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EXECUTrvESU~ARY

The Pond Dynaxmcs/Aquaculture CRSP IS a global research aCtIVIty composed of
tIghtly mtegrated collaboratIve research projects that are drrected toward
Improvmg the reltabIltty and efficIency of pond aquaculture productIon The goal
of thIS program IS to mcrease the avatlabIhty of ammal protem m less developed
countnes through pond aquaculture Pond aquaculture has substantIal potentIal
for mtegratIon mto sustamable agnculture systems Many successful expenences
of hIgh fish YIelds WIth rmmmallocally avallable mputs are documented

ThIS CRSP IS a global research actIVIty because It operates projects m several
geographIc regIOns It IS also a global research aCtIVIty m the sense that Its
research findmgs have global ImpltcatIons The research results of each project
are relevant to a partIcular country or regIon and to the larger goal of removmg
constratnts to aquaculture productIon worldWIde

The PD/A CRSP was formally ImtIated on September 1, 1982 after several years
of planmng From 1982 to 1987, CRSP projects mvolved the partICIpatIon of
government agencIes and educanonal mstItutIons m SIX host countnes Honduras,
IndoneSIa, Panama, PhIltppmes, Rwanda, and Thatland Due to Gramm-Rudman
budget reductIons m 1986 and 1987, the CRSP presented a reorgantzatIon plan to
the JCARD Panel on CRSP's The approved plan went mto effect on September
1, 1987 and called for programs m each of the USAID geographIcal areas
ongmally selected Country SItes retatned were Panama, Rwanda, and Thatland
When pohncal mltlatIves reqUITed the CRSP to leave Panama m December 1987,
JCARD approved the relocatIon of the CRSP to Honduras m Apnl 1988

Smce ImplementatIon of the PD/A CRSP m 1982, the major research aCtIVItIes
have been orgamzed under the CRSP Global Experzment The purpose of the
Global Expenment IS to understand the phYSICal, chermcal, and bIOlOgIcal
processes that regulate producnVIty of aquaculture ponds m dIverse geographIC
regIons The observatIons of pond vanables are made m accordance WIth a
standard samplIng protocol so that the same vanables are measured III all ponds
The same observatIonal and analytIcal methods are used at all sItes and all data
are recorded III standard umts ThIS expenmental deSIgn permtts the descnptIon
of dynaxmc processes WlthIll specIfic ponds and compansons among ponds Wlthm
and between locatIons
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The CRSP techmcal work plans are developed by the CRSP Techmcal COmmIttee
composed of all project Pnncipal Invesngators Each work plan represents a
detailed expenmental protocol for one expenmental cycle A cycle Involves two
senes of observatIons from at least 12 ponds at each locatlon over four to five
months duratlon One set of observatlons IS made durIng the dry season and the
other dunng the wet season

Four work plans have been developed to date, and three have been completed
The approach to studytng pond dynanncs In the first three work plans was to
manage all of the ponds In the same way to observe the vananon In response to
feruhzer Inputs The response to specIfied apphcatlons of Inorgamc feruhzer was
stuched In the FIrst Work Plan In the Second Work Plan, apphcanon of morganic
feruhzer was compared to organIc feruhzer Responses to chfferent levels of
organIc fernhzer were observed m the ThIrd Work Plan In the Fourth Work Plan
underway, speCIfic hypotheses about pond dynanncs are bemg tested In dIfferent
field expenments at each research locanon

Standarchzed data from the work plans are filed m a CRSP Central Data Base
mamtaIned by the Management EntIty In thIS way, the entrre data set IS aval1able
to all CRSP partICIpants, but especIally to the CRSP Data AnalySIS and SynthesIs
Team (DAST) The responsIbIlIty of the DAST IS to accomphsh data analySIS,
synthesIS, and model development

Selected global research accomplIshments are

All of the standarchzed data sets from the three completed work plans have been
entered Into the CRSP Central Data Base Nearly 90,000 observatIons on 96
vanables related to pond dynaIllics were made at each field SIte, resulnng In the
compIlatlon of over 1 5 mIllIOn observatlons Into the CRSP Central Data Base

The DAST used the global data set to develop three empmcal models for
exaIllimng the flow of oxygen through pond systems A mechamstlc model
prOVIdes a detaIled VIew of short-tenn oxygen dynanncs In ponds Another model
prOVIdes an ecosystem VIew of aquaculture systems and allows SImulatIons USIng
14 pond vanables The thIrd model analyzes chssolved oxygen and InOrganIC
carbon data to obtaIn Inchcators of phytoplankton conchnon

A final model was deSIgned to claSSIfy ponds accordmg to fernlIzatIon practIces
that have the hIghest probabIlIty for optmuZIng fish yIeld ThIS model groups
ponds Into general categones based on chmate, SOllS, and water qUalIty
Refinement of the model WIll allow recommendatlons to be made on type and
amounts of fernlIzer, cost effectIveness, and OptlIllizatlOn of yIeld The final
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output of the model wIll be a manual of gUIdelInes for the efficIent management
of aquaculture ponds In the tropICS

A reVIsed five-year, forward-rollIng program plan for contInuatIon of the Pond
DynamIcs/Aquaculture CRSP IS proposed The broad goal of the CRSP contInues
to be to Increase the avaIlabIlIty of anImal protem m less developed countrIes
through pond aquaculture The goal of the CRSP research program for the penod
of the contInuatIon grant IS to determme the most effiCIent methods of managIng
aquaculture ponds under dIfferent envrronmental and productIon regImes

The mformatIon requIred to satIsfy the CRSP research goals and to further
understandmg of pond processes and Improve the effiCIency of fish productIon
Include

InformatIon on pond SOlI processes and SOlI-water InteractIons, IncludIng
soIl chemIStry and temporal VarIatIons In SOlIs and sedIments

InformatIon on fish growth relatIonshIps, IncludIng feedIng dynamICS,
multI-SpeCIes trOphIC InteractIons, and InteractIon of feeds and fertIlIzers

InformatIon on nutrIent cyclIng, IncludIng autotrophIC and heterotrophIc
processes, oxygen consumptIon/productIon, water depth/surface
relatIonshIps, and manure/compost effects

The CRSP Global Expenment will be contInued WIth host country InvestIgatIons
that will Include standard observatIons of pond VarIables at all locatIons, and
mvestIgatIons of dIfferent aspects of pond dynamICS at each locatIon The scope
of the host country and U S components of the research on the Global
Expenment are

Central Amenca-Honduras The pnnclpal objectIves of the freshwater
research In Honduras WIll be to determme the effects of oxygen dynamICS,
aeratIon, and sedIment/water qUalIty mteractIons on the productIon of ponds
stocked WIth tIlapIa SIte-specIfic studIes will focus on practIcal problems
encountered In brackish water aquaculture

Afnca-Rwanda The two pnnclpal objectIves of research proposed for the
Rwanda project are (1) to deterrmne the mfluence of temperature on the
prodUCtIVIty of ponds at a range of hIgh elevatIons, and (2) to assess the use
of supplemental feeds to optImIze use of the lImIted proteIn produced WIthIn
ponds for growth rather than respIratIon
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ASIa-ThaIland The pnnclpal objectives of research proposed for the
ThaIland are (1) to detennme the effects of pond size on fish production,
(2) to determIne the effects of nutnent adchtlon schedules on fish
productIon, and (3) to detenrune the effects of tntraspectfic competition or
altered reproductive schedules due to fish denSity on ttlapla growth and
production Sae-speclfic stuches will focus on the polyculture of tllapla and
Clanas (catfish)

Pond Sol1 Stuches The pnnclpal objectives of thiS proposed research are
(1) to detenmne pond sou-water quality relationships, (2) to network with
the Tropical SoIls CRSP and other agronormc research institutIons to
develop sol1 data bases, and (3) to develop a functional classification of
pond SOlIs to be used 10 Improvmg pond management guldehnes

Data AnalySIS and SynthesIs The general objective of thiS Investigation IS
to prOVide a global synthesIs of CRSP research finchngs SpeCific objectives
are (1) to analyze research data from the CRSP field expenments from a
global perspective, (2) to develop, cahbrate, and valtdate computer models
to Simulate water quality and fish growth In ponds, and to develop a
comprehenSive pond claSSification model to faCIlItate extension of the
speCific CRSP research results to other Sites, and (3) to prepare and
dlssemmate pond management guldehnes on the results of CRSP research

Handbook of Aquaculture Research Techmques The pnnclpal objective of
thiS endeavor IS to pubhsh a handbook of methods for research In trOPiCal
aquaculture The PD/A CRSP and the International Center for Llvmg
AquatiC Resources Management (ICLARM) propose to dedtcate thelT
resources toward the publIcation of thiS handbook CRSP personnel Will
take the lead In wntlng sections of the manuscnpt, while ICLARM Will be
responsible for echtlng, pubhshIng, and dlstnbut10g the handbook

Program orgamzatlon and management of the PD/A CRSP IS patterned after the
Gwdeltnes for Collaboratzve Research Suppon Program under Tule Xli prepared
for and chstnbuted by the JCARD as recommended by the BIFAD and USAID
DetaIls of the program 10frastructure and the fmanclal plan to support the research
are prOVIded

In the Appenchx, detaIls of the project narratives are prOVided for all of the
actiVIties proposed and bnefly descnbe above
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BACKGROUND

