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PREFACE

While the commercial aquaculture industry is growing and
considerable aquaculture research is undenray, there are maay
unanswered aquaculture economics questions. The way in which
economists become involved in aquaculture research could have a
major impact on research results and eventually upon the ultimate
success of the aquaculture industry.

Concern over aguaculture economics and the econcmists' role in
aquaculture research resulted in a one~day workshop in Atlanta,
Georgila on April 23, 1975.

The ultimate purpose of this effort was to improve the economie
relevance of aquaculture research.

Workshop participants attempted to answer the following questions:
1. When should economists get involved in aquaculture research? and
2. What can and should economists do to help? Several papers were
presented and discussed. Extensive notes were taken during the group
discussions and subsequent workshop session. These notes were gummarized
by a select committee who then reported back to the group as a whole for
final modification.

This report represents substantive agreement among workshop
participants. The major issues are preseated in the body of the repert.

The workshop agenda and supporting documents are provided in the Appendix.
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INTRODUCTION

The aquaculture economics research workshop had three overall s
objectives:

1. Contribute to economic relevance of aquaculture research,

2. Broaden economists contribution to aquaculture research, and

3. Contribute to improved performance aof aquaculture eccnomiles

research,

Focus was provided by the presentation of three papers:

1. Sea Grant Funded Research in Aquaculture Economics,

2. Economics Research Needs from the Industry View, and

1. Economlc Research Needs from the Acadeaic View.

The latter two papers were discussed by three panelists each and by
participants in general. Followlng these discussions the 33 workshop
participants discussed aquaculture economics research neads. These dis-
cussions are summarized here under seven headings. There is also a shert
statement on the opportunities for communication and cooperation in aqua—
culture economics research. This statement also resulted from discussiovi#

ameng workshop participants.



AQUACULTURE ECONOMICS RESEARCH NEEDS

In general, participants concluded that economists should play a larger
role in aquaculture redearch, should become more involved in research
Planning, research management and should study institutions, regulations
and policy as it influences the economics of aquaculture, Further, it was

concluded that economic feasibility studies are essentigl.

Economic Feasibiliry Research

The traditiomal role of economists has been to Project costs and Teturns
for an assumed size and type of aquaculture venturs. These projectiong are
usually made after the biological and/or engineering resesarch has been

initiated, and usually at the discretion of the natural sclentists ip charge,

mate feasihility, given the sometimes heroic assumptions that must be made.
More than one Projection of economic feasibility can be justified for
Most aquaculture research Projects. As the PToject progresses, old assumptions
can be modified, new price and cose information can be dcquired and costs
and returnsg projected on a frequent if not continuous basis.
The economist (unless he administers the Project) must not pe placed
in a position of causing the Project to be shut dovm, simply because the
Project does not currently appear to be économically feasible. If the econo—
mist is in such a position, he will not he 4 welcome member of the resaarch

team and may not pe able to assist the Tesearch in the most efficient and



honest manner. The economist can help steer the program on the course

leading to economic improvement and ultimately commereial success.

Demand and Supply Research

Agsumptions about the ultimate product price 1s one of many often made
in determining economic feasibility. Usually, current market price for the
closest aquaculture product substitute avallable is used. This ignores
the price effect of product differences, price alasticicy and income elasticity,
The price depressing effect of product supply increases from aquaculture can
be substancial.

Futhermore, the cost inflating effect of using up scarce aguaculture
regcurces (clean water, lease areas, waste disposal permits, trained
aquaculture technicians, etc.) can significantly impact economic feasibility.

A significant commitment over many years to research on product and factor
prices will be necessary if the quality of economic feasibility projections
is to be improved. This type of research will require very little interaction
between the aquaculture researcher and ecomomist. However, it may require sub-

stantial interaction between the economist, industry and government.

Research Planning

The economist should be a member of the research team from the earliest
planning for aquaculture research through the commercial implementation. The
economist can provide guldance in terms of research methods, data needs,
optimal timing, systems analysis, etc., all of which can move the project

more efficiently toward real world economic feasibility.



Regearch Management

The economist should provide continuoug assistance in the conduct and
organization of aquaculture research. The econowmist can develop partial
or full scale models of the dquaculture system, ldentify critical research
pathg, test the sensitivicy of produetion variables, develop benefit/cost
analysges, analyze project management procedures, etc.

These activities will cantribute to more efficient aquaculture rasearch
better focused toward commercial viability. However, it is important o
recognize that some aquaculture research which doesn't lead to commerefal

viability is also important.

Economic Impact of Institutions and Regulations

Aquaculture is a growing industry in the United States, using an increas-
ing variety and quantity of common Property resources. As aquaculture has
developed, regulations and institutions not designed to cope with this 1ndustry
have affected development. Studies are needed to address the economic
impact of regulations and ingtitutions on the development of aquaculture.

It is also necessary to analyze the kinds of institutions and regula-
tions that are needed to enhance aquaculture development consistent with

the other needs of society,

Policy Studies

Thé daevelopment of aquaculture (brought about in part by aquaculture
research) is causing a reallocation of many scarce public resources and could
have a major distributicnal impact (demographic and geographic) upon incomes.
For example, use of coastal land and estuaries for private aquaculture, bene—

fits the aquaculturists and aquacultured food consumers but reduces potential
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benefits to recreationists.

Before aquaculture develops much further, i? will be productive to
examine the policy implications for the use of these public resources
and determine whether public welfare is increased or decreased through aqua-

culture devalopment.

Other Neads

As new aguaculture firms become established and grow, their research
needs change. Basic research on production systems, viable species and re-
production should give way to development of new knowledge on management,
marketing, disease diagrosis, ete. While government and academiz can help
develop this new knowledge, they can also provide some of the management
training, diagnostic and other services that are usually slow to develop in
small food production industries.

Cpportunities for Communication and

Cooperation in Aquaculture Economics
Research

Communication and cooperation between social and natural science
researchers 1s needed and should be enhanced. The need is often greatest
within a project or an agency.

Institutions which have ongoing aquaculture research should fund an
interna] extension {advisory) activity for economists. Release time and
financial support as well as the other institutional rewards {reccgnition,
salary enhancement, prestige, etc.) may be required to encourage research
planning, research management, marketing and other assistance from economists.

The same type of supported communication and cooperation should exist

among agencies and academic institutions. Certaln economists could become




recognized as expert "consultants" on 2quacultural economics, locally
and regionally.

Finally,lthe Office of Sea Grant needs to make its information
System available and convenient to researchers so that each can be

regularly apprised of who 1s deing whar 1in aquaculture economics.
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APPENDIX I

AQUACULTURE ECONOMICS RESEARCH WORKSHOP AGENDA

April 23, 1976

8§:30 A.M. - Introduction - Ken Roberts, Clemson University

8:45 ~ Paper: Sea Grant Funded Research in Aquaculture Economics
Fred Smith, Office of Sea Grant

9:00 - Paper: Economics Research Needs from the Industry View
William McGrath, Ralston Purina, Inec.

