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ABSTRACT

This report describes a procedure for atlocation of priorities among
possible goal oriented research projects directed at enhancement of an
1quaculture industry, The method is apptied to further development of
an industry based on culture of the freshwater prawns Magrobraghlum
rosenbergiis A list of general factorss probiem areas and poseihte
research projects {is developed and then prloritized by professionals

from science and Industry according to various criteria, The role of
econaomic analysis for an ex|sting industry and simufated economic
analysis for a potential industry are discussed. Appendlices contain

complete project 1istings and priorities for the exampte Magcrobrachium
industry.,
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DEVELOPMENT OF RESEARCH PRIORITIES
FOR AQUACULTURE PLANNING

The continued development of aquaculture in terms of economically
viable industries requires research programs to gain ynderstanding of
the diverse steps involved and how they can be structured I[nto
practical, cost-effective production systems, The putpose of this
report is to propose and examine a method to plan research devoted to
the furtherance of aquaculture Industries, The different disciplines
and professional areas touyched upon by an operating aquaculture-based
Industry are extremely diverser» especially in a soclety where
technically trained persons tend Inevitably to speclalize rather than to
gain broad general understandings of wide areas of knowledge. Research
is any endeavor which attempts to further our knowledge of the workings
of our environment (in the broad sense), or the ways Iin which we can
manipulate |t. Aquaculture is as broad an endeavor as agricultures and
research might tinclude fields ranging Ffrom econamics and marketing,
pathologys geneticss devetopmental bioleogys microbiology to civil
engineerlng and electronics, etc. Research projJects are usually
organized along the lines of such disciplines, in which one or a small
number of specialists in the area either perform experiments or examine
natural phenomena to discover new and original knowledge or put together
existing knowledge in novel and creative ways to discover how to perform
some task.,

In aquacultures the overall researchable aquestion is "wWwhat are the
most cost-effective measures to produce and market a (food) product
based on domestic culture of an aquatic animal or plant?vas, This
production must oe done within certain constraintss such as conformance
to applicable environmental regulations, With the consideration by
Congress of a major legislative act to promote development of
ajquacylturey it is reasonable to consider the problem of determination
of which facets of the many researchable problems in aquaculture should
he approached first with what wilt always be a limited quantity of
resourcess both monetarysy human and Instltutional. This is a report of
2 research project whose objective was to cetermine a method for setting
priorities among potential research projects and to apply it to the
development of an aquaculture induystry for the fresh water prawn,
Maccobraghliup rosenbhergiis The detailed results of this research
prioritization can be found in the "Species Plan for Fresh-Water Prawns
af the Genus Magrobrachiup ™ (Gludes et at,, 1977). The planning system
for the NDAA aquaculture plan has been described by Glude (19771, The
procedure described below (s proposed as a part of that system and |s
designed to implement many of the considerations therein,

#"Aquaculture?: The culture or husbandry of aquatic animals or plants

by private industry for commercial purposes or by public agencies for
augmenting natural stocks."™ (wWorild Marlculture Soclety definitlion) This
paper addresses primarlly the commercial aspects of agquaculture.



PLANNING RATIONALE

In development of a ptanning rationates a number of methods were
considered and evalyated. The three major techniques which we will
describe are the Program Evaluation and Review Techniaue {(PERTI, 2
comprehensive stepwise procedure for determination and prioritization of
possible research areas and an economic analysis of an actual or
hypothetical Industry.

There are a number of <considerations in development of an
aquaculture plan which must be addressed by the planning method:

+ The method must include an gyeryiew 9f alt aspects of culture
of a particular species group of concern.

+ The method nust consider the paypff of resgatch in any of the
refevant areas in terms of the epnhanced produyction that would
result From a successful soltution of an Identified problems the

erobabijity 9f sugh success and the ggst In terms of time,
manpower and other resources required for the research.

« In recognitton that the plan wilt be carried out by researchers
from academia, iIndustry and government and funded by federal
funds, the planning method must have a procedure for jnput fraom
Lthass reseacchecs with interests and/or expertise in
aquaculture of the particular species group.

+ The planning system rust be flexibleg and allow for yupdate as
research resylts become avaitable,

The purpose of the planning system is to identify a method for the
orderly development of the industry via steps which are reasonably time
and cost efficlent. This means that the method muyst allow far the
establishment of priorities for the allocation of limited resources at
those points Iin the overatl production system where they will have the
greatest chance of producing a significant increment of beneflit,

PER] diagrams and apalysis

The above considerations recognize that the planning and the
ultimate prioritization of altlocation of resources are orimarlty the
result of the knowtedges, interests and desires of people rather than any
purely objective set of sclentific facts which can be evaluated by some’
concrete mathematical procedure, Nevertheless, obJectivity g an
invaluable componrent of the process. The program evaluation and review
technique {(PERT) (see Johnson et al, 1972} is a vprocedyre which Is
desligned to aild in the pianning of any multi~step program designed to
accomplish a single end goail.



Pert 1s applicable orimarily In programs where each step can be well
planned with specific time and other resources atlotted and where the
probability of success is virtuadly 100% at each step., ModiFications of
PERT have been made to allow for probabllity of success but these
require a quantification of the probabliity which s qgenerally beyond
the {evel possible for our applications., Moreover, PERT is oriented to
the development of an entlre process rather than the improvement of
parts of the process., This latter aspect is frequently the goal In
aquaculture related to research. Many types of researchs especlaltly in
the biologlecal areas Involves stages where success Is not at all certain
nor is the time to successs if it is achleved, predictables eaxcept
within Jlarge Jimits, The PERT diagram {see Flg. 1) which indicates
which elements of an overall program may occcur in parallel {concurrently
with each other) and which must occur in series (folltowing one another)
is an excetlent way to develop an gyeryiem of the areas which must ao
into the development of all or one phase ¢f an aquaculture industry.
This approach has been applied in the NDAA Aquaculture Plan (Glude,
19770 .

The mathematical analysis which wusualily accompanies the PERT
procedure s designed to identify which stages wiil be critlcal or
"bottleneck™ stages for the overatl program development. The method
reiies wupon having a concrete measure of the times money or other
requirements at each stage. Some of these <c¢an be soecifled in the
research stages of aquaculture industry development and some wlll be
very difficult to specify. As a resulty while PER] diagrams golve an
excellent overview of the stages required for development or enhancement
of an industrys, PERT mpathematical analysis to identify bottienecks g
not necessarity feasible or necessary. In order to develop priorities»
howevery some measure of both probability of success and the valye of
that success If achieved must be devetoped., It is for this reason that
the opinions of experts must he incorporated and averaged or In some way
aggregated to come up wWilith a measure of expected benefits and
prabability of success,

As a final comment on the applicabiltity eof PERTs a distinction
should be made between a pesgageh eroject and a deyelopment prolects
though these frequently overiap and grade Into each other, in research
the emphasis Is on dlscovery of new knowledge whereas In development the
amphasis is on application of theoreticalty exlsting knowledge to
establish practical means ¢f performing a task of function. PERT is
especlially helpfuls both dlagrammatic and mathematical aspectsy in
davelopment rather than research. For detalled mathematical analysis
via PERT to be appropriatesr the develtopment task myst be mych more
complex than that shown in Fig. la If the stages of Flge 1 were
labetled with a time, cost or other measure it woultd be a simple matter
to pick out the c¢riticat path and stage, The ordering of stages shown
in Fige 1 Is somewhat ambiguous due to the generatity of the oprocesses
involved. At a later point in development, it might be possihte to
better define the stages and specify their order with greater certainty.
At such a times, PFRT would be a more helpful planning tool.
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STEP-WISE PROCEDURE

The following steps are Intended to meet the above planning needs in
a comprehensive and orderly -manner, These steps and the methods to
perform them will be discussed in the remainder of the paper and
itlystrated with examples drawn Ffrom the develaopment process for the
Jagrobrachlup species plan,

i. Develop an overview of the aguaculture production system(s}),
including al ternatives,

2+« f(rganize the production system into the major fagtors affecting
production in terms of traditional scientific and professional
areas.

3+ Determine the major probiegy areas within each fagtg; which
might affect Industry production or efficiency.

4, Organize each prohlew acega into potential research grg.ects
which address efements of the problem,

5. Develop an evaluation of the problem aceas and Individuat
grodegcts by as many persons with professional Interest Ins or
knowledge of, the specific aquaculture industry as possible,

6. Revise the list of factorss problems and proldects according to
results of the evaluation,

7. Refine the evaluation to include expected henefits
probability of sugccess and regulred rgsgurces for each project.

8., As new and ore-existinng research pro jects develop knowledge and

technologys revise the tist of faciors » prgblsms and prpegts
as appropriate,

9., Periodicaitly summarize the project Vist in the order of maximum
expected benefits as rated by different professional groups
according to various benefit criteria.

Srstem overyiew ang organization iota erodgcts

The first stage in the procedure is to develop an overview of the actual
or vpotential production systems, including alternatives, which might qo
into a viable aquacu) ture production process. This should Include atl
aspects of the vprocess==from obtainlng culture materialsy, oarowth,
developments feeding» disease, environmental! requlirementsy, population

measurement, harvesting, product preparation or vprocessings and
marketings This overvliew |Is perhaps best represented as a dliagram or
serles of diagrams. Figure 2 shows such a diagram as It might be

produced for a Macrabrachlum culture industry, A diagram at this stage
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but it should Indicate a logical division of separate components of the
production process whilch can be later refined.

Step two involves the identification of the major factors which affect
operation of the industry at one or more polnts in the process, These
factors should be developed along traditional professional and
sclientiflc discipltinary areas so as to guide the development of
subsequent research projects. Table 1 shows a Itist of the factors
developed for commercial Magrobraghiupm cultures, The injtial 1ist Is
subject to revision and modification to produce an organlzation which
best meets the needs of the specltes being consldered,

Withln each major factor it 1is necessary to determine the oproblems
associated with that factor which are eritical for the industry {(step
three), It is at this point that information about the status of
scientific or technical knowledge 1is required on the part of the
personnel developing the plan. The problems may represent the frontlers
of KkKnowledge as they affect the culture of the species or some other
aspect of the industrye. Alternatively, the problems might represent
proceduratly straight=-forward questions for which standard methods have
been devetoped., Table 2 illustrates with some problems associated with
factors for the Magrobrachium industrys These problems might be stated
as questions or simply as general areas For Investigation.

Each probtem area can be addressed by one or more propdects desligned to
gain more information or Improve technology (step four}). Table 3 showus
some examptes. The projects should be selected 50 as to be practicat to
carty outs and to have a balance between probability of success of
success and value of results, The results should be obtainable within a
time frame appropriate to the development of the incdustry. OFf courses
problems will not always fit neatly into such categories. Some projects
may require development of new technology requiring a longer peritod of
time for accompiishment or requiring unusual inputs of funds, expertises
physical resources, etc, Inclustion of such projects shoutd be based
upon the increment of viabitity or productivity which success is likely
to bring to the Industry.



Table 1. Major factors

10

in Yacrobrachlym production
corresponding to professional

and/or sclientific disclotines.,
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General Category

T

Spectal
Characteristics

Siting Factors

Production
Factors

Product Factors

Market Factors

Investment
Factors

Number

0l,
02.
03.
04,
05.
06.
07.
08.
09.

10.
11.
12,
13.

14,
15.
16.
17.
18,

19.
20,
21.

22.
23,
26,
25.

26
27,
28.

Factor Title

Growth

Environmental Requirements
Nutritional Requirements
Disease and Mortality
Sexual Development
Reproduction

Genetlics

Behavior

Hablitat Ecotogy

Land and Water
Labor Supply
Logisties

Legal Requirements

Seed Supply

Grow-0Out Systems
Feeds and Feeding
Hesil th

Harvesting Procedures

Preprocessing
Processing
Distribution and Marketing

Supply

Demand

Location of Markets
Price

Economic Analysis
Informatlon Dissemination
Investment Capital



Table 2.

1]

Problems in a Macrobrachlum industry associated wlth
two different factors of the production system,

Factor
Number

- -

15,

Environmental
Reguiremnents

Grow=0ut Systems

Problem

Mumber Problem Title

02.01. Effects of mineral content of

the water

02.02. Effects of salinity

02.03, Effects of dissolved oxygen -

02.04, Effects of temperature

02.05, Effects ofpH ltevel

15.01. Pond design and construction

15.02. Heating ponds to malntain
adequate temperature for optimum
growth

15.03, Water quallty control

15.04, Pond management

15.05. Identify Factors which must be

considered In design and
operation of intensive culture
systems using tanks raceways,s
etc.,



Tabie 3,

Problem
Number

- —

15.04.

Projects

12

in a Macrobrachlum industry assocliated with

two different problems under the Grow-Dut System factor.,
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Probliem Title

Pond design and
constryctlon

Pond managenent

Project
Number

— . ———

15.01.01.

15.01.02,
15,01.03,
15.01.04%,

15.01.05,
15.04.01,

15.04.02,

15.04.03,

15.04.04,

15.04.05.

Project Statement

i . W — ———

Cevelop criteria for locating

Macrobraghium ponds at production
slte

Compare and evaluate substrate
typres.

Compare and evaluyate method§ of
stablitizing banks.

Determine optimum slope of bank
in relation to stabitity of soils.

Evaluate designs which wouyld
increase substrate area to increase
stocking density,

Develop methods for estimating
number and size distribytion of
Prawns in ponds.

Evaluate the utiility of nursery
systems for intensive cutture of
post tarvae with artificial
fertitlization and special feeds
for varyling periods

before stocking In ponds.

Determine optimum size of
post-larvae for stocking In ponds,
Hold post=larvae in small nursery
ponds for various lengths of time,
Compare costs of holding and
survival rate. Measure effect an
production,

Compare harvesting and restocking
¥s. continuous harvesting method.

Determine optimum stocking
density. Stock system ponds with
various levels of post-tarvae,
Compare rates of growth and
survival.,
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Rexiem by erofessionals

Although the preceeding steps may require referrat to a farge number of
individuals with knowledge in varlous areas, at this stage it was
considered appropriate to systematicalily pold a community of
professional people with interest and/or expertise In some aspect of the
industry (Step fivel. This evalyation is for the purpose of developing
an  initial prijoritization of both the problem areas and the individual
projects within each problem, For Magrobrachlum this was accomplished
using a questionnalre asking for a priority rating for both problems and
projects. Special expertise in questionnaire development can be found
in many professional organizations and universities. 1In this project,
we requested both a simple quantifiable response on each opotentijal
project (a rating on a scale from O to 45 from "not needed™ to “urgently
needed”) as well as a free=form praose commentary from each respondent.
This allowed an objective method of pretiminarity screening the 1list of
projects for highest priority areass culling of projects with a "not
needed” coancensys and the addltion of some new projects to the toplec
liste The sixth step was then done primarily on the basls of the prose
comments.,

The seventh step identifies the expected benefit or payoff from the
projects the probability of success of the projects and some Indlication

nf the resources--money, manpowers speclal expertlise, facilities or
equipment, etc.—--whic¢h the project would require. It woutld atso be
useful to evaluate ¢the instiltution, ielos Industrys academic» or

private, which would be the most logical group for performance of the
researchs This type of detalled information coutd be developed either
through a workshop with a smalt selected group of persons Prom the
original list of respondents of the questionnaire or It could bhe
developed by a follow-up questionnaire. Both methods were tried In
development of the Hagrabrachium research plan, Table & shows san
example of the fornat used to develop this information at the workshop
in December of 1976. Participants were selected to represent knowledge
of both the scientific and professional areas invotved as well ag the
logistic or administrative aspects of conduct of researche This flatter
aspect was particularty impartant as the ratlng categories retate to the
tangible and intangible resources required by a project as well as to
its technicat execution. Participants who were aware of these needs and
their importance to a successful result were an essential part of the
project rating workshop.
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Table 4. f©xample of projJect ratings developed at the
' Magrabrachium workshops held by NDAA and the
University of Washingtons Center for Quantitative Sclience
on December 13-14, 1976, A complete 1isting is given
In Appendix B.