TItle XU of the InternatIonal Development and Food ASsIstance Act of 1975
authonzed the U S Agency for InternatIonal Development (AID) and the TItle
XII Board for InternatIonal Food and Agncultural Development (BIFAD) to
sanctIon CRSP's among U S umverslttes, government research agenCIes, and
mternatIonal agncultural research mstItutIons m less developed countnes
(LDC's) In an earlIer stage of TItle XU program planmng, the Jomt Research
Comrmttee (now the Jomt Comrmttee on Agncultural Research and Development,
JCARD) of the BIFAD recommended that fishenes and aquaculture would be an
appropnate subject area for a TItle XII CRSP mtended to solve food, nutntIonal,
and agncultural problems m less developed countnes

In recommendmg an aquaculture CRSP, the Jomt Research Comrmttee
recognIzed that the vast potentIal for producmg ammal protem m pond culture
systems has not been fully realIzed m less developed countnes Pond aquaculture
has substantIal potentIal for mtegratIon mto sustamable agnculture systems
Many successful expenences of hIgh fish yIelds WIth mImmallocally aVaIlable
mputs are documented However, attempts to replIcate the most successful and
effiCIent systems have resulted m hIghly vanable levels of productIon LImIted
understandmg of the pnncipies and mechanIsms of pond culture systems IS a
major factor constrammg sustaInable low mput aquaculture productIon m less
developed countnes

A reVIsed five-year, forward-rollmg program plan for contInuatIon of the Pond
DynamIcs/Aquaculture CRSP IS proposed m thIS document The plan mcludes a
descnptIon of research work to be conducted, a summary of CRSP organIZatIOn
and management, and a prelImInary budget

Program Goal

The goal of thIS program IS to mcrease the avaIlabIlIty of ammal protem m less
developed countnes through pond aquaculture The proposed studIes WIll take
major steps toward attaImng thIS goal by mcreasmg the effiCIency of pond
aquaculture systems through the elaboratIon and refinement of models m pond
dynamICS, through the testIng of these models under field condItIons, and through
the mssemInatlon of gUIdelInes for pond management
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Program Purpose

The purpose of thIS CRSP IS to Improve the efficIency of pond culture systems by
bnngmg together the resources of less developed countrIes and U S 1OStItutIons
1Oto a long-term comprehensIve collaboratIve research program 10 pond
aquaculture

Defimttons

The follow1Og terms are used extensIvely 10 descnbmg the CRSP program

1 Prmclples - the phYSICal, chemIcal, and bIOlogIcal processes occurnng 10
pond systems and theIr InteractIons

2 Practices - fish cultural aCtIVItIes related to deSIgn, management, and
operatIon of pond culture systems

3 Fleld expenments - controlled fish productIon expenments In WhICh
quantItatIve responses to dIfferent levels of treatments are measured

4 Expenmental treatment - fish cultural practIces (e g , fernltzer
applIcatIon, supplemental feedIng, etc) WhICh modIfy the phYSICal,
chemIcal, and bIOlogICal enVIronment

5 Expenmental protocol - a detaIled plan of a field expenment WhICh
specIfies expenmental methods, sampltng schedules, data collectIon, etc

6 Data analysls and syntheSIS - the process of compIltng and analyz10g
InfOrmatIon about pond culture systems from dIverse sources Into a
coherent, usable format that can be apphed to the development of
predIcllve models and Improvmg the effiCIency of these systems

7 PredIctIve models - mathematIcal models used to SImulate the process
occumng In pond systems In the context of thIS CRSP, predIctIve
models are used as analytIcal and management tools to tmprove the
effiCIency of pond systems

•
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THECRSPGLOBALEXPER~ENT

The Pond Dynanncs/Aquaculture CRSP IS a global research actiVIty composed of
tightly mtegrated collaborattve research projects that are drrected toward
Improvmg the rehablhty and efficIency of pond aquaculture production In the
context of thIS proposal, the term "global research actiVIty" has two meamngs
The CRSP IS a global research activity because It operates projects m several
geographIc regIOns It IS also a global research actiVIty m the sense that Its
research findmgs have globallmphcatlons The research results from each project
are relevant to a parncular country or regIon and to the larger goal of removmg
constraInts to aquaculture production worldWIde

The CRSP Global Experiment

SInce Implementation of the CRSP m 1982, the major CRSP research actiVIties
have been orgamzed under the CRSP Global Experzment The purpose of the
Global Expenment IS to understand the physIcal, chermcal, and bIolOgIcal
processes that regulate productiVIty of aquaculture ponds m dtverse geographIc
regIons The observations of pond vanables are made In accordance WIth a
standard samplIng protocol (specIfied m the CRSP work plans) so that the same
vanables are measured m all ponds The same observattonal and analytical
methods are used at all sites and all data are recorded m standard umts ThIs
expenmental deSIgn allows us to descnbe dynannc processes WIthIn spectfic
ponds as well as to make compansons among ponds WIthIn and between locations

Standardtzed expenmental protocols are developed by the CRSP Techmcal
Cormmttee (descnbed m detail m the Program OrganIzation and Management
section of thIS proposal), and subsequently are mcorporated mto blenmal CRSP
work plans (Work plans were developed annually pnor to 1987 )

The Techmcal Committee makes extensIve use of conceptual models denved
from preVIous expenments to Identify mformatlonal needs Conceptual models
are representations of a system that are constructed (exphcltly or Imphcltly) USIng
assumptions based on the accumulated SCIentific understandmg of the system
The SCIentific Information aVaIlable and the mtended use of the models determme
the vanables or components that are used to descnbe the system, and to Identify
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ways In WhICh the vanables are Interrelated and how they are affected by external
condluons Conceptual models are used to buIld upon the results of preVIOUS
CRSP research, and to provIde a logIcal progressIon toward understandmg the
dynarmc processes occurnng In aquaculture ponds For example, FIgure I IS an
earher verSIon of a conceptual model of the movement of mass m an aquaculture
pond FIgure 2 IS a more recent lteraUon of the same model The mcreased
emphasIs on the role of pond soIls and sedIments and the more comprehensIve
treatment of detntal processes m FIgure 2 reflects new mformation gamed from
CRSP research acUVIues m the orne mterval between the fonnulanon of the
models P,lmIryPTod.

R..p....Uon

ExcfllIon

D.lth

SEDIMENT

Foedlng

•

•FIgure 1 An earher versIon of a CRSP conceptual model depIcnng the
movement of mass In an aquaculture pond

u"----- --------------

FEED

FIgure 2 A recent lteranon of the conceptual model presented In FIgure I------------.CONTINUATION PROPOSAL 10
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The pnnclpal components of the Global Expenment are field expenments. a
centrahzed data base system, and a data analysIs and synthesIs actIvIty

FIeld Expenments. Controlled fish productIon expenments are deSIgned to
statIstIcally evaluate the quantItatIve responses to expenmental treatments
Expenmental treatments are fish cultural practIces (e g • ferttltzer apphcatIon,
supplemental feedmg) that modIfy the pond enVIronment The field expenments
are conducted m several host countnes and Involve collaboratIng SCIentIsts from
the host countnes and US mstItutIons Standardtzed work plans and
reqUIrements for data collectIon are developed by the CRSP Techmcal
Commtttee The data from each locatIon are evaluated by the research teams
worlang at that locatIon Each team IS responSIble for submttttng Its data to
Collaboranve Research Data Reports, whIch are pubhshed by the CRSP Program
Management Office Results from these expenments are analyzed and
synthesIzed and publtshed In CRSP Research Reports as well as m the sCIentlfic
lIterature

The CRSP has organIzed actIvltles to evaluate the CRSP data from a global
perspectIve The data synthesIs component of the CRSP mcludes a centrahzed
data base management functIon and a Data AnalySIS and SynthesIs Team

Data Base Mana~ement. The standardtzed data sets collected m the field
expenments are filed m a centralIzed CRSP Data Base The vanables to be
recorded m the Data Base are determtned by the Techmcal Commtttee as part of
the research plannmg process Mamtenance of the Data Base IS the responsIbIlIty
of the CRSP Program Management Office

Data AnalySIS and SynthesIs. The Data AnalySIS and SynthesIs Team (DAST) IS
the pnmary US-based research component of the CRSP The purpose of the
DAST IS to evaluate CRSP research results and data from a global perspectIve
The actIvltles of the DAST mclude (1) statIstIcal evaluatIon of CRSP data to
detenmne relatIonshIps among vanables. (2) development of models of
aquaculture pond systems to atd m understandtng the dynamtc processes
occurnng In ponds, and In IdentIfymg research needs, and (3) orgamzatIon of the
results for dtssemmatIon In the form of management gUIdelInes
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Accomplishments of the Global Experiment

The CRSP Global Expenment IS presently In the second year of ItS fourth work
plan The approach to studying pond dynanncs In the fIrst three work plans was
to manage all of the ponds (12 or more ponds at each of seven locattons) In the
same way and to observe the vananon In responses to ferullzer mputs The
response to specIfIed apphcatlons of morganlc fertilIzer was Investlgated m the
Frrst Work Plan In the Second Work Plan, apphcanon of morganic feruhzer was
compared to organIc feruhzer (chIcken manure) Responses to dIfferent levels of
organIc ferullzer were observed m the Thrrd Work Plan

The CRSP Fourth Work Plan dIffers from the earher plans WIth respect to both
the number and nature of the field expenments The frrst three work plans were
accomphshed at seven locatIons In SIX tropIcal countrIes However, finanCIal
constraints made It necessary for the CRSP to reduce the number of research
locattons from seven to three upon inItIatIon of the Fourth Work Plan

