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INTRODUCTION

Weicome to Sandy Hook and to the initial New Jersey Aquacuiture Development Workshop. | would like
first to acknowiedge the support of the New Jersey Commission on Science and Technalogy. Public Service
Electric and Gas Company. and cur co-hosts, the National Marine Fisheries Service and the New Jersey Marine
Sciences Consortium in putting this conterence 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 t0o aquacuiture
development in the United States that they realiy need no introduction to anyone even slightly familiar with
fintish 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 industry in the Uniteg¢ States.

Nils E. Stolpe
Conference Chairman

Confrience netd  Sept. (925



FOREWORD

Aguacuiture is not a new subject or interest in New Jersey. In fact, the state has a long histary of interest
which. until recently, was directed primarily, though not solely. to oysters. Dr. Haroid 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 animais were the Giant Malaysian prawn, Macrobrachium rosenbergii,
and later, the rainbow trout. The extensive reports resuiting from this experiment are a substantial contribution
to the state of waste water cuilture technoiogy.

But despite history, interest in aguacuiture has revived only recently and grown rapidly in New Jersey, and
a new arganizational structure'which has not yet taken firm outlines and content is being developed. This new
interast 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 taboratory here at Sandy Hook.

Aithough the mission of the Sandy Hook Laboratory has been development of scientific data leading to
the proper preservation and management of the maring environment and naturally occurring stocks, the
laboratory consistently has bean a supporter of aquacuiture 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 funding for
aguacuiture 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 provide a sense of direction anc a review of the
state of the aquaculture arts that would be useful as New Jersey works to create a coherent. statewide
aquacuiture pregram using ail competent and interested public and private resources.

To this end, we planned a small workshop of perhaps 20 people with responsibility or mission miterestin
aquaculture, to hear and discuss aquaculture with a few of the most knowledgeabie 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, prospects. and problems of aquacuiture. In effect. the
combined wards of our invited speakers and following discussions form a primer on how to think about
aquaculture, what needs o be realized befare planning for a venture—or development ot a plan—even begins.

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

Robert B. Abei,

President

New Jersey Marine Sciences
Consortium



CHAPTER |
THE STATE OF AQUACULTURE
An Overview

Clarence Idyll,
Fisheries and Agriculture Consultant

Clarence |dyli has been a major figure in international fisheries and agriculture for over 45 years. Ameng
other positions related to aquaculture, he was Senior Marine Scientist for the National Advisory Committee an
Oceans and Atmosphere, Chief of the Internationai Fisheries Development and Services Divisions of the
National Marine Fisheries Service, Fisheries Research Advisor of the Department of Fisheries of the United
Nations Food and Agriculture Crganization, and for over a decade the Chairman of the Guit 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 Studies of the University's institute of Marine Science from 1956 10 1959. Or.
tdyll 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, aguaculture. and marine
science, and articles for such publications as National Geographic ang Scientific American, Cr, ldyll's books
include Abyss: The Deep Sea and the Creatures That Live in It Exploring the Qcean Worid, 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 aquaculiure, so we shall be restricting this
discussion largely to the cuiture of animals. '

While the word suggests that aguaculiture is the watery equivalent of agriculture, in fact in most kinds of
aguatic farming the culturist has far less controi over the animais he is raising than the land farmer, usually
depending on a suppiy of seed—the young stages of the cultured species—from the wild. Only in a small number
of aquacuiture operations does the farmer have full control of the life cycle of the animal from brood stocx
through spawning, larvai. juvenile and adult growth, harvest, and back to brood stock.

Examples of this fully controlled aquatic farming inciude the culture of catfish and trout in the United
States, carp and tilapia in China, Israel and eisewhere, and a few operations which grow saimon, oysters and
other species in various parts of the world. But the majority of aquaculture businesses aver the gtobe—including
a great many which are profitacle—depend on the collection of spawn in the wiid {mussel culture in Spain. oyster
culture virtually worldwide), or on the capture of wild fry (mifkfish cutture in Indonesia, shrimp tarming in
Ecuador, yellowtail cuiture 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:
examples are the milkfish farming in Asia and some shrimp operations in Latin America. It is because of this
weakness in the aguaculiture 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 praducing young
under controlled conditions——operations that are routine in land farming.

Confusion often arises in discussions of aguaculture through lack of understanding of s complexity and
diversity. It is commonly treated as though it were a homogeneous activity, and as a consequence mistakes are
sometimes made in applying laws and regulations, or in public attitudes. Instead of being a singte kind of activity.
aquacuiture consists of a large number of different ones. It includes culture in fresh water or the sea {"mancul-
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v s often used to describe sea farming}; it includes culture in ponds, raceways. tanks, enclosures, cages, it
ture” 18 king of streams |akes. reservoirs and the sea with hatchery-produced young: it inciudes "sea
i“"”qes llstgc Tgin the relearse of young fish (e.g., salman) with the expectation that adults will return 1o the
::::r:fn?eié:;:oa:ud ?:an be harvested; it includes the farming of a large number of species of animais and plants.

A turther level of complexity is imposed by the fact that the amount of sophistication of the culture
actice varies widely. in the past. in most parts of the wortd, "extensive culture” has been practiced for most
or i@, meaning that the density of culturg animals is tow, supplementary feeding is not empioyed, and 2
:fzf\?;nurn of care is delivered to the apimal;. Increasingly, "inten;ive cu_lture" is being used. involving high
densities of animals, supplemental feeding with carefully‘craited rations, disease control, an;ﬁ other procedures.
This usually resulta in higher profits, but obviously also involves greater initial and continuing investment, and

higher level of skill.

As a final point in this discussion of what aguacuiture is-—or is not—it is emphasized that it should not be
ragarded as a sojution to the wortd hunger problem. Some enthusiastic but poorly informed writers have
declared that tish farming can raise enprmous amounts of cheap food, whereas in fact nearly all aquac unlu re
operations over the whole world are raising products thatare moderate, or more commonly, high priced. Thng s
because our technology usually requires relatively expensive seed, feeds, drugs, land, and other inputs. Fish
{arming is a business and it survives only if it makes a profit, so that its products are usually more expensive than
the hungry poor can afford. In the future. there probably wilt be some kinds of aquacuiture operations that wilt be
abla to mass-produce food ata {gw price, but for the present. and in some areas perhaps forever. decisions about
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.

Statua of Worid Aquaculture

Aquaculture is a modarately to substantially important method of food production in certain countries of
the world, but of insignificant importance in many others. Maost of the countries where fish farming makes a targe
contribution are in Asia, where §5% of aquacuiture production takes place. Among the countries where fish
tarming Nourishes are China and India, where 25% of aquatic food consumed is from tarms, and Japan where
this tigure is 10%. Other Asian countries where fish culture is especially important include the Philippines and
Korea. In Israel, where aquacuiture has reached a high level of technology. half the fishery products used are
grown in tarms; in Europe, Poland, Romania and Spain grow relativeiy large amounts of aguatic food by farming.

World production by aquaculture has increased rapidly in recent years, rising fraom a rough estimate of 1
million metnc tons {mmi} n 1966 to 10.5 mmt in 1983 (Table 1). (The figures for 1983 were provided through the
kindness of Or. T. V. R. Pillay.)

But even with the increases that have occurred in recent years, the guantities of food produced by
aquaculture are much smaller than those by land farming (less than 1%} or by fishing {about 11%). The
importance of aguaculture becomes higher when itis realized that its progucts are relatively high in nutritionai
value, being rich in animal protain.

The species produced by aguaculture in the largest Guantities are oysters, mussets. seaweeds and fish:
shrimp and other crustaceans are far less important quantitatively. In 1975 Pillay reported in Venice that of the
9 4 mmt of aquaculture progucts tish accounted for 37.1%, molluscs (oysters, mussels, clams) 36.7%. seaweeds
25 4% and crustaceans (snrimp, freshwater crawtish} less than 1%. Over the world about 93 species of fish were
cultured, 7 species of shrimp, 6 species of crawfish, and many species of oysters, clams and seaweeds.

Soa The largest aquacuiture operations are for growing oysters (e.g.. in Japan, Korea, the USA), mussels
{Spain}, and seaweeds {Japan. China. Korea.) Substantial amounts of fish are grown in China and India: these
are mostly freshwater species like carp and tilapia.

protei:: nw"l::t ralﬂid grawth of fish farming has taken place in countries which have severe shortages of ammal
Hapan, toe Phil're he government has made a particular effort to support and promaote this industry—or both.
ke cr'nn n ippines, Korea, Pc._tand and Hungary are among such nations. tn centrally controlled economies

a, Poland and Hungary fish tarmingis typically pertormed on state farms, communes and cooperatives.
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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 suppiies of eggs and fry. In Western nations and other
countries where aquacuiture is a private enterprise it usually suffers from a lack of aid fram the government in
services that agriculture takes for granted—especially research and extension services. The dilermma of aqua-
cufture 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 heirarehy.

There have been some significant advances in aquaculture techniques in the lastdecades. Theseinciude
(1) a trend away from “extensive culture”, where animals are held in large enciosures at low densities, toward
“intensive culture” where they are crowded at high densities in small, more manageable ponds or gther
enctosures; (2) the use of high technology. involving supplemental feeding, disease cantroi and other modern
technigues. (3) the greater use of brackish and sait water areas in which to raise crops; (4) 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); (5} closing the life cycle of cultured animals by maintainance of brood
stock, with artificial stimulation of spawning to produce eggs and fry as they are needed; (6) the production of
superior feeds and feeding regimes, to increase the growth rates, viability and market value of the cultured
animals; (7} the development of pens and cages, permitting the more efficient use of water areas, including bays.
fiords, and other ocean areas; (8) polyculture, where mere 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 fish are raised along with ducks, chickens, pigs, cattle or land
ptant craps, employing the waste from these species to increase the fertility of the water; (10) the use of sewage
eftiuent to perform the same function; {11) the use of waste heat from power plants to increase the range of some
kinds of fish culture and to improve growth rates,

The Status of Aquaculture in the United States

Aguaculture 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: {1) Reproductive physiology, where knowledqge is already sufficient to exert control over the production
and maintenance of brood stock and aver spawning in several important species. (2) Nutrition, feed formulation,
and feeding regimes, to produce healthy, fast-growing animals. {3} Environmental control, permitting high
. density farming in smaller areas. (4} 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, larvat ang
juvenile raising, grow-out to market stage. harvesting, and marketing. {5) Disease detaction and control.
American scientists and commercial operators export these kinds of technotogy and skills world-wide. including
countries often said to be far ahead of the United States in aguaculture—as indeed many areincertain aspects of
the activity, including some practical operations ang the ability 1o make a living by fish farming.

The United States is less advanced in aguacuiture in other ways: {1) Pubilic acceptance of agquaculture in
relation to other food production systems (agricuiture, commercial fishing), and to other industriat and recrea-
tional activities. {2) Laws, or at least public and societal will to appty legal authorities and rights that aquaculture
already has, which would permit these investars to create and maintain viable commercial units. (3) Profitability
for many kinds of fish farming, now difficult because of high costs forland. (abor, feed and other essentials. {4}
Difficulty in satisfying several levels of government regulation and permit requirements. {5) General apathy of
the federal government.

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

Aquacuiture is sometimes regarded as a new activity in the United States, but in tact itis over 100 years
old. (ldyll. 1970.) Hatcheries were established in this country before the turn of the century to supplement the
natural preduction of young, for species whose batches had declined. It was recognized then, as now. that the
most vuinerable phase of the life history of an aquatic animat is its youth, when lack of food and heavy predation
commoniy reduce the numbers t¢ 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.
In 1885 the United States Commission of Fish and Fisheries put the Fish Hawk into service as a floating hatchery.
Millions of young shad, lobsters. cod. poltock. and other species were distributed.
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g5 in increasing commercial catches, because of poar technigues and the
inability to release engugh young. and marine _hE“Cheries ceased operations inthe 1920's, Satmon hatcr_\eries are
pack in favor now. raleasing young fish u\frhlch increase sportand commerma_l catches through greatly improved
technigues. But madern aguacuiture aims at the qu_ cantrol of the species raised: brood stock should be
maintained in captivity and spawning comrollled. techniques shouid be available to feed and protectnot onlg the
young but the targer animals. rightup to th@T time they are ready for harves_t, Natural selection should be possibie,
g0 that Brood animals can be chosen for size, flavor, rapid growth, hardiness, resistance to disease, and other
desirable characteristics. The skills for this have been developed in the United States for some species.

This activity proved fruitle

A new enthusiasm for fish farming has been evident in the United States in recent years. This has resulted
in some notable successes, with good profits being made raising saveral species; it has also resulted in the
collapse of high hopes in many instances, ‘and some of these failures have hurt subsequent attempts at
aquaculture by making it harder to raise capital and to get public and governmental acceptance.

The spacies raised in greatest quantities in the tnited States are catfish, freshwater crawfish, oysters,
trout and baitfish; clams and salmon are also important, and mussels are showing promise. Most of the catfish
and crawtish sold, nearly all the trout, and about 40% of the oysters are raised by culture. Statistics are poor In
this country (reftecting weak government interest) ang production estimates are available only as recently as
1983 {Table 2). These are presented through the courtesy of Benson Brucker of the National Marine Fisheries
Service. Data on the number of com maercial aguacuiture enterprises are even more scanty: in 1980 the support-
ing material for the National Aquaculture Act stated that about 1100 catfish farms existed in the United States.
along with 250 trout, 400 crawfish, 35 salmon, 30 clam, mussel. and abalone farms, and over 500 oyster culture
farms. About 16 United States owned marine shrimp and 20 freshwater prawn farms operaled outside the
country in areas where physical and economic climates are more amenabie to this activity.

Ovar most of the rest of the world, fish farming is usually a smali-scale operation. in many countries one of
tha chief sccial attractions ol this activity is that itis conducted as acottage industry, and thatit is labor intensive.
in the United States, by contrast, fish farming is usually 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
cottage industry-level aquaculture, but this is minimal.

The strengths of American aquaculture are impressive: first, an excellent scientitic and technological
foundation and good equipment: secondly, high entreprengural and gperation skills; and, thirgty, high quality
products.

_ The constraints are also impressive: (1) high costs, (2) Official apathy. (3) numerous and sometimes
inappropriate laws, (4) lack of research and development assistance. including pilot-scale testing of new
systems (5) low availability of capital. (6) the ecological threats posed by the introduction of non-native species,

Agquaculture is a business, and as such must 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
loging the fruits of years of labor. It is a highly technical activity, where knowledge of the results of science is
essential for profitability—at least in our ecaonomic system. As a latecomer in competition for land and water
space it is usually at a strong disadvantage compared with other commercial and recreational activities. As a
sometime water polluter and as a frequent victim of water polluted by other activities, it suffers disproportion-
ately from environmental degradation.