9:15 - Panel: Economic Research Needs
Paul Sandifer, §. C., Marine Resources Research Inst.
Ronald J. Webber, Groton BioIndustries Development Co.
Dave Adams, Coastal Zone Rescurce Corporation

10:15 ~ Break

10:30 - Paper: Economic Research Needs from the Academic View
Dick Johnsten, Oregon State University

10:45 - Panel: Economic Research Needs
Robert Shleser, Office of Sea Grant
John Gates, University of Rhode Island
Wade Griffin, Texas A&M Univeraity

11:45 - Lunch

1:00 P, M, - Workshop: Develop a Document Indicating When and How
Economists Should Get into Aquaculture Research
Planning, Proposal Development and Aquaculture
Research -
Bill Shaw, Office of Sea Grant

2:30 ~ Break

2:45 - Workshop: Develop a Document Indicating Opportunities for
Inter-inatitutional, Interdisciplinary and/or :
Regionally Coordinated Aquaculture Econcmics Re.earchl
Fred Smith, Office of Sea Grant

4:15 - Workshop Reports - Bi11l Shaw

5:00 - Concluding Remarks and Adjourn - Ken Roberts




AFPPENDIX II

INVITED PARTICIPANTS

AQUACULTURE ECONOMICS RESEARCH WORKSHOP

April 23, 1976, Atlanta, Georgla



Dave A. Adams

Coastal Zone Resource Corperation
4505 Franklin Avenue

Wilmington, N. C. 29401

P. Geoffrey Allen

Dept. Food and Resources Economics
Draper Hall

University of Massachusetts
Amherst, Ma 01002

413/545-23%0

Lee G. Anderson

College of Marine Studies
University of Delaware
Newark, Delaware 19711

302/738-1212

James W, Avers

Rm. 147, Post Office & Courts Bldg.
600 West Capitol Avenue

Little Rock, Arkansas 72201

501/378-5888

James C. Cato

1170 McCarty Hall
University of Florida
Gainesville, Florida 32601

904/392-4992

Paul W. Chapman, PE
Bax 251 Blueberry Lane
Peterbore, N.H.

885-37171

James E. Easley, Jr.
N,C. State University
3108-A.D.H. Hill Library
Raleigh, W.C. 27607

919/737-2472
John Gates
Resource Economies Dept.

University of Rhede Island
Kingston, R.I. 0288l
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Wade Griffip
Department of Ag. Economics
Texas A&M University

College Station, Texas 77843

Leigh Hammond
N.C.S.U,

133 - 1911 Bldg.
Raleigh, N.C. 27607

James E. Heerin, Jr.
" 813 Carolina Street
Key West, Florida 33040

Richard s. Johnstan

Dept. of Agricultural and Res., Eca.
Oregon State University

Corvallis, Oregon 97331

John Dale (Zach) Lea

Sea Grant Adivsory Services
P. 0. Box 4557

Biloxi, Hississippi 39561

David S. Liao
Marine Resourceg Regearch Lab.

§.C. Wildlife and Marine Resourceg Center
P. 0, Box 12559

Charleston, §.C. 29412

Wiliiam s, McGrath
Ralston Purina, Inpe,
New Ventyre Management
900 Checkerboard Square
St, Louis, MO 63188

Elair M, McGugan
Center for Policy Alternatives
Massachusattg lostitute of Technology
Building E40-250

Cambridge, Ma 02139

Thomas K, Muller
P. 0. Drawer 17134
Atlanta, Georgia 3o3o1

Jack ¢, Parker
Center for Marine Resourceg

. Texas AgM University

College Station, Texag 77843
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Fred J. Prochaska

13170 McCarty Hall

University of Florida
Gainesville, Florida 32601

William L. Rickards
UNC Sea Grant Program
1235 Burlington Labs
N.S. State University
Raleigh, N.C. 27607

919/737-2454 ox 2455

Kenneth J. Roberts

S.C. Wildlife and Marine Resources Center
P. 0. Box 12559

Charleston, §.C. 29412

803/795-6350

Paul Sandifer

Marine Resources Research Ingtitute
P. 0. Box 12559

Charleston, S.C. 29412

803/795-6350

Francls Schuler

Office of Marine Resources
NOAA

Roekville, MD 20852

301/443-8053

David Sevit

Red Lobster Inns of America
P. 0. Box 13330

Orlando, Florida 32809

Bill Shaw

Q0ffice of Sea Grant

NOAA Marine Advisory Service
3300 Whitehaven Street, N.W.
Washington, D.C. 20235

202/634-4132

Robert Shleser

Office of Sea Grant

3300 Whitehaven Street, N.W.
Washington, D.C. 20235 '

202/634~4125
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Frederick J. Smith
National Sea Grant Cffice
3300 Whitehaven Street, N.W.
Washington, D.C. 20235

202/634-4125

Leah J, Smith
Woods Hole Oceanographie Institute
Wocds Hole, MA 02543

James J, Sullivan

Sea Grant College Program, A-033
University of California, San Diego
San Diego, CA 92093

714/452-4440

John E, Waldrop

Dept. of Agricultural Economics
Misaissippl State University
P.0. Box 5187

Mississipp1 State, MS 39762

325-2750
Ronald J. Webber

Groton BioIndustriag Develapment Co.
F. 0. Box S17

Groton, MA 01450

617/448-5916
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APPENDIX III

AQUACULTURE ECCONOMICS WORK

Frederick J. Smith
Associate Program Director
National Sea Grant Program
When the National Sea Grant Program was enacted by Congress,
aquaculture was the only research area specifically designated in the

legislation. It has been and continues to be a major segment of Sea Grant:

FY 71 FY 72 FY 73 FY 74 FY 75

Aquaculture funding in $M 1.7 1.6 2.6 3.2 3.2
No. Institutions with Aqua. projects 24 22 24 19 24
Ne. projects 28 54 74 86 72
Aqua. funding as % of all grants 13.8 10.1 14,3 17.3 15

In addition to the current projects classified under agquaculture, there
are 1) closely related and 21 terminated (completed) projects. There are
7 projects that are clearly economics oriented and several others that
have economics elements. There are two legal projects, a food sclence
project, a course development project and 4 extension projects in aquaculture.
We could spend considerahle time discussing the aquaculture projects in
general, but our purposes will be best served by focusing on the few current
aquaculture eccnomics projects,
The first is a project at OSU in which I am involved with Dick Johnston
and Don Langmo. The title of the project 1s "Feasibility of Preduction
and Marketing of Seafoods Reared by Aquaculture." Emphasis is on salmon
and oysters and the research is highly integrated with the blological,
nutritional and engineering work on these two products at OSU. A production
cost analysis of oyster aquaculture based upon laboratory data has been

completed. A similar analysis based on commercial operations is now undarway.
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Production cost analysis on pond cultured salmen based on commercial
operations {s alsa underway, A cost analysis of culturing Brine shrimp
for salmon food hag been initi{ated. Daca are being collected for a demand
analysig of yearling salmon.

