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ABSTRACT

This report describes a procedure for allocation of priorities among
possible goal oriented research projects directed at enhancement of an
aquaculture industry, The methOd iS applied tO further development of
an industry based on culture of the freshwater praline Qgggiigggggjlig
QQgfQQf fgjja, 4 I i st of gener a I factors' pr obl em areas and poss I hie
research projects iS developed and then prloritlzed by professionals
from sci ence and Industry accor ding to var I ous cri ter I a. The r o I e of
economic analysis for an existing industry and simulated economic
analysis for a potential industry are discussed. Appendices contain
comp l ete project I I stings and pr I or it i as for the exampl e gggaahzgggjgg
industry.
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DEVELOPMENT OF RESEARCH PRIORITIES
FOR AQUACULTURE PL ANNI NG

The continued development of aquaculture in terms of economically
viable industr les requires research programs to gain understanding of
the diverse steps involved and ho« they can be structured Into
practica a cost-effective production systems' The purpose 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 touched upon by an operating aquaculture-based
industry are extremely diverse' especially in a society where
technically trained persons tend inevitably to specialize rather than to
gain broad general understandings of «ide areas of kno«ledge- Research
is any endeavor «hich attempts tO further our 'kno«ledge of the «orkings
of our environment  in the broad senseip or the «ays in «hich «e can
manipulate it ~ Aquaculture is as broad an endeavor as agriculture~ and
research might include fields ranging from economics and marketinor
pathoiogyi genetics~ developmental bio ogyp microbiology to civil
engineering and e  ectr on lcsp etc' Research proJects are usua I I y
organized along the  ines of such diSciplinesi in «hich one or a smal 
number of specialists in the area either perform experiments or examine
natural phenomena to discover ne« and original kno«ledge or put together
existing kno«ledge in novel and creative «ays to discover how to perfor~
some tasks

In aquaculture~ the overall researchable question is "what are the
most cost-effective measures to produce and market a  food! product
based on domestic cu  ture of an aquatic animal or pfantT"4. This
production must oe done within certain constra nts ~ such as conformance
to applicable environmenta  regulations ~ With the consideration hy
Congress of a major legislative act to promote development of
aquaculture> it is reasonable to consider the problem of determination
of «hich facets of the many researchable problems in aquaculture should
be approached first «ith «hat «I f al«ays be a limited quantity of
resourcesw both mone tary~ human and instltut ional. This is a report of
a research project «hose objective «as to determine a method for setting
priorities among potential research projects and to apply it to the
development of an aquaculture industry for the fresh «ater pra«np
darCahra ;bikl f IXCQhalaii< The detailed results of this research
prioritization can be found in the "Species Iilan for Fresh-Water Pra«ns

of' the Genus Qgff  QgygQjgg "  Gludee et alibi 1977! ~ The pianning system
for the NGAA aquaculture plan has been described by Glude   1977!. The
procedure described belo« is proposed as a part of that system and Is
designed to implement many of the considerations therein'

>"Aquaculture' The culture or husbandrv of aquatic animals or plants
by private industry for commercial purposes or by public agencies for
augmenting natural stocks'� "  World Harlculture Society definition! This
p aper addr esses pr i mar I I y the commercial aspects of aquaculture'



PLANNING RATIONALE

In development af a planning rationale~ a number of methods vere
cons I der ed and eval ua ted. The three ma jor techni ques ~hi ch ee ~ I I f
describe are the Program Evaluat ion and Revie~ Techni ave  PFPT! ~ a
comprehensive step~ise procedure for determination and prioritizatian of
possible research areas and an economic analysis of an actual or
hypathet I ca I industry ~

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

The method must include an Qzakziaa Qf Ilk samaria aX rQ1iura
of a particular species group af concern.

The method «ust cons I der the gggllf f Rf CilaggZgg in any of the
relevant areaS in termS of the enhanced production that ~auld
resul t from a successful solution of an identified problem~ the
aXehahiJ.JtX af aiiab ailaaaaa and the CaSt In terms of times
manpo~ ~ r and other resources required for the research'

In recognition that the plan vill be carried out by researchers
from academia> Industry and government and funded by federal
funds' the planning method must have a procedure for jggiif fglig
XhQxc tckc,icfhtta ~Ith interests and/or expertise in
aquaculture of the particular species groups

The planning system must be fggajllga and allow for Iiggggg as
research results become available.

The purpose of the planning system is to Identify a method for the
orderly development of the industry via steps which are reasonab'Iy time
and cost efficient ~ This means that the method must allo~ for the
establishment of priorities for the allocation of limited resources at
those points in the overall productio~ system ~here they ~ill have the
greatest chance of producing a significant increment of benefit.

PKRX 4j.aaC.ail@ ~ad ~aaLXaia

The above consl deratlons recognize that the planning and the
ultimate prior itizat ion of allocation of resources are primarily the
result of the @no~ledge> interests and desires of people rather than any
purely objective set of scientific facts which can be evaluated by save
concrete mathematical procedure. Nevertheless> objectivity Is an
invaluable component of the process. The program evaluatian and revie~
technique  PERT!  see Johnson et al. 1972! IS a procedure ~hlch Is
designed ta aid in the planning of any multi-step program designed to
accomplish a single end goals



Pert ls applicable primarily in programs ~here each step can be well
planned with speclf ic time and other resources allotted and «here the
pr obabl   i ty of succes s is v ir tual I y 100'4 at each step ~ Modl f i catl ons of
PERT have been made to al low for probabil ity of success but these
require a quantification of the probability which is generally beyond
the level possible for our applications. Moreoverr PERT is oriented to
the development of an entire 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 researchr esPeciallv in
the biological area~ involves stages ~here success Is not at all certain
nor is the time to successr if it is achlevedr predictabler except
«ithln large limits' The PERT diagram  see Fig ~ 1I which indicates
«hich elementS Of an Overall prOgram may OCcur in parallel  COncurrently
«ith each other! and which must occur in series  following one another!
is an excellent way to develop an gggfyjgl  of the areas which must ao
into the development of all or one phase of an aquaculture Industry.
Tnis approach has been applied in the NQAA Aquaculture Plan  Gluder
1977!a

The mathematical analysis which usually accompanies the PERT
prOCedure iS deSigned tO identify whlCh StageS will be CrltiCal Or
"bottIeneck" stages for the overa!I program developments The method
relies upon having a concrete measure of the timer money or other
requirements at each stage. Some of these can be soecifled ln the
research stages of aquaculture industry development and some «III be
very diff icuIt to specify. As a resultr while gQgJ diagrams give an
excellent overvie« of the stages required for development or enhancement
of an industryr PERT Igfgggggjggj analysis to identify bottlenecks is
nOt neceSSarity feaS ible Or neCeSSary. In Order tO deVelOp prlaritieSr
however r some measure of both Probability of success and the value of
that success if achieved must be developed' It is for this reason that
the opinions of experts must be incorporated and averaged or ln some way
aggregated to come up «1th a measure of expected benefits and
probab'iiity ol' success'

As a final comment on the applicability of PEPTr a distinction
shou!d be made between a ggaagggII project and a ggggjggIN IQ projectr
though theSe frequently OVerlap and grade IntO eaCh Other. In researCh
the emphasis is on discovery of new kno«tedge whereas In development the
emphaSIS IS On appl ICatian Of' theeretICally exlStinq knO«ledqe tO
establish practical means of performing a task or functions PERT is

especially helpfulr both diagrammatic and mathematical aspectsr
development rather than research. For detailed mathematical analysts
via PERT to be appr op r i ater the development taSk muSt be much mOr e
complex than that sho~n in Fige 1 ~ If the stages of Flg. I were
labelled with a timer cost or other measure it ~ould be a simple matter
to pick out the critical path and stage. The ordering of stages sho«n
in Fig. I is somewhat ambiguous due to the generality of the Processes
involved ~ At a later polrt In developmentr lt might be posslb!e to
better define the stages and specify their order with greater certainty ~
At such a timer pi=RT would be a more helpful planning tool.
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STEP-WISE PROCEDURE

Develop an ov'erview of the aquaculture production syste> s!~
Including alternatives.

2 ~ Organize the production system into the major fagjQij affecting
production in terms of traditional scientific and professional
areas ~

3 ~ Determine the major QgQQfgn areas «I thin each fjQQQg «hich
might affect Industry production or eff iciency.

Organize each QZQhjai pygmy into potential research QgQjgggj
«hlch address efements of the problem.

5 ~ Develop an evaluation of the QgQQjgi jgggj and individual
Qf QJggi j by as many persons «i th prof essl onal Interest In> or
knO«l edge Of > the SpeC if'iC aquaCul ture induStry aS pOSSib I e ~

6. Revise the I i st of f jrfggjz. QgQQjggj and QfQJgg f j accor ding to
results of the eva lua t ion.

7. Ref ine the evaluat ion to Include expected iiggg f jgj
QfQiiggjgjfg Qf jggggj j and QgQJJj f/' ggjQIIfgg j for each proJect ~

8. As new and ore-existinq research projects develop knowledge and
techno I ogyr r ev i se the I I st of fagiQfj t RCQlifllj and Rf Qdf RKS
as appropriate.

9 ~ periodically summarize the project list in the order of maximum
expeCted benefitS aS rated by different prOfeSSiOnal grqupS
accor ding to var ious benef I t cr I ter I aa

~XStalII QXaCXLCII an~i ar.aanieaaLQa tata QiaJaaij

The first stage in the procedure is to develop an overvie~ of the actual
Or pOtential prOduct iOn SyStemSr inCluding alternatiVeS~ ~hich miqht qo
into a viable aquaculture production process' This should include all
aspects of the process � from obtaining culture materiatsp arowth ~
development~ feedingi disease> environmental r equlrementsp population
measurementr harves ting~ product prepar ation or processlngi and
marketing ~ This overview Is perhaps best represented as a diaaram or
s er I es of di agr ams. F i gur e 2 shows such a di agr am as I t ml qht be
produced for a 5ggrQIIf jQhjIAOl culture industry. 4 di agram at this stage

The f o I I o« I ng s te
a comprehens i ve and

per form them «I I I be
illustrated «ith ex
daCrQhCjrhilim s~~~~ «

ps are intended to meet the above pl arming needs in
order iy -manner ~ These steps and the methods to

discussed in the remainder of the paper and
amples dra«n from the development process for the

pl an ~
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but it should indicate a logical division of separate components of the
production process which can be later ref ined.

Step two involves the identification of the major factors which affect
operation of the industry at one or more points In the process. These
factors shoul d be developed along tradi tional profess lanai and
scientific disciplinary areas so as to guide the development of
subsequent research projects ~ Table 1 sho~s a list of the factors
deve I oped for comme r cl ai QggZg5zkgbjiiI cul ture. The ini t I al I l st Is
subject to revision and modification to produce an organization which
best meets the needs of the species being considered.

Within each major factor it Is necessary to determine the Problems
associated with that factor which are critical for the industry  step
three!. It Is at thi s point that information about the status of
scientific or technical knowledge Is required on the part of the
personnel developing the plan. The problems may represent the frontiers
of knowledge as they affect the culture of the species or some other
aspect of the Industry ~ Altarnatlvelyi the problems might represent
procedural ly straight-forward questions for which standard methods have
been develaped ~ Tabi e 2 I I luStrateS with SOme prOblemS aSSOCiated with
factors for the gggCIIQZagbjII@ industry ~ These problems might be stated
as questions or simply as general areas for Investigation ~

Each Problem area can be addressed by one or more IIggjgggg des I gned to
gain more information or Improve technology  step four! ~ Table 3 shows
some exampies. The projects should be selected so as to be practical to
carry out~ 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 industry ~ Of course~
problems wIII not always fit neatly into such categories' Some projects
may require development of new technology requiring a longer period of
time for accomplishment or requiring unusua I inputs of funds' expertise>
physical resourcesi etc. Inclusion of such projects should be based
upon the increment of viability or productivity ~hich success Is likely
to bring tO the industry'



Table 1 ~ Major f actor s l n 5gggyggIghjgii production
corresponding to professional and or scientific disciplines ~

General Category Factor Tl tieNumber

Spec l ai
Char aeter l st i cs

10 ~

11 '

12 '
13 '

Land and Hater

Labor Supply
Loglst les
Legal Requirements

Siting Factors

ly
Systems

Feeding

production

Factors

g Procedures

19 '

20m

21 '

Pr eprocess lng

Processing
Distribution and Marketing

Product factors

.Supply
Demand

Location of Markets

Pr ice

2 2 ~
23 '

24 '

25 '

Market Factors

Economic Analysis
Information Dissemination
Investment Capital

26 ~
27 '

28 '

Investment

Factors

Ole
02e

03 '
04 '

05m

06 '
07 '

08 ~
09 '

14 ~

15 ~
16

17 '
18'

Growth

Environmental Requirements
Nutritional Requirements
Disease and Mortality
Sexual Development
Reproduction
Genetics

Behavior
Mabitat Ecology

Seed Supp
Grow-Out
Feeds and

Meaith

Harvestln



Table 2. Prob I ems in a Qgggggggfgjiil industr y assoc i ated ~l th
two different factOrS Of the prOduction SyStem ~

Prob I em
Y,umb er

Factor

Number Problem Ti tl eFactor Tit le

Env l ronmen ta l
R equi r em ents

02.01. Effects of mineral content of
the eater

02 ~

Effects of salinity

Effects of dissol ved oxygen

Ef fee ts of temper atur e

Effects ofpH level

Pond des 1 gn and constructio~Gr ow-Out S ystems 15 ~ Ol ~

15 ~ 02 ~

15 ~

Heating ponds to maintain
adequate temperature for optimum
growth

Water qual I ty control

Pond management

02 ~ 02 ~

02 ~ 03 ~

02 ~ 0 t ~

02 ' 05e

15 ~ 03 ~

15+04'

15 F 0' !dent
cons i

opera

syste
etch'

ify factors ~hich must bo
der ed in des i gn and
tion of intensi ve culture
ms usinq tanks raceways~
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Problem

Number Problem Title
Project
Number Project Statement

15 ~ 01 ~ 01 i Develop cr I ter la for locating
QagCglr,gggjIII ponds at production
site

Pond des I gn and
construction

15' 01 I

15 ~ Ol+02 ~ Compare and evaluate substrate
types'

Compare and evaluate methods of
stabilizing banks'

15 ~ 01 ~ 03 ~

15 ~ Ola04e Determine optimum slope of bank
In relation to stability of soils ~

15 ' 01 ' 05 ' Evaluate designs «hlch «ould
increase substrate area to Increase
stocking density,

Develop methods for estimating
number and size distribution of
pra«ns in ponds.

Pond management 15 ~ 04 ~ 01.15 F 04 '

15 ' 04.02 ' Evaluate the utility of nursery
systems for Intensive culture of
post I ar vae «I th artlf Icl af
fertilization and special feeds
for varying periods
before stocking in ponds.

Determine optimum size of
post-larvae for stocking in ponds.
Hold post-larvae in smail nursery
ponds for various lengths of time.
Compare costs of holding and
survival rate. Measure effect on
production.

15+04 s03 ~

15 ' 04 F 04 ' Compare harvesting and restockln9
vs' continuous harvesting methods

Determine optimum stocking
density. Stock system ponds «lth
various levels of post-larvae.
Compare rates of gro«th and
survival.

15+04 F 0'

Tab I e 3. Projects In a ggggIIQCgggjili Industry assocl ated «I th
t«o different problems under the Gror-Out System factor.



Although the pr eceedi ng steps may require referral to a large number of
individuals «ith kno«ledge in various areasz at this stage it «as
considered appropriate to systematically poll a community of
professional people «Itn interest and/or expertise In some aspect of the
industry  Step five! ~ This evaluation is for the purpose of developing
an initial prioriti zation o< both the problem areas and the individual
projects «ithln each problem. For 5gggggggggj,iil!l this «as accomplished
using a questionnaire asking for a priority rating for both problems and
projects Special expertise ln questionnaire development can be found
in many Professlona I organizations and universitieS ~ In this project~
«e requested both a simple quantifiable response on each potential
project  a rating on a scale from 0 to 4~ from "not needed" to "urgently
needed" ! as «ell as a free-farm prose commentary from each responde~t.
This allo«ed an objective method of pretlminari ly screening the list of
projects for nighest priority areas> culling of Projects «Ith a "not
needed" concensus and the addition of some ne« projects to the topic
llsti The sixth step «as then done primarily on the basis of the prose
comments.

The seventh step identifiies the expected benefit or payoff from the
project~ the probability of success of the projecti and some indication
of the resources--money> manpo«eri special expertise~ facilities or
equ lpmenti etc'� --«hi ch the project «ovid require It «ould also be
useful to evaluate the Inst Itut Ionr i i' > Industryi academi ci or
privatei «hich «ould be the most logical group for performance of the
research' This type of detailed Information could be developed either
through a «orkshop «ith a small selected group of Persons from the
original list of respondents of the quest lonnalre or it could be
developed by a fol lo«-up questionnaire ~ Both methods «ere tr led fn
development ol' the Qgggggggggjill!! research plan Table 4 shO«s an
example of the for~ at used to develop this information at the «orkshop
in Oecember of 1976 ' participants «ere selected to represent kno« ledge
of both the scientiffic and professional areas involved as «ell as the
logistic or adminlstr atlve aspects of conduct of research. This latter
aspect «as particular ty important as the rating categories re late to the
tangible and intangible resources required by a project as «ell as to
its technical executions participants «hO «ere a«are of these needs and
their importance to a successful result «ere an essential part of the
project rating «orkshop.



Example of proJect ratings developed at the
ggggggggggjWII «orkshop» he I d by NCAA and the
University of Washingtoni Center for Quantitative Science
on December 13-14' 1976 ~ A complete listing is given
In Appendix B.

Tab le 4 ~

Evaluat Ion of Pro jects

The folio«ing criteri a «ere used to discuss and eva/uate the projects
I is ted in this section!

Exampl e Rating

Project 1: Preliminary market survey

Conduct a prel iminary sur vey to estimate the U. S. market
for domes tlcally produced fresh«ater pra«na In various
product f orms' e ~ g.~ I ive> fresh chi I leds cookedp
frozen; whole vs. tai Is vs.' meats Iproject 23.01.02
in revised listing!.