. Bearing the pressures, aquacuiture in our society has little chance of sustaining profitable operations. or
indeed, even of getting started, without some government assistance. Action—or lack of action—by a govern-
ment can have a powerfui and even critical effect on the success of attempts to initiate or sustain an aquaculiture
operation. Such action includes certain essential elements without which the industry can exist only with
unnecessary struggte and with diminished chances of success. The essential elements are:
1. An explicit public poiicy that manifests a positive attitude towarg aquaculiure,
2. Aneven-handed system of regulation that gives aguacuiture some degree of equity with competing or
imposing activities.
3. An administrative infrastructure capable of implementing state policies and regulations concerning
aquaculture.

4. Support for research, extension services and training tor aquacuiture.
9



TABLE 1

WORLD AQUACULTURE PRODUCTION

{In metric tons)

1983
Region Finfish Moliuscs Crustaceans Seaweeds Total
Africa 43,553 286 26 43,865
Asia & Pacific 3,575,084 2,589,131 86.095 2,392,047 8,842 377
Europe & N.E. 729,200 548,380 167 100 1,277,853
Latin America 167,801 30,953 20,087 1,637 220,478
North America 155,800 133,178 27.425 316,203
Total 4,671,244 3,301,948 133.800 2.393.784 10.500.776

Source. Food and Agriculture Organization, Rome



TABLE 2
ESTIMATED U.S. AQUACULTURE PRODUCTION FOR 1983

VALUE WEIGHT
SPECIES {$1000) (Metric tons) {1000 Ibs.)
Baitfish 100.000 15.000 33.000
Catfish 132,000 100,000 220,000
Clams 9,500 4,300 9,460
(1.689)"
Crawtfish 30.000 27.300 60,000
Frashwater 1,500 125 275
prawns
Muassls 1.500 1.680 3,700
{775)°
Cysters 31,500 125,000 275,000
(23,300)°
Pacific 8,800 9.400 20.6Q0
Salmon
Trout 50.000 20,000 50.000
QOther 7.000 3,200 7.000
TOTAL 369,800 308,005 679.035
‘Meat Weight

Source: National Marine Fisheries Service
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Before describing the government role in aquaculture development. it should be emphasized that caretul
examination should be made by government groups tg determine whether aquacultura is an appropriate activity
for the political unit considering it. Climatic, environmental, ecological, potitical, 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
carafully weigh the costs—monsetary, political and social—of encouraging aquaculture against the returns that
can realistically be expected. If the results of such a study are promising, the government can increase the
chances of success of a tish farming industiry by considaring its role, including the four essential elements
previpusly mentionsd,

The Government's Aole in Aquaculture Development

1. A favorable attitude toward aquaculture by the state can be most clearly manifested by explicit public
policy stating that the activity is in tha public interest. This is most logically iocated in an aquaculture act which
the legislature should probabiy pass for this and other purposes. The passage of such an act is n itseif a
statement of a positive attitugs. But obviousiy, the attitude will most alfectively be shown in the actions ot state
ofticials in dealing with the industry.

2. Aneven-handed system of regulation can be centered in an aquacuiture act. As alatecomer among the
many activities using the water and shoreline environment. aquaculure has been iaden with a contfusing and
burdenscma array of reguiations, many of which were designed for other activities and are inappropriate to fish
farming. Thare are 120 tederal laws, scores of state and municipal laws and hundreds of regulations thatimpact
on fish culture in this country (Aspen Systems Corp.}. These are designed to keep peace between aquaculture
and activities on which it impingaes, to protect the environmaent, to protect public health, to contrel disease, and to
accomplish many other tasks which are in tha public interest. Aguaculture should not be given exemption trom
necassary envirgnmental reguiations, but by the nature of this new activity and the history of many of the laws in
existence, it has transpired that fish farming is sometimes unnecessarity and unfairly 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 subagquatic 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 World Conterence on
Aguacuiture hetd in Venice, italy, in 1981 {Idyll, in press): "A major probtem 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 use and traverse water have already been vested in uses which may be incompatible with aquaculture.
These uses include commerciat and sport tishing, recreational boating, navigation, waste disposal. mineral
extraction. and aesthetics. Aquacuiture usuzily appears on the scene long after the other uses have been
established and accepted, and there may be no room for a new contender. Whereas in Japan. the existence of
forests of stakes supporting seaweed culture or crowds of rafts covering coastal bays is accepted as a matter of
course. In the United States, rafts for suspended oyster cultura or pens for salmon raising have caused strong
opposition from residents on the adjacent shoreline.”

3. In the process of establishing reguiations, a state government should ensure that it creates the
infrastructure necessary to make it work efficiently. Regulations 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 citec above, "In the U.5.A. the states have the primary authornty and responsibiiity for developing and
supervising aquaculture, although the federal government has a substantial role {and oneg that many in govern-
ment and industry think is too substantial.). But most of the laws that specifically authorize or controi aquacul-
ture business operations are at the state level, and state laws and regulations often have greater impact than
tederal actions on the daily operations and on the end of the year profit or loss sheets.”

Compliance with reguiations has sometimes been so burdensome to fish farmers that their enterprises
have failed for this reason alone. 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 requirements developed by the Environmental Protection Agenrcy. “The law also requires that the Fish ang
Wiidlife Service of Interior and the National Marine Service of Commerce have apportunity to review apphica-
tions." Then, one or more state agencies may also review them. “One of the commanest complaints of hsh

12



——'

concerns the length of timé and the expense of securing dredge and filland other permits. Delays dug to
‘a”-nem t several agengies may lake one 1o two years. Most states have not developed the machinery, stafts and
m."em Qm jement their reguiations. For exampie, Maine growers are handicapped by the lack of govern ment
,sk'"s t?o1rs :)o certity the health of oysters shipped from their state. In Virginia, the Marine Resources Commission
msiecadequate personnel to survey grounds for oyster leases, and the state is five to six years and 700
:::p|?cations pehind in this task: an applicant may take seven to eight years to have a lease approved.” The

situation in these states may have improved since this was written, but it is likely that there and elsewhere
agministrative machinery is not fuily up to the task.

Quoting again from the paper presented at the Venice Conferencein 1981: “Many and perhaps most states
have not made sarious afforts to promote aquacuiture, but qthers have. Florida has a special Maricuiture Act, and
has mace official pronouncements of policy support. This has nat been fully ettective yet since the state has
retained a cumbersome pureaucracy involving 32 agencies without a clear central authority. Oregon ha;.
astablished a State Permit Center and a Regulations Service Program whose objective is to simpiify permit
requirements and to make their results more centain.”

“Hawaii nas been the most aggressive in the official encouragement and practical assistance to aquacul-
ture. In 1977, the Hawaii Coastal Zone Management Program published a Aegister of Government Permits
Required for Developmeant,’ . ..10 encourage Government agencies and the public to consolidate and streamline
the development review process so that Government red tape can be eliminated without compromising Hawaii's
anvironmental quality.’ That same year the Department of Planning and Economic Development issued Permits
and Environmental RAequirements for Aquaculture in Hawaii, which ‘provided an analysis of the redundant and
overlapping Federal, State, and county laws . . . This document ... provided the impetus for a major reguiatory
reform in Hawaii that hag vastly simpiified certain permit and review procedures.’ it proved so useful that a
ravised edition was issued in 1980.

in the latter document, an introductory statement by the Governaor of the State sum marized the problem
faced by prospective aguaculture 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 affort to overcome institutionai barriers. The growth in government red tape—permits
and approvals required, officials to see, hearings to be heid, formsto 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 result of society's
lgudabie desire to protect its citizens and environment, and we pass laws and regulations to prevent simiiar

crimas. in the process, we handcuft desirable activities.

A special act in Hawaii sets forth policy and specifies the kinds of available aids and the controis mpesed.
The aquacuiture Planning Office provides aconsulting service for active or would-be farmers. State offices work
with applicants before the permit process begins, substantially reducing delays from about two years to as little
as two months.

4. Agriculture in the United States is acknowledged to be the best in the world. Ithas gained thiseminence

10 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 indsfinitely since new problems are constantly being encountered. Aquaculture has the same needs,
Research on a compiex array of problems facing the industry is necessary; tife history and biotogy of the species
belqg raised; genetics and reproduction; growth and hehavior: nutrition and diet; envirocnmental requirements:
engineering, construction, and operation of hatcheries, ponds and other facilities; disease and parasite controi.
production of seed stock; predation and mortality: harvesting and processing; introduction of non-indigenous
species. Agricutture receives this kind of research and more, continuously and as a matter of course, from the
feqaral and state governments the attitude of the United States federal governmentis that aguaculture, aithough
itss a food producing industry, must stand on its own in providing research support. This leads to a catch-22
srtuanoq since there is no aquacuiture industry, in the sense of large companies ar cohesive cansortia of
companies, raising one crop. which could afford to maintain suppan for the necessary research, After a certain
!;-!age of development, such strength might be attained by industry. But any political unit with serious intent to
evelop aquaculture should expect to support some level of research and pilotscate studies. Some of this could

be provided by support to university and other scientific groups. Suppon for extension services and training
could be handled similarly.
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Summary

In summary, aquacuiture 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, petitical. or administrative conditions prevent aquaculture
trom being successful.

Aquacutture in the United States is a relatively smail industry compared to this activity in some other parts
of the world, and compared to agriculture. This is partty 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 upperlimit, fish farming
deservas careful scrutiny.

Agquaculture in the United States is backed by good technicai information, but it is constrained by high
costs of labor, land and other requirements, and by sociat and legal barriers. To be successful, an aquacuiture
enterprise should have the explicit support of government. If a state determines after careful weighing ot
prabable 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 prefitabie
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
aguacuiture 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 te be confronted with
it? Second, has government support been significant in their present success, and if so, to what extent?

Dr. Idyll pointed out that catfish and trout aguaculture are very different in their history and hoth have
surmounted probiems, creating successtul and profitable activities to some degree despite the government. The
trout industry exists, of course, because of highly favorabte environmental circumstances, namely the availabil-
ity of good water. As to the catfish industry, Dr. idyll said he reaily did not know to what to attribute its success;
catfish farmers continually have fought with the government. and have sought its support. Certainly catfish
farming has had state government support, notably in Mississippl. The trout industry received no finangal
government support or encouragement, 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 likes—such as oysters—was the reference to pubtic acceptance of the product. or of
aquaculture as a business?

In answering, Dr. Idy!l contrasted the general attitude in the United States toward aguacuiture with what
he has seen in other parts of the world, in Asia for example. " was deeply impressad 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 oul. This king of occupation of the shallow water closest to the coast would not be tolerated in the United
States. In fact, there were some attempts on the West Coast where oyster farms were created and other places
where salmon cages were set up and the operations had to be stopped because the public wouid not permit the
operations ta continue, Thus, the attitude | allude to is one where aquacuiture is given some kind of preference.
or at least equity, in operations along the coasts.

Of course there are many opposing interests . . . recreatignal fishing, boating. swimming, and so on. and
many laws. Laws depend on the will of society and the attitudes at the public, and many of these laws make
aquaculture very hard to sustain. | think the reason that catfish and crayfish farming have boomed so fastis that
they are on privately owned farmiand. Thatis in sharp contrast to oyster production in coastal areas where there

are multiple use confiicts.
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A floor commentator discussed the essentiai{y two types ol aquac_ulture now on-going in the United
States. One type is small proprietorships. partnerships, or smal! corporations which have the advamage_thgt
they have no large overhead to support, generally nota large capital ba.se to carry,and a geperal lack of built-in
corporate bureaucracy of procedural requirements. T“he other type Is the large corporation, and most such
corporations in the United States today are notproduction-orientedin the aguaculture sense. They may process
food, but don't farm it. Large corporations have the advantage 'of strength and power and experienced ;taﬁ to
fight through procedures and regulations, and they can sustain Iassesl fpr a long ttmg. But after creating the
aquaculture subsidiary and carrying it, they find it doesnot produce sufficient return on investment and they get

rid of it. .

There is much evidence that large corporations have a hard time making it, but on the other hand, there
aran't many smail operations that have succeeded, either, and those which have succeeded—trout ang catfish—
are marginal. But 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 requiations. 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 make no sense. However, a related point is that the aguacuiture
industry such as it is, has been of little or no help to the government in formulating sensible and useful
regulations, and in establishing guidelines that will protect the public interest while aiding the cuiturist.

Comments critical of government reguiation 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 ofter bound by iaws
which they must carry out even if counterproductiva. A New Jersey Department of Health person added thattoc
often persons approach the agency resentful over the fact of being regulated at all instead of discussing specific
preblems and seeking solutions together.

. A final comment to ctose 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 of the
bureaucrat can go. and that is down. because all the helpful and useful actiens go un noticed while mistakes or

unpopular actions are given wide publicity and comment . .. yet, on balance. agency peopie. whether Federal or
State, are very dedicateg and heipful.
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CHAPTER Ui
THE NON-FOOD ASPECTS OF AQUACULTURE

John H. Ryther
Director, Division of Applied Biology
Harbor Branch Foundation, Fort Plerce, Florida

John Ryther was associated for over thirty years with the Woods Hole Oceanographic Instituticn 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 Oceancgraphic Institution as a guest
investigator although his focus of activity is now the Harbor Branch Foundation at Fort Pierce where he moved in
1983. He has been professor of aquaculture atthe University of Florida, Gainsville, where he continues as Adjunct
Professor of Agriculture, and he is Adjunct Professor of Qceanography 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 fram the University of New Hampshire. Included among his many honors and activities are
Directorship of the United States Biolegical Program for the Indian Ocean Expedition, Chairmanship of the
Tropical Laboratory Study Committee of the Associated Universities. membership ina 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 Fanel 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 11, a method was developed for treating waste water by dumping it into ponds, called sewage
oxidation ponds. The concept was that organic matter wouid decompose and produce nitrogen, phosphorous.
and other nutrients needed 1o support the growth of algae, the algae would produce oxygen for bacteria to
decompose the sewage, and the bacteria would produce CO2 needed by the algae. With all parts cf the system
working together, the organic matter would be converted from something not very pleasant to nice, clean aglae.

The problem with the system is that if waste organic matter is converted to aigae and then the algae is
disposed of in a river, lake, or ocean, the organic loading is not reduced at all; there is just as much suspended
solid, and just as much BOD (biological oxygen demand) in the aigae as there were inthe wastes. The next step.
then, is to run the algae through some kind of process which will de-water, grind up and sack the residue. which
may then be used for cattle feed, fertiiizer or mulch, '

At this stage, that harrid word “economics” emerges. It costs a lot of money to extract the algae from the
water, far more money than any use of the aigae could bring. Sa the system has never proved to be econaomically
feasible.

Peopie around the world who tried to raise single-cell algae as a high protein food. always ran intg 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 exampie 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 relativety easy harvesting.
but once harvested, what's to be done witht them? It's costiy to haul them around and the final product ofany kind
of processing isn't worth much. The plants can be composted and used locally, and this is done to a limited
extent.

Another approach can be seen at Disney World: A big hyacinth farm produces plants that are digested to
produce methane gas for fuel. The system is neat, effective, and economicai.

