of protecting the
Organiam frOm taxiC effeCts Of metal idns. Although nOt direCtly related tO aquaCulture per Se, the cloning of
metallOthiOnein genea in baCteria alicwS uS the ability tO piOduCe large quantitiea Of these metal-binding
proteins. This may be the basis of developing a technology to remove toxic metal ions from industrial effluents,
and possibly to recover valuable metals from aquatic systems.

Studies are nes are ongoing at The John Hopkins University under the auspices of Dr. Powers to cion«ther
selected ence fr m vg s from various fish species. For exampie, the gene which encodes the "antifreeze protein

by fiOunder inhabiting COid oCean waterS waS firat clOned by Dr. DeVrieS and COileagueS at tl eproduced b f1 oun
IJniversity of illinois. ff ry ois. iEfforts are now being directed to trarlsferring the anti««ze ge» 'n'o ""p
trout. Likewise, other on i, ot er ongoing projects are designed to transfer growth hormone genes into selec«d species of
fish The oblectives of tht ese. and other related studies, is to produce hybrid strains of fish that will grow under
conditions not tolerated b h n
industry with h bri r

crated by the native  non-engineered! fish This «ch"o ogy m " p'
y rid strains of fish and/or shellfish more amenable to cuiture.

Scientists have succee
AlthOugh this techni ue incre

d d lo ng mammalian growth hormone genes and t ' g

to the method of introducin th
the rate of growth, presently the tee "n'qu y ue

gene. However, the potentiai of thi
od i th e nto the fish' fertilized eggs must be indiv y wi e

t' i oI this tech ology for the aquaculture industry is obv' "
28



When, or if, this potential will be reaiized depends on our ability to continue rapid advancements in molecular
biofogy and molecular genetics as well as our ability to resolve the technical problems of introducing genes into
thousands of eggs simultaneously. Furthermore, the ecological and bioethical questions of using genetic
engineering to devefop hybrid strains of fish, shellfish, and other organisms must be resolved.

One aspect of biotechnology in aquaculture which has immediate application and significant potentiai for
the future concerns developing methods of controlling fish and shellfish diseases. Genetic engineering and
hybridoma  monocfonal antibody! technology may result in the development of vaccines as well as disease
resistant strains of fish and shellfish, ln addition, an ecological approach to controlling disease-causing
microorganisms is under investigation in my laboratory, Briefly, this approach involved the use of naturafly
occuring aquatic bacteria that either produce a bioactive metabolite which is inhibitory to pathogenic bacteria or
are competitors of these pathogens. The systems we are investigating involves Vibria anqulllarum, a pathogen of
many fish and shellfish larvae. Chromogenic bacteria isolated from estuarine waters of Chesapeake Bay are
grown in laboratory microecosystems  microcosms! and tested for the ability to restrict the growth of V.
anquillarum in these systems. Chromogenic strains which cause significant reductions in the population size of
V. anquillarum are then assayed to determine if the populations reduction is the result of product~on of a
bioactive metabofite, e.g., antibiotic-like substance, or if the two species are competing for limited resources.
Several chrornogenic strains have been isolated which cause statistically-significant reductions in V. anquilla-
rom population's. Preliminary results from bioassays employing oyster larvae have indicated that selected
strains of aquatic bacteria can be effective in reducing disease in populations of oyster larvae.

There is a need for additional studies on the molecular biology and molecular genetics of fish, shellfish,
and other aquatic animals. Likewise, additional study is needed on adapting aquatic plants lmicroalgae and
rnacroalgae! to aquaculture, Methods of modern molecular bioilogy are being employed for developing hybrid
Straina Of algae with deaired CharaCteriatiCS. One Of the rnOre exciting prOgrarnS being carried Out in thiS field is
that by Or. Donald Cheney  Department of Biology, Northeastern University!. Dr. Cheney is developing hybrid
strains of marine macroalgae  seaweeds! which produced increased quantities of phycocolloids  e.g., agar,
carrageenan, alginate!.

Decades of intensive breeding programs for terrestrial plants have resulted in highly productive crops.
Although this traditional approach could be employed for developing hybrid strains of seaweeds with desired
characteristics, a more practical approach is to empioy techniques of modern molecular biology. Dr. Chancy
has develOped tiSSue Culture Syaterna fOr grOWing Cella Of Cerlain Seaweeda and iS emplOying teChniqueS Such aS
protoplast fusion to form hybrid seaweeds. Seaweeds represent a major food source for many countries.
especially in the Far East. Mariculture of seaweeds has been developed in China, Japan, and Korea. as weli as
other countries to a lesser extent. A great deal of the potential of seaweed culture will be realized only after
strains of seaweeds are developed for the production of speciaity chemicals.

TO COnClude thiS brief Overview Of the pOtential impaCt Of biOteChnOlcgy On mOdern aquaculture, l wil!
re-emphaaiZe the point that the tOOIS Of genetiC engineering repreaent inoredible pOtential far the aquaCulture
industry; however, most oi the potential of biotechnoiogy has yet to be realized, This potential will be capitalized
on only by continuing basic research on the fundamental ecoiogicaf, biological and physiological processes of
organisms amenable Io aquaculture. The tools of biotechnology cannot be employed to develop hybrid strains
of selected species without understancling the basic physiology of these species.

Questions and comments following Dr. Singleton's presentation

The leading question to Dr. Singleton was what this "good science" means to the practical problems ol li e
aquaCulture induStry. Dr. SingletOn pOinted Out that, although his training iS in miCrObiOlOgy and hiS expOSure tO
praCtiCal aquaCuiture iS limited, "gOOd SCienCe" iS needed tO SOlve prObiemS Of aquaCulture OperatiOns and the
most effective means of applying that science is "to establish open lineS Of communication with Ihe bench
SCientiat,' AS tO the COSt Of bringing researCh tO the pOint O' uSeful appiicatian, it will be expenaive. and the rime
required to reach that point is dependent on availability of funds, among other factors
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"D au mean to tell me that one day I could walk into the lab and tell a geneticA questioner asked, "Do You mean
engineer ta pu r

t a red SPot on the nose of a tish?"
g o commented that technology

Although the examp e was ex re and in some
that we can transfer to a species genes w
have reached that point.

s creasing the growth rate of fish, several
In regard to t e use o growt lly b t in resPonse to a question about potential and reaching a $QQ

increase in size, r. in e n poiOr. S'ngieton Pointed out that there are limiting factors regardless of what s d
the gr ra e,owth ate so t00 percent is too much to ask of an organism.

On the question of whether the technology could be used to adapt species to grow in areas not typically
inhabit
' h b ted by that spec~as, the Possibility exists, but whether it is practical must be determined by evaluating the~mpact of the species on the ecosystem. Dr. Singleton mentionecl earlier the anti-freeze protein of flounder and
suggeste a i

ested that l"ight be Poss~ble to transfei the anti-freeze gene to a warm water species so it would grow in
colde~ water. He stressed that it "maY be Possible" bee~use, while technically possible, the effect of tl e gene
Product on other Physiological processes of the warm water species would be unknown

A Iiatener aaked, "what are the Stumbling blOCka Whioh Prevent ua frOm uaing SuPer fiah and ShelifiSh?" Dr.
Singleton pointed out that going from the experimental stage to commercial production is never easy, and 'agreat deal of work remains before much of the potential of biotechnology is realized. With regard to the
stumbling blocks, even if we develop a 'super fish' many legal and bioethical questions remain concerning
release of genetically-engineered organisms into the environment. That question will be answered in the future,
probably by the Supreme Court.