Eva luat ion

Comments

l. What pay off «ouI
Z. When «ould the re

3. Can lt be done  p
4a, What facilities o

What perSOnnel sk
5 ~ Ho« long Mould I' t

What «ovid it cos
7. Qver a I I pr I or I ty

d resul t?
suits be needed2
robabllity of success

r equipment would be needed2
ills «ould be required?

take?

t?

ratings

Modi f y investment I eve l
2. immediate for decision making
3. pract ical

4a. Standard for economic research group
4b. Market specialist

1 year
5 ~ % 'i0 ~ 0 00 � $100 > 000
7 ~

1. Must have product to do market
studies ~

2 ~ Use Marketing Division of NMFS
for studies.

3. Need to identifyi separate and
quantify market
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While thiS COmpletes
information necessar

necessary to have mor
the status of ongo
problems Iisted «ill
its status should

same time as the prio
projects and priori
area «iil require
priorities. Frequen
need not be more ofte

than that If the tas

to keep generally abr

the Initial SurVey Of reSearCh needS and the
y for prloritization of that research~ it is
e detailed information in order to keep abreast of
ing research I5tep eight!. Some research on the
be under«ay as the plan is formedl information on
be gathered via questionnaires and workshops at tI e
rity infOrmation. The upkeep of Such a IiStlng of
ties relevant to the development of an aquaculture
continual effort at revision of the IIst of

cy of a comprehensive revie« and.update probably
n than every t«o years and generally iess often
k Is handled by an office « Ith resources sufficient
east ol' developments in the field.
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ME THB DOLO 'Y FUR I NFORNATI GN OGIVE LOPMENT
AND ANALYSIS

In addition to the usual needs of a program management off lcei there are
three special requirements for a project to utilize the planning
procedure descr ibed above ~ First~ a program manager or advisor thereto
who is a generalist with a broad overvie~ of the operation of an
aquaculture industry. This must be a person most probably with a
biOIogical backgroun d because of the very speciale detailed knowledge
required in animat or plant culture> but with an appreciation for and
some knowledge of such diverse areas as economicsi marketing and special
types of engineering technology' A person who is not well balanced In a
broad number of areas> in terms of experlencer professional background
and interest> will not have the perspective necessary to assure that al'I
areas which might be bottlenecks for production in an industry get the
required attention in accordance with available research resources'

The second requirement is the input of professional and scientific
specialists with background and interest in the required areas' The
mechanism for this input is via the above-mentioned questlonnalresi
Interviews~ and workshops. Without the cooperation of these people~ the
information necessary for 5agcghg,aggjLim aquaculture research planning
could not have been obtained'

Finally> it is import ant that the many different types of information
developed be organized into an lnformatlon system which has the
capability of storing the data' providing access to it ln raw form>
anaiyzing it In various ways> and allowing for its periodic update or
correction. This is best done with a scientific computer oriented
toward remote access and a staff person with experience in user oriented
computer information applications ~ The volumes of information which it
must handle are not large by modern computer information standards and
no special requ iremen ts in terms of exotic hard~are or soft~are are
necessary. The computer soft~are or programs ~hich are required for
access to the information are simple and straightforward to develop and
the advantages of a specially tailored program are sufficiently great>
that it is probably wise to go the route of some minimal soft~are
deve I Opment rather than a gener al purpOSe inl'Ormati On SyStem. A gener al
purpose system nearly always undershoots or overshoots the needs of a
speci f ic appl ication ~ This resul ts In inab il I ty to meet needs or in a
complex and clumsy system which program managers refuse to learn to use
I just i f i ably! or both.

A Ser leS Of infOrmatlOn manipulating COmputer PrOgramS haVe been
developed In asso c 1 at i on wi th dev~ I oPment of the faggggrggggiig
aquaculture plan ~ Table 5 gives an example of the type of analysis
which one of these programs will provide for the first series of
quest i erma lres associ ated wi th Step I'ive ~ The purpose I s to al I ow a
quick overview of the priority ratings of the projects accordinq to some



category of the respondents~ in this case~ those employed by Industry as
opposed to those empl oyed by academic Institutions or consultants. This
summary is a method of implementing Step ninety

Another capability of the informatio~ system Is the ability to access
details on any factor~ problem or praJect in terms of its orlorlty
ratingsi probability of success~ needed resources or status of existing
research. Though thiS infOrmatian may nOt be taO voluminauS tO contain
ln a simple listings the fact that it must be updated periodically to
~alntain currency of the plan makes lt apprapriate to use an on-line
information system. The system developed for the Qggiggggggjlil p'Ian can
be accessed with a i igntxeight portable computer terminal from anywhere
that a telephone is available' Table 6 gives an example of' the set of'
information associated with one proJect area as retrieved by the
5ygrggggggjllm information access systems Hodif lcation of this
information is accomplished by using the standard system utility file
editor ~hlch ls avail able on most interactive computer systems' This
utility does not require any special soft~are development on the part of
the users nor does it require any special expertise for its usel any
office corker can learn to operate the system efficiently with a re~
hours of training and practice~ provided they have the motivation.
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Table 5. Example of analysis output from information system designed
for 5agr,~hc,ggilj,leam plan developments

A. Tabular summaries of priority ratings from research survey.
 Projects are numbered as in Appendix Ai!

4QUACULTURE RESEARCH INFORMATION SYSTEM
PAYOFF PRIOR ITY RA TING SUMMARY--MACROBRACHIUM SURVEY
R A I I N G ! 4 ~ M A J 0 R p 3 ~ S I G N it f I C A N T r 2 ~ M 0 D E R A T 'E t 1 ~ UN I M P 0 R T AN T
AVERAGED PRIORITY THRESHOLD LEVEL IS 1 ~ 0
THIS IS AN EXAMPLE SUMMARY FROM THE FIRST FEM PROJECTS

NUMBER OF

RESPONDENTSPROJECT NO ~

01 ' 02 F 01

Ol ~ 02 ' 02

Ol ~ 02 ' 03

01 ' 02 ' 05

Qle02 F 06

01.02 F 07

01 ' 02 ' 08

Ol+02 ~ 09

01 ' 03 ' Ol

02e01 F 01

OZ.OZ F 01

02.03 F 01

02e03 ~ 02

02+03e03

02.04i01

02 ' 05 F 01

OZ ~ 06i01

02 ' 06 ' OZ

02i06o03

02.06 F 04

13

13

12

13
13

13

13
13

13

13

13

12
13

13

11

13

11

11

10

9

PERCENT

BY PRIOR

1 2

8 62

38 54

8 33

0

8 62

31 15
15 46

38 23

23 46

0 38

8 46

0 8

0 15

15 46

18 27

0 38

0 36

18 27

10 30

33 ll

BRE AKDOMN

ITY RATING

3

23 8

8 0

42 17
23 46
23 8

38 15
15 23

31 8

31 0

31 31

38 8

42 50

38 46

38 0

36 18
54 8

27 36
36 18

40 20

ll
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Table 5 ~ Example of analysis output from information system designed
for 5gpiahC~ggggi plan development  continued!

B. Textual summaries of research survey results'
 PrOJects are numbered as in Appendix A ~ !

AQUACULTURE RESEARCH INFORMATION SYSTEM
SUMiMARY OF MACROBRAC'IDIUM RESEARCH SURVEY RESULTS
THIS IS AN EXAMPLE RE TRIEVAL FROM THE FIRST FIVE RESPONDENTS

<ESPY 1 ACADEMIC BIOLOGIST INTENSIVE PRODUCER
01 ~ 01 ~ 01 PRIORITY R ATINGS: PAYOFF ~ ~ ~ ~ 2 URGENCY ~ ~ 2

PR SUCCESS 4 RESOURCES ~
T IME FRAME 2 COST ~ ~ ~ ~ ~ ~ 3

RESP' 2 GOVE RNMENT ECONOMIST NQT A PRODUCER
01 01 01 PP IORITY R ATINGS-' PAYOFF ~ ~ ~ ~ 2 URGENCY ~ ~ ~ 1

PR SUCCESS 4 RESOURCES' 4
T!ME FRAME 3 COST ~ ~ ~ ~ ~ ~

RESP' 3 NOT A PRODUCER
01 01 ~ 01 PRIORITY RATINGS: PAYOFF ~ ~ ~ ~ 3 URGENCY ~ ~ ~

PR SUCCESS 4 RESOURCESI

TIME FRAME 4 COST ~ ~ ~ ~ . ~

RESP' GOVE RNMENT 8 I OLOGI S T NQT A PRODUC.R
01 01 ~ 01 PR IQiRI TY R AT INGS l PAYOFF ~ ~ ~ ~ 2 URGENCY ~ ~ ~ 3

PR SUCCESS 4 RESOURCES'
T IME F RAME 3 COS T ~ ~ ~ o ~ ~

~ESPY 5 INDUSTRIAL BIOLOGIST NOT A PRODUCER
01 ~ 01.01 PRIORITY RATINGS: PAYOFF ~ ~ ~ ~ 2 URGENCY ~ e ~ 3

PR SUCCESS 4 RESOURCES'
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Table 6 ~

AQUACULTURE RESEARCH INFORMATION SYSTEM

MACROBRACHIUM RESE ARC H STATUS
PROJECTS FORMULATED AT THE MACRQBRACHIUM WORKSHOP

23 ~ 01.02 PRELIMINARY MARKET SURVEY
CONDUCT A P RE LI II MAR Y SURVEY TO ESTIMATE THE U ~ S ~
MARKET FQR DOMESTICALLY PRODUCED PRAWNS IN VARIOUS
PRODUCT FORMS

STATUS: NQT BEGUN RESEARCHER: NONE
PRIOR I TY RATING --COMMENTS--

PAYQFF. ~ ~ ~ 2.43 MODIFY INVESTMENT LEVEL
URGENCY ~ ~ ~ 2 ~ 50 I MMEDI ATE FUR DEC ISIQN MAKING

PR SUCCESS 2 ~ 86 PRACTICAL
RESOURCES ~ 3 ~ 07 STANDARD FACILITIES' MARKET SPECIALIST
TIME FRAME 2 86 1 YEAR

COST ~ ~ ~ ~ ~ ~ 2 ~ 86 W 50 ~ 000 TO %100t000

23 ~ 01 ~ 01 CHARACTERIZE DISTRIBUTION PATTERN AND MARKET IN

U. S DETER'l INE DISTRIBUTION PATTERN OF IMPORTED
PRAWN TAILS IN U ~ S ~ AND QUANTIFY MARKETS
STATUS' NOT BEGUN RESEARCHERs NONE

P R I OR I T Y RAT ING --COMMENT 5--
PAYOFF ~ ~ ~ ~ 2 ~ 43 IDENTIFY MARKET BOLSTER MARKETING DFCISION

D IFFERENT I ATE DOMESTIC MARKET

2 57
3 ~ 00 PRAC i'ICAL

3 ~ 14 S TANDARD

2.93 L ESS THAN 1 YEAR

2 ~ 93 MINIMAL

URGENCY'� . ~
PR SUCCESS

RESOURCES'

TIME FRAME

COST ~ ~ ~ ~ ~ ~

R MINE CA USC 5 OF QUAi. I TY VARI ATION
TUS s N3 T BEGUN RESEARCHER s NONE

RATING --CQMMENTS--

2 ~ 71 GUARANTEES CONSISTENT QUALITY
2 e93 3-5 YEARS DEPENDING ON INDUSTRY PROGRESS

2 ' 86 50 PER CENT

3.00 FOOD TECH LABi FOOD TECH. BIOCHEMIST
2 ' 64 3 TO 5 YEARS
2 ~ 93 $60~ 000 TQ $100~ 000 PER Yf AR

Exampl e of pro Ject
the harr.aiICaCtli~m r
A complete compiiat
Only seventeen high
evaluated for the r
all projects are
average priority ra

20 ~ 05 ~ OI DETE

STA

PRIORITY

PAYOFF e ~ e ~

URGENCY' ~
PR SUCCiESS

RESOURCES'

TIME FRAME

COST ~ ~ ~ ~ ~ ~

status summaries furnished by
esearch information syste~.
ion is given in Appendix BE
priority projects st re

esearch status file~ however
sted in Appendix A and their
tings are given in Appendix C.
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ECONOMIC ANAL Y 5 I S Ah!D 5 IMULA T ION

In the economic analysis as descr ibed the parameters for cost and volume
of production are der ived from observation of the actual Industry ~ In a
s imi I ar approach for an industry not yet in operation~ the parameters
can be developed through study of similar systems' rese ~ rch resufts~
cost surveys and the imagination and exper lance of the planner. The
result is very nearly the same except that the answers have only the
weight of the best judgment of the planner and his information sources
r ether than the we l ght of' pr act ical exper i ence ~ In any event ~ any
person or corporation planning to invest capital in an aquaculture
operation tor any other operation! would be well advised to perform such
an analysis'

lque apprOpr late fOr aquaCulture prOjeCtS which haVe been
ar e i n p I anni ng stages i s pj's}light jill> The economi c
imul at i on i s appropr i ate only I'or aquacul ture lndustr I es
planning stage such that It is possible to envision every
duction process ~ Lt is ~ssential also to have the

expe r ts f ami I I ar ri th research .or prototype product I on
or most of' the product i on stages. The s Imul at i on need

laborate mathematical construction usually implied by the
applied to engineering projects or research In natural

t can be little more compllcat.ed than the economic
bed above> but might be expected to grow more complex as

analyses are performed The articles by Shuur
l1977! also illustrate the Slmulatian approach tO

ture planning.

A r e I ated techn

proposed and

analysl s wl th s
in an advanced

s tep of the pro
cooperation of
results for all

not be the e

term when It is

ecosystem'si I
analysis descrl
more detailed

�974! and Hand

Lobster aquacul

For an induStry which present I y Is In operation an fpkgaila ariklYRLX
unit costs associated with each stage of the production process and
factors limiting production at each stage Is an essential concomitant of
the above research planning process. Economic analysis is in fact one
of the factors listed in Table 1 ~ Such an analysis calculates the total
variable cost of production as a sum of variable pygmy costs times the
number of units of production plus fixed costs I'or a given production
range ~ Appropriate modif'lcatlons can be made to consider economics oF
scale which occur for different production levels and alternative
production methods can also be evaluated. R. A. Shleser  I977r personal
COmmuniCattan} haS PerfOrmed SuCh an analyaiS fOr the 5aCZghrarhj.lix
industry ln Hawaii. This approach is especially suited to examination
of a specific aquaculture operation In a specific location~ as opposed
to the broader planning problem which seeks to determine th ~ operations
and IOCatlOnS whlCh are Optimal' ExampleS Ol' the appliCaticnS Of thiS
technique to lobster aquaculture can be found in Shuur et al ~   1974! and
"land i1977! ~ An anal ys I s of ci osed-cyc I e oys ter cul tur e cause found in
Opportunity Brief No. 7 of the NIT Sea Grant Program {1977! ~



F igure 3 shows a di agrammatlc Plan for an economic analysis wi th
s imul at Ion for a hypothetical oyster culture operation. Soi Id I ines
show flow of biomass from one production stage to another ~hereas dotted
I ines show the sour ces of' I n f or mat I on on costs and product I on vo I uses ~
Because of the uncertainties associated with growth of biological
materlali the diagram shows the inclusion of failure probabilities. Not
shown on the diagram are numerous small information inputs fsystem
parametersli such as market price~ labor costp material cost~ etc'
Output of the system is a simulated balance sheet sho~ing costs of
returns for a given time period The method can be most easily used
the cost summations and products of unit costs times production volumes
are programmed for a computers A programmable caicuiator was used for
the simple system of Fight 3~ ~ithout the probabilistic features' , Ry
changing assumptions about parameters such as price and labor costs at
various stages~ critical points I'or a profitable industry can be
determined ~ Sensitivity analysis Is the technical term for this
process. By utilizing the probablllstic datai the expected variability
in net returns can also be examined ~ Simulation gives the same results
as a one-time one-configuration economic analysis but the simulation Is
more versatile and can be repeated for various configurations to give a
broader Planning perspective.

The stepwise survey procedure and the economic analysis give results
which are complementary to each other and not duplicative. The survey
is a subjective method designed to give due accord to the opinions of
many professionals who may not completely agree. The economic analysis
Is a more objective method which will help assure that research results
contribute ei'fective ly to optimal Industry developments Additionally>
economic analysis Is more appropriate for detailed review of specific
proposed production operations whereas the survey gives a broader view.
The two approaches can not be expected to give identical results'

Khleser's analysis reveals that availability of fresh ~ater and costs of
labor for the harvesting operation are two of the most critical areas
for further expansi on of pgggiigggggjiIIII In Hawaii This can be
contrasted with the high pr lor I ty of some economic ana I ys Is Ie g .
market research! projects determined in this project ~ AvaiIability of
adequate fresh water did not show up as a gglfjgIIQ problem via the
methods of this project but might be identified as a result of a Project
to examine possible locations for gagrghgaggjgNI culture  I-'actor 10~ Land
and Water I ~
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SUMMARY AND RECOMMEHDAT ION S

This report descr lbes three a i ds to the pl arming ol' research intended to
p r omote the deve lo pment of an aqu acul tur e I ndus tr y- 'the pr ogr am
evaluation to revie~  PERT! techniquei a step-wise procedure for
obtaining and eva luat Ing advice from experts on a comprehensive ar r ay of
possible research projects and an economic analysis of an aquaculture
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 potential
bOttleneCkS In that develOpment fram a preliminary perSpeCtlVe.