A related process not strictly aquacuiture, is what EPA and others are calling Nutrient Film Technotogy.
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There seems to be considerable interest in the technique, which has been known for Iyears als h_ydroponics_
Terrastrial piants grow huge root masses in gravel or some other substrate through which a thin fiim of waste
water flows. This technique probably is worth additional examination.

Animais to Harvest Waste Water Plants

Instead of paying the mechanical and energy ¢osts of getting algae and other plangs out Qf the waste
water. why not get an animal to do it for you? The Chinese have done this for centuries, using Chinese Car_ps
which eat plankion and detritus directly. A number of animals are available which feed law on the food chain,
gither eating the algae or teeding on the small plankton animais which feed on the phytoplankton.

The method has produced very large fish production in a number of places. Again, the problem is one of
sconomics. The kinds of fish which teed at the proper traphic jevels are not much prized by the American fish
food eater. Whils carp has an athnic market, which is very seasonal, the price remains low or the market
non-existant axcept 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.

Mixing Waste Water and Sea Water

At Woods Hole we conducted a similar marine-based project to see it we could grow single-cellalgaeina
mixture of waste and sea watar and teed the algae to such marine animals as clams, oysters, musseis, and
scallops. We got good conversion and good growth of oysters and clams, but we did run into some problems.
One was that we couldn't control the species of algae in the big, open ponds, 50 we ended up with weed species
which would not support the growth of local oysters and clams, although the weed algae did well in supporting
exotic specias like European and Japanese oysters and Philippines hard clams. We don't understand why. We
grew a prefty good crop of the exotics, and then ran into a basic ecological problem: animals do not eat their food
with 100% efficiency. We had efficient nutrient removal from the sewage by the single-cell algae, then the oysters
ate the algaeand putalithe nutrients back into the water again. So,as a final polishing step, we used seaweeds as
an excealient filter which took out all the nutrients tha shellfish had put back into the water again. We ended up
with clean waste water and a crop ot seaweed.

The next problem was with the Food and Drug Administration. We hired a virologist and added polio
vaccina virus to our systemin huge quantities as a tracer. We found that if we depurated the oysters and clams for
a couple of weaks we couldn’t tind any traces of virus left in the system. But the FDA people asked if we could
prove there wasn't a singte virus present in the oysters. Ot course we couldn’t. They claimed that one hepatitis
virus can produce hepatitis. That may or may not be trua, but it appears as though the heaith implications of
growing a crop like oysters and clams in waste water eliminate the possikility of doing it commercially.

Seaweed and Biomass

Finally, wa questioned why we should go through the laborious process ot 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 biomass. The idea was to grow biomass, convert it to methane by anaerobic digestion and s0
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
Woods Hole, Massachusetts, to Florida because we could grow about twice as much seaweed in the warmer
climate.

We became quite proficient in growing seaweeds in a highly intensive system. We aerated the flow s0 that
the seaweed is continually suspended in the water and got tremendous yields. Although the g'reen alga ulva was
one of the most successful, the fastest grower was a red seaweed, Gracilaria, which is found up and down the East
Coast of this country, and all over the world. The yields of Gracilaria were ashighas 50dry tons peracre peryear,
and if you know aboutcrop yieids, you know that such anamount is tremendous production, about as high as any
plant on earth. it compares with the impressive yields of sugar cane and some of the other grass-typeland plants.
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To get such yieids, we had to pump great quantities of water, and in terms of energy. the system was |ust
not energy efficient. Then the oil shostage 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, ancther fascinating aspect to seaweed growth, and especially to our work with
Gracilaria. Like other red seaweeds, Gracilaria contains a valuable marine cotloid, in this case, agar, the gel
materiat put on bactenological plates to grow cultures. There s a huge industrial and medical demand for agar.
as thera is for the other marine colioids, carrageenan and alginate. The demand for food grade agar is especially
high. Every MacDonaid's hamburger has some agar in it, in the sauce.

Much of the agar we use come from Japan, produced from a red seaweed calied Gelidium harvested from
their coastal waters. But pollution is depigting the Japanese crop, 50 the Japanese are searching around the
world for new sources. There is a (ot of Gracilaria 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, Gracilaria grows
vegetativaly; itis a sterile plant which does not go through a reproductive cycle at atl, and one of the interesting
things about it is that it mutates frealy. Not only the color, but the shape and everything else changes.

Soma of the mutants are not red, but green. Some have no agar at alt, and others have a lot. We now have
27 varieties of Gracifaria and have hired a biochemist to bagin looking at their chemical content. One thatis an
axcellent agar saurce, better than the Chilean agar which has been used commaercially and exploited by the
Japanese. Qurs are all natural mutations, but a Canadian scientist warking with Gracilaria has been using
chemical mutagens and has produced hundreds of varieties.

You can see the potential. It you can grow 50 dry tons 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 Gracifaria mutations does not stop with a good agar producer. One mutant, a really
deep red one, contains about threa percent ol its weight as phycoerythin, the red pigment. Those of you who are
up to date on biotechnology are aware that phycoarythin is very much in demand bacause it is conjugated with
monocional antibodies for detaction by taser. The pigment Houresces at just the proper wavelength. Now.
phycoerythin is worth about $2500 per gram—and these piants contain three percent of the pigment. Itisn'teasy
to extract, but perhaps the technique can be improved. '

The potential of seaweed for useful active substances has not really been mnvestigated encugh. but even
the little we know tells us more effort would pay off. For instance, another of our seaweeds contains asubstance
useful in medicine and agricuiture; a nematologist at the University of Florida, who tested some of our seaweed
exiracts against nematodes under a small Sea Grant. found one that was extremely active. Extract from the
seaweed not only controls the growth of nematodes, but stimulates the growth of the host plant—tomatoes. 1n
this case. We're beginning to try to grow that seaweed as an agriculture materials sourcse.

Finally, the common temperate zone seaweed, Ascophyiium, which grows in the New England intertidal
areas and in Europe, contains fairly high concentration of a growth hormaone particularly good forrootcropsiike
potatoes. It's obvious that there are a lot of such useful naturai products which could be utilized.

Wae found another use for our Gracilaria mutations, by the way, whichleads me intc another non-food use
of aguaculture. People trom the trapical fish industry came by and they happened to 0ok into cur tanks. and they
said, "Wow! Where did you get that stufi?” We told them we grow it ail the time, so they asked for 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 tigure that the stuff was worth about 10 cents a pound for methane, but worth more
than that to them, so we decided to charge alot—3$1.50 a pound. They said they'd take a large guantity, and we've
been shipping to them regularly. | just found out a couple of weeks ago that they've been selting it for $10.00 a
bunch. | think our price will go up next year.

Aquariums and tropical fish are big business. Florida is the leading United States producer of grnamental
fish, a 50 to 100 million dollar business annually, mostly of a “mom and pop” type Only a very few species are
bred and grown in captivity. The most valuable ones are imported from Hong Kong, Thailand, Singapore, and the
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Philippines. The fish are collected from coral reefs with cyanide which kills three-fourths of the papulation. The
other fourth is shipped to the United States and three-fourths of those are dead by the time they get herg. Sothe
price is very high per fish, and the sizeable market is expanding. Decimation of the naturai reef populations has

become a very serious prablem.

There is no reason why exotic fish from the Tropics should not be bred and grown. We're working with
about a dozen speciesinour jaboratories, trying to develop a breeding technology that will make usindependent
of foreigh shipments with their huge losses. If profit is your motive, lock at it this way: price to the grower fora
food fish-—catfish—is about 70 cents per pound. Some of the ornamaentals are worth about $400 per pound.

| think my principal pointin all of thigis that the non-food uses of aquaculture have considerable vaiue and
promise.

Questions and comments ioltowing Dr. Ryther's presentation

Carrageanan is a marine colioid much like agar which also is obtained from red seaweeds. Dr. Ryther
noted that carrageenan happens to be plantiful at the moment compared with agar and hence daes not have the
same value. He does have a few tropical spacies which do produce carrageenan. while there is a bit of research
on red ssawesds going on in Canada, Maine, the traditional United States source, is devoting itselfto harvesting
only {(Canada and Maine have peen principal suppliers of irish Mass, C. crispus, valuable for its carrageenan
content).

A questioner astonished at the news that water hyacinths are being cuitivated on purpose after all the
aftorts to get rid of them in Southern waterways, asked what products could be made from the pests. Dr. Ryther
replied that muich could be made from hyacinths or they could be farmented for methane, but the value is very
ijow. Thay are grown only because they are S0 effective in waste water treatment.

In answer to another question, Dr. Ryther said he thought there probably wera fresh ar salt water seaweed
or aigae 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, 6.g. agricultural waste, human waste, or industrial waste.

Following up on his comments about tropical fish in answer to queries, Dr. Ryther noted that grnamental
fish is the second most poputar hobby in terms of maney spent, with the winter months as the big market season.
Tropical fish breeding can be done with modern closed system technology: hus own systemsare semi-ciosed for
the tish and open for the seaweeds. For the future, as breeding succeeds. prices will probably drop anc
companies will set up 1in the Caribbean where they can work maore profitably.

Finally. an the reason for open systems and high pumping rates for seaweed, a new supply of CO2 must be
introduced constantly to gethigh yields. ifone couid set up next to anindustrial ptant, with CO2 output. pumping
costs would be less.

Faor New Jersey, Dr. Ryther recommended serious consideration of aguatic plants as sources of high value
matarials and for their ability to clean waste walter.
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CHAPTER Il
CANDIDATE SPECIES FOR AQUACULTURE IN NEW JERSEY

Michael Castagna

Scientist-in-Charge, Virginia Insbtute 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 1o a number of countries abroad as a planner, designer, and
consultant on aquaculture business and academic aguacuiture ventures. He is an internationally recognized
authgrity on the culture of moltuscs and had heid offices ranging from Executive Committee membership to the
Presidency of the National Shellfisheries Association. He is Assistant Director of VIMS and Prefessor, College of
William and Mary.

After completing graduate work with an MS at Florida State University in 1955, Michaal Castagna spent
twc years as an assistant curator at Marineland, Florida, before joining the Bureau of Commercial Fisheries
where he became a research biologist. During this period he became a diver and underwater cameraman,
working on fisheries investigations between moilusc culture activities. Starting in 1958, he becama known as a
practical expert in motlusc culture and was called as consultant to commercial growers and several universities
for which he planned and developed marine culture facilities, among them the Uiniversity Dei Norte in Chile. Mr.
Castagna has written widely on the basic biclogy and applied culture of marine 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 aperating trout hatcheries for sport fisheries. Back in the
early 1950's, aquaculture became an extremety popuilar field tor investment, and a (ot 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 chance of making it. The culturists would say, "I'm
in an aquaculture business,” cnly 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 hada manin our area
who grew a product to just below market size, at which point he had 25 cents per item invested. and he said the
product for a nickel. The sooner this man got out of business, the better otf he would be. Obviously. It a case hke
this, increasing production was not the answer.

Originally, mare 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 iot 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 probiems of the fishery, such as a tempermental fish captain and 1t
would be the happiest day of his lite. When you realize that even in today's market menhaden are worth oniy a few
cents per pound and were worth even less then, it was not a viable business choice of species. However, the
menhaden were easy 10 grow--easy, but not cheap.

The next species to be tried were muilet--and mullet brought 10 cents a fish in a good year in Florida.
Finally, there was a switch from low 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 tor culture except perhaps on a
labortatory scale, and red snapper had to compete with a pretty good fishery, and the technology wasn't
astablished to grow them.

During this period, we went through the idea of feeding the world through aquacuiture. 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 taw are doing 80. As for the United States producing the aquaculture products. when we consider our high
isbor costs, the high costs of water and land, and even higher costs tor engineering. pfus the strong dollar, the
countries that need aquaculture products, the maost can'tafford them. Soaiot of the good, easily grown fish most
useful tor protein had to be abandoned as prospective specimens. On the other hand, the technolagy we
developed for some of the species which have littlg or no market in the U.S. was applied and even improved in
other countries. S0 projects that didn’t pan out sconomically here did some good eisewhere.

One specias did work out--catfish. 1t's a hard business 1o ynderstand in some ways. Qriginally catfish
tarmers just started as pay-to-fish ponds and made money doing it. A few trout farmers, incidentally, have made
a little money the same way. Wall, the catfish people kept producing more and more cattish, and the technology
improvad with some good university research, and the tarmers went outand found markets for their catfish. They
banded together angd started promoting, and today tarmed catfish are a staple. We even have fast food catfish
outiets. So that industry is booming.

For a while thare were many trial projects with polyculture, catfish, bass, and bluegiils all together in the
same pond. |f the ponds were in the right geographic area trom the standpoint of climate, the ponds eventually
convertad 1o just catfish. Carp were grown, too. ang looked promising for a while. Carp sell for a high price in
New York and other places were there’'san athnic demand at the right time of year--but at other times you can't
give them away.

Finally, looking at aguaculture as a business 'ed people to the only economically sound conglusion: to
grow species for which thers is high market demand and a good price, species which can pe produced ata cost
that 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 species have problems, too. Often our climata isn't really well suited, and
aguacuiture businesses have moved to other places, usually south in more tropical areas.

The reguiatory climate also ofters plenty of problems. We have 3o many regulations that people who might
otharwise deveiop a prafitable busineas simply give up. ar grow broke paying lawyers. Part of the soctal problem
/s that culture of many species may compete with a traditional tishery, and a 1ot of fishing associations do their
hest to block aguaculture because of the possibility of competition.

With this background, let us try to set up some criteria for chaosing candidate species for aquacuiture---
and this applies not only in Naw Jersay, 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 tactors are not presant, the task of marketing becomes so overwhelming that noentrepreneur-
ial outfit could make it. A major company with plenty of capital resources and plenty of patience would be
needed.

Interestingly encugh, in the aarly days some of the biggest money made by aquaculturists was in seliing
their tittle outtits to big corporations. For one thing, the economic structure of the country is such that a big
company could pick up a little one and write off virtually the entire costs af the R&D and market development. if
the entarprise failed---and a |ot of them did---there were further tax write-otfs. In essence, the big outfit hada
choice: give it to the LIRS or put it in aguaculture. - .

Second, with a good market and a good price, is species compatibitity. The gecgraphy must fit the
candidate species. Temperature is of primary importance. Now, it 1 true we can improve on nature’s tempera-
turas with pawer ptant effluent, or with the big inflatable greenhouses used in Florida in recent years by
ornamental fish culturists, or through other engineering means, butkeep in mind we are talking about business.
If too much maney has to be put into engineering and energy, thase who provide the energy and enginegering
make the money, not the aguaculturist.

The chasen species also must be compatible with native aquatic and terrestrial species. and with the
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environment. A species which might prove antagonistic, or might bring disease or parasitesintc an area must be
avoided. If the very idea has all the residents of the area and their associations up in arms, the species 15
incompatible with the social envirenment. These are not minar matters. There are species which have escaped
into the wild and caused difficulties; for instance. the famous "waiking catfish” case in Flonda. There have been
several cases of aquaculture projects which were sound in every way---except that the pens, nets, trays. or

whatever ware considered to be “visual pollution” by people who owned waterfront proparty, and the gwners
WOon Qut.