Another closely ralated, and in fact, cocperative study is entitled,

"Economic Feasibility of Alaska Non-Profit Salmon Aquaculture." Frank Orth
and E.T. Robinson will do an economic feasibility study on a new salmon
dquaculture operation on Prince William Sound. 4n interesring aspect
of this work ig measuring the benefits that accrue to the compunity at
large through stock enhancement, They will also look at community aconomie
impact due to increased local economic activity,

Warren Johnston and Geoff Allen have vworked closely with Bob Shlesger
and others at Bodega Bay, California in analyzing the lohstar 2quaculture

research there. They have developed a simulation (model) of a lobster

that deserve further research., We are hoping that the model will be applied
to other aquaculture prejects and are attempting to ger Allen involved in
2 unique project in St. Croix. Ron Webber of Groton Bio-Industrieg is

attempting a similar model for their operation,

Vilstrup 1is callecting cost of Production information from the demonstration
perch farm and hag lookad at the processing and matketing facilities for
perch as well as the potential demand. To date, most of his work has been

descriptive.
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Reggie Bouchard is promoting blue mussel sales in New England.

We are hoping that some people in the University ¢of New Hampshire
Business School will look at the short and long term impact of the in-
tensive promotional efforts of aquacultured blue mussels.

John Gates at the University of Rhode Island has analyzed the eventual
comﬁercial feasibility of aquaculturing different species in New England.
He 1s currently working closely with the sile culture people looking at
various cost factors.

The University of Delaware has a continuing intensive oyster culture
research program in which ecomomics is a small by fully igtegrated element.
They are now expanding a pilot scale oyster aquaculture operation and
have completad an engineering cost analysis.

I must alsec mention the contributions of Ken Roberts in South Carolina,
Lee Anderson in Miami and now Delaware and Wade Griffin at Texas A&M Uni- '
versity. They have all contributed to the economics of aquaculture in a
variety of ways.

In general, past work has emphasized partial cost and efficiency analysis
of aquaculture systems-attempting to answer the eventual economic feasibility
question. More recently, economists have begun to take a wore compre-
hensive look at economics of aquaculture and are playing en increasing role
in directing research. We are also finally begioning to look at pricing, &

market impacts, and marketing of aquaculture products.
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APPENDIX LV
ECONOMICS RESEARCH NEEDS FROM THE INDUSTRY VIEW

William McGrath
Ralston Purina, Inc.

Elements of Decisions
1. Projected retyrn on asset (RDA)
2. List profile on new business — what kind?
3. Market considerations
4. Time (how long to acquire objectives)
5. How much money?

6. Does it have a corporate fit?

Organization and Operation of a Filot Plant

Seed stock sourcing

1., species?

2. wildstock

3, breeding Hatchery

_
Markets 1. evaluation of good eggs
2, hatchery feeds
Selection of
rocdstock
Growout Systems Pollution permits!

1. density

2. survival

3. feeding Nursery Systen
4, monitoring

1. acclimation to:

a. densities
b. feeds and feeding
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Priorities in Aquaculture Producticn

1. Seed Stock
ideal specles?
how to select broodstock
maintaining a consistent supply
2. Pollution Permics
3. Growout - survival - no feed rate
optimization - affect
food conversions

4. Miscellanaous

Artemia - limited supply - costly in a pilot plant (§19.00 p/b)
Disease - will happen
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APPENDIX Vv

ECONOMIC RESEARCH NEEDS FROM THE ACADEMIC VIEW

Richard §. Johnston
Oregon State University

Probably the major reason for the Tecent increase in interest in aqua-
culture by researchers, especially economists, originates with the com-
mercial interests expressed by private groups and Individuals, and the
parallel interests by governments. While aquaculture has been practiced for
centuries, this recent Surge in interest can, perhaps, be explained by the
discovery by potential and exlsting entrepreneurs that aquaculture may be a
new source of income or may serve as a replacement for their present source
of income, which could be commercial fishing from a declining stock. The
public policy interests stem, In part, from = recognition by public agencies
of the potential of aquaculture to Increase the world supply of protein and/or
to supplement or rehabilitate declining natural stocks. T would conjecture
that some of the commercial opportunities were made possible by the research
discoveries made by physical scientistg - especially fishery biologists,
geneticlists, autritionists, atc., - operating largely out of curiosity in what
could be called "basic research." Economists, on the other hand, have tended
to follow the requests of industry and govermment groups who have identified
problem areas and who ssek answers to specific questions. This may be because
much of the economic analysis in aquaculture is being done by agricultural
economists with a strong problem-solving orientation. I have no quarrel with

this except to the extent that it leads us to overlook some broader, longer-

term issues.



In this paper I would like to suggest that:
1. university economists should not be afraid of basic research
in the area of aquaculture and, indeed;
2. while the goals of university researchers exploring basic
research questions and those of government and commercial interests
may be different, such research may have 'payoffs” to all three
groups.
In discussing these proposals [ shall draw upen rather limited personal
experience in the area of '"aquacultural economics” and shall, of course,
present only my own views - views which should not be considered as repre-

sentative of those of the "university community" as a whole. I should alsc
point out that I do not wish to confine my vemarks to Sea Grant supported
research, although I do feel that Sea Grant's problem-sclving orientation may
have provided researchers with a disincentive © explore fundamental issues.
This seems to be changing, however.

The word "aquaculture' has been variously defired but let me use 1t here
to refer to ''the application of a wide variety of methods devised to control
the selection and to increase the production of aquatic organisms, whether
fin fishes such as salmon, or mollusks, crustaceans, sea urchins or seaweeds"®
(2, p. 2). This definicion, which appears in the prospectus of an aquacultur%
corporation, identifies the important characteristic of aquaculture, that of
control. In this context control refers to the ability to make decisions
regarding growth rates, harvesting, and marketing and to make them with some
degree of certainty regarding the outcome of those decisions. The commercial
raising of oyster seed in 2 hatchery, for example, provides the decisien—maker

different .
with aAdegree of control than is the case when that deci{sion-maker must rely on
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harvesting in a "natural" enviropment.

With some exceptions, econoﬁis:s have focused on how this contrel ig
excercised (in some cases they may aven be concarned with.how this control
should be exercised), generally under the heading of "economic feasibility."
Enphasis is on estimating the costs assoclated with producing various
*volumes under aquacultural conditions and on the demand for products so pro-
duced. Indeed, this approach charactrerizes oy own work. In the course of
locking at “economic feasibilicy" questions we may often find ourselves being
of service to a variety of "clientele groups." The commercial entrepreneur
may find estimates of demand elasticities and cost-volume relationships valuable
to him in making decisions. (To the researcher this perceived benefit may
facilitate the acquisition of data necessary to perform the analysis.) Govern—
ment units may be assisted in answering questions such as how many commerecial
licenses to issue, what fee structure to impose, etc. Ultimately, consumers
may benefit from the research, especlally if it leads to increased production,
lower prices, and increased choice. I don't wish to argue that these are not
valid justifications for economic research (although a case can be made for
having such research done somewhere other than at a publically-supported universi-
ty). Rather, I want to suggest that such iustifications may lead us to accept
current institutional arrangements (price-determining processes, property rights,
iegal arrangements) ag either given or outside of the purview of gnalysis and,
hence, to overlock some long-run consequences of aquaculture. What phenomena
will lead to different forms of coatrol and what will be the consequances on
resource allocation of these different forms of control? What will be the

effects of aquaculture on income distribution in the marine environment?
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Perhaps [ can make my point with an example. One of my own research pro-
jects involves examining the economic feasibility of an industry based on
Pacific salmon ranching and/or farming.* Consistent with the objectives of
the project, we are looking at both production costs and demand factors.