The step-wise procedure is intended to comprehensively prioritize
research In all aspects of aquaculture for a Par'tlcular SPecies groupr
as these areas are seen by experts in the field ~ This procedure
involves organization of all factors concerning production ol' a species
grOuP into reSearCh prajectS ~hiCh are then eValuated by expertS in the
field. The expert evaluation ls then summar lied and refined to
determine those projects regarded as having highest overall priority ~
Finally~ the information deve'loped in the survey is used as the basis
for an information system to keep track of progress in Industry
developments The procedure is illustrated by development of research
Priorities for a 5~gLggfAghj.gI industryf the twelve highest priority
projects to come out of this analysis are sho~n in Table 7. The
logistics for production of such a survey are described In the section
entitled "Methodology for Information Development and Analysis ~ "

F in a I I y~ an economi c anal ys l s i s discussed as a mechanism for
pinpointing economic bottlenecks in an industry. 4 more complex version
of economic analysis involving simulation of the production process Is
also discussed and briefly illustrated IFlgure 3! ~ The three methods
described are intended to be complimentary to each and each ~ould be
appropr i ate as part o f an aquacul ture Planning task. The resul ts of the
three methods are not duplicative ln nature> for example~ the steo-wise
orocedure may give general . research priorities for an industry In an
overall senser whereas an economic analysis may give critical factors
for development of an industry utilizing particular culture methods In a
par t i cu I ar geogr aphic area ~

The approaches described are not designed to replace human judgment in
making decisions concerning allocation of scarce research resources>
they are designed to summarize and organize inl'ormatlon concerning
research needs and present it In the most effective way to persons
making such decisions' A method of comparison of' the views of experts
from various areas so as to arrive at a concensus concerning research
priorities has always been a diff Icu it problem for public agencies wh Ich
sponsor research. The methods described above are offered as an aid in
this area.
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Tab le 7. The t~el ve hi ghest pr lor I ty pro Jects based on aver age
r'ating in the payoff category ~ pr I or i ty rat ing is a
number from 1 to 4~ meaning "not needed" to "urgent I y
needed"~ respect I vel y ~ Averages ar e calculated over
all categories of respondents.

project No. Description

Develop alternative larval
food

14. 04. 05

3 ' 69

Incr ease supply o f 4CitKLR 133 ' 61

Oetermine optimum levels of
dissolved oxygen 123 ' 42

Evaluate utility of nursery
systems

15.04.02

3I42

Determine optimum stocking
density

15' 04 ~ 05

3 ~ 34

15e04 ~ 06

3 ~ 34

Evaluate commercially avai iable
feeds

16 ~ 02 ~ 05

3a 34 12

28 ' 01 ' 02

3 ' 30 10

Evaluate methods of maintaining
oxygen levels

02 ' 03 F 02

3 ' 28

Improve feeding procedures
of kctami~

14e 04 ~ 01

3 ~ 28 12

16 ~ 03 ~ Ol

Identify best methods of
freezing product

20e02oOI

123 ~ 28

14.04.02

02 ' 03.01

Manage pond operations at
adequate product ion at acceptable
costs

Conduct prototype testing to
val i date I abor atory
results

Establish relationship bet~can
amount fed and amount utilized

Average
Pr I or I ty No ~ o f
Ratings Respondents



76

entire set of factors~ problems and proJects
for the 5agrggzgggjlln Aquacul tur e De ve l opment p I an.
complete set of project parameters suggested for a
ry at the December 13t 1976~ workshop, Appendix C
of a follow-uP questionnaire which considered a
rojects than was possible at the workshops Table 7
Priority projects which were determined from the
based upon the average rating in the six categories
f respondents. Summaries of this type can be

the information system for different categories of
plei academic versus industrial~ to allow the
examine differences of opinion concerning the best
development.

Appendix A lists the
finally decided upon
Appendix 8 lists the

der.Cahr.aahilln induSt
contains the results

broader array of p
lists the 12 highest
second questionnaire
over all categories 0
easily produced by
respondentsy for exam

decision maker to

approach to industry

A major objective of an aquaculture plan ls to help those entering the
industry to real istical ly identify the prob! ems with which they wl II be
confronted ~ The pl arming system descr ibad I s des I gned to accompl I sh
this goal within a framework of systematic evaluation of a comprehensive
array of research topics ~ It should allow a research sponsoring
institution to request proposals ln specific areas ~hich they feet are
mos t ur gent I y needed. At the same time the system wl I I g i ve resear chars

The planning of research for development of such a diverse set of
industries as aquaculture is a task of considerable complexity, This
report has attempted to show a method whereby a systematic~
comprehensive and orderly evaluation of possible research and
development areas can be madel' It is ultimately the task of I'ederal
government~ possibly including several cabinet-level agencies~ to
perform this planning process~ and indeed the process will involve much
more than simply development of research pr lor it lest 'He feel that the
office ultimately ass igned major responsibility ln this planning task
could utilize some of the techniques explored in this projecti and we
make the follo~ing recommendations to that officei

!.! That a systematic and comprehensive procedure For development and
evaluation by experts of researchable topics  such as described abave!
be utilized for each priority species group according to the Hr�4
Aquaculture Plan>

Z! That an information system derived from that Procedure and
research projects be maintained and updated as necessary for each
priority species group!

3! That economic analysis be utilized to identify critical problems
with specific tyPes of operation in speolfic IOcational

4! That a staff w! th the necessary technical background ln both
information organization and substantive aquaculture-related scientific
ar eas be devel oped in pursu i t of recommendati  ons 1 through 3;

5! That both the subjective results of 1 above as wel I as the more
objective results of 3 be utilized as part of the criteria for research
project proposal requests and funding al locations.
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an Idea ol' eh ~ re best to address their cwork for high probabil I ty oF an
applied payoFF and+ simultaneously~ enhanced probability of proposal
Funding ~ The system should represent a good compromise between an
objective method for research project prioritlzatlon and a subjective
method capable of taking lnte aCCOunt a brOader array Of FactorS
Including~ particular lyly professional and scientific ooinion ~
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List of factors> problems and projects ~ith their indexing numbers
~hi ch ~ere ut l I lz ed in the gkggggxgggggI res ear ch pr i or i t 1 es survey.



4QUACULTURE RESEARCH INFGRRATIOh SYSTEM
MAC ROI3R4CHIUM RE SEARC H CLASSIFICATION S YSTE M

30

01. GROW TH

01 ~ 01 ~

31»02»

01 F 0'

02. iNVIRO

02 ~ 01 ~

02 ~ OZ ~

02 F 0'

02 ~ OCI ~

i2.05.

IS THE MAKIMU> SIZE OF VIf IOUS SPECIES Of
MACROSRACHIUM ADEQUATE FOR 4 MARKETABLE PRODUCT@
41 ~ 01 e01 ~ DET ERMI "lE MAX IMUM 5 IZE OF VARI OUS SPECIE 5

OF MACROBRACHIUM UNDER VAR IOUS COND IT IONS ~
E FFECT OF ENV IRQNMENTIL FACTORS Ok GRQ'WTH RATE
01 ~ 02 ~ Oie DETERMINE GROWTH RATE OF VARIOUS SPECIES

UND E R VAR IOUS CONDITIONS ~
Gl ~ V2 ~ 02 ~ STUDY THE EFFECT OF PHOTOPERIOD ON

GRO WTH Ra TE.
01 ~ 02»G3 ~ COMPARE GROWTH RATES OF MALES AND FEMALES

AND DEVF LOP STRATEGY FOR UTILIZING THE  -'ROWTk
D IF Ff RENT IAL TO INCREASE PRODUCTION ~

01 ~ 02 ~ 00 ~ TUDY THE FUNCTION'S OF THE X AND Y GLANDS AND
DETERMINE IF IT 15 POSSIBLE TO INCREASE THE
GROWTH PROCESS BY SHUTTING OFF THE PRODUCTION OF
I 'lOLT INHIBITING SUBSTANCE BY THE X GLAND»

01»02 ~ 00 ~ DETERMINE THE RELATION OF DENSITY TO GROWTH RITE»
ARE PHEROMONES PRESENT IF SO ARE THEY RELATED
TO REPORTED REDUCTION IN GROWTH RATE WHEN PRAWNS
APE CROWDED@

i'1.02 ~ 06 ~ DET ER'lINE VAR IAB ILITY OF GROWTH WITHIN FAMIL IES
AND CAUSES'

01 ~ 02»07 ~ STUDY THE EFFECT OF TEMPERATURE ON GROWTH RITE ~
GI ~ 02 ~ Ob ~ EVALUATE GROWTH PROMOTING PRODUCTS OR HORMONES ~
Ol ~ 02 ~ VS ~ EVA LbATE lNCREASE Ik WEIGHT VS ~ AGE.
NEED FOR UNDERSTANDING OF DIGESTIVE PHYSIOLOGY ~
Gl 03 ~ 01 ~ CONDUCT RESEARCH TO DESCRIBE PHYSI'3LOGICIL

MECHANISM Of VARIOUS SPECIES ~
NMf. NTAL PE Qu IR F Mi 8 TS

EFFECTS OF MINERAL CONTENT Of THE RATER
v2.01 ~ 01» IDENTIFY TYPES AND AMOUNTS OF MINERALS FOUND IN

PRODUCTION PONDS ~ EXAMINE CONCFNTRATION OF
VAR IOUS IONS, OETERI1INE EFFECT QN GROWTH AND
SUR VI VAL»

EFFECTS O~ S4L INITY
 ;2»02 ~ 01 ~ DETERMINE SALINITY RANGE THAT MAY LIMIT SURVIVIL ~

GROWTH AND PRODUCTION OF LARVAEr JUVENIL'E5r AND
ADO L TS ~

EFFECTS OF D! SSOLVED OXYGE N

02 ~ 03 ~ 01 ~ DETERMINE OPTIMUM LEVELS OF DISSOLVED OXYGEN AND
LEVELS THAT MAY LIMIT SURVIVALr GROWTH AND
PRODUCTION OF LARVAEr JUVENILES ~ AND ADULTS ~

02 03 02» EVA LUATE METHODS OF MAINTAINING OXYGEN LFVELS
 E ~ G ~ AERATION VS ~ FLOW THROUGH SYSTEM! AS TO
GROWTH ANO SURVIVAL ~

02 ~ 03 ~ 03 ~ DETERMINE LONG-TERM SUBLETHAL EFFECTS OF VARIOUS
OXYGiEN LEVELS Ok GROWTH RATEr FOOD CONVERS IONr
ETC ~

EFFECTS OF TEMPERATURE
GZ ~ 0+ ~ 01 ~ DETERMINE TOLERANCE 5 INO OPTIMUM TEN>ERATURE5

FOR VARIOUS SPECIES UNDER VARIOUS CONDITIONS ~
E FF ECT 5 OF PH LEVEL
02 ~ 05 ~ Ole OETFR<INE GROitTH RATEr SURVIVALr FOOD CQN-

VER SION 4T PH LEVELS LIKELY TO BE ENCOUNTERED
UNDER CONDITIONS OF CULTLtRE ~ DETERMINE OPT IMU<
PH FOR CULTURE OF LARVAEr JUVENILESr ADULT
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GZ ~ Obe

32.07 '

D2eVR ~

a3. SUTRIT

D3 ~ Die

J4 ~ DI SEAS
J4eOi ~

PRAWNS ~
EFFECTS QF CQNTAMINANTS t PESTiCIDESr ORGANIC COMPOUNDSr
HEAVY METALS AND CHEMICALS!
OZe06e01. DETERMINE FFftCTS OF VARIOUS LEVELS OF PESTI-

C IDES CO'MMOh IN AREAS WHERE PRAWN FARMING IS
DONE ON LARVAEr JUVENILESr AND ADULTS ~

02 ~ 06 ~ 02 ~ DETERMINE EFF ECTS Gf VARIOUS l. EVELS OF Hf AVY
METiLSr ORGANIC COMPOUNDS ON LARVAE JUVENILEr
dND ADULT VPAWNSe

CZ.eJ6.03. DETERMINt EFFECTS OF CHEMICALS USED IN POND
MANAGEMENT ~N TH'5 PRAWNS'

02 ~ D6 ~ 04 ~ DETERMINE EFFECTS OF OTHFR CONTAMINANTS LIKELY
TQ SE PRESENT QN LARVAEr JUVENILESr AND ADULT< ~

EFFECTS OF <E TABDL IC 'feAST E 5 I AMMONIAr Nl TR l TEr NITRATE !
G2.07.01 ~ DETERMINE EFFECT OF AMMOhli ON GROWTHr FOOD

CONVERSION AND SURVIVAL OF LARV4Er JUVENILESr 440
ADJLTS ~

42 ~ 07 ~ DZ ~ DETtRMINE EFFFCT GF NITRITE ON GROWTHr FOOD
CONVERSION AND SURVIVAL OF LARVAEr JUVENILESr AND
AD'J L TS.

VZeV7 ~ G3e OETERMINL EFFLCT OF N! TRATE ON GROWTHr FOOD CON-
VER SION AND SUR V IVAL OF LARVAE» JUVENILES r 4ND
4DJLT>.

02 ' 07 04 ' DETERMINE EFFECT OF PHOSPHATE ON GROWTH FO~D
CONVERSION AND SURVIVAL QF LARVAEr JUVENILESr AND
AD'JLTSe

EFFECTS OF OTHER ENVIf ON<ENT4L FACTORS
02eOP ~ Gl ~ DETERMINE EFFECTS OF VARIOUS OTHER FNVTRONMENTAL

FACTORS ON SUkVIVALr GROWTH AND PRODUCTION jF
VAR IOUS SPEC l t S OF MACROBRACWIUM ~

lt hAL <CauIRE~ENTS
DETERMINING THF BASIC NUTRITIONAL RE4UIREMENTS FOR GROWTH
SURVIVAL AHU HEALTH Qf VARIOUS SPECIES AT VARIOUS LIFE
~TAGLS ~

G3 ~ Oie Gl ~ Dbf ERMINE L'SSENT IAL 440 NON ESSENTIAL AMINO AC Ih
REQUIREMENTS FOR LARVAFr JUVENILE'Sr AND ADULTS
4ND LEVtL NEtOFD FOR ADEQUATE GROWTH AND GOOD
HEALTH ~

G3 ~ vl ~ V2 ~ DET ERMINE ESSEN1 l4L 4ND NON ESSENTIAL FATTY ACID
RE'3UIRF."lE'NT~ FQR LARVAE r JUVENILESr ihD ADULTS
AND LEVELS hEEDED FOR AD&4UATE GROWTH AND GOOP
HFALTH ~

i' 3 ~ lJ l ~ G 3 ~ D E T E R M I N E C 4 R 8 0 H Y 0 R A 7 F R 'E QU I R E M E N I 5 F 0 R L 4 R V 4 E r
JUVENILES r 4ND ADULTS AND LEVELS NEED'ED FOR
ADE  lUATr. GROWTH AND GOOD HE ALTH ~

� ~ Ol ~ 04 ~ DETERMINE THE OPTIMUM RATIO OF PROTEIN Tu FAT TP
C AR BOWYAR ATE FQR L ARVAEr JUVENILE Sr AND ADULTS e

L3 ~ 01 ~ 05 ~ DETERMINE VITAMIN R EOUIRFMENT FQR LARVAE r
JUV&NILl Sr bND ADULTS AND LEVEL NEEDED FOP ADEOUAT~
GRO WT H AND  "QQD H'E ALTH ~

C3 ~ Oi ~ G6 ~ DETEkMIkE MINtRAL REOUIRf MENTS FOR LARVAEr
JUVENILtSr AND ADULTS AND l EVtLS NEEDED FOR ADE-
QUA TE GROWTH AND Guf3D WEALTH ~

03.O1.07. DETtRMINE THE SIGNIFICANCE OF DIETARY FTBFR IN
THE OlET OF JUVENILFS AND ADULTS ~

AND MORTAL IT Y

E F F ECT GF PATHUGt NS

U4 ~ Ol ~ 01 ~ S I'JDY SLACK SPOTr EPISTYL ISy AND OTHFR DISEASES
CAUSED SY PATHOGENS ~ DETFR MINE MQDF OF IN-
FEC TION AND TRANSMISSION



G4 ~ 02 ~

34 F 0'

34 ~ 04e

04.05 '

04 F 06 '

05 ' SEXUAL
05e01 ~
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EFFECTS OF STRESS-RELATED DISEASES
04 ~ 02 Ol ~ STUDY THE EFFECT OF TEMPERATURE FLUCTUATION

AND WATER QUALITY FACTOPS LISTED IN FACTOP 02
{ ENVIR 3NMENTAL REQUIREMENTS I ON SUSCEPTIBIL ITY
TO VAR IOUS K IND S OF DISEASES ~

04 ~ 02e02 ~ STUDY THE EFFECT OF HANDLING GN SURVIVAL GR
POSSIBlE INf ECTION BY ORGANISMS oRESENT IN THE
CUL TURF ENVIRONMENT ~

04 ~ 02 ~ 03e STUDY THE EFFECT OF MULTIPLE HARVESTING ON
SURVIVAL ~ DETERMINE IF PRAWNS 'WHICH HA VE PASSED
THROUGH NETS ARE INJURED AND SUCCUMB TO DISEASE
QR DIE BECAUSE OF INJURY ~

0 I ~ 02 ~ 04 ~ STUDY THE IEFFFC TS QF MALNUTRITION GN SUPVIVAL ~
IMP ROPFR DIET MAY STRESS ANIMALS AND MAKE THEM
SUS CEPTIBLE TQ DISEASE ~ STUDY INCIDENCE QF
DIS EASE WITH VARIOUS RATIONS HAVING DIFFiERENT
C GMPQNE NT5 ~

04 ~ 02 ~ 05 ~ STUDY THE EF FECT GF CROWDING QN SURVIVAL
GET ERMINE DENSITIES AT WHICH DISEAS'E MAY OCCUR I<
GROW-O~JT SI TUAT ION S ~

EFFECTS OF PREDATORS
04.03e01. DETFRMINE E! TENT UF PREDATIQN BY FISH~ BIRDS AND

OTHER FUR MS ~
E FFECTS GF COMPETITORS AND PESTS
C4 ~ 04e0l ~ DETERMINE EFFECT Of COMPETITORS SUCH AS f ISH ~
04 ~ 04 ~ 02 ~ VALUATE EFFECT GF ALGAE IN PONDS ~
EFFECTS OF OTHER FACTORS WHICH MAY CAUSE MORTALITY OR ILL
HEALTH

0 i ~ u5 ~ Vl ~ DETERMIN EFFECTS Of VARIOUS FACTOR5 ~
hEED TO t NDER ST4'4D NORMAL HISTOLOGY AS BASI5 FOR
EVALUATING EF FECTS GF DISEASES ~
04 ~ 06 ~ Oi ~ ESTABLISH REFERENCE COLLECTION OF NDRMAL