Third. itis a good idea to look into the history of native species for possible aguaculturs candidates. (ntoo
many regions soma of the fine and highly prized species that used to be plentiful are no longer around In
commarcial quantities. The reason may be degradation of the water, or it may be pollution 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 life cycie of some species is the embryo
stage. Forinstance, oysters are very vuinaerable to reiatively minor changes in water quality from the time they are
€qgs until they become larvae.

In this and similar cases, if you can control the early stages in a hatchery, {reating or sslecting the hatchery
water of siting the hatcheries in good water, the species can be brougnt safely to a usetul seed stage and planted
in areas less than optimum for hatching but good for growth, Those of you famitiar with aquaculture history can
recite lists of operations of both sheiifish and finfish species that are hatchery based. Some are publicly
supported and some are successtul commercially.

Fourth, it is important to select a species for which the technalogy of culture exists. It the technoloty 1sn't
there and it is necessary to spend a couple of years on research and development your entire capital can be eaten
up and bankruptcy is just around the corner. This used to happed quite often in the earty days, and those who are
going into the aguaculture business to make a protit shouid take this very seriously, and select spacies we know
how to grow.

Fifth, there are many factors which add up to economic feasibility. There is the cost of space. If the species
requiras lots of room. the costs go up, 80 you are better off choasing an animal which can be grown in a tight,
etficient little culture facility. Then, there are time constraints. it 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. ltisn't enough to say, "1 can get six times
as much for this product, so | can take six times as fong to grow it.” In six years a lot can happen: storms. flooding,
axtensive power failures, drought, a potluting industry setting up next door, a change in political climate which
aftects 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 tc be managed like any other business. Without going (nto ait
the elements which constitute good management, let me sumup alot ofthemin one sentence; /fitcostsadime to
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, because there is a different mix of species from which to choose foreach
purpose. If the aquaculturist is primarily a hobbyist who is satisfied if he makes only a small profit or just breaks
even, he has a wide spectrum to choose from. It the culturists are running a "Mom and Pop™ operation and have
another major source of income they hope to supplement, that's another, smaller selection Butif the objectivein
an honest make-a-profit type of business, the real constraints set in, and that's the only type of aquaculture.

The first division of species is between fresh and salt water. Among the fresh water species. it's clear you
could do ail 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 1s too short. Other fresh
water species that might be looked at are bass, pike, carp, tilapia and so on. but nane are really good candidates
either because New Jersey is too far north, or. because the state has fresh water problems: there simply wouid not
be an adequate suppty of high quality water Except for very small operations, it would be prugenttoignore most
of the fresh water species. You can probably cite exceptions, and I'm sure there are some. For instance, fresh
water prawns in power piant effluent have a substantial history, as Al Eble and Bruce Godfriaux canrelate Butin
discussing a real business operation with growih potential and genuine return on investment, | don't befieve tresh
water animals are the choice,
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That leaves us with estuarine and marne species. We don’t have time for an exhaustive examination, 50
|st's take a few examples. To begin with, one historically excellent species which isnow practicglly m:gsing is the
sturgeon. Work done in recent years shows that they grow rapidly. either to pan size or a size which can be
smoked—and smoked sturgeon is thought by many to be one of tha great gourmet delicacies. So. naturally, is
caviar. The sturgeons can be grown to proper size then taken into the jaboratary, operated on and the gonads
removed. After that the fish are put back into the water to grow new gonads forthe next year. In Califarnia they've
been doing this with tha same group of sturgeon for five years. S0 the technology does exist. The fish probably

don't like it but it can be done.

Another species which might be considered for this area is the rockfish, There are some very successful
rackfish hatcheries on Lang Island, and in North Carolina for instance. | think you could grow poth rockfish and
the rockfish-parch hybrids. Now, having grown these desirable animals, what do you do with them? At present,
you could sell the rockfish to varigus state and federal agencies to be put back in the environment to help
rehabilitate the species, which is in sarious trouble. As to selling them for a profit...the regutations would be

simply an unbelievable mass of barriers. More about this in a moment.

One species you coutd grow hera--which | do not advise you to grow--is eals. The market tor eels is
primarily expor, and it's too “ifty." The history of eel cultura in this country is one of boom or bust. If the
Japansae have a severe shortage of young esis. they'll pay anything to getthem; but the next year they may have
plenty 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 profitable.

Wa haven't done very much in this country with a family of finfish with which the Europeans have done
very weli--the fiatfish. The English have major production going,so the technology aiready exists and is
wall-proven.

But as we look over the range of possibilities, it seems to me the matural choices for New Jersey are the
shellfish. The have a (ot of advantages, like staying where you put them, and feeding very low on the food chain
s0 expensive petletized foods are not needed. Of course the market already axists.

i think a carsful 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 cuiture. | know you already are culturing oysters by
tradittonal mathods and that you have some very highly skilled and qualified oyster people in the state, and to
them | recommand consideration of the remote setting technique. The oysters are taken into a hatchery where
they are fartilized and spawned. Then the larvae are grown through the various stages until somewhere around
the 16th day they develop a red spot, visible under a microscopea, which is called the eye spot. Once the eyed
tarvae stage is reached. they can be shipped to oyster growers.

To ship the eyad larvae you just drain them down, wrap them in wet paper towels and pack them in anice
chest. They can be shipped for up to seven days. thoughthat's a httlelongte hold them. Once the tarvae are putin
warm sea water, they start swimming, and finish the next 72 hours of their metamorphasing and setting. There
are even drugs to enhance the process.

what I'm suggesting, 1s the possibility of either a commercial or a state-sponsored hatchery which
produces great guantities of eyed larvae for shipment to growers with setting tanks--and these setting tanks, by
the way, ara backyard swimming poots bought pretty cheaply off the shelt from Montgomery Ward or Sears. You
fill them with sea water which you heat, and aerate. An aerator which works well isthe anti-peliutiondevice offa
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 degrees Celsius with high setting rates. We use
automotive anti-poliution bigwers 10 demonstrate they aerate satisfactority. On the West Coast growers get
betwean 11 and 40 percent setting rates, moving toward the higher numbers as they get better at it. Qur setting
rate is between 14 and 28 percent, 50 we're doing pretty well too. We leave the tarvae in the tanks for three days
until the setting is done, then we suspend them off piers for a hardening period. At that point the seed can be
moved t0 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
because itreaches its highest market demand at its smallast saleable size. As soon as they reach littleneck size.
they are worth the most. There already are three or four successful clam farms here in New Jersey.

One clam that may surprise you as a good possibiity is the surf clam. ! know you're remembering that
these clams take from four to six years to reach market size. but surf ctams can be bredin a hatchary and then put
in natural waters where they will grow 10 steamer size in about a year. They are exceilant as steamer clams. so
much so that a company in Delaware is seliing them at 22 cents each. wholesaie.

| know some of you have thought about the edible mussel. Mytilis edulis, and it's one that deserves a brief
look. It does occur in these waters year around, but there are paeriods 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 arenaria, simply isn't worth growing. The highest price | could find in the green sheels
over the tast 10 years--they're the reports that give market prices, published by National Marine Fishertes
Service--was $80 a bushel. It takes about 2100 to 2400 clams to make a bushel, and when you figure gut the price
per animal, it's simply too low. Over the past decade while you were selfing littlenack size harg clams for an
average 10 cents each, the average price for solt clams would have been Jess than four cents. Think of it this way:
it takes as much space, as much pumping of water, and as much cost lo grow the softclam as it does iittlenecks.
and that makes them a comparatively poor candidate,

My own pride and joy was the bay scallop. A delicious animal. It's pretty, ithas blue eyes, and it's a perfect
aquatic animal which can be grown in saven to nine months. There isn't a better species--until you look over the
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 scaillops and disposing of the shells. It takes 450 scallops to make
the saleable galion, which means you are getting just four and a halt cents each.

A species that looked promising was the American lobster. The technology for growing Iobsters is pretty
much in place, but the profit picture is shaky, sa | think | would say better wait a few years on those.

That sums up a brief overview of candidate spacias for New Jersey as | see it from my particular vantage
point. 'm sure you have both arguments and questions, but at ieast you know now what | think.

Questions and comments following Dr. Castagna's presentation

In respense to a question about oyster culture on PVC pipe. Mr. Castagna replied that the French have
turned recently to PVC pipe tor satting oysters. For years the French used different kinds of materials white in the
United States we stayed pretty much with oyster sheli cultch. The French, especially on the coast of Brittany. set
their socalied plate or Belon oysters--Ostrea edulis--on tiles. Later they changed to a kind of grout mage of sand
and crushed oyster sheils; after the oysters reached a certain size, they could be knocked loose and soid as
single oysters. Then they turned to ptastics and developed a gadget called the French venetian blind, because
that's what it looked tike. 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 oysters would just pop off. Now the choice is PVC pipe with external grooves which can be
ptaced first horizontaily and then vertically to get best growth, after which itis simply flexed and the oysters drop
right off. The French are delighted with it, and the Canadians are making the pipes in British Columbea. Recently
the Coast Oyster Company, which is the General Motors of the oyster industry, began experimenting with the
pipes and they like the system. They will make their own pipes because it costs 100 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
advantage to dip these spots in grout, because crabs, which are naturai oyster predators, pinch that soft spotto
get at the meat. The Coast Oyster Company is working the proper engineering to solve the soft spot problem at
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emerton washington. Thé company actually owns 22 thousand acres in Califarnia, Oregon.
r ] )

their locahon 10 8 t noldings in washington.

and washington. with the larges

demand for nard shell clams: when Mr. Castagna and colleagues began experiment-
[ id find. and were told the same story, that the

i ' nt to every clam shipper that they cou ‘ .

mg w::‘s S:I:LT:.ht::gl:ge(ween fozr and 10times the number of littlenecks they could put their hands on. They

:'::,Ig also ship double the number of cherrystones, but chowder clams werg a glut on the market.

in regard to market

ry, it would be well to put arestrictionon the number of large chowder clams that

age a clam indust ;
To manag re the best spawners and the best survivors,

can be brought in, because the big ones a

At @ conservative estimate, the marketcan handie at Igast tour times the present volume, even with pregent
method of selling the clams only in the shell, With applicanpn ofa mgle seafc_:od technology and _some minimal
processing of the clams—maybe popping off one shell,l putting them_m aluminum pans and fregzmg for ease of
nandling, of with a sauce and a plastic container for msc_rowave coolmg,l the demand might be increased a very
great deal. Marketing is perhaps the most important thing to be done in aquaculture.

A question on narvesting—only raking and treading are acceptabie harvesting methods in New Jersey--
led to a discussion of law as it affects aquacuiture, and Mr. Castagna had these comments.

“Every state on the Atlantic Coast has had an independent study on harvesting by dredge and has found
that the hydraulic dredgs, even including the hydraulic box dredge, do far less damage than the standard
dredges that are now allowed--and the hydraulic dredge has been turned down repeatediy as a harvesting tool.
In Virginia, an oyster dredge can be used to dredge clams. The breakage rate for animals brought aboard is 30
percent, and the preaxage rate on the bottom probably is even higher. The breakage that is seenona hydraulic
dredge is less than one percent. Yet, etforts have so far failed to change the faw.”

“The states must come up witha model aguaculture jaw that takes aquaculture cut of the existing compiex
of legai structures and strictures. Aquaculture needs (is own faws and regulations, and these should have
nothing to do with wild harvesting of fish or shellfish.”

“I1t makes no sense for aquacuiturists to be hemmed in with restrictions that have little or no bearing on
aquacuiture. For instance, a tarmer who is leasing farming land is not told by the leasing agency that he can plant
anything he wants to within fimits, but when he harvestsithe must use a John Deere tractor. He should be abieto
usa whatever the crop and situation cail for, whether he is farming the land or an estuary. i he does it wrong and
loses monay through inefficiency, that's his groblem, not the leasing agency's.”

"Sometimes we ggt hung up on definitions. | think the simplest definition for aguacuiture 1s that seed
planted lor aguaculture is hatchery-produced. That immediately makes it different from wild harvesting.”

“Where conflict comes in very often is in multipie use of water areas. The same area might be useful for
commercial or recreational tishing, boating, swimming, SCUBA diving, water skiing, or aguaculture--and
sometimes a_ll of these. In the National Aquaculture Bilt, for every species considered in the bill the greatest
constraint given was lack of suitable areas. | don't know what you do about that. One suggestion is that some
areas be zoned for aquaculture, and all other competitive users stay out.”

use Oy;tf;::g;:;a'-r‘:,r;‘;h is Oft‘:_ of the mare enlightened states for aquaculture butstilia lang way fromideal. we

oyster lease and ﬁse " folrs nlo inginthe state Ia‘wthat allows for clam leases, but the state attows ustotake up an

leased to th clams. A_myway, t_here sno doubt that water column and sub aquegus bottom must be
e agua-culturist for his exclusive use if we are serious about this industry.

‘30"‘m::l:(:t?:adte?h?sotiist:; ﬂgpearance_ in some of our markets of the so-called green mussel. Dr. Castagna

dehydrated form_ (1 is claimed{. e|r?,a) '3 1mported. primarily from Australia and is available in both fresh and

for arthritis, and i_t s inding a D-_-a t oughlnot publicly advertised in this country--that the green mussel 15 good

an the West Coast. the s icje;gdma"ket in Europe. Although quitea bit of good culture research has been done

probably will continue 1 pbe es does not appear promising for aquaculturists in this country. Green mussels
ue 10 be imported, perhaps in increasing numbers, from Australia.
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Speaking of mussels, | 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 mussel growing is dependable,
but the farthest south location | know of is at Wachapreague Inlet. If you're not familiar with the geography.
Wachapreague is on the Atlantic side of the Delmarva Peninsula, about halfway between the Maryland ling and
Cape Charles at the mouth of Chesapeake Bay. Mussels can be found dependably at the Wachapreague Iniet,
but inshore they are wiped out every August. South of Chesapeake Bay, there is no ptace where mussels can be
abtammed dependably even if you need only a handful every month,

"The pertinence of all this about mussels is that the species is possible for New Jersay--if the price goes
high enough to warrant a high risk industry. For a high risk industry there had better be a high enough profitso
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, | 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 ironctad guarantees, everything that is grown, whether on land or sea, or in the air, has occasional
disasters. Farmers are gamblers, and aquaculturists are even mare so. But, with sense and good planning, the
gamble is sometimes worth it."

26



CHAPTER IV .
BIOTECHNOLOGY IN MODERN AQUACULTURE

Fred L. Singleton
Acting Director, Center of Marine
Biotechnology, University of Maryland

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. [n an €cosystem, co-existing species often are in competition for availa-
ble resources. To succeed, a competing species must aither be more efficient in sequestering resources or must
negatively influence competitors. Dr. Singleton’s research will yield information which can be emplayed 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 compounds. By evaluating the
interaction between organisms and components of their enviranment, it will be possibie to determine the
mechanisms of survival of human pathogens in the marine environment,

Or. Singleton received his baccataureate degree in microbiclogy at Clemsan University, his MS in medical
ecology at the University of Texas Schoal of Public Health, and his doctorate in micrabiotogy from Texas A &M
University. Befare joining the University of Maryland faculty, he held teaching and research positions at Qld
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
& technology which is so fundamental to the life sciences that we are seeinyg the beginnings of a scientific
revoilution. The tocls 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.q., 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 harmone, insulin, and interleukins, among many others, can now be produced in this manner.