R e L L e ek S T A A S S S S S S S i e e S i i o A N e e A i Y Y A A S A A A v Tl S . -

Fvaluation of Prdjects

The following criteria were used to discuss and evaluate the projects
tisted in this sectiont?

1, wWhat pay off would result?

2. When would the resuylts be needed?

3, Can it be done (probability of success)?

4a, What faciiities or equipment woyld be needed?
4, What personnet skills would be requlred?

5. How long would It take?

6e What would it cost?

7. Qverall priority rating.,

e e e v e T Tl ol W g e M il s e e i e W iy iy vl Y T T S T T e S ol Vi T N Y R Y W WA W S N A B o S i e

Example Rating
Project 1% Preliminary marxket survey

Conduct a preliminary survey to estimate the U,S, market
for domestically produced freshwater prawns Iin various
product formss e.9.s live, fresh chilleds, cooked,
frozen; whole vs, talis vs. meats (project 23.01.02

in revised listing).,

Evaluation

1« Modify investment fevel

2« Immediate for decislon making

3, Practical

4a. Standard for ecohomic research group
4b, Market speclalist '

5. 1 vyear
6., 350,000 - 31005000
70 ———

Comments

1. Must have product to do markst
studies.,

2« Use Marketing Division of NMFS
for studies,

3. Need to identify, separate and
quantify market
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Mgpitocing of opgglos tesearch

while this completes the initial survey of research needs and the
information necessary for prioritization of that researchs it is
necessary to have more detailed Information in order to keep abreast of
the status of ongoing research (Step eight)s Some research on the
problems listed will be underway as the plan s formed; information on
its status should be gathered vla questionnaires and workshops at the
same time as the priority information. The upkeep of such a listing of
projects and priorities relevant to the development o0f an aquaculture
area wilill vrequire continual effort at revision of the Ilist of
priarities. frequency of a comprehensive review and update probably
need not be more often than every twd years and generally ilees often
than that If the task is handled by an office with resources syfficlent
to keep generally abreast of developments in the field,
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METHODOLOGY FER INFORMATION DEVELOPMENT
AND ANALYSIS

In addition to the usual needs of a program management offices there are
three speclal requirements for a project to utitize the planning
procedure described aboves Firsts a program manager or advisor thereto
who is a generaflst with a broad overview of the operation of an
aquacutture industry., This must be a person most oprobabty with a
piological backgtround because of the very specltal, detailed knowledge
required in animal or plant cultures, but with an appreclation for and
some knowledge of such diverse areas as economicss marketing and special
types of engineering technology. A person who is not well batanced In a
broad number of areasy in terms of experiences professional background
and interests will not have the perspective necessary to assure that ali
areas which might be bottienecks for production in an industry get the
required attention In accordance with availabtle research resources.

The second requirement is the input of professionat and scientific
speclalists with background and interest in the required areas. The
mechanism for this input 1Is via the above-mentioned questlionnaires,
interviewssy and workshops. Without the ccoperation of these people, the
information necessary for Macrobrachium aguaculture research planning
could net have been obtained.

Finallys, It Is important that the many different types of information
developed be organlzed into an Information system which has the
capability of storing the data, providing access to it in raw form,
anatyzing it in wvarious wayss and allowing for its periodic update or
correction. This is best done with a sclentiflic computer oriented
toward remote access and a staff person with experience in user orilented
computer information applications. The volumes of (nformatlon which it
must handle are not large by modern computer information standards and
no special requirements in terms of exotic hardware or software are
necessary., The conpyter software or programs which are required for
access to the information are simple and straightforward to develos and
the advantages of a specially tailored program are sufficiently great,
that it is probably wise to go the route of some minimal software
development rather than a general purpose information system, A generat
purpose system nearly always undershoots or overshoots the needs of a
specific application, This results In inabllity to meet needs or Iin a
complex and ctumsy system which erogram managers refuse to laarn to wuse
{justifiably) or both.

A series of Information manipulating computer programs have been
developed In association with development of the Magrobrachjium
aquaculture pian. Tabie 5 gives an example of the type of analysis
which one of these programs will provide for the first series of
questionnalres associated with Step Ffives The purpose s to allow a
quick overview of the priority ratings of the projects according to some
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category of the respondents, in this case, those empitoyed by industry as
opposed to those employed by academic Institutions or consultants, This
summary is a method of Implementing Step nine.,

Another capability of the information system d¢ the abiltity to access
details on any factors problem or projJect In terms of its oriority
ratingsy, probabidity of successy needed resources or status of existing
research, Though this information may not be too voluminous to contaln
in a simple listings the fact that it must be updated periodicalty ¢to
maintain currency of the plan makes it appropriate to use an on-line
information system, The system developed for the Magcragrachlium plan can
be accessed with a (ightwelght portable computer terminal from anywhere
that a telephone is available, Table & glves an example of the set of
information assocliated with one projJect aree as retrieved by the

Macrohrachium information access system, Madiflcatlion of this
informatlon 1is accomplished by using the standard system utility file
editor which is available on most interactive c¢omputer systems., This

Jtility does not require any special software development on the part of
the users nor does it require any special expertise for |Its wuse; any
office worker can dearn to operate the system efficientiy with 2 few
nours of training and practicesy provided they have the motivation,



Table 5. Example of analysis output From Information system designed
for Macrobcachium eplan development.,

A, Tabular summaries of priority ratings from research survey,
{Projects are numbered as in Appendix A,)

T e Sl S i ke Y W T W il ik, . i . . v o Wlp. S . T S s S i gy il vl N A T T W e S 7y . WY N U S M A S W i e

AQUACULTURE RESEARCH INFORMATION SYSTEM

PAYOFF PRIJRITY RATING SUMMARY--MACROUBRACHIUM SURVEY
RATING: 4%MAJOR, 3=SIGNIFICANT, 2=MODERATE, 1=UNIMPORTANT
AVERAGED PRIDORITY THRESHOLD LEVEL IS 1.0

THIS IS AN EXAMPLE SUMMARY FROM THE FIRST FEW PROJECTS

NUMBER OF PERCENT BREAKDOWN

PROJECT NO. RESPONDENTS BY PRIORITY RATING

1 2 3 4
01.02,01 13 8 62 23 8
01.02,02 13 318 54 8 0
01.02.03 12 8 33 42 17
01.02.05 13 0 31 23 46
01.02.06 13 8 62 23 8
01.02.07 13 31 15 38 15
01.02.08 13 15 46 15 23
01.02.09 13 38 23 131 8
01.03.01 13 23 46 31 0
02.,01.01 13 0 38 31 31
02.02.01 13 8 46 18 A
02.03.01 12 0 8 42 50
02.03.02 13 0 15 38 46
02.03.03 13 15 46 138 0
02.04.01 11 18 27 36 18
02.05.01 13 0 38 54 8
02406401 11 0 36 27 36
02.06.02 11 18 27 36 18
02.06.,03 10 10 . 30 40 20

02.06.04 9 33 11 44 11
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Table 5., Example of anaiysis output from information system designed
for Macraobrachium plan development (continued)

8, Textual summaries of research survey results,
(Projects are numbered as In Appendix A.)
AJQUACULTURE RESEARCH INFDRHATION SYSTEM
SUMMARY OF MACROBRACHIUM RESEARCH SURVEY RESULTS
THIS IS AN EXAMPLE RECTRIEVAL FROM THE FIRST FIVE RESPONDENTS

RESP. 1 ACADEMIC BIOLOGIST INTENSIVE PRODUCER
01.01.01 PRIDRITY RATINGS: PAYOFF.e0s 2 URGENCYesse 2
PR SUCCESS 4 RESOURCES. 4

TIME FRAME 2 COSTasenes 3

RESP. 2 GOVERNMENT ECONOMIST NOT A PRODUCER
01.01.01 PPIORITY RATINGS: PAYOFFeses 2 URGENCYasss 1
PR SUCCESS ¢ RESOURCES,. &
TIME FRAME 3 COSTeuwnnes &
RESP. 3 NOT A PRODUCER
01.01.01 PRIDRITY RATINGS: PAYDFFaeeoe 3 URGENCY,ss &
PR SUCCESS & RESOURCES. 4
TIME FRAME 4 COSTeevnne &

RESP. 4 GOVERNMENT BIOLOGIST NOT A& PRODUCER
01.01,01 PRIODRITY RATINGSt PAYOFFsess 2 URGENCYsss 3
PR SUCCESS 4 RESOURCES. 4
TIME FRAME 3 COSTewnnses 4

RESP. 5 INBUSTRIAL BIOLOGIST NOT A PRODUCER

01.01.,01 PRIORITY RATINGS: PAYOFFeeae 2 URGENCY+.ss 3
PR SUCCESS 4 RESOURCES. 4
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Table 6. Example of project status summaries furnished by
the Macrphrachlium research information system,
A complete compitlation is gliven in Appendix 8.
Only seventeen high priority psrojects were
evaluated for the research status files however
all projects are listed In Appendix & and thejr
average priority ratings are given in Appendix C.

AQUACULTURE RESEARCH INFORMATION SYSTEM

MACROBRACHIUM RESEARCH STATUS

PROJECTS FORMULATED AT THE MACROBRACHIUM WORKSHQOP

23.01.,02 PRELIMINARY MARKET SURVEY
CONDUCT A PRELIMINARY SURVEY TO ESTIMATE THE U.S.
MARKET FOR DOMESTICALLY PRODUCED PRAWNS IN VARIOUS
PRODUCT FORMS
STATUS: NOT BEGUN RESEARCHER: NONE
PRIORITY RATING ==COMMENTS-—
PAYOFFeaae 2443 MODIFY INVESTMENT LEVEL
URGENCYees 2450 IMMEDIATE FNR DECISION MAKING
PR SUCCESS 2.85 PRACTICAL
RESOURCES. 3.07 STANDARD FACILITIES, MARKET SPECIALIST
TIME FRAME 2,86 1 YEAR
CDST.-..-- 2+86 $50,000 TO 3100,000

23.01.01 CHARACTERIZE ODISTRIBUTION PATTERN AND MARKET IN
UeSe DETERMINE DISTRIBUTLON PATTERN OF [MPORTED
PRAWN TAILS IN UsS. AND QUANTIFY MARKETS
STATUS: NOT BEGUN RESEARCHER: NONE
PRICRITY RATING =~COMMENTS~~ '
PAYOFFesawue 2043 [DENTIFY MARKET, BOLSTER MARKETING DECISION
DIFFERENTIATE DOMESTIC MARKET
URGENCYeee 2457
PR SUCCESS 3.00 PRACTICAL
RESOURCES. 3414 STANDARD
TIME FRAME 2.93 LESS THAN 1 YEAR
COSTaweons 2.93 MINIMAL

20.05.01 CETERMINE CAUSES OF QUALITY VARIATION
STATUS: NJT BEGUN RESEARCHER: NONE

PRIORITY RATING =~COMMENTS==~

PAYOFFasee 2271 GUARANTEES CONSISTENT QUALITY

URGENCYsss 2493 3=5 YEARS DEPENDING ON INDUSTRY PROGRESS
PR SUCCESS 2486 50 PER CENT

RESOURCES. 3.00 FOOD TECH LAB» FOOD TECHs BIOCHEMIST
TIME FRAME 2.64 3 TO 5 YEARS

CO0STeeewee 2493 560,000 TO $100,000 PER YEAR
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ECONDMIC ANALYSIS AND SIMULATION

For an industry which presently is In operation an ggonomic analysis of
unit costs associated with each stage of the production process and
factors limiting production at each stage Is an essentiat concomitant of
the above research planning process. Economic analysis Is in fact ane
of the factors listed in Table 1. Such an analysis calcutates the total
variable <cost of oproduction as a sum of varjable ypit costs times the
number of units of productlion plys fixed costs for a glven production
range, Appropriate modiflcations can be made to consider economics of
scate which occur for different prodyction 1levels and atternative
production methods can also be evaluated, R. A. Shleser {1977, personal
communication) has performed such an analysis for the Magrobracgchium
industry In Hawail. This approach is especially suited to examination
of a specific aquacul ture operation in a specitic locations as opposed
to the broader planning probliem which seeks to determine the operations
and locations which are optimal. Examples of the applications of this
technique to tobster aquaculture can be found in Shuur et al, (1974) and
Hand (1977}. An analysis of ctosed-cycle oyster cufture cause found in
Opportunity Brlef No. 7 of the MIT Sea Grant Program (1977).

In the economic analysis as described the parameters for cost and volume
of production are derived from observation of the actual Industry. In a
similar approach for an Indystry not yet in operations the parameters
can bhe developed through study of similar systems, research results,
cost surveys and the Imagination and experience of the planner. The
resuylt is very nearly the same except that the answers have only the
weight of the best judgment of the planner and his {informetion sources
rather than the welght of practical experience,s, In any event, any
cerson or corporation planning to ihvest capital In an aquacufture
operation {or any other operation) woeuld be well advised to perform such
an analysis.,

A related technique appropriate for aquacutture projects which have been
proposed and are in planning stages is slipulatliona The economic
analysls with simulation is appropriate only for aquaculture Industries
In an advanced planning stage sych that It is possible to envision every
step of the production process. It is essential alse to have the
cooperation of experts famitlar with research or prototyee productlon
results for alt or most of the production stages. The simufatfon need
not be the elaborate mathematical construction usually implied by the
term when |t is applled to engineering orojects or research in natyral
ecosystems, It can be Lltittie more complicated than the economic
analysis described aboves but might be expected to grow more complex ag
more detailed analyses are performned. The artictes by Shuur et al,
(1974} and Hand (1977) also illustrate the simulation approach to
Lobster aquaculture planning,
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Figure 3 shows a diagrammatic pltan for an economic analysis with
simulation for a hypothetical oyster culture operation. Solid lines
show flow of blomass from one production stagye to another whereas dotted
lines show the sources of information on costs and production volymes,
Because of the wuncertainties associated with growth of biological
materials the diagran shows the inclusion of faflure probabilities. Not
shown on the diagram are nymerous small jnformation Inputs (system
parameters)y such as market prlce, labor cost, material costs etc.
OQutput of the system is a simutlated balsnce sheet showing costs of
returns for a glven time perlode The method can be most easltly used if
the cost summations and products of unit costs times production volumes
are programmed for a computer., A programmable calculator was used for
the simplte system of Fig. 3, without the probabilistic features. , By
changing assumptions about parameters such as price and labor costs at
varlous stagess critical points for a profitable Industry can be
determined. Sensitivity analysis 1{is the technicat term for this
process, By utllizing the probabltistic data, the expected variability
in net returns can atso be examined, Simutation glves the same rasuylts
as a one-~time one-configuration economic analysis but the simulatlion |Is
more versatile and can be repeated for various configurations to glive a
broader planning perspective,