A practical roadblock to success is that time and money are required. There has to be more funding for
basic biological and ecological studies of organisms amenable to aquaculture, and inore funding to provide
molecular biologists with the means of accomplishing many of the things that are possible. Dr. Singleton: 'You
can never aak a scientist how much money it will require to do something � there is never enough.' "

A final comment was that some of the discussion was a bit naive in the sense that genetic manipulation and
hybrid formation is "about three billion years old. The ideas of creating a super fish that can take over the world is
absurd... if we take a native species and genetically modify it, we are creating a weakened organism: nature has
an effective way of ensunng survival of the fittest, Therefore we have to continue with efforts to develop hybrid
strains for aquacuiture." Dr. Singleton agreed: "organisms exist under a tremendous selective pressure and if a
partioular trait wOuld be an advantage far a specieS, in all prObabihty that trait wOuld have been selected far
during the past couple of billion years,"
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CHAPTER y

INFRASTRUCTURE FOR AOUACUlTURE
Robert D. Wildman

Oeputy Oirector, National Sea Grant Program

ln addition to his responsibilities as Deputy Director of the National Sea Grant Prog rain, National Oceanic
and AtmosPheric Administration, Robert Wildman is the Program's Living Resources Division Head and Pro-
gram Director for Plans and Aquaculture. His involvement with aquaculture also takes him into international
affairs. He is Vice Chairman of the U.S.! Japan Natural Resources Program's Aquaculture Panel, Co-Chairman of
the Living Resources Panel of the U.S./France Cooperation in Oceanography, and Co-I eader for the Living
Marine Resources Investigation Section of the U.S./People's Republic of China Cooperation in Marine and
fisheries Science and Technology Program. Mr. Wildrnan also has served as the U.S. Department of Commerce
representative on the Board for International Food and Agricu/ture Development's Joint Committee for
Research and Development. He was one of eight members of the Advisory Board for Disney's new Living Seas
paviiiOn at the EpCOt Center. Mr. Wildman waS educated at Upper IOWa University and did graduate wOrk in
marine biOIOgy, OCeanOgraphy and plant SCienCeS at SCrippS lnatitute Of OCeanOgraphy, UCLA. and the
University of California at Berkeley. He was awarded a National institute of Public Affairs Fellowship for
graduate study in science. technology and public policy at Indiana University after service with the Atomic
Energy Commission Richland Operations Office as a biologist and Chairman of the Working Group for the
Coiumbia River. He was a charter member of the World Mariculture Society, and had been a member of the WMS
Board and its Vice President.

Drs, Ryther, Castagna and Singteton have provided a substantial base of information on aquacufture I'd
like to build on that base and touch on just a few points with respect to aquaculture development in New Jersey,
where it appears to stand at this point, and what changes might be helpful at the state level for the future. Also. I
will discuss Federal sources of assistance and some existing aquacuiture programs which may provide informa-
tion of use of New Jersey aquaculturists.

In 1979 the New Jeraey legiSlature made adeCisiOn tOexpand the pragrams in fisherieS and aquaCulture TO
try to get the state back into a preeminent position in the seafood business. It established task forces to study the
Situatian. NOw SOme Of the studieS have been COmpleted and they cOntain findings. cOnClusi OnS and recornmen-
dations. It is probable th at some of the recommendations have been acted upon � and it is probable that some of
them never will be, that is the way such processes go.

AS I See it, the queatiOn iS nOT what New Jersey really needS in order tO make itaelf a real SuCceSS ln
aquaCulture, but what rnOre it neeCIS. We have haCI three new OrganiZatianS intrOduCed tO us here at this
wcrkahOp, Theae are grOupS that ShOuld have a pOSitive impact On aquaCulture develapment. YOu may have
about all the organizations you need. though there may still be a need for specific state aquaculture legislation
AISO, there may Still need tO be a grOup tO COnduCt pramotional aCtivitieS; the kinds Of thing S that help facilitate
permitting, Iioenaing,!eaalng, arranging financing, etC. It'S theSe legal/regulatpry COnstra~ntS that appear tO have
the mOSt inhibitOry effeCt On COmmerCial aquaCulture develOpinent in the United StateS at This time

New Jersey is proceeding at a steady pace, and not too hastily. The number of mistakes that cauld be
made here in New JerSey ShOuid be reduCed COnsiderably by taking advantage Of the experienCe in Some Of the
st~les like Hawaii, California, Washington, Maine, and others that have taken an active and promotional role in
aquacui'ture development, A careful analysis of what these states have done would be prudent. how they have
~~CCeeded and, reCOgnizing that SOrne failureS have OCCurred, what thOSe failureS were and at what cost. ar,a
"Ow «w Jeraey COuld avOid suCh diffiCultieS in develOpment Of an aquaCulture induatry.

I know the Federal Government has a bad reputation in some areas. However, there are certain organiza-
bo na Within the Federal GOvernment that Can be Of aSSiStanCe. It may Surprise sOme of yOu tO knOw that there.s a
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c Iture development on the part of the Federal Government. It was set by the Congress ino,t;ve policy for aquacuiture developmen o
the ~980 Aquaculture DeveloPment Act.

ESS DECLARES THAT APUACULTURE HAS THE POTiENTIAL FOR AUGMENTING FXISTING
RCIAL AND RECREATIONAL FISHERIES AND FOR PRODUCING OTHER RENEWABLE RESOUR-CES THEREBY ASSISTING THE UNITED STATES IN MEETiNG ITS FUTURE FOOD NEEDS AND CONTRI-BUTING TO THE SOLUTION OF WORLD RESOURCE PROBLEMS. IT IS, THEREFORE, IN THE NATIONALINTEREST, AND I I ONAL POLICY, TO ENCOURAGE THE DEVELOPMENT OF AQUAC LT

IN THE UNITED STATES."
The Aquaculture Development Act

This policy declaration says simply that aquaculture is good and the Federal Government is going to
suppo

rt its development. There is a big difference between the stated policy from the Cong ress and implementa-
tion of that policy in the executive agencies Some of the agencies are not being very aggressive in Pushing this
Policy Unfortunately, my agency is one of them. The DePartmentof Agriculture, operating primarily on the basis
of agthoriaations contained in the Food and Agriculture bills of the Past 1 0 years, is inoving very positively in the
development of aquaculture.

They have several agencies conducting activities that will have beneficial results. The Department of the
interfdr had a very pOSitive pOlioy Stated by the SeCretary SOme 4 yearS agO, whiCh upOn subaequent review waS
changed slightly. Interior's Fish and Wildlife Service now will support aquaculture so long as the activity is
consistent with their primary missions; such as their stocking and restocking programs. In the Department of
Commerce, NOAA's National Marine Fisheries Service, likewise, is supporting aquaculture in an indirect fashion.
They hope that the ~nformation developed through research programs aimed at enhancing natural populations
will be of assistance to the commercial aquaculture sector. The Sea Grant College Program, which I represent.
Con'tlnues to operate with the policy and mission that we have had since the beginning of the program in 1966. We
have a broad research program and extension effort that is directly supportive of commercial aquaculture.

Figure 1 illustrates what the current Federai picture is for aquaculture. There is considerable information
available on federal programs, but I' ve tried to make it fairly simple by putting it into tabular form. This table does
not indicate Ihe level of activity and there is a big difference between just doing something and doing it at an
effective ievel.
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Figure t

FEDERAL ASSISTANCE FOR AQUACULTURISTS

Tec hni ca I
Production
Problems

Legal-
Reg ul story
Problems

R8D
Contracts
8, Grants

Business

Dept, of Ag ri culture
Agricltr. Research Serv.
Agricltr. Marktg. Serv.
Animal & Plant Health

inspection Service
Coop. State Research Serv.
Economic Research Serv.
Extension Service,
foreign Agricltr. Serv.
Federal Crop insr. Corp.
Farmers Home Administr.
Food 8 Nutrition Serv.
Nat'I. Agricltr. Library
Soil Conservation Serv.
Statistical Reporting Serv

Dept. of Commerce
Nat'I. Marine Fisher. Serv.
Nat'I. Sea Grant College Program

Dept, of Interior
U.S. Fish 8 Wildlife Serv.

Dept. of Defense
Corps of Engineers

Dept, of Energy

Dept. of Health & Human Serv.
Food 8 Drug Admin.

The first column entitled "Technical Production Problems" indicates which agencies have or suppor'.
research scientists or extension programs that can assist in the solution of these problems. You may wonoer
about the second column titles "Legal-Regulatory Problems" being listed under the heading of assistance
beCauae sOme peOple feel the COrpSOf Engineera, EPA, and the f OOd and Drug AdminiStration inhibit rather than
support development of aquaculture. But if one is having a problem with one of these federal agencies. there are
~ndividuals who will at least help lead you through the many regulations and components of the organization. and

33



bie solution to that problem. The activities under the "Business Develop-
he p y f I ns, IOan guaranteea, marketing aaaiatanCe, etC. In the laet COlumn underou determine if there is a workab e so "

t" heading can be in the form of loan~ of h isrg eat Federal SuppOrters Of aquaCulture reaearCh is the AgenCy for~ g 0 Contracts and Grants," one o «At the present time, AID has a annual funding level of about $1 5 million a yearInternational Development tAID!. At the P«
for aquaculture, Admittedly, that is aimeI, Ad tt dl h t aimed at developing aquaculture in other countries, but a lot of that same
tecftnology is of use to our U.S, aquaculturists.

table incan that the Corps oi Engineers, the EPA and the Farm CreditThe question marks on the a eAdfrtinistration have had some support in those a~ass in the past, but are now restricted because of budget
firn'tatfons. They are not necessarily out of the picture. For example, the Corps of Engineers has been looking at
the poesiblity of doing some experimenting on aquaculture in dredge spoil deposit areas, This proposed prog ram
was cance o oefense about two years ago when it was e Io
Ming proposed again and may still be approved

On this table there are no check marks for the Department of Energy and the Small Business Administra-
tion. This indicates that these agencies had some activities in the past, but no longer are involved in aquaculture.
The $mafl Susiness Administration had a discrete program for fisheries and aquaculture a few years ago but that
hae been eliminated. Likewise, the Department of Energy supported R 8 D on the culture of seaweeds as a
biomass energy source, but that too has been terminated.