As a result of many well-pubiicized achievements in biology and medicine, biotechnology has became a
familiar term in most segments of society. it is obvious that biotechnology may have a significant impact on ait
aspects of aur lives. Indeed, the patential of bictechnotogy is untimited. However, | stress the word “potential”
because of the need to understand that, although this technology is advancing rapidly, much of what may resuit
from biotechnology is, at the moment. only in the experimentat stage Therefore, even though the general public
has become aware of the “new" science aof biotechnology. a great deal of work must be accomplished betore the
potential of this technology can be realized.

The role of biotechnoiogy in modern aquaculture can be significant. The extent of the impact of
biotechnology on aquaculture will depend on a number of factors, inctuding future advancements in malecular
biclogy and molecular genetics, as wefl as resolving the fegal and bioethical questions cencerning developing
and exploiting genetically-engineered strains of fish, she!lfish, and other aquatic organisms, including microal-
gae and macroalgae.

Biotechnology is not a new science. For centuries society has benefited from biotechnology. The
production of bread, beer and wine, practiced for many centuries, are but a few examples of biotechnology.
However, onty in recent years has technology progressed to allow us to manipulate selected genes of an
organism. The ability to manipulate and transfer functiona! genes has significant patential fgr the aquaculture
industry. However, even such powerfui techniques can be of limited use unless basic biotogical. ecological,
physiotogical processes of a species are understood.

In many cases it may be possible to employ biotechnology in aquaculture in the absence of any genetic
Mmodification of the species being grown. As an example. | will use ongoing studies of Drs. Ron Weiner and Rita
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nt of Microbiology, University of Maryland) and Dr. Dale Bonar (Department of Zootogy.
Ny d) who have isotated a bacterium, reterred to as LST. This bacteriai isolate represents a

Unwversity of My e )r‘ inaily isolated from a maricuiture facility in Delaware and, subsequently. has been
oW OO L s Ic:{hvar marine ant estuarine systems. This microorganism’s natural habitatis the surface
isolated rort numerim:: A metaboiic product of LST is involved with inguction ot settiement and rmetamorphosis
of submarged ma;r :ie§ have demonstrated thal the melanin pigment, or ane of its bicsynthetic precursors.
of oyater |arvaaé_r :cts as a chemoaitractant and/or metamorphosis-inducing agent for oyster larvae. It is
pro'duced o 1|:ST and oysters have a symbiotic relationship. Such relationships between invertebrates and
be_lleved ma'tms are common in the marine environment. Furthermore, laboratory studies have demonstrated
miactrtosr‘?acnal: increase the number of oyster jarvae which set and begin metamorphosis. Field studies are

underway to test the hypothesis that LST or some of its metabolic products can be employed on a commercial
scaie 10 increase productivity in oyster-growing facilities.

Colwell (Dep

Understanding the fundamental physiology of a species can aiso be important for adapting a species to
aguaculture. Or. O. E. Morse and his colleagues at the University <_:>f California a{ Santa Barpara have demon-
strated that spawning ina number of molluscs is regulated by certain prostaglandins. Interestingly, prostaglar!-
dins ars known to regulate reproduction in humans as well as a number of other types of organisms. In their
studies on the reproductive physioicgy of abatone, a commerciatly valuable mollusc, it was discovered that
hydrogen peroxide was farmed as a metobolic byproduct. Subsequent studies demanstrated that hydrogeén
peroxide stimulated the natural anzymatic systhesis of prostaglandins. Therefore, spawning of abalone {and
other molluscs) can be induced by adding a small amount of hydrogen peroxide to the sea water in cuiture

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 farvae to grow and
metamorphosa, Basic ecological and physiological studies have demaonstrated that external biotic ang abiotic
influences are important in the development of invertebrate larvae. | have already mentioned 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
species and organisms of other trophic levels. For example, abalone larvae have been demonstrated to settle and
bagin 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
indentified to induce settiement or affect development in marine invertebrates.

The abitity to transfer functicnal genes from one species to another may have a significant impact on
traditional approaches to aquacuiture. Many genes of fish and shelltish have been cloned in bacteria. Dr. Denms
Powers {Dapartment of Biology, The John Hopkins University) and colleagues have cioned the genes which
code tor metallothionein proteins 1n some fish and shellfish. Metallothionein proteins are produced by orga-
nisms, 10 part, in respanse to heavy metal stress. Metallothioneins tind metais as a means of protecting the
orgamamlfronl't toxic effects of metal ions. Although not directly related to aquaculiture per se, the cioning of
metallothionein genes in bacteria allows us the ability to produce large guantities of these metal-binding
proteins. This may be the basis of developing a technology to remove toxic metal ions from industral effluents,
and possibly to recover valuable metals from aquatic systems.

se'ectaS;u:;iZ:rﬁoonTQO|ng at Ihe Johanopkins University under the aluspices of Dr. Powers to clone other
Sroduced by floundervgr:qou;t'mh species. For example, t_he gene which encodes the “antifreeze’ prote:n
Uresrarty o Hlomors Erlfn :a iting coid c_)cean_ waters was first gloned by Dr. DeVries a_nd coileagues at the
rout Likiwise otne} o orts are now being dlrected to transferring the antifreeze geng into striped bass and
fish The ob'ec'zi going projects are desagned_to t_ransfer growth hormone genes into selected spectes of

Jectives ot these, and other retated studies, is to produce hybrid strains of tish that will grow under

condition ; . ) ) .
ndust :_t"":?t toterated by the native [non-engineered) fish. This technology may provide the aquaculture
y with hybrid strains of fish and/or shelifish more amenable to cuiture.

Almou?g‘rﬁ:?:il;s:e?}cﬁ:zS:ti:::edaed mrr;:lonlng mammalian growth hormone genes and transferring them inte fish.
0 the method of introducinre::es the r_ale of grqwth_ prg:_r,emly the technigue cgn_not be usgd com mercially due
gene. However. the ot g the gene inte the fish; fertilized eggs must be individually mu_crom]ected with the

. potential of this technalogy for the aquaculture industry is obvious and is virtually unlimited.
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When, or if, this potential will be realized depends on our ability to continue rapid advancements in molecular
biology and molecular genetics as well as our ability to resoive the technical problems of introducing genes into
thousands ot eggs simuitanecusly. Furthermore, the ecological and bioethical questions of using genetic
engineering to devetop hybrid strains of fish, shellfish. and other organisms must be resolved.

One aspect of biotechnology in aquaculture which has immediate application and significant potentiaf for
the future concerns developing methods of controlling fish and sheilfish diseases. Genetic engineering and
hybridoma (monocional antibody) technology may result in the deveiopment of vaccines as well as disease
resistant strains of fish and shellfish, In addition, an ecological approach to contrelling disease-causing
microorganisms is under investigation in my laboratory. Briefly, this approach involved the use of naturaily
occuring aquatic bacteria that either produce a bioactive metabolite which s inhibitory to pathogenic bacteria or
are competitors of these pathogens. The systems we are investigating involves Vibria anquitlarum, 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.
anguitlarum in these systems. Chromogenic strains which cause significant reductions in the population size of
V. anquitiarum are then assayed to determine if the populations reduction is the result of production of a
bioactive metabolite, e.g., antibiotic-like substance, or if the two species are competing for limited resources.
Several chromogenic strains have been isolated which cause statistically-significant reductions in V. anquilia-
rum population’s. Preliminary results from bioassays employing oyster Jarvae have indicated that selected
strains of aquatic bacteria can be effective in red ucing disease in populations of oyster larvae.

There is a need for additional studies on the moiecular biology and molecular genetics of fish, sheiifish,
and other aquatic animals. Likewise. additional study is needed on adapting aquatic plants {microalgae and
macroalgae) to aquaculture. Methods of modern molecular biology are being emploved for developing hybrid
strains of algae with desired ¢haracteristics. One of the more exciting programs being carried out in this field 15
that by Dr. Donald Cheney (Department of Biology, Northeastern Uriversity). Dr. Cheney is developing hybrid
strains of marine macroalgae (seaweeds) which produced increased quantities of phycocolioids {e.q.. agar,
carrageenan, alginate).

Decades of intensive breeding programs for terrestriai plants have resulted in highiy productive crops.
Although this traditional approach could be employed for developing hybrid strains of seaweeds with desired
characteristics. a more practical approach is to employ technigues of modarn molecuiar biology. Or. Cheney
has developed tissue culture systems for growing cells of certain seaweeds and is employingtechniques 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 well as
other countries to a lesser extent. A great deal of the potential of seaweed culture will be realized only atter
strains of seaweeds are developed for the production ot speciaity chemicais.

To conclude this brief overview of the potential impact of biotechnology on modern aguacuiture, | will
re-emphasize the point that the toois of genetic engineering represent incredible potential for the aquaculture
industry; however, most of the potential of biotechnology has yet to be realized. This potential wilt be capitalized
on only by cantinuing basic research on the fundamentai ecological, biological and physiological processes of
organisms amenable to aquacufture. The tools of biotechnology cannot be emptoyed to develop hybrid strains
of selected species without understanding the basic physiciogy of these species.

Questions and comments lollowing Dr. Singleton's presentation

The leading question to Dr. Singieton was what this "good science” means to the practical problems af the
aquaculture industry. Dr. Singleton pointed out that, although his training isin microbiology and his exposure to
practical aquacuiture is limited, "good science” is needed to solve problems of aguacuiture operations and the
most effective means of applying that science is "to establish open lines of communication with the bench
scientist.” As to the cost of bringing research to the point of useful application, it will be expensive. and the time
required to reach that point is dependent on availability of funds, among other factors.
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i me that one day I could watk into the lab and tell a genetic

¢ agked, "Do you mean to te’,;...

uestiong _
o d spot on the nose of a fish

sngineer 10 put & re
e, Dr. Singleton com mented that technolagy is advancing to the point

example was extrem : tec .
Although 108 ‘ hich encode particular characteristics. and in some cases. we aiready

that we can iransier to a species genes w
have reached that point.

in regard to the use of growth hormones in increasing the growth rate of tish, several groups of scientists
h s:ccfeded experimentally, but in response 1o a guestion about potential and reaching a 100 percent
in.:r.oau in size, Dr. Singleton pointed out that there are limiting factors regardiess of what is done fo increase

the growth rate, 30 100 percent is too much to ask of an organism.

On the question of whether the technotogy could be g;ed to ac_!apt species to grow in areas not ly.ptca“y
inhabited by that species, the possibility exists. but whelher_n is pracnpal must b_e determmed_by evatuating the
impact of the speciss on the ecosystem. Dr. Singleton‘mentloned eartier the anti-freeze plrotem_of tlounder aqd
suggestad that it might be passible to transfer the anti-freeze gene to @ warm water species so it would grow in
colder water. He stressed that it “may be possible” because. whﬂe}echmcaily possible, the effect of the gene
product on other physiological processeés of the warm water species would be unknown.

A listenar asked, "what are the stumbling blocks which prevent us fram using super fish and shetlfish?"” Dr.
Singleton pointed out that going from the experimental stage to commercial production is never easy, and “'a
great deal of work remains before much of the potential of bictechnology is realized. With regard to the
stumbling blocks, even if we develop a ‘super fish’ many legal and bioethical questions remain concerning
ralease of genetically-enginesared organisms into the environment. That question wiil be answered inthe future,
propably by the Supreme Court.

A practical roadblock o success is that time and money are required. There has to be mere tunding for
basic biological and ecological studies of organisms amenabie to aguaculture, and more funding to provide
molecular biclogists with the means of accomplishing many of the things that are possible. Dr. Singleton: “You
can naver ask 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 manipuiation and
hybrid formation is “about three billion years old. The ideas of creating a super fish that can take overthe worid is
absurd . . . it we take a native species and genetically modity it, we are creating a weakened organism: nature has
an effective way of ensuring survival of the fittest. Therefore we have to continue with efforts to develep hybrid
strains for aquaculture.” Or. Singleton agreed: “organisms exist under a tremendous selective pressure and if a
particular trait would be an advantage for a species, in alt probability that trait would have been selected for
dunng the past couple of billion years.”
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CHAPTER v
INFRASTRUCTURE FOR AQUACULTURE

Robert D. Wildman
Deputy Director, National Sea Grant Program

In addition to his responsibilities as Deputy Director of the National Sea Grant Program, National Gceanic
and Atmosphenc Administration, Hobert Wildman i$ the program's Living Resources Division Head and Pro-
gram Director for Plans and Aquaculture. His involvement with aquaculture aiso takes him into internationai

Marine Resources Investigation Section of the U.S /People’s Republic of China Cooperation in Marine and
Fisheries Science and Technoiogy Program. Mr. Wildman alsg has served asthe U.S. Department of Commerce

graduate study in science. technology and pubiic policy at Indiana University after service with the Atomic
Energy Commission Richland Qperations Office as a biclogist and Chairman of the Working Group for the
Columbia River. He was a charter member afthe 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 aquacuiture. I'd
like to build on that base and touch on just a few points with respect to aquacutture 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, |
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 Jersey legislature made a decision to expand the programs in fisheries and aquaculture to
try to get the state back into a preeminent position in the seafood business. It established task forces 1o study the
situation. Now some of the studies have been completed and they contain findings. conciusions and recommen-
dations. It is probable that some of the recommendations have beenacted upon—and itis probable that some of
them never will be; that is the way such processes go.

As | see i, the question is not what New Jersey really needs in order to make itself a real success in
aguaculture, but what more it needs. We have had three new organizations introduced to us here at this
workshop. These are groups that should have a positive impact on aquacuiture development. You may have
about all the organizations you need. though there may stiil be a need for specific state aquaculture legislation.
Also, there may still need to be a group to conduct promotional activities; the kinds of things that hetp facilitate
permitting, licensing. leasing, arranging financing, etc. It's these legal/reguiatory constraints that appeartchave
the most inhibitory effect on commercial aquaculture development in the United States at this time

New Jersey is proceeding at & steady pace. and not too hastily. The number of mistakes that could be
made here in Naw Jersey shouid be reduced considerably by taking advantage of the experience in some of the
States like Hawaii, California. Washington, Maine, and others that have taken an active and promotional role in
aquaculture development. A careful analysis of what these states have done wouid be prudent: how they have
Succeeded and, recognizing that some failures have occurred, what those farlures_ were and at what cost. and
how New Jersey could avoid such difficulties in development of an aquacuiture industry.

I know the Federal Government has a bad reputation in some areas. _However. there are certain orgamza-
tions within the Federal Government that can be of assistance. [t may surprise some of you to know that there 1s 3
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licy for aquacuiture development on the part ofthe Federal Gavernment. it was set by the Congress in
positiver polt

the 1980 Aquaculture Development Act.