The stepwise survey procedure and the economle anatysis give resufts
which are complementary to each other and not duplicatives. The survey
is a subjective method designed to give dye accord to the opinfons of
many vprofessionals who may not completely agree. The economic analysis
is a more objective method which will help assure that research resuylts
contribute effectively ¢to optimal indystry development. Additionaily,
economic analysis Is more appropriate for detalled review of speciftic
proposed production operations whereas the survey gives a broader view.
The two approaches can not be expected to give identical results.,

Shteser's analysis reveals that avallability of fresh water and costs of
tabor for the tharvesting operation are two of the most critical! areas
for further expansion of PMacrobrachium In Hawaii. This can be
contrasted with the high priority of some economic analysis (e.g.
market research) projects determined In this proJject, Availabitity or
adegquate fresh water did not show uyp as a grltical erodlem via the
methods of this project but might be identified as a resultt of a project
to examine possible locations for Macrobrachium culture (Factor 10y Land
and Water!).
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SUMMARY AND RECOMMENDATIONS

This report descrlihbes three aids to the planning of research Intended to
promote the development of an aquacufture Industry: the progeram
evalyation to review (PERT) techniguey a step-wise procedure for
obtaining and evaluating advice from experts on @ comprehensive array of
possible research projJects and an sconomic analysis of am  aquacultuyre
industry for a particular species groups The PERT analysis is intended
to obtain an overview of the general areas where research and
development is needed for species groups and to identify potentlal
bottlenecks In that development from 2 preliminary perspective,

The step-wise procedure is intended to comprehenslively oprioritlize
research in al! aspects of aquaculture for a particular species group,
as these areas are seen hy experts in the Ffield, This proceduyre
involves organlzation of all factors concerning production of a species
group into research projects which are then evaluated by experts in the
field. The expert evaluatlion s then suymmarized and reflned to
determine those projects regarded as having highest overat!l opriority.
Finallys the information developed in the survey Is used as the basis
for an information system to keep track of progress in industry
devetapment. The oprocedure is Itlystrated by development of research
priorities for a Magrabrachiym industrys the twelve highest oriority
projects to come out of thls anatysis are shown jn Table 7. The
logistics for production of such a survey are degcribed in the sectlion
aptitled "Methodology for Information Development and Analysis,"

Finallys an economic analysis s discussed as a mechanlsm for
pinpointing economic bottienecks in an Industry., A more compiex version
of economic analysis invoiving simulation of the production process |Is
atso discussed and bpriefly idlustrated (Flgure 3). The three methods
jJescribed are intended to be complimentary to each and each would be
appropriate as part of an aquaculture planning taskes The resuits of the
three methods are not duyplicative In nature; for examples, the steo=wise
procedure may give generatl .research priorities for an industry In an
overall sense, whereas an economic analysis may glive critical factors
for development of an Industry utitizing partlcular cutture methods Iin a
particular geographic area.

The approaches described are not desligned to replace human Judgment tn
making declsions concerning allocation of scarce research resourcess
they are designed to summarize and organize Information concerning
research needs and present it Iin the most effective way to persons
making such decisionss. A method of comparison of the views of experts
from various areas s¢ as to arrive at a concensus concerning research
priorities has always been a diffilcutt problem for public agencies which
sponsor research. The methods described above are offered as an aid in
this area.



Tabie 7.

Project No.

e ———— -

14.04.05

14.04,02

02.03.01

15.04.02

15.04.05

15.04.06

16.02.05

28.01.02

02.03.02

14.04.01

16.03.01

20.02.01

The twelve highest priority projects based on average
rating in the payoff category. Priority rating is a
number from 1 to 4s meaning "not needed™ to "urgently
needed™; respectively. Averages are calculated over
all categories of respondents.

Averaqe
Priority No.
Description Ratings
Develop alternative larval
food . 3,69 113
Increase supply of Artemia 3.61 13
Determine optimum levels of
dissolved oxygen 1,42 12
Evatuate utidity of nursery
systems .42 12
Determine optimum stocking
density 3.34 12
Manage pond operations at
adegquate production at acceptable
costs 3.34 9
Evaluyate commercitally avaitable .
feeds ' 3.3%6 12
Conduct prototype testing to
vatidate laboratory
resuilts 3,30 10
Evaluate methods of maintaining
oxygen tevels 3.28 113
Improve feedling procedures
of Artemla 3,28 12

Establtish retationship between
amount fed and amount utilized

[dentify best methods of
freezing product 3.28 12

25

Respondents
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Appendix A tists the entire set of factors» problems and oprojects
finally decided upon for the Macrobragchium Aquaculture Development Plan,
Appendix B lists the compliete set of project parameters suggested for 3
Magrobrachium industry at the December 13, 1976, workshop. Appendlix C
contains the results of a follow=-up questionnalire which considered 2
broader array of projects than was possibie at the workshop. Table 7
lists the 12 highest priority projects which were determined from the
second guestionnalre based upon the average rating in the six categaries
over all categorfes of respondents., Summaries of this type can be
easily produced by the information system for different categorles of
respondentsy for example, academic versus Indgustrilaly, to atitow the
decislon maker to examine differences of opinion concerning the best
approach to industry development.,

Recommendatioens

The planning of research for development of such a diverse set of
industries as aquaculture s a task of considerabte complexity, This
report has attempted to chow a method whereby a systematic,
comprehensive and orderly evatyation of possible research and
development areas can be made, It is ultimately the task of Ffederatl
jovernment, possibly Including several cabinet=4evel agenciesss ¢to
perform this planning processs and indeed the process will involve wmuch
more than simply development of research prilorities, We feel that the
offlce ultimately assigned major responsibliity in this plannling task
could wytilize some of the techniques explored in this project, and we
make the foltowing recommendations to that officet

1) That a systematic and comprehensive procedure for development and
evaluation by experts of researchable topics (such as described aboave)
be wutilized for each vpriority specles group according to the NOAA
Aquaculture Plan;

2y That an information system derived from that procedure and
research projects be maintained and uypdated as necessary for each
priority species group;

3) That economic analysis be utilized to fdentify critical problems
with speciflc types of operatlon in speciftic locationss;

4} That a staff wlth the necessary technical ©background in both
information organjization and substantive agquaculture-~related scientific
areas be developed in pursuit of recommendations 1 throygh 3;

5) That both the subjective results of 1 above as well ags the more
objective resylts of 3 be ytilized as part of the criteria for research
project proposal requests and funding allocatlions,

A major objective 0of an aquacuiture plan is to help those entering the
industry to realistically identify the problems with which they witt be
confronted., The pilanning system described is designed to accompligh
this goal within a framework OF systematic evaluation of a comprehensive
array of research topics. It should aflow a research sponsoring
institution to request proposals in speciflc areas which they feel are
most urgently needed, At the same time the system will give researchers
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an  Jdea of where best to address their work for high probahillty of an
applied payaff ands simyltaneousiy, enhanced probability of proposal
funding. The system should represent a good compromise between an
objective method for research project prioritization and a subjective
method capable of taking Into account a brosder array of factors
includings particubarty, professional and scientific ooinion,
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Appendix A

List of factors, problems and projects with their indexing numbers
which were utillzed in the Magrohrachlum research priorities survey.
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ACQUACULTURE RESEARCH INFORMATION SYSTEM
MACROSBRACHIUM KESEARCH CLASSIFICATION SYSTEM

ul.

C2e

GROWTH
21.01,

2i.02.

V1403,

IS THE MAXIMUM SIZE OF VARIOUS SPECIES OF
MACROBRACHIUM ADEQUATE FOR A MARKETABLE PRODYUCT+
01.01,01s DETERMINE MAXIMUM SIZE OF VARIOUS SPECIES
OF MACROBRACHIUM UNDER VARIOUS CONDITIONS.
EFFECT OF ENVIRJINMENTAL FACTORS ON GROWTH RATE
0l.02.0i+ DETERMINE GPOWTH RATE OF VARIOUS SPECIES
UNDER VARIOUS CONDITIONS,
Gle02.02. STUDY THE EFFECT OFf PHOTOPERINDD ON
GROWTHY RATE, :
01.02.C3. COMPARE GROUWTH RATES OF MALES AND FEMALES
AND DEVELOP STRATEGY FOR UTILIZING THE GROWTH
OIFFERENTIAL TO INCREASE PRODUCTION.
01402404, STUDY THE FUNCTIONS OF THE X AND Y GLANDS AND
DETERMINE [F IT IS POSSIBLE TO INCREASE THE
GROWTH PROCESS 8Y SHUTTING OFF THE PRODUCTITIN COF
A MOLT INHIBITING SUBSTANCE BY THE ¥ GLAND,
Cle02405s DETERAINE THE RELATION OF DENSITY TD GROWTH RATE,
' ARE PHEROMONES PRESENT IF SO ARE THEY RELATED
T REPORTED REDUCTION IN GROWTH RATE WHEN PRAWNS
ARE CRDOWDED4
Li.02.06., DETERMINE VARIABILITY OF GROWTH WITHIN FAMILIES
AND CAUSES. '
010207, STUDY THE EFFECT OF TEMPERATURE ON GROWTH RATE.
01.02.06. EVALUATE GROWTH PRGMOTING PRODUCTS OR HORMONES,
0l.0Zeu%. EVALUATE INCREASE IN wEIGHT VS. AGE.
NEED FOK UNDERSTANDING NF DIGESTIVE PHYSIOLOGY.

'61403.01. CONDUCT RESEARCH TO DESCRIBE PHYSIOLOGICAL

MECHANISM OF VARIOUS SPECIES.

ENVIKONMENTAL REQUIREMENTS

0240k

02402,

02.03.

02.0%.,

Uz2.05.

EFFECTS OF MINERAL CONTENT OFf THE WATER

U2+01s0Lle IDENTIFY TYPES AND AMOUNTS DF MINERALS FOUND IN
PRODUCTION PONDS. EXAMINE CONCENTRATION OF
VARIDUS IONS., OETERMINE EFFECT ON GROWTH AND
SURVIVAL.

EFFECTS OF SALINITY

©2+02.01s DETERMINE SALINITY RANGE THAT MAY LIMIT SURVIVAL,
GROWTH AND FRODUCTION DF LARVAEs JUVENILES» AND
ADULTS.

EFFECTS OF DISSOLVED OXYGEN

02,03401¢ DETERMINE QFTIMUM LEVELS OF DISSOLVED OXYGEN AND
LEVELS THAT MAY LIMIT SURVIVALs GROWTH AND
PRODUCTION OF LARVAEs JUVENILESs AND ADULTS.

LG2.03.02. EVALUATE METHNDS DF MAINTAINING OXYGEN LEVELS
{EaG.s AERATION vS5. FLOW THROUGH SYSTEM) AS TO
GRIWTH AND SURVIVAL,

G2+03.03. DETERMINE LONG-TERM SUBLETHAL EFFECTS OF VARIOUS
OXYGEN LEVELS ON GROWTH RATE, FOOD CONVERSION,
ETC .

EFFECTS DF TEMPERATURE

(24094014 DETERMINE TCLERANCES AND OPTIMUM TEMPERATURES
FOR VARIUOUS SPECIES UNDER VARIOUS CONDITIONS.

EFFECTS OF PH LEVEL

0C«05.01ls DETERMINE GROWTH RATE» SURVIVAL» FQ0OD CON-
VERSION AT PH LEVELS LIKELY TO 8E ENMCOUNTERED
UNDER CUNBITIONS OF CULTURE. DETERMINE DPTIMUM
PH FOR CULTURE OF LARVAEs JUVENILES) ADULT



024006,

32.07,

J2.u%,

PRAWNS, 31

EFFECTS OF CONTAMINANTS (PESTICIDESs ORGANIC COMPDUNDS,

HEAVY METALS AND CHEMICALS)

02.0¢.01l. DETERMINE EFFeCTS OF VARIOUS LEVELS OF PESTI-
CIVES CDMMOM IN AREAS WHERE PRAWN FARMING IS
DONE ON LARVAEs, JUVENILES, AND AQULTS.

02406,02, DETERMINE EFFECTS UF VARIDUS LEVELS OF HEAVY
METALSy ORGANIC COMPOUNDS ON LARVAE, JUVENILE,
AND ADULT ¥#RAWNS,

C2¢v&,03, DETERMIN: EFFECTS OF CHEMICALS USED IN POND
MANAGEMENT NN THE PRAWNS,

02sV6404s DETERMINE EFFECTS OF OTHER CONTAMINANTS LIKELY
TO 8E PRESENT ON LARVAE, JUVENILES, AND ADULTS,

EFFECTS OF METABULIC wASTES (AMMONIA, NITRITE, NITRATE)

€2.07.01. DETERMINE EFFECT OF AMMONIA ON GROWTH, FOOD
CONVERSION AND SURVIVAL DF LARVAE, JUVENILES, AND
ADJLTS.

U2407402s DETLRMINE EFFFCT GF NITRITE ON GRDWTH, FOOD
CONVERSION AND SURVIVAL OF LARVAEs JUVENILES, AND
ADJLTS.

V2.U7¢C3, DETERMINL EFFECT OF NITRATE ON GRNOWTHs FOND CNN=-
VERSION AND SURVIVAL OF LARVAEs JUVENILES, AND
ADJLTS,.

02407404+ DETERMINE EFFECT OF PHOSPHATE ON GROWTH, FOND
CONVERSTUN AND SURVIVAL OF LARVAE, JUVENILES, AND
ADULTS.

EFFECTS OF OTHER ENVIRGNMENTAL FACTORS

02.08.Gls DETERMINE EFFECTS OF VARIOUS OTHER ENVTRONMENTAL
FACTORS ON SURVIVALs GROWTH AND PRODUCTION JF
VARIOUS SPECIES OF MACROBRACHIUM,

J3s NUTRITIUNAL REQUIKEMENTS

Wi.dl.

DPETERMINING THE AASIC NUTKITIONAL REQUIREMENTS FOR GROWTH

SURVIVAL AND HEALTH OF VARIOQUS SPECIES AT VARIOUS LIFE

JTAGES,

U3401aCls DETERMINE ESSENTEAL AND NON-ESSENTIAL AMIND ACID
REQUIREMENTS FOR LARVAE, JUVENILES, AND ADULTS
AND LEVELS MNELDFD FOR ADEJUATE GRDWTH AND GNOD
HEALTH,

G3sulsU2s DETERMINE ESSENTIAL AND NON=ESSENTIAL FATTY ACID
REQUIREMENTS FOR LARVAE, JUVENILES, AND ADULTS
AND LEVELS NEEDED FOR ADEQUATE GRNOWTH AND GDOD
HEALTH.

3401403, DETERMINE CARBOHYDRATE REQUIREMENTS FOR LARVAE,
JUVENILES, AND ADULTS AND LEVELS NEEDED FOR
ADECGUATY GRCOWTH AND GOOD HEALTH.

C3.01.06. DETERMINE THE OPTIMUM RATIO OF PRNTEIN TU FAT TN
CARBOMYNRATE FOR LARVAEs JUVENILESs AND ADULTS.

C3.01.05. DETERMINE VITAMIN REJQUIREMENT FOR LARVAE,
JUVENILES, AND ADULTS AND LEVEL NEEDED FOR ADEOQUATF
GROWTH AND CO0U0D HEALTH,.

C3.044s06s DETERMINE MINERAL REQUIREMENTS FOR LARVAES
JUVENELES» AND ADULTS AND LEVELS NEEDED FOR ADE-
QUATE GROWTH AND GUDD HWEALTH,

U3eVle074 DETERMINE THE SIGNIFICANCE DF DIETARY FIBER IN
THE DIET JF JUVENILES AND ADULTS.