HEALTHY TISSUES.
DEVELOPMENT

E F f ECTS Of CH ARACTERI 5TIC S Gf VAR I GUS 5 P EC IES OF MACR'3-
BRACHIUM ON TVEIR CULTURE IN AQUACULTURE SYSTEMS'
05 ~ Ole01 e STUDY '1ETHGDS OF SEX RATIO MODIF ICATIGN ~ EXPOSE

ANIMALS IN CULTURE TO THE PRESENCE GF HORMONES
IN AN ATTEMPT TO ALTER SEXUAL DEVELOPMENT ~
INVESTIG4TE POSSIBILITY GF PRODUCTION OF MONO-
SEX UAL PQPUL AT I ONS ~

G5. Ol. 02 ~ 5 T'J DY MECHANISM QF BULL DE VELGPML NT ~ Ik VE 5 T I GA TF
THE CIRCU STANCES UR POSSIBLE MECHANISM THAT MAY
INHIBIT YOUNG MALES FROM BECOMING LARGE CLAWED
BULL PRAWNS QR FACTORS WHICH PROMOTE THIS CHANGE ~

V5 ~ ul ~ 03 EVALUATE FACTORS WHICH MAY EFFECT THE RATIO OF
MALES TO FEMALES AND DETERMINE 'MECHANISMS IN-
VQL VED e

05 ~ 01 04 ~ DETERMINE IF THE RATIO OF MALES' FEMALiE5 AND BULL S
IS A TWAlT WHICH SEGREGATES IN POPULATIONS OR IF
IT CAN BE MODIFIED BY CHANGES IN THE ENVIRONMENT ~

Gbe REPRODUCTION

06 ~ Ol ~ EFFECTS OF VARIOUS FACTORS Gk REPRODUCTION IN CAPTlVITY AND
TMF I R C GNTR QL ~

06 ~ 01 ~ 01 ~ S TUDOR Ef'F EC 7 GF PHOTOPER IUD ON RE PRODUCTION ~
DETERMINE If REPRODUCTION IS ENHANCED BY PHOTO-
PERIODS OF CERTAIN DURATION GR MAY BE INHIBITED
8Y MOD IF ICATION OF PHOTOPER IOD ~

06 ~ Ol ~ 02 ~ STUDY EFFECTS OF TEMPERATURE QN REPRODUCTION ~
Db ~ 02 NEED TG UNDER STAND RE FiRODUCTI VE PHYSIOLOGY QF PRAWNS ~
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CONDUCT RESEARCH TO DESCR IBE PHYSIGLOGT CAL
MECHANISMS RELATED TO REPRODUCTION FOR VARIOUS
SPE C IE5 ~

NE THDD Of ARTIFICIAL INSEMINATION ~
CONDUCT RESEARCH TO DEVELOP RELIABLE flE THOOS ~

C 6 ~ 02 ~ Oi ~

06a03 ~ NEED FOR A

06 ' 03 ' Dies

CS evALUATE G
G7+Ole01.

07 ' GENETI

v7e0lo

V7 ~ 01 ~ 02 ~

07 ~ Ol ~ 03 ~

07oOZI SELECTIVE

07o02.Die

v7e02e02e

07 ' 02 F 0'

37 ' 03 >ELECTIVE
07 ~ 03 ~ Ol ~

G7 ~ 03 ' 02 '

G7 ~ 04 ~ 5 LECT IVE
07 ~ u4 ~ 01 ~

07 ' 04r02 ~

07 ' C4+03 ~

07.0~. SELECTIVE
07 ~ 45aGX ~

07 ' 45 F 0'

07 ~ 06 ~ SELECT I VE
07 ~ 06 ~ 01 ~

07 ' 06 ' 02 '

ENE TICS OF VARIOUS STOCKS OF SELECTED SPECIES ~
COLt.ECT NET 5TOCKS OF N, ROSENBERGII FROfl
V4R IOUS P4RTS OF THE bfORLDe EVALUATE GROITHr
SURVIV4L FC'OD CONVERSION AND ECONOMIC CMARA" Tf R-
ISTICS. IDENTIFY STRAINS BEST SUITED FOR CULTURE.
EST?NATt GENER TIC VARIATION OF STOCKS OF P' ~
ROSENBERGII BY ELECTROPHDRETIC ANALYSIS FOR USE
14 SELECT IVE CROSS IhG ~
COLLECT OTH'ER SPECIES CF flACROBRACHIUfl AND COWPA+~
PER FOR'lAMCE r G&CWTHr SURVIVALr AND OTHER FACTORS
MITH 0 ~ ROSE NBf RGI I ~
CROSS ING  HYBRI Dl ZATION!

CR155 SELECTED STOCKS OF Ile ROSFNBERGII ~ PERFORM
SELECTED <ATINGS TO INCREASE HETEROZYGOCITY AND
HYBRID VIGOR s

CR355 SELECTED STDCKS OF OTHER SPECIES AND
e VA L UATE.
ATT EHPT 5ELEC TE D RATINGS OF 1 ~ ROSENBERGI I btITH
OTHER IAC ROBRAC HIU" SPECIES ~ STUDY CHARACTERISTIC<
OF PROGENY WHICH M4Y HAVE ECONOMIC ADVANTAGES ~
BRE EDI lG f OP Noh OS E X CUL TURE

CONDUCT PARTHENOGF.. NE TIC SEL ECT?04 TO PRODUCE ONL~
FEMALES ~ ALL FEkAL& OFFSPRING NAY BE ADV44TAGFOUS
F'3R PR !DJCTI ONe E ~ G ~ LIPIITING CANNIBAL I Sfl ALLOlfING
~OR E CROWDING l<VF 5 TlGATE !CLEANS OF PROOUC TNG ALL
F ERALE POPULATI ONi
CONDUCT PART'lLNOGENETIC SEL ECTION TO PRODUCE
HALES. INVESTIGATE HEARS OF PRODUCING ALt. HAlf
POP UL AT I ON 5 ~
BREEDING TO IMPROVE GROI'TH RATES
CONDUCT HER I TAB IL I TY STL.'DIE S ~ DETERMINE THE PER-
CENTAGE OF SELECT D CHARACTERISTICS THAT WOULD
BE PASSED Ot' FRON GENE R4T ION TQ GENERATION ~
DEVELOP BREEDING FOT TRAITS WHICH OFFER eCONONIC
ADV ANTAGE 5 ~

'5 EL EC T FOR L'NIF DR ~ GROWTH RATE ~ DEVELOP 4
POPULATION THAT CAN BE HARVESTED ALL AT ONE
I IPlE ~ THIS NIGHT LEAD TO 5 EL'ECTION FOR flORE
U4I F O~'l G~QITH RATE e
SEL LCT FOR RAPID GRQAING STRAINS ~ CAR+Y OUT MASS
SELECTtVE EXPERIMENTS TC DEVELOP RAPID GROWING
STCAISS.
BREEDING FOP INCREASED 5 IzE
INV E5 T IG4TE METHODS OF INCREASING POLYPLOIDY ~
POL YPL JID f PAY YIELD HAGI ANTIr ANI!lALS AS 4 RESULT
OF INCREASED NUf'BEN OF THE GENES OR FASTER GROWTH
RATEb BECAUSE MORE ENZYMES ARE PRESEkT ~
SELECT FOR ALTERATION OF HEAD-TO-TAIL RATIO ~
ATTEMPT TO BREED STQCKS ARITH HORF TAIL AND LESS
HE4D 'WHICH WOULD BE 4DVANT4GEOUS IN MARKETING ~
BREEDING FOR IMPROVED CHARACTERISTICS OF LARVAE
SELECT FQR REDUCTIDN IN LARVAL DEVEL0PNEkT TIME oR
fOR ELI lINATIUN OF STAGES IN LARVAL Df VELOP<ENT ~
SEL ECT FOR 5 IWPL ICITY OF LARVAL CUt. TURE AND PROPA-



GATIQH ~ SELECT STRAINS WHICH HAVE LESS STRINGENT
REQUIREMENTS FOR CUL.TUREEN E ~ G ~ UTILIZE DRY FOODS
DGN+T REQUIRE BRINE SHR INPUT ETC ~

08. BEHAVIG

08»Dies IDENTIFICATION OF BEHAVIOR P4TTERNS OF VARIOUS SPECIFS AND
STOCKS GF PR4WNS

08.01 ~ 01. INVESTIGA tE HIGPATION PATTERNS IN POND ~ QBSERVF
WHETHER ANIMALS MIGRATE DURING THE DAY» IDENTIFY
QRI Etc TATI QN TQ SUN AND WIND ~

08 ~ 01. 02. STUDY EFFECTS Of VARYING THE SEX RATIO CF ANIMALS
IN POND AND OBSERVE CHANGES IN BEHAVIORS SUCH AS
NQR E QR LESS AGGRESSI ONu PtA TING BEHAVIOR AND E FFF CT
QN POPULATION ~

08 ~ 01. 03 CQ'IPARL 8EH4VIOR OF ALL NAL E AND 4LL F'E HALE POPU-
LATIQNS AND THE EFFECT ON TOTAL PRODUCTION ~

08 ~ Gj»00 ~ STUDY CHANGES IN BEH4VIQR ASSOCIATED WITH INCREAS-
ING DENSITY 4T DIFFERENT STAGES OF GROWTH ~ t TER-
R IT QR I AL I TY !

V8 ~ 91 ~ O5 ~ EVALUATE RES PQttSE TO SOUNO ~ THIS ttAY L EAD TO
METHODS TQ ATTRACT PRAWNS TQ FEEDING AREAS.

G8 ~ Ol ~ 06 ~ EVALUATC kESPQNSE TG LIGHT ~ STUDIES WITH LIGHT "4Y
LE4D TQ BEHAVIOR NQDIF ICATION OR TQ USE OF NATURAL
RES PONSES IN CULTURE SYSTENS ~

G8 ~ 01 ~ 07 ~ EVALUATE RESPONSE TO TEHPERATUR& CHANGE ~ DETER NT4E
I f 7RAgilS W IL L f,IGRATE IN 4 POND IN R ESPONSE TO
W4R W QR COLL' WATER ~

08 ~ Vl ~ 08. IDE NTI FY FEEDING BEHAVIOR ~

T ECOLOGY

IDLNTIFICATIQN QF ECOLOGICAL FACTORS IN PONDS OR OTHER CULTURE
SYSTEPIS AND THE RELATION TQ VAR IATIQNS IN PRAWN PRODUCT 104 ~
09 ~ 01 ~ 01 ~ STUDY PLANT BIQCOttNUNI TIES IN PONDS ~ IOE4TIF Y

SPECIFS ASSCCIATED WITH PLANTS IN PONDS AND
EVALUATE THf' IR COMBINED EFFECT ON PRODUCTION AND
FOOD CQNVERS ION ~

89.01.02. STUDY SLUDGE eIOCOttNUNITIES IN PONDS. CHARACTERIZE
THE SLUDGE CHEMICALLY AND IDENT!FY ASSOC IATED OR
GAN ISIS ~ RELATE SLUDGE COMMUNITY TQ POND PRODUCTI-
VIT Y»

L 9 ~ 01 03 ~ EVALUATE PHYSICAL AND CHEMICAL CHARACTERISTICS VF
WATER IH PJt DS AND DETERMINE THE EffecT Oa PRCtDUC-
TlVITY.

G9 ~ 01 ~ GS ~ EVALUATiE EFFECT QF SOlL COMPOSITION QN PQNO >RP-
DUC TI VI TV.

v9»01 ~ 05» LV4LU4TE EFFECT OF POND AGING ON PRODUCTIVITY ~
09 01 06 EVALUATE EFFECTS QF POND CONFIGURATION AND LQCATTQN

ON PRQOUCTI VI TY ~

IDENT IFIC4TIQh: OF POTENTIAL. SPECIES FOR POLYCULTUREe
09 02 ~ 01 EXP ER IDENT WITH PLANT AND ANIMAL SPECIE S THAT CAN

BE GROWN BENE FIC I ALLY WI TH PRA WNS ~

99. Hk 8 I TA

09 F 01»

09»02»

11. LABOR SUPPLY

ll ~ 01 ~ HOST AQUACULTURE VENTURES ARE LABOR-INTENSIVE SO AVAILA-
B IL I TY PRQDU C TI VITYAZ AND COST QF LABOR ARE IPIPORTANT CQN-

10 ' LAND AND WATER

10.01» LAND AND»tATER AREAS IN LCCATIQNS WHERE PRAWNS CAN BE GROWN
5 iUCC ESSFLtL L Y ARE NEEDED FOR AQUACULTURE BUT COUPE TING USE S
I"AY MAY E SPAC E UNA VAIL ABLE QR TOQ EXP ENS lVE ~ THIS NAY
AffECT SITE SELECTIQN ~
10 ~ Oi ~ 01~ DETERMINE AVAILABILITY AND COST QF LEASING QR

PURCHASING LaNO AND WATER AREAS FUR VARIOUS SITES
SELECTED FOR AQUACULTURE VENTURES'
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12 e LOGIST

12 ~ 01 ~

13 ' Lt64L

13 ~ PI ~

14 ~ SEED S
14 splat

UPPLY
BROODS TOCK .4 I NT.=NANCi
14sploCi ~ DETERMINE REEQUIP EMEHTS AND COSTS

MATURATION Of ADULTS AND SPAHNING IH CAPTI V ITY ~
14.02. ~i. D ET e P Ir NE RF out P E MENTS AND COSTS
HATCHERY DESIGN AND CONSTRUCTION

14 ~ 03 ~ Pi ~ DESIGN HATCHERY HL4TING SYSTEM FOR YEAR-ROUND
QPERATI !N wl TH ACCEPTABLE COST QF QPFPAT ION.
DEVEL'> AN INSULATED RECIRCULATED MATER SYSTFM FOP
LARVAE+ IHVcSTIGATE THE USE OF SOLAR HEAT EX-
CHANGERS.

14 ' 03oOZ ~ DESIGN MATCP SYSTEM TO CONTROL QUALITY AND FLOW
RAT ES [N HATCHER IES s

14 ~ 03 ~ p3 ~ INVESTl GATE MODIFICATION OF ENVIRONMENTAL CONDI-
TIONS TU SHCRTFh' TII"6 REQUIRED FOR .LARVAL
DFV E LOPMe NT ~

14op3 ~ U4 ~ DES IGH AND CONSTRUCT HATCHERIES TO MINIMIZE LABOR

REQUIREMENTS AND TO MAINTAIN QPTIMU> CONDITIONS
FOP LARVAE ~  SEE ALSO FACTOR 02 ~ ENVlRQNMEHTAL
R EQUI RE ME NT S !

LARVAL FOODS
~ 04 ~ 0 i ~ 0 EVE LOP FEt [ I HG PROC E DURE STQ I MPROVEEFF IC IEHCY

IN THE US E GF ART EMIA ~

14 04.02 ~ INCREASE SUPPLY OF HIGH EQUALITY ARTEMIA CYSTS FR~>
NATURAL SOU  CES ~

14 ~ 04 ~ P3 ~ CQM PARE ANDEVALUATENEQVAR IETICSDFBR INE SIR IMP
AS LARVAL FI QD ~ FEED VARIOUS SPECIES OF BRINE
SHRIMP NAUPLII TO LARVAE DURING DEVELOPMENT

PERIOD ~ EXAMIhE GROWTH RATES AND SURVIVAL ~
14.04 ~ 04. 0 EVEL'3P PROCE DUP E S FOP REAR ING AR TEMI A THR'3UGH

THE IR LIFE CYCLE AT HATCHERY SITES TO PROVIDE
CQH TINUQUS SUPPLY OF NAUPLI I ~

14,04 ~ G5 ~ DEVELOP AN ARTIFICIAL LARVAL FOOD AS REPLACEMENT
FOP BRINt SHRIMP ~ TEST EXISTING FORMULATIONS FOP
LARVAL SHRIMP Alp LOBSTER FOOD IN FLAKE OR OTHER

F OR iM ~ EX AMI NE GROWTH RATE ~ SUR VI VAL> AND L ABOR

14.02.

14 ' 03 '

14 ~ D4 ~

SIDEPATION5 I N SITE SELECil QNo

ii 01 ~ Ol ~ DETERMINE AVAILABILITY. COST AND PRODUCTIVITY OF
LABOR IH AREAS SELECTED FOR EVALUATION AS SITFS
FOR AQUAC UL TURF VE NTUR E S ~

11 ~ Oio02 ~ ESTABLISH COL TURF. SYSTEMS THAT MINIMI lE MANPOlgFR
REQUIRE NE NT

ICS

CCSTS Ot UTIL IT IES AND COST OF TRANSPORTING SUPPLIES T9
PRQDUCT10N AR EA ~ PR EPAR ING TH'E PRDDUC T AND SHIPPING I T TO

MARKET MUST BE CONSIDERED IN SELECTING SITES ~
1? ~ Oa ~ 01 ~ DETERMINE LEGIS T IC S COSTS JF VAR IOLfS S I TE SELECTED

FOR AQUACULTURE VENTURES ~

REOUIREMLNT S
PRAWN FARMERS MUST OBTAIN PERMITS AND LICENSES AND C JMPLY

kITH REQUIREMENTS GF VARIOUS REGULATORY AGENCIES AT FEDERAL'

STATE~ GP LOCAL LEVELS e
13 ~ 01. 01 ~ DETERMINE RF OUI RESENTS OF VARIOUS REGULATORY

AGENCIES AND DISSEMINATE THIS INFORMATION TC

POTENTIAL PF AAN FARMERS e
i3 ~ 01 02 ~ AHA LYLF. COST OF M ETING REQUIREMENTS OF REGULATOR Y

AGENCIES ! SE THIS INFORMATION Ih DETERMINING THE

EC J'VO<f CS UF PRAWN CULTURE AT VAR I3US LOCATIONS ~
13.01.03. DEVELOP LNIFORM STATE REOUIREMENTS AND SIMPLIFY

PROCEDURE S F jR QSTAINING PERMITS ~
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14 F 05 '

l5. GROS-0

15 ~ Gl ~

15 ' 02

15.03

REQUIRE lENTSr ETC ~
HATCHERY MANAGEMEHT

1+ e05 a01 ~ 0Eiit EL'! P METHODS FOR ESTIMATING NUMBER OF LARVAE I ~
CULTURE TANKS.