. THAT AQUACULTURE HAS THE POTENTIAL FOR AUGMENTING EXISTING
CONGHEgliLDESEA:IECSREATIONAL FISHERIES AND FOR PRODUCING OTHER RENEWABLE RESOUR-
COMMEHEREBY ASSISTING THE UNITED STATES IN MEETING ITS FUTURE FOOD NEEDS AND CONTRI-
ces £ SOLUTION OF WORLD RESOURCE PROBLEMS. IT S, THEREFORE, IN THE NATIONAL

1”723551{0&% 1715 THE NATIONAL POLICY. TO ENCOURAGE THE DEVELOPMENT OF AQUACULTURE

IN THE UNITED STATES.”
The Aquacuiture Development Act

This policy declaration says simply that aquaculture is good an_d the Federal Govern rnenlt is going to
support its development. Thaere is a big difference between the s‘tated policy tr_om the Cong ress an_d smplementg-
tion of that poiicy in the executive agencies. Some of the agencies are not being very aggressive (n pushing this
pollcy. Unfortunatety, my agency is one ofthem. The Depalnrnent of Agriculture, operau ng pri marily on the _bams
of authorlzations contained in the Food and Agriculture bills of the past 10 years, is moving very positively in the

daevalopmeant of aquaculture.

They have several agencies conducting activities that will have beneficial results. The Department of the
Interior had a very positive policy stated by the Secretary some 4 years ago, which upon subsequent review was
changed slightly. Interior's Fish and Wildlife Service now will support aquaculture sc long as the activity is
consistent with their primary missions; such as their stocking and restocking programs. In the Department of
Commarce, NOAA’s National Marine Fisheries Service, likewise, is supporting aquacultureinan indirect fashion.
They hope that the information developed through research programs aimed at enhancing natural populations
wiil ba of assistance to the commercial aquaculture sector. The Sea Grant College Pragram, which | represent,
continues to operate with the policy and missicn that we have had since the beginning of the program in 1966. We
have a broad rasearch 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
availsble on federal programs, but I've tried to make it fairly simple by putting itinte tabular form_Thistable does
not indicate the level of activity and there is a big ditference between just doing something and doing it at an
afactive level.
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FEDERAL ASSISTANCE FOR AQUACULTURISTS

Dept. of Agriculture
Agricitr. Research Serv.
Agricitr. 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 & Nutrition Serv.
Nat'l. Agricltr. Library
Soil Conservation Serv.
Statistical Reporting Serv.

Dept. of Commerce
Nat'l. Marine Fisher. Serv,

Nat'l. Sea Grant Coilege Program

Dept. of Interiar
U.S. Fish & wildlife Serv.

Dept. of Defense
Corps ot Engineers

Dept. of Energy

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

Dept. of State
Agency for Internat’l. Develop.

Environmental Protection Agency
Farm Credit Administration
Natignal Science Foundation

Smail Business Administration
Tenessee Valley Authority

Figure 1

Technical Legal- R&D
Productign Regulatory Business Contracts
Problems Problems Deveicp. & Grants
) ?
. b
?

The tirst column entitled “Technical Production Problems” indicates which agencres have or suppor?
research scientists or extension programs that can assist in the solution of these problems. You may wanger
about the second column titles "Legal-Requlatory Problems” being listed under the heading of assistance
because some people feel the Corps of Engineers, EPA, and the Food and Drug Administration inhibit rather than
support development of aquacuiture. 8ut if one is having a prablem with one ot these federal agencies. there are
individuals who will at least help fead you through the many regulations and components of the arganization. ana
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ina i i tion to that problem. The activities under the “Business Develop-
help xou determine it there is a worfk,ig:ss?é:n guarantees, marketing assistance, etc. In the Jast column under
OO st an Grant fc_:.rm . of the .Iargest Federal supporters of aquaculture research is the Agency for
"R&D Qonlr?jcts alnd Granti.mon:t the present time, AlD has a annual funding level of about $15 million a year
;ntre;:z:gz;tlr:v:do:m:g:; ma}f is aimed at developing aguaculture in other countries, but a tot of that same
o 3 i

rechnology is of use to our U.S, aquacuiturists.

The question marks on the table mean that thg Corps of Engineers, the EF_‘A and the Farm Credit
Administration have had some suppor! in those areas in the past, but are now res;ricted because of quget
imitations. Thay are not necessarily out of the picture. For _example. the _Corps o'f Engtneer§ has been looking at
’t;'!r: ossiblity of doing some experimenting on aquaculturein dredge spoil deposit areas, This proposed program
w”pcancalled by the Department of Defense about two years ago when it was very close to being initiated. It is
being proposed again and may still be approved.

On this table there are no check marks for the Department of Energy and the Small Busingss Administra-
tion. This indicates that these agencies had some activities in thg past, butno lenger areinvoived in aguaculture,
The Small Business Administration had a discrete program for fisheries and aguaculture a few years ago but that
has been sliminated. Likewise, the Department of Energy supported R & D an the culture of seaweeds as a
piomass energy source, but that too has been terminated.

Now let me just touch on coordination and promotional activities at the Federal level. | am now the
Chairman of the Joint Subcommittee on Aquaculture (JSA). This is an ettort to coordinate all of the Fed_eral
activities in aquacuiture. Some of these activities are done for very different purposes and are not necessarily a
pius for aquacuiturists. The JSA has periodic meetings for the purpose ot planning and coordinating activities.
We attempt to identify who an individual or organization might go to for assistance on a particutar problem.

The Federal government has a sizeable program of international cooperation in aquacuiture. 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.5. and make it available to aguaculturists. We have a meeting scheduled with the Japanese
naxt manth in Woods Hole. The purpose of the meeting is to exchange information on new developments that are
eccurring in aguaculture. 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 infermation that we
obtain and will take advantage of it in our U.S. operations.

Figure 2 is based on data that Ben Drucker of the National Marine Fisheries has collected. The footnotes
rafer to all of the disclaimers on the data. Much of this information 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 spec¢tacular as some
peaple projected in the past that it would be, and not really as fast as those who are interested in the growth of this
field wouid like. But as a matter of fact, it is making very positive progress.
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Figure 2
U.S. Private Aquacuiture Production” lor 1980, 1982, 1983 and Prefiminary Data for 1584

! PRODUCTION [THOUSANDS OF POUNDST | VALUE (THOUSANDS OF DOLLARS| | PERCENT OF
i | TOTAL PRODUCTION
| .
Species Group 1980 1982 1963 1984 | 1980 1962 1983 | 1o 1980 | 1382 | 1982 1984
: Barttish® 22.048 33,069 33.000 46,398 | 44,000 100.000 100000 | 149866 | 109 | 85 I 7q 93
{10,000)* {15.000) {15.000) (21.090} ’ | :
! | .
| '
Catfish 76842 . 200419 220000 239.800 | 53572 120,000 132.000 19840 | 378 | 513 530 5°0
| 134855) | (90908) | (100000) | (109000) | l;
Clams s61° ! gag? 1.689* 1608%7 2.295° 2637 9500 PRV 03 | 62 | D4 | 04
(255) (293) (768) 2y | ;-
Crawfish 23917 55.115 60,000 59400 ] 1285 | 27000 30.000 20700 | 118 141 ' 145 ' 128
{10.849) - {25.000) {27.300) {27.000) | i
Freshwater 300 400 275 nz | 1200 1,800 1500 1550 a1 Q1 ¢ 0 0!
Prawns {138} {182) {125) (144} | ; :
h | 1
Mussels NA 364° 775 917 ! NA 1500 1500 1584 - | o1 . ot o2
- {165} 352} w7y | i |
| : )
1Qysters 23785 21777 23300 24549 | 37085 34.000 315000 ssern | 117 | 58 1 os6 sz
' (r0.775) {9.878) (10580) ¢ (11158} | ! : : ;
: | | ! ?
.Pacific boT818"? 26547 | 206007 | 366177 | 2400 4000 6.800'° | 19208 i 37 : &5 © 50 78
| Saimor® 3455) | (11587) | 19.400) | (16644) | : ,
‘Shnmp' — - 255 528 - - 874 | 1566 - — i o a1
{116) (240 | E |
Trout 48.141 48,100 48.400 49940 | 37474 48.000 50000 | 54435 | 237 | 123 117 106
{21836} {21.818) {22.000) {22.700) ‘
Other NA 5,000 7.000 9900 | NA 5.000 7,000 $.900 — f1aio17r 23
Species™ — (2.273) (3.200) {4.500) | . :
|
TOTALS 203178 290,433 415294 470,084 ‘ 191 977 344 037 J70BTS 503.030 00071 1000 . 1000 1000
(92384) | (177.470) | (188770) | (213665) | i i
| i
FOOTNOTES

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 musseis 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. campechiens:s and Mya arena-
fia,) and west coast clams {Panope generosa, Saxidomus giganteus. Tresus (5p.). Prototheca staminea and
Vergrupis japonica).

7. East coast figures are for 1983; west coast ligures 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 (productions) were used for broodstock ar
permitted tc escape for natural spawning.

13. Inciudes Penaeus vannamei, P, setiferus and P. axtecus.

14, Includes species such as sturgeon, carp, buffalo, tilapia, mullet, abaione, etc.
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in conclusion, it appears t0 me that New Jersey is taking a wise approach to developing aquaculture and
should take advantage of the experiences in other states and of assistance available from the Federal govern-
ment.

Questions and comments following Dr. Wildman’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
governmant. That excluded AID, which is the largest. With respect to intramural research, the largest one is the
Fiah and Wildlite Service.”

An attendee noted rumors that “something s going to happen to stop the Sea Grant Program.”
“There is that possibility,” Mr. Witdman agreed. "The Sea Grantprogram has been essentially level funded

over the past five or six years. Each year tor the past tive we have been proposed for termination and each year the
Congress has rastored it. | think that that situation may well cantinue for next few years.”

36



CHAPTER VI
RISKS TO THE AQUACULTURE ENTERPRISE

Harold H. Webber
President, Groton Associates, Inc.
Consuitant to Aquaculiure Industries

For the past 34 years Harold Webber has bean part of the business world, with emphasis or the past two
decades on the field of aquaculture. He has been consuitant and advisor to 8 number of enterprises in various
parts of the world from Eire and West Germany to (sreal, Egypt, and Latin America. He was Exacutive Vice
President of Maricultura SA, in Costa Rica, one of the first world attempts at mass maricutture of marine shnmp.
Dr. Webber has been at various times, Director of Research for the Lowell Technicat Research Foundation: a
member of the senior staff and resident manager for Arthur D. Little, inc., and senior corporation scientist for the
Brunswick Corperation. He has been president of Groton Associates, a firm specializing in mariculture and
aquaculture planning and business management since 1966. He has served as editor-in-chief and associate
editor of the world journal, Aquacuiture. One of his several hobbies, at which he works while traveling the world.
is or¢hid collecting and raising, and he is a licensed importer. The nama of his firm derives from its location. in
Groten, Massachusetts. Dr. Webber was educated at the University of Texas, where he earned his doctorate in
genetics and bicchemistry.

As | have heen at the aguaculture business for some time, | have gained some experience. and | am
reminded that good judgment comes from experience--and experience comas from bad judgment. { have made
enough mistakes to earn the title of a super-annuated man, perhaps enough to share with you some of the
understanding gained from those mistakes regarding problems of risk confrontation.

I am not sure that | know how 1o manage risks. but perhaps 1 can identily a few of tham, and | think | have
learned how to avoid some of them. The obvicus problems and risks that confront any bicindustry, as we may
term aquacuiture, derive from natural forces and resources, or the lack of them.

Ta etaborate a bil, it is for meateorological and geograpbhic reasons that aquacuiture in the bays, astuaries,
and near-shore watars of New Jersey carry inherent risks. Storms and other similar phencmena 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 nsks. Avoidance 1s not always
feasible: pysters. after ali, cannot be grown economically away from salty waters. So risk management in such
cases comes down tg proper economic planning, based on the probability that one wili be wiped out tora year or
season at random intervais.

| have a long fist of risks and a retatively short list of ways to avoid them. At the top of my listis the sk that
comes from lack of a sound management plan. | class the managementplan as maybe the only realty big problem
in aguacuiture. 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 systems into productive enterprises. We
have difficulty in truly understanding how miniscule is our comprehension of this complex worig. how little we
know abgut all the interacting variables which constitute a system such as a sound business aquaculture
emterprise.

| have broken some of the vanables down into two or three categories which may aid understanding. The
larger clusters of variables are in biological/chemical interactions within the enwironment and within the hiving
organisms, These variables are so cbvious, atleastinour awareness of their existence. that perhaps they deserve
mention only 1o be complete.

The risk of disease is an obvious one in this cateqgory. There are parasites that plague a high-density
confined population of animals. and there are bacteria and viruses, too. Qur next speaker, Carl Sindermann_has
made substantial contributions in this figlgd of aquaculture and fishery diseases and has helped us all to avoid
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some of the risks. Yel, | dare say. he will join me in saying that the larger part of the problem remains to be sotved.
In other words. our ability to manage disease is growing, but it is by no means sufficient unto the need.

Problems relating to the physiclogy of the organism we are attempling to grow constitute another group ot
risks in the bio-chemical category. Some risks derive from the nature of their reproductive mechanisms and from
our ignorance of the subtleties even in the animals we grow with a good degree of success. This has special
importance because of the nead for seed production. Unless we can stock our envirgnment, we clearly will not be
able 1o 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 agricuiture business,
most of the high hills of knowledge are still to be climbed. and more difficult to climb because they are
underwater.

Because our aquafarms are under water--and furthermore presumably under preductive water with good
populations of food organisms for our animals—visibility leaves much to be desired. There are impositions on
production and productivity especiatly in natural water areas where we have ralatively little knowledge of the total
number of all kinds of beasts in the system. We are unciear about problems reiated to predation and competition,
and the eflects of other organisms which share the environment in which our crop of animals is placed. Onecan
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 siorms--picking a better location.

Predation is something very difficuit to manage unless we are in compiete control in a closed system, and
such systems are not alwayd practicable, either because of economics or the nature of the animal. Very often, In
open pond systems, the managemant 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. | don’t mean to exaggerate
these problems, but they can be devastating, and 1 have returned to a pond to find nothing because of the
predators that were there before me. Often the risk can be reduced if not eliminated, if theenterprise can bear the
cost.

The compatition for the environment itself--the bottom or the water column--is a significant probiem area
for which risk must be anticipated. It is difficuit to keep compatitars out. We have tried, but have had only imited
success because wa 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 far the larval
forms of predators or competitors. Costs of fabor are high if screens areto be kept open by removing the captured
mass.

The matter of inventory control in the system is a risk probtem that | have not resolved. As you gaze at the
placid surface of your system, how can you know how many beasts are invoived? As productiviey 1s increased. as
animal density 1S increased, the matter ot inventory control becomas increasingty out of hand. Yet. your inventory
i8 your stock in trade.