Observanons from the field expenments accomplIshed under each of the first
three work plans were mcorporated mto increasingly comprehenSIve conceptual
models of aquaculture ponds By the complenon of the Thrrd Work Plan, the
Iteranons of conceptual models enabled CRSP researchers to Idennfy cnttcal pond
processes requmng more In-depth Invesngaoon Therefore, m the Fourth
(current) Work Plan, speCIfIc hypotheses about pond dynanucs are being tested In
different fIeld expenments at each research locatton It IS anttclpated that thIS
procedure Will allow the CRSP to proceed rapIdly through the testing process
Otherwise, many years of work would be requrred to thoroughly evaluate each
hypotheSIS at all SItes This work plan cononues the practtce of intensIve
samphng of pond vanables USing a standardIzed samphng protocol at all research
locatIons SimIlarly, the standardIzed data are added to the CRSP Data Base to
make It even more comprehenSive

All of the standardIzed data sets from the first three work plans have been entered
Into the CRSP Central Data Base, whIch IS maIntamed by the Management EntIty
Nearly 90,000 observatIons on 96 vanables related to pond dynanncs were made
at each field sIte, culnunanng In the compIlatIon of over 1 5 nullIon observations
Into the CRSP Central Data Base The Data Base IS unIque In that It contaInS the
largest standardized collectIon of measurements In pond dynanucs and
aquaculture In the world The CRSP, through ItS data base, prOVIdes a great
service to the world aquaculture communIty by collecnng and compilIng data on
photosynthetically acttve radIatIOn, rainfall, evaporanon, arr temperature and wmd
speed concurrently With biolOgical measurements (e g , pnmary prodUCttVlty, fish

•
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growth, and yIeld) DetaIled records such as these are rare In the aquaculture
lIterature

The Central Data Base was deSIgned to facIlItate commumcanon WIth other large
data bases, such as the TropS01ls CRSP data base, thereby creanng opponumnes
for collaboranon CRSP SCIennsts may access the data base VIa personal
computers or maInframe computers Data also are accessIble to the world
aquaculture commumty through electrOnIC communIcanons, computer dIskettes,
or In prmt form as It appears m CRSP Data Reports (a senes of reports that
contaIn data and results of the Global Expenment)

The outlook for the Central Data Base IS healthy IneffiCIencIes In the computer
programs and reportIng procedures have been resolved, consequently,
compIlanon of new observanons should be qUIck and easy ReVISIons In the work
plans are reflected m new templates for data entry each year, demonstrattng the
fleXIbIlIty of the system Future changes to the Data Base mIght Include
addInonal templates for new field SItes (as proposed m Rwanda) and adjustment
of reportIng frequencIes to accept data obtaIned from automated water qualIty
data acqUIs!Uon systems (data loggers) more easIly

Dunng the past year, major advances were made m analyZIng and synthesIzmg
data from the Global Expenment Stansncal analyses of the Central Data Base
revealed dIfferennal growth rates and producnVInes between SItes PrelImInary
results IndIcate that the CRSP ponds m ThaIland were most producnve (1 e ,
expenenced the hIghest yIelds) and those In Rwanda were least producnve
CorrespondIngly, maxImum phySIOlogIcal growth rate of niapla m Rwanda was
the lowest (0 42) of the CRSP SItes Growth rates at the other CRSP SItes
averaged 0 66, WIth Thailand bemg the hIghest (0 74) Further stansncal analySIS
(pnncIpal component analySIS) revealed possIble reasons for these dIfferences
Strong correlanons were found between envIronmental parameters (e g, solar
radIanon and arr temperature) and pond producnVlty Future analyses wIll
determme whether denSIty dependence contrIbutes to these dIfferences

The Data AnalysIs and SynthesIs Team used the global data to develop three
empmcal models for eXamInIng the flow of oxygen through pond systems A
mechanIsnc model was deSIgned to proVlde a detaIled VIew of short-term oxygen
dynamICS m ponds Another model provIdes a more general, ecosystem VIew of
aquaculture systems and allows sImulanons usmg fourteen vanables (e g,
phytoplankton, fish number and SIze, dIssolved oxygen, ammOnIa, pH, InOrganIc
carbon) The thIrd model IS beIng used to analyze dIssolved oxygen and InOrganIc
carbon data to obtaIn mdIcators of phytoplankton condInon
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A final model, an expert system, was designed to classify ponds accordmg to
feruhzatlon practices that have the highest probablhty for optmuzmg fish yield
ThiS model groups ponds mto general categones based on clImate, sotls, and
water quality Refinement of the model (through the addition of functional or
mathematical relatlonshlps) will allow recommendations to be made on type and
amount of fertilIzer, cost effectiveness, and Optlrntzatlon of yield Functional
relationships, which are bemg defined by statiStical analysIs and mechamstlc
models descnbed preVIOusly, wIll dnve the expert system Venficatlon of the
models through field tesnng will be used to refine the models The ulnmate
output will be a manual of gUIdelInes for the effiCient management of aquaculture
ponds in the trOpICS Research results from the Global Expenment are presented
m the SIXth Annual Adrntmstratlve Report

The Data AnalysIs and SyntheSIS Team, whIch IS responsible for model
development, proVIded suggestIOns to the field researchers for refinmg therr
expenments New measurements (1 e , suspended sohds, total volatile sohds,
water budget parameters) and mtensive dtel samplmg were added to the
expenmental protocols as a result of thIS feedback Researchers at the field SItes
cooperated with the modelers m deslgnmg new expenments that would enhance
the comprehensiveness of the Global Expenment

Accomphshments at the field sItes centered on VarIOUS aspects of the Global
Expenment Researchers from MIchigan State UmversIty apphed knowledge
gamed from the CRSP expenments m IndoneSIa (project terrntnated 10 August
1987) to new expenments 10 Thatland They developed gUldehnes for adding
fenlllzer m quantIties that would lead to predtctable and rellable fish Yields

Researchers from the Royal Thai Department of Fishenes, the ASian Institute of
Technology, and The UmversIty of MichIgan studted the effects of fish stoclang
denSIty and bIOmass on pond dynamICS They found that mcreased stocking
denSIty dId not mcrease yIeld, that carrymg capacIty of ponds dId not vary much
wah the stockmg densItles tested, and that Increases In fish abundance did not
change ecosystem function

Researchers from the National Umverslty of Rwanda (UNR) and Oregon State
UmversIty eXamIned the effects of locally aVailable mputs (e g , composts) on fish
production Prehrntnary results mdIcate that m-pond compost (raw matenals
submerged In bamboo enclosures) was the most effective composnng method for
mcreasmg fish yIeld Further studtes on autotrophIC and heterotrophIC pathways
WIll prOVIde the CRSP WIth better Information for applymg scarce fenIhzer
resources Researchers from Auburn Umversity also worked WIth SCientists from
UNR In deterrntmng the effects of stoclang denSity on production MaxImum
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revenues at the Rwasave FISh Culture Stanon (a CRSP field sIte), based on
rudimentary estImates of costs, occurred dunng the thrrd month for ponds stocked
at a rate of 1 fish/m2 After that, the value of addInonal producnon did not
compensate for the cost of addInonal mputs MaxImum return for ponds stocked
at 1 5 and 2 fish/m2 occurred m the fourth and fifth months, respectIvely

The CRSP field SIte m Panama was ternnnated m December 1987, halfway
through thIS reportIng penod, when CRSP researchers were d1rected by USAID to
relocate In thIS short penod, however, a brackIsh water expenment was
completed Researchers from Auburn Umversity and the NatIonal Drrectorate of
Aquaculture m Panama found that mcreasmg stockIng denSIty had an Immediate
effect on shnmp growth and that mcreasmg the level of protem m the diet did not
sIgmficantly mfluence producuon, mean weIght, feed conversIon, or SurvIval at
the two stockmg denslUes tested (4 and 8 shrImp/m2) They also found that
shrImp producnon was greater at the hIgher denSIty but lower econOmIC returns
resulted from the lower pnce per umt weIght paId for the smaller shnmp

After departIng from Panama m December 1987, CRSP researchers were faced
WIth finding a new sIte for conducnng the Global Expenment Whl1e
maIntenance of diverSIty m field locattons through mcluslOn of a brackIsh water
SIte was Important to the CRSP, the realItIes of startmg over (e g, cost and ttme
lost) became eVIdent The CRSP was fortunate to be able to resume ItS
reiattonship WIth the Department of Renewable Natural Resources (RENARE) m
Honduras Expenments began m August 1988 at the former freshwater CRSP
sIte m Comayagua Auburn Umversity WIll contInue to explore the possIbIhty of
establIshmg a brackIsh water research SIte for the CRSP m Honduras

AnCIllary to the Global Expenment, but snllimportant to the overall goals of the
CRSP, are actIvltles geared toward country-specIfic research and educatIonal
needs All U S staff overseas contrIbute some nme to extensIOn work such as
traImng students and techmcIans, teachmg short courses on aquaculture, and
conductIng SIte-specIfic expenments

CRSP researchers and staff from the Program Management Office greatly
broadened the contact of thIS CRSP WIth the world aquaculture commumty
through the dIssemmauon and pubhcanon of research results The rate at WhICh
results are beIng publIshed m the SCIentIfic lIterature contInues to chmb The
CRSP now has a hst of publIcanons (mcludIng theses, reports, and presentatIons)
that number over 275 and are distrIbuted to a broad domesnc and mternauonal
audience Detail on our research and publIcattons IS presented m the SIxth
Annual AdmImstranon Report