Je., DISEASE AND MORTALITY

Ja,01.

EFFECT GF PATHUGENS

U4sDleOls S5TYUDY BLACK SPOT» EPISTYLIS, AND OTHER DISEASES
CAUSED BY PATHOGENS. CETERMINE MOODE OF IN-
FECTION AND TRANSMISSION,
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04.02. EFFECTS OF STRESS-RELATED DISEASES

04,02401. STUDY THE EFFECT OF TEMPERATURE FLUCTUATION
AND WATER QUALITY FACTORS LISTED IN FACTOP 02
(ENVEIRINMENTAL REQUIREMENTS) ON SUSCEPTIBILITY
TO VARIOUS KINDS OF DISEASES.
04.02,02+ 3TUDY FHE EFFECT OF HANDLING ON SURVIVAL OR
POSSIBLE INFECTION BY ORGANISMS PRESENT IN THE
CULTURE ENVIRONMENT,
04024034 STUDY THE EFFECT OF MULTIPLE HARVESTING ON
SURVIVAL. CETERMINE IF PRAWNS WHICH HAVE PASSED
THROUGH NETS ARE INJURED AND SUCCUMB TO DISEASE
dR DIE BECAUSE OF INJURY,
C4.02.04. STUDY FTHE EFFECTS OF MALNUTRITION ON SURVIVAL,
IMPRUPER DIET MAY STRESS ANIMALS AND MAKE THEM
SUSCEPTIBLE TO DISEASE. STUDY INCIDENCE QF
OISEASE WITH VARIOUS RATIONS HAVING DIFFERENT
COMPONENTS.
04.02.05« STUDY THE EFFECT UF CROWDING ON SURVIVAL,
DETERMINE DENSITIES AT WHICH DISEASE MAY OCCUR T¥
GROW~0UT SITUATIONS.,
J44034 EFFECTS OF PREDATORS
04.03,01. DETERMINE EXTENT UF PREDATION BY FISHs BIRDS AND
QTHER FURMS,
D4e04s EFFECTS OF COMPETITORS AND PESTS
C4,04.,01. DETERMINE EFFECT OF COMPETITORS SUCH AS FISH.
0404402+ SVALUATE EFFECT OF ALGAE IN PDNDS,
04.05. EFFECTS OF OTHER FACTLRS WHICH MAY CAUSE MORTALITY OR ItL
HEALTH
D44U5eU1ls DETERMINE EFFECTS OF VARIDUS FACTORS.
04+06e NEED TO UNDERSTAND NORMAL HISTOLOGY AS BASIS FOR
EVALUATING EFFECTS OF DISEASES,
04.06,01¢ ESTABLISH REFERENCE COLLECTION OF NORMAL
HEALTHY TISSUES.
SEXUAL CEVELOPMENT
05401« EFFECTS OF CHARACTERISTICS OF VARIDUS SPECIES QF MACRN-
BRACHIUM ON THEIR CULTURE IN AQUACULTURE SYSTEMS,
0501401, STUDY METHUGDS OF SEX RATIO MODIFICATION. EXPOSE
ANIMALS IN CULTURE TN THE PRESENCE [F HORMONES -
IN AN ATTEMPT TO ALTER SEXUAL DEVELODPMEMT,
INVESTIGATE POSSIBILITY DF PRODUCTION NF MOND-
: SEXUAL POPULATIDNS.
05.01.02, STUDY MECHANISM OF BULL DEVELOPMENT. INVESTIGATE
THE CIRCUMSTAMCES UR POSSIBLE MECHANISM THAT MAY
INAIBIT YOUNG MBLES FROM BECOMING LARGE-CLAWED
BULL PRAWNS 0OR FACTORS WHICH PROMOTE THIS CHANGE.
U5.01.03, EVALUATE FACTORS WHICH MAY EFFECT THE RATID OF
' MALES TO FEMALES AND DETERMINE MECHANISMS IN-
VAOLVED.
05.01+04, DETERMINE IF THE RATIO OF MALES, FEMALES AND BULLS
: IS A TRAIT WHICH SEGREGATES IN POPULATIONS OR IF
IT CAN BE MODIFIED BY CHANGES IN THE ENVIRONMENT,
REPRODUCTION
C6.0le EFFECTS OF VARIQIS FACTORS ON REPRODUCTION IN CAPTIVITY AND
THEIR CONTROL .,
CG6401401s STUDY c£FFECT OF PHOTOPERIOD ON REPRUDUCTICN.
DETERMINE IF PEPROODUCTION IS ENHANCED BY PHQOTO-
PERIODS UF CERTAIN DURATION QR MAY BE INHIBITED
B8Y MODIFICATION OF PHOTOPERIOD.
06.01.02. STUDY EFFECTS OF TEMPERATURE ON REPRODUCTION.
06a02¢ NEED TO UNDERSTAND REFRODUCTIVE PHYSIOLOGY OF PRAWNS,
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06.03, NEED FOR A METHOD

(e.02.01.

060301,

GENETICS

UT+01,

0r.02.,

‘370030

07404,

G7.05.

JTe 06,

EVALUATE GENcTICS

CG7.01l.01.

U7:01e02,

07.01.03,

SELECTIVE
07.02.61,

WT.02.02.

07.¢2.03,

SELECTIVE
07403401,

0703402,

SILECTIVE
UTeuv4.01,

C7.04402.

U7.C4.03,

SELECTIVE
C7.00.00.

07.052020

SELECTIVE
074064010

G7T.06.02.
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MECHANISMS RELATED TO REPRODUCTION FOR VARIOUS
SPECIES. :
OF ARTIFICIAL INSEMINATION,
CONDUCT RESEARCH TO DEVELOP RELIABLE METHODS.

OF VARIOUS STOCKS OF SELECTED SPECIES.
COLLECT NEW STOCKS OF M, ROSENBERGII FRQOM

VARIQUS PARTS OF THE WORLD. EVALUATE GROWTH,
SURVIVAL, FCODOD CONVERSION AND ECONOMIC CHARACTER-
ISTICS. 10ENTIFY STRAINS BEST SUITED FOR CULTURE,
ESTIMATE GENeTIC VARIATION OF STOCKS OF M,
ROSENBERGII BY ELECTROPHORETIC ANALYSIS FDOR USE

IN SELECTIVE CROUSSING.

COLLECT OTHER SPECIES OF MACROBRACHIUM AND COMPARE
PERFORMANCE,) GFRDWTHs SURVIVAL, AND OTHER FACTORS
WITH M, ROSENBERGII,

CROSSING (HYBRIDIZATION)

CRISS SELECTED STOCKS OF M, ROSENBERGII. PERFORM
SELECTED MATINGS TO INCREASE HETEROZYGOCITY AND
HYBRID VIGOR.

CRJISS SELECTED STNCKS OF OTHER SPECIES AND
EVALUATE.

ATTEMPT SELECTED MATINGS OF M, RUSENBERGII WITH
OTHER MACROBRACHIUM SPECIESe STUDY CHARACTERISTICS
OF PROGENY WHICH MAY HAVE ECONUMIC ADVANTAGES.,
BREEOING FOF MOMOSEX CULTURE

CONDUCT PARTHENDGENETIC SELECTION TO PRODUCE ONLY
FEMALZS3. ALL FEMALE OFFSPRING MAY BE ADVANTAGEOQUS
FOR PRIDJCTIONs EoGe LIMITING CANNIBALISM ALLOWING
MORE CROWDINGs INVESTIGATE MEANS OF PRODUCING ALL
FEMALE PCPULATICON,

CONDUCT PARTHENDGENETIC SELECTION TC PRODUCE
MALES. INVESTIGATE MEANS NOF PRODUCING ALL MALE
POPULATIONS,

BREZEDING TO IMPROVE GRDHTH RATES

CONDUCT HERITABILLTY STUDIES. OETERMINE THE PER-
CENTAGE OF SELECTED CHARACTERISTICS THAT wWOULD

BE PASSED OM FROM GENERATION TO GENERATION,
DEVELOP BREEDING FGF TRAITS WHICH QFFER €CONOMIC
ADVANTAGES,

SELECT FOR UNIFORM GROWTH RATE. DEVELOP A
POPULATION THAT CAN BE HARVESTED ALL AT ONE

TIME. THI3 MIGHFY LEAD TO SELECTION FOR MORE
UNIFORY GROWTH RATE,

SELECT FOR RAPID GROWING STRAINS, CARRY QUT MASS
SELECTIVE EXPERIMENTS TC DEVELUP RAPID GROWING
STRAINS.,

RREEDING FORP INCREASED SIZE

INVESTIGATE METHODS NF INCREASING POLYPLODTIDY,
POLYPLJIDY MAY YIELD #GIANT# ANIMALS AS A RESULT
OF INCREASELDL NUMBER OF THE GENES OR FASTER GROWTH
RATE> BECAUSE MCRE ENZYMES ARE PRESENT,

SELECT FOR ALTERATION OF HEAD-TO-TAIL RATIO.
ATTEMPT TO BREED STOCKS WITH MORE TAIL AND LESS
HEAD WHICH WwOULD BE ADVANTAGEOUS IN MARKETING.
BREEDING FOF LIMPROVED CHARACTERISTICS OF LARVAE
SELECT FOR REDUCTION IN LARVAL DEVELOPMENT TIME 0OR
FOR EULIMINATIUN OF STAGES IN LARVAL DEVELDPMENT,
SELECT FOR SIMPLICITY OF LARVAL CULTURE AND PROPA-
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09,02,

10
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11.
11.01.
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GATION, SELECT STRAINS wHICH HAVE LESS STRINGENT
REQUIREMENTS FOR CULTURE, E.G. UTILIZE DRY FOOD,
DONTT REQUIRE BRINE SHRIHP, ETC.

IDENTIFICATION OF BEHAAVIOR PATTERNS OF VARIOUS SPECIES AND

STOCKS CF
C8.01.01.

08.0l.02.

UB.0l.03.

08.01.0".

VUB.vl.05,

C2aCla0b,

OBIOI.O?.

C8.01s08,

HARITAT ECOLAGY '
09.0l, IDENTIFICATION DF ECOLOGICAL FACTECRS IN PUNDS DR OTHER CULTURE

PRAWNS
INVESTIGATE MIGPATION PATTERNS IN POND. OBSERVF
WHE THER ANIMALS MIGRATE CURING THE DAY. IDENTIFY

ORIENTATION TO SUN AND WIND.

STUDY EFFECTS OF VARYING THE SEX RATIO OF ANIMALS
IN POND AND OBSERVE CHANGES IN BEHAVIDR, SUCH AS
MORE OR LESS AGGRESSION, MATING BEHAVIDR AND EFFFCT
ON POPULATION,

COMPARE BEHAVIOR DF ALL MALE AND ALL FEMALE POPU-
LATIONS AND THe EFFECT ON TOTAL PRODUCTION,

STUDY CHANGES IN BEHAVIGR ASSOCIATED WITH INCREAS-
ING DENSITY AT DIFFERENT STAGES OF GROWTH. (TER-
RITORIALITY)

EVALUATE RESPONSE TO SOUNDe THIS MAY LEAD TO
METHOUS TO ATTRACT PRAWNS TO FEEDING AREAS,
EVALUATE RESPONSE TO LIGHT. STUDIES WITH LIGHT way
LEAD TO SEHAVIOR MODIFICATION OR TO USE OF NATURAL
RESPONSES IN CULTURE SYSTEMS.

EVALUATE RESPONSE TO TEMPERATURE CHAMGE. DETERMINS
IF PRAWNS WILL MIGRATE IN A POND IN RESPONSE TO
WARM OR COLC WATER,

[DENTIFY FEEDING BEHAVIOR,

SYSTEMS AND THE RELATION TO VARIATIONS IN PRAWN PRODUCTION,

U9.,01.01.
0%.01.02,

L9.01.03,

CPe0laC4e

09001005.
09,01.06.

STJDY PLANY BIJCOMMUNITIES IN PONDS. IDENTIFY
SPECIES ASSCCIATED WITH PLANTS IN PONDS AND
EVALUATE THEIR COMBINED EFFECT ON PRODUCTIDN AND
FOOD CONVERSION,

STUDY SLUDGE BINCOMMUNITIES IN PONOS. CHARACTERTZE
THE SLUDG: CHEMICALLY AMD IDENTIFY ASSOCIATED [OP~-
GANISMS. RELATE SLUCGE COMMUNITY TO POND PRODUCTI-
VITY,

EVALUATE PHYSICAL AND CHMEMICAL CHARACTERISTICS OF
WATER IN PONDS AND DETERMINE THE EFFECT ON PRODUC-
TIVITY.
EVALUATE EFFECT
DUCTIVITY.
EVALUATE EFFECT OF POND AGING ON PRODUCTIVITY,
EVALUATE EFFECTS OF POND CONFIGURATION AND LOCATINN
ON PRODUCTIVITY.

OF SOIL COMPOSITION ON POND PRD-

IDENTIFICATION OF POTENTIAL SPECIES FOR POLYCULTURE,

09.02.010

LAND AND WATER

EXPERIMENT WITH PLANT AND ANIMAL SPECIES THAT CAN
Bt GROWN BENEFICIALLY WITH PRAWNS,

LAND AND JATER AREAS IN LCCATIONS WHERE PRAWNS CAN BE GROWN
SUCCESSFULLY ARE NEEDED FOR AQUACULLTURE BUT COMPETING USES

MAY MAKE SPACE UNAVAILABLE OR TOO EXPENSIVE.

THIS MAY

AFFECT SITE SELECTION.

10.01401.

LABOR SUPPLY

DETERMINE AVAILABILITY AND COST OF LEASING OR
PURCHASING LAND AND WATER AREAS FUR VARIQUS SITES
SELECTED FOR AQUACULTURE VENTURES.