By and large, in open systams, we do not know how much we have got. Therefore, we do not know how
much to feed it, 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 stimutate natural productivity without
impatring the health of the whole system? Maost of this problem area remains yet to be guantified, if not better
understood. When we add together the very substantial influences on water quality which are a consequence 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, | hasten to add, we know how to manage the system and ail these
factors better than we can afford to.

The larger risk area, and the one | think is limiting, relates to social and economic risks. Social risks come
first because that are perhaps a bit easter to deal with. The selection of an environment in which you are
encouraged to establish an aquacuiture business is primary. It is especially criticai for an ammal tarm, even an
aguatic one. There are many parts of the world one might 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 latitudes where political systems are not like ours, we frequentty have to face political
instability. Even when the social climate seems guite salubricus, protection against human predators, ocutlaws 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 technolagical development of the society in which one attempis to work.
You cannot go off into the boondocks without reailizing 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 impartance. but they sometimes
become the back breakers. Other kinds of limitations include an infrastructure which includes roads, dependable
power, schools, and other amenities ot living. These in turn, help to determine the kinds of people you can attract
in order to manage the farm. The whole warldin which an aquaculture tarming venture is undertaken becomes an
influence on decisions to make the investment.

The availablilty of land, land costs, constraints on iand use. costs of labor, cost of security. and the costs of
doing business offer risks to any venture, particularly s¢ 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-calted
Maritime Mile in the Western hemisphere. Under this concept, any beast in the water is available to anyone who
choases to eatch it. The government owns all the edges of the sea and exciudes certain kinds of activities, ortaxes
certain kinds of activities, or rigidly controls certain kinds of activities. 1t is within this cancept that we in this
country must live, and it is not an easy or simple thing because the constraints are different fram those imposed
on land farmers. often unfairly so.

Certainly there is competition from other users ot the environment, and from some peaple who do not
want it used. There are cases where an aquaculturistmet all requirements, abided by aii laws, onty to find that his
rafts were objectionable to those who owned houses overlooking the water—those with more political muscle
than he couid bring to bear. While this may be unfair, itis not necessarily illegal, because most laws are so written
that ¢reative interpretation is possible when the heat level becomes high enough. .

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

In the end. the overwhelming problems which accountfor so many of the failures in aguaculture are purely
economic with the other risks |'ve mentioned acting more as irritation than serious trouble. Economicsis where
we ought to focus in any potential aguaculture venture. If we are to manage intensive populations of organisms
at high productivity. ¢clearly we cannot depend on natural processes to supply nutnents for our growing crops.
So the cost of feed becomes, in some cases, dominant. Somewhere on the order of 80 percent to 80 percent of the
total cost of producing the crop is in the teed bill. There is reliance on formulated rations for some kinds 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 eCoNoOMIC SUCCESS of the
venture.

So feed costs dominate, and one should not approach the design of a business without carefuily
evaluating this factor. Too often it is done haphazardly. :

The hopefut entrepreneur says. "Of course we're going to feed them. We will feed them bananas.” | have
seen this happen in the presence of mountains of banana skins with no understanding of the composition of this
waste material. The whole ptan was predicated onthe use of United Fruit's pureed plant wastes, which produced
tons of banana skins which were going to be the reason for building an aguacuiture farm.

1 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 tack ot thought or study. But feed Costs remain
critical and probably are the most important production problem aside from disease. seed. and the management
of the environment.
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. ately. the other important factor influencing the overall economics of the venture is “can you seu_it?"

yima yiea ues have told you there is no object in producing the product unless you can sell it. This 18

Several of my €0 gt what is saleabte is sometimes difficult to quantity. Consumer preferences and organic,

pgrha_ps |0bw::‘:'z.ltrxral choices of foods all influence buying decisions. All of these tactors and more play a part in
g::;onr;ﬁ; '::.enture and deciding whether and where to make the investment.

Thare are various approaches to probiems of this sart. Market research is, of course, a well-devetoped
technology and it can be applied. |f you are attempting to produce something that is not common in the

marketplace, triat feedings and taste tests are useful.

[ feal that | have moved past an essential problem area soiution, and that ista do the developmentin 2 p!lot
or demonstration stage before making th? major Bommitmgnt. During the period when you are producing
relativety small quantities, market trials obviously are appropriate. Qne must determine not only whgther people
like shrimp=--you know they do--but the prpduct form._the presentation of the package. One must decide whether
to go into the consumer market at all or instead go inte the wholesale market.

Uniess such factors play a role in designing a venture, the risk is increased. Frankly, the factors often are
neglected because the aquacultura firm is the product of the technologist and not of the market. That is, the
wishful aquatic farmer knows and has demonstrated that we can get this creature 1o reproduce, and we can get
them ta grow and survive in the environment we provide. Therefore, letus gointo business and grow this creature
tar 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 sellitfor
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 Jet the tale end here, and open the conference 10 questions
and comments.

Questions and commanis foliowing Dr. Webber's pressntation

1t was noted that consuitants 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 aguacuiture ventures, with less than 10 percent
success, perhaps closer to four or five percent, The successtul farms. he said. "have grown kind ot wiily-nilly out
of the experience of less sophisticated people. We have tried to bring technologies and concepts which are both
100 much and not encugh in some ways for the complexity of the problem.”

Projecting ahead, "l think that as we build a stronger, broader, more secure base in fundamental know!-
edge regarding the animals that we are attempting to grow, we are going to gain a marginal success...as we build
a better understanding of natural resource management, which is lacking in most parts of the world, we will
gain.. but | am not enthusiastic about the next decade or two ter aquaculture to become signiticantcontributor of
food production for humans. § think we will make small gains: and in some parts of the world the gains are
significant to small popuiations, as in Taiwan. but not in many places and not in large numbers,”

“On the other hand, if you took down the road, as we exploit our natural resources, the oceans themselves,
damaging or altering them. We will be driven to more intensive management of these resources.”

_ A conferee pointed out that there are two basic kinds of products which can be produced by aquaculture.
One is the self-contained product, like clams and oysters, which needs only minimal handiing. The other 1s the
product whi_ch needs a great deal of processing, as in the case of tinfish, The degree of handling is important to
the economics of the venture, bacause filleting, packaging, freezing, and so on is very costly. The next problem is
votumle_: mast marketers, supermarket chains or fast food restaurant chains, cannot be bothered with small
quantities. But, despite the problems of aquaculture, it has a distinct advantage from the marketing point of

wtew--when production is successful and assured, it provides continuity of supply, unlike the seasonal supplies
of seatoods from the natural harvest.
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In discussing successful aquacuiture 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
naed for and cost of hatchery operations. But the risk remains, because there is no guarantee that the supply ot
seed shrimp will be there for the taking every year. there are great fluctuations insome shrimp populations. $0.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 littte place and proguce these animals and somehow somebody was going to
buy them in the marketplace ™ Joining with other businesses would involve sharng in risk capital, and in joint
planning.

Dr. Webber: "Frequently the persan who is developing the aquaculture technelogy 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 madifying product development. Aquaculture farming is a bictogist's business: it
isn't a businessman's business, unfortunately. | hope it will become so, and not too long from now.
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CHAPTER VHI
OUTLOOK FOR THE FUTURE

Cari Sindermann
Visiting Professor, University of Miami

Aithough Carl Sindermann’s distinguished career has been as a tisheries 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 books on the role of diseases in marine populations. which are the most comprehensive
references available to the aquaculturist. But Dr. Sindermann’s writing has not been limited to scientific and
tachnical matters: his books include two contributions to the sociology of science, "Winning the Games
Scientists Play,” 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 University
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 for Environmental Management of the Northeast Fisheries Center of the Naticnal Marine Fisheries
Service. He has traveled widely as scientific advisor to several international fisheries commissions and has been
active in a number of professional societies. He is an adjunct professor at several universities including Rhode
1sland, Lehigh, Cornetll, and Guelph (Ontario). He received his advanced degrees from Harvard.

in preparation for this conference, i wentto my files for a document that | prepared just six yearsagofora
Congressional round table discussion, in which | tried to project the future of aquaculture in the United States.
Reviewing the projections, | 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 aquaculiture on a worldwide basis than [am a nationai basis.
if wa take an overali world view, there are high spots as well asa lot of iow spots, some failures and some marginal
SUCCESSeS.

To cite one example in the culture of a high-value fish, at a conterence a sfiort time ago. a person from
Scotland announced that. as of this year, there are 153 sites for the pen-rearing of Atlantic salmaon in Scotlang
alone, whereas in 1970 there was only one such site.

When | heard this | wondered if perhaps we hear and talk too much about the down side and not enough
about positive results. I'm sure most of you know about the successes in Norway with Atlantic salmon. One of my
colleagues at the University of Miami just got back trom a two-week tour of Norway and he feels that many of the
Norwegian coastal areas now resemble parts of Japan where major coastal areas have been given over to the
pen-rearing of fish.

Clearly, the overriding influences on aquaculture development are economi¢ and nutnt:onal. If national
nutrition requirements create a demand for aguatic foods, then aquacultureis going to succeed eventually. This
is the case in both Norway and Japan. If it isnotthe case, asitdoesn't seem tobeinthe United States, thereisless
likely to be any great forward movement.

In iooking at the United States, we find a couple of interesting developments. It's nol my assignment to
review the whole spectrum of development, but to predict the future, so let me take off tram one kind of activity
which has impressed me over the past several years and thatis ocean ranching. about which you have allheard a
great deal.

The Japanese have started to accumulate data which show that impacts on productivity can result from
ocean ranching, and | see this as a definite prospect for the future in this country. Of course we have had a
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number of projects of various scales in salmon ranching, mostly on the West Coast, but also to some extenton the
Atiantic Coast. Across the street from my office at the university is a hatchery devoted to the rearing and reiease
of snook. and there is also a much larger operation for the release of red drum.

These activities are signs for the future if they are not used for special interest purposes, and if we make it
clear that they are experimental--for research--and not yetthe start af major, large-scale production. I think there
is room for further work on ocean ranching, not only with Pacific salmon, but with other species as well.
Aquaculture really includes the controilable, ensured culture of marine animals under all suitable conditions, and
this can include sending some of thess animals to sea.

The total picture, it seems to me, is in three parts. First, to manage portions of the natural gopuiations for
maximum raturn. Second, to deal intensively with aquaculture systems close to shore. Third, to send some
animals to sea to fatten and mature and expact to get an economicaily sensible porticn of them back.

Looking more specitically at New Jarsey, 1 think it is well to contrast the recent interest here with the
history of aquacuitura in other Northeastern states. As a ganeralization. | think itis safe to say that every statein
the Northeast has flirted in some way with aquacuiture development, and a few have developed meaningful
relationships.

As another generalization, the hopes and prospects and public pronouncements rarely have been satis-
fied. Even so. there always is some positive residue from these attempts, even if what remainsis 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 inevery one of those
states in which significant aguacuiture development progress has been made. Moving down the coast from North
to South there are examples which seam to have great promise. Some prospered for a while then declined. others
continued to he viabie. Goto Maine and you see the cuiture of the Eurapean tiat oyster and the blue musset, many
small but enthusiastic enterprises stimulated by initial Sea Grant support. In Rhode Island, Representative
Claudine Schnieder has been a focug for increased interest in aguaculture in Narragansett Bay. In Delaware
there has been for a number of years a large-scale study of controlled-system shellfish culture, which seems to
have peaked and now waned. Maryland and Virginia have axtensive hatchery operations, and Mike Castagna.
from whom you have heard a really exceilent discussion of sheiitish potential, has demonstrated potential
himself in his own projects and programs.

Tha reality, though, is that most seatood production continues to be from natural populations, and
activities that have been very successful atlaboratory or even piiotscale have not resultedin any majorindustrial
gevelopment. South Carolina, for instance, has targe. new aquacuiture tacilities, and also has a history of
extensive research on fresh water Macrobrachium prawn culture which has not pbeen translated into commerg: at
production on any significant scale.

In most cases we have seen intitial enthusiasm followed by some successes. but with fater decline of both
interest and enthusiasm--sometimes as the realities of economics overtake the experimental successes.

New Jersey has not been apart from the history ot aquacuiture. With us in this conference is Dr. At Eble
who carried on for a2 number of years aquaculture development in the heated waste water from the Mercer
_generating piant. Also here is Dr. Hal Haskin, who 15 internationally recognized far his work with oyster culture.
and especially his programs in Delaware Bay. New Jersey has limiting factors. of course, which must be
addressed in any aquaculiture development plans: but | don't want to dweil on them because | have a couple of

suggestions to make.

To prepare for this conference, we had a meeting of the organizing committee. andaconcept emerg_ed that
we discussed briefly. | don't recatl who proposed it initiaily, but t did some homework on it [ater and | think it is

entirely feasible.
The proposal is that we continue to do whatever may be possible in New Jersey to reduce the amount of

environmental degradation that we hear or read abgut every day, but that we not be defeatist about the possib{e
results. Instead, we should push hard for the development of marginal water aquacuiture. For example, there is
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Rant_an qu. in terms of primary productivity. it is one of tha most productive bodies of water intha world Butthe
quality of its watt_er is marginal, in terms of degradation'. There should be a way or several ways to take advantage
of the fact of Raritan Bay's great primary productivitry for aquaculture in spite of its marginai quality |seethisas
a re_asonable cancept which New Jarsey couid expigre. and so maka a contribution not only 1o the state. buttothe
nation and to other nations faced with similar probiems. .

Human inputs would be required at both ends of the development chain. Some animals might not be able
t¢ faproduce in the degraded water and controlled conditions couid be devaloped by the state to breed and raise
animals to a stage where they could be planted in Rantan waters and grow well in its natural productivity Atthe
other and of the cycle, time could be spant on methods of chemical and/or physical depuration to remove any
toxic or deleterious matter from the animal crop.

_ The dqfeatist attitued which says, “we can’'t do it here” must be avoided; instead, take advantage of whalis
available. If input is supplied at both ends of the chain, | think aquaculture in the state’s marginal waters s
feasible.

My secand suggestion is to makae far better utilization of the high scientitic and technical skiils avatlable
here in New Jersay, We heard about genetic angineering trom Dr. Singleton. and | think there are several species.
both vertebrate and invertebrate, which are good prospects here in New Jarsey. | think the genetic engineenng
initisfly couid be oriented toward pharmaceuticals, and not necessarly toward production of human food. Q!
course New Jersey is known for its major pharmaceutical industry. and the genetic manipulations | have reac
about imply that many pharmaceutically important ingredients might be derived from the engineering of marine
animals and plants as well as those of the land,

[ think the future could be very axciting if New Jersey were to take the jead in combining aquacuiture and
ganetic cevelopment, perhaps in a major experimental facility where selective breeding of a few ammals could
take place.

it would also be well to follow up on Mike Castagna's suggestion that the hard clam farming industry in
protectad bays in some parts of the state could be increased anormously. particutarly with hatchery procduction
of seed.