Now let me just touch on coordination and promo'lionai activities at the Federal level. I am now the
Chairman of the Joint Subcommittee on Aquaculture  JSA!. This is an effort to coordinate all of the Federal
activities in aquaculture, Some of these activities are done for very different purposes and are not necessarily a
plus for aquaculturists. The JSA has periodic meetings for the purpose of planning and coordinating activities.
We attempt to identify who an individual or organization might go to for assistance on a particular problem.

The Federal government has a sizeable program of international cooperation in aquaculture. This Is
conducted through a series of bilateral agreements with countries such as Japan, China, and France. In these
exchanges of both people and information, we are trying to take advantage of what they know, to bring their
technology to the U,S. and make it available to aquacuiturists. We have a meeting scheduled with the Japanese
next month in Woods Hole, The purpose of the meeting is to exchange information on newdevelopments that are
occurring in aquaculture. We will have discussions with them on several topics including genetic engineering.
We are trying to make sure our researchers and commercial operators have access to the information that we
obtain and will take advantage of it in our LI,S. operations.

Figure 2 is based On data that Ben DruCker of the National Marine Fiaheriea haa ColleCted. The footnOtes
refer tO all Of the diSClaimers On the data. MuCh Of thiS infOrrnatiOn iS based on rOugh eStimateS that Ben haS
obtained from the best sources available. The point is, that in spite of problems such as regulatory constraints.
there haS been fairly steady grOwth of aquaculture in the United StateS. It haS nOt been aS SpeCtaCular aS SOme
people proiected in the past that it would be, and not really as fast as those who are interested in the growth of this
field wOuld like. But aS a rnatter Of faCt, it ia making very pOSitive progreSS.
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Figure 2

U4. Filtrate Aquaculture Ptoisictloir lor tst�, 1962, 1963 aittt presmlttartf Data ior 1964
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1. Some data was not used so that the confidentiality of the person or business submitting the statistics was
not disclosed. This is the case where data cannot be aggregated.

2. Data shown are live weight for consumption, except for oysters, clams, and mussels which are meat weight
Excluded are eggs, fingerlings, etc., which are an intermediate product level.

3. Not used for food consumption.
4. Metric tons.
5. Revised figures.
6, Includes east coast clams  primarilyMercenaria mercenaria, but some M. campechiensfs and Mya arena-

ria,! and weat Coaat ClarnS  PanOpe generOSa, SaxidOmuS giganteus. TreauS  Sp.!, ProfofheCa sfaminea and
Venerupis j aponicai.

7, East coast figures are for 1983; west coast figures are for 1984.
8. Included some 1983 data.

9. Includes returns from State, Federal, private. non-profit, and private profit hatcheries as well as production
from pen-rearing {ocean ranched and pen reared salmon!.

10, Value from pen-reared salmon only - ocean ranching returns used for brood stock.
11. 1984 data with the exception of the State of Washington.
12. Production and value is on the low side since some of the returns  product!ons! were used for broodstock or

permitted to escape for natural spawning.
13. Includes Penaeus vannamei, P. sefiferus and P. axtecus.
14. Includes species such as sturgeon, carp, buffalo, tilapia, mullet. abalone, etc



ln COnCluaian, it appeara tO me that New Jeraey iS taking a wiae appraaCh tO develaping aquaCulture and
should take advantage of the experiences in other states and of assistance available from the Federal govern-
ment,

OMesttons art4 comments following Dr. WII4men's presentation

On the question of the major funding sources, Mr. Wildman said,"with respect to the Department of
Agriculture, the big research support in U.S.D.A. is through the land-grant university system. The present
situation is that Sea Grant and Land Grant are the biggest supporters for extramural research in the Federal
government. That excluded AlD, which is the largest, With respect to intramural research, the largest one is the
fish and Wildlife Service."

An attendee noted rumors that "something is going to happen to stop the Sea Grant Program."

"There is that possibility," Mr. Wildman agreed. "The Sea Grant program has been essentially level funded
Over the paat five Or Six yearS. EaCh year fOr the peat five we have been propOSed fOr terminatiOn and each year the
Congress has restored it. I think that that situation may well continue for next few years,"
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CHAPTER VI

RISKS TO THE AQUACULTURE ENTERPRISE

Harofd H. Webber
President, Groton Asaoclatee, Inc.

Consultant to AquacuftLlre Incfuatrles

For the past 34 years Warold Webber haa been part of the business world, with emphasize for the past two
decades on the field of aquaculture. We has been consultant and advisor to a number of enterprises in various
parts of the world from Eire and West Germany to Isreal, Egypt, and Latin America. We was Executive Vice
Preeident Of MariCultura SA, in COSta RiCa, One Of the firSt wOrld attemptS at maSS mariCulture Of marine shrimp
Dr. Webber haS been at variouS timea, DireCtOr Of ReeearCh far the Lowell TeChniCal ReaearCh FOundatiOn. a
member Of the SeniOr Staff and reaident manager far Arthur D. Little, inC., and SeniOr COrpOratiOn SCientiet far the
BrunSwiCk COrpOratiOn. We haS been preeident Of GrOtOn ASSOCiateS, a firm SpeCialiZing in mariculture and
aquaculture planning and business management since f966. We has served as editor-in-chief and associate
editor of the world journal, Aquecuffure. One of his several hobbies. at which he works while traveling the world,
ie OrChid collecting and raiaing, and he ie a liCenaed impOrter. The name Of hiS firm deriveS frOm its lOcation. in
GratOn, MasaaChuaettS, Dr. Webber wae eduCated at the Univereity Of Texae. where he earned hiS dOCtcrate in
genetics and biochemistry.

As I have been at the aquaculture business for some time, I have gained some experience. and I am
reminded that gOod judgment COrnes frOm experienCe � and eXperienCe COmes frOm bad judgment l have made
eriOugh mietakea tO earn the title Of a Super-annuated man, perhape enOugh to Share with yOu SOme Of the
underatanding gained frOm those mistakea regarding prOblemS Of rick COnfrantatiOn.

f am nat Sure that t knOw hOw tO manage riskS, but perhape l Can identify a few of them. and I thi~k I have
learned hOw tO avOid sOme Of them. The ObviOua prOblemS and riakS that COnfrOnt any bicindustry. aS we may
term aquaculture, derive from natural forces and resources, or the lack of them.

To elaborate a bit, it is for meteorological and geographic reasons that aquaculture in the bays, estuaries.
and near-shore waters of New Jersey carry inherent nsks. Storms and other similar phenomena are not very
manageable except as one chooses not to contend with them by selecting sites not often susceptible to the costs
of wave action damage, destruction by hurricane winds or other high energy risks Avoidance is not always
feaaible: OyaterS. after all, cannot be grown economically away from salty waters. So risk management in such
cases comes down to proper economic pianning, based on the probability that one will be wiped out for a year or
season at random intervals.

I have a long fist of risks and a relatively short list of ways to avoid them. At the top of my list is the risk that
COmeS frOm laCk Of a SOund management plan. I ClaSs the management plan as maybe the Only really big problem
in aquaculture. The design of a plan must be based on far more than an understanding of the technology more
important is the understanding of the problems of integrating complex systeins into productive enterprises. We
have difficulty in truly understanding how miniscule is our comprehension of this complex world. how little we
knOw abOut aif the interaCting variables whiCh COnetitute a Syatem Such aa a SOund buaineSS aquaCulture
enterprise,

l have broken some of the variables down into two or three categories which may aid understanding The
larger Cluetera Of variableS are in biologiCal/chemiCal interaCtionS within the env~rOnment and within the living
organisms, These variables are so obvious, at least in our awareness of their existence, that perhaps they deserve
mention only to be complete.

The risk of disease is an obvious one in this category. There are parasites that plague a high-density
COnfined pOpulatiOn Of anirnalS. and there are baCteria and viruaeS, tOO. Our next Speaker, Carl Sindermann. has
made substantial contributions in this field of aquaculture and fishery diseases and has 'helped us all to avoid
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some of the risks, Yet, I dare say, he will loin me in saying that the larger partof the pioblern remains to be solved.
ln other words. our ability to manage disease is growing, but it is by no means sufficient unto the need.