14 ~ 05 ~ OZo DET ERMINE AND CQMPARE LARVAL DiEVELQPMENT REQUIRE-
MENTS FUR M ~ ROSENBERGII MITH M ~ TENFLLUM AND
OTHER SPECIES AND R ELATE TQ ECONOMICS QF PP QDUCIN"-
VAR IOUS SPECIES ~

14 ~ 05 ~ G3 ~ MANAGE HATCHERY QPERATIANS TO MAINTAIN ADEQUATE
PRODUCTION QF POST LARVAE AT' ACCEPTABLE COSTS'

14e05 F 04 ' DETERMINE WHEN POST LARVAE SHOULD BE TRANSFERRED
FROM HATCHERY TO GROA-OUT F4CILITIES FOR BEST
SUR VIVAL AND GROMTH ~

14 ~ 05 ~ 05m DEVELOP METHODS FQR SGRTING POST LARVAE AND
JUVE4ILE S BY SE XES T'3 FACILITATE Mi3NOSEX CULTURF ~

UT SYSTEMS  SEE ALSO FACTOR 09m HABITAT ECOLOGY!
POND DESIGN AND C'3NSTRUCT ION
15 ~ Oi ~ Ol ~ DEV EL jP CRITERIA FOR LOCATING MACRQBRACHIUM PONDS

AT P RQDUC TI QN S IT E ~
15 ~ 01 ~ 02. CQM>ARE 440 EVALUATE SUBSTRATE TYPES ~
15 ~ 0' 03 ~ COMPARE AND EVALUATE METHODS OF STABILIZING BANKS

IDENTIFY @EST GRASS TO PLANT ON BANK ~ DETAIL
MLTHQDS QF MAINTAINING BANKS' EVALUATE OTHER
METHODS i!F STABIL.IKATION SUCH 4'S SOIL CEMENT ~

15 ~ 01 ~ 04. DETERMINE OPTIMUM SLOPE Of SANK IN RELATI04 Tt!
STA BILITY GF SOILS ~

15 ~ 01 ~ 05 ~ EVALU4Ti. DESIGNS WHICH MOULD INCREASE SUBSTRATE
ARE 4 T'3 INCREASE STOCKING DENSITY ~

15 ~ 01 ~ 06 ~ DEVELOP METHODS OF LIGHT CONTROL ~ TEST SUN SCREENS
MHICH TRANSMIT VARIOUS AMOUNTS QF LIGHT TQ PROVIDE
SHADING IN ABSENCE OF ALGAE AND TO CONTROL MATER
QUALITY ~

15 ~ 01 ~ 67, CI!MPARE AND EVALUATE COSTS QF Ct3NSTRUCTION FOR
PONDS OF DIFFERENT SIZEr SH4PE AND DEPTH AND
CQ IPARF CONF IGURATIONS WITH PRODUCTION BENFF ITS ~

~ HEATING PGNDS TO MAINTAIN ADEQUATE TEMPERATURE FOR OPTIMUM
GROWTH
15 ~ 02 ~ Ol ~ ESTABLISH RFLATIQNSHIP OF FLOg RATE AND MATER

TEMPERATURE TQ HEATING METHOD ~
15 ~ 02 ~ 02' ESTABLISH RELATIONSHIP OF POND CONFIGURATION TQ

Tea PERATURE MAINTENANCE.
15 ~ 02 ~ 03 ~ CQMPAR AND EVALUATE METHODS 4ND COSTS OF IN

CRE AS ING POND TEMPERATURE INCLUDING USE OF POMEP
PLA NT THERMAL EFFLUEAT QR GEOTHERMAL MATER ~

15 ~ 02 04 ~ DES IGN HEATING SYSTEMS MITH HEAT EXCHANGERS
BOTTO'I l3F PGNDS FQR USE METH THERMAL Ef f LUENTS OR
GEOTHERMAL WATERS ~

15 ~ 02 ~ 05 ~ DETERMINE RELATIONSHIP QF LIGHT INTENSITY TQ
TEMPERATURE CONTROL ~ DETERMINE THE EFFECT OF A SUN
SCREEN UN POND TEMPERATURE AND EVALUATE PRODUCTION
COS TS AND BE NEF ITS ~

~ WATER QUAL ITY C'3NTRQL t SEE ALSO FACTORS 02 ENVIRONMENT4L
P EQUIRE MENTS ANO 09 HA 8 I TAT ECi!LOGY!
15 ~ 03 ~ 01 ~ DETERMINE EFFECTS OF ARTIFICIAL NUTRIFICATION MITH

NITRATEr PHOSPHATESr PGTASSIUMr ETC ~ 04 THE AMOUNTS
OF FOQDr REQUIRED PRI�UCTIQN L EVELS AND MATER
QUALITY ~

15 03 ~ 02 ~ ESTABLISH RELATIONSHIP OF FLQM RATE TO MATER
QUALITY ~ MODIFY FLQM RATE TQ STUDY EFFECT ON
NUTRIENT LEVELSr 0ISSQLVE OXYGEN LEVFLSr AND



15 ~ 00

15 ' 05

le. F EEDS

lb ~ Ql

l 6 ~ 02

37ALG AE   SHAD ING! ~
le 03 ' 03» EVALU4TE THE FFFECT OF SLUDG'E ON WATER QUALITY AND

PRODUCTION ~ DESCRIBE THE CHEMICAL CONTRIBUTION
SLUDGE TQ WATER QUALITY ~ IDENTIFY ELEMENTS THAT
AFF ECT GRl34ITH ME TABOLISMi FOOD CQNVER SION' ETC ~
CHARACTERIZE REL4TIONSHIP QF SLUDGE TQ OVERALL

t WATER ~UAL I T Y.
POND MANAGE ME NT
15 ~ 00 ~ 01 ~ DEVELOP Mc THODS FOR ESTIMAT lNG NUMBER Af»D S IZE

0 IS TRIRUT ION OF PRAWNS IN PONDS ~
15 ~ 04 ~ 02 ~ F VALUATF THE UTILITY OF NURSERY SYSTEMS FOR

INTENSIVE CL'LTURE UF POST I ARVAE WiTH ARTIF IC IAL
FERTILIZATION AhD SPECIAL FEEDS FOR VARYING
PER IODS BEFORE STOCkING IN PONDS ~ SET UP OST
LARVAE IN INTENSIVE CULTURE SITU4TIONS» DETERMINF
AHE THER USE GF NURSERY PONDS INCREASES GROWTH
RATES' IMPROVES FEED CONVERSION AND ENH4NCES SVR-
v I VAL Td <4Rk ET SI ZE ~

1> 00 ~ 03 ~ GET ERMINt OPTIMUM SIZt OF POST LARVAE FOR STOCK'tNt-
IN PONDS ~ HOLD POST LARVAE IN SMALL NURSER Y POND<
F9R vaRIOUs LFNGTHs oF TIME ~ coMPARE cQSTS oF
HOLDING AND SURV1V4L RAT& MFASURE EFFECT 9N
PRQDUCTION.

1 5+00 ~ 04 ~ COMPARE HAR V t ST ING 4ND RESTOCK ING VS ~ CCNTI NUOUS
HAR VE 3 TING ME THUD ~ F VALUATE THF ECONOMICS OF
HARvf sTING AN ENTIRE POND BY DRAINING COMPARED
'PITH F REQUEST s E INING AND PERIoDIc REsTQcKING
WIT HOJT HARVESTING THE ENTIRiE CROP ~

l> ~ 0 t ~ 05 ~ DETER lINE OPTIML'M STOCKING DENSITY ~ STOCK
SYSTEMS PONDS WITH VARIOUS LEVELS OF POST LARVAE ~
COMPARE RATE S OF GROW TH AND SURV I VAL ~ MON I TOR
waTER QU4LITY. EvaLUATE EcoNoMIc TRADE0FFs IN
PRA WN S 1 IE VS ~ NU<htRS ~

15 ~ 04 06 ~ MANAGE POND OPERATIONS TO MAINTAIN ADEQUATE PRO-
DUCTION QF HARVE STABLf. PRAWNS AT ACCE PTABLE COSTS ~

~ IDENTIFY FACTORS WHICH MUST 8E CONSIDERED IN DFSIGN 4ND
OPERATION 9F INTENSIVE CULTURF SYSTEMS USING TANKS~ RACE-
IAYSi ETC»
15 ~ 05»01 DEVELOP DESIGN CRITtRIA FOR INTENSIVE CULTURE

SYS TEMS

1 5 ~ 05 ~ 02 ~ TEST Va<I OUS INTENSIVE CULTURE S YSTF VS 4 T LARQRA
TOR Y 490 PROTOTYPE SCALE ~

1'.05 ~ V3 ~ AN4LYZE RESULTS TO DETERMINE 4 RELATIVE COST OF
PRODUCTI9h IN PGND AND INTENSIVE CULTL'PF SYSTEMS ~

af D FEtOING  SEE ALSO FACTOR 03. NUTRITIONAL REQUIREMENTS!
4 STANDARD LABORATORY RATION IS NEEDED AS 4 BASE L INiE FOR
TESTING VAP IOUS FEEDS ~
16 ~ 01 ~ 01» DEVELOP a STAND4RD LABORATORY RATION ~

~ FORMULATION OF RATIONS WHICH WILL PRODUCE ACCEPTA6LE GROWTH
APED M4 INTA IN HEAL. TH W 1 THI N 4CCt PTABLE COST L IMI TS ~
16 02 ~ Ql» COB>4<E 4ND EVALU4TF FEED TEXTURES AND CONSIS-

TENCIE 6 ~ PRE PARE ahD EYALUATE FQODS I'MICH HAVF THF
Sa"IE NUrR If NT COMPOS I TION BUT VARY Ih FOR MULATIQ4a
SUC H AS HARD VS ~ SOf T TEXTURE TO DETERMINE WHAT
FORMS 4RE ME:ST tFFICL ECTLY USED BY THE 4NI~AL ~

16 u2 ~ 02 ~ EVALUATE F FODD <INDERS AND PROCESSING TECHNIQUES T~
CON TROL 5OLVSIL IT Y OF FOCDS ~

16 ~ 02 ~ 03 ~ C JMPARE AND EVALUATE FOOD SHAPES AND S I ~ES ~
PRE PARE aND EVALVATF. FOODS WITH SAME NUTRIENT
COMPO%I Ti ON BUT VAR Y IN SH4 PE ANO S I 7 E ~ DE TER MT Nf



�.02.O~.

�.02.05.

le.02.0e.

16 ~ 02 ' 07 '

�.03 FEED UTIL
16.03.01.

16 ~ 03e02 ~

16.03.03.

16 ~ 04 ~ F EED DIST
16 F 04 ' Ol ~

lent 00 F 0'

lent 0% F 0'

17. HEALTH  SEE ALSO
17 ~ Ol ~ CONTROL 0

CULTURE 5
17.0l Qlo

17 ~ 01 ~ 02 ~
17 ~ 0!. 03m
17 ~ 01 ~ Obs

17 ~ Ol 05.

17 ~ 01 ~ 06 ~

! B H4R VESTING PROC E
1 B ~ 01 ~ POND HAP V

18 ~ 01 e 01 ~

WHAT F'!RMS ARE MOST ATTRACTIVE TO ANIMALS ~ FEED
DIFFERENT SIZED PARTICLES AT SAME TIME IN MIXED
CUL TURE S.

IDENTIFY AiND EVALUATE ATTRACTANTS THAT STIMULATE
FEEDING ~ PREPARE AND EVALUATE FOODS WITH SAMF
NUTRIFNT COI'POSITION WITH VARIOUS TYPES QF 4TTRAI. I-
ANT QR WITHOUT AN ATTRACTANT ~
EVALUATE COMMERCIALLY AVAILABLE FEEDS IN COMPARI-
SON WITH THE STANDARD LABORATORY RATIONS ANALYZE
CHICKEN BRQlLER STARTER AND OTHER COMMERCIALLY
AVAILABLE FEEDS AND DETERMINE IF ITS FORMUl ATION
COULD BE ALTERED TQ FEED PRAWNS AT LOWER COST+
DEVELOP ALTERNATIVE FEED CQMPOSITIQN QN THF BASIS
QF COSTS UF INGREDIE'ITS WHICH ARE INTERCHANGEABLE.
I DE NTIFY 4LTERNATI VE COMPONENT S IN FE'ED FORMULATION
ON THE BASIS QF LOCAL COSTS ~ INCLUDE COST OF FOR-
MUL AT IQN ~
DEVELOP ALTERNATIVE FEED CQMPQSITIQN ON BASIS OF
4 VA? LAB lL ITY ~ IDENTIF Y ALTERNATIVE COMPONENTS IN
FEED F 3RMULATIGN ON THE BASIS OF LOC4l. AVAILA-
BIL ITY USING FEED FORMULATION TABLES TQ BE DE-
VEL OPED FOR LOCAL INGREDIENTS ~

IZATIQH
ESTABLISH RELATIONSHIP BETWEEN AMOUNT FED AND
AMOUNT UTILIZED ~ CALCULATE THE WASTE-FEED RATIO
FOR VARIOUS DIETS TO DETERMINE WHICH FOODS ARE
MOS T E F f 1 C IF NT ~
DETERMINE CONTRIBUTION OF UNEATEN OR UNDIGESTFD
FOO D TQ F E R T IL I ZAT IONOF PONOS ~
DETERMINE RATE GF FOOD CGNVERS ION ~ CONDUCT
STUDIES TQ ESTABLISH FOOD CONSUMPTION AND CONVER-
SION FQR VARIOUS STAGES OF PRAWN IN CULTURE ~

R I BU TIQN

DETERMINE OPTIMUM FREOUENCY OF FEEDING ~ DET'ERMINE
FOOD UTILIZATIOH AND CONVERSION USING DIFFERENT
FEE DING FREQUENCIES ~
DETERMINE QP TIMUM TIME Of FEEDING ~ CONDUCT STUDI f S
TO DLTERMINE IF FEEDING AND CONVERSION IS FAVORED
BY FEEDING AT VARIOUS TI "IES GF DAY ~
!MPRQVE EFF!CIENCY DF FEEDING BY UTILIZING
BEHAVIOR PATTERNS ~
FAC TOR 04 D ISEASE AND MORTALITY!

F FACTORS WHICH CAUSE MORTALITY GR POOR HEALTH IN
YSTE MS

MONITOR STOCKS IN CULTURE SYSTEMS TG DETECT PATHO-
GENIC DISEASES AND APPLY TREATMENTS'
MOD If Y CULTURE PROCE DURES TO MINIMIZE STRESS ~
DEVELOP AND APPLY PROCEDURES TO CONTROL PREDATORS
DEVELUP 4NO APPLY PROCEDURES TO CONTROl COMPETI-

TOR S
DCVELQP AND API LY PRGCEDURF 5 TO CONTROL ALGAE'
WEEDS' AND OTHER ADVERSE ENVIRONMENTAL FACTORS IN
PONDS
PUBS I SH 4 MANUAL QN HEAl. TH AND DlSEASES OF MACRO-
8RACHIURe ANv TREATMENT PROCEDURES ~

DURE S

ESTI NG STRATEGY

DETERMINE THE OPTIMUM TIME AND FREQUENCY GF HAR-
VES TING ~ VAR Y FREQUENCY GF HARVEST OF PRAWNS
ABOVE AN ESTABLISHCD MINIMUM SIZEi RELATE FOOD



CONSUMMATION VS ~ SIZE TO DETERNINE MOST f CONOMICAL
STR ATEGY ~

~ 02 ~ POND HAR VF 5 T I NG METHODS ~
16 ~ 02 ~ 01 COMPARE AND EVALUATE CURRENT METHODS Of HARVESTING

INC LUD IhlG PCND DR 4 IhA GEt NE TTI NGr FTC ~ 'EVALUATE
POND DESIGN AS 4 MEANc GF INCREASING HARVESTING
EFF ICIENCYe

le.02 ~ 02 ~ DETERMINE THE EFFECT "F SLUDGE ACCUMULATION 34
EFF ICIFNCY L f HARVESTING

18 ~ 02e03e 0 S IGN IMPRC VED NF T'5 FOR HARVESTINGe DESIGN NEW
keTS F!R EXISTIWG <ETH'30S !F OPERATION THAT WOULD
REOUCE TIE kUMSER OF SHALL PRAINS KILLED 0o
INJUREDi IMPROVE EFFICIENCY AND REDUCE LABOR ~

18 ~ C 2 ~ 04 ~ DEVEL JP MEChbNI ZED OR AUTOMATED METHODS OF HAR-
VES TING ~ O'ES IGN RACE WAYS' CIRCULAR PONDSp ETC ~ TO
AC" OKM IDA TE MECHAkl ZEO CR 4 VTOMATED 8 QUIP ME IT ~

1E ~ 02 ~ 05e INVESTIGATe UTILIZATION OF PPA'WN BEHAVIOR P4TTF RNS
SU�H AS MIGRATION AND RESPONSE TO LIGHT TV I~PPOVc
METHODS Uf FiaRVEST ING»

18

20 ~ PR ACES
2J ~ Ol~

S I fiG

PROCEDURES 4ND ECONOMICS OF MARKETING L I It 8 PRAWNS
20.01 ~ 01 ~ DEVELOP STANDARD PROCEDURES fOR LIVE 'IAPKETING

UF PRA'geIS e

20 ~ 01 ~ 02 ~ ID=.NT!FY COSTS AND THE COND ITI ONS UNDER WHICH I T I S
I S EC3N'JMI "4L TO MARKET L IVE PRAWNS.

