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I.  INTRODUCTION

This report contains a synopsis of opinions on problems and priorities
in marine and brackich-water aquaculture, as expressed by approximately
180 participants from industry and scientific, educational, and govern-
ment agencies, at 12 regional workshop conferences held in 1972.

A.  BACKGROUMD
The workshop program resulted from NOAA's recognition that cur-

rent efforts to develop marine aquaculture are highly diffuse.
Aquaculture in Eurcpe, Asia, and other parts of the world has been
established for centuries. Over 60,000 acres in the United States

are currently used for commercial freshwater aquaculture (primar-
ily catfish). Yet no marine species, except oysters, is currently
commercially cultivated in the United States or its possessions.
This situation is not the result of disinterest, since federal and
state governments, universities and private companies have over
the last decade collectively spent major funds in attempts to
develop commercial aquaculture.

One of the reasons for the lack of a tangible return from this in-
vestment is that this work has been diffuse and largely uncoordin-
ated. Federal agencies involved in such programs range from the
Office of Sea Grant and the National Marine Fisheries Service (NMFS),
to the Economic Development Administration, the Office of Economic
Opportunity, the Agency for International Development, and others.
For instance, approximately 120 marine aguaculture programs are
identifiable in the federal govermment alone, to which should be
added those conducted by states, universities, and pnfsate insti-
tutions.
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Further evidence of the diversity ond heterogeneity of marine re-
search in this Country is the number and growth of marine labora-
tories. Actording to a 1970 report of the American Institute of
Biological Sciences, ogver the seven years from 1963 to 1970 the
number of marine 1aboratories, not including federal laboratories
or state-supported fish and game laboratories, rose from 50 to 88.
In addition, 20 new facilities were in the planning stages in 1970.
Assuming all such new facilities are completed by 1973, the number
of such facilities will have more than doubled in the ten-year
period. '

Marine aquacuTture is assumed to have extraordinary long-range
potential, and certain developmental efforts in the field are beain-
ning to show sians of commercial promise for the foreseeable future.
Accordingly, in 1971 the Nationa) Oceanic and Atmospheric Adminis-
tration (NOAA), under whose jurisdiction fall the two most active
federal agencies 1involved in commercial aquaculture, NMFS and Sea
Grant, requested Mardela Corporation, a private firm engaged in
living marine resource development in the United States, Europe

and the Middle East, to undertake a program to elicit and correlate
the best opinions and judgments of some of the senior scientists,
industrialists, and active entrepreneurs involved in the aguaculture

field.

The project was commissioned by the office of the Associate Direc-
tor of NOAA, directed on behalf of NOAR by the Sea Grant Program,
and administered through the offices of the Research Corporation of

the University of Hawaii.




B. OBJECTIVES AND SCOPE
The program's objective was to identify priorities for the advance-
ment of marine aquaculture.

The overall objective was to define priority research areas in
order to move from the laboratory to commercially viable aquaculture
at the earliest possible time.

To fulfill this objective, 12 regional workshops were held. Each
workshop was attended by selected individuals, who were asked to
present their opinions with respect to any and al) obstacles im-
peding the transition of aquaculture fram the laboratory to commer-
cial operations.

The scope of the workshop program was limited to marine, anadromous,
and brackish-water species of potential economic interest to the
United States. The program specifically excluded aquarium fish,

as well as all exclusively freshwater species. As used throughout
this report, the term “"aquaculture" refers to marine or brackish-
water thus defined.

The purpose of the program was not in any way to survey or eval-
uate past, current or proposed programs, or technical performance
of individuals, nor to determine whether the federal govermment
should continue its support of aquaculture activities.

C. WORKSHOP PROGRAM
The required data were obtained through structured workshop

sessions and written contributions of participants.
The workshop progran comprised 12 eone-day meetings in spring and
summer of 1972 at the following locations:




Newport, Oregon Milford, Connecticut

Seattle, Washinagton Kingston, Rhode Island
Galveston, Texas Washingten, D. C.

New Orleans, Louisiana La Jolla, California
St. Petersburg, Florida Burlingame, California
Miami, Florida Honolulu, Hawaii

The workshops were attended by a total of approximately 180 invited
representatives of universities, private companies, Sea Grant, NMFS,
EPA, and other federal and state agencies. The criterion for the
selection of invitees was to achieve a representative cross section
of individuals and organizations active in the region. Attendance
was held to a maximum of approximately 15 to allow active parti-
cipation of all.

Prior to each meeting, each participant was mailed a questionnaire
soliciting first, an evaluation of the relative importance of a
broad range of research subjects applicable to species of particu-
lar concern, and second, recommendations for specific research on
each item which the respondent chose as having high priority. In
addition, formal position papers were requested. The response was
excellent and has resulted in extensive data of value to NOAA in
structuring detailed future research goals and plans.

The meetings themselves were conducted according to a structured
agenda. At the outset, each participant presented a statement of
opinion on obstacles, action required, and priorities. After
these individual presentations, the chair conducted ad hoc dis-
cussions of specific subjects pertinent to the group and region.

On behalf of Mardela Corporation Mr. Charles A. Biack assumed
overall direction of the program, assisted by Mr. Valerio L.
Giannini in a1l aspects of planning, ceoordination, documentation
and general management.
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A Steering Committee was formed to provide technical and economic
counsel for the program, and inciuded Dr. John E. Bardach, Director,
Hawaii Institute of Marine Biology; Dr. Colin E. Nash, Director,
Oceanic Institute; Dr. Jack R. Davidson, Director, Sea Grant Program,
University of Hawaii; Mr. Taylor A. Pryor, President, The Oceanic
Foundation; and Mr. Charles A. Black, President, Mardela Corporation.
The many individual contributions of time and assistance from Steer-
ing Committee members is gratefully acknowledged.

Exceptional appreciation is due Dr. John E. Bardach, whose techni-
cal judgment, unstinting energies, and moderating influence are
reflected in every aspect of program activity, and in the report
which follows.

Finally, our collective thanks go to each participant, who gave so
generously of his or her wisdom, opinion, and candor.



I1. SUMMARY

A. BACKGROUND

Recognizing that federal efforts in the field of marine aquaculture
appear highly diffuse and largely uncoordinated, in early 1972

NOAA commissioned a private firm, Mardela Corporation, to conduct

a series of regional workshops to identify priorities for the
development of commercially viable marine and brackish-water

aquaculture.

B. POLICY AND ORGANIZATION

Although a majority of the workshop participants were technical
personnel, opinions on matters of policy and crganization were as
strong and extensive as those on technical subjects,

1. Goals: It was a dominant overall opinion that a major
deficiency in current government aguaculture programs is the
absence of clearly defined and stated goals, pians, and
organization.