Problems reiating to the physiology of the organism we are attempting to grow constitute another group of
riakS in the biO-CherniCal Category SOme riskS derive frOm the nature Of their reprOduCtive meChanisms and frOm
Our ignOranCe Of the Subtleties even in the aniinala we grOw with a gOOd degree Of SuCCeSS. Thia has special
impOrtanCe beCauae Of the need fOr Seed prOduCtiOn. Unleaa we Can StOCk Our envirOnrnent, we Clearly will not be
able to achieve the kind of productivity that is required to warrant the magnitude of our investment. Again, we are
making progress, as Mike Castagna reported, but in comparison to seed production for agriculture business,
moat of the high hills of knowledge are still to be chmbed, and more difficult to climb because they are
underwater.

Because our aquafarrns are under water-and furthermore presumably under productive water with good
populations of food organisms for our aniinals � visibility leaves much to be desired. There are irnpositions on
prOduCtiOn and prOduCtiVity eapeCially innatural water areaS Where we have reiatively little knOwledgeOf the tOtal
number Of all kinda Of beaata in the Syatem. We are unclear abOut prOblema related tO predatiOn and COmpetitiOn,
and the effeCts Of Other Organiarna whiCh Share the envirOninent in whiCh Our CrOp Of anirnala iS plaCed. One can
help a little to minimize risks by taking advantage of all available knowledge of the environment, and adding to
that knowledge as feasible, but reducing the risk from underwater predation and competition may sometimes be
like reducing the risk from storms--picking a better location.

PredatiOn ia SOmething very diffiCult tO manage unleSS we are in COmpiete COntral in a CIOsed Syatem, and
such systems are not always practicable, either because of economics or the nature of the animal. Very often, in
open pond systems. the management plan fails to take into account predation by land and air creatures which
have a taste for our organisms. Such avian gourmets as cranes and herons discover shallow pond cultures very
quickly, and comorants are very efficient fisherman. Raccoons can cause difficulties. I don't mean to exaggerate
these problems, but they can be devastating, and I have returned to a pond to find nothing because of the
predators that were there before me. Often the risk can be reducedif not eliminated, if the enterprise can bear the
cost.

The competition for the environment itseif � the bottom or the water column � is a significant problem area
for which risk must be antlcipaled. It is difficult to keep competitors out. We have tried, but have had only limited
success because we just do not know how to deal with screening a natural environment, or sometimes we cannot
afford to do what we think we know how to do. For instance, it is costly to screen incoming waters for the larval
forms of predators or competitors, Costs of labor are high if screens are to be kept open by removing the captured
mass.

The matter of inventory control in the system is a risk problem that I have not resolved As you gaze at the
plaCid Surface Of yaur Syatem, hOw Can yOu kndw hOw many beaata are invclved'? As prOduCtiviey iS inCreaSed, as
animal denaity iS inCreaaed, the matter of inventOry COntrOI beCOmeS inC reasing ly out of hand Yet. yOur inventOry
is your stock in trade.

By and large, in Open Syatems, we dO nOt knOw hOw muCh we have gOt. TherefOre. we dO nOt knOw how
much to feed if, or how frequently to change the water. Setting up a monitoring system may be beyond our
abilities, or beyond our pocketbooks if we do know how How does one stimulate natural productivity without
impairing the healtli Of the whcle system~ MOst Of this prOblem area remaina yet tO be quantified, if nOt better
underatOOd. When we add tOgether the very SubStantial influenCea On water quality whiCh are a COnaequenCe of
poor feeding practices, poor inventory control. poor water quality control, poor predator control, the system is
beyond our abiity to manage. In many cases. I hasten to add, we know how to manage the system and all these
factors better than we can afford to.

The larger risk area, and the one I think is limiting, relates to social and economic risks. Social risks come
first because that are perhaps a bit easier to deal with. The selection of an environinent in which you are
encouraged to establish an aquaculture business is primary. It is especialiy criticai for an animal farm, even an
aquatic one. There are many parts of the world one inight choose for an aquatic farm because of good water
quality, water and air temperatures, water exchange, and similar environmental factors, yet rule out the choice for
social reasons
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As we move to lower iatitudes where political systems are not like ours, we frequently have to face political
instability. Even when the social climate seems quite salubrious, protection against human predators. outlaws or
dissidents armed with high technology claws or fangs may be an occasional hazard � especially to Americans.

Even when there is peace and relative safety, success of an aquaculture venture in the lower latitudes
depends on the strength and state of technological development of the society in which one attempts to work,
You cannot go off into the boondocks without realizing that you cannot go around the corner to the hardware
store to buy the widget you need, Such factors may be of a small order of importance. but they sometimes
become the back breakers, Other kinds of limitations include an infrastructure which includes roads, dependable
power, schools. and other amenities of living, These in turn, help to determine the kinds of people you can attract
in order to manage the farm. The whole world in which an aquaculture farming venture is undertaken becomes an
influence on decisions to make the investment,

The avaifabfilty of land, land costs, constraints on land use. costs of labor, cost of security, and the costs of
doing business offer risks to any venture, particularly so when one goes off into distant areas to find appropriate
environments for aquatic farms.

There is one concept which may be determining in many cases. This is the concept of the so-called
Maritime Mile in the Western hemisphere. Under this concept, any beast in the water is available to anyone who
chooses to catch it. The government owns all the edges of the sea and excludes certain kinds of activities, or taxes
certain kinds of activities, or rigidly controls certain kinds of activities. It is within this concept that we in this
country must live, and it is not an easy or simple thing because the constraints are different from those imposed
on land farmers. often unfairly so.

Certainly there is competition from other users of the environment, and from some people who do not
want it used. There are cases wherean aquaculturist met all requirements, abided by ail laws, only to find that his
rafts were objectionable to those who owned houses overlooking the water-those with more political muscle
than he could bring to bear. While this inay be unfair, it is not necessarily illegal, because most laws are so written
that creative interpretation is possible when the heat level becomes high enough..

How much of this appiies to New Jersey and sirniiar United States coastal regions I am not at all sure, but
perhaps the troubled history of some aquaculture ventures and the experiences of aquafarmers in far lands may
offer bits of illumination for pianning in fairer social climates,

ln the end, the overwhelming problems which account for so many of the failures in aquaculture are purely
eCOnOmiC with the Other riSkS I' ve mentioned acting rnOre aa irritation than SeriOuS trauble. EConOmiCS iS where
we ought to focus in any potential aquaculture venture. If we are to manage intensive populations of organisms
at high prOduCtivity, Clearly we Cannot depend On natural procesSeS tO supply nutrientS far our growing cropS
SO the COSt Of feed beCOmeS, in acme Caaes, dOminant. SOmewhere On the Order of 60 percent tO 80 perCent Of the
total cost of producing the crop is in the feed bill, There is reliance on formulated rations for some ki~ds of
animals, particularly for some of the finfish and crustaceans we are trying to raise. This reliance on formulated
rations, which frequently use high cost components. becomes the limiting factor in the economic success of the
venture.

SO feed COStS dominate, and One shOuld not apprOach fhe deeign Of a buSinesS withOut Carefully
evaluating this factor. Too often it is done haphazardly.

The hopeful entrepreneur says. "Qf course we' re going to feed them. We will feed them bananas." I have
Seen thiS happen in the presence Of rnOuntainS Of banana skinS with no underatand~ng Of the COinposition Of this
waate material. The whale plan waS predicated On the use of United Fruit's pureed plant waates, whiCh prOduced
tons of banana skins which were going to be the reason for building an aquaculture farm.