MOST AQUACULTURE VENTURES ARE LABQR-INTENSIVE 50 AVATLA-

BILITY,

PRODUCTIVITY,

ANO COST OF LABOR ARE [MPORTANT CON-
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11401.01. DETERMINE AVAILABILITYs, COST AND PRODUCTIVITY OF
LARDOR IN AREAS SELECTED FOR EVALUATION A5 SITES
FOR AQUACULTURE VENTURES.
114014024 ESTABLISH CULTURE SYSTEMS THAT MINIMIZE MANPOWEP
REQUIREMENTS.,
LOGISTICS
12,01, CCSTS Or UTILITIES AND COST OF TRANSPORTING SUPPLIES TO
PRODUCTION AREA, PREPARING THE PRODUCT AND SHIPPING IT TCO
MARKET MUST BE CONSIDERED IN SELECTING SITES.
12.,04.0l, DETERMINE LCGISTICS COSTS JF VARINUS SITES SELECTED
FOR AWUACULTURE VENTURES,
LtGAL REQUIREMENTS
13.0ts PRAWN FARMERS MUST OBTAIN PERMITS AND LICENSES AND COMPLY
WITH REQUIREMENTS OF VARIDUS REGULATORY AGENCIES AT FEDEPRAL,
STATE» OR LOCAL LEVELS., _
13,01.01. DETERMINE RFQUIKEMENTS DF VARIOUS REGULATORY
AGENCIES ANLU DISSEMINATE THIS INFORMATIDON TR
POTENTIAL PRAWN FARMERS,
13.01.02. ANALYZE COST UF MEETING REQUIREMENTS OF RESULATNRY
AGENCIES. tSE THIS INFORMATION IN DETERMINING THF
ECINOMICS uF PPAWN CULTURE AT VARIIUS LOCATIONS.
13.01,03,. DEVELOP ULNLFORM STATE REQUIREMENTS AND SIMPLIFY
PROCEDURES FIR UBTAINING PERMIYS.
SEED SuPPLy
14s0ls BROODSTOCK MAINTZINANCF
- 14.01.Ci+ DETERMINE REQUIFEMENTS AND COSTS
1402, MATUFATIONR OF AQULTS AND SPAWNING IN CAPTIVITY.
142026Gie OETcRMINE REQUIREMENTS AND COSTS
1403« HATCHERY DESIGN AND CONSTRUCTION
. 14403,0Ls ODESIGN HATCHERY HEATING SYSTEM FOR YEAR-ROUND
OPERATIAIN wITH ACCEPTABLE CDST OF GPFRATION,
DEVELJ® AN INSULATED RECIRCULATED WATER SYSTEM FOP
LARVAE. INVCSTIGATE THE USE OF SOLAR HEAT EX-
CHANGERS,
14.,03,02, DESIGN WATEF SYSTEM TO CDNTRUL QUALITY AND FLOW
RATES [N HATCHERIES.
14,03,03, INVESTIGATE MUDIFICATION OF ENVIRONMENTAL CONDI-
TIONS TU SHCRTEN TIMF REQUIRED FQR LAPVAL
DEVELOPMENT,.
l4,03.u4s DESIGN AND CONSTRUCTY HATCHERIES TO MINIMIZE LABOR
REQUIREMENTY AND TQ MAINTAIN UPTIMUM CONCITIONS
FOR LARVAE, (SEE ALSO FACTOR 02. ENVIRONMENTAL
REQUIREMENTS)
14,04, LARVAL FOODS
14404404 DEVELOP FEELING PROCEDURES TO IMPROVE EFFICIENCY
IN THe USE CF ARTEMIA.
14,04,02. INCREASE SUPPLY UF HIGH QUALITY ARTEMIA CYSTS FRAM
MATURPAL SOUKCES.
14,04,03, COMPARL AND EVALUATE NEW VARIETIES OF BRINE SHPIHP
AS LARVAL FLOD., FEED VARIOUS SPECIES OF BRINE
SHR I1MP NAUPLII TGO LARVAE DURING DEVELOPMENT
PERIOD. EXAMINE GROWTH RATES AND SURVIVAL,
14,004,094, DEVELDOP PROCEDURES FOR REARING ARTEMIA THRIUGH
THEIR LIFE CYCLE AT HATCHERY SITES TO PRCVIDE
CONTINUOUS SuPPLY OF NAUPLII.
14.064,05. DEVELOP AN ARTIFICIAL LARVAL FOODD AS REPLACEMENT
FOR BRINg SHRIMP. TEST EXISTING FORMULATIONS FDR
LARVAL SHRIMP AMD LOBSTER FO0D IN FLAKE (OR DTHER
FORM, EXAMINE GROWTH RATEs SURVIVAL, AND LABDR
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14.05,

GROw=0UT SYSTEMS

15.01.

15.02.

15.03,
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REQUIREMENTS, ETC,

HATCHERY MANAGEMENT

1405.01.

14.05.02.

14.05.03.

14,.05404,

1“.05.05.

DEVELIOP METHODS FOR ESTIMATING NUMBER OF LARVAE IW
CULTURE TANKS.

DETERMINE AND COMPARE LARVAL DEVELOPMENT REQUIRE=-

MENTS FUR M, ROSENBERGII WITH M, TENFLLUM AND
OTHER SPECTES AND RELATE TO ECONDMICS OF PRODUCING
VARIOQUS SPECIES.,

MANAGE HATCHERY OPERATIONS TO PAINTAIN ADEQUATE
PRIDUCTIGN OF POST LARVAE AT ACCEPTABLE COSTS.
DETERMINE WHEN POST LARVAE SHOULD BE TRANSFERRED
FROM HATCHERY TOD GRO4-OUT FACILITIES FOR BEST
SURVIVAL AND GROWTH,.

CEVELOP METHODS FOR SORTING POST LARVAE AND
JUVENILES BY SEXES T3 FACILITATE MINOSEX CULTURE.
(SEE ALSU FACTOR 09¢ HABITAT ECOLODGY)

POND DESIGN AND CONSTRUCTION

15.0i.01.

15.01.02.
15.01.03,

15401404,
15,01,05,

15401064

15.01.6G7.

DEVELJIP CRITERIA FOR LOCATING MACROBRACHIUM PONDS
AT PRODUCTION SITE.

COMPARE AND EVALUATE SUBSTRATE TYPES,

COMPARE AND EVALUATE METHODS DOF STABILIZING BANKS,
IDENTIFY BEST GRASS TU PLANT ON BANK, DETAIL
METHODS OF MAINTAINING RANKS., EVALUATE DTHER
METHODS DOF STABILIZATION SUCH AS SOIL CEMENT.
DETERMINE OFPTIMUM SLOPE OF BANK IN RELATION TN
STABILITY Of SOILS.

EVALUATE DESIGNS WwHICH WwOULD INCREASE SUBSTRATE
AREA T INCPREASE STOCKING DENSITY.

DEVELOP McTHODS OF LIGHT CONTROL. TEST SUN SCREENS
WHICH TRANSMIT VARIOUS AMOUNTS OF LIGHT TO PROVIDE
SHADING IN ABSENCE UF ALGAE AND TO CONTROL WATEP
QUALITY.

COMPARE AND EVALUATE COSTS OF CONSTRUCTION FOR
PONDS DF DIFFERENT SIZE, SHAPE AND DEPTH AND
COMPARE CONFIGURATIDNS wlTH PRODUCTIDN BENEFITS.

HEATING PONDS TO MAINTAIN ADEQUATE TEMPERATURE F0OR DPTIMUM

GROWTA
15.02.01.

15.02.02,.

15,02.,03,
15.02.04.

15.02.0%.

WATER QUALITY CONTROL (SEE ALSO FACTORS

ESTABLISH RFLATIONSHIP OF FLOW RATE AND WATER
TEMPERATURE TO HEATING METHMOD,

ESTABLISH RELATIONSHIP DF POND CONFIGURATION TO
TEMPERATURE MAINTENANCE.,

COMPARS AND EVALUATE METHODS AND COSTS OF IN-
CREASING POND TEMPERATURE INCLUDING USE OF POWER
PLANT THERMAL EFFLUENT OR GEOTHERMAL WATER,

DESIGN HEATING SYSTEMS WITH HEAT EXCHANGERS IN
BOTTOM OF PUND3 FDR USE WITH THERMAL EFFLUENTS OR
GEOTHERMAL WATERS,

DETERMINE RELATIONSHIP DOF LIGHY INTENSITY TO
TEMPERATURE CONTROL. DETERMINE THE EFFECT DOF A SUN
SCREEN UN POND TEMPERATURE AND EVALUATE PRODUCTION
COSTS AND BENEFITS,.

02 ENVIRONMENTAL

FEQUIREMENTS AND 09 HABITAT ECOLOGY)

15.03.01.

15,03,02,

DETERMINE EFFECTS OF ARYIFICIAL NUTRIFICATION WITH
NITRATE, PHOSPHATES, POTASSIUM, ETC. ON THE AMOUNTS
OF FOODs REQUIRED PRUODUCTION LEVELS AND WATER
QUALITY.

ESTABLISH RELATIONSHIP OF FLOW RATE TO WATER
QUALITY, MODIFY FLOW RATE TO STUDY EFFECT ON
NUTRIENT LEVELS, DISSOLVE OXYGEN LEVELS» AND
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15.03.
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15.03.03., EVALUATE THE EFFECT OF SLUDGE ON WATER QUALITY AND
PRIDUCTION, DESCRIBE THE CHEMICAL CONTRIBUTION NF
SLUDGE TO WATER QUALITY. IDENTIFY ELEMENTS THAT
AFFECT GRUWTH METABDLISM, FOOD CONVERSIDONs ETC,
CHARACTERIZE RELATICNSHIP OF SLUDGE TO OVERALL

r WATER QUALITY.

POND MANAGEMENT

15.04:01+ OEVELOP McTHODS FOR ESTIMATING NUMBER AND SIZE
DISTRIBUTION OF PRAWNS IN PONDS.

154044024 EVALUATE THFE UTILITY OF NURSERY SYSTEMS FOR
INTENSIVE CULTURE UF POST LARVAE WITH ARTIFICIAL
FERTILIZATICGN AMD SPECIAL FEEDS FOR VARYING
PERIOOS BEFDORE STOCKING IN PONDS. SET uP oNsT
LARVAE IN IMTENSIVE CULTURE SITUATIONS. DETERMIMF
WHE THER USE OF NURSERY PONDS INCREASES GROWTH
RATESs IMPRCVES FEED CONVERSICMN AND ENMANCES SuUP-
VIVAL TO MARKET SIZE,

15+04403¢ DETERMIMNE OPTiMUM SIZE OF POST LARVAE FOR STOCKTINE
IN PONDS. HOLD PDST LARVAE IN SMALL NURSERY POND®S
FAR vARIQUS LENGTHS OF TIME., COUOMPARF CNSTS DFf
HOLDENG AND SURVIVAL RATE, MFASURE EFFECT ON
PRODUCTION,

15404404, COMPARE HARVESTING AND PESTOCKING VSe CONTINUOUS
HARVESTING METHUD. EVALUATE THE ECCNOMICS QOF
HARVESTING AN £MTIRE POND BY DRAIMING COMPARED
AITH FREQUEMT SEINING AND PERIOOIC RESTRCKING
WITHOJUT HARVESTING THE ENTIRE CROP.

1540494054 DETERMINE OPTIMUM STOCKING DENSITY, STOCK
SYSTEMS PONDS WITH VARIDUS LEVELS OF POST LARVAE,
COMPARE RATES DOF SRUWTH AND SURVIVAL, MONITOR
WATER QUALITY. EVALUATE ECONDMIC TRADEQFFS IN
PRAWN SI{ZE VS. NUMALRS,

15.04,06., MANAGE POND GPERATIDONS TO MAINTAIN ADEQUATE PRD-
ODUCTION DF HARVESTABLE PRAWNS AT ACCEPTABLE CNSTS.

ICENTIFY FACTORS WHICH MUST d& CONSIODERED IN DFSIGN AND

CPERATION OF INTENSIVE CULTURF SYSTEMS USING TANKSs RACE~

\“AYS) E?C.

15.05.01« DEVELOP DESIGN CRITERIA FOR INTENSIVE CULTURE
SYSTEMS

15.05.02¢ TEST VARIQOUS INTENSIVE CULTURE SYSTEMS AT LARORA-
TORY AND PROTOTYPE SCALE.

15.05.03. ANALYZE RESULTS TO DETERMINE A RELATIVE COST OF
PRODUCTIAON IN POND AND INTENSIVE CULTUPE SYSTEMS,

l6e FEEDS AND FEEDUING (SEE ALSO FACTOR 03. NUTRITIONAL REQUIREMENTS)

ibevle

16402,

A STANDARD LARORATORY RATION IS NEEDED AS A BASE LINE FOR

TESTING VAFIQUS FESEDS.

16.01.01. DEVELDOP A STANDARD LARJRATORY RATION,

FORMULATION OF RATIONS WHICH WILL PRODUCE ACCEPTABLE GROWTH

AtD MAINTAIN HEALTH WITHIN ACCEPTABLE COST LIMITS,.

1€.02.31., COMPARE AND EVALUATE FEED TEXTURES AND CONSTS~-
TENCIESe PREPARE AND EVALUATE FOODS WHICH HAVF THF
SAME NUTRIENT COMPOSITION BUT VARY IN FORMULATION,
SUCH AS HARD V3. SGFT TEXTURE TO DETERMINE WHAT
FORMS ARP MUST tFFICAENTLY USED BY THE ANIMAL.

l6,u2e G2 EVALUATE FOLD RINDERS AND PROCESSING TECHNIQUES TN
CIOINTROL SDLUBILITY OF FOCDS.

1€.02.03, COMPARE AND EVALUATE FOUD SHAPES AND SI7ES.
PREPARE AND EVALUATE FOODS wITH SAME NUTRIENT
CCMPOSITION BUT VARY IN SHAPE AND S172F, DETERMTINF



16402406,

16.02.05.

16.02.06.

16.02407.

WHAT FIRMS ARE MOST ATTRACTIVE TO ANIMALS, FEED 38

DIFFERENT SIZED PARTICLES AT SAME TIME IN MIXED
CULTURES,

IDENTIFY AND EVALUATE ATTRACTANTS THAT STIMULATE
FEEDING., PREPARE AND EVALUATE FOODS WITH SAMF
NUTRIENT COMPOSITION WITH VARIDUS TYPES OF ATTRACT-
ANT OR WITHLUT AN ATTRACTANT,

EVALUATE COMMERCIALLY AVAILABLE FEEDS IN COMPARI-
SON WITH THE STANDARD LABORATORY RATION. ANALYZE
CHICKEN BROILER STARTER AND DTHER COMMERCIALLY
AVAILABLE FEEDS AND DETERMINE IF ITS FORMULATION
COULD 8e ALTERED TO FEED PRAWNS AT LOWER COST,
DEVELJP ALTERNATIVE FEED COMPOSITION ON THE BASIS
OF COSTS OF TNGREDIENTS WHICH ARE INTERCHANGEABLE,
IDENTIFY ALTERNATIVE COMPONENTS IN FEED FORMULATION
ON THE BASIS OF LOCAL COSTSe INCLUDE COST OF FOR=-
MULATION.

DEVELOP ALTERNATIVE FEED COMPOSITION OM BASIS OF
AVAILABILITY. IDENTIFY ALTERNATIVE COMPONENTS IN
FEED FIRMULATION ON THE BASIS OF LDCAL AVAILA-
BILITY USING FEED FORMULATION TABLES TO BE DE-
VELOPED FOR LOCAL INGREDIENTS.

16.03, FEED UTILIZATION

16.03.01.

16.03.02,
16.03.03.

ESTABLISH RELATIONSHIP BETWEEN AMOUNT FED AND
AMOUNT UTILIZED. CALCULATE THE WASTE-FEED RATID
FOR VARIQUS DIETS TO DETERMINE WHICH FCCDS ARE
MOST EFFICIENT,

DETERMINE CCNTRIBUTION OF UNEATEN DR UNDIGESTED
FOOD 70 FERTILIZATIONGF PONDS.

DETERMINE RATE OF FOOD CONVERSION, CONDUCT
STUDIES TJO ESTABLISH FOOD CONSUMPTION AND CONVER=-
SION FOR VARIOQUS STAGES OF PRANWN IN CULTURE,

16.04., FEED DISTRIBUTION

16404401,

16s04e Q24

16.04.03.,

17. HEALTH (SEE ALSO

DETERMINE OPTIMUM FREQUENCY OF FEEDING, DETERMINE
FOOD UTILIZATION AND CONVERSION USING DIFFERENT
FEEDING FRECQCUENCIES,

DETERMINE QOPTIMUM TIME OF FEEDING, CONDUCT STUDIES
TO DETERMINE IF FEEDING AND CCNVERSION 1S FAVNRED
BY FEEDING AT VARIQUS TIMES OF DAY,

IMPROVE EFFICIENCY OF FEEDING BY UTILIZING

BEHAVIOR PATTERNS,

FACTOR U4 DISEASE AND MCRTALITY)

17.01« CONTEJIL OF FACTORS WHICH CAUSE MORTALITY OR POOR HEALTH IN
CULTURE SYSTEMS

17.01.01.
174014024
17.01.03,
17.01.04,

17.01.05.