Suggestions as to what those goals should be and who should
establish them varied widely, but it was agreed that such goals
should be consistent with overall national objectives. A
definition of goals included economic benefits of a profitable
industry; research and education; support of natural resources;
waste utilization; public health; and support of recreational
fisheries. It was also stressed that aguaculture should be
treated as part of a total coastal zone planning effort, as con-
templated in the Coastal Zone Management Act of 1972,

2. Leadership and Centralization: Participants believed that

NOAA should recover full initiative 1in the establishment of



national aquaculture goals and policies and should assume
leadership in the required coordination ameng diffuse federal,
state, and agency programs. Although centralization of planning
responsibility and accountability was advocated, participants
rejected notions of & total administrative or physical central-
jzation. Rather, it was suggested that techniques be introduced
to produce a basic series of aquaculture goals, and an adminis-

trative system to ensure coordination by species and subject area,

even to include better l1iaison with appropriate agencies vith
jurisdiction in freshwater aquaculture.

In the establishment of goals and exercise of leadership, it
was urged that NOAA draw heavily upon private industry as well
as the scientific cormmunity. Mission-oriented research, as
contrasted with discipline-oriented research, was strongly ad-
vocated. A more even balance between basic and applied re-
search was urged, consistent with the goals established.

In effect, participants ask that, other than funding, federal
participation in aguaculture research and development have
three component parts: first, overall goals and general re-
search objectives established in the context of NOAA executive
administration; second, actual project execution by federal,
state, or university labs, or private contractors under grant;
and third, coordination of activities and appraisal of program
progress at NOAA executive level.

Only a few isolated representatives of small business questioned
whether a valid justification existed for federal participation

in aguaculture.

it gl
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3. Funding: Consistent criticism was raised that year-to-
year funding, diffusion of funds among too many small programs,
and onerous requirements for annual justification reduced both
efficiency and effectiveness of research. It was observed,
however, that these may be symptoms of a system without clearly
defined leadership, and that establishment of long-range,
coordinated programs would helpfully cure such deficiencies.

4. Commurnications: The absence of effective information re-

trieval and dissemination systems was deplored 25 a major

obstacle to technical progress. Correction of this situation
was felt to deserve the highest priority, even before the estab-
lishment ¢f an overall national program.

Among suggestions for more effective communications were:
designation of responsibility for data services; improved
seminars for both technical and non-technical persons in govern-
ment, universities, and the private sector; interanships for
federal, state, and private experts to work in government
facilities; subscription services; reinforced field advisory
services; and increased representation from the private sector
on government advisory commiitees.

C. OTHER HQON-TECHNICAL FACTORS

1. Legal: Legal and regulatory restraints were felt to be the
greatest single inhibition to commercial aquaculture in the

United States. Laws and regulations pertaining to the use of
coastal land, water pollution, interference with navigation,

and the possession of larvae and fry were cited as stfnng deter-
rents to many forms of aquaculture. Concern was expressed

that the invesiment of public and private development dollars
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might be towards impractical operations. To focus attention on
aquaculture problems relating to local law and requlaticn, NOAA
was urged to establish closer working relationship with major
federal regulatory agencies, and to stimulate action from local
and state gavernments and regional commissions.

2. Economic: The economic feasibility of many types of aqua-
culture operations in the United States was also questioned,
citing negative economic factors of labor cost, Tand values,
poliution, and public pressures.

Such considerations, combined with legal restraints, suggest
that perhaps the only form of aquaculture feasiblie in the
United States would utilize technologically intensive tech-
niques, such as closed-cycle and intensive culture, and would
involve products of only high value, thus warranting the high
capital cost involved.

In addition, the concept was advanced that expertise, technology
and equipment of U.S. origin might be joined with foreign
growing facilities to realize economic benefits, while avoiding
domestic practical and operating ineconomies.

3. Entrepreneurial: Increased participation by private com-

panies in planning at the federal and state levels would be
required to successfully develop commercial operations. At the
same time, it was noted that an orderly appraisal of economic
opportunities is being made more difficult by sensational or
premature publicity, incomplete and misieading statements of
fact, and by public confusiaon between overseas aquaculture
opportunity and U.S.-based oppertunity warranting federal
expenditure.

i
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Present programs to encourage industry to join with federally
sponsored research were generally judged ineffective. However,
if NOAA were to assume more vigorous control over aquacul ture
planning and seek industrial participation in the planning pro-
cess, industrial enthusiasm may well change. Improved tech-
nical communications and some equitable form of protection for
proprietary technigues developed in joint programs would be
supportive. Considerable discussion centered on formulae for
direct matching grants to private concerns willing to risk
private capital in development projects. Suggestions included
contractual participation in research tasks by universities or
federal laboratories, under subcontract from the private grantee.

D. TECHNICAL MEEDS

Although the bulk of technical data arising from both workshaps and
participants' written contributions is highly specialized by species,
region, and subject, and therefore not readily reduced to a general

] summary, certain general conclusions emerge:

1. Overall Goal: The overall goal of all technical research

should be a thorough understanding of the life cycle of the

_ animal, rather than attempting to separately approach inter-
; related problems of reproduction, nutrition, disease, and en-
vironment on an ad hoc basis.

2. Genetics: Basic genetic research to improve on wild stocks
is the correct long-term approach to alleviate problems of
survival, disease, and nutrition.

Although genetic upgrading is desirable, commercial operators
pointed out that for their immediate purposes, current selective-
breeding technigues and hatchery technology are adequate, and
thig urged that priority emphasis be placed on other problems,
such as disease and nutrition.

~-10-



3. Disease: Disease was identificd as the greatest single
obstacle to commercial aquaculture. Clinical assistance was
urgently requested by operators. At the same time, it was

unanimously agreed that disease prevention, not solely treat-

ment of symptoms, was the correct overall approach.

Genetic research, nutrition, and water flow-rates and quality
control were felt to be key factors in such preventive efforts.
The 1imited Y.S. competence in saltwater animal! pathology was
noted, and the establishment of cooperative federal disease
centers was suggested.

4. Nutrition: Nutritional problems are as much economic as
technical, since in most cases technical formulations are ade-
quate, but the cost of the food and not its non-existence
presents the obstacle. The increased use of food processing

or other waste products, even sewage, with a2 minimal cost basis
would perhaps make large-scale production more interesting to
food formulators. Continued research into development of effec-
tive, economical foods from all possible sources was felt to
deserve priority attention.

5. Operations: Pilot farms are regarded as prerequisite to
the translation of laboratory technology into commercial opera-
tions. Pilot hatchery operations exist for several species
under federal or state sponsorship, but these generally serve

a more narrow purpose than envisaged by participants. The
primary objective of such pilot facilities would be develop-
ment of necessary engineering skills in water mechanics,
feeding, water guality. pollutien control, and harvesting.
Pilot operations would also serve as a medel for determination
of economic feasibility. and as an applied research laboratory.