• CONTINUATION PROPOSAL 15



Justification for Contmuatlon

The CRSP, through Its Global Expenment, has taken a major step toward
mcreasmg the efficIency of pond culture systems Controlled add1tIons of
fernlIzers at all field sHes have been effectIve stImulators of pond productIon,
however, the magmtude of mcrease vanes between sHes (Fortes et al 1986, Lm
1986a, Batterson et aI 1988, Hanson et aI 1988, Green et at 1989) The CRSP
has gamed a clearer understandmg of the relanonshlps between pnmary
productIon and fish yIeld (DIana et al 1987, McNabb et al 1988, Srmth and
Pledrahlta 1988) These relanonshlps alone, however, do not account for the
vanabilIty 10 pond performance The CRSP has Idennfied other Important
components of pond dynarmcs -- namely, bactena, detntus, hydrology, and pond
SOlIs -- that may contnbute to thIS vananon and therefore requIre further study
(Lm 1986b, Ptedrahlta and Tchobanoglous 1987, Telchert-Codd1ngton et at
1988)

The development of pond aquaculture typIcally IS constramed by a lack of
management gUIdelInes and an mabilIty to predIct yIeld (Hughes 1985, Lannan et
at 1986) The CRSP has accumulated a great body of observatIons on pond
dynarmcs, WhICh have been complIed mto a standard1zed data base (Hopkms
1987) PrelImmary analysIs of the data base has IdentIfied the relative unportance
of vanous components For example, the aVaIlablhty of d1ssolved oxygen (WhICh
IS dependent upon a mynad of mteracnons between vanous ttophiC levels) seems
to be more cntlcal for mcreasmg fish yIeld than any other smgle factor (DIana et
at 1988, Glovanmm and Ptedrahita 1988, Ptedrahita 1988) The CRSP has
constructed three models for studymg the cychng of d1ssolved oxygen through the
system The data base also has been used to statIstIcally analyze fish growth
rates, an unportant mdlcator of pond perfonnance Future models WIll
mcorporate these statIstIcal relatIonshIps to pred1ct pond yIeld Further
development of the models wIll allow CRSP researchers to define management
gUIdelInes for Improv1Og the effiCIency of pond aquaculture

Llterature CIted

Batterson, T R , CD McNabb, C F Knud-Hansen, H M Eidman, and K
Sumantad1nata 1988 Effect of chIcken manure add1tIons on fish
productIon 10 ponds 10 West Java, IndoneSIa CRSP Research Report 88-8

Diana, J S , S L Kohler, and D R OHey 1988 A Yield model for wallang
catfish productIon 10 aquaculture systems Aquaculture 71 23-35
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DIana, J S , P J Schneeberger, and C K LIn 1987 Reianonships between
pnmary producnon and yIeld of Tllapla mlonca m ponds ProceedIngs of
the Second Internattonal SymposIUm on Tllapla m Aquaculture (In Press)

Fortes, R D , V L Corre, and E J Pudadera May, 1986 The effects of fernhzers
and feeds as nutrIent sources In the producnon of Oreochromls mloncus In

PhlhppInes braclashwater ponds Presented to the ASIan Flshenes Forum
Meettng, ManIla (May) (CRSP 86 2)

GIOvanmm, P and R H Ptedrahlta 1988 AnalYSIS and modehng of dissolved
oxygen In warm water aquaculture ponds Amencan SOCIety of
Agncultural Engmeers Paper Number 88-5004

Green, B W , R P Phelps, and H R Alvarenga 1989 The effect of manures and
chermcal fernlIzers on the productton of Oreochromls mloncus 10 eanhen
ponds Aquaculture 76 (1989) 37-42 and CRSP Research Report 89-15

Hanson, B, V Ndoreyaho, F Rwangano, E Rurangwa, M Van Speybroeck, R
Tubb, and W Selm January, 1988 Relanonshlp between water chermstry
and the growth of Tllapla mlonca m Rwandan (Central AfrIca) fish ponds
fernlIzed WIth chIcken manure World Aquaculture SOCIety Meenng,
Honolulu, Hawall

HopkInS, K D , J E Lannan, and J R Bowman 1987 A Data Base Management
System for Research In Pond Dynarmcs CRSP Research Report 87-1
Also pubhshed In Aquabyte Vol 1 No 1, March 1988, ICLARM, the
PhIlIppInes

Hughes, D G November, 1985 PredIcnon of pond producttvlttes a challenge
for aquaculture Presented to the Pont1fical Cathohc Umv of Ecuador,
QUItO, Ecuador

Lannan, J E , R 0 Srmtherman, and G Tchobanoglous, eds 1986 Pnnclples
and Pracnces of Pond Aquaculture Oregon State Umversity Press,
CorvallIs, Oregon, 272 pp

Lm, C K 1986 ACldIficatton and reclamanon of aCId sulfate SOlI fishponds m
Thal1and Pp 71-74 In J L MacLean, L B DIzon and L V HosI1los, eds
The Frrst ASIan Flshenes Forum ASIan Flshenes SOCIety, ManI1a,
PhlhppInes
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Lm, C K 1986 Nutnent dynanucs between 100rgamc and orgamc fertthzatIon 10
Tl1apIa culture ponds Proceed1Ogs of the 24th Kasetsart Umversity
Conference on Fishenes 174-182

McNabb, CD, T R Batterson, H M Eaiman, and K Sumantadmata 1988
Carbon lImItatIon In fernhzed fish ponds ill Java Journal of the World
Aquaculture SOCIety 19 51A

PiedrahIta, R H 1988 introductIon to computer modelIng of aquaculture pond
ecosystems Aquaculture and Fishenes Management, 19 1-12

PiedrahIta, R H and G Tchobanoglous 1987 The use of human wastes and
sewage m aquaculture, p 336-352 In D J W Monarty and R S F Pullm
(eds) Detntus and mIcrObIal ecology 10 aquaculture ICLARM
Conference Proceedmgs 14,420 P internatIonal Center for LIv10g AquatIc
Resources Management, ManIla, PhilIpp10es

SmIth, D W and R H Piedrahita 1988 The relatIon between phytoplankton and
dIssolved oxygen concentratIon 10 fish ponds Aquaculture 68249-265

Telchert-Coddmgton, DR, N Stone, and R P Phelps 1988 Hydrology of FISh
Culture Ponds 10 Gualaca, Panama Aquacultural Engmeenng 7309-320

Fmanclal Summary

ThIS sectIon summanzes the expendIture of USAID, non-federal, and host country
funds for CRSP research actlvItIes and program management TIus unaudIted
summary IS mtended to proVIde an overvIew of PD/A CRSP progress relative to
program budgets and match10g support

The expendIture of USAID funds by CollaboratIve Research Projects, SpeCIal
TOPICS research, and Program Management IS presented m Table 1 for the PD/A
CRSP contract years of September I, 1982 to August 31, 1987 (first grant), and
September 1, 1987 to August 31, 1988 (first year of second grant) Dunng the
first grant penod, our contract called for the estabhshment and support of research
projects In SIX develop1Og countrIes Honduras, IndoneSIa, Panama, PhIlIppmes,
Rwanda, and ThaIland CumulatIve percent expendIture of grant funds dunng the
penod were CollaboratIve Research Projects, 80 percent, SpeCIal TOPICS, 5
percent, Program Management, 15 percent
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The PD/A CRSP, hke the other CRSP's, endured two substantIal Gramm-Rudman
budget cuts In 1986 and 1987 The 1985 budget of $1,300,000 was reduced
approXImately 18 percent to an obhgatIon of $1,070,000 ill 1986 The 1986
budget was further reduced by approxImately 13 percent to a final obhgatIon of
$936,000 10 1987

Our second USAID grant was for a 3-year contInuatIon of the PD/A CRSP dunng
the penod of September 1, 1987 to August 31, 1990 ThIS grant obhgates level
fundmg of $920,000 per year The data for CollaboratIve Research Projects
dunng the first year of thIS grant Includes all expendItures made to support
research efforts at four project sItes Our ContInuatIon Plan called for research
projects at three sItes, namely Panama, Rwanda, and ThaIland In mId-December
1987, we were requIred to leave Panama by USAID drrectIve We receIved
approval to reestablIsh the Panama CRSP In Honduras 10 June 1988
AccordIngly, Auburn UmversIty expended USAID funds for research aCtIvItIes In
both Panama and Honduras No expendItures were reported by the UmversIty of
HawaII for research efforts In Honduras and ThaIland, and by the UmversIty of
Arkansas at Pme Bluff for actIvItIes In Rwanda In both Instances, turnover In
project personnel delayed the start of planned research efforts These poslttons
have subsequently been filled, and funds have been obhgated

In both grants, the Informanon on Program Management expendItures Includes
expenses to support the Program Management Office, the Board of DIrectors, the
External EvaluatIon Panel, and the Data Base Management functIon Because
1988 IS a Tnenmal ReVIew year, expenses for the External EvaluatIon Panel and
assocIated costs have been substantIal

Cost shanng contrIbutIons from the U Sl InstItutIons are presented In Table 1
Considenng that funds expended for Program Management are exempt, the
average cost shanng by the research InstItutIons dunng the first grant penod was
22 5 percent In the fIrst year of the second grant, cost shanng amounted to 34
percent These recent figures reflect an Increased COmmItment by the program
entItIes to partICIpatIOn ill the CRSP However, these data requIre further
accounnng because the amounts to be excluded In calculatIng cost shanng
requIrements ill accordance WIth BIFAD guIdelInes must be determIned after the
fact

•

Host country contrIbutIons (In U S dollars) are also presented In Table 1 These
data were prOVIded by the PrInCIpal InvestIgators of the projects Although host
country cost sharmg IS not requIred, these contnbutIons IndIcate a strong and
contInuIng COmmItment to partICIpatIOn In the CRSP by our host county
collaborators
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Table 1 Financial Summary of the Pond Dynamics/Aquaculture CRSP funds, Cost
Sharing, and Host Country ContnbutlOns for the First and Second (first year)
USAID grants