I do not think many of you would do such a thing, but it has been done and probably it will be done again
There are many folks who approach the problems with great lack of thought or study. But feed costs remain
CritiCal and prabably are the mOSt impOrtant prOductiOn prOblem aS~de fram diseaae. seed. and the management
of the environment.
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the other important factor influencing the overall economics of the venture is "can you sell it~Ultimateiy. the ot crim"""'"'""'h'""n"oi tinProducingtheproduc,un~assSeveral of my coleagues av es difficult to quantify Consumer
ce buying decisions. Ail of these factoerhaps obvious, ye w a i

histoncal, and culture c oicet re and deciding whether and where to make the; �planning a venture an
proaches to problems of this sort Market research is of course a well deve opThere are various aptechnology an i c n pting to proouce something that is rot

marketplace, trial feedings and taste tests are useful.
l feel that l have moved past an essential problem area solution. and that ia to do th d � I

or emonstration stage before making the majoi' commitment During
re a ively small quantities, inarket trials obviously are appropriate One m
like shrimP-you know they do � but the product form, the presentation of the package
tO gO intO the COnaumer market at all Or inatead gO intO the whOlesale

Unless such factors play a role in designing a venture, the risk is increased. Fra kl, th f to of
neglected because the aquaculture f"m is the product of the technologist and not of the k . Th

s u aquatic armer knows and has demonstrated that we can get this creat re to od
m to grow and survive in the environment we provide. Therefore, let us go into business and grow this creature

for sale to the waiting world, Before the problems really have been studied and met head on, we are in business
without knowing the answer to the basic question � can we sell it? Or how can we sell it best, and, can we sell it for
more than it costs to produce it?

This is the kind of subject, the confrontation of risks, about which we could talk for hours, spinning endless
tales of the world of aquaculture as it has been. But let the tale end here, and open the conference to questions
and comments,

OLteetlons and comments following Or. Webber's preseritetlon

lt was noted that consultants in aquaculture deal primarily in risk assessment and Dr. Webber was asked
about the rough percentage of successes in assessments that such consultants have made. He replied that
consultants like himself have designed relatively few successful aquaculture ventures, with I ess than 10 percent
SuCCeas, perhaps CIOSer tO fOur or five perCent, The SuCCeSSful farmS, he Said. "have grOwn kind Of willy-nilly Out
of the experience of less sophisticated people. We have tried to bring technologies and concepts which are both
loo much and not enough in some ways for the complexity of the problem."

projecting ahead, "I think that as we build a stronger, broader, more secure base in fundamental know!-
«9«ega«ing the anirnalS that We are attempting tO grOw. we are going tO gain a marginal suCCesS...as we build
a better underatanding Of natural reSOurCe iiianagement, whiCh iS laoking in mOSt parts of the world, we will
gain ..but l am not enthusiastic about the next decade or two for aquaculture to become significant contributor of
foog Production for humans. l think we will make small gains; and in some parts of the world the gains are
significant to small populations, as in Taiwan. but not in many places and not in large numbers,"

On the other hand, if you look down the road, as we exploit our natural resources, the oceans themselves,
damaging or altering them. We will be driven tO mOre intenaive management Of theae reSOurCeS,"

««feree pointecl out that there are two basic kinds of products which can be produced by aquaculture
O« is the self-contained product, like clams and oysters, which needs only minimal handling, The other is the
prOduot whioh needs a great deal of prOCeSSing, as in the case Of finfish. The degree Of handling is important to
the economi«CbnOmiCS Of the venture, because fiiieting, packaging. freeZing, and SO On is very Coatl y. The next prOblem iS
volume; moste; most ma k te . e rk t chains or fast food restaurant chains, canno
quantities. But, despite the problems of aquaculture. it has a d's '
view � when prod etio is cce sf l and assured, it provides cor tinu'ty o PP Y "" '
of seafoods from the natural harvest.
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In discussing successful aquaculture ventures, the case of shrimp in Equador was raised. The success, it
was noted, is due to Equador's recruitment of juvenile shrimp from the estuaries and ocean, thus avoiding the
need for and cost of hatchery operations. 8ut the risk remains, because there is no guarantee that the supply of
seed shrimp will be there for the taking every year; there are great fluctuations in some shrimp populations. So, in
the end, hatchery operations may be necessary.

A final discussion centered on the desirability of the aquaculturists joining forces with those in related and
necessary businesses, including food processing, food transportation, and food marketing, instead of thinking
that "we could stand on our own little place and produce these animals and somehow somebody was going to
buy them in the marketplace." Joining with other businesses would involve sharing in risk capital, and in joint
planning.

Dr. Webber: "Frequently the person who is developing the aquaculture technology really does not care
about the other end of the spectrum He gets his kicks out of raising fish, or whatever. And. too often, he wili not
cooperate with 'the other end by modifying product development. Aquaculture farming is a biologist's business; it
isn't a businessman's business, unfortunately. I hope it will become so, and not too long from now.



CHAPTER VII

OUTLOOK FOR THE FUTURE

Carl Sindermann
Vlsftlng Professor, University of hliami

Although Carl Sindermann's distinguished career has been as a fisheries scientist, he has been a strong
supporter of aquaculture research and development and has made extremely important contributions to the state
Of the art With three bOOke On the rale Of diaeaeeS in marine pOpulatianS. whiCh are the rnOSt cOmprehenaive
references available to the aquaculturist. But Dr. Sinderinann's writing has not been limited to scientific and
technical matters: his books include two contributions to the sociology of science, "Winnirig the Games
Scientists P/ay, " a wry and informative look at the inner workings of scientific politics, and "The Joy of Science,"
published in 1985. He is at work on a third.

Dr. Sindermann's visiting professorship at the Division of Biology and Living Resources of the iJniversity
of Miami's Rosnesteil School of Marine and Atmospheric Science is for two years under the Intergovernmental
Personnel Act which allows exchange of Federal personnel with Academic and business specialists. Until he
accepted the appointment, he was Director of the Sandy Hook Laboratory in New Jersey and Assistant Center
DireCtOr far EnVirOnmental Management Of the NOrtheaat Fiaheriea Center Of the NatiOnal Marine FiaherieS
Service. He has traveled widely as scientific advisor to several international fisheries commissions and has been
active ln a number of professional societies. He is an adjunct professor at several universities including Rhode
Island, Lehigh, Cornell, and Guelph  Ontario!. He received his aclvanced degrees from Harvard.

ln preparation for this conference, i went to my files for a document that I prepared just six years ago for a
Congressional round table discussion, in which I tried to project the future of aquaculture in the Un~ted States.
Reviewing the projections, I found that not much had changed in that time. My view then was one of cautious
optimism, and that is my view today.

I'm perhaps somewhat more optimistic about aquaculture on a worldwide bas~s than I am a national basis.
if we take an overall world view, there are high spots as well as a lot of iow spots, some failures and some marginal
successes.

TO Cite One example in the Culture Of a high-value fish, at a COnferenCe a ShOrt time ago. a persOn from
SCOtland annOunCed that. as of thiS year, there are 153 siteS fOr the pen-rearing Of AtlantiC Salmcn in SCOllanO
alOne, whereas in 1970 there was Only One Such site.

When I heard thiS I wondered if perhapa we hear and talk tOO muCh abOut the down Side and nOt enough
about positive results. I'm sure most of youknow about the successes in Norway with Atlantic salmon. One of my
COlleaguea at the Univeraity Of Miami juat gat baCk fram a two-week tOur Of NOrway and he feels that many Of the
NOrwegian COaatal areaS nOw reSemble partS Of Japan where rnalor CoaStal areaa have been given over IO the
pen-rearing of fish.

Clearly, the Overriding influenCea ori aquaCulture development are economiC and nutritianal. If nafiOnal
nutrition requirements create a demand for aquatic foods, then aquaculture is going to succeed eventually This
is the case in both Norway and Japan. If it is not the case, as it doesn't seem to be in the United States, there is less
likely to be any great forward movement.

In iooking at the United States, we find a couple of interesting developments. It's not my assignment to
review the whole spectrum of development. but to predict the future, so let me take off from one kind of activity
which has impressed me over the past several years and that is ocean ranching, about which you have all heard a
great deal.

The Japaneee have Started tO aCCumulate data whiCh ShOw that irnpaCtS on prOduCtivity Can result frOrn
OCean ranChing, and I See thia aS a definite prOspeCt far the future in thiS COuntry Of ccurSe we have had a

42



number of projects of various scales in salmon ranching, mostly on the West Coast, but also to some extent on the
Atiantic Coast. Across the street from my office at the university is a hatchery devoted to the rearing and release
of snook, and there is also a much larger operation for the release of red drum.

Theae aCtivitiea are Signa fOr the future if they are nOt uaed fOr SpeCial intereat purpOSeS, and if we make it
clear that they are experimental � for research � and not yet the start of major, large-scale production. I think there
iS rOOm fOr further WOrk On OCean ranChing, nat Only with PaCific Salman, but with Other Species aS weil
Aquaculture really includes the controllable, ensured culture of inarine animals un der all suitable conditions and
this can include sending some of these animals to sea.

The tOtal picture, it Seems tO me, ia in three partS, First. to manage pOrtiens of the natural pOpulations for
maximum return. Second. to deal intensively with aquaculture systems close to shore. Third, to send some
animals to sea to fatten and mature and expect to get an economically sensible portion of them back.