-11-
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IT1. POLICY AND ORGANIZATION

A major deficiency is the absence of clearly stated and understood goals,
within a defined overall aquaculture pelicy. Although a majority of the
workshop participants were technical personnel, the workshop positions
on matters of policy and organization were as strong and extensive as
those on technical subjects. One unanimous opinion expressed is that
prerequisite to effective progress in aguaculture is the estabiishment
of clearly stated goals and policies by the covermment. The character
of goals, policies and programs of the numerous federal, state, univer-
sity and other entities detracts from overall advancement. Scientific
representatives consider goal-setting necessary to provide the framework
for the solution of technical problems. Industrial participants feel

it is necessary to atiract the private resources required to develop
commercial enterprises.

Notwithstanding the variety of suggested goals, it was generally agreed
that all aquaculture goals should tie in with overall national goals

and objectives. In this context, aquaculture is seen as an activity
complementing other major activities, rather than as an intriguing, iso-
lated phenomenon.

Whatever goals are selected, the importance of their establishment and
their conformance to national priorities was repeatedly emphasized.

The need to make aquaculture more politically attractive was also noted.
It was pointed out, however, that U.S. aquaculture operations cannot be
considered a realistic means of feeding the worlid's underfed populations,
since it will fnvolve high-value edible species. The technology developed
in this country might, nonetheless, be valuable in the solution to aquatic

protein shortages elsewhere in the v:orld;g .

~12-




A. GOALS
included in suggested goals were:

1. Provision of a vehicle for research and/or education.

This concept was advocated by many who believe that considerable
basic research is sti11 required and that the field is not ready
for commercialization. If this goal were pursued, commercial-
jzation would evolve naturally at a much later time, as the
fundamental base of knowledge became sufficient to support it.

2. Support of matural commercial resources.
It was frequently suggested that aquaculture techniques could

provide a solution to praoblems of diminishing natural stocks,
by helping replenish the natural environment. Further emphasis
should be placed on aquaculture as a source of bait-fish of use
in pelagic fishing.

3. Enhancement of the economy resulting from a profitable

industry.
Considerable precedent exists for government support of emerging

industries that will further national economic interests. Aqua-
culture could provide benefits of employment and taxable profits,
and also reduce growing dependence on foreign sources for high-
value seafood imported into the United States.

4. VUtilization of waste products.

A major obstacle to cormercial aquaculture in many species 1is

feed cost. MWaste product disposal is an important natiocnal
problem. nceordingly, it was suggested that a synergistic solu-
tion to both problems viould be the use of waste products as a
csource of food for aquaculture. Sewage farming is currently
conducted successfully in Eastern Europe and Asia, and aquaculture

-13-
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eperations in power plant effluent in this country show great
promise. In addition to effectively utilizing waste products,
aquaculture can perform a valuable “scrubbing” function to
reduce contaminants and thereby enhance water quality.

5. Support of recreational fisheries.
Aquaculture techniques can support the standing resource of

recreational fisheries, both in the natural environment and
fishing impoundments, and can provide a new source of bait-fish,
as indicated above (III-A-2).

6. Utilization in solutions to public health problems.

Aquaculture is a praven bioassay technique for measuring pollu-
tion by establishment of water-quatity standards, in addition
to the constructive uses indicated in III-A-4, above, thereby
indirectly contributing to the solution of environmental prob-
lems. As a source of trace chemicals or pharmaceuticals, such
as proctaglandins, aquaculture holds potential, but the high
cost of getting drugs marketed deters development in this field.

7. Alignment with the socio-economic, political goals of the

gverall coastal zone planning effort.
The Coastal Zone Management Act of 1972, which cites aquaculture

as one of the multiple uses of the coastal zome, should be noted
as of critical influence in estuarine and coastal aquaculture,
and any national program must recognize the importance of the
Act's restrictions and potential.

B. LEADERSHIP AND POLICY CENTRALIZATIGN
1. NOAA should recover full initiative in establishing national

aquacu)ture goals and policies.

Cne of the most frequently cited obstacles to the advancement of

-14.



anu st nlture was the 880 g ard fneffertivensss of foderygd
government Teadershin in anuaculture, from the formutation of

goals to administrative procedures.

The existence of indeprndent agusculture proqrams in different
agencies may have heen justifiable at their inception because
of the different <pecific qoals of these projects (e.q., Sea
Grant/education; NMFS/fisheries support; LDA/Indian employment;
FWLS and BSF/sportfish). As these programs advance, however,
they face sophisticated cormon problems hewt approached hy a
comman effort. To this end, marshalling these diverse resources
under common leadership would appear to he the most effeoctive
means of solving problems and advancing the state-of-the-art.

However, it was not advocated that all operations relating to
aquaculture should be brought under a single operating responsi-
bility, but rather that the goal-setting, policy-making function
should be coordinated and centralized. In fact, most partici-
pants objected to physical consolidation of presently separate
entities, but emphasized that a master plan and program appli-
cable to all was badly needed.

It was the consensus that responsibility for a national NCAA
aquaculture program would probably best be Jocated at the execu-
tive level of NOAA. Although both Sea Grant and NMFS have
extensive capabilities and programs in aquaculture, their basic
tharters arec somewhat restrictive. More importantly, the work-
shops radn 1t clear that considerable intramural competition
exists which might hinder the effectiveness of either one in
carryint out total program responsibility, Subsequent to the
workshone corclusion, KOAA appointed Ur. Harold L. Goodwin,
Ueputy Director, Sea Grant Programs, as Director of Aquaculture

-15-
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Programs for NOAA. This appointment is fully consistent with
the urgent recommendations of workshop participants.

tqually as important as Teadership within NOAA, however, is

the question of Teadership of cooperative efforts among the
different federal and state agencies and universities with
activities, capabilities or facilities related to aquaculture.

[t was particularly observed that NDAA might Tead in correction
of the illogical and too rigid separation of freshwater and
saltwater skills in the federal government, particulariy between
the Fish & Wildlife Service and Bureau of Sports Fisheries of the
Department of the Interior, and Department of Commerce activities.

Other agencies with which NOAA should achieve a higher level of
effective cooperation include the Department of Agriculture,
particularly in genetics; the EPA, because of its extensive in-
terests in water quality and water-borne viral diseases; and
the FDA, largely because of its ultimate authority with respect
to any edible food product. In spite of the existing levels of
cooperation among these agencies, it was felt that much more
effective efforts are still reguired and possible.

It was further noted that state agquaculture activities in many
areas duplicate and often conflict with direct federal programs,
and that the two should be brought under control through the
coordinating umbrella of NOAA. Under terms of the Coastal Zone
Management Act of 1972, states will receive direct grants which
may be used at each state's discretion for aquaculture objec-
tives. HNOAA has administrative responsibility for such grants,
and therefore is a logical mechanism of project coordination,
elinination of duplicating research, and interchange of tech-
nical data.