Collaborative USAID Funds Cost Sharing Total Host Country
Research Projects 198287 1988 1982-87 1988 1982-87 1988 198287 1988

Honduras Auburn U 434052 26469 87442 6,797 521,494 33,266 327,668 14850
U HawaII 0 0 0 0

IndoneSia Michigan S U 705071 185,050 . 890,121 -- 284,365
Panama Auburn U 641 514 87282 164,067 25743 805,581 113,025 509,090 30,150
Phlllpprnes-U HawaII 685,194 226,503 -- 911,697 - 128,625
Rwanda-Auburn U - 56316 - 20,104 -- 76,420 - 0

Oregon S U 631 667 57011 66,414 18696 698,081 75,707 300,682 46980
U Ark P B - 0 -- 0 -- 0 - 0

Thailand - Michigan S U - 30,402 - 40,094 - 70,496 0
U HawaII - 5308 -- 7,642 -- 12,950 .- 0
U Michigan 637415 111,201 99,480 13,255 736,895 124,456 145,450 43,000

Subtotal 3734913 373989 828956 132331 4563,869 506,320 1 695,880 134,980

SpeCial ToPICS

Auburn U 50,965 -- 10,240 -- 61,205 --
Oregon State U 24993 23410 13,325 7,725 38,318 31,135
U Callforma, DaVIS 78,393 42,600 14600 10,650 92,993 53,250
U HawaII 16,668 - 5,647 - 22,315 --
U Michigan 55,640 57,405 14,753 17,221 70.393 74,625

Subtotal 226,659 123,415 58,565 35,596 285,224 159,011

Program Management

Management offlce-OSU 589,797 174,587 589,797 174,587
Boards Comm, Panels 120,368 22,207 120,368 22,207

Subtotal 710,165 196794 710,165 196,794

TOTAL 4 671 737 694,198 887,521 167,927 5,559,258 862,125 1,695,880 134980
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PLANNING FOR CONTINUATION OF
THE CRSP GLOBAL EXPERIMENT

The approach taken by the CRSP Techmcal Comrrnttee m plann10g for the
connnuanon of the Global Expenment mcludes (1) defimng the goals of the
research program for a five-year planmng honzon, (2) Idennfymg the mformanon
needed to sansfy the goals, and (3) developmg a research program that will
proVIde the needed mformanon

Goals

The goal of the CRSP research program for the penod of the connnuanon
grant IS to determme the most effiCIent methods of managmg aquaculture ponds
under mfferent envrronmental and producnon regtmes Pnor CRSP research has
proVIded valuable mSIghts about how pond ecologtcal processes mfluence fish
yIelds The CRSP IS now at a pomt where, WIth specIfic admnonal 1Oformanon,
preVIOUS research findmgs can be used to maxlffilze fish yIeld per umt mput of
locally aVIDIable nutnents over a WIde range of pond envrronments

InformatIon ReqUIred

The mformanon requITed to sansfy the CRSP research goals dunng the next grant
penod has been Idennfied by the CRSP Techmcal Comrrnttee SpeCIfic
mformanon requITed to further understanmng of pond processes and Improve the
effiCIency of fish producnon mclude

(1) InformatIon on pond soil processes and solI-water mteracnons
(a) pond soli cheffilstIy
(b) temporal Varlanon m pond SOlIs and sed1ments

(2) Informanon on fish growth relanonshIps
(a) feed1ng dynaffilcs 10 mfferent enVITonmental producnon regtmens
(b) muin-specIes (polycultural) trOphIC 1Oteractlons
(c) mteractIon of feeds and fernhzers

(3) Informanon on nutnent cychng
(a) mteractIon of autotrophIC and heterotrophIc processes
(b) oxygen producnon/consumpnon and effect of aeratIon
(c) effect of water depth/surface area relanonshIp
(d) effect of manure/compost cOmpOSItIon
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RESEARCH PLAN

In order to provide requITed 1Ofonnatton, the CRSP will conttnue the Global
Expenment With field expenments 10 !Ionduras, Rwanda, and ThaIland, and with
data analysIs and synthesIs acttVlttes drrected toward translatton of research
findIngs 1Oto pond management gUIdel10es In adchtton, the CRSP proposes to
10mate new stuches on pond soils, to network With the Tropical Soils CRSP and
other agencies and mstttunons to access agncultural soil data bases and models,
and to collaborate With the Internanonal Center for LiVIng Aquanc Resources
Management (ICLARM) to produce a handbook of aquacultural research
techmques

Field Experiments

The field expenments Will mclude standard observanons of pond vanabies at all
locanons, and mvesnganons of dIfferent aspects of pond dynanncs at each
locanon These acnVlnes are descnbed bnefly below A more detaIled
descnpnon of the acnvlnes IS presented m Appenchx A

Standardized Sampling Protocol

The CRSP Global Expenment will connnue With a mochficanon of the standard
samphng protocol This modIfied protocol was mlnated upon Implementanon of
the CRSP Fourth Work Plan m September 1987 Under thiS protocol,
observanons of chmanc vanables are recorded dally Also, three mtenslve
samphngs of ponds Will be conducted dunng each expenment (1) dunng the
second week, (2) mIdway through the expenment, and (3) dunng the final week
Observanons of fish growth are proVided by monthly samplIng The protocol also
speCIfies occaSIOnal samphng of pond SOils, nutnent mputs, and water budgets
Fmally, reference ponds will be establIshed and momtored at alilocattons These
ponds will proVlde mfonnanon about how pond soils, sechments, and other pond
charactensncs change With nme In adchtton to specuymg the samplIng
frequencies and vanables to be observed, the protocol also speCifies standard
observanonal and analyncal methods and repomng umts to be used at all research
locanons All standardized data will be added to the CRSP Data Base (Please
refer to Appendix A for more detaIl on the samplIng parameters)
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Central America· Honduras Project

Freshwater research wIll concentrate on oxygen dynanucs, aeranon, and
sedIment-water qualIty mteracnons on ponds stocked WIth OreochromlS mlotlcus
(Tllapw mlonca) Vananon WIthm ponds of dIssolved oxygen (DO)
concentranons, mfluence of weather on DO, fluctuanon of DO m ponds treated
WIth manures or chelDlcal fernl1zers, and effects of DO concentranons on fish
growth and producnon wIll be mvesngated Emergency, mghtly, and connnuous
modes of aeranon will be compared AcqUlSlt10n of DO data With muln-channel
data loggers wtll permIt connnuous observatlon of DO concenttanons Data
analysIs will emphasIze development of pred.1cnve equanons, models, and
pracncal recommendanons Pond soIl mvestlganons WIll mclude dynanucs of sOlI
phosphate, consumpnon of oxygen by sOlIs, and release of reduced substances by
sOlIs m ponds treated WIth manures and other fertll1zers

Braclash water research m Honduras also wIll focus on pracncal problems m
braclash water aquaculture The research wtlI Invesngate relanonshlps among
feedmg rate, DO concentratlOn, water exchange, and shnmp producnon, WIth
emphasIs on econormc evaluation

Africa· Rwanda Project

Two avenues of research are proposed for the Rwanda project (1) to determme
the mfluence of temperature on the producovtty of ponds at high elevaoons, and
(2) to use supplemental feeds to opnrntze the use of the hrntted protem produced
WIthm the pond for growth rather than respIranon

In Rwanda, uiapla are cultured at elevauons rangIng from 1200 to 2300 meters
The correspondmg array of temperature regtmes prOVIdes a umque opportumty to
extend the range of enVIronments under study by the CRSP and to exanune the
mfluence of temperature on pond productIVity ThIS research Will use farm ponds
at five elevauons between 1200 and 2300 meters 10 addInon to the expenmental
ponds at the Rwasave locanon

A nutnnonal study also Will be accomphshed at Rwasave In thiS study,
chgesnblhty and nutnove content of organisms Ingested by mapla Will be used to
determIne nutntlve requIrements of supplemental feeds
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ASIa· ThaIland Project

The Thailand project wIll contInue research that evaluates management
manIpulatIons and theIr effects on dynamICS of tIlapIa ponds Three
manIpulatIons to be evaluated are (1) the effects of pond SIze on fish productIon,
(2) the effects of nutnent adilltIon schedules on fish productIon, and (3) the
effects of mtraspeclfic competItIon or altered reproductIve schedules due to fish
denSIty on tIlapla growth and productIon A bIoassay system wIll be developed for
the practIcal determmatIon of lImmng nutrIents m fish ponds All of these stuilles
wIll follow standard data collectIon protocols

In adilltIon to these obJectIves, the ThaIland project wIll1ll1tIate three new Imes of
research (1) supplemental feed1ng of fish, (2) polyculture of Clanas and tIlapla,
and (3) evaluatIon of tIlapla productIon systems for a vanety of ponds The frrst
two areas of research mvolve polyculture trIals WIth Clarlas and tIlapla
Treatments 1 and 2 WIll use uncaged Clanas that receIve supplemental feed and
no feed, respectIvely Treatment 3 WIll use caged Clanas and tIlapla and no feed
Tllapla productIon systems WIll be evaluated m an extenSIOn project mvolvmg
ThaI farmers, who wIll be prOVIded fry, fertIlIzer, and management schedules
based on our expenments YIelds from these farms wIll be tabulated by CRSP
researchers and WIll be used to test the relIabIlIty of our expenmental pred1ctIons