17.01.0¢.

MONITOR STOCKS IN CULTURE SYSTEMS TO DETECT PATHO-
GENIC DISEASES AND APPLY TREATMENTS.

MOOIFY CULTURE PRUCEDURES TO MINIMIZE STRESS.
DEVELOP AND APPLY PROCEDURES TO CONTROL PREDATORS
DEVELOP AND APPLY PROCEDURES TO CONTROL COMPETI-
TORS

DEVELUOP AND APPLY PROCEDURES TO CONTROL ALGAE,
WEEDSs AND OTHER ADVERSE ENVIRONMENTAL FACTORS IN
PONDS

PURLISH A MANUAL ON HEALTH AND DISEASES OF MACRO-
BRACHIUY» ANUG TREATMENT PRODOCEDURES.

18, HARVESTING PROCEDURE S
18,01+ POND HARVESTING STRATEGY

18.01.01.

DETERMINE THE OPTIMUM TIME AND FREQUENCY OF HAR-
VESTINGs VARY FREQUENCY OF HARVEST OF PRAWNS
ABOVE AN ESTABLISHED MINIMUM SIZE. RELATE FOOD



13,

20,

18.02,

CONSUMPTION V5. SIZE TO ODETERMINE MDST FCCNOMICAL 3

STRATEGY.

POND HAKVESTING METHOLS.

164C2401¢ COMPARE AND EVALUATE CURRENT METHODS UF HARVESTING
INCLUDING PCOND DRAIMAGE, NETTINGy ETC. EVALUATE
POND DESIGN AS A& MEANS Gf INCREASING HARVESTING
cFFICIENCY,

18402402« DETERMINE THE EFFECT NF SLUDGE ACCUMULATION IN
EFFICIENCY LF HARVESTING.

18,02.03. DSSIGN IMPRUVED NFTS FOR HARVESTING, DESIGN NEW
NETS FIR EXISTING METHODS OF OPERATION THAT wWAULD
REDUCE THE NMUMBER 0OF SMALL PRAWKNS KILLFD QO
INJURED» IMPROVE EFFICIENCY AND REDUCL LABOR,

18.Cc.04. DEVELJIP MZCHANIZED OR AUTOMATED METHNDS OF HAR-
VESTING. DESIGN RACEWAYS, CIRCULAR PONDS, ETC. TO
ACCOMMIDATE MECHANIZED CR AUTCOMATED EQUIPMENT.

184024054 INVESTIGAT: UTILIZATION OF PRAWN BEMAVIDR PATTFRNS
SUCH AS MIGRATION AND RESPONSE TD LIGHT TO IMPROVF
METHODS UF HARVESTING,

PREPROCESSING

19.011

HANDLING PRAWNS FRTM HARVEST TO PROCESSING T3 MINIMIZE

CUALITY LGSS.

19401eQle DEVELJP MLTHOD OF RAPIOLY TRANSFERRING PRAWNS FRNM
PONDS TJ PROCESSING UNIT,

19.01.02+ DETERMINE ACCEPTABLE TIMF UNTIL PRICESSFD. STUDY
EFFECTS ON QUALITY GF CHILLING VS. HOLDING AT @ppm
TEMPERATURE . :

1901403+ OEVELOP STAMDARC PRCCEDURES FOF HANCLINC PRIQR TP
PROCESSING TJ PREVENT LOSS OF QUALITY,

PRICESSING

20401

20402,

20«03,

2UeU4.

20-05.

PROCEDURES AND cCONOMICS DF MARKETING LIVE PRAWNS

20.,01.01. DEVELOP STANUARD PRDCEDURES FOR LIVE MARKETING
Uf PRAWMS .

2U0e01e026¢ IDSNTIFY COSTS AND THE CONDITIONS UNDER WHICH IT IS

’ IS ECONUMIZAL TO MAKKET LIVE PRAWNS,

PROCEDURES AND £CINIMICS OF MARKFETING FROZEN PRAWNS

CCeG24Gle IDENTIFY METHJDS 0OF FREEZING THAT RESULT IN
HIGHEST QUALITY PruO0UCT AND DEVELQP STANDARD PROD-
CEOURES) % 4Co DOES BLANCHING, HEADS=-GN 0OR HEADS
QFF IMPROVE THE FROZIEMN PRODUCT. EVALUATE FLASH
FREEZING ANL RAPID FPEZZING USING SUPER CQOOLING AS
COMFARED TO TRACITIONAL METHODS.

2C64Q024302. TOENTIFY CQESTS AND THE CONDITIONS UNDER WHICH IT IS

" ECONQMICAL TO MARKEY FROZEN PRAWNS,

PROCEDURES AND EC INOMICS OF MAPKETING CUOOKED PRAWNS

2C.023,0)1. VETERMINE METHOOS OfF COOKING .THAT RCUSULY IN THE
HIGHEST QUALITY PRODUCT wITH BEST TASTE AND
TEXTURE AND DEVELJP STANDARD PROCESSING AMD MAR-
KETING PROCEDURE.

206034020 ICENTIFY COSTS AND THE CGNDITIDNS UNDER WHICH IT
1S ECONJIMICAL TG MARKET COOKED PRAWNS.

PROCEDURES AND ECINOMICS LF PACKAGING PRARWNS FOR THE MARKFT,
cCa0%.01, DEVELUP [MPKROVEL METHODS OF PACKAGING LIVEs FRNZEN
JdR COTIKED PRAWNS AND IOENTIFY THE CDSTS.

A SMALL PERC:ENTAGE OF PKAWNS PRODUCED IN SOME AREAS HAVE &

SOFT MUSHY TEXTURE,

20e0be0Le DETERMINE CAUSES OF QUALITY VARIATION SUCH AS SOFT
TEXTURE.

204s05,02. DEVELODP PROCESSING PHNDCEDURES TO MINIMIZE QUALITY
VARTIATIUONS, SUCH AS SOFT TEXTURE,
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22

23,

20406,

40
NEED FOR QUALITY STANDARDS AS A BASIS FDR QUALITY CONTROL

AND INSPECTION PROGRAMS,
20406 .01+ DEVELOPMENT OF QUALITY STANDARDS BY INDUSTRY OR
BY GUVERNMENT AT REQUEST OF INDUSTRY,

DISTRIBUTICN AND MARKETING

21.01.

21.02,

21.03.

SUPPLY
22401

DEMAND
23.01.

23.02.

23.03,

PROCEDURES AND ECONDBMICS OF SHIPPINGy, STORAGE AND DISTRI-

@UTION OF PRAWNS IN VARIOUS PRODUCT FORMS.

21401401s DETERMINE SHIPPING, STORAGE AND DISTRIBUTION AND
RETAILING PROCEDURES WHICH WILL RETAIN CUALITY AT
ACCEPTABLE COST,

21401402, DETERMINE MAXIMUM STORAGE TIME UNDER VARJOUS CON=-
DITIONS CDONSISTENT WITH QUALITY RETENTION AND
cVALUATE COST,

FRODUCT SAFETY

21l.02.0L¢ OETERMINE SAFETY JF THE PROOUCY FOR HUMAN CON-
SUMPTION BY ANALYZING FOR HEAVY METALSy PESTI-
CIDES, CHEMICAL CONTAMINANTS AND BACTERIAL OR
VIRAL CUNTAMINATION, ETC,

NUTRITICNAL VALUE NF FRAWNS FOR HUMAN CONSUMPTION

€1.03.C1. DETERMINE PROXIFATE COMPOSITIONs CHOLESTERTIL, £TC,

CETERMINING CURRENT AND PROJECTING ANTICIPATED PRODUCTION

FROM AQUACULTURE AND LANDINGS FROM HARVEST OF WILD STOCKS

IN VARIGUS LOCATIUNS AND TRANSPORT TO MARKETS.

22.01.01. OBTAIN STATISTICS PERIODICALLY TO IDENTIFY CUR-
RENT PRUODUCTION FROM AQUACULTURE AND HARVFST OF
WILD STOCKS IN UsSe AND ABROAD,

22401402s PRIJECT ANTICIPATED PRODUCTION FROM AQUACULTURE
HARVEST OF wILD STOCKS.,

22.01.03, ENCOURAGE LABELING OF IMPORTED FRESHWATER
PRAWNS TO ODIFFERENTIATE FROM THE DOMESTIC
PRODUCT .

DETERMINING CURRENT AND PROJECTING FUTURE DEMAND FOR VARIOUS

PRODUCT FORMS,

23.01.01. DETERMINE ODISTRIBUTIOIN PATTERN IN U,S. OF M-
PORTED FRESHWATER PRAWN TAILS AND 1DENTIFY AND
QUANTIFY MARKETS,

23.01l.02. CONDUCT A PRELIMINARY SURVEY TO ESTIMATE THE U.S,.
MARKET FOR DOMESTICALLY PRODUCED FRESHWATER
PRAWNS IN VARIOUS PRODUCT FORMS (E.G. LIVEs FRESH
CHILLED, COCKED, FROZEN, WHOLE VS, TAILS VS.
MEATS).

23.01.03, WHEN ADEQUATE SUPPLIES ARE AVAILABLE CONDUCT TEST
MARKETING OF VARIOUS PRODUCT FORMS IN REPRESEN-
TATIVE LOCATIUNS AND EVALUATE TO INCLUDE ESTIMA-
TIIN JF INCOME AND PRICE ELASTICITY,

234014044 CONDUCT A PRELIMINARY SURVEY TO ESTIMATE FOREIGN
MARKETS FDOR FRESHWATER PRAWNS PRODUCED IN U.S.

23,01,05¢ DETERMINE OTHER USE FOR FRESHWATER PRAWNS SUCH AS
BAIT OR A5 AN INGREDIENT FOR COMPOSITE PRODUCTS.

SELECTING AS STANDARD TRADE NAME FOR MACROBRACHIUM

23,02,01. DETERMINE APPROVAL BY UsSe FOOD AND DRUG ADMIN]IS-
TRATION AND REACH INDUSTRY AGREEMENT DN A STANDARD
NAME .,

COMPETITICON BETWEEN FRESHWATER PRAWNS AND MARINE SHRIMP IN

UsSs MARKET

23.,03.01. DETERMINE THE RELATIVE MARKET ACCEPTABILITY OF
FROZEN TAILS OF FRESHWATER PRAWN AND MARINE SHRIMP,

23403.02, DETERMINE LCONDMICS OF MARKETING FRESHWATER PRAWNS
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5.

27,

AS FROZEN TAILS VS. OTHER PRODUCT FORMS. 4

LOCATION OF MARKETS
2440l DETERMINING GEOGRAPHICAL, ECOKNMIC AND ETHNIC MARKETS FOR
PRAWNS.
2440104+ IDENTIFY GECGRAPHICAL AND ETHNIC MARKETS TN U.S.
AND ABRTIAD
24.01.02. DEVELOP STRATEGY FJIR EXPANDING MARKETS AND
ESTIMATE CAOSTS.
PRICE
22401s SELLING PRICE FNOR VAFIOUS PRODUCT FORMS BY AREAS AS
RELATED TC CIMPETING FRIODLCTS.
25431401k ANALYZE CURPENT PRICFS FOR WHOLE MACRDBRACHIUM
AND COMPETING PRIIDUCTS,
25401eC2s ESTIMATE PRICE FDR MACPORRACHIUM TAILS IN COMOARa
ISUN WITH PENAELD SHRIMP,
25401403« PRIJECT PRICE TRENUS FOK VARICULS PRODUCT FRwe,
ECONIMIC ANALYSIS
wHaT ARF Tmip COSTS JF PROQUCING MACROQPRACHIUM IN RELATION TD
SELLING PRICE4 COSTS ASSOCLATED wlTH SUCH FACTORS AS LARQDP,
HEATINGs, FEEDs CUNSTRUCTION MAVE AZEN IDENTIFIED UNDER PRE-
vIUuS TUFICS., THIS SECTION COVERS THE ENTIRE KRANGE OF FACTORS
MyST BE CNNSIDERED JEFJIRE INVESTING IN FRESHWATER PRAWN
CULTUKRE
264C01ls STRUCTURE IF THE PRAwM FAKMING INDUSTRY
6e0leClse PRIJECT THe IMPACT 0OF LARGFR COMPANIES NN THE
SMALL PRAWN FARMER J.5. wILL ENTRANCE OF LARGER
COMPANIES WITH DlFFEPENT PROFIT MOTIVES AFFECT
3MALL PRLGDUCERSS THIS 1S RELATCD TO S1Z2E 2F LrcalL
AND INTERNATINONAL MARXKETS.
cbaGaa02¢ STUDY Tt POTENTIAL OF USING CC-0PS FOP HARVESTIMA
AND MARKETING FU IMPRIVE THE ECONOMICS OF SMALL
PRODUZERS .
26401403, 3TUDY THE ECONOMICS (F SCALE ASSOCTATED wITH PCNR
PRODUCTICN. UrTERMINE UPTIMAL LtVEL OF PRnDU’-
TION OF MAXIMIZE PROFIT,
26400l e0%e DETERMINE THE MINIMuy™ SIZE FAQM NFEDFD TG aUSTAIN
AN INJIVIDUAL AS A FULL UR PART TIM: QCCUPATINN,
DETERMAIN: CAPITAL REJUIREMENTS.
26eGie0%y DETERMING THE ST1ZF COF A PRDDUCING UNTT NECESSARY
T3 ATTRACT CAPITAL INVESTMENT BY LAKGE CCROoQeA-
TIOINSs DETERMINE CAPITAL REQUIREMENTS,.
2h.02. PRUDUCTION FCONODMICS
26.02.01s DEVELIP AN ECONOMIC MODEL QOF PRUDUCTINN, TUE #Q0NFL
SHIULD BEL BRUAD ENCUGH TO SHOW THE INTFRPRELATICON-
SHIP OF THE FACTORS AFFFCTING FRODUCTION SUCH AS
LABOR, PHOWEks CONSTRUZTLION, EQUIPMENTs FEEDs AND
QPTIMYH PRAWN SIZE, THE MOOFL SHOULD RELATE SCALE
TO TOTAL . CIST JF PeDDUCTION,
IMFUOPMATIGON DISSEMINATINN
27401 THE DISSEMINATINN CF CENFRAL AND SFECIFIC INFNDRMATION CON-
CLRNING MACRIBRACHIUM +RJOM PUBLISHED AND UNPUBLISHED
SCURCES TC ULERYS (IR POTENTIAL USERS, THIS INFORMATINON MaAY
EE UPGATED PERIUDICALLY DEPENDRING ON THFE PROGKESS 1IN THFE
FIELD AND IMPRUVEMENT IN THE STATE OF THF ART. IN TOTAL
IT wlii PPOVIDE A& BASIS FOR INVESTMENT DECESICNS AND A GUIDSE
FOR PRODUCERS,
27¢01.01le PRIDUCE AND DISTRIBUTE CULTURE MANUALS AND
PERIULDIC REFDORTS OMN PRAWM CULTURE.,
2Toule02, LIST PUBLISHED AND AVAILABLE UNPUBLISHED LITERA-
TURE Il NATIONAL AQUACULTURE INFDRMATICON SER-



¢7.01.03,

2740104,

42
VICE COMPUTERIZED BIBLIOGRAPHY WHERE IT 1S READILY

AVAILABLE AT A NOMINAL COST.