-16-



2. Goals, policies and prograss mant include, along with
scientific criteria, those criteria irposed by comiercial
enterprine, the fmnediate beneficiary of scientific research.
The workshop discussion, pointed out the importance of a
balance between «<cientific and cormercial participation in

the establishment of goals, policies and program+. Scientific
representatives typically ohserved thet their intirate under-
standing of the problems put them in the host position to
Judge what was required. Industrial representatives, however,
Invariably questioned the scientists' ability to judge what
was required to achieve economic qoals, and thus felt it was
they who are best qualified to determine what should be done.

1t was further noted by representatives of the private sector
that almost all programs that exist today under whatever juris-
diction are based on criteria established by scientifically
oriented persons. In thelr view, a2 major deficiency remains
the lack of inputs from private commercial interests, those who
must finally face problems of making aquaculture viadble commer-
clally,

The thesis of criticism from the private sector was that here-
tofore NOAA funding too frequently followed narrow interests of
federal and ascademic researchers, and ignored the commercial
requirements of entrepreneurs, actual or proposed,

Scientific and academic professionals generally observed,
however, that basic biologfcal, physical and genetic problems
must be solved before the pragmatic approach advocated by
private entrepreneurs can be attempted, far less achieved.

This dilerms become iess troublesome to participants during
discussicn of a propesed shift of federal funding to a mission-

~17-
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oriented basis and away from a disciplinal basis. Formulation
of realistic aguaculture goals can only occur in the context of
a consistent and thorough contribution from both scientific

and entreprereurial interests. The workshops indeed contributed
to the positions becoming more complementary than conflicting.

3. Mission-oriented research was strongly advacated.

It was a general gpinion that aquaculture program planning now
tends to be done at various technical research Tevels, irres-
pective of heroic efforts elsewhere to better organize the
total effort. Decisions with respect to what work should be
done seem often to have been made by the individual researcher,
based on his particular research interests, and generally
outside the context of nationwide needs. As a result, a

great deal of work is being done today, particularly in uni-
versities, which is deemed marginally pertinent to the overall
problems, and often counter-productive. This situation was
generally felt inconsistent with the best, most effective means
of achieving major goals. Institution of mission-oriented re-
search was strongly advocated as a remedial solution.

Mission-oriented research under federal sponsorship must by
definition clearly satisfy national goals, or clearly be an
unrestricted grant-in-aid. Such grants are presumed outside
the scope of the workshops. Therefore, it became clear to
participants that national missions should be set by national
authority, and that NOAA should assume this responsibility
for aquaculture.

Concurrent with such discussions were extensive examinations
of the roles and importance of basic and applied research.
Pepresentatives of the scientific and academic community ex-
pressed fears that emphasis on mission-oriented research might

-1B8-



erode funding reguired for basic research vital to advancement
in the field. Conversely, participants involved in commercial
or quasi-conmercial operations felt that presccupation with
basic research effectively stalls movement of commercially pro-
fitable concepts from the public laboratory to private develop-
mant .

In the context of mission-oriented aquaculture, it was believed
an appropriate balance could easily be struck between basic

and applied aspects of research. Inasmuch as the various

species with aquaculture potential are more or less close to
economic sxploitability, some requiring more and others less
basic research, it was felt the discussion would be of long life.

4, Research programs should be coordinated on the basis of
species and subject area.

Once the NOAA administrative authority is clarified and the
mission approach adopted, difficulties in implementation are
anticipated within existing diffuse and overlapping jurisdic-
tions. Representatives of many of those jurisdictions met one
another for the first time at the workshops, although working
in the same scientific areas and living within the narrow
region served by the workshop. It is worthwhile to note,
howaver, that the concept of NOAA having centralized authority
for program development received very strong endorsement from
those participants. Their reservations concerned possible re-
actions at other executive levels.

The suggestion was made to organize research by species and sub-
ject arsa. This would maximize chances of successful implemen-
tation, and also provide for most efficient use of available
funds for the highest level of technical results.




A rigid linear structure by either species or subject 1s not
reasonable because of the overlap of many technical facets.
Rather, the structure must be multidimensional by both species
and subject, and in certain instances, also by region. For
example, certain disease and nutrition research is common to
several species. Possible exceptions to this principle exist
1n the subject area of genetics.

At the same time, there must be centralized species responsibil-
ity for shrimp, lobster and oysters to carrect present duplica-
tion of effort and difficulty of communication. Assumption of
this responsibility would involve proposal and progress review;
coordination of information retrieval and dissemination; prepara-
tion and updating of the mission-oriented national species pro-
gram; maintenance of contact with the private sector; and other
activities of similar importance to the specific species.

In effect, this division of responsibility will provide an
identifiable national focus for knowledge of the subject area
or species, and for ultimate program diraction. Individuals
assuming such responsibilities preferably would be physically
located at sites where significant work is already underway.

It should be stressed that administrative centralization as
advocated does not require organizational transfers of opera-
ting responsibilities as they currently exist. To the contrary,
a further distribution of operating authority to decentralized
laboratories and universities was advocated. The recommended
centralization concerns only policy, broad program formulation,
and program coordination, with requisite responsibility and
authority vested at the NOAA executive level. '

-20-



FUNDING

1. Annual-funding philosophies inhibit quality of research,

and unnecesséri1y distract scientists to non-productive tasks.

Amang the most criticized aspects of the current research system
were those relating to funding on a fiscal-year basis. The
magnitude of research problems can seldom be accommodated within
a fiscal year; if funds are restricted too early, the initial
investment is largely lost.

Annual-funding problems may be a symptom of the present decen-
tralized system, and not a basic problem. If a national aquacul-
ture program is developed along the 1ines discussed earlier,
such funding problems may resolve themselves. Under such a
program, the work to be performed would be delineated and bud-
geted in the form of a three- to five-year plan, as is done by
the National Science Foundation or the National Institutes of
Health. Work would not commence unless it was part of that plan.

This proposed plan wiil relieve some of the excessive pressure
to demonstrate near-term results, because criteria for contin-
uation would be milestones delineated in the master plan undzr
which the work was cormissioned.

Although funding would still be subject to annual authorization
and appropriations, continuity should be committed, subject only
to a major program redirection affecting such research, or budget
reductions affecting the overall program. The continuity prin-
ciple need not assure that one researcher will perform the
continuous research, but only that such research will be performed
where the best job can be done.

While sharply critical of annual-funding philosophies, most
opinions were equally firm that funding should never be extended
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or continued if current contractual requirements have not been
precisely fulfilled. For example, although written progress
reports were regarded as a serious distraction to sustained
research, once this requirement was part of the contract, the
obligation should be met, or either the follow-on funding
denied or the contract terms rescinded.

2. Proposal and performance review systems need overhaul.
The size and quality of reviewing panels were criticized, and

an extensicn and revitalization of the panels was recommended
by addition of qualified individuals and wider distribution of
proposals for review. With a more authoritative review and
approval at the outset, it is believed that interim project re-
views will be eased, and the annual refunding process expedited.
The preposed centralization of program responsibility by
species and subject area should also alleviate complaints con-
cerning ungualified reviewers, as a higher level of technical
competence should result from pooling of skills and knowledge
in a structure organized by species or subject.