LOOking mOre SpeCifiCally at New Jeraey, I think it iS well tO COntraat the reCent intereaf here with the
history of aquaculture in other Northeastern states. As a generalization. I think it is safe to say that every state in
the Northeast has flirted in some way with aquaculture development, and a few have developed meaningful
relationships.

AS anather generaliZatiOn, the hbpea and prOSpeCta and publiC prOnOunCementS rarely have been Satia-
fied. Even so, there always is some positive residue from these attempts, even if what remains is only an increase
in the available technology, or in knowing what won't work,

As a third point, for almost two decades Sea Grant has been a major supporting force in every one of those
Statea in whiCh SignifiCant aquaCulture deveIOpment pragreSS haa been made. MOving dOwn the COaat frOm NOrth
to South there are examples which seefn to have great promise, Some prospered for a while then declined. others
continued to be viable, Go to Maine and you see the culture of the European flat oyster and the blue mussel, many
small but enthusiastic enterprises stimulated by initial Sea Grant support. In Rhode Island, Representative
Claudine Schnieder has been a focus for increased interest in aquaculture in Narragansett Bay. In Delaware
there has been for a nufnber of years a large-scale study of controlled-system shellfish culture, which seems to
have peaked and nOW waned. Maryland and Virginia have extenaive hatChery OperatlOna, and Mike Caatagna,
frofn whom you have heard a really excellent discussion of sheilfish potential, has demonstrated potential
himseif in his own projects and prograins.

The reality, though, is that inost seafood production continues to be from natural populations, and
activities that have been very successful at laboratory or even pilot scale have not resulted in any malor industriai
develOpment. SOuth CarOlina, fOr inatance, haS large. new aquaCulture faCilitieS, and alSO haS a hiStpry Of
extenaive reaearCh On fresh Water MaCr Obraonium prawn Culture whiCh haS nOt been translated into commer Ciai
production on any significant scale,

In mOSt Caaea We have Seen intitial enthusiaam fOIIOwed by SOme SuCCeSSeS, but With later deCline Of both
interest and enthusiasm--sometimes as the reaiities of economics overtake the experimental successes.

New Jersey has not been apart from the history of aquaculture. With us in this conference is Dr. Al Eble
who carried on for a number of years aquaculture development in the heated waste water from the Mercer
generating plant. Also here is Dr. Hal Haskin, who is internationally recognized for his work with oyster culture.
and eapeCially hiS prOgrarnS in Delaware Bay. New JerSey haS limiting faCtOrS. Of COurae, whiCh must be
addreSSed in any aquaCulture develOpment planS, but I dOn t want tO dwell ori them beCauae I have a COuple of
suggestions to make.

To prepare for this conference, we had a meeting of the organizing committee. and a concept emerged that
we discussed brie y. on' recd b ' fl . I d 't ecali who proposed it initially, but I did some homework on it later and I think it is
entirely feasible.

The proposal is that we con inue oontinue to do whatever may be possible in New Jersey lo reduce the amount of
environmental degra ation a wed d t th t e hear Or read abOut every day, but that we nat be defeatiat abOut the posSible
results. Instead, we s ou pus ar oh ld h h d f r the develdprnentOf marginal water aquaCulture. FOr example, there is
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Raritan Bay. In termS Of primary prOduCtivity. it ia One Of the mOSt prOduCtive bodiea Of water in the world Bui the
quality Of ita water is marginal, in termS Of degradatiOn There Shculd be a way Or several waya tO take advantage
Oi the faCt Of Raritan Bay'S great primary prOduCtivitry fOr aquaculture in Spite Of ita marginal quaiity I acerbic aS
areaaOnable COnCept whiCh New Jeraey COuid aXpiOre. and SO make a COntnbutiOn nOt Only tO the State, but IO the
nation and to other nations faced with sim~lar probiems.

Human inputa wOuld be required at bOth enda Of the development Chai~. SOme anirnala might nct be able
tO repraduCe in the degraded Water and COntrOlled COnditiOna could be develOpedby the State tO breed and raise
aftimala tO a Stage where they COuld be planted in Raritan waterS and grOw well in ita natural prOduCtivity At the
other end of the cycle, time could be spent on methods of chemical and/or physical depuration to remove any
toxic or deleterious rnatter from the animal crop.

The defeatist attitued which says, 'we can't do it here" must be avoided; instead, take advantage of what is
available. If input iS Supplied at bath enda Of the Chain, I think aquaCulture in the State'S marginal waters iS
feasible

My SeCOnd Suggeatian ia tO make far better utiiiratidn Of the high SCientifiC and teChniCal Skilla available
here in NeW Jeraey, We heard abOut genetiC engineering frOm Dr SingletOn. and I th~nk there are Several speCies.
both vertebrate and invertebrate, which are good prospects here in New Jersey, I think the genetic engineeringinitially COuld be Oriented tOward pharmaCeutiCala. and nat neCeaaarily tOward prOduCtlOn Of human fOOd OfCOuree New Jeraey iS knOwn fOr its majdr pharmaCeutiCal induatry, and the genetiC manipulatiOna I have readabout imply that many pharmaCeutiCally impOrtant ingredienta might be derived frOrn the engineering of marine
animals and plants as weli as those of the land,

I think the future couidbe very exciting if New Jersey were to take the leadin comb~ning aquaculture andgenetiC develOpment, perhapa in a major experimental facility where SeleCtive breeding Of a few animala Couid
take place.

it would also be weli to follow up on Ivlike Castagna's suggestion that the hard clam farming industry inprotected bays in some parts of the state could be increased enormousiy, particularly with hatchery production
of seed.

AnOther future pOSSibility cOuld be the appliCatiOn Of the CIOsed syatem aquaCulture methoCls deveiopedby the University of Delaware to the American lobster here in New Jersey There is a substan'Iial body ofeXperienCe in IObater aquaculture and thia may be the time IO apply it and Seek innOvative IechnoiOgieS
I'rn Sure the ideaS preaented by my cOlleagues On the prograin will stiinulale exploration Of other ideas, Oiil

the two I'd like to emphasize are these.
- The concept of marginal water aquaculture.- The u'lilization of the tremendous skills availabie in New Jersey for exploration of genetic engineering for

aquaculture.I knOw Of no Other mafdr effOrtS in either directiOn, sO the Opportunity clearly exists far New Jersey lo take
the lead to an exciting future.



CHAPTER Vill

THE ESSENCE OF AQUACULTURE: A SUMMAT1ON

Marofd L. Goodwin h Robert 8. Abel

Robert Abel and Harold Goodwin worked together at the birth of the Sea Grant Program in the Nat~onal
Science Foundation in 1966. They were joined by Robert D, Wiidman and Arthur Alexiou and operated the
program as a quartet for its formative years, Sea Grant became the principal government supporter for
aquaculture research, with Goodwin and Wildinan as aquaculture program managers.

Dr, Robert B. Abel brought to the program, a wide background in oceanic affairs, starting as a chemical
oceanographer for Woods Hole Oceanographic Institution after his graduation from Brown University. For
several years he was Executive Secretary of the Federal Interagency Committee on Oceanography, the Federal
government's prime planning and development organization for marine affairs. After serving as Director of the
National Sea Grant program for 10 years, he retired from Federal Service in 1977 and joined Texas A 5. M
University as Assistant Vice President for Marine Affairs. leaving to join the NJMSC in 1978.

HarOld GOOdwin left the Sea Grant Program in 1974 and farmed hiS Own firm, SpeCialiZing in aquaCulture
planning and marine education, He became a consultant to NJMSC in 1976. Before joining the new Sea Grant
Program he had widely varied experience as a scientific and technical program manager. including six years
with NASA, three years as Science Advisor to the U,S. Information Agency, and eight years as a Director of
Atomic Test Operations for the Federal Civil Defense Administration. Among his many honors is honorary life
membership in the World Mariculture Society.

The inflated aquaculture hopes of a decade ago have given way to a reality which is that, no rnatter how
great its contribution, aquaculture will not feed the world. And while American science and technology have
made, and will continue to inake, important and perhaps vital contributions to worid aquaculture, actual
production of aquatic organisms in the United States cannot be expected to make so much as a ripple in world
consumption statistics.

On the other hand, aquaculture still offers potential for the United States, not for essential protein,
because we are not a protein-short nation, but for a dependable. consistent, high-quality supply of certain
valued seafoods which can be raised and sold at a profit.

There iS alSO pOtential. which may or may nOt be realiZed becauSe Of ecOnOmiC unCertainty, fOr sOrne
non-food used of aquaculture including the use of modern genetic engineering to so alter some marine
Ol'ganiernS that they beCOme valuable SOurCes of SuCh nOn-fOOd prOduCts aS StabiliZerS, texture agenls, and
pharrnaceuticals.