PREPARE AND DISTRIBUTE A LIST OF ONGOING RESEARCH
PROJECTS CONCERMING MACROBRACHIUM AND VJPDATED
PERICDICALLY.,

ESTABLISH AN ADVISORY SERVICE TO PROVIDE ON-SITFE
PRIBLEM ASSESSMENT AND TD COMMUNICATE TECHNICAL
INFORMATION TO PRODUCERSs PROCESSORS AND MARKET-
ERS

28, INVESTMENT CAPITAL
MACROBRACHIUM CULTURE LIKF MOST AQUACULTURE VENTURES INCLUNES
RISKS WHICH ARE GREATER THAN FQR AGRICULTURE. THIS MAKES TI7Y

28,01,

28,02,

DIFFICULT
28.ul.G1,

28.01.02,

28,01.03,

T0 OBTAIN ADEQUATE CAPITAL IN MANY CASES
ESTABLISH GOVERNMENT DBLIGATION GUARANTEE PROGRAM
AS PROPOSED IN AQUACULTURE BILL NOW BEFORE
CONGRESS.,

CONDUCT PROTOTYPE TESTING TO VALIDATE COMMERZTAL
APPLICABILITY OF LABORATORY RESULTS.

REQUIRE INSURANCE.

TIME REGUIRED TO GET &N ACCEPTAQLE RETURN ON INVESTMENT,

28402401,

GOVERNMENT LOAN DR OBLIGATION GUARANTEE PROGRAM,
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Appendix B

The seventeen research projects and their assoclated parameters
determined at the Dec., 13+ 1976 workshop. Ratings are those glven
in the follow=-up survey subsequent to the workshop. Project
descriptions may not match exactly with those llsted In Appendices A
and C because 0of revigsions between the workshop and the final
survey. Ratings are averages over all respondents on a scale of 1
(not needed) to 4 (urgent?, Ratings were requested to be made
separately on each of cix categories: Payoff, urgencys probability
of success» resourcess time frame and cost. The jtems "status™ and
"researcher™ have not been entered Into the data bhase. This causes
these data items te default to "NOT BEGUN™ and "NONE™ in the tahle
below.



AQUACULTURE RESEARCH INFOKFATION SYSTEM
MACROBRACHIUM RESEARCH STATUS
PRUJECTS FORMULATED AT THE MACROBRACHIURM WORKSHOP

J1.02.00

DETERMINE EFFECT OF ENVIRON FACTORS ON GROWTH

DETERMINE ENVIRON VARIABLES AND THEIR EFFECT
O GRIWTH AND AS RELATED 7O SEX RATIO
STATUS:?

PRIORITY
PAYOFFouns
URGENCY ¢ v s
PR FUCCESS
RESQURCES.,
TIME FRAME
CDSI......

U2.06.01 DET
CET

RATING
2.17
2.06
2.64
25
2.32
2.4%

ERMINE
ERMINE

NGT BEGUN

RESEARCHER?
==COMMENTS~-

VARIABLE

VARIABLE

HIGH Tu MEDIUM
VARIABLL

1-5% YEAFS

VARIABLE

NONE

EFFECTS OF ENVIRONMENTAL CONTAMINANTS,
THRIUGHPUT RATES AND FATE GOF

ENVIRONMENTALLY PRESENT CHEMICALS ON THE ANIMAL,

STA
PRIORITY
PAYCFFaoso
JRGENCY es
PR SUCCESS
RESCURCES.
TIME FRAME
CUST...I..

U2+06003 DET
$STA

PRIGRITY
PAYCFFoaauo
URGENCY.so
PR SUCCESS
RESOURCES.,
TIME FRAME
CUST...II.

J3.J01.00 DET
DET

TUS!
RATING
3.08
3.38
3.62
3.08
3,23
3.08

ERMINE

Tuss

EATING
2.71
2.86
3.29
2ot
2.79
£+769

ERMINE
ERMINE

NOT BEGUN

RESEARCHER?
==CIMMENT S==

SITE SELECTION INSURANCE -
USEFUL NOW AT PRODUCTION SCALE yP
PRACTICAL

LAYJIRATORY STANDARD

1-5 YEARS

$49,000 - $60,000

NONE

EFFECTS OF CHEMICALS USED IN POND MGT
NOT BEGUN RESEARCHER? NONE
-=COMMENTS—--

PRODUCTION CONTRAOL

AT PRODUCTION SCALE UP
PRACTICAL

LARORATORY STANDARD
1=2 YEARS

$40,000 - 360,000

BASIC NUTRITIONAL REQUIREMENTS
BASIC NLTRITIONAL REQUIREMENTS FOR

GROWTH, SURVIVAL AND HEALTH OF VARIOLS SPECIES
AT EACH LIFE STAGE

STA
PRIGRITY
PAYDFFaese
URGENCY .
PR SUCCESS
RESCURCES.
TIME FRAME
CUSTl.'...

05.01.,00 DET
DET
SPE
STA

PRIORITY
PAYOFFaane
URGENCY 40
PP SUCCESS
RESOURCES.,

TUS?
RATING
2.80
2487
3.11
2.76
2,23
1. 74

ERMINE
ERMINE

NOT BEGUM

RESEARCHER?
==COMMENTS—=

CUST REDUCTION, LOWER HAZAPRDS

AS SOON AS POSSIBLE

PRACTICAL

BIICHEM LAB, BIOCHEMISTs NUTRITIONRIST
B YEARS/LONG TERM

$300,000 TO $500,000 PER YEAR

NOME

EFFECTS OF SEXUAL DEVELOPMENT VARIATIDN
EFFECTS OF CHARACTERISTICS OF VARIOUS

CIES JF MACROBRACHIUM OM THEIR CULTURE

TUSs
RATING
2+09
2.04
2.09
2.38

NOGT BEGUN

RESEARCHER:
—~COMMENTS -~

VARIABLE

VARIABLE

LIw

VARIABLE

NONE
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TIME FRAME
CUSI..'.I.

07.01.C0

196
2.02

LONG RANGE &5

VARIABLE

PERFORPM STOCK EVALUATION

EVALUATE GENETICS OF VARIOUS STOCKS

STA
PRIORITY

TUss

NOT AEGUN RESEARCHERS NONE

RATING ==CIIMMENTS--

PAYCFFo.o0e 2405 LUJUWER COST HIGHER PRODUCTIDN
URGENCYsnse 1498 WHIN AVAILABLE

PR SUCCESS 2.62 MEDIuywm

RESCURCES. 2.67 CO4MERCIAL PONDS, BIOLOGIST
TIME FRAME 1.93 5 YEARS

COSTOQIIOD 2+.14 $30,000 - 590!000

Cds01s0C IDENTIFY BEHAVIOR PATTERNS OF VARIOUS SPECIES AND
STOCKS OF PRAWNS
DETERMIN: FcEDINGy MIGRATIION, TERRITORIALITYs AND
MATING BEHAVIUR OF PRAWNS
STATUS: NOT BEGUM RESLARCHER: NONE
PRICRITY RATING —-=-COMMEMNTS~-
PAYOFFagas 2408 WILL LDWeR COST
URGENCYsoe 2.2% USEFUL ANYTINME
PR SUCCESS 2.54 HIGH
PESOURCES. 2.62 RESEARCH PONDS OR TANKS, GPAD STUDENT
BEHAVIOPAL BIOLCGIST
TIME FRAME 2.71 2~-5 YCARS
CUSTaasnes 2.30

$205000 =

U3eUheCl CEFINt PING FHVIRIONMENT ‘
IDENTIFY ECOLOGICAL FACTORS 1IN PUNDS ORf OTHER
CULTURE SYSTEMS AND THEIR PELATION TO VARIATIOQONS
IN PRAWN PRODUCTIDN,
STATUSY NOT REGUM ‘RESEARCHER: NONE
PRIONLTY EATING =—=Ci)MMENTS~~-
PAYDFFeose 2417 DOJBLE PRUDUCTION, SCIENTIFIC REARING
URGENCYses 2626 A5 300N AS POSSIILE
PR SLCCFESS 2437 MEDIUM
PESOURCES. 2,31 COMMERCIAL PONDS/MONITORING INSTRUMENTS,
BIOGLOGICAL TECH,s STAT ANALYSTs 10 PER CENT
RESEARCH 3CIENTIST
TIML FRAME 24,18 2=10 YEARS
COSTeeennnr 229 $60,000 - $12J0»CUC/YEAR

14.01.01 IMPROVE JTILIZATION OF ARTEMIA
DEVELOP FoEOING PRFUCEDURES TO IMPROVE EFFICIENCY
IN THE U3t OF ARTEMIA '
STATUSt  NOT BEGUD RESEARCHERT NONE
PRIORITY RATING —=CUMMENTS-- ‘
PAYUFFLa0e 3eJgv STaABILITY OF HAZARD REDUCTION
URGENCY.os 3,15 AS SOON AS PGSSIBLE
PP SUCCESS 3,00 HATCHERY
RESGURCES. 3.15 PRACTICAL
TIME FRAME 2,92 1 TO 2 YEARS
CUSTaeeere 2492 560’000

l4.04,02

INCRELSE SUPPLY OF ARTEMIA

INCREASE SUPPLY OF HIGH QUALITY ARTEMIA CYSTS FROM
NATURAL SOURCES. DEVELOP PROCEDURES FOR REARING
ARTEMIA THROUGH THEIR LIFE CYCLE AT HATCHERY SITES
T3 PROVIDE A CONTINUQUS SUPPLY DF NAUPLII.
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STATUS: NOT BEGUN RESEARCHERT NDNE
PRIORITY KATING =--COMMENTS~~
PAYOFFeses 3436 STABILITY OF HAZARD REDUCTION
URGENCY..s 3.36 AS SCON AS FOSSIBLE
PR SUCCESS 2.64 PRACTICAL
RESUULRCESs 2464 LAS
TIME FRAME 2.79 2 YEAPRS
CDST..--.. 2-64 5100)000

Lé,04.,05 FIND SUBSTITUTE FOR ARTEMIA
DEVELOP &N ARTIFICIAL LARVAL FODD AS REPLACEMENT
FOR BRINE SHRIMP
STATUS: NOT BEGUN RESEARCHERS NONE
PRIDRITY RATING ==COMMENTS~-
PAYOFFeeue 3,43 STABILITY UGF HAZARD REDUCTIGON
URGENCYsso 3,36 AS 3S0ODN AS POSSIBLE
PR SUCCESS 2.64 HIGH
RESUURCES. 3,90 £330 LABs HATCHERY. FO0DD TECH
TIME FRAME 2,57 2 T 4 YEARS
CDSTaaciu- 2-36 5100:00(

15404,01 DEVELO? JO35T EFFeCTIVE COUNTING METHODS FOR PRAWNS
DEVELGP METHODS FOR ESTIMATING POPULATION AND S12ZF
DISTRIBUTION JF PRAWNS IN PONDS
STATUSt  NOT BEGUN FESEARCHERT NONE

PRIQRITY RATING ==CUMMEMNTS=-

PAYGFFssee 2471 PRJIDUCTION STABILITY

URGENCY ., 3,00 AS SOON AS POSSIBLE

PR SULCCESS 271 HIGH

RESOURCES. 2.71 COMMERCIAL PONDS STATISTICIANS
ELECTRONICS TECH

TIME FRAME 2,57 1-2 YR (SAMPLING} 1=6 YR {INSTRUMENTS)

COSTownaes 2071 525’000 550,000 - 580’000

22494402 DEVELIP STOCKING STRATEGY TO INCREASE PRJDUCTION
EVALUATE UTILITY CF NURSERY SYSTEMS. OFETERMINE
DPTIMUM SIZE JF PCST LARVAE FOR STOCKING IN PONDS,
DETLRMINE OPTIMUM STOCKING DENSITYs DETERMINE
CPTIMUM STOCKING TIME AND FREQUENCY.
STATUS:T NOT BEGUM RESEARCHER® NONE
PRIORITY RATING ==CIUMMENTS==

pAYDFF....
URGENCY .0
PR SUCCESS
RESOURCES.
TIME FRAME
CGST...".

2+93
3.07
3.14
3.00
S04
2450

i6.v3.0]

COMPARE CFFICIENCY OF FEEDING PROCEDURES
ESTABLISH RELATIONSHIP BETWEEN AMOUNT FED AND
AMOUNT UTILIZED, DETERMINE CONTRIBUTION OF
UNDIGESTED FOOD TC FERTILIZATION OF PONDS.

STATUS:
PRIORITY
PAYEiFFonoe
URGENCY s us
PR SUCCESS
RESOURCES,
TIME FRAME
COSTanwneas

2,179
2.86
2.79
3429
2.8%
3,07

NOT BEGUN
RATING --COMMENTS--

RESEARCHEPRI NONE

CA3T REDUCTION

AS SOON AS POSSIBLE

PRACTICAL

PONDS» NUTRITION TECH, POND MANAGER
1 T 4 YEARS

$60,000
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2005401 PDETERMINE CAUSES OF QUALITY VARIATICON
STATUSt NOT BEGUN REScAPCHEFE: NONE
PRIOFITY RATING —--CIMMENTS~-~-
PAYOFFoeoe 2471 GUARANTEES CONSISTENT QUALITY
URGENCY.os 2.93 3-5 YEARS DEPENDING ON [NDUSTRY PROGRESS
PR SUCCESS 2.86 20 PER CENT
RESCURCESs 3400 FDOO TECH LABy, FIOOD TECHy BIDCHEMIST
TIME FRAME 2,64 3 T 5 YEARS
COSTewsees 2.93 $605000 TO $100s000 PER YEAK

23.Uleui CHARACTERIZE DISTRIBUTION SATTERN AND MARKET IN

UeSse DETZRMINE DISTRIEUTION PATTERN OF IMPORTED
PRAWN TAILS IN UsSe AND QLANTIFY MARKETS
STATUSE NOT AEGUNM RESCARCHERS  NONE

PRIORITY RATING ==~COMMENTS=-~

PAYUFFeaee 2443 TIDENTIFY MARKET, BOLSTER MARKETING

DECISION, DIFFERENTIATE DOMESTIC MARKET

URGENCYwae 2457

PR SUCCESS 3,00 PRACTICAL

RESCURCESe 3al4& STANDARL

FIME FRAME 2,93 LESS THAN | YEAR

COSTeweses 2493 MINIMAL

23401.02 PRELIMINARY MARKE] SURVEY

CINDUCT A PRELIMINARY SURVEY TO ESTIMATE THE UeSe
MARKET FOR DOMESTICALLY PRIDUCED PRAWNS IN VARINDUS
PRODUCT FORMS
STATUST NOT REGUN RESEARCHER?: NONE

PRIOFITY RATING ==CUMMENTS5-=

PAYGFFosoe 2,43 MIDIFY INVESTMENT LEVEL

URGENCY,00e 2.20 IMMED[ATE FOR DECISION MAKING

FR SUCCESS 2.8& PRACTIICAL

RESTILRCES e 3407 STANDARD FACILITISS) MARKET SPECIMLIST

TI®F FRAME 2.b6 1 TtAk
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Appendix C