3. Excessive diffusion of research funds is_counter-productive
to_research excellence.

Criticism was expressed that too often funds are allocated on

the basis of political realities rather than research capabilities.
The result is a system of overlapping and uncoordinated pro;ects,
211 of which are underfinanced for optimum results.

Resolution of this problem depends on complex factors beyond
the scope of the workshops. However, the critical nature of
the problem was drawn into sharp focus, with an urgent request
for correction.
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In this respect, concern was expressed that research emphasis

of scientists would be required to conform to national interests,
rather than individual interests, and that the combination or
elimination of overlapping research programs under a program to
reduce diffusion would narrow the base for training and employ-
mant. However, such speculations did not appear to modify
overall enthusiasm for the prompt assumption of leadership by
NOAA, and the creation of & mission-oriented perspective for
research.

Inherent in these discussions was recognition that federal pro-
cedures which encourage competition in research for the sake

of competition may be a Yuxury that aquaculture cannot afford.
Diffusion of funds for the sake of diffusion may have now reached
counter-productive limits.

It was repeatedly stressed that the best results will be achieved
by more precise program definition, more critical appraisal of
proposals by more qualified reviewers, fewer research partici-
pants, more demanding performance review, and insistence on
elimination of overlap and unjustified duplication.

D. COMMUNICATIONS

Inadequate professionst communications and inadequate data availa-
b11ity on aquaculture are regarded as a major deficiency. Recag-
nizing that this prablem {s symptomatic of the scattered and dis-
parate character of current research activity, its solution is
relatively easy. Corrective steps need not wait for other organ-
izational ar? policy changes, but simply constitute administrative
decisiors.

1. Desiagnate responsibility for active data collection, re-
trieval, and service on relevant aquaculture research subjects.
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A simple organization of existing data in NOAA, Sea Grant,
MAFS, and foreign translations may be the first step, with
proper cross-indexing and cataloging for reference. [t was
suggested that the Environmental Data Service or the Nationa)
Oceanographic Data Center could be used to establish the agua-
culture subclassification.

2. Establish a Subscription Service, to which not only public
but private individuals may subscribe. This could follow the
lines of an abstracting journal, camparable to current binlogié
cal abstracts, but would cover both technical and non-technical
subjects.

3. Stimulate reqular technical exchanges on aquaculture for
government, state and academic personnel, providing a technical
bridge between the Departments of Commerce and Interior, for
example, and between the federal government and the states.
Such seminars need not be completely new meetings, but the
subject of aquaculture should be included as a normai agenda
jtem on existing gatherings of scientists under government
auspices.

4. Create an Interne Exchange Program under Sea Grant/University/
NMFS joint auspices for federally sponsored scientists and tech-
nicians to serve on an exchange basis in appropriate labs, such
as NMFS or University facilities. This was regarded as a
fundamental step in bringing greater cohesiveness to Sea Grant
and NMFS activities in the field.

5. Establish a separate Research Internship Program for scien-
tists from interested private sectors, permitting them to '
study, on a fee basis, in appropriate 1abs, such as NMFS or
University facilities. '

-24-



6. Organize a Public Seminar Program aon the state-of-the-art
in aquaculture, open to all interested citizens and self-
supported through admission fees,

7. Reinforce the Field Technical Advisery Services available
to the private sector, particularly in clinical aspects of
disease.

8. Establish a mechanism for regular advice from commercial
enterprises to NOAA executive administration on matters affecting
aquaculture. A number of advisory committees already exist,

and a new one need not be formed for this purpose alone.

However, it was urged that NOAA seek aquaculture advice more
directly and extensively from the private commercial sectop

than heretafore. The establishment was advocated of a perma-
nent ad-hoc national aquaculture advisory panel to second the
individual in NOAA who wil} ultimately be responsible for

broad overal} program planning and coordination.
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IV.  OTHER NON-TECHNICAL FACTORS

A. LEGAL

Legal and regulatory restraints pertaining to water ownership and

use are the greatest single inhibition to U.S. commercial aquaculture.
The risks in attempting to solve technical problems can be evaluated
objectively, but the final answers to certain legal and regulatory
questions are indeterminable at this time. Private investment

under such circumstances is highly speculative, and continuing

federal and state investment in techniques which may thus prove im-
practical in this country may be unjustified.

Major existing or anticipated legal problems cited include: 7Tocal
regulations controlling use of coastal land and adjacent public water;
Armmy Corps of Engineers regulations pertaining to navigation, and
other matters under Corps jurisdiction; EPA and state water-quality
and environmental-impact criteria; state Taws pertaining to taking

and possessing marine animals; and civil actions by conservation
groups or other private individuals.

This 1ist suggests that Tocating on private land and utiTizing inten-
sive culture techniques may help circumvent many of these problems.
Participants seemed to reach the same conclusion from many economic
and technical standpoints.

Despite potential legal problems, few accounts of actual legal
difficulties were reported, possibly because present operations
are small and limited in number. The infrequency of reporté of
problems with pollution control was attributed to the indistinct
character of existing regulations, and preoccupation by the EPA
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and state water quality agencies with major pollutors. Of parti-
cular concern to those few operators using once-through heated
power plant effluent was the potential impact of requirements on
the public-utility industry for closed-cycle or evaporative cooling
systems.

It was recognized that most of the Tegal questions come under state
jurisdictibn. It is understood that NOAA cannot provide legal ad-
vice to the public or serve as an advocate in dealings with federal
or state agencies. It was felt, nonethejess, that NOAA should stimu-
tate or commission studies of the current legal situation in various
regions and make these data available.

Additionally, NOAA should emphasize its coordination with the EPA
in the area of estuarine and coastal pollution, and with the FDA
on use of chemical additives and therapeutic drugs in aguaculture
operations. Recognizing the profound implications for aquaculture
of the Coastal Zone Management Act of 1972, NOAA executive program-
ming should reflect a current and compatible view of law and regu-
lations emerging under this Act.

B. ECONOMICS

In spite of the professional and/or financial commitment of most
workshop participants, serious questions were raised with respect
to the future economic viability of many forms of commercial aqua-
culture in the United States. Even in cases of high-value species
where a return is anticipated to justify the capital expended,
considerations of labor cost, tand values, pollution, competition
for water use, and public pressures in this country may create an
intolerable eccnomic climate.

It was pointed out that the example of successful aguaculture opera-
tions in countries such as Japan js not necessarily applicable to
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the U.S. because of differences in basic economic factors. The
general conclusion reached was that economic factors in the United
States, combined with legal and technical inhibitions, indicate
that technologically intensive closed-cycle systems would even-
tually provide the best chance for U.5. aquaculture operations.