Another future possibility could be the application of the closed system aguaculture maeathods developed
by the University of Delaware to the American lobster here in New Jersey. There is a substantial bedy of
exparience in lobster aquaculture and this may be the time to appiy it and seek innovative technologies

|'m sure the ideas presented by my coileagues onthe pregram will stymuiate exploration of ather wdeas. but

the two I'd like to emphasize are these:
- The concept of marginal water aquaculture.
- The utilization of the tremendous skilts avaslable in New Jersey tor expioration ol genetic engineeringfor

aguaculture.

| know of no other majar afforts in either direction. so the opportunity clearly exists for New Jersey totake
the lead to an exciting future.
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CHAPTER VIil
THE ESSENCE OF AQUACULTURE: A SUMMATION
Harold L. Goodwin & Robert B. Abel

Robert Abel and Harold Goodwin worked together at the birth of the Sea Grant Program in the National
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 Wildman as aquaculture program managers.

Dr. Robert B. Abel brought to the program, a wide background in oceanic affairs, starting as a chemica!
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 Federai
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 & M
University as Assistant Vice President for Marine Affairs, teaving to join the NJMSC in 1978.

Harold Goodwin left the Sea Grant Programin 1974 and formed his own firm, specializing in aguaculture
planning and marine education. He became a consuitant to NJMSC in 1976. Before joining the new Sea Grant
Program he had widely varied experience as a scientific and technical program manager. inciuding 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 agquacuiture hopes of a decade ago have given way to a reality which is that. no matter how
great its contribution, aquaculture will not feed the wortd. And while American science and technology have
made, and will continue to make, important and perhaps vital contributions to world aquaculture, actual
production of aquatic organisms in the United States cannot be expected to make so much as a ripple in world
consumgption statistics. -

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

There is alsc potential. which may or may not be realized because of economic uncertainty, for some
non-food used of agquaculture inctuding the use of modern genetic engineering to so alter some marine
organisms that they become valuable sources of such non-food products as stabilizers, texture agents, anc
pharmaceuticals.

A certain potential exists for social uses ot aquacuiture in addition to economic vatues, though these have
not been widely discussed. In fact, the most successful and longest-running aquaculture activities inthe United
States have been without profit motivation, though they have had significant ecanomic 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 simplest definition of aquacuiture isthat given by Idy!l: “Aquaculture is the controlled production and
harvest of aguatic animals and plants.” But, as |dy!l and others have noted. with only a few exceptions the
aquaculturist has far less control over his animals than does the farmer. Most aguacuiture productivity world-
wide is based on collection of seed--spawn or juveniles—in the wild. and uncertain dependence because of
naturai variations and sometimes a danger because 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 tilapla. of low
market value in the United States. The exceptions are shrimp in Equador. salmon in Norway ang Scotland. and
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Hawaii and other places, These are in addition to the near-universal culture of oysters, and

ater prawns in )
tresh w. (4 Ity restricted culture of mussels.

the more geographica

is also generally true that aguaculture is relatively expensive, producing products of moderate-to-

it
¢ it is not a source of cheap food.

expensive valu

where aguaculture has succeeded, it is because nutritional and economic needs or opportunities have
made it impartant, and where gither government support or, at least, taissez-faire have created an encouraging

climate.

In contrast, the United States has no vital nutritional need for aquacultured products. Though Americans
enjoy certain seafoods, enjoyment which can be translated into economic advantage, a tavgrable sociai and
political climate has been lacking and the government, in most cases, has shown little interest or encourage-
ment. This situation is changing, though not as rapidly as the culturist woutd like. Passage of the Aguaculture
Act of 1880 put the Federal government on record but did not result in greatly heightened Federal activity.

Increasingly, it is clear that creation of an encouraging climate and infrastructure for aquaculture is the
roie of the individual states. Needed is legisiation, perhaps a model Act, which clarifies the legal structure setup
for other purposes and now inhibiting aquaculture; an act which encourages aquaculture, and definestherole of
state agencies. Such legisiation should be derived in the first place from a ctear 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 sel! it?”
Inharent in this deceptively simpie question are such elements as market demand, market structure--jobbers,
wholesalers, food chains--competition with natural fishery products, degree of government or other control, the
form the product is to take, whather as-harvested or with some degree of handling and processing.

Further, market demand and saleability determine prica, and Castagna has summed it up best: “lfitcosts 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 overtocked or not sufficiently studied. These include the costof land. cost
of energy, cost of conterming to local zoning or other requiations, and in some cases the attitude of the
neighbors,

Assuming that the general location and similar geographic factors pose ng problems. the cost of feed
becomes paramount. For many high value species which are not sufficiently fed by the natural waters feed
becomaes the most critical element and planning must include assurance of its availability, or of the components
trom which it is made.

~ Insome Iocations, and for cuiture of some species, there may be surprisingly high costs involved in the
disposal of effluent or wastes; there may also be stringent reguiations to be met which pose design problems
affecting the entire operatian.

All such considerations are, of course, elements of a management plan. When the key factor responsibie
for the failure of many aquacuiture enterprises is isolated, that factor turns out to be bad management, usuaily
because of tack ot good management plans.

Seiection of Species

For the business of aquaculture. Castagna has given us an entirely pragmatic checklist, and has stressed--
as have others--that if profit is not the motive, it isn't aquaculture business, it's @ hobby or something eise.

IWith profitin mind. and with saleability and market demand known factors, elements which play a part in

selection are;

. ® The r_ight climate for the species. It has been noted that one can grow anything anywhere if willing to pay
e Cost, but in aquaculture it makes no ecanomic sense 1o choose an animal for cuiturein the temperate regions

when the hot tropics are its abode.,
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* A species which is environmentally compatible, not a potentiaf 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 presumabie profitable
aperations can improve the technology and increase the profit.

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

* A species which can be grown in an acceptable length of time. Time nat only increases cost but
increases hazard. The longer it takes to bring a species to market size, the greater the chance of mishap, perhaps
from an unpracedented sterm which wipes out the facility or cuts off power for extended periods, or perhaps
from something like an equally unprecedented disease.

Risks to the Aquaculiure 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 inctuded, In addition to
bacteria and parasites, organisms cultured in the natural environment are subject 1o bieoms of toxic organisms,
and while most of these may have the effect of making the aquaculture crop temporarily 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 smallerthan those grown on land but are much mgre fragile,
especially in their early development or growth stages. Further, aguaculture must produce in any one animal
crop a far greater number of organisms than does the farmer per unitof space and time; disease or similar events
can be relatively more devastating to the crop, and hence to the economic stability of the enterpnise,

As in (and 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. Muiluscs, for example, can be
eaten by marine snails, crabs, and other local inhabitants. Crustacean species and small tinfish are prized by
birds and by land animais not commaonly 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 conshtute
economic disaster. Perhaps 1o a greater extent than in garden farming, human predation can be a problem: a net
tull of succulent shrimp can be taken rather quickly in an undefended area.

The natural harvest of certain aquatic species poses a degree of risk 1o the aguaculturist. First. there 1s
competition which may be resented by fishermen; second, price depends on supply, and natural fishertes have
occasional bumper crops, too, in which the culturist’'s product simply cannot compete in cost with alarge supply
from the fishery.

An inherent risk, whether from weather, disease or accident, 18 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 aguaculture failures were the result of a bad management plan. and
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 agquatic
businesses, designed to bring a profit. Aguacutture is now taken to mean the culture ot any aquattc organism
whether in fresh or salt water. The chief advocate of the term mariculture, the Worid Maricuiture Scciety has just
changed its name to the World Aquaculture Society.

Inintroducing this chapter, we pointed out that the longest running SUCCess In American aguaculture has
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pably been the trout hatcheries which stock our trout streams. Certainty this has had economicimpact{o no
proa” extent, as any manufacturer of fly tishing gear, or operators of a number of fishing resorts, can testify. Yet,
?:; basic goal is a social one. and it has the advantage of establishing a useful precedent.

A cautionary note is that the social objective can, in some cases, become a politicized one There are
the responsible state agency deliberately kills by chemical means all the perch, blue gills,
d other species in a pond or lake to restock entirely with trout, thus depriving the family
le pleasing the fewer trout fishermen who are backed by an organization with politicat clout.

states in which
crappias, bass, an
pan-fishermen whi

Bacause recreational fishing is very important, both economically and socially, the possible uses of
aquacuiturein innovative approaches to sportfishing need some serious thought. White sport fishing may clreate
an image of expensive tackle, boats, and game fish, it covers everything from crabbing with net and ch:clken
necks on a string, worm fishing for anything that will bite, hooking one of the multitudes of shad or alewwgs
anroute upstream to spawn, of just pushing bare feet through muck to bring up a hard clam. it is wellto keepin
mind. too, that for more than a few of our less affluentcitizens. especiatly in metropolitan areas, “sport” fishing is

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 heip restore the natural peputations. Again, while
there are strong economic values, rockfish are a prized sport fish, and the social vaiues may be even higher. there
ara more sport rockfish fishermen than commercial rackfish fishermen. This is an other precedent worthy of
further consideration.

While businesses and the state may conduct ressarch and contribute to development of aguaculture
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, butthe education of competent scientists and
engineers, and social scientists of several different specialitios. While Sea Grant often is credited with being the
principal supporter of aquaculture, it is important to remember that Sea Grant is a matching programin 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
Universitias have made the greatest contributions to aquaculture are those states in which the legislature has
made syre 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 de not continue indefinitely for most things, certainly not for individual projects. Event Sea Grant. with
better continuity than most, has considered itself a start-up scurce not created to maintain production after a
Qiven point. For the long term in establishing something new in aquaculture, the state is the prime source and
should he the prime mover.

Steps to a Coherent Aquacuiture Program

1. The program necessarily starts with the State’s own goals. if it is to be coherent and of maximum use to
tha paople of the state. Cystomarily, these goals are stated in an Aquaculture Act which takes into account al
related 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
alang the shore, including fisheries, transportation and boating, recreation, swimming and sunbathing, and
economic development...not to mention aesthetics. which too often are considered post-factum. Cf course no
one has said creating a genuinely good state plan would be easy.

. 2. 1tis the responsibility of the state, within the framework of its organic aquacuiture act. todefine the role
of ns. agencies. Normally, agency missions are clearly enough defined in terms of the agency's tragitionai
functno_ns. But aquaculture needs and the impiementation of the state’s intent may conflict with traditionat
regulations. It was said repeatedly during discussions that the bureaucracy gets in the way. it does, butit doesn't
Mean to, and the reasons are twotold: first, bagly written {aws and !egislative guidance: second, tear on the part

gii::e employee that deviation fram established writ, even for the sake of common sense, will bring personal

Htis also the responsibitity of the aquaculturist to communicate with the agency, andtodo soin the spirit of
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cooperation and not hostitity, to assist the agency in formulating or reformuiating sensibie regulations--with
which the aguaculturist may sometimes disagree no matter how sound the agency's position.

3. it is the responsibility of the state to bring order out of arganizational chaos should it exist and specify
which of the state’s entities does what. Specificaily, the state should ensure that the competences within the
state are fully used, recognizing that competence in aquatic animal physiology is only a smali part of the
competence necessary in aguaculture. 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 variaus competing entities within the state should not be expected to agree on
where the greatest competence and leadership are to be found, provision should be made for outside experts ta
give strong assistance in identifying strength, noting that choice of persons for a committee, board. or commis-
sion should be from qualifie¢ 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 seripusly
indeed. It might be pointed out that one report on New Jersey aquacuiture, presumable authoritative, demon-
strated either lack of knowledge about aquaculture activities and com petence in New Jersey or serious
distortion.

3. Built into the plan should be provision for independent review of aguacuiture proposais, whether
received from a business, a state agency, a university, or any ather source. There is no expectation anywhere
these cays that generous supplies of money will be available, and a review procedure that ensures competent
abjectivity is the best saver of scarce money. Neither states nor the Fegeral government can ciaim freedom from
aquaculture nonsense. One Federal agency issued a grant for a muiti-miliion dollar aquaculture project which
horsified every experienced aquaculturist who heard of it. Intense questioning could not identify a singie
member of known competence and experience in the aguacufture com munity who had ever seen the proposai.
The millions were wasted on a project which had no remote possibility of success.

6. Another requirement in a sound pian is a place for an ombudsman, a person within the state estabiish-
ment who represents the state’'s aquaculture community. The function of such a personisto assistinfinding 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 forthe aquaculture comrmunity within state counciis
when needed.

Suggestions for the Aquacuiture Future

Implicit in each paper detivered at the New Jersey Aquaculture Conference were suggestions for direc-
tions a state program might take. Some of these suggestions are here summarized for serious consideration in
development of a state program, once a state pian is reconsidered and deveioped as necessary.

1. Look backward, Michael Castagna suggested. Examine the history of New Jersey's fisheries and its
species to see if well-liked and marketatle species once present in significant numbers but now in deciine or
vanished from the markets might offer possibilities for aquaculture. While stilt available, oysters and hard clams
have declined in numbers and are high value species worth continued and expanded efiort, Specifically, he
suggested that the state should play a strenger role. perhaps in providing the hatchery for oyster seed, using the
fatest technology. He also pointed to the once-plentiful sturgeon, a gourmet item whether as caviar or smoked
fish, and noted that cuiture 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 usetfui for stripping nutrients from waste water but presenting their own probiems of economic
disposal. White water hyacinth is not for New Jersey, other higher water plants exist, soma of which may have
useful characteristics while presenting less of a disposal problem. Ryther's discussion of waste water was aiso a
reminder that some lower marine Organisms are known to concentrate specific chamicals, including metals. and
may be worth some study for use in hetping to clean up polluted waters. Of higher potential was Ryther's report
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 tc mind immediately is the high New Jersey ability and experience in pharmaceuticals
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and the state's distinguished history in this field. While it is true that many researchers have locked for active
biclogical substances in marine plants and animals, there has been refatively litthe work in the cufture of those
which appear most promising, especiaily when genetic manipulation may bring significant andg perhaps dra-

matic improvement.

3. Castagna suggested and Cari Sindermann expanded the suggestion into a strong recommendation that
New Jersey take the lead for its own sake and for the sake of other areas in what is termed marginal water
aquacuiture. Marginal means somewhat poiluted, not ordinarily the guality of water one would choose in which
to grow food organisms. But, as Sindermann said, human inputs atboth ends of the Culture cycle would make the
difference: at the breeding end to develop resistant strains, perhaps, but certainly to raise the animals to astage
where they were less fragile than in the larval or early juvenile stages. At the harvest end, effective depuration to
remove any toxicants or disease crganisms would be used. Research for both ends is needed. If successfui, 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, atso urged that New Jersey put its talents and experience to work
along the lines Ryther and Singleton discussed. an approach that would require a serious, long-range commit-

the past few years, the potential seems to warrant a major program.
5. Several speakers said it, both from the platfgrm and the fHoor: aquaculture must be carried to pitotscale

as part of the research and development process. There have been fMany cases where laboratory successes
simply would not scale up. for reasons that could not have beenfully anticipated. Pilot scale may be described as
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