Compiete 1jst of average ratings for all porojects In Macrobrachium
priorities survey., 5See Appendix C caption for explanation of rating
system,



AQUACULTURE RESEARCH

PROJECT

010101
Jivdvul
010202
10203
Clo204
J1G205
bvl020¢
«10207
ClC2ub
01020wu
wlo3Jl
010302
o201yl
J2020]
029301
Jg2a3u2
J22303
Q20401
G20301
J2ubl
020602
Vlubh3
B2ueV4
V2uTul
G207¢2
U20703
VLV ST
G2Gouil
J3G (1
N30192
Jau.03
G30104
vaslub
Q3alCce
whultl
J402G]
D420 ¢
Ua203
Lau2us
Jag2es
U4 )301
Jaubul
UaQ40?2
O4u%ul
(VEIVE 1481
9%01ul
052102
Ji3Giu3
250104
V60101
0e0102
MY JVF S v

SAMPLE
SIZE

14
14
14
14
4
14
14
14
14
14
1e

2
lé
l4
15
14
L4
l4
14
13
15
l4
13
i
14
14
L4
la
14
14
i4
la
14
14
ih
14
14
14
14
14
14
14
14
i4
14
i4
ia
ié
14
14
14
14

INFORMATICN SYSTEM
SUMMARY OF MACROARACHIUM RESEARLH SURVEY PRIDRITY RATINGS

PAYOFF

1.3
2+1l4
1.57
2e29
2.9C
2493
Zedt
2,21
2429
1.93
le93
2.0
2. 71
2+ 29
2.73
3.97
2eu?
2499
250
3a08
2443
20?&
2+15
2.64
2+ 07
250
2.36
2e07
2.86
3.00
2,79
2446
2aht
2eb4
2e )0
2edi
2eQ7
2-6"1
1.93
2457
1.80
deld
2ebh
l.14
1.48%
2.07
2.07
186
2.0y
a7
2.07
1,30

URGENCY

1.64
2200
le2l
2+0C
1.5%9
2+86
1.8¢
2+.8¢6
221
2407
14906
2.50
2.57
2ed7
2480
3.21
2429
2.14
2+k6
e 38
2473
el
2.08
2.8¢E
2e93
2e71
2etsh
2el
2.93
3.00
2ebib
2.8L
2479
219
2.21
2.2")
2eld
2+57
1493
2.64
1.93
2621
2.86
l.1%
l1.74
2w
2214
l.7%
2.21
20U
2.14
l1.¢64

PROB NF¥F
SUCCESS

3,36
3.00
2e%3
e 90
2.14
3.00
€+35
3.50
1,93
.86
2471
3.50
3,07
3,36
3.07
3.5
2elib
2.86
.21
3462
3,12
3.29
2.77
3.21
Jel4
.14
.14
2436
3.14%
3.21
3.07
J.07
3.07
3.07
2.57
2e21
2429
£+ 79
celd?
3.07
279
2.86
2.71
1e43
2.79
207
2429
207
1.93
2486
3.21

el

—=AVERAGE RATINGS--

RESDUPCES

3.07
2+8¢
2429
2+79
271
2493
250
3.42
2457
2.7T1
2e21
i,s0
3.00
3.07
2a13
J.14
2.71
2457
3.00
3.06
2.53
2ab4
2.46
3.07
3,47
3.07
1,00
2eld
2.9¢
2+86
2e?l
2.71
2471
2.71
2429
2e3&
2450
2.71
250
2.93
2e33
2e93
2«93
1,03
2eldt
2063
2450
2e21
2e36
Z2a%3
3.9
2.21

TIME

2e43
2el6
.29
2450
1.93
2.79
l.54
3.21
1.86
2.50
le64
4.0C
2.43

2+63
3. 14
2.%0
2.43
2.93
3.23
2.53
279
2.38
2,090
2e93
24933
2493
1.719
2.1
2.29
2436
2.721
2eld
2.14
1,93
2407
2457
2+88
2.21
2.79
24%3
2464
250
lel4
2.56%
1.93
2.07
1,86
1.53
2abi
2.93
2.00
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L.79
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271

e 71
e
2,40
3427
2443
2.3¢
7067
3.08
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«79
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SAMPLE PRCB OF
PROJECT SIZE PAYJFF URGENCY SUCCESS RESOURCES TINME CasT
060301 14 l.64 1.3¢ 1.79 2.07 1.79 1,013
v7ulGl l4 236 2.36 3.14 279 1.93 Zel&
070107 14 2400 le93 2e29 2ebt 1l.86 ca?l
v70103 14 1.79 l.b64 2et3 2o 200 2.7
076201 i4 2¢36 2.07 2.57 2.57 200 2650
GT0202 14 la71 1.57 2e21 2457 2,00 229
670203 14 1.79 1.57 2,14 2etd 2.90 2¢21
0703¢1 14 1.79 1.43 l.64 2,07 1.43 o F4
G7.302 14 2¢07 1e79 1.93 2e14 l.43 l.64
070401 14 2«36 200 257 2e71 1.71 Te 86
070402 l& 2429 2416 1.93 2¢30 1.57 186
070402 l& 2.179 257 2443 2,71 1.71 7elb
VTO5C1] 14 2436 207 l.64 2429 1.43 192
c?o5u2 14 2et3 2+21 1.57 2029 1,26 1493
G70A01 14 2.07 2407 2.00 2.71 l.8¢6 e 8¢
wtuec2 it 1.93 2.00 1.93 2e79 1.50 ie93
08C10G1 i l.8% 1.93 2e43 2.6% 2+57 2450
vgulioeg 14 2.U7 2414 2.50 2.79 2.71 ca57
JEOLO3 14 221 2450 2.93 279 2e 19 2etfl
085104 i3 2aub 2eb2 277 2e85 2.85 2462
0820105 14 l.85 1.86 2.1% 2.29 2.57 . 1 2
J8010¢ i4 200 229 2436 257 2eR6 25T
08uL07 14 1.79 1.93 2.21 2+29 2.57 L4286
UBOL1GE 14 24517 2486 3,14 2.93 2.93 2.79
uw90l01 it 2a03 2edl 2e57 2e19 2e%3 2atd
090102 13 2400 1.92 223 2.31 2.15 2,23
Loul03 i4 2.21 2450 2.43 2450 2.21 ?e3b
U014 14 2407 2e3b 2429 221 2.21 2429
G90i0s 14 2.1% 2.30 2,43 2+14 2.00 2e21
09010¢ 14 2e1% 2421 2.29 1.93 2.07 2e0
v902012 14 2e21 2421 £e79 2457 2e36 2.07
0904G2 1 20V 2.00 3.00 4,30 3.00 IR 004
100101 14 2.07 221 3414 3.29 2+93 3,21
113101 14 1.79 2.00 2+86 3.07 2.57 2.9
1iglo2 14 2.356 221 2,43 2,71 2+21 2,21
12G0101 15 1.67 2000 3,00 3040 2.20 3,26
130101 lq 2e93 .21 3,86 3886 3.64 3.7
i3elo2 13 2.38 2454 3,869 l.46 3.00 I.,.8
130103 la 2ebb 2:64 2.86 3.3¢ 2.93 .07
14Gic0l 15 2427 1.93 2.93 3.1.3 273 2.27
140102 1 3,00 3.00 3.00 4.00 3,00 200
140201 e 1.79 179 2450 2479 2436 250
140301 1% 2+40 2e21 3.07 2.69 2.60 2447
140302 il 2.18 2«04 2.91 &y 3] 2482 2455
140303 14 2¢%3 2.55 2.93 2.79 2.79 2.79
i4u304 i3 2e022 254 2.92 2e54 2+69 2431
143401 13 31.00 3.15 3,00 3,15 2.92 2.02
140402 14 3.356 3.36 2eb4h 24+b4 2479 24
140403 i4 2437 2,86 3.00 3.14 3.07 3.C7
140404 13 2e54 269 223 2+s46 2.38 222
140405% 14 1.43 3.3¢ 2.64 3.00 2457 2.36
140501 14 2+36 2e64 286 3.29 3.00 2.1%
i40502 14 le57 1.88%6 2236 2e57 2414 250
140503 15 220 2.33 Ce 33 2,87 2.27 2ol
140504 14 2,14 236 271 2ebé 243 2450
140505 14 2elh 1.93 1.50 2.36 2.36 2443

152101 15 2.037 2.20 2.560 2.47 2.20 ?.53



51

SAMPLE PROA OF
PROJECT SIZt PAYOFF URGENCY SUCCESS RESQURCHES TINE rosT
150102 16 2alb 2e29 2+71 2.+50 2.21 7463
150103 14 4eB6 2021 2.86 Zob« 2050 72 BE
150104 l4 1.38 l.43 236 229 2.07 e
L5015 14 2236 2436 £450 2457 2.36 Za b4
1561086 l4 171 ie79 2.07 2+50 2.21 a4
15C1o7 14 2.4.36 2eb3 2e36 2.71 221 Ze 27
150201 14 l.64 1.37 2.00 1.93 1.93 .93
15u20¢ 14 133 CeV 2.29 2.1l4 2elb 2el?
150203 i4 2.07 1.93 221 lebt 1.93 .
L50204 14 l.97 1.50 leb? 1.79 l.b4 1.57
15¢265 14 l.79 1,92 2.36 2¢57 2+57 Zebdh
150361 14 2450 2043 2eb4 2493 2407 2.50
153302 14 2.29 2.50 2.7} 2.8¢ .25 7. 50
15C303 14 2ol celb 2+43 279 2436 2454
150401 14 2eli 3.00 2.71 271 2457 Te7]
150402 14 2.93 3.07 .14 3.0 Z.64 Ce BT
150403 i4 2.79 3oy o 3.u7 3.2C 2eTl - Zeb4
i%uv405 14 2+.36 3.00 3,21 2,00 2437 2.%0
i%040¢ 14 2el4 2.21 2e21 2436 2.00 SeBE
150501 12 1430 led? cel? 2.00 1.7% 1.63
1505402 14 L1e79 l.57 2.2% 1.93 1.79 l.t4
150503 L4 1.79 1.93 236 2.21 2.29 £a2C
aFivel 1 4,09 2.GD 3.00 4,00 2.09 2400
460104 14 2+%3 3eU7 .14 3,36 3,00 . 7493
leQlul 1 4«00 4,00 4,00 3.00 3,00 e
1budui it 2+35 2457 2.79 3,07 ° 2.71 Jebt
163202 lq 2eTl 2.93 2.93 3,21 2.79 2,92
i6udol it 2.36 2.66 .02 3,21 2.864 2,07
159204 14 2450 2ebh 2459 293 2438 ZeET
160205 ) 2atlb 3,07 3.21 3.36 2.79 3.07
160296 14 2.71 2.93 3.29 3.21 2«79 ENRES
160207 it 2e71 2479 2493 3.21 2464 1,07
1603G1 14 2479 2e86 2.79 3.29 2.8¢ 3,07
673053 14 2071 2486 .07 1,21 2.71 e’ 0
160401 14 2243 2ebb 2.00 1,29 2, 8¢ Zel0
leQap?2 14 2429 2.97 2:.64 3,21 2486 2207
176401 14 L.79 Le93 ¢+36 2.E¢ 2.14 18!
lTelee 14 24906 2.21% 2+306 2.86 1.79 Tel 7
i7ulnd lg el l.86 1,913 2436 2.00 200
i7010¢4 14 Fe%0 1.71 2,09 ce 3¢ 2.00 Cez!
172195 14 2429 2e 36 2ol 2450 1+ R6 2e29
170410 14 1.36 1.5C 2.35 2.29 2.14 2.5
PR LR RV 14 et 2e71 2,69 3el4 2059 e 78
189201 14 264 2479 3.07 3.14 2.71 T PE
L8u2¢2 14 143% 1.59 2.21 2a71 2450 2e71
183203 i4 2497 2e36 2.57 3,00 2.57 2.M
i802C4 14 2.14 cell 2471 2.71 2.3¢ 2.14
LeQ2a% 14 2el4% 221 2.07 279 2436 A
1991yl la 1e27 1.79 3.21 3.14 3.07 .79
140102 14 2ebis 271 3.07 Jeulk 2.86 321
190L03 14 2e5) 2ekh 3.36 3.3c 3,07 3,36
200101 14 2.21 2e¢%3 ce85 2.86 2.B8 2410

Zudlug 14 2443 2ebh .93 2.86 2.93 307
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SAMPLE PROE OF
PROJECT SIZE PAYOFF URGENCY SUCCESS RESOURCES TIME cCnST
20¢201 14 2.79 2.856 3.1a 3.21 2.93 2,03
2ouau2 14 2s21 243 C+86 3,07 Ze 86 7.93
20230} l4 1.79 2407 3.07 .14 3.00 Fe21
FAVIVET Y 14 Le7l 2.00 3,00 3,21 3.00 3,36
200401 14 Z+14 236 1.14 3.21 2.86 2,07
290501 14 2.71 2493 2+886 3.00 2+ 64 2493
200601 14 2.21 2429 2.71 3.14 2.44 2,79
2101G1 14 2.03 2443 3.14 3.07 2.86 2,00
¢luloe 14 2e36 2eb4 30l4 3.14 2+97 31.07
210201 14 Le93 2.21 3.07 3.14 2+57 “.E6
210301 14 ls386 1e79 2471 271 2.50 ZaT1
22J41GC1 15 2013 2.27 2+93 3,40 2.93 .20
221102 i3 1.34 1.23 1.6 2,08 1.92 2428
220103 14 20l 2:14 2.07 . 2479 2.71 .27
230141 14 2e43 257 3.00 3el4 2493 2.93
23010¢ 14 Z2e43 2.50 C+86 3,07 2486 2Bk
230103 14 2450 2+:36 ZeB6 2.7¢ 2.57 ?.76G
230104 14 2.14 2.21 2.79 3.1% 3.70 3470
2301u5 14 1.37 l.b4 2.07 2.36 2407 Zefh
230201 14 Le93 2436 2e36 2,71 Zebd 1,60
230301 14 2429 2+413 3,00 2.8% 2.5% .93
23030¢ 14 2+57 2.50 3edh 2493 2.79 Je93
240101 14 2.21 2407 2.71 2.79 2.43 .57
Z40ld¢ 13 24324 203G Z2.62 2462 2.38 W17
25uvi01 i4 1.79 2el4 2471 279 2464 Te TG
25J102 14 l.86 2.00 2eb3 2.71 2eb4 2.79
250103 14 1.71 L+64 2e14 2+5C 2.29 2.5C
260101 i4 1,79 16129 221 2.T9 2457 771
260102 14 2+00 1.93 2.36 2.93 2,50 .79
266103 12 222 2e42 Z2.28 3.08 2.83 1,08
260104 14 2eld 2e21 2e43 2.79 2450 £aT1
260105 14 2«07 2.14 2+50 2.93 2.50 2484
<6u20] 14 2436 2459 2eb% 3.00 2e57 7479
27C1vl 14 2¢43 2457 2.93 3.,3C 2.71 3450
£1Gi0e 14 2.29 2.57 3.29 1,21 .00 3.90
cTGL04 14 2057 2e4%3 2.71 2+71 2.50 280
280101 14 1.93 1.86 le43 2407 1.57 1,07
230102 14 2e36 2+21 Z2.36 Z2.14% 1.71 1.50
28391¢3 14 1.35 1.14% 1,07 1,29 1.14 1.21

2eo2ul i4 L.57 1.36 1.14 1.21 1.14 1.21