Despite extensive discussions of economic feasibility, the workshaps
produced 1ittle "hard" data useful in projecting economic trade-offs.
Economic justification was often simply a rough production-cost-
versus-gross-income estimate, with inadequate attention to other
vital aspects, such as market demand, distribution costs, price
sensitivity, and competition. Such estimates are of limited use

as a basis for investment decisions in a commercial operation.

Pilot farms were suggested as a means of obtaining more refined
economic information {see V-C-4}. It was noted that significant
commercial investors were unlikely to move without such data.

It was further suggested that the government should have such infor-
mation itself before continuing to invest taxpayers' money in the
field.

C. INDUSTRY PARTICIPATION

Efforts should be made to increase industrial involvement if aqua-

culture is to become commercially viable in the foreseeable future.
In spite of the involvement of some companies, many more potential

participants appear to be taking a passive attitude.

To attract further interest from the private sector,-NOAA should
accomplish the following:

_ 1. Establish a definitive government program for aquacultture.
A major factor conteibuting to indecision in the private sector
has been absence of a clearly defined government program. Pri-
vate companies generally expressed reluctance to commit them-
selves when the government had not yet committed itself to

-Z28-



overall goals and a national course of action. Of added concern
was the lack of information exchange, lest by its absence private
companies fnadvertently repeat mistakes that aiready have been
made with government sponsorship.

2. Overhaul the present structure of joint Industrial/Sea Grant b
programs. l
Industrial participsnts expressed disappointment with Sea Grant/

Industry joint participation programs. Although such programs
did afford a preliminary exposure to the fleld, the benefits and
penalties of continued participation made further investment un-
warranted. Particularly noted were restrictions on ownership
of proprietary data, and academic dominance.

Industrial participants felt that some system by which they
could benefit from patent rights would make participation more
sttractive. The principle of joint federal-private developmental
programs is widely used in other government departments, where
the government s granted a royaity-free non-exclusive patent
right to developments arising under joint auspices.

The present policy of denying proprietary rights to industrial
firms might be fair in development contracts in which the govern-
ment bears the full cost of the program, but was considered in-
equitable when the private concern shared in the expense. It
was suggested that some means be devised whereby industrial
participants could gatn proprietary iaterests in developments

tn propartion to their contribution to the joint program,

A suggestion to overcome academic dominance of joint programs

was that grants be made directly to private companies, with a

stipulation that portions of such projects be subcontracted to
universities.
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3. Increase the basic economic data avajlable to potential
entrepreneurs.

Even if all industry requests for government leadership, indus-
trial participation in planning, increased information dissemin-
ation and patent rights are met, the fundamental business criterion
of profit potential remains. Just as the speculative appeal of
aguaculture is high, so are the financial risks. Data available
today are usually considered insufficient to justify more than
token participation. Until the risks are more clearly defined,
large-scale financia) commitments should not be expected.

Risk capital {5 available, but only on a reasonable projected
return-on-investment. For evaluation of risk and return factors,
some underlying economic data must be available from research
projects. Other data, such as market analyses, are rightly the
responsibility of the investor. It is the paucity and unreliability
of the former category which were noted.

If the government wishes to rapidly stimulate successful indus-
trial participation, it should look to organizations already en-
gaged in related activities, such as commercial fishing, animal
feeds, land ownership, or electric power generation, either as
operators or suppliers of key elements. For such companies,
participation may be achieved with minimal cash investment through
application of existing capabilities or facilities, and with the
financial risk spread over the existing overhead of a going oper-
ation.

4. Promote wider understanding of the concept of private, pro-

prietary, technical data. .
Private companies were criticized for restricting communications
of their scientific staff and for failing to make public distri-
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bution of fundamental data, but at the same time turning to
university or government laboratorfes for assistance. Others in-
volved in such discussions noted contrary e{perience. saying that
qualified {ndividuals who requested permission to visit private
facilities were usually granted access unless there was a direct
conflict of interest, and even then were permitted access after
executing a standard non-disclosure agreement. It was believed
that institution of the suggested recommendations, especially with
respect to commercial representation at the planning level, will
narrow this communication gap with industry.

§. Present aquaculture publicity in more realistic tones.

It was the consensus of both commercial and scientific partici-
pants that much of the current publicity in the field of aqua-
culture has caused significant harmm. The natural appeal of the
aquaculture concept, combined with unrealistic encouragement, has
resulted in many disappointments. Researchers especlally stated
that they are continually having to discourage overenthusiastic
entreprenesurs who come prepared to invest {n an aquaculture ven-
ture which §s usually beyond the state-of-the-art and which is
almost always beyond their axpsrience and ability.

The participants urged that NOAA recognize this difficulty and
refrain from any publicity that might be interpreted as false
encouragement. NOAA should fdentify itself as a source of
aquaculture information, but should continue to resist pressures
to speculate on the economic potentia) of aguaculture ventures.
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v. TECHNICAL NEEDS

Although one of the objectives of the workshop program was to identify
overall research priorities, a simple 1isting of problem areas would

not in itself be meaningful. The research problems identified cover 2
broad spectrum of interrelated subjects which differ according to species
and region.

There were, nonetheless, certain general conclusions reached which are
presented herein, together with 2 synopsis of responses to the workshop
questionnaires and worksheets, and a general discussion of technical
needs in major subject areas.

A. GENERAL CONCLUSIONS

Despite the complexities of the technical problems, the workshop
participants reached some general conclusiaons which span discrete
subject areas and are applicable to most species and regions:

1. A thorough understanding of the entire life cycle of the
animal was cited as the all-inclusive goal of aquaculture research.

2. Survival encompasses inseparably related subjects of disease,
nutrition and larval development, and should be approached as
one basic problem. '

3. Water quality, in the broadest sense, was singled out as the
major common denominator to all aspects of survival.

4. Intensive culture techniques were believed to be the only
long-range solution to the myriad technical problems of aquaculture,
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Natural systems, such as embayments, do not allow sufficiently
for control of critical parameters, and thus involve high risk
and questionable chances of success. Such technigues will
probably not be competitive with intensive cultivation, once
developed.

5. Pilot farms were considered to be overdue for many species,
as a means of performing research on a spectrum of interrelated
problems in a realistically complex environment. Equally im-
partant, pilot programs would provide a vehicle for development
of requisite engineering skills.

6. Polyculturs was acknowledged as desirable, but more appro-
priately considered after solution of more immediate, basic
problems of monoculture.

B. QUESTIONKAIRE RESPONSES

Prior to each workshop, the invitees ware requested to complete de-
tafled quastionnaires on ressarch priorities and to {nclude recom-
mendad work statements in those areas which they feel warrant
priority attention. This solicitation resulted in a large volume
of detatled dita on problems related to individual species 1n dff-
ferent reglons, and specified tasks of importance in a national
aquaculture program. A summary of tha responses is presented in
Table 1. which provides details, in percentage, of those aréas
deserving prime attention.