So far, so good. However, perhaps one of the most important aspects of salmhn
aquaculture is not being researched because of the difficulty of quantifying
anticipated benefits from such research., I am referring to the consequences
of what may amount to a major re-alignment of property rights in the salmen
fishery. As "applied" economists we are so accustomed to working with quanti-
fiable datz that we find i¢ easier to estimate demand equations for which
price, quantity, income, etc. figures are available than to develop models
which require that we treat government, property rights, etc. as endogenous
variables. Yet such models may generate hypotheses which, while difficult

to test, could improve our understanding of what consequences aquaculture s
having and i{s likely to have on commercial fishing and seafood marketing and,
henca, on resource allocacion and income distribution in the seafood sector.
Can the open access oY common property nature of the salwmon resource be treated
independently cf the enormous increase in salmon aquaculture both here and
abroad? Will salmon aquaculture reduce the perceived need for limited entry
programs in the fishery? What are the economic forces ar work to change the
present structure of property rights and what will this structure look like in
twenty vears? Despite 1its efficiency as a harvester of salmon, the salmon trap
was outlawed in Alaska years ago because of fear of control of the industry by
a few firms: those who held strong property rights through ownership of the

traps. Will aquaculture be characterized by many small competing fish farmersg

* Under the former, young salmon are released Lo the ccean and harv...s.

upon their retura. With the latter, salmon are raised to “maturity”

. under ep-
vironmentally cont ~21led conditions. en
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or will seafood production be the responsibility of a few large firms?
Will aquaculture relieve pressure on the ocean as a source of food or will
it increase pressurae? Internationally, what factors are assoclated wich
comparative advantage in aquacultural production of seafoods?

Are these "political" guesgtions to which the economist can make no con-
tribution? I think not. Demserz has pointed out that the structure of pro-
perty rights changes in response to changes in demand and the costs associated
with defining and protecting property rights (1). This has been the case in
agriculture, where we moved from a hunting to a farming mode in response to
increased demand for food and opportunities to develop relatively low cost
ways of defining and protecting rights in land. With present analytical
techniques available for examining "long-run' demand factors and costs of
alternarive institutional arrangement, surely the economist can, through fore=-
casting the nature and distribution of property rights, say something about
what the seafood production system will look like and what factors will ipfluence
thls system.

This, it seems to me, is a legitimate and entirely appropriate area of
Inquiry for universitv-based marine economists. In some respects it calls on
us to behave in a way comparable to our counterparts in the physical sciences.,
I, frankly, am tired of hearing politiclans trot out for public ridicule the
titles of projects which seem to have no immediate payoff, such as one which
researches the mating habits of some tropical insect, T suggest that, given
full information on the nature of the research, the public would not be as
critical of having public money devoted to such studies as some vote-seekers
would like us to believe. These projects may have no immediate monetary pay-
off and may lead to no immediate public policy proposals but they help us

better understand the world in which we live and, perhaps, may say something

=23—



about the way the world will look in the future. Similarly, the marine eco=
nomist, drawing upon an anaiytical framework désigned to help understand how
societies make choices, may, through cocoperating with the geneticist, the
fisheries biologist, the oceancgrapher, etc. and by broadening his/her analysis
to embrace changes in variables which he/she hold Wg{xed" (institutional
arrangements, in particular), may help us better understand changes which ate
going on and what we cano expect our world to look like in the future. Why is
there curreatly so wuch interest in aquaculture? Are there {mportant shifts
taking place in property rights? If so, why? Will they continue? WLill an
important source of the world's proteln be brine shrimp pends located in down-
town Detroit? The questions are endless and challenging to researchers.

But this is only part of the story. Just as these questions may be
appropriate for university researchers, they are also of interest to those
groups inte?ested in short term payoff questious. Firms currently involved in
aquaculture are discovering that what attracted them will attract others.

They have an interest in what is likely to happen over time. Governments are
interested in the long-term jmplications of their policies. I am not suggest-
ing that these commercial and government interests are necessary to legitimize
baslc economic research at the universities. I am merely suggesting that,
just as firms and governments may have an incentive to cooperate in "econdmic
feasibility" projects, they may have an incentive to cooperate in resesrch
with a broader and longer term perspective.

Change 1s taking place in the mparine environment. We can do several
things: continue to lcok at it on a species-by-species, £irm-by-firm basis
and be a part of the change; wait until we have enough data on aquacultural

production and then describe what has happened; lock at the broad implication



of aquaculture as an important institution-changing phenomenon and forecast
its consequences on resource allocation and income distribution questions.
I submit that there is a role for all three but feel we may be short—changing

the third. In my view, the opportunity costs of continuing to do so are high,
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API'ENDIX VI

DATA CONSTRAINTS 0N AQUACULTURAL
ECONOMICS RESEARCH

John M. Gates
University of Rhode Island
Quantitative economic research presupposes the existence of data to he
* analyzed. T would like to direct attention tg the data base for aquacultura]
economics research, Data quantity and quality are not very fascinating
topics but there are some issues to be raised and so I beg your indulgence for
2 few minutes,
A. A Review of the Datra Situation
Agricultural economics research, dara requirementcs and'availability
provide useful bench marks for comparisons and contrasts with aquacultural
economics research. Traditioually micre data for agriculrural economics
research came from either (1) farm surveys, (2) farm account books or
(3) experimental data. Each of thege types of data hag itg advantages
and disadvantages, but it is unquestionably true that a wealth of each hag
been accumulated over time. Aggregare agricultural economics data such ag
Production, major stock and flow resource inputs, prices, et¢. are compiled
by numeroys public agencies but wostly by the Department of Agriculture
(USDA) and by research supported by Agricultural Experiment Stations. Such
data is available yearly, by tegion, state, county, major commodities, ete.
Let us contrast thig with the current angd foreseeable situation in
2quacultural econcmics, With the exception of the catfish industry one
Can caunt on one's fingers the number of published studies based on farm
Surveys and I know of none based on figh farm account books. Mogt of the

literature on C€OSts and revenues, including By own, hag therefore been
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synthesized in large part from experimental data from public operaticns. l
Synthetic projecticns certainly have their place particularly in projecting .1

changes such as new technology for which there exists no observable com-

mercial counterpart. Ultimately, however, they suffer from the defect

that one must have empirical, real world verification of benchmark parameters

and assumptions. Traditionally these benchmarks In agricultural economics .

were readily available from surveys and farm accounts.

As far as aggrepgative analyses of aquaculture are concerned, the
terrain is even more barren. Where can one lock, for example, for even a
rudimentary supply-demand analysis of cultured products (as opposed to
similar produects derived from the capture fisheries). This of course is no
accident - no data exists on which te base such analyses. As far as I know,

no public agency is planning to rectify this situationm.

B. Some Reasons for the Status Quo

Several iunteracting factors have coutributed to the status quo,
Among these are: (1) heterogeneity of the aquacultural "industry”,
(2) industry structure, (3) nascence of the industry and (4) diffused
public sector respoensibilivies and competing priorities.