A certain potential exists for social uses of aquacuiture in addition to economic values, though these have
nOt been widely diSCuased. In faCt, the mOSt SucceSSful and lOngeSt-running aquaCulture aCtivities in the United
States have been without profit motivation, though they have had significant economic as well as social impact
We take them for granted; they are the breeding and raising of trout to stock streams for recreational fishing.

The Status of Aquaculture
The siinplest definition of aquaculture is that given by Idyll: "Aquaculture is the controlled production and

harvest of aquatic animals and plants." But, as Idyll and others have noted, with only a few exceptions the
aquaculturist has far less control over his animals than does the farmer. Most aquaculture productivity world-
wide is based on collection of seed � spawn or luveniles � in the wild. and uncertain dependence because of
natural variationS and SOmetimeS a danger beCauae exceSSive COlleCtiOn Of wild seed cauSeS a deCline in the
natural fishery.

The highest productivity in world aquaculture is in such species as milkfish, carp. and tilapia, of low
market value in the United States. The exceptions are shrimp in Equador, salmon in Norway and Scot'land and
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n HaWali and Other plaCea, Theae are in additiOn to the near-universal culture of Oystera, andfresh water prawns in
the more geogragraphically restricted culture of rnussels

II is also geng y < q aculture 's relatively expensive, producing od
expensive va u,' e vaiue, it is not a source of cheap food

ceeded it is because nutritional and econo

made it impar an, t an<j where either government support or at least faissez faire have created an encou ag g

climate.

In contrast, the United States has no vital nutritional need for aquacultured products. Though Americans
enjoy certain sea anslated i
po ltica c im the government, ! n rn

gl g, t ough not as rapidly as the culturist would like, Passage of th A It
o p e I government on record but did not result in greatly heighte ed F d I

reasingly, it is clear that creation of an encouraging climate and infrastructure for aquaculture is the
role of the Individual states. Needed is legislation, perhaps a model Act, which clarifies the legal structure set up
for other purposes and now inhibiting aquaculture; an act which encourages aquaculture, and defines the role of
state agencies. Such legislation should be derived in the first place from a clear exposition of state goals and
objectives.

Factors In Aquaculture Planning
There is consensus: the first requirement for choice of a species to be cultured is "Can you sell it?"

Inherent in this deceptively simple question are such elements as market demand, market structure--lobbers,
wholesalers, food chains � competition with natural fishery products, degree of government or other control, the
form the product is to take, whether as-harvested or with some degree of handling and processing.

Further, market demand and saleability determine price, and Castagna has surnrned it up best: "If it costs a
dime to grow a thing you can only sell for a nickel, don't grow it."

How much it costs to grow the organism depends on many factors, some of which are not peculiar to
aquaculture, but in the past have been overlooked or not sufficiently studied. These include the cost of land, cost
of energy, cost of conforming to local zoning or other regulations, and in some cases the attitude of the
neighbors,

ASSuming that the general IOCatiOn and similar geOgraphiC faCtOrS POSe nO prOblemS. the COSt Of feed
becomes paramount. For many high value species which are not sufficiently fed by the natural waters, feed
becomes the most critical element and planning must include assurance of its availability, or of the components
from which it is made,

In some locations, and for culture of some species, there may be surPrisinglY high costs involved in the
disposai of effluent or wastes; there may also be stringent regulations to be met which Pose design Problems
affecting the entire operation.

AII such considerations are, of course, elements of a management plan. When the key factor respons'bie
for the faiiure of many aquaculture enterprises is isoiated, that factor turns out to be bad management usually
because of lack of good management plans.

Selection of Species
Fo h I of It re, Castagna has given us an entirelY Pragmatic c e

a h oth -th t I rof t s ot the motive it isn't aquaculture busines,

With ofiti d, d ithsaleabiiityandmarketdemandknown acto
selection are;

~ Th ht li t fo th pecies. it has been noted that one can g o Y " g "
the o t,b ti I it k o conomicsensetochooseananimalforcultur P g o
when the hot tropics are its abode,
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~ A species which is environmentally compatible, not a potential hazard or competitor to native species or
to the environment itself.

~ If for business and profit, a species for which the technology of cuiture exists. A profit-making operation
should not have to develop the technology, even though research conducted during presumable profitable
operations can improve the technology and increase the profit

~ A species which, in accordance with the complete and well-developed management plan will not
suddenly pose problems of meeting health or other standards.

~ A SpeCieS whiCh Can be grOwn in an aCCeptable length Of time. Time nOt Only inCreaaeS COSt but
increases hazard. The longer it takes to bring a species to market size, the greater the chance of mishap, perhaps
from an unprecedented storm which wipes out the facility or cuts off power for extended periods, or perhaps
from something like an equally unprecedented disease.

Rfatta to the Aquaculture Enterprise
Any enterprise involved with living organisms, whether animal or plant, is risky, the risks ranging from the

ever-present possibility of freak weather to equally freakish economic disasters caused by changes in govern-
ment policy. Farmers know this very well.

Risks to aquatic farming are those of the land farmer to a considerable extent. with some added
possibilities inherent in the water environment. The possibilities of disease are there, but may exist in greater
variety which are deadly to marine organisms, especially if environmental plaques are i~eluded, In addition to
bacteria and parasites, organisms cultured in the natural environinent are subject to blooms of toxic organisms,
and while mOst Of theae may have the effeCt Of making the aquaCulture CrOp tempararily unSaleable, there are
others-as has happened off New Jersey � which deprive molluscs of oxygen under some conditions and cause
their deaths.

Most cultured aquatic organisms are not only smaller than those grown on land but are much more fragile,
especially in their early development or growth stages. Further, aquaculture must produce in any one animal
crop a far greater number of organisms than does the farmer per unit of space and time; disease or similar events
can be relatively more devastating to the crop, and hence to the economic stabiiity of the enterprise.

As in land farming, there is aiways the risk of predation, but aquatic farming faces a greater variety of risks
because of predators in the very environment in which the crop must be grown. Mulluscs, for example, can be
eaten by marine snails, crabs, and other local inhabitants. Crustacean species and small finfish are prized by
birds and by land animals not commonly a significant hazard to farm animals and poultry, including possums.
raccoons, and snakes, In extensive culture � open water areas � the predation can be great enough to constitute
eCOnOmiC diaaster. Perhapa tO a greater extent than in garden farming, human predatiOn can be a problem a net
full of succulent shrimp can be taken rather quickly in an undefended area.

The natural harvest of certain aquatic species poses a degree of risk to the aquaculturist. First there is
competition which may be resented by fishermen; second, price depends on supply, and natural fisheries have
occasional bumper crops, too, in which the culturist's product simply cannot compete in cost with a large supp! y
from the fishery.

An inherent risk, whether from weather, disease or accident, is that the entire aquaculture crop may be
wiped out, a risk not too different from that which the farmer takes every year.

The management plan may take disaster into account by ensuring adequate capitalization of the enter-
prise. It was noted earlier that most aquaculture faiiures were the result of a bad management plan. ano
inadequate capitalization ranks high among the management failures.

Goals and Objectives
FOr the most part, the terms aquaculture and mariculture have been interpreted as meaning aquatic

businesses, designed to bring a profit. Aquaculture is now taken to mean the culture of any aquatic organism
whether in freah or salt water. The Chief advOCate Of the term mariCulture, the WOrld Mariculture Society, has lust
changed its name to the Worid Aquaculture Society.

In introducing this chapter, we pointed out that the longest running success in Amer~can aquaculture has
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be n the trout hatcheries which stock our trout streams. Certainty this has had economic impact to no
as any manufacturer of fly fishing gear, or operators of a number of fishing resorts, can testi y. Yetif . t,

~mall extent, as anythe basic goa is s the advantage of establish
ry note is that the social obiective can in some cases become a politicized one There are

states in w ic
h the responsible state agency deliberately kills by chemical means all the perch blue gills

crappies, ass, a nd other species in a pond or lake to restock entirely with trout thus depriving the family
pan- is ermen " I s "en who are backed by an orga

y portant, both economicaliy and so i II�, h

aquacu U
p o o sport fishing need some serious thought. Wh

g me fish, it co~era everything from cr bb
g o yt ing that will bite, hooking one of the I

g oare feet through muck tO bring up a h d I
d I O thatfarrnOrethanafewOfOurleSSaffluentCIIIZenS eapeCiailyinmetrOpOlitanareaS Spart fiShingis

truly subsistence fishing.