In the case of shrimp, for example, roughly two-thirds of the parti-
cipants felt that adult nutrition required major attention, while
they deemed ijuvenile nutrition to be of even higher priority.
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Scanning Table 1 reveals that aquaculture of several potentially
marketable species is still hampered by some unsolved biotechnical
probiems, such as disease, nutrition, and larval survival. It
further reveals that aquaculture endeavors with species for which
the hatching and cultivation problems are essentially under control,
such as salmon and oysters, are now beset with legal difficulties
and problems of site selection and system operation. In fact,
existence of the latter problems seems inversely propertional to
existing or incipient commercial rearing successes, indicating that
both marketing and preduction economics require increased attention
for the majority of species.

Not apparent from Table 1, but nevertheless worthy of mention, are
opinions derived from the detailed work statements accompanying

the questionmaires. Their consensus indicates that biotechnological
skills involved in rearing aquatic organisms are fairly specific to
individua) species. From this one might assume some degree of con-
firmation for the earlier recommendatfon that aquaculture programs
should be organized by species.

Expertise and experience of respondents lay mostly in the biologi-

cal disciplines. In view of the apparent importance of non-biological
problems in aguaculture (see bottom categories in Table 1}, NOAA -
may well seek more vigorous participation in aguaculture research

by persons with economic, legal and engineering expertise.
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C. FEASIBILITY EVALUATION RESPONSES

During each meeting, participants completed a feasibility evaluation
sheet to delineate the state-of-the-art of various facets of agua-
culture in each participant's area of specialty. Table 2 contains

a summary of the worksheets. Participants were asked to complete
the sheets only for those species with which they were familiar,

and to attempt to reduce their intuitive feelings with respect to
the state-of-the-art to an arithmetic scale of one-to-ten.

This compilation was intended to complement the research priority
questionnaire, Table 1. The thrust of Table 1 is to ascertain weak
or strong factors of the several species selected for their superior
market potential. Whereas Table ] suggests what future research needs
to be conducted, Table 2 attempts to indicate where research stands

today.

The following points are to be especially noted in the interpretation
of Table 2:

1. A score of less than 5 generally means that there are not
extant enough research and development results at the research-
station level to evaluate the factor in question (e.g., matura-
tion of shrimp and crabs}.

2. Non-availability of satisfactory feeds on the cormercial
market at this time generally reduces the potential of success
for most of the species listed on the table. Experiments with
artificial oyster feeds notwithstanding, the feeding habits of
juvenile mollusks are such that the development of commercial
feeds is probably neither as satisfactory nor economic as the
_development of better means to increase natural food supply-
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TRBLE 2
FEASIBILITY EVALUATION

The following is a summary of responses by participants in 12 NOAA-sponsgred
aquaculture workshops, conducted during 1972,

o ey 2
SCORE -~ 0 tg 10 g § g '.g
0 = Low; virtually impossible o cl21 %%
at this time g E ':; % § : 8 —
E1S138)c(2]o]a 5|
10 = High; ideal; no obstacle ﬁ - | S| &8 3 e
at tMs t‘lm ) E 5 E Z, .g- '?-, -.E 3
- } . a o — E [=]
W hicd = o - | . .-} o
— — o [ Q Q b
"3_ 2 & 8 ‘E §' = > E -E" v
et &+ £= boas £= [ H "
{No. of S -.% sleinlc E g 2 § E
Responses) L &) i L. = = [75] — L& ] = [ =1 X
MOLLUSCS
Bay scallop (23) 7.717.617.515.8]5.7{2.7{na [5.1l5.9 7.118.6
Oys ter (61) . 9.218.217.115.9 5.417.11na ?.,.0 5.6[8.1 7.0
Clam (49) 8.018.0]6.5|5.815.0 6.7iNA {7.306.3 7.9]8.3
Abalone (7) 6.717.0]3.4{5.114.4 9.41NA |7.9]8.0 8.419.3
CRUSTACEA
Lobster (Homarus) (27) [6.56.8]5.2 s.sLs.z kg.s a.2k5.405.4 3.309.8
Crab (33) 4.8[5.1/5.2l4.914.9 7.4)12.9 k.4 .114.318.0
Shrimp (Penaeus)  (52) 4.36.8/7.0[5.15.3(8.5 4.8!5.7'5.7 6.218.9 |
Freshwater prawn {28) B.6|7.417.416.006.0 .6]5.4 7.3'6.7 b17.7
FINFISH
Salmon (34) ls.3)s.70.3}7.5 .8 l8.2 8.2 6.85.7 7.4‘&.4
] 1 | § ] T ¥ 1§

Format adopted from Aquaculture, A New Engiand Perspective, Thomas Gaucher, ed.
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3. A score below 5 in several categories renders the species
unsuitable for early culture implementation; crabs are a case
in point.

4. The market category does not necessarily take into account
factors of market size or price elasticity. Obviously, the
size and stability of a potential market strongly influence
the magnitude of research support allocated to such areas as
development of commercial feeds pinpointed earlier as bottle-
necks to rapid commercial culture.

5. In Table 2 the consistently high score of virtually all
categories of salmon culture feasibility is, in fact, confirmed
by recent successful mariculture of plate-sized salmon. By the
same token, the mixture of high and intermediate scores in the
case of the lobster is good supporting evidence for such state-
ments as that made at another NOAA-sponsored workshop in Mari-
culture of the New England Lobster at Woods Hole, Mass., in
spring of 1972, that: "Commercial investment in lobster mari-
culture should not be encouraged at present, but the possibility
of commercially-viable mariculture within two to five years,

depending on the success of pilot-scale efforts, appears strong.

It should he noted that cumulative scores for each species have
not been totaled, since this would invite invalid numerical
comparison between species. The 11 parameters listed are not
necessarily of equal importance when considering a given species,
nor is their importance necessarily consistent from one species
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to another. Further, cumulative totals would be misieading
because a species with a high total might have low scores in

one of the critical parameters, thereby classifying it unsuit-
able for cultivation. Mussels, for instance. Although not
included on the evaluation sheet, mussels would probably have
received a high cumulative score, in spite of the fact that

they are not candidates for U. S. aquaculture because of absence
of an economic market.

In reviewing both statistical summaries, it should be noted that

they are approximations which should not be rigidly interpreted.

They do not, for example, take into acount differences among sub-
species or regions, and they are not weighted according to the quali-
fications of the individual respondent. The raw data compiled appear,
nonetheless, quite valuable and will be extensively analyzed.

D. SPECIFIC TECHNICAL PROBLEMS

Aithough the technical information developed was highly spetiaiized
and does not lend itself to generalization, certain discussions of
specific subjects can be summarized.

1. Reproduction

A common thesis was that genetic improvement of wild stock

is imperative. Such improvement was.felt to be the best
means of solving basic problems of reproduction and survival,
as well as producing better end products. Without such
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advancement, it was felt that aguaculture would be doomed to
an uncertain future. Comparative successes in poultry genetics
were frequently cited.