PROCEDURES AND EC 3N J'IIC5 GF MARKETING FROZE N PRAWNS
20 ~ G2 ~ Gl ~ ID 4TIF Y METH JDc OF FREEZING THAT RESUl. T IA

HIGHEST QUALITY PRODUCT AND DE VELOP STANDARD PRO-
C' DURESS ". ~   ~ DOES BLANCHING' HE ADS Ok OR HEADS
Of f IMPROVE THE f ROZt N PRO'3UCT ~ E VALUA TE F Laze
F REF ZlkG ANL RAP10 FP EE ZING USING SL'PER COOt ING bS
COMPARED TO TRADITIONAL METHODS ~

20 ~ 02 ~ 02 ~ ID NTIFY COSTS 4NO THE CONDITIONS UhDER WHIC4 IT 7~
ECONOMICAL TO MAR<~T FROZEN PRAWNS ~

PRQCFDURES AND EC !NOMICS QF MARKETING CQOKFD PRAWNS
2G ~ 03 ~ 01 ~ DETERMINE METHODS Of COOKING THAT R. SULT Ik THE

HIGHEST QUAL I TY PRODLICT A I TH BFST ThSTE AND
TEXTURE AND DEVFL Ji' STANDARD PROCESS lNG AHP MAP-
KFT ING PROC EDURF. ~

20.03.r 2. IDENTIFY C3STS 4ND rkE CONDITIONS UkOER WHICH IT
I S ECO'4JMICAL TC MAPKE T COOKED PRAWNS ~

PROCEDURES AND EC 3NOMI C S Lif PACKAGING PP AWNS FOR THE MARK f T e
2C ~ GW ~ Ol e DEVELOP I MPPOVE 0 METHODS Of PACKAGING L I VE e FROZEN

CO'3KED PR AIitNS AND I DENTI F Y THE COSTS ~
4 SMALL PERC NTAGE OF PRAWNS t'ROOUCED IN SOME APFAS HAVE 4
SOFT MUSHY TE XTURE e

24 ~ 05 ~ Ol DETERMINE CAUSES OF QUALITY VARIATION SUCH AS SOFT
TEXTURE.

24e05e02e DEVELOP PROCESSING PROCEDURES TO MINIMIZE QUALITY
VAR I ATIUNSi SUCH AS SfIF T TEXTURE ~

20 F 0'

20 F 0'

24 F 0'

24.05 ~

14 ~ PP 8 PROC E S5 IHG
19 e Oa ~ HANDL I kG PRA'et NS FRAM HARVFST TO PROCESSING TO MINIM I Z E

QUALITY LOSS.
19 ~ 01 ~ 01~ DEVELOP METHOD Of. R JPTOL Y TPANSFE RR ING P R 4 WNS FR hei

PONDS T J PROCESSING UNIT

19 e01 ~ 02 e DETERMINE ACCFP TABLE TI KF UNTIL PR IC ESSF D ~ STL>DY
FFF ECTS JN QUALITY OF CHILLING VS H~LDINC AT ~DO>
TEMPERATJREe

l9 ~ 01 03 DEVELOP STAt' DARL' PROCEDURES FOP HANDL IN  PP I OR T~
PROCESSING TQ PREVENT LOSS OF QUALITY ~



Zo.oe.

21e DISTR1

21 ~ Dl ~

Zl ~ 02e

21 F 0'

22 ~ SUPPLY

22 ' Oie

hEED FQR QUALITY STANDARDS AS A BASIS FOR QUALITY CONTROL
AND I'4S PECTIQN PROGRAMS ~

20 ~ 00 ~ 01 e DEVELOPMENT OF OVAL ITY STANDARDS BY INDUSTRY OR
BY GOVERNMENT AT REQUEST Of INDUSTRY ~

BUT I Gh AND MAR KE T I NG

PROCEDURES AND ECONOMICS Of SHIPPING«STORAGE AND DISTRIB-
UTIONN Pf PRAMNS IN VARIOUS PRODUCT FORMS ~

21 ~ 01 ~ 01 ~ DETERMINE SHIPP ING« S TORAGE AND DISTRIBUTION AND
RET AIL ING PROCEDURES WHI CH MILL RETAIN CUAL ITY 4T
ACCEPTABLE COST ~

21 ~ 01 ~ 02 ~ DETERMINt MAXIMUM STORACE TIMC UNDER VARIOUS CON-
DITIONS CONS1STENT WITH QUALITY RETENTION AND

EVALUAT: COST ~

PRODUCT SAFETY

21 42 ~ 01 ~ DETERMINE SAFETY OF THE PRODUCT FOR HUMAN CPN-
5UMPTIPN BY ANALYllkG FOR HEAVY METALS«PESTI-
CIDES« CHEMICAL CONTAMlkANTS AND BACTERIAL OR
VIR AL C JNTAf'INATIQH«ETC ~

kUTRIT ICNAL V ALUE OF PRAWNS FOR HUMAN CQhSUMPTION
21e03 ~ 01 ~ DETERMINt= PRQXII'ATE COMPQSITIOh«CHOl ESTER jL«ETC ~

DETERMIkI'NG CURRENT AkD P~OJECT! NG ANTIClPATED PRPDUCTIOk
F ROPI AQUACULTURE 4ND LANDINGS f ROM HARVEST OF MILD STOCKS
IN VARIOUS LPCATI jNS AND TRANSPORT TQ MARKETS.
22 ~ Ql ~ 01. OBTAIN STATISTICS PERIODICALLY TO IDENTIFY CUR-

RENT PRODUCTION FROM AQUACULTURE AND HARV<ST Of
AIL 0 STOCKS IN Ue S ~ AND AfAtQAD ~

22 ~ 01 ~ 02 ~ PRO JECT ANTICIPATED PRODUCTION FROM AQUACULTURE
HARVEST OF WILD STOCKS ~

22 ~ Ol ~ 03 ~ ENCOURAGE LABELING GF 1MPORTED FRESHWATER
PR4MNS TO DIFFERENTIATE FROM THE DOMESTIC
PRODUCT.

23 ~ DEMAND
Z3 ~ 01 ~ DETERMINING C URRE'kT AND PROJECTING FUT"RE DEMAND FOR VARIOUS

PRODUCT FORMS ~

Zi e01 ~ ul ~ 0 ET ERMINE 0 ISTR1BUTI'.!N PATTERN IN U ~ S ~ Of ! S-
PORTED FRESl MATER PRAWN TAILS AND IDENTIFY AND
QUA NTI FY MARKETS ~

23 ~ Ole02 ~ CONDUCT A PRELIMINARY SURVEY TO ESTIMATE THE U ~ S ~
MARKET FOR DOME STICAL L Y PRODUCED FRESHWATER
PRAWNS IN VAR IOUS PRODUCT FORMS t E ~ G ~ L IVE «F RE SH
CH?LL 9«COOKED« f ROZEN« MHOLE VS ~ TAIL S VS ~
MEATS! e

23 ~ Ol ~ 03 ~ «tHE N ADEQUATE SUPPLIES ARE AVA ILABLE CONDUCT TFST
MARKETING Of VARIOUS PRODUCT FORMS IN REPRESEN-
TAT I VE LOCATI JNS AND EVALUATE TQ INCLUDE ESTIMA-
TION JF INCOME AND PRICE ELASTICITY ~

23 ~ 01 ~ 00e CONDUCT A PRELIMINARY SURVEY TO ESTIMATE f OREIGN
MARKETS FOR FRESHMATER PRAMNS PRODUCED IN U ~ S ~

Z3 ~ Ol ~ 05 ~ DETERMINE OTHER USE FQR FRESHWATER PRAMN5 SUCH AS
BAIT OR AS AN INGREDIENT FOR COMPOSITE PRODUCTS ~

23 ~ 02 SELECTING AS STANDARD TRADE NAME FOR MACROBRACHIUM
23 ~ 02 ~ Ol ~ DETERMINE APPROVAL BY U ~ 5 ~ FOOD AND DRUG ADMINIS-

TRATION AND REACH INDUSTRY AGREEMENT ON A STANDARD
NAME ~

Z3 ~ 03 ~ COMPETE TION B FTMEEN FRESHWATER PRAWNS AND MARIN'E SHRIMP IN
U.S. MARKET
23 03 ~ 01 ~ DETERMINE THE RELATIVE MARKET ACCEPTABILITY QF

FROZEN TAILS OF FRESHMATER PRAWN AND MARINE SHRIMP ~
23 ~ 03 ~ 02 ~ DET ERMINE L'CONQMICS OF MARKETING f RESHWATER PRAWNS



AS FROZEN TAILS VS OTHER PRODUCT FORMS ~
2w ~ LOCAT ION QF MARKE TS

2 e ~ 01 e DETERMINING GEOGRAPHICAL' ECONAMIC AND ETHNIC MAR<8 TS FOR
PRAwNS ~

2+ ~ Ol ~ 04 ~ IDE NTIFY GEOGRAPH'ICAL AND ETHNIC MARKETS I 0 0 ~ S ~
AND A 8RJA0

24' ~ 01 ~ 02 ~ DEVELOP S TRATEGY F JR tXPAND ING MARKETS AND
FSrrr ATE COSTSe

25e PRICE

2> ~ 01 ~ SELLIKG PRICE FOR VARIOUS PRODUCT FORMS BY ARFAS AS
RLLATED TO CDMPETIhG iPR'2DL'CTS ~

25 ~ Dl ~ Gl ~ ANALYZE CURRENT PRICFS FOR IHOLE M4CRDBRAC "IIU"
AND COMBE TING PR'i!DUCTS e

25 Gl 02 ~ EST IRATE PRICE FOR MACRORRACHIUM TAIL S Ik C3" ~AR-
I SlJN Ml TH PENAE ID SHRIMP ~

25.0l ~ 03 ~ PRO JECT PRICE TRENuS FO& VARIl US PRODUCT FDJ> "~ ~
2~ ~ EC JN!MIC ANALYSIS

wVA T ARF T~t COSTS 'JF PRODUC ING MACROPRACHIUM IN RELATION TO
SELLING Pl ICE+ COSTS ASSOCIATED l» ITH SUCH FACTORS AS LABORS
VEATINGi FEEDS CONST RUCTIOh HAVE BEEN IDENTIFIED UNDER PRE-
VIOUS TOFICS ~ THIS SECTIOh COVERS THE ENTIRE RANGE OF FACT JRS
MUST BE Cl1hS IDEREL! REF JRt INL t ST ING lh FRESHWATER PRAWN
CULTURte
Ze.01 ' STRUCTLRE DF THE Pl A~h 'Ak~ING INDlJSTRY

26.01.0l. P>EJECT THE IMPACT OF LARGFR COMPANIES QN THE
<Al L PRAJNA F ARPENT I ~ c ~ g IL l. t NTR ANC E OF L AQG FR

CClMPANIE ' 'HI TH DIFFERENT PROFIT MOTIVES AF~=CT
i~ALL PRI 0 JC ERS ~ THIS I '5 RELATED TO S! Ff JF LOCAL
4 Ni! I N 1 t R hl A T I ON 4 L K 4 R K E T S ~

ZG.G..D2. STUDY TH~ PI TtNTIAL Of USI,IG CC-OPS FOR HARVESTIe,'".
ANiJ I'ARKETIhG IU I<PR JVE THE F CQNDMICS OF S +ALL
PRQDU-EkSe

~ PI ~ 03 ~ STIJDY!VFE �NOMI S !f C4LEASSOCIATEDLI THE
PRODUCTI 'N ~ ul- TtRMINf OPTIMAL L t VEL OF PRllDUC-
TIDN 3F MAXIMIZE PROFIT,

2e.v'I ~ OA DE TER MINf. THE MINIMU" S I lE FAR l" NFEDE~ TG S USTA EN
4'4 INJ I VIDUAL AS 4 f ULL lJR PAR'l T IME OCCUPAT I'!h.
0 F T F R M I l ' C 4 P I T A L R E 'J U I R E ME N T S ~

26 ~ C' ~ 0 DETERMINe THE SIZF OF 4 PRODUCING UNIT hECF SSARY
TO 4 TTRAC1 CAPI 1 AL I:AVE 5 TMt NT BY LARGE COR ~O'~A-
TI6NS ~ DE TE RMIh6 CAP I TAl. REQUIRFMthTS,

2h ~ 02 ~ P RUDUC T ION FC ONQM IC S
26.02.0l DEVFLDP AN EC !NO>IC Ml'DEL OF PRVDUCTI !b ~ TWE <O~~L

SHJULD Rh. RRUAO ENGUl V TO SHObl THt INTFPRFL ATICN-

SWI P DF THE FACTORS AFFF CTING PRODUCTION SUCH 4S
LAB OR e ~!!O'L'l CONSTR U' T IONi EQUI P ME&'T F E F 0 AIMS
OPT IMUM ~RAIN S IZE. THE l'dt3FL SHOULD REL ATE SCAI E
TO TO I'AL ClJST QF PRODUCT ION,

27 ~ INFORMAL ION D I 3 SF MIN 4 T I ~!ll

27e Ol. THt DI SSEMINA TION OF C ENFRAL 4 lD S f EC IF I C INFrlRW4 TI VN CUNT-
C LRNING lACR JBRACHIUM f ROM PURL I SHED AND UNPUBl. ISHl. D
SCLRCE S TD UJ E R 5 '!~ PCl I EN T I AL USE RS ~ THIS INFORMATION MAY
l: E UPDATED Pt RIQD!CALl Y Df PENDING ON THF PROG& ESS IN TWF
F IELD AhD Il'PRUVEME NT I V TH~ STATE OF THE ART ~ II TOTAL
I I WILL PROV! DE 4 BAS IS FOR I NVE STMEN I Df C ISIS'NS AND 4 Gl'IDF
FOR PRODUCtRS e

27 ~ QI ~ pl, PR3l!UCE AND DISTR IBUTt CUL TURt MANUAL S AND
PER IUD IC RE f ORT ON P RAIN CULTL'RE e

?7.vl,OZ, LIST PURL ISStD 4hD 4VAILABl.E UhPUBLISHED LITERA-
TUR E Ill MAT I DNA L > CUACUL TUR E I NFORM41 ION Sf R-

41



42
VICE COMPUTERIZED BIBLIOGRAPHY WHERE IT IS READILY
A VA ILABLE AT A NOMINAL COST ~

27 ~ 01 ~ 03' PRE PARE AND DISTRIBUTE A LIST OF ONGOING PESEARCH
PROJECTS CQhCER NING NACRQBRACHIUH AND UPDATED
PERIODICALLY ~

27 01 ~ 00 ~ ESTABLISH Ah ADVISORY SERVICE TO PROVIDE QN-SITE
PRQBLEH ASSESSMENT AND To CONKUNICATE TECHNICAL
INFORMATION TO PRODUCERS' PROCESSORS AND NARKET-
ERS ~

Ze. INVESTMENT CaPITaL
28 ~ Ol YACRUBRACHIU'I CULTURE LIKE WQST AQUACULTURE VENTURES INCf, U0ES

R ISKS WHICH ARE GREATER THAN FOR AGRICULTURE ~ THI 5 NAKES IT
DIFFICULT TO OB1'AIN ADEQUATE CAPITAL IN I'ANY CASES ~
ZH.Vl ~ Gl ~ ESTABLISH GOVERNMENT OBLIGATION GUARANTEE PROGRAM

AS PRQPQSEO IN AQUACULTURE BILL NQQ BEFORE
CON GRE S S ~

28 ~ Gl ~ QZ ~ CONDUCT PROTOTYPE TESTI4G TO VALIDATE CONMERC14L
APPL ICABIL ETY OF LABQRATQRY RESULTS ~

28 e 01 ~ 03 ~ REQUIRE INSURANCE ~

ZSi02 ~ TINE REQUIRED TQ GET AN ACCEPTABLE RETURN QN INVESTMENT ~
28 ~ 02 ~ Ol ~ GOVERNMENT LOAN OR OBLIGATION GUARANTEE PROGRAM ~
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Appendix 8

The seventeen research projects and their associated parameters
determined at the OeC ~ 13~ 1976 «OrkShOp ~ RatingS are thOSe given
in the fol I o«-up survey subsequent to the «orkshop ~ Project
descriptions may not match exactly «ith those listed in appendices A
and C because of revisions bet«een the «orkshop and the final
surveys Ratings are averages over all respondents on a seal~ of
 not neededl to 4  urgent! ~ Ratings «ere requested to be made
separately on each of six categories: Payoff' urgencyp probability
of success~ resources~ time frame and cost ~ The items "status" and

"researcher" have not been entered into the data base. This causes

these data items to default to "NOT 8EGUN" and "NONE" in the table
be I 0'w ~



AQUACULTURE RE.EARCH I Nf ORMATION SYSTEM
MACROBRACHIUM RESE ARCH STATUS
PROJECTS FORMULATED AT THE MACROSRACHIUM WORKSHOP