The decline of rockfish--striped bass � has resulted in a surge of concern, and the application of a known
technology for spawning and raising these important fish to help restore the natural populations, Again, while
there are strong economic values, rockfish area prized sport fish, and the social values may be even higher; there
are more sport rockfish fishermen than commercial rockfiah fishermen, This is an other precedent worthy of
further consideration.

While businesses and the state may conduct research and contribute to development of aquaculture
science and technology, research is primarily the role of the universities, Funding from any appropriate source
include the state, foundations, businesses and business associations, and the Federal government. The objec-
tive of the university is not alone the development of a technology, but the education of competent scientists and
engineers, and social scientists of several different specialities. While Sea Grant often is credited with being the
principal supporter of aquaculture, it is important to remember that Sea Grant is a matching program in which at
least one third of the grant must be from non-Federal funds. It is not a coincidence that the states in which the
Uiniversitiea have made the greatest contributions to aquaculture are those states in which the legislature has
made sure that adequate matching funds for Sea Grant are a regular appropriations item.

In planning, it is also well to note that the Federal government is not noted for its staying power. Grant
fundS dO nOt cOntinue indefinitely far mOSt thingS, Certainly nOt far individual praleCtS. Even Sea Grant. with
better continuity than most, has considered itself a start-up source not created to maintain production after a
given pOint, FOr the IOng term in eatablishing SOmething new in aquaCulture, the State is the prime source and
should be the prime mover.

Steise to a Coherent Aquaculture Program
1. The program necessarily starts with the State's own goals. if it is to be coherent and of maximum use to

the people of the state. Customariiy, these goals are statecl in an Aquaculture Act which takes into account all
~elated state responsibilities and defines its aquaculture goals in terms of the aquatic environment. the needs
and responsibilities of its, political subdivision, and the activities which compete for time and space especially
alOng the ShOre, including fisheries, tranSpOrtatiOn and bOating, reCreaticn, Swimming and Sunbathing. and
economic development...not to mention aesthetics, which too often are considered post-factum. Of course no
one has said creating a genuinely goocl state plan would be easy,

2 lt is the responsibility of the state, within the framework of its organic aquaculture act, to define the role
'ts agencieS. Normally, agency missions are clearly enough defined in terms of the agency's traditional

'«ctiOnS. But aquaculture needa and the impiementatiOn Of the state'S intent may COnfliCt with traditicnal
egulations. It was said repeatisdly during discussions that the bureaucracy gets in the way. It does, but it doesn'I

me« to. and the reasons are twofold; first, badly written laws and legislative guidance; second, fear on the part
of the eme emPloyee that deviation from established writ, even for the sake of comrnori sense. will bring personal
gnef.

lt isalt is also the responsibility of the aquaculturist to communicate with the agency, and to do so in the spirit of
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COOperatidn and nOt hOStifity, tO aSSiat the agenCy in fOrmulating Oi refOrmulating sensible regulatianS--with
which the aquaculturist may sometimes disagree no matter how sound the agency's position.

3, It is the responsibility of the state to bring order out of organizational chaos should it exist and specify
which Of the State'S entit~eS dOeS what. SpeCifically, the State shOuld enaure that the COmpetenCeS within the
state are fully used, recognizing that competence in aquatic animal physiology is only a small part of the
competence necessary in aquaculture. Implementation of a viable, coherent program requires many kinds of
scientists, engineers, economists, business administrators, and political scientists, and these talents are found
throughout the state and its entities.

4. Recognizing that the various competing entities within the state should not be expected to agree on
Where the greateat COmpetence and leaderahip are tO be fOund, prOviaidn ShOuld be made far Outaide expertS to
give strong assistance in identifying strength, noting that choice of persons for a committee, board. or comrnis-
sion should be from qualified and competent scientists, engineers, and businessmen with reputations among
their peers in the field Of aquaCulture, The reCOmmendatiOns of SuCh a group ShOuld be taken very seriously
indeed. It might be pointed out that one report on New Jersey aquaculture, presumable authontative, demon-
strated either lack of knowledge about aquaculture activities and competence in New Jersey or serious
distortion.

5. Built into the plan should be provision for independent review of aquaculture proposais, whether
reCeived frOm a buainess, a State agenCy, a univeraity, Or any other SOuroe. There is nO expectatiOn anywhere
these days that generous supplies of money will be available, and a review procedure that ensures competent
objectivity is the best saver of scarce money. Neither states nor the Federal government can claim freedom from
aquaCulture nOneense. One Federal agenCy iSSued a grant fbr a multi-rnilliOn dOllar aquaCulture prajeCt whiCh
horrified every experienced aquaculturist who heard of it. Intense questioning could not identify a single
member of known competence and experience in the aquaculture community who had ever seen the proposal
The millions were wasted on a project which had no remote possibility of success.

6. AnOther requirement in a SOund plan iS a plaCe for an Ombudsman, a perSOn within the State estabiiSh-
ment whO repreaentS the State'S aquaCulture COmmunity. The funCtiqn Of SuCh a perSOn is tO aSSiat in finding the
right person within the right agency, acting as intermediary to be sure there is at least good communication
when agency and aquaculturist disagree, and being a voice for the aquaculture community within state councils
when needed.

Suggestions for the Aquaculture Future
Implicit in each paper delivered at the New Jersey Aquaculture Conference were suggestions for direc-

ticnS a state prOgram might take. SOrne of these SuggeStions are here summarized fOr SeriOus considerafiOn in
development of a state program, once a state plan is reconsidered and developed as necessary

1. Look backward, Michael Castagna suggested. Exainine the history of New Jersey s fisheries and ils
species to see if well-liked and marketable species once present in significant numbers but now in decline or
vanished from the markets might offer possibilities for aquaculture. While still available, oysters and hard clams
have declined in numbers and are high value species worth continued ancf expanded effort. Specifically, he
suggested that the state should play a stronger role. perhaps in providing the hatchery for oyster seed, using the
latest technology. He also pointed to the once-plentiful sturgeon, a gourmet item whether as caviar or smoked
fish, and noted that culture technology has been developed on the West Coast.

2 John Ryther's discussion of non-food uses of aquaculture focused on seaweeds and some higher
plants, the latter useful for stripping nutrients from waste water but presenting their own problems of economic
disposal. While water hyacinth is not for New Jersey, other higher water plants exist, some of which may have
uaeful charaCteriatiCS while presenting leSs Of a dispOSal prOblem. Rylher's diSCuSSiOn of waSte water was alsO a
reminder that some IOwer marine OrganiSmS are knawn tO COnCentrate speCifiC ChamicaiS, inCtuding rnelaiS, and
may be wOrth SOme study for use in helping to clean up polluted waterS. Of higher pOtentiai waS Hylher s repOrl
on mutated seaweeds, specifically gracilaria. which contain significant amounts of very high value organic
compounds.

When Ryther's report is combined with the discussion by Fred Singleton on the potential of genetic
engineering, what comes to mind immediately is the high New Jersey ability and experience in pharmaceuticais
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and the state' s«he state's d gu s ory «his f~~~d Whiie it is true that many iesearchers have looked
b o ogical substances in marine plants and animals, there has been retatively little work i tf ftbiologica su s an
whicich appear most promising, especially when genetic manipulation may bring s g f'I
matic improvement.

3. Castagna suggested and Carl Sindermann expanded the suggestion into a
sey ta e ead or its own sake and for the sake of other areas in what t d

q u ture, Marg na meatus somewhat polluted, not ordinarily the quality of t
og o oo o g . But,asSin«terrnannsai«t,humaninputsatboth ends of thecult
difference: at the breeding end to develop resistant strains, perhaps, but certainl to

they ere less fragile than in the larval or early juvenile stages. At the har t d, ff
ny toxicants or disease organisms would be used Research for both ends is needed If successful, and

the probabilities of success seem high, some of the very productive waters now denied to food use could be
used.

4. Sindermann, in his look to the future, also urged that New Jersey put its talents and experience to workalong the lines Ryther and Singleton discussed. an approach that woul«t require a senous, lang-range commit-
ment any innovative methods of cooperation and joint management among universities, pharmaceutical andbiological businesses of several kinds. and state agencies. Given «fevelopments in recombinant engineering in
the past few years. the potential seems to warrant a major program

5. Several speakers said it, both from the platform and the floor'. aquaculture must be carried to pilot scaleas part of the research and devetopment process. There have been many cases where laboratory successessimply would not scate up. for reasons that could not have been fully anticipated. Pilot scale may be described asany scale large enough to demonstrate the production success of the culture technology.
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