Pond SoIl StudIes

PhySIcal and chemIcal propertIes of soll samples from all CRSP research
locatIons and other selected locatIons WIll be determIned SoIls WIll be analyzed
m laboratory stuilles to determme theIr ablhtIes to absorb and release phosphate
and ammOnIum under a vanety of envIronmental conilltIons The Influence of
manure on soIl propertIes WIll be studIed, and techmques for managmg organIC
matter m soIls of manured ponds wIll be evaluated Improved methods of
determImng lIme requIrements of pond SOlIs, mcluillng aCId-sulfate soIls, WIll be
evaluated The relatIonshIp between water chemIStry and seillmentatIon processes
m pond SOlIs also WIll be determIned

Concurrent WIth the laboratory studIes, the Data AnalySIS and SyntheSIS Team
wIll network WIth the TroPICal SoIls CRSP and other orgamzatIons and
mstItutIons to retrIeve mformatIOn from agncultural SOlIs data bases ThIS
mformatIon WIll be compared to data from the laboratory stuilles and the CRSP
Data Base to determIne the degree to WhICh pond SOlIs have umque propertIes and
the degree to whIch mformatIon about agncultural SOlIs can be applIed to pond
management
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Data AnalysIs and SynthesIs

The Data AnalysIs and SynthesIs Team (DAST) plays an Important role m the
CRSP by proVldmg a global analysIs and synthesIs of CRSP research
mfonnatton MaInt31mng a umty of purpose and coherence of the CRSP Global
Expenment IS based, to a cert31n extent, on the acttvlttes of the DAST Whereas
the researchers Involved In the CRSP field expenments evaluate thelT findIngs
from a sIte-specIfic perspecttve, It IS the responsIbIlIty of the DAST to synthesIze
and evaluate CRSP research findIngs from a global perspecttve

Acttvlttes of the DAST Include the global analysIs of research data from the
CRSP field expenments, development of computer models to simulate water
quality and fish growth m ponds, and conttnumg refinement of a pond
classlficatton system to faclhtate extension of sIte-specIfic CRSP research results
to other sItes InfonnatIon resulttng from the acttvlttes of the DAST are used to
IdentIfy CRSP research obJectIves, and to develop pond management gUIdelInes
based on CRSP research results

The DAST IS the pnnclpal US-based research component of the CRSP The
DAST IS a fully mtegrated group IncludIng a blometnclan (Chang), an
aquacultural sClenttst (Lannan), and an agrIcultural engtneer (Ptedrahlta) Each of
the DAST members has pnmary responsIbIlIty for one of the focus tOpICS
mentioned above The work of the DAST IS pnmanly based on computer
analysIs of the data, and on computer modelIng and slmulatton, lOcludIng the use
of expen systems

Dehverable Products CRSP Manuals and Handbooks

A major goal of the CRSP IS the dIssemInatton of lOfonnatton about pond
aquaculture ConsIstent WIth thIS goal, the CRSP mtends to prepare and publIsh a
manual of pond management gUldellOes and a handbook of aquaculture research
techmques dunng the penod of the conttnuatlOn grant

Manual of Pond Mana~ementGmdelInes. One of the goals of the CRSP grant IS
to translate research findlOgs lOto gUIdelInes for the management of aquaculture
ponds under dIfferent envIronmental and productton regtmes The frrst CRSP
manual of pond management gmdelInes WIll be completed pnor to Implementtng
the contInuatton grant The manual WIll represent a slgmficant advancement m
pond aquaculture technology However, further refinement IS both possIble and
necessary

•

•
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Dunng the proposed contmuanon grant penod, the DAST w:111 prepare a second,
more comprehensIve verSIOn of the pond management manual The manual wIll
mclude Improvements based on analysIs of new field data and relanonshIps
denved from computer models ThIs manual wIll be an Important contnbunon of
the CRSP In that It WIll present a pracncal summary of the CRSP findIngs In
terms of productIon strategIes and pond management technIques The manual
wIll be prepared In two forms (1) a pnnted handbook, and (2) a computer
apphcanon

AddInonal detaIled mformanon about the contents and preparatIon of the manual
IS proVided In AppendIx A under Data AnalysIs and SynthesIs

Handbook of AQJlaculture Research TechnIques. A general manual of pond
aquaculture research Informanon does not currently eXIst Such a manual would
represent a sIgnIficant contnbunon, and could lead to substannal Improvement In
the qUalIty of aquaculture research by provIdIng researchers WIth a ready
reference to current research technIques It IS proposed that the CRSP collaborate
WIth the InternatIonal Center for LIVIng AquatIc Resources Management
(ICLARM) to prepare, pnnt, and dIstnbute such a manual The manual WIll be
avallable at mInImal cost to aquacultural SCIennsts worldWIde

AddInonal detaIled Informanon about the contents and preparanon of thIs
handbook IS proVIded m AppendIx A under A Handbook of Aquaculture
Research TechnIques
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PROGRAM ORGANIZATION AND MANAGEMENT

TIus sectIon descnbes the orgamzatIon and management of the CRSP Several
changes m orgamzatIon and management relatIve to the last CRSP proposal
(1987-1990) have been made These changes are Intended to strengthen the
CRSP and are based upon a vanety of expenences and recommendatIons,
Includmg 1) recommendatIons of CRSP parncipants based on preVIOUS
expenence In operatIon of the CRSP, 2) recommendatIons from the fIrst and
second Tnenmal ReVIews, and 3) the reVIsed BIFAD gwdelInes

Memoranda of Understandmg

In February 1980, the JOInt Research Comrmttee (now JCARD) deSIgnated
Auburn UmversIty, the Umversity of CalIfornIa at DaVIS, and the Consornum for
InternatIonal Fishenes and Aquaculture Development (CIFAD) as the parncipants
In the Pond DynamIcs/Aquaculture CRSP The partICIpants subsequently elected
Oregon State UmverSIty to be the Management EntIty for the CRSP As
Management EntIty, Oregon State Umversity negotIated Memoranda of
UnderstandIng WIth the parnciPatIng US mstItutIons The partICIpants have In
turn negotIated appropnate Memoranda of UnderstandIng WIth host country
agenCIes or InstltuUons for the vanous collaboratIve research aCtIVItIes These
Memoranda have been reVIsed from tIme to time as needed, and contInue to serve
as the foundatIon for CRSP orgamzatIon and management

WIth the InIUatIon of the new CRSP grant In 1987, host country and U S
mstitutIOns renewed therr Memoranda of UnderstandIng The new Memoranda
reflect the structural changes In the orgamzatIon of the CRSP (1 e , the
consohdauon of the CRSP In three countnes) that have occurred SInce 1987
WhIle several U S umverSIUes collaborate at each country SIte, only one was
selected to represent the U S In each Memorandum ThIS structure proVIdes for a
more eqUItable arrangement WIth the host country InstItutIons For example, the
Umversity of MichIgan, a CIFAD member, has separate Memoranda With the
Thai Department of Fishenes (renewal of the ongmal partnershIp) and the ASIan
Institute of Technology (new partnershIp) The Umversity of MichIgan and the
Thai Department of Fishenes act as the lead U S umversity and host country
InsututIon, respectIvely, In Thailand ThIS proVIdes a focal POInt for the other
InstItutIons that work on the CRSP project In Thailand The Umversity of
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M1chlgan in tum has 1Ofonnal subagreements wIth MIchIgan State UnIversIty and
the UnIversIty of Hawall Llkewlse, the NatIonal UnIversIty of Rwanda (UNR)
has a Memorandum of UnderstandIng wIth Oregon State UnIversIty, WhICh IS the
lead U S unIversIty on the Rwanda project As lead, Oregon State UnIversIty IS
the malO contact for the Rwandan researchers and IS responsIble for overall
coord1OatIon ofU S CRSP research activItIes 10 Rwanda Auburn UnIversIty and
the Umverslty of Arkansas at Pme Bluff collaborate WIth Oregon State UmversIty
in Rwanda In Honduras, Auburn UnIversIty has a Memorandum WIth the
Honduran Department of Renewable Natural Resources (RENARE) and acts as
lead unIversIty to the UnIversIty of Hawall whIch also IS Involved in research
actIVItieS 10 Honduras

ThIS hIerarchIcal structure dIffers from the contractual arrangements among U S
umverSltles and the Management EntIty WhIle all parnclpatIng 1OstItutIons have
access to the servIces of the Management EntIty, the Management EntIty has
formal contracts only WIth Auburn Umverslty, the UnIversIty of CalIfornIa at
DaVIS, and CIFAD CIFAD 10 tum has formal contracts WIth ItS member
UnIversItIes The UnIversIty of MIchIgan, MIchIgan State UnIversIty, Oregon
State UnIversIty, the UnIversIty of Hawau, and the UnIversIty of Arkansas at Pme
Bluff The hIerarchIcal arrangement aITlved at through the deSIgnatIon of lead
U S UnIverSItIes promotes a greater degree of cooperatIon among U S
umversltIes and greater mvolvement of the host 1OstItutIons at the hIghest level

Management Entity

Oregon State UmversIty serves as the Management EntIty of the Pond DynamIcsl
Aquaculture CRSP In thIS capacIty, Oregon State Umverslty acts as the legal and
fiscal agent in the receIpt and dIsbursement of CRSP funds to partICIpanng
instItutIons It IS responSIble to USAID for the performance of the program and
complIance WIth the grant Other responSIbIlItIes entaIl

• Coordmatmg the ImplementaTIon and operaTIon of mdlvidual projects
compnsmg the CRSP,