1., BHeterogeneity

The conly common biological denominator t£o be found in
the aquacultural industry is that it involves man's deliberate
intervention in one or more stages in the 1ife cyclas of aquatic
orgaanisms. Perhaps the common economic denomlnator is product

prices which are relatively high compared ro prices for other

aquatic organisms which are not cultured. A winimal list of

~2B—




species (actually groups of species) would include trout,
salmon, clams, oysters, scallops, lobster,-shrimp, shipners,
bluegills, catfish. This list is not long but rhe resource
requirement represented in it are extremely diverse. Thig
implies rhat there ig very little substitutibility for stocks
of cultural ang economic knewledge.

Industry Structure

The atomistic structure of agriculture and a long history
of public agricultural research and extension made it relatively
€asy to accumulate information, including econcnic, via surveys
and farm account books, Within aquaculrure, the various species
are cultured by small numbers of firms many of whom are zealously
preteccive of whar they consider to be Proprietary information.
The fact that we have had few services ro offer by way of reci-
procity has certainly not helped, The Public sector ig also very
active in aquaculture via state and federal hatchery programs.
It is in principle, at least, easier to obtain micro data from
Such public operations than from the Private sacror, Aggraegate
data could also be compiled on outputs and expenditures. There
are obvious problems inp converting physical outputs into value,
but these are not insurmountable. The point is that these types
of data are noct readily available except for internal yse of
the public agency and littie effort is made to summarize and analyze

the data which does exist.



Nascence

The current intense interest in aquacultyre is perhaps
aot 2 birth but a rebirth., Commercial trout culture ia New
England dates back at least a century. Oyster culture on
private lease grounds in Long Island Sound are of comparable
vintage. This rebirth has been associated with an almost euphoric
view of the future role of aquatic (especially marine) biota in
feeding the undernourished of the world. I think anyone who
investigates aquaculture is soon disabused of this romantic
conception. It is fair to say, however, that the current stock
of knowledge and data base concerning aquaculture is at a par
with nineteenth century agriculture im large part because inter-
est in improving the status quo is quite recent.

Public Sector

Substantial public sector responsibilities for aquacultural
programs exist in at least rhree federal departments: Commerce,
Interior, and Agriculture. In addicionm, of course, there are
numerous State counterparts. There is, therefore, considerable
diffusion of responsibilities based on specific programs, species,
resource characteristics etc. Sea Grant, for example, is interested
only in mariculture. The National Marine Fisheries Service (NMFS)
nominally has a memorandum of agreement with Agriculture (USDA)
which delegates aquacultural responsibilities to NMFS. Yet, the
best examples of solid aquacultural economics research are assoclated

with the So0il Conservation Service in USDA and various Agricultural
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Experiment Stations. In addition, the priority within NMFS
for the foreseesble future will be extended fisheries Jurisdiection,
Nene of these agencies has a dara collection pregram which even re-

motely approaches the detail of our general data series in Cog-

merce or USDA. Furthermore, thig Balkanization of regponsi-

bilities implies that we are uclikely to see research funds

emanating from thege agencies to support comprehensive analyses
and farm management service programg by Universities. Sea Grant
may support a farm survey of salmeog mariculcure but not of fresh

water trout farmersg despite the fact that the two groups overlap

in various ways such as fingerling supplies, feed sources, and

markets,

Some Implications

In view of what has been said, it seems clear that we need more data

derived from actual operating experience of aquaculturists. This will not
be easy but it would be facilitated 1f we can begin offering services to

aquaculturists such ag recordkeeping and analysig, farm management assist-
ance, ete.

It also seems clear that there 1s a need for a data collection systenm

within the federal bureaucracy, Data to be collected should include

physical inputs; production products, prices, etc., It should also compile

some of the institutional information to which Professor Johnston has re-

ferred so that one could begin to assess rhe impacts on supplies and Prices

of'altering property rights,
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It 1s alsc clear that there {s not a coherent national aquacultural
policy. There is rather a collection of programs and policies diffused
among several agencies. If would seem that there is therefore, a need
for some policy criented research ag well as the farm management types

of studies which have predominated in the past.

el . . e . e
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APPENDIX VIT

Inst{tution
I.l.rlll}l.lull..lllq

Texas A & M Univ,
Univ. of Californig
Univ, of Washington

Univ, of New Hampshire

Univ. of Rhode Island

Oregon State Univ,

Univ, of Wisconsin

Univ, of Alagka

Univ. of Maine

Univ. of New Hampshire

Mar ine Resourcesg Center
(South Carolina)

Univ, of Delaware

NATIONAL SEA GRANT PROGRAM

List of

Title

————

"Shrimp Maricultur

"Development of Aq

AQUACULTURE ECONOMICS

Current Projects by Classification

January 23, 1976

e System"
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"Improving Salmonid Aquaculture"
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"Raising Yelloy Perch and Walleye Pike for

Human Food Uge"

"Cost Factors Associated with Non~Profit

Imonid Culture 1in Power

ent'

Environment System"

e Production and Mar-

Salmon Aquacultyre'

"Cooperative Aquaculture Economic Project"

"Shellf{sh Hatchery Seed Stock Production
and Development of Hatchery Techniques for

Maine"

"Edible Blue Mussel Produyct Development

in Maine ang New H

"Investigation of
sive Oyster Cultur
in South Carolina™

:noaamﬂnwmw. Contr
Mariculture: Deve
Feeds"

ampshire”

the Potential of Inten~
e in Coastal Impoundmentg

olled Environment
lopment of Formulated

Hzcmmnummnaw

J. Parvker, w, ¥iussman

R, Shleger

86§
$103,000

133,876

R.E. Nakatani, E,. Brannon 156,200

G. Pauley
Evelyn Adams, F, Towle

Thomag L., Meade

R.S. Johnston, R, Langmo

H.E, Calbert, n.a. Stuiber

E.T. Robinson

F.L. Orth

H. Hidu, D, Dean

R.J, Boucharg, Miller,
Alonzo, Peterg

V.G, Burrell, Ir.,
A. Jordan

C.E. Epifanio, x: Biddle

11,100
45,481
27,300

13,948

3,000

62,217

34,800

23,400

15,300

Zbﬁﬂru:m

$ 69,399
192,051
75,900

6,300
9,739
32,900
9,562

11,100

26,248

38,500

20,900

12,800



Institution

Univ.

Univ.

Univ.

Univ.

Univ.

Univ.

Univ,

Unlv.

Univ.,

of

of

of

of

of

of

of

of

of

Delaware

Washington

Wisconsin

California

Alaska

Maine

Wisconsin

Maine

Al aska

Title

“commercial, Controlled Environment
Mariculture"

"An Aquaculture Development and Feastbility
Evaluation Program"

"Economle Analysis of Income and Market
Potential of Aquaculture Systems for
Cold Water Fish"

"Economics of Aquaculture”

"gffects of Public Regulation on
california's Aquaculture Industry™

“Development of Aquaculture in Alaska"

"Development of a Graduate Course in
Aquaculture”

"Aquaculture”

"commercial Implementation of Aquaculture
in Maine"

“"Economlc Feasibility of Alaska Non~Profit
galmon Aquaculture'

Investigator

c.E. Epifanio,
C. Mootz

L.J. Bledsoe,
J. Glude

R.H., Vilstrup

W. Johnston, P.G. Allen

G. Bowden

D.W. Hood

Herbert Hidu

J. Quigley

Herbert Hidu

F.L. Orth

22,800

10,849

8,196

24,300

800

7,637

37,156

Matching $
§ 24,200

3,070

9,101

12,096

12,200

2,478

1,926

6,565

23,600
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SELECTED AQUACULTURE ECONOMICS PU3LICATINNS .
APPENDIX VIII

The Commercial Production of Tepminnows —- f# Preliminary Economic
Analvsis

Hawaii Inst. of Marine Biology, Honolulu. Herrick, Samuel F. Jr.,
Baldwin, Wayne J. January 1975. Report Number UNIHI~SG-~AR-75-02.