There was, however, some disagreement as to whether selective
breeding was preferable to genetic research. In spite of some
excellent results, such as those with trout at the University
of Washington, several scientists felt that such practices

were potentially dangerous because one really did not understand
the fundamental chromosome genetics. Such scientists strongly
advocated basic work in genetics to provide the foundation for
attempts at improving nature.

At the other extreme, many entrepreneurs felt that available
strains are satisfactory, and current hatchery technology

in oysters, clams, salmon, shrimp and lobster is sufficiently
advanced to support commercial operations. Although efforts

to upgrade hathery operations should continue, it was felt
that the highest priority should be given to more pressing,
immediate obstacles, such as disease or nutrition.

If a consensus existed, it was that basic genetic research
and systems involving selective breeding and current hatchery
technology should receive equal significant attention. Prag-
matic selective breeding was still felt by most to be a highly
desirable and effective approach with near-term promise.

A related concern of several scientists was that the preocu-
pation with hatchery technology might result in neglect of
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the naturs! spawning and rearing grounds. Such grounds
and their genetic resources are a vital part of the ecosystem,
and serious damage could result from their deterioration.

Beyond these generalizations, discussion of reproduction was
primarily addressed to problems 4n individual species. 1In
shrimp, for instance, a major problem is achieving sexua)
maturation in captivity, whereas in pompano maturation and
spawning are under control, but aguaculture efforts are
limited by problems of larval survival. Each species and
region has fts unique reproduction problems, most of them
directly related to other factors, such as nutrition, disease,
or envirormental control.

Disease

Disease was felt by most to be the greatest single technical
obstacle to commercial aquaculture,

Most operators and some experimenters stressed immediate
neads for clinical assistance. However, researchers pointed
oul that disease prevention, primarily through nutrition,
genetics, and waterflow rates and quality control, is a
preferable approach to treatment of symptoms .

The need for basic research was acknowl edged, but caution
v#5 urged in delving deeply into the complexities of disease
for the sake of knowledge of diseases and parasites itself,
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Greater concern was expressed for pragmatic cures, many of
which are available short of complete knowledge and under-
standing of the pathological organism; for exampie, use of
variable salinities in pathogen control and disease treatment.

The conduct of disease research in an operational environment
rather than an isolated situation was strongly urged, recog-
nizing the inseparable relation of disease to other environ-
mental factors.

It was noted, however, that competence in pathology of sait-
water animals in this country is 1imited, and that which
exists is widely distributed and difficult to muster. A
particular need was voiced for access to freshwater disease
laboratories of the Bureau of Sport Fisheries and Wildlife.

A primary requirement exists for strong centralized leadership
in disease research, possibly through cooperative disease
centers comparable to the panish Trout Growers Cooperative
Disease Laboratory. Such centers could engage in both basic
research and clinical pathology, wordinating their activities
with research programs in rutrition, genetics and environ-
mental control.

Nutrition

Nutritional problems cited were more economic than technical.
Foods are apparently available which can provide nutrition,



acceptable food conversion rates, and growth irraspective

of cost, but considerable need was noted for feeds or feed
supplements which would allow economical commercial produc-
tion. Shrimp, for example, thrive on artemia and later on
squid, and Tobsters prosper on a diet of clams. The cost of
such feeds, however, makes them totally unsuitable for
competitive commercial operations, in which feed is one of
the largest elements of expense.

Certain commercial agricultural feed suppliers have been
active in the field, helping both researchers and growers

in feed development. In spite of successes with trout and
catfish feeds, which are proven commercial products, compara-
ble progress in marine animal feeds is lacking. A question
raised was whether the incremental gain that might be expected
from improvement in feeds would Justify the investment required
to achieve it.

A related problem is that the production quantities required
to achieve a cost comparable to that of agricultural feed
are orders of magnitude greater than the anticipated aqua-
culture demand in the foreseeable future.

Participants with interest in various species agreed that a
multipurpose food would be most desirable, but ecological
and physiological factors inherent in animal evolution make
it unlikely that such a foqd can be developed.
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The palatability of the food to the marine animal, which is
determined by its odor, taste, texture, consistency, size,
shape and color, is as important as nutritional value.
Accordingly, many participants advocated behavioral studies
concerning natural diets and eating habits as a key approach
to the problem of feed and feed supplement development.

"An ideal solution to problems of nutritional economics might
be the use of waste products with the least possible cost
base. Fish wastes are already used and might readily be
joined by other food processing or industrial wastes, in-
c¢luding thermal effiuent.

The use of sewage as an aquatic food source, the subject of
experiments in the United States, is actively practiced in
Asia. 1f economies of scale permit, such methods might be
cost effective, assuming that consumers and health officials
find the product acceptable. A high priority was advocated
for investigations of any promising uses of waste products.

4. Pilot-Farms

As a prerequisite to commercial operations the workshops
recommended establishment of pilot-farms to translate labora-
tory technology into operational techniques. Until such farms
are established, extrapolation of economically viable opera-
tions from laboratory results is largely speculative.




The type of pilot-farms advocated were operations that incor-
porate all the elements of a commercial operation. Such farms
would be designed and planned to serve not just as a scaled-
up laboratory, but also as a vehicle for the development of
engineering skills and "hard" economic data. Thus, these
pilot projects would go beyond the university grow-out experi-
ments that have been conducted in many species and which most
participants felt should not be repeated.

It was further suggested that a pilot-farm might be privately-
owned and managed. Under such an arrangement, private firms,
universities, federal and state governments could contract

for the use of the facilities as required.

A primary objective of a full-scale pilot-fam would be
development of required engineering skills. Scientists
themselves stated that they have meagre information on what
equipment is needed for pumping, feed distribution, water
quality and poliution control. Nor do they know precisely

what it will cost, nor what is required to make it function

as an integrated system. The field of aquaculture was felt

to be overdue for system and production engineers who possess

2 thorough understanding of the relevant biological constraints.

Agricultural engineering was singled out as a discipline with
similar requirements from which qualified candidates might

be recruited. Additionally, the existence of engineering
talents associated with existing trout and catfish operations
was noted with approval.
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An important byproduct of a pilot-farm would be development
of realistic economic operating data not available today.
In addition, such an operation could continue to serve the
researcher as a large-scale laboratory with conditions much
closer to the ones which will be faced in commercial opera-
tions than those available in the laboratory.

Of necessity, the preceding Summary Report is more general than
specific. A precise technical evaluation of participants' observa-
tions is outside the scope of the NOAA assignment, and is left to the
careful judgement of those with highly specialized skills. HNor do
the comments infer unanimity of opinion among participants. Indeed,
many observations reported here were mentioned infrequently in the
workshops. In the judgement of the writers, our prime objective

was not to represent a consensus, but to report accurately all recom-
mendations of practical substance.
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