• ImplementIng the finanCIal plan,
• ProVIdIng a focal pomt for the mteraCTIon of the TechnIcal COmrnlttee,

Board of DIrectors, External Evaluanon Panel, USAID staff, and BIFADI
leARD,

• FIscal and techmcal reportmg to USAID, and
• MamtamIng lIaIsons WIth overseas and domesttc parncipants

The Management Ennty also IS responSIble for commumcaTIons, publIcatIons of
CRSP research, and management of the CRSP Central Data Base

•

•
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Program Management Office

WIthin Oregon State UniVersIty the CRSP IS admInistered by a Program
Management Office The Program Management Office moved to the Office of
Internanonal Research and Development (OIRD) In 1986 from ItS ongmal home
In Newport, where It had been based Since 1982 The new locanon, whIch IS next
to the Oregon State UniverSIty Adrmmstratton BuIlding, facIlItates the
streamhnIng of many adrmnIstranve details essentIal to properly servICIng the
CRSP grant The OSU Office of BUSiness AffaIrS (located In the AdmInistranon
BuIldIng) provIdes support for contracnng and fiscal reportmg

The CRSP also IS part of OSU Internanonal Fishenes at OIRD, whIch IS
compnsed of the ConsortIum for Internanonal Fishenes and Aquaculture
Development (CIFAD), the ForeIgn Fishenes Observer Program, and the
Internanonal InstItute of Flshenes EconOmICs and Trade ThIS arrangement With
OIRD affords the Management Ennty Increased support In accounnng,
purchaSIng, and other servIces The Management Ennty now IS Integrated Into the
larger framework for Internanonal agncultural programs at Oregon State
UniVerSIty and denves benefits from frequent Interacnon With these programs
The CRSP, formerly part of the Department of Fishenes and WIldlIfe m the
College of Agnculture, now reports dtrectly to the VIce PreSIdent for Research,
Graduate Studtes, and Internanonal Programs through the Drrector of OIRD TIes
to the Dppartment of Fishenes and WIldlIfe, however, are mamtaIned through
faculty appoIntments and professIonal and academIC Interests

At the present nme the staff of the Program Management Office mclude
• CRSP Drrector (half-tIme) - Dr Howard Horton
• ASSOCIate Drrector (full-nme) - Ms HIllary Egna
• Drrector of Data Management (half-ttme) - Ms HIlary Berkman
• Secretary (half-tIme) - Mrs Lydta Perry
• Accounnng SupervIsor (010 FfE)- Ms DyAnne Johnson

The Drrector and ASSOCIate Drrector prOVIde execunve lInkage between the
Management EntIty and operatIons under thIs CRSP The Drrector serves as ex­
offiCIO member of the Board of Drrectors and the ASSOCIate Drrector serves as ex­
offiCIO member of the Technical Commtttee The present CRSP Drrector also
serves as Drrector of InternatIonal Fishenes at Oregon State UniVersIty
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Board of Directors

The Board of Drrectors IS the pnmary pollcy-malang body for the CRSP The
Board IS compnsed of one admImstranve member from each partlClpatmg U S
msntunon Auburn Umversity, CIFAD, and the Umversity of Cahforma at DaVIS
The Program Manager from USAID and the CRSP Drrector serve as ex-officlO
members All Board members funcnon In the obJecnve Interest of the CRSP
regardless of therr msntunonal affihanon At the present Board members are

• Dr R 0 Srmtherman, Auburn UmversIty
• Dr Phlhp Helfnch, Umverstty of Haw3.11
• Dr Robert Fndley, Umverslty of Cahforma at DaVIS

The Board of Drrectors IS responsible for
• RevIewmg program budgets for the allocanon of funds to research

projects and the Program Management Office,
• Recommendmg budget allocanons to the Program Management Office,
• Revlewmg the adrmmstranve and techmcal status of overseas

research projects and US-based research acnVInes,
• AdVISIng the Program Management Office on pohcy gUldehnes,
• Approvmg the formanon of ad hoc comrmttees,
• AppoIntmg at-large members to the Techmcal Comrmttee and

members of the External Evaluanon Panel,
• Selecnng the CRSP Drrector and makmg a normnanon to

USAID, BIFAD, and ICARD, and
• Momtonng the performance of the Program Drrector and

Management Ennty

Techmcal Committee

Techmcal gUIdance IS provided by a Techmcal Comrmttee Voting members of
the Techmcal Comrmttee mclude Pnnclpal Invesngators from each host country
msntutton and each funded project at a US msntunon These mdtvlduals also
serve as members of the four subcomrmttees budget, matenals and methods,
work plan, and techmcal progress Other U S and host country sClennsts
pamclpate m the Techmcal Cormmttee meenng as non-vonng members The
Techmcal Comrmttee may recommend to the Board of Drrectors at-large
members whose areas of expernse are not represented on the Techmcal
Committee

The Techmcal Comrmttee may fonn from among ItS vonng members an execunve
panel With one member each from Auburn Umverslty, the Umverslty of

•
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Cahforma at DavIs, and CIFAD The executive panel IS authonzed to act on
urgent matters on behalf of the Techmcal COmmIttee m cases where convemng
the full COmmIttee IS Impracncal or ImpossIble

The TechnIcal COmmIttee elects a charr and a recordmg secretary annually from
among Its voting members The CRSP ASSOCIate DIrector and USAID Project
Manager are ex-officIO members to the Techmcal COmmIttee

Responslblhtles of the Techmcal Corrnmttee are
• to develop blenmal work plans and to subnnt them to the Board of DIrectors

through the CRSP DIrector for approval and lmplementatlon,
• to prepare annual budget recommendations for CRSP research actlvltles and

to subnnt them to the Board of DIrectors through the CRSP DIrector for
consideration m the development of the annual CRSP budget,

• to review the techmcal progress of the CRSP or components thereof and to
propose modrficatlons of the work plan to the CRSP Board of Drrectors, and

• to review matenals and methods unhzed m CRSP research and recommend
modIfications to the Board through the Program Management Office

The Techmcal Corrnmttee meets at least once a year and reports Its fmdmgs to the
Board of DIrectors through the Program Management Office The present
members of the Techmcal COmmIttee are hsted m the Table below

THE CRSP TECHNICAL COMMITTEE

Name Institution Subcorrnmttees

Prmclpal InvestIgators (Votmg Members)

•

Dr Ted Batterson
Sr Marco Ivan Rodnquez
Dr Claude Boyd
positton vacant
Dr Wllliam Chang
Dr James Diana
Dr Peter Edwards
Dr Carole Engle
Dr Kevm Hopkms
Dr Kttjar Jatyen
Dr James Lannan, Chatr
Dr Raul Ptedrahita
Dr Thomas Popma
Mr Wayne Setrn
Dr James Szyper
* subcommittee charrpersons

MiChIgan State Umverslty
Drrectorate of Renewable Natural Resources, Honduras
Auburn UmversJty
Nattonal Umversity of Rwanda
Umverslty of MIchtgan
Umverslty of MIchtgan
Asian Instttute of Technology. Thatland
Umversity of Arlcansas at Pme Bluff
UnIVersIty of Hawau at HtIo
Nattonal Inland Flshenes Instttute, ThatIand
Oregon State UnIVersity, Chamnan of Tech CommIttee
UnIversity of Cahforma at DavIS
Auburn Umverstty
Oregon State Umverslty
Umversity of Hawau at Manoa
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Table Contmued Techmcal CommIttee Members

Non-Votmg Members

Me H Alvarenga DIreCtorate of Renewable Natural Resources, Honduras
Ms Hl1ary Berkman Oregon State Umverslty, Management Entity
Me Dan Dettwetler Umverslty of Mtctugan
Dr Bryan Duncan Auburn Umverslty
Mr Bart Green Auburn Umverslty, 1D Honduras
Mr Sompong Hlranyawat NatIonal Inland Flshenes InstItute, ThaIland
Dr Howard Horton Oregon State Umverslty, Management Entity
Dr Chns Knud-Hansen MIchigan State Umverslty, 10 Thwland
Dr Kwel L10 Umverslty of Mtctugan and Asian InstItute of

Technology, m Thatland
Dr Cal McNabb Mtchlgan State Umverslty
Mr Steve RIggs Umverslty of MIchtgan
Mr Eugene Rurangwa NatIonal Umverslty of Rwanda
Dr David Teichert Coddmgton Auburn Umverslty,1D Honduras
Mr Sompote Ukkatawewat NatIonal Inland Fishenes InstItute, ThaIland
Ms Karen Vevenca Oregon State Umverslty and Auburn Umverslty,

1D Rwanda
At-large Members
Dr Donald Garl10g Mtchlgan State Umverslty
Dr George Tchobanoglous Umverslty of Caltfomla at DavlS

Ell offiCIO Members
Ms Htllary Egna Oregon State Umverslty, Management Entity
Dr R1Chard Neal S&T/AGR, U S Agency for International Development

W Work Plans B=Budgets T=Techmcal Progress M=Matenals and Methods

Work Plan SubcommIttee

The Work Plan Subcornmlttee IS responsIble for the preparation of a worlang
draft of the work plan The draft IS submItted. to the Program Management Office
on or before 31 December of every other year The Program Management Office
dIstnbutes the draft to the TechnIcal COrnmlttee for consIderation at the annual
meeting The Work Plan SubcOmmIttee faCIlItates dISCUSSIons about the work
plan at the annual meetIng and then prepares a final draft of the work plan
unmed.lately followmg the meeting ThIs draft IS forwarded. to the Board of
DIrectors through the Program Management Office

•
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Matenals and Methods Subcomnuttee