In an effort to provide alternative supplies of live. battfish suitable

for use in the skipjack tuna [ishery, researchers have been investigaring

the feasibilicy of rearing the topminnow (Poecilia vitrata) using high-
density cultural tecibiniques, Topminnows thrive and reproduce under a variety
of cavironmental cecuditions. Uroods produced by females kept inm the proto-
type breeding pond contained significantly larger nunbers than those pradueed
by their counterparts {n the wild. Newly released young were removed from
the breeding pond cn a regular schedule and grew to baitfish size within
three months. Mortalities were exceptionally low. The cost of producing
topminnews are substantially lower than the costs of capturing live bait.

The topminnows may be sold to the skipjack tuna fishermen at a price low
enough tc assure the fishermen of a profit after expenses.

Cultivaticn of Freshwater Prawn "Macrobrachium'

Leuisiana State Univ., Baton Rouge. Department of Food Science.
Meyers, §. P. December 2, 1974. Pub. in Feedstuffs, v46 n49, 2 Dec 74,

Prawns (or freshwater shrimp) are being studied as major candidates for
economically-oriented arjuacultural enterprises, Interest in commercial
exploitation of prawns is larpely due to the desirable characteristics of
the species including fast growth rate. Culrivation practices are being
considered along twn general lines ~ intensive poand culture in an optimal
temperature area and confined tank or intemsive culture structures with
controllable environment. Both approaches pose separate maintenance or
managerial problems. The cannibalistic nature of prawn is a cricical
factor in intensive cultivation under closed conditioning. Studies into
feed costs, feeding rates, diet development, and management of grow-out
facilities are in their early stages. Little reliable data are available
concerning price and demand for prawn.

On the Mariculture of the Florida Seaweed, "Sucheuma isiferme"

Untversity of South Florida, Tampa. Dept. of Biology. Dawes, Clinton J.
August 74. Florida Sea Grant - 5.

A proposal is made for the mariculture of Eucheuma isiforme, a red alga
belonging to the order Giparrinales, and containing the commercially
important phyvcocolloid {ota-carrageenan. Support fotr the propesal 1s drawn
from presently known biological information of Florida Eucheuma and presant

mariculture practices for other red algae including species of Eucheuma of
the central Pacific.
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Economic exploitatinn of Florida Euchieuma is also supported by the
increasing demand for iota carrageenan and the depletion of depletion

of natural populations of phycocolloid bearing seaweeds. A comparison

of yields from tank and field culture of Eucheuma fragments indicates

that a value of $9.72/sq m/yr would be obtained from clean, washed,

and dried plant grown in tanks while only $0.16 /sq m/yr would be obtained
from field grown material.

Mariculture Potentials in Estuarine Qil-Pipeline Canals.

dicholls Srate Univ., Thibodaux, LA. Dept. of Biological Sciences.

Kilgen, Ronald H., Harris, Alva tl. 1973, 3Included in Proceedings of

Annual Session of the Gulf and Caribbean Fisheries Inst. (26th), New Orleauns,
LA, 29 Oct-1 Nov 73.

Rotenone samples of estuarine oil-pipeline canals in Louisiana showed that
natural standing crops of harvestable fin-fishes ranged from 133 to 369
kilograms per hectare, with an averape minimum wholesale value of $38,.80

per hectare. Trawl samples indicated an abundance of blue crabs, and that
white, pink and brown shrimp overwintered in these canals, Salinities ranged
from 2.0 to 25 parrs per thousand. Potential mariculture uses of these
canals are discussed, involving polyculture of naturally occurring species

of fishes, mollusks and crustaceans, along with ecage culture of catfish,
pompano, and other speccles. Problems associated with pipeline mariculture
are discussed.

The Commercial Crawiish Iadustry of South Louisiana.

Louisiana State Univ., Baton Rouge, LA, Center for Wetland Resources.
(608 059). Gary, Don L. January 1974. LSU -SG - 74-01

The crawfish enterprise of south Louisiana has expanded 2s much as eighteen=-
fold since the 1930's. It was estimated in 1973 that there were about
44,000 acres of managed crawfish ponds. ©f the 334 ponds identified and
mapped in this report, 231 are classed as open ponds, 45 as rice field
ponds, and 58 as swamp ponds, The total Louisiana harvesr of crawfish is
estimated to about 11 millien pounds annually wvalued at about $2.2 million.
Increases in crawfish production and harvest, however, will probably de-
pend upon further research leading teo improvement of the crustacean,
especially for greater percentage of edible meat; development of markets

for crawfish waste; research leading to more efficiert processing and longer
storage time in retail markets; and a more stable, adequate price to pro-
vide the economic incentive. (Modified author abstrace)
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Aquaculture in New Lugland.

Rhode Island Univ., Kingston, R.T. Marine Advisory Service.
Cates, J.M., Matthiessen, G.c., Griscom, C.A. 1974. Marine-TR-I8

The reporc is concerned with the present potential for, and limitations
en, aquaculture in the New tngland region. It was found that, ac the
present time, those species appearing te have the greatest Potential for
commercial culture in New England are the American oyster, hard clam, bay
scallep, American lobster and silver (Coho) salmon. "The first four are
indigenous to the New Ergland area, while experimenral introductions have
demonstrated the ability of the gilver salmon te thrive in this region.
Furthermore, a technology exists for culturing these five species through
all stages of their life cycles to marketable size.

The Mariculture Potential of Clam Farming.

Florida Scate Univ., Tallahassee. Depc. of Oceanography. Menzel, Winstoq.
1971. Pub. in the American Fish Farmer, p8-14 - Jul 71.

On the basis of experience gained ip quahog clam mariculture, the author
recommends the need for a well equipped hatchery, the use of Fl bybrid betwaen
northern and southern species for seed clams, adequate predator contrel,
planting densities of not over 50/sq fr, and preliminary trigl plantings

for evaluation, Proper site selection is a critical factor. The site
should have no extremes in salinity and temperature wich salinity above 25
PPt. The site sould he devoid of pollution, have a substrate of mud=~sand
and the area should be Protected from continual wave action, Currents not
only bring {n new supplies of food but also dispersa the waste products so
it is recommended there be scme current. Estimates of costs and profits are
included.

The Feasibiliry of Brine Shrimp Producrion on Christmas Island.