0l ~ 02 ~ 00 DE TER MINE
DET E RHINE

GN GR'7WTH
STATUS~

PRIOR ITY RAT ING

PAYQF F ~ ~ ~ o 2 ~ l7
URGENCY.. ~ 2.06

PR SUCCESS 2e64
RESGU'RCESe 2 ' 75
TIME FRAME 2e32

COST ~ ~ ~ e ~ ~ 2 ~ Ii

02.06.03 DETERMINE
STATUS'

PR IGiR I TY R AT I NG

PAYGFFee. ~ 2e71
URGENCY' e ~ 2 ' 86

PR SUCCESS 3 ' 29

RESOURCESe 2e6%
T I ME F R AWE 2 ~ 79

COST ~ ~ ~ ~ ~ ~ 2 ~ 79

J3e J 1 ~ 00 OE TL R MINE
0 E TER le I NE

GROWTH> S
AT EACH L

STATUS'
PRIOR ITY RATING

PAYGFF ~ ~ ~ ~ 2 F 80

URGENCY' e ~ 2 ' 87
5 L'CC ESS 3 ~ 11

RE 5GURCES 2 76
fINE FRAME 2 ~ 23

COST ~ ~ ~ ~ o ~ I ~ 7e

05 ol ~ 00 DETERMINE

DE 7 ERMINE

SPECIES 3
STATUS<

PRIORITY RATING

P A YQ F F ~ ~ ~ ~ 2 ~ 00

URGENCY' ~ 2e0%

PP SUCCESS 2 ' 09
RESOURCES' 2 ' 38

02 e06 ~ Ol GET

UET

tNV

STA
PRIOR I TY

PA YCF F ~ ~ ~ ~

URGENCY' ~

SUCCESS

RESGURCESe
TIME FRAME
COST ~ ~ ~ ~ ~ ~

E R MINE

ERMINE

IRGNM=

TUS~

RATING

3eVB

3 ~ 38
3 ~ 62

F 08
3 ' 23

3.08

EFFECT OF ENVIRGN FACTORS ON GROWTH
ENVIRON VARIABLES AND THEIR EFFECT

AND AS RELATEO TO SEX RATIO
NOT BEGUN RESEARCHERS NONE

--COMMENTS--

VARIABLE
VARIABLE

HI GH T J MEDIUM
UARIABLt

1-5 YEARS

VAR IA BL E

tFFECTS OF ENVIRONMENTAL CONTAHINANTS.
THR.JUGHPUT RATES AND FATE Of

NTALLY PRESENT CHEMICALS GN THE ANIMAL ~
NQ T BEGUN R ES EAR CHER 0 NONE

--CJMMEhiTS--

S ITE SEL ECTI'3N INSURANCE

USEFUL t OS AT PRODUCTION SCALE UP
~RACT ICAL

LA'8'ORATORY STANDARD
1-5 YFARS
aav>000 � ae0.000

EFFECTS OF CHEMICALS USED IN POND MGT
NOT BEGUN R E SF ARCHER 4 NONE

� COMMENTS--

PRQDUCTION CONTROL
AT PRODt;C TION SCALE UP
PRACTICAL
LABORATC'RY 5TANDARD
1-2 YEARS

%%0i000 � 460oOGO

BASIC NL TRITIONAL REQUIREMENTS
BASIC NLTRITIONAL REQUIREME'NTS FOR

URVIVAL AND HEALTH OF VARIOUS SPECIES
IFE STAGE
NOT BEGUh RESEARCHERS NOSE

� COMMENTS-
CUST DEDUCT IONp LOiiER HAZARDS
AS SOON AS POSSIBLE
PRACT ICAL

BI !CHEM LABe BIOCHEMIST~ NUTRITIONIST
8 YEARS jLONG TERM

%300>000 TO $500~000 PER YEAR

EFFECTS OF SEXUAL DEVELOPMENT VAR IATION

EFFEC TS OF CHARACTERISTICS OF VARIOUS
f MACR QBRACHIUM ON THC IR CULTURE
NOT BEGUN RESEARCHER l NONE

--COMMENTS--

VARIABLR

VARIABLE

L3W
VARIABLE



T IlVE FRAME 1 ~ 96 LONG RAt GF,
COST ~ ~ ~ ~ ~ ~ 2 ~ 02 VARIABLE

0 7 eOI ~ DD PER FORD STOCK EVALUATION
EVALUATE GENETICS OF VARIOUS STOCKS
STATUS i HOT 8F GUN RESEARCHER a NORE

PRIOR ITY RATING --C l!N<EHTS--
PAYCFF ~ ~ e ~ 2 ~ 05 L O'WER COST HIGHER PRODUCTII!N
URGF NCY ~ ~ ~ 1 ~ 9B bid:H AVE ILABL E

SUCCESS 2.62 wEOIU~
RE SOU'kC ES ~ 2 ~ 67 C 3V'IE <C I AL PONDS~ BIOL OGI 5 T
TIRE FRAME I ~ 93 5 YEARS
COST ~ ~ ~ ~ ~ ~ 2 ' 14 <30t000 $90tVGO

Cd ~ Ol ~ OG IDENTIFY BEHAVIOR PATTERNS OF VARIOU5 SPECIES AND
STOCKS OF PRA WHS
DETERl" IN= FEEDING NIGRATI 3Nx TERRI TOR I AL ITY ~ AND
HATING BE HA VIER '.!f PRAwNS

STATUS' NOT BEGUh RE SEARCHER t HONE
PRIOR. I1 Y RAT ING � Ct3NREHTS--

PAYOFF ~ ~ ~ ~ Ze08 'WILL LO&iR COST
URGENCY ~ e ~ Ze 84 U5EFUL ANYTIME
PR SUCCE55 2e54 HIGH

l ESOURCES Z ~ 62 RESEARCH PONOS OR TANKS GPAD 5TUDEHT
BEHAVIOPAL 8 IOLCGJST

TIME FRAME 2e71 2-5 YEARS

C JS T ~ ~ ~ ~ ~ e 2 e 30 %20! 000

0 ! ~ Ui ~ C C l'EF INE Pi3ND f. NV I R I HKE h'T

I i!F NTIFY ECOLOGICAL F ACTORS IH PONDS OR OTHFR
CULTURE SYSTEMS AhD THEIR PELATIOH TO VARIATIV45
IN VRAWN PRODUCT IC'N e

STATUS l NiDT BEGUN RESEARCHER f HONE
PRIOR ITY RATING --Ci!~lVEHTS--

PA YOF F ~ ~ ~ ~ Ze 17 DO<!BL 8 P Rl!DL C TIGHT 5C IEHT IF I C RF AR ING
URGEt CY ~ 2 ~ 26 AS "DON AS PO
13LE

PR SLCCESS 2 ~ 37 NEDIUN
L'E SOURCES ~ 2 ~ 31 CO VNERC ! AL PONDS  NOK I TQRIHG INSTR UlVENTSe

BIOL i3GI C At TECH' STAT AHAL YSTp 10 PFR C ENT
RESF ARCH SC IENT I ST

TI~L FRAVf. Z.le 2-IO YEAR~

COST ~ ~ ~ ~ ~ ~ Z ~ 29 $60' 00v � $123r C'UG/YEAR

14.0leC 1 IMPROVE JTILIZATICN OF ARTE>IA
DE VE L<!P F CEDING PPOCE OUR t 5 TO IMPROVE EFFICIENCY
IN THF USE QF ARTf SIA

STATUS 4 NOT BEGUN RESEARCHER t NOHE
PP I UR I TY RAT IN  --CURRENT 5--

PAYUFF .. ~ 3 ~ J0 STABlLITY OF HAZARD REDUCTION
URGENCY ~ 3 15 AS SOON AS PGSSIBLE
PP SUCCESS 3 ~ 00 HATCHFR Y
HE5 GURCES e 3e l5 PRACT ICAL

TIHt FRAME 2 ~ 92 I TO Z YEARS

CUST ~ ~ ~ ~ ~ ~ 2 ' 92 460eGOO

14 ' V4 F 02 INCREASE SUPPLY OF ARTEHIA

INC R E A 5 E 5 UP P L Y i3 F HI G H QUALITY 4 R T E lV I A CYSTS F R 0 lV
HATURAL SOURCES ~ DEVELOP PROCEDURES fOR REAPING
ARTEPIA THROUGH THE IR LIFE CYCLE AT HATCHE RY S IT'ES
T3 PROVIDE 4 C t3HTIHUVUS SUPPLY OF NAUPLI I e



46STATUS t NOT BEGUN RESEARCHER t NCiNE
PR I OR IT Y 4 A TING --C jMMEh' TS--

PAYt!F F ~ ~ ~ ~ 3 ~ 36 5 TABI L I T Y Of HAZARD REDUCT ION
URGENCY. ~ . 3.36 AS SCQN A5 POSSIBLE
PR SUCCESS 2 a 64 PRACT ICAL

RESUURCESp 2.64 LAB
TIME FRAME 2 ~ 79 2 YEAP 5

CQSTi o ~ ~ ~ ~ 2 ~ 64 $100p000

l4 ~ 04,05 F INC SUBS TITUTE FOR ARTEMIA

DEVELOP A 4 ARTIFICIAL LARVAL FOOD AS RL'PLACEMENT
FOR BP INE SHRIMP
5 TAT US t NOT BE GUN RE S EAR CHER > NONE

PR IDR ITY RATING -Cl!MMENTS
PAYOFF ~ ~ ~ o 3e43 STABILITY OF HAZARD REDUCTION

URGENCY ~ 3.36 AS SOON AS POSSIBLE
PR SUCCESS ?r64 HIGih
R E 5 Lt L'R C E 5 ~ 3 o 0 0 F 3,! 0 L A S p H A T C H E R Y ~ F O 0 D TECH

TIME FRAME 2 ~ 57 2 TQ 4 YEARS
COST ~ ~ ~ ss ~ 2 ' 36 %10JpOOC

15 04 ~ 01 DEVELOP QST EFFeC TIVE COUNTING METHODS FQ< PttAM<S
DEVELOP METHODS FQR ESTIMATING POPULATION AND SIZE
DI STR I BUT I QN i!F PRA'atNS IN PONDS
STATUS< NOT BEGUN PESEARCHERI NONE

P R I QR! T Y R AT I NG --C I! MMES T 5
PAYOFF ~ i ~ ~ 2 ~ 71 PR EDUCTION STABILITY
URGENCY, ~ 3 00 AS SQQN AS PQSSIHLE

PR SLCCESS Z ~ 7l HIGH

RE SOURCES ~ 2 ~ 71 COMMERCIAL PONDS STATISTIC IANp

ELECT<Ot ICS TECH
TIME FRAME 2 ~ 57 1-' YR  SAMPLING! 1-4 YR t INSTRU>EATS!
COSTs ~ ~ ~ ~ ~ 2o71 %25p000 i~OpOGQ � %80p000

~!ed% ~ 02 DEVELOP STOCKING STRATEGY TQ INCREASE PRODUCTION
EVALUATF UTILITY CF NLiRSERY 5YSTEMS ~ DETERMINE

OPTIMUM 5 IZE JF PGST LARVAE FOR STOCKING IN PONDS ~
DETERt'INE QPTlMUM 5TOCKING DENSITY' O'ETERMINE
OPTIMUM STOCKING TIME AND FREQUENCY.

STATUS' NQT BEGUb RESEARCHER 4 NOI4E
PRIOR ITY RATING --C JMME VTS

PAYOFF ~ ~ ~ ~ 2@93

URGFNCY des 3sQ7

PR SUCCESS 3 ~ 14

RESOURCES. 3.00

TIME FRAMF 2.64

CQST ~ ~ ~ ~ ~ ~ '2 ' 50

16 ~ v3euI COMPARE E FFICIENCY OF FEEDING PROCEDURES
EST ABL ISH RELAT IONS HIP BETWEEN AMOUNT FED AND
AMOUNT UTILIZED p DETERMINE CONTRIBUTION QF

UNDIGESTED FQQO TC FERTILIZATION OF PONDS ~
STATUS' NQT BEGUN RESEARCHER3 NONE

PP I ORITY RATING --COMMENTS

PAYOFF ~ ~ ~ o Zo 79 CQST Rf. DUCTION
URGENCY'� .. 2.86 AS SOON AS PO55IBLE
PR SUCCESS 2 ~ 79 PRACTICAL
RESOURCES ~ 3 ~ 29 PQNDSp NUTRITION TECHp POND MANAGER
TIt"E FRAME 2.86 1 TO 4 YEARS

CGS T ~ ~ ~ ~ ~ ~ 3 ~ 07 S60p 000
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23 ~ 01 i i CHARACTERIZE DISTRIRUTION PATTERN AND MARKET IN
U ~ S ~ OETt RMINL DISTRIBUTION PATTERN Of IMPORTED
PRA>N TAILS IN U S. AND QLANTIFY MARKETS
STATUS 4 NOT 8EGU4 RE SEARCHER > NONE

PRIORITY RATING COMMENTS--
PAYOFF ~ ~ ~ ~ Zo t3 IDENTIFY MAPKETt 80lSTER MARKETING

DECISION~ D IF.FERtNTIATE DOMESTIC ~ACKET
URGENCY' ~ ~
PR SLCCESS
RESOURCcS ~

TIME FR AME
COST ~ ~ ~ ~ ~ ~

2 ~ 57

3 ' 0V
3 ~ 14

Zs93

Ze93

PR 4C T ICAL
STANDA"C

THAN j YEAR

MIN IMAL

23 ~ 01 ~ GZ PREL IMINARY 1ARKE1 50<VE Y
CONDUCT 4 PRELIMIN4RY SURVE Y TO ESTI M4TE THE U ~ S ~
MARKET FGR DoMEsTIcaLLY pp lDUcED pRAQNs Ih WARIoUs
PRODUCT FORMS
STATUS< NOT REGULA RESEARCHERS NONE

PR IOP I T Y 8 AT I NG --CUMMKNT 5--
PAYoFF ~ ~ ~ ~ 2 ~ 43 M JD Ir Y INVE 5 TMKNT 1 E VL'L
URGENCY Z 50 IMNEDiaTF FOR DECISION MAKING
FR SUCCESS Ze8f PWAC11CAL
RESOURCES ~ 3 ~ 07 STANDARD FAC ILITI -. p MARKET SPEC I 4L I ST
TIMr rRA lE 2.be 1 rear

ZO ~ 05 ~ 01 PET

STA
PRIOR ITY

PAYOFF ~ ~ ~ ~
URGENCY' ~

PR SUCCESS

RESOURCES'
T IMK F RAM'E
COST ~ o o ~ ~ ~

E R> INE
TUS~ N

RATING

2 ' 71

2 ' 93

z.ee

F 00

Z.e~

2 ' 93

CAUSES OF QUAL I TY VARIATIO~
PT BEGUN RE5<APCHER~ NONE
--C !MMENTS--

GUARANTE<S CONSISTENT QUALITY
3-5 YEARS DEPENDING ON INDUSTRY PROGRF S'S
>0 ~ER CENT

FOOO TECH L48~ F BOD TECH' BIOCHEMIST
3 T'3 5 YEARS

%6 J> 000 TO % 106 ~000 PER YEAR



Appendix C

Comp!ete fist of average ratings for all projects ln 5QfacahLRQJ31lk9l
priorities svrvey. See Appendix C caption for explanation of ratin9
system.
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AQUACULTURE RES EAR CH I NF QRMATI CN SYS TE I
SUMMARY OF MACRORRACHIUH RESEARCH SURVEY PRIORITY RATINGS

� A VENTAGE R ATIHGS--

Raoe na

SUCCESS

SA MPL E

SIZEPROJECT "..OSTRFSOUPCES TT~EPAYOFF URGENCY

010101

01J?VL
010202

010203
CLOZO4

JLO?G5

VLG206

F10207

01G2ot!

OL0204

vlO

010302

J?0101
J20201
O?0301

JZv3~2

323303

020401

G20501
J2ubO1

020602

uZG603

o?obO4

O?ulv1

G20702

V?0703

Li247o4

G?vovl

J3G<CL

030192

03ui03

030104
~'3~1v5

03JIOC

~4v141

J4V20]

040?GZ
v4'! 203

v4v?u4

04J2C5

v4 �01

J4v4vl

040402

G to541

04v601

J501ul

05 JLOZ
v'7GgO3

050l04

060101

060102
' bo?GL

14

14

14

14
14

14

14

14

14

2

14

15

14

14

14

13
15

14

13

14

14

14

14

14
14

14
14

14

i4

14
14

14

l4

14

14

l4

14

14

14

14

14

14
14

1 ' 93

F 14
1 ~ 57

2 ' ?9
2 ~ '!G

? A ~3

2«14

2 ' 21

2 ~ Zv

1«93

1 ~ 93

2«!G

2« 7L
Z ~ 29

~ 73

3 «'37

2 ~ i>7

2«VJ

2 ~ 50
3 ~ 0>>
7 ~ 51

2 ~ 7i

2«15
2 ' 64

2 ~ 7 7

2 ~ 50
7 ~ 36

Zev 7
Z.eb

3 ' OO
7 ~ 79

2. ~e
2 ~ 64

2 ~ f�

2 ~ !i

Zemi

2 F 07

2 f�

I ~ 93

2 ' 57

I«Oo

?r14
2 ~ o4

1 14

I ~ Ub
2 ~ 07

2 ' 07

L«96

2 ~ ov

i ~ i 7

7 ~ Q7

1 ~ 30

1 ' 64

2 ' OO

1 ' 21

2 ' OC

1 ~ >0

Z«86

1«86

2.86

2 ~ 2 J
Z«07

lr86

2 50

P«57

2 ~ 57

2 ' 80

3 F 21

2 AD ?9
2 ~ 14

2 ~ &6

3 ' 38
2 ~ 73

2 ~ 8f!

NOH

2«86

2 ' 93
Z«71

2«C4

2 ' 21
2 ' 93

F 00

2.66
F 86

Z ~ 79

2 79

2 ' 21

2 ' 29

Ze14

2 ' 57

1 ' 93
2.64

1 ' 93

2 ~ 21

2 ' eb

1 ' 14

1 ~ 7l

ZYGO
2 «14

1 ' 79

2 ' 21

2«0u

2 ' 14

1«64

3«36

F 00

2 ' 43

2 ' 50

2.14

F 00

Z«36

3 ' 50

lr93

Z«86

2 ' 71

3 ' 50

3«G7

3 ' 36

F 07

3 ' 50

2 ' 86

F 86

3 ' 21

3 ' 62

F 13

F 29
2 ' 77

3 ' 21

F 14
3«14

3 ' 14

2«36

3«14

3«21

3 ' 07

3 ~ V7
F 07

3.07
2 ' 57

2 ' ?1
2«29

2«79

i' 29
3 ' 07

2 ' 79

Z.ee

2 ' 71

1 ~ 43

2 ' 79

2«07

2 F 29

2 ' 07

1«93

2 F 66

3 ' Zl

2 F 21

3«07

2 ' Rb

2 ~ 29

2 ' 79

2 ' 71

2 ~ 93

Ze 5G

3 ~ 4~

2 ~ 57

2 ~ 71

F 21
3 ' 50
F 00

3 ~ 07
2 ~ 73

3 ' 14

2 ' 7l
Ze57

F 00
3 ' 06
2 ' 53

2 ' 64

F 46
3 F 07

3 ' J7

3 ' 07

F 00

2 ' 14

2«96

Z.ee

? ~ 71

2 ' 71
2 ~ 71

Z ~ 29

2 ' 36

2 ' 50

2 ' 71
2 ' 50

2 ' 93

2 ~ 93

Z ~ 93

Z.93

le43

2 ' 36

F 43

2 ' 50

2 F 21

2 ' 36
2 ~ 93

3 ~ 0G
2«21

2 ' 43

2 ' 14

F 29

2 ' 50
~3

2 ~ 79

I ~ ~4

3 ~ 21
I r Hf!