Hawaii Univ., Honolulu. Sea Grant Preogram, Helfrich, Philip,-Ball, John
Berger,-Andrew, Bienfang, Paul,~Catrell, s. Allen. July 1973. UNIHI-SG~TR-
73-02.

ble attributes including some 500 hypersaline lakes and sublapgoons covering
more than 60 square miles. It is located in 3 relatively low-rainfall zone
with a favorable potential for support facilities, and an inexpensive labor
force. The study indicated that the imposition of Proper management could
Tresult in a continuous high yield of brine shrimp and their eggs in that
environment,
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An Annotated Bibliography for Ecenomi. Evaluations of the Aquaculrure
of Selected Crustaceans and Mcllusks.

California Univ,, San Diego, La Jolla. Inst. of Marine fesources.
Jobnston, Warren E., Collingsworth, Don W. Aug 1973. 1IMR-74-3 Sea Grant
Pub-2.

The report represents a selective, working bibliopraphy of sources of
economic data and of previous cconomic analyses relating to the aquaculture
of selected crustaceans and mollusks. It is primarily focused on the north-
ern lobster, but it also contains selected references for the spiny lobster,
and certain species of crabs, oyster, shrimp and prawns. One hundred aad
eleven items are included. (Author)

The Commercial Feasibilicy of Rearing Pompanc, "Trachinotus carolinus”
(Linnaeus), in Cages.

Miami Univ., Florida. Sea Grant Institutiocnal Program. Smith, Theodore
Isaac Joques. Jaauary 1973. Sea Grant Technical Bull-26

The University of Miami has been actively involved in developing pompano
farming as a viable industry, both through its tesearch programs and its
consultations with companies involved with pompano-tearing. Objecrives

of this project were to assess the sultability of cages for raisinp pompano
and to measure growth and mortality at stocking densities that would be
likely in a commercial operation. This paper presents the tresults of the
above i{nvestigation and, on the basis of data collected and observations made,
discusses the problems and future of pompano farming as a potential industry.

The Cape Culture of Some larine Fishes in the Inrake and Discharge Canals
of a Steam-Electric Generating Station, Galveston Bay, Texas.

Texas A&M Univ., College Station. Dept. of Wildlife and Fisheries Sclences.
Marcello, Rocce Anthony Jr, September 1972. TAMU-SG-=72-206.

Croaker (Micropogon undulatus), pinfisverscdon thomboides}, pompano
{Trachinetus carolinus), white mullec (Mugil curema), pigfish {(Orthropristis
chrysoptera), Gulf kingfish (Menticirrhus littoralis), silver perch
(Bairdiella chrysura), spot (Leiostomus xanthurus), and black drum

(Poponias cromis) were stocked in cages in the intake canal, aud croaker,
pinfish, and pompano were stocked in cages in the discharge canal of the

P. H. Robinson Generating Station on Galvesten Bay, Texas, to determine
survival, food conservation, length-weight relationship, condicion, and
growth. (Author)
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awali oitiv., bonegnlue. {led 300). Davidson, Jack R. 1371 9p. In-
cluded in Proceedings: National Sea Grant Conference (4th), Oct 71,
p75-82, COM~72-10115. NOAA-72102701-5.

Special problems hearing on the selection of aquaric animals for culture
are briefly discussed. Development problems hindering the growth of
afquaculture into an econemically viable Industry are dlscussed. The
reed for inter-disciplinary ceooperaticon in finding an early solution is
emphasized. (Author) .

Proceedings: National Sea Grant Conference (4th) lleld in Madison,
Wisconsin, 12-13 Octcher 1971.

Wisconsin Univ., Madison. Sea Crant Program. Weimer, Linda,~Burroughs,
Thomas,- Katzel, Jeanie. C0394J4 TFLD: 6F, 6C, 8A, 78, BoM USGRDR73Ce,
13 Det 71 262p. Rept No: WIS-5G-72-112 - Monitor: NOAA-7210270].

The general sessions deal with ecoremic versus envircnmental considerations,
Aquaculture 1s treated in terms of economic factors and ongoing research,
The Advisory Services sessions focus on the definition of the concept,
services offered, and mass communication cechniques. Norweglan Advisory
Services are descrihed. Coastal zone management concepts are presented;

the role of Seas Grant and university cooperntion are discussed. Some

of the legal-economic aspects of fisheries are viewed in light of recent
drafr legislarion. The final session deals with training and educacion

in ocean engineering. (Author)

Descriptors: (*Oceanography, Natural resources), (*Natural resources, ,
Management), Management-planning— fisheries,-aquaculture,-Law (Jurisprudence},
englneering, marine engineering, environments, ecology, consulting services,

Identifiers: Sea Grant Program, Ccastal Zone Management

COM=~73-~10115 - NTIS Prices: PCS3I.00/MF$0.95.

The Levelopment of Closed System Oystexr Culture.

Delauﬁre Univ., Npwark. Coll. of Marine Studies. Maurer, Don. Aug. 73..
DEL-SC-4-73, Contrib-74. Published in Bull. of American Malacelogical Union,

Inc. Feb 72 5p.

The article describes an aquaculture demonstration project under preparation

by the University's aquaculture group. The preject involves the prcdu§tian of
commercial size oysters using an optimal combination of closed and s§m1-close§
systems. The system will be desipned to provide for production testinf of orher
o}ganiﬁms as new tarpet species evlove from the research. A ?rief outline of
the scheme is set forth. It is expected to provide a sound minimum level to
determine the technical and ecconomic feasibility of scaling a controlled hatch-
ery process to commercial production. A pilot shellfish hatchery has been
designed and property acquisition has been arrvanged in a former oyster depura-
tion plant and renovation is in progress.



Bardach, Joha E., et al., Aquaculture: The Farming and Husbandry of

Freshwater and Marine Orpanisms, New York: Wiley-Interscience, a division

of John Wiley and Soms Inc., 1972

An 868 page volume which provides a world-wide, species by species
illustrated description of all aquatic plants and animals that are
cultivated for food. Methods of cultivation are described. The
authors include biological and ecological considerations of the organ-
isms, the current and projected state-of-the-art of their cultivacion
and yields, disecases, and other problems. General principles and
economics are dealt with in the [irst chapter.

Brett, J. R., ct al., A Brief on Mariculture, Ottawa: Fisheries Research
Board of Canada, Technical Report No. 301, 1372,

This is a collection of research papers dealing with the marine
aquaculture of fish and invertebrates, its present status and potential.

One paper deals specifically with the culturing of lobsters (Homarus
americanus), summarizing findings in this way: “Some preliminary
answers to questions bearing on decisions to engage in a study of
lobster culture are available. Lobsters can be mated, hatched, and
reared in captivity., However, their rate of prowth is slow, and
mortality on a mass culture basis is high. There is evidence indicating
that both can be improved by manipulation of the animal and the environ-—
ment but there are some important economic factors to be considered:

1. Cost of production {(cost estimates are given in the body of the
paper) using present methods is much too high. Better engineering,
biological and envirommental optimizing are realistic objectives,

2. sSelling price is about $.50/1b. to the East Coast fisherman and
around $1.00 teo 51.50/1b. to West Coast wholesale disctributor,

3. Demand will probably exceed supply by 20 million pounds per year

or more over the next decade." Included in the report (p. 43) is a
partial lisring of major companies and consultants actively engaged

ig mariculture programs (exclusive of oyster growers).

Davidson, Jack R., "Economics of Aquaculture Development," Proceedings:
Fourth Narional Sea Grant Conference, Madison, Wisconsin, University of
Wisconsin, Sea Grant Publicarionm WIS-SG-112, October 12-13, 1%71, pp. 75~82.

niscusses econcmic studies needed as aquaculture develops especially
emohasizing the importaace of the development of good econcmic data from
the begiuning of an aquaculture project.

Caucher, Thomas A. (Editor), Aquaculture: A New England Perspective,
arrcgonsett, Rhode Island:  New England Marine Resources Information Program,
1971, 119 B2,

A repor- based on recommendations and key documents from a 1970 con-
ference conducted by the Research Institute of the Gulf of Maine <¢ plan
£or aquaculture in Northern New Emgland. State-of-the-art of cultivation,
favorable and unfavorable characteristics for commercial culture, and



consumption estimates to rhe year 2,000 are fiven for molluscs,
crustacea and scleceed Einfish, Legal aspecrg are also discussed,
Excellent d4Ppendix of referencas.

Jones, Walter, "Commercial Fish Farming: liow rq Ger Started,” Tje Anerican
Fish Farmer, Little Rock, Arkansas: Voi. II No. 2, January 1970, (also in
~<21 farmer
December 19723,

Convenienr checklist of e&cononmic, management , marketing. production

and physical factors which are important (o the commercia} Success of
an aquacultyral enterprise,

MeNejl, William J., Marine AguaculcureI Sclected Papers, Conference on Marine
Aquiculture gsy Marine Science Center, 1968, Cprvallis, Oregon Stata University

The Primary emphasig ¢of this serieqﬁis biological, The cne economic
paper deals with Common property Problems. (See Scott, Anthony cltation)

Ryther, John . and John Bardach. Tye Status and Potential of Aquaculture
Particularly Invertebrate apg Algae Culture, Vol. I, part I, "The Status apd
Potential of Aquacultyre'; Part 1T, "Invertebrare and Algae Culture,"

PE 1777 167, U. s, Deparwment of Commerce, Nationa] Technical Informatien

Scoce, Anthony, "Economic Obstacles rg Maripe Development . " Harine A uiculture,
William J, Mcieil {Editor), Corvallis, Cregon: Qregan University Press,
1970. ppo 153-‘16?.

dquaculrure: 1. Absence of Strong demand for high cost aquacultyre
Products except for luxuries, 2. Absence of Property or Sovereignty
institutiong in national waters, 3, Absence af property or sovereigncy

United Hacions. FAD A uiculture Bullecin. Rome: TFpog and Agriculture Organization
Departmene of Fisheries, Fisher Resource Division, Publighed quarterly,

Tesearch and development dgencies. Fach issue carrieg 2 section on
recent publications; each entry is annotated, (Previously FAO Fisherigs
Bulletin), (Quarterly since January 1, 1954y,

Webber, liarold H., ”Hariculture," Bioscience, 18 (19), (1968),
2idScience
PP. 940-5,

A non-technical €553y which descripes the potential of mariculture of
molluscs, Crustaceans, and finfish, The author reviews currept major
culture Projects throughout the world.
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Webber, Harold H., "The Design ol an Aquacultural Entarprise,”
Proceedings of the Culf and Caribbean Fisheries Institute Twenty-fourth
Annual Session, Miami, Florida: University of Miami, School of Marine
and Atmospheric Science, November 1971, pp. 117-125.

Convenient checklist of ecological, economic, political, legal and
soclal factors which are ilmportant in selectinp a site for an
aquaculture project.

Yee, W. C., "Thermal Aquaculture: Engineering and Economics," Environmental
Science and Technology, 6 (3), (1972), pp. 232-7.

The essay discusses the potential of warm water aquaculture, using
thermal effluents from electric power stations. Some estimates of
cost of production cof such facilities are included, however, deriva-
tion of the estimates is noc explicitly defined. The author deals
principally with shrimp culture.

MclLeese, D, W,, Initial Experiments on Growth of the American Lobster in
Captivity, Ottawa: Fisheries Research Board of Canada, Techaical Report No.
320, 1972.

A report on the Canadian experiments which were started in 1963 to

study the growth of lobsters (Homarus americanus) weighing from 0.6 to

1.0 lbs. through at least cne moult in captivity. Main factors
investigated were temperature, feeding rate, diet, sex and protectien

for individual lobsters. Their conclusion was that it is not economically
feasible to grow spring-caught lobster of 0.6 te 1.0 1b. through a moult
in captivity. For culture to be economically feasible, better methods

are required to wvirtually eliminate mortality and mutilations, to

produce maximum weight increments following a moult, to promote early
moulting and to maintalin maximum moulting frequency.

Shang, Yung Cheng, Economic Feasibility of Fresh Water Prawn Farming in Hawaii,
Honolulu, Hawail: University of Hawaii, Economic Research Center, June 1972,
49 pp.

Evaluation of economic feasibility of Macrobrachium Rosenbergii pro-
duction In Hawaii. Cost studies for the hatchery were done for two
sources of water supply, three production levels and five discount rates.
Capital and operating costs are calculated for 10, 50, 100 and 130 acre
reaving facilities. Estimates of potential market demand and price ara
also made.

Anderson, Lee 0. and Dutbin C. Tabb, "Some Economic Aspects of Pink Shrimp
Farming in Florida™, Gulf and Caribbean Fisheries Institute, Proceedings of
the 23rd Annusl Session, University of Miami, Coral Gables, Florida, June 1971,
pp. 113-24,

Study estimates the internal rate of return for each of six types of
operations of various land characteristics. Estimates were made for
both food and bait markets for shrimp. Study concludes that currently
food shrimp farming is not profitable at any level of operation at any
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land prices. Inciuded 1s a section on the effects of shrimp farming
on the price of shrimp, using demand elasticlities for shrimp computed
by Bureau of Commercial Fisheries in 1970.

Sielken R. L., et al., Extended Results.on Optimal Investment Stratepies

in Shrimp Farming, TAMU~SG=72-211, Sea Grant Program, Texas A&M University,
December 1972,

A method of obtaining optimal investment strategies for the shrimp
fisherman is developed and illustrated. Basis for the method is a
determiniscic optimal control model of shrimp fishing firm, The

method may be used to obtain guidelines for the shrimp lndustry in
general or an individual firm. Computer, costs to an individual seeking
guidelines for his specific fishing envigonment and initial assaet posi-
tion should generally be less than $25 per year. Three numerical
examples are discussed.

Subrahmanyam, C. . anpd C. Il. Oppenheimer, "The influence of Feed Lavels on
the Growth of Grooved Penaeid Shrimp in Mariculture, “Proceeding of the First
Annual Workshop, World Hariculture Society, James W. Avaulr Jr., Edmond

Boudreaux, Edmonde Jaspers (Editors), Baton Rouge, Louisiana: Division of
Continuing Education, Louisiana State University, 1971, pp. 91-55,

Various sizes of 3rooved penaeid shrimp were fed § and 10 parcent

of their body weipht. Discusses weightand length increases, mortality
and conversion ratios. An economical, "best growrh" feed level is
discussed.
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