2 ~ 50

F 64
4.00

2«43

2 ' 93
2 ' 63

F 14

F 50

2«43

2 ' 93

3 ~ 2 3

2 ~ 53

2 ~ 79

2.3e

3.0a

2 ~ 93

2« ~3

2 ~ 93

1« 79

2 «? I

2 ~ 29

2« 36

P«21
2 ~ 14

2« 14
1«~3

2«07

2«57

2.86

2 ' 21
2.79

Ze43

2 ' 64

2 ' 50
1«14

Z«64

le 93

2 ' 07

I ~ 86

t«93
2 ~ f 4

Z ~ 93

2 ~ 00

3 ~ ~ 7

7 ~ 36

> ~ 5G

7 ~ 36

c.ef 4

.79

3 ~ 7

2 ~ 00

2 ~ 7T

I e 'f
p ' «i
e ~
7 ~ 71

7 a

2«4C

3 ~ 7

? «43
7

3«OR
'«~3

2 ~ 79
e;4

0
~ 9 3

~ ~ CC'
'! ~ G C'

~ ' 1

'«PC

.= ~ 00
' ~ 93

1.79
' «PC

! ~ l4
"~ '7

2« 50

2 ~ 57
7 '|9

57
'«50

7 ~ 64
' ~ "7

l ~
~ 79

I ~ 79
". ~ 'i 7

2 ' OO

7]

93

i ~ o3
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COSTPROJECT

SAMPLE

S !ZE PAYOFF URGENCY

PRCB OF

SUCCES S RESOUPCFS TI~'E

06030!

u7vlG!

070102
970103

07GZOl

07020?

070203
0703GI

G7«.302

07040!
070402

07040'

4705G]

0705i2

07060!

v7veCZ
080!G!

080102

u60103

080104

080105

380�6

060�7

08GIG8

090!OI
090102

090�3

v90�4

090�5

090!Ot

v9020!

090402

100�1

1�101
	0102
120!.01

130�!
130!UZ

�0103

140101
140! OZ

140201

140301

140302

140303

i40304

140401

140402

140403
140404

140405

�i50!

140502

�0503

140504
140505

15310!

14

14

14

14

�

14

14

14

14

�

14

14

14

�

14

k3
14

14
14

14

13

14

14

14

14 1
14

�

15

14
L3
14

15 1
14

I>

ll

14

13

13

14

�

13

14

�

14

15

�
14

15

le64

2»36

2 ~ VO
1 ~ 79

2»36

1 ' 71

1.79
1 79

2 ~ 07

2.36

2 ~ ?9

2 ~ 79

2«36

2 ' 43

2 ' 07

1 ~ 93
1 ~ 86

2 ' d7

Z ~ Zl
Z ~ w6

1.66

2 F 00
l«79

2 ' 57

2 ' 43

2 F 00

2 ~ 21
2 ' 07
2 ' 14

Z»14

2 ~ Zl

2 ~ OJ

2 F 07

1 ~ 79

2 ' 36

1.67

2 ' 93

Z»38

2 ~ 64

2.0r
F 00

i»79
2 F 40

2»16

2 ' 43

Z ~ OZ

F 00

3 ' 36

Z»57

2 ' 54

3 ' 43

2 ' 36

1 ' 57

F 20

2.14

2 ~ 14

Z-00

I ~ 36

2»36
1 ~ 93
1 ~ 64

F 07

le57

le57

1 ~ 43

1 ' 79

2 F 00
2 ~ �

2 ' 57

2 F 07

2 ~ 21

2 ' 07

F 00
! ~ 93

2 AD �

2 ' 50
2 ' 62

1 ' 86

2 ' 29
l»93

2 ' 66

Z ~ 2!
! ~ 92

2»50
2 ' 36

2 ' 30

2 ' 21

2 ' 2!

Z ~ 00

2 ' 21

2»00
2 F 21

2 ~ Ov

3 a?i
2 ~ 54

2 ' 64

1»93
F 00

1 ~ 79
Ze?7
2 ~ Od

2 ' 50

2e 54
3 15

3 ' 36

2»86

2 ' 69
3 ' 36

F 64

1.86

2 ' 33

2 ' 36
1 ~ 93

Ze20

!»79

3»14

2 ~ Z9
2 ' 43

2 ' 57
2 F 21

2»14
l.64

1 ~ 93

2 ' 57

le93

2»43

1.64

1 ~ 57

2 F 00

1 ~ 93
F 43

2 ' 50

2 ' 93

2 ' 77

2 ~ 14

2 ' 36
2 ' 2l

3 ~ 14
2 ' 57
2 ' 23

2 ~ 43

2 ' 29

F 43

2 ' 29

Z»79

F 00

F 14

2 ' 86

2»43

F 00

3«86
3 ~ 69

2 ' 86

2 ' 93
F 00

2 ' 50

F 07
2 ' 91

2.93

2 ' 92

F 00

Z«64

3 ' VO

2 ' ?3
2 ' 64

2.8e

2 ' 36

2 ~ 53

2 ' 71
1 ~ 50
2.60

2 ~ UT

2 ~ 79
2 ~ 64

F 57

2.57

2 ' 57

2 ' 43

2.07
2»14

2 F 71
2 ' 50

2 ~ 71
2»29

2 ' 29

2 ' 71

Z ~ 79
2 ' 64

2» 79

2 ~ 79
2 ' 85

2 AD ?9

2 ' 57
2 ' 29

2«93

2 ' 79

2 ' 31

2 ' 50

2 ~ Zl
2»14

l«93

2»57

4 ' QO

3»29

3«07
2»71

3 ' 40

3 ' 86
3 ' 46

3 ~ 3E

3 ~ 13
F 00

2 ' 79

2 ' 60
2 ' 45

2 ' 79

2 ~ 54
3 ' 15

2»64

F 14
2 ' 46

F 00

3 ' 29

Ze57

2 ' 87

z.e4

2»36

?.47

1 ~ 79

1 ~ 93

I ~ 86

? F 00
2»00

2 ~ 00

F 00

le43

1 ~ 43

! ~ >!

l«57

1 ~ 71

F 43
! F 29

l«86

1 ' 50
2»57

2 ' 71

2 ' 79
2 ' 85

2 ' 57

2 ' PA
2 ' 57

2 ' 93

? ~ 43

2 ' 15

F 21

2 ~ 21
2 ' OO

2.07
2 ' 36

3 ' OQ

z

2«57

? ~ Zl
2 ~ ~0

3 ~ 64
F 00

2 ' 93

2 ' 73

F 00

2 ' 36

2.60
2 ~ ~2

2 ~ 79
2 ~ 69
2 ~ 92

2 ~ 79

3«07

2«38

2«57

3»00

F 14
2 ' 27

F 43

2 ' 36

F 20

1«93

2»14

2 ~ 21

2 ~ 7

2 ~ 50
,~ ~ 7 9

e Zl
c 4

1. 64

.Pe

1 ~ 86

Z.36

I ~ 93
le<3

QP

1 ~ 93
2»50

~ 57

2 ' 71

2 F 62
"~ 3$

r,7

' «?9

~ 79
~ F

~ Z 3
e 3p
'7»?9

? a?i
2 ' '0

Z«07
4 «",.'1

3 ~ 2!
'e93
e 2]

?0

3 ~ 7I

3..e

F 07
7 ~ 87

50
'«47

2 ~ 55

?. 79

2e31
? ~ <2

7«64

F 07

Z ~ 2

~ «14

2 ~ 50

2.40

2»50

2»43

? ~ 53
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CO~TTIWCPROJECT

SAHP'L iE

SIZE

PROB OF

P4YOFF URGENCY SlJCCESS RESOURCES

150102

15O103

L50104

i 50105

150106

15Glv7

150201

15vZOZ

150203

15O204

150205

15G3Gl

i5D302

150303

15040i

150402

L5v403

i50404

i 5 vs«05

i5G40f.

i5G501

L50502

15n50

~5i.rul

i60101

leolo3

1 e~ZVl
' 60202

i&vd03

j&4204

160205

160206

160207

160301

i6J3o2
-6'J303

160401

le0402

jbv403

17GL01
1 7010'

i 70103

j 70104

i 731o5

1 70 jve

176302

iHGlvl

180201

zBVZ '2

18o203

i802C4

180205
L93jvi

190102

L90jv3

2001 Gl

?oQLOZ

14

14

14

14

14

14

14

14

14

14

14

14
14

14

14

14

14

14

12
14

14 1
14 1
14

14
14

�
14

14

14

14

14

14
14

14

14

14
14

14 1
14
14

14
L4
14

14
l4

14

14

14

2 ' 14

* ~ 86

1«36

2 ~ 36

1 ' 71

2 ' 36

1«64

1 ~ 93

F 07

1 ~ 57

L«79
~ ~ 50

2 ' 29

Z«14

2 ~ 7z

2 ' 93
2 ' 79

2«43

2«86

Z«14

1 ~ >0

1 ~ 79

L. 79

4.00

Z ~ 43

F 00
2«3'5

2 ~ 71
2.3e

2 ' 5J

2 ' 86

' ~ 71
2 ~ 7l

Zs 79

2 ~ 14

2 ~ 71
2 ~ 43

2« 29

2 F 29

le 79

2 ~ 00

1 ~ 71

L ~ 50
2 ' 29

L«36
4 ~ il y

2«e4
2 ~ b4

LE 3

2 ' J7

Ze14

2 ' 14
Lei7

2 ' 64

Z ~ 53

2 ~ 21
2«49

z 2 ' 21
1 ~ 43

2 ' 36

i ~ 79
2 ' 43

i«57

2«Ov
1 ~ 93

1 ~ 5"

L«93

2 ' 43

2 ' 50

Z«14

3 ' GO

3 ' 07

3 ' Qu

2 ' 71

F 00

2«2!
1«42

1 ~ 57
1 ' 93

2 ' 0~

3 ' G7

F 00

2 ' 57

2 ~ 93

2.64

2 F 64

F 07

2'93

2 ' 79

2 ' 86

2«07

2 ' 86
2« 64

2 ' 57
Z ~ 50

LE 93
2 ~ Zk
!.ee

I ~ 71

2 ' 3F
1 ~ ~C

4.0u
2 ' 71

2 ' 79

i«50
2 ' 36

2 ' G7

2«21
I ~ 79

?«71

2 ' ~6

2 ' 43
2 ' 64

Z«71

2 ' 86
2 ' 36

2.50

F 07

Z.ee

F 00
2 ~ 2'9

2 ' 21

L ~ 57

2 ' 36

2 ' 64

2 ~ 71

Ze43

2 ' 71

3 ' 14

3 ' J7
F 07

F 21
2 ~ Zi

2 ~ 17

2 ' 29
2 ' 36

3«00

3 ~ 14

4 ~ 00

2«79

2 ' 93

3 ' VO

2 ' 50

3 ~ Zl

3«29

? ~ 93

2«79

2«14

3 ' v7

F 00
2«6'e

? F 29

?.3e

2 ' 36

1 ' 93
2 F 00

2 ~ 14

2 ' 36

F 00

F 00
3 ' 07

2 F 21
2.57
2«71

2 ' 07
3«21
3 ~  ~7

3 ~ 36

2 ' 86
2 «93

Z«%0

F 64
2 ' 29

2 ~ 57

2 ~ 50

2 ' 71

1 ~ 93

2 ~ 14

1 ~ 8&

1 ~ 79

Z ~ 57

2 ' 93
2 ' 86

2 ' 79

2 ~ 71

3 ~ 30
3 ~ 0C

2 ~ 8F

3«00
2 ' 36

2«00

1 ~ 93

2 ' 21

F 00

3 ' 36

F 00

F 07

3 ' 21
3 ~ 2l
2 ' 93

3«36

3« 21

3 ~ 21

3 ~ 29

2 «64

3 ~ 21

3 ~ 29

3 ' Zi

F 07
2 ' 6e

2«86

2 ' 36
c. ~ 3f

2 ' 50

2 ' 29

4.00

3 ~ 14

3 ' 14

2 ~ 71
3 ~ 00

2 ' 71

2 ~ 79
3e L4

3 ~ 14

3 ~ 36

2 ~ 86
2 ' 96

2«21
2, 5 l
2 F 07

2 ' 3b

2«21
2 ' 2!

1.93

2«l4

1 ' 93

1«64

2«57

F 07

2«29

2«36

2 ~ 57
2,64
2 ~ 71

c ~ 43

2 ~ 57

2 ~ 00

i« 75

1 ~ 79

2« 29

F 00
3 ~ 00

3« 00
2« 7!

Z. 79

2«86

2 ~ 3k

? ~ 79

2.79

2« 64

2. et.

2 ' 21

?«71

2 ~ 8f

2. ~ 86

2« 64

F 14
1 ~ 79

F 00

2«00
1 ~ ae

Z. 14

3«00
2 ' 50

2 ' 71

2 ' 50
2 ' 57

2 ' 36

2.3e
3 ' 07

2«86

F 07
2 ~ P$

2 ' 93

Z«43

? OFF
' ~ 36

~ 64

g ~ 43

i ~ 2 7

..93

~ $6

1 ~ 57

Z«64
p s 0

ej Q

2 ~ s 4

7 ]
;, '5.-

2 ~ 64

e 0

~ Ff

1«E3
l«F4

i«29
? ~   Pj
'J ~ C' 3

j

? ~ 03

0 ~ P7
r,p

F 07

3 ~, C
3 ~ P 7
0 ~

Z ~ ~0
:- ~ ' 0

'.;0

3 ~  ' 7

Z ~ 79
'«50

~ 7

? ~ 00
< «

?. 5'3

~ '? h

~ ~6
..Vl

F 14
~ 70

3 ' ?9

3e Zl

3 ' 30
92 4

3 ~ ~7
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PROJECT CP~T
SAMPLE

SIZE PIYOFF URGENCY

P~OP DF

SuCCESS RE SOURCES TIME

ZOO ZOl

209202

ZO'3301

Zuii302

2004Ul

200501

ZGO601

2101Gl

210102

210201

2143Gl

2231GL
22'!i02
ZZG103

230101

230102

230103

230104

230Lv5
230201

C30301
23O302

248101

240l02

Z50i01
r5i1102

250103

260101

260102

'6Glu3

2601G4

260105

260201

2701V1
27GiOZ

270103

27G104

Ze 010l

2801G2

28alC 3
280201

14

14

14

14

14

14

14
l4

14
14
14

10

l3
14

14

14
14

14

14

l4

14
14

43

14
14

14

14

14

12

14

14

14

14

14

lw

l4

l4

14

14

Ze79

Ze21

l.79
ie71

Ze 14

2 ' 71
2.'1

F 00

2e36

1 ~ 93

le86

Zel3

1 ~ 3i

2 l4

2 F 43

Ze43
Ze50

14

1.57
1 ~ 93

2 ' 29

2 ' 57
2 ~ Zl

Z ~ jd

1 ~ 79

1 ~ 86

le71

1 ~ 79
2,00

2 ~ 2 2

2 ~ 14
2 ~ 07

2 ' 36

Ze43
2 ' 29

2 ~ jo

2 ~ 57

1 ~ 93

2 ' 36

1.36

1 ~ 57

2 ' 86

2 F 43

F 07
2 F 00

2 ' 36

2 ' 93
2 ' 29

2 ~ 43

2.64

2 ' 21
1 ~ 79

F 27
le23

2e14

Ze57

2 ' 50

2 ' 36

2 ' 21

,64

2 ' 36

2 ' 43

2 ' 50

Ze07
F 00
Z.lw

2 F 00

1 ~ 64

1 ~ 19
1 ~ 93

2 ' 42

2e21
Zel4
2.50

2 ~ 57
2 ' 57

2 ' 71

2 ' 43

leee

2 ~ 21

1 e 14
l. 36

3 ' 14

2.86

3e07
3e00

3el4

2 ~ 86

2.71

3e14

3e 1.4

3,07

2 ' 71

Ze93

le62
2 ' 07

F 00

2 ' 86

? ~ 86

?.e79

2.07

2 ' 36

3eUO

3 ~ i4
2 F 71

2 ' 6Z

2 ' 71
2 ' 43

F 14

2 ' 21

2.36

2e58

2 ' 43
2 ' 50

F 64

2.93
3 ' 29

3 ~ 14

2 ' 71
le t3

Ze36

1 ~ 07
lel4

3.2l
3 ~ 07

3e14
3 ' 21

3 ' 21

3e00

F 14
3.07

3 ' 14

3 ' 14
2 ' 71

3 ~ tO

2eOF

Z. ~ 79
3 ~ 14

3e07
7o

3. 14

2 ~ 36
2 ' 71

2.86

2 ~ 93
2 ~ 79

2 ~ 62

2 ~ 79
2 ' 71

2 ' 5G

Ze79
2 ' 93

3 ' 08

2 ' 79
2 ' 93

3 ' OO

3eQO
F 21
3 ' 14

2e71
2 F 07

Zel4

1 ~ 29
1.21

2,93

2.86

3 ' OG
F 00
Ze86

2e64

2e64

2 ' 86

? ~ 57

2e57

2 ' 50

Z.93

1 e9?

2 ~ 71

2 ' 93

2.86

2.57

3 ' QO

2e07

2 ' 64

2 ' 64

Z ~ 79
2 ' 43

2e38

2.64

Ze64

2 ' 29

2e57

2 ' 50

Ze 83

2 ~ 50
2. 50

2 ' 57

2.71
3.0G .

2 ' 79

2e50

1 ~ 57

le 7l

1 ~ 14
l ~ 14

2 ~ <3

Pea3

- F 21

3
~e07

Ze93

79
'. ~ iC
3 ' 07

>,Ee

Ze7l
'.ZC

Ze3P
3 ~ .'7

Ze93
0 ~ pe

0 ~ 79

3e iC

?,S4

3 ' GC

93

Ze93
57

?e77
7g

> ~ 79

2 ~ 5C

? e71
0 ~ 79

3eCP

ie71
Q4

~ ~ 79

3e.O

F 00
3 ~ ".7

Ze5C

F 07

1 ~ 50

~.. 21

>.21