ThIS SubcommIttee deternunes standard matenals and methods for mclusIOn mto
the work plan The Matenals and Methods SubcommIttee also may reVIse the
standard matenals and methods when necessary

Techmcal PrOWtSS Subcomnuttee

The Techmcal Progress Subcomnnttee contmuously reVIews work plans,
matenals and methods, and data resultIng from the vanous CRSP research
acnVltles ThIS Subcomnuttee Idennfies problems that may Impede techmcal
progress and prepares a report that contaIns recommendanons for correcnve
acnon ThIs report IS dIstnbuted to the TechnIcal Comnuttee pnor to ItS annual
meenng The Techmcal Progress Subcomnuttee moderates dIScussIons about
technIcal progress at the annual meenng and then presents WrItten reports of ItS
fmdIngs and acnon taken to the Board of DIrectors through the Program
Management Office ImmedIately followmg the annual meenng

Bud~etSubcommIttee

The Budget Subcomnuttee prepares budget recommendanons for CRSP research
acnVInes m accordance WIth gUIdelInes from the Board of DIrectors regarchng the
allocatton of CRSP funds between research aCtlVItles and program management
The Program Management Office may act as a condUIt for thIS mformanon The
Budget Subcomnuttee moderates chscussIOns about the proposed research budget
at the annual meenng and presents Its recommendatlons to the Board of DIrectors
and the Program Management Office at the close of the annual meenng

External Evaluation Panel

The External Evaluatlon Panel, WhICh IS composed of emInent aquaculture
speCIalIsts, penochcally evaluates the accomphshments of CRSP research
acnVlnes and of the program as a whole ThIS process ensures that CRSP
research remams carefully drrected and cost effectlve The present members of
thIS panel are

• Dr Kenneth Chew, Charrman- UnIversIty of Washmgton
• Dr Homer Buck- lllInols Natural HIStOry Survey
• Dr HermInIO Rabanal- UnIversIty of the Visayas, PhIlIppmes

•
The Management Ennty proVIdes the External Evaluanon Panel WIth copIes of
sIgmficant CRSP documents m order to keep the panel adVISed of CRSP
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actIVItIeS Panel members are InvIted to attend the annual meenng connngent on
the aVaIlabIlIty of fundIng Attendance at the meenng prOVIdes the panel
members WIth the opportumty to dIscuss progress WIth CRSP SCIennsts and to
observe the VarIOUS CRSP planmng acnVInes

In years COInCIdIng WIth the Tnenmal ReVIew, the Panel VISItS overseas research
sItes and attends the annual meetIng The External EvaluatIon Panel also may
VISIt the Program Management Office and attend other slgmficant CRSP meetIngs
that are held dunng the year of the Tnenmal ReVIew At the conclUSIOn of the
ReVIew, the External Evaluaoon Panel submlls a wntten report of ItS findIngs to
the Management EntIty, Board of Drrectors, the USAID Program Manager, and
BIFAD The External EvaluatIon Panel serves WIthout compensatIon but receIves
reImbursement for all travel expenses Panel members, however, receIve an
honoranum dunng years In whIch the Tnenmal ReVIew IS held

•

•
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• FINANCIAL PLAN

The financIal plan for the Pond Dynarmcs/Aquaculture CRSP 5-year Connnuanon
Plan IS presented In the folloWIng four tables Table 1 presents an overall budget
by pnnclpal project component for projected totals from USAID, U S Insntunon
cost shanng, and host country contnbutIons Tables 2-4 provide a more detailed
breakdown of requested USAID funds by the U S InstItutIons and the
Management EntIty

TABLE 1

PROGRAM BUDGET

Year 9 Year 10 Year 11 Year 12 Year 13

AID CONTRIBUTION

• Research Program

Honduras Project 195,607 205,387 248,515 260,941 273,988
Rwanda Project 201,522 211,598 241,340 253,406 266,077
Thailand Project 296,573 355,763 355,887 373,681 392,365
Data SyntheSIS 135,000 141,750 162,000 170,100 178605
Salls Project 17,759 21,252 21,311 22,377 23,495

Management Entity 284,375 277,383 283,546 335,395 312,212

Total AID Contribution 1,130,836 1,213,133 1,312,599 1,415,900 1,446,742

NON-FEDERAL
CONTRIBUTIONS

Estimated U S Institution 197,407 216,058 218,604 229,532 241,013
Cost Sharing

Estimated Host Country 158,768 166,706 174,942 183,793 192,983
Contributions

Total Non-Federal 356,175 382,764 393,546 413,325 433,996
Contnbutlons

GRAND TOTAL 1,487,011 1,595,897 1,706,145 1 829,225 1,880,738
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TABLE 2

PARTICIPATING UNIVERSITY BUDGET
<:
§:
""'3
C
~I I Year 9 Year 10 Year 11 Year 12 Year 13 Line Totals
~
C AID CONTRIBUTION

~ Research Program
~
t"-l Honduras Project Auburn 174988 183 737 223772 234961 246709 1 064 167

U HawaII 20619 21650 24743 25980 27279 120,271
Rwanda Project OSU 94,199 98,909 113,039 118691 124,625 549,463

~I I Auburn 102,323 107,439 122,788 128,927 135,374 596,851
UAPB 5000 5,250 5513 5,788 6078 27,629

Thailand Project UM 158,719 211,016 190,463 199,986 209,985 970,169
MSU 82,672 86,806 99,206 104,166 109,375 482,225
UH 55,182 57,941 66,218 69,529 73005 321,875

Data SyntheSIS OSU 45,000 47,250 54,000 56700 59,535 262,485
UC DaVIS 45,000 47250 54,000 56700 59,535 262,485
UM 45,000 47,250 54,000 56700 59,535 262,485

Salls Project Auburn 17759 21,252 21,311 22,3n 23,495 106,194

Total Research Program 846,461 935,750 1,029,053 1,080,505 1,134,530 5,026,299

Managment Entity OSU 284,375 2n,383 283,546 335,395 312,212 1,492,911

TOTAL PROGRAM BUDGET 1,130836 1,213,133 1,312,599 1 415,900 1,446,742 6519210 I [
~
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• TABLE 3

LINE ITEM BUDGET FOR AID CONTRIBUTIO,.J!

Year 9 Year 10 Year 11 Year 12 Year 13

Research Program

Personnel 387,174 430,445 473,364 497,032 521,884
EqUipment 40,754 46,788 51,453 54,025 56,727
Services and Supplies 87,435 93,574 102,905 108,051 113,453
Travel 108094 121,648 133,777 140,466 147,489
Other Direct Costs 69,949 74,860 82,324 86,440 90762
Indirect Costs21 153,055 168,435 185,230 194,491 204,215

Total, Research Program 846,461 935,750 1,029,053 1,080,505 1,134,530

Management Entlty;Y

• Personnel 113,658 119,341 125,308 131,573 138,152
EqUipment 1 800 9,000 6000 2,500 2,500
Services and Supplies 17,500 23,000 23,150 22,498 24,073
Travel 76975 52,818 52,308 88,789 60,636
Other Direct Costs 3000 3,150 3,308 3,473 3,647
Indirect Costs 71,442 70,074 73,472 86,562 83,204

Total, Management Entity 284,375 277,383 283,546 335,395 312,212

Total AID Contribution 1,130,836 1,213,133 1,312,599 1,415,900 1,446,742

jJAs reasonably necessary, amounts may be sWitched among line Items within the
Research Program Budget, and within the Management Entity BUdget

21SUbgrantees are entitled to Indirect costs at their federally negotiated rates

~Includes Board of Directors and External Evaluation Panel
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•TABLE 4

MANAGEMENT ENTITY BUDGET

Year 9 Year 10 Year 11 Year 12 Year 13

Personnel

Academic, 1 90 FTE 72600 76230 80042 84,043 88,246
Classified, 1 15 FTE 16,130 16,937 17784 18,674 19,607
OPE 30 5% and 38% 24928 26174 27482 28,856 30,299

Equipment jf 1 800 9000 6,000 2,500 2,500

Services and Supplies 17500 23000 23,150 22,498 24,073

Trave""

National 35135 36892 38,736 40,673 42,707
International ;I 41 840 15926 13,572 48,116 17,929 •Other Direct Costs 3000 3,150 3,308 3,473 3,647

Indirect Cost ~

@36,365 37% 64269 66,570 70,486 78313 79,260
Off Campus @ 22% 7173 3,504 2,986 8,249 3,944

TOTAL 284375 277 383 283,546 335,395 312,212

jfExempt from Indirect Cost

21lncludes Board of Directors and External Evaluation Panel

;lOft Campus Indirect Cost Rate

N Indirect Cost Rates are provIsional on 6/30/89

-----------------~.
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APPENDIX A

Project NarratIves

The CRSP Global Experiment

1 Field Experiments

Global Samplmg Protocol

Central Amenca - Honduras project

Afnca - Rwanda project

ASia - ThaIland project

Pond SoIl Stuches

Handbook of Aquaculture Research Techmques

2 Data AnalYSIS and SynthesIs Team
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FIELD EXPERIMENTS

Global SamplIng Protocol

The CRSP Global Expenment will contInue IntensIVe samplIng of pond vanables
dunng the course of field expenments A standardIzed samplIng protocol will be
used at alliocanons, and the standardIzed data wIll be added to the eXIsttng
centralIzed CRSP Data Base The fish cultural and analyncal methods wIll
connnue as presented In appropnate appendIxes to the CRSP Fourth Work Plan
All research locanons will follow the same protocol for dally measurements, dIel
studIes, fish measurements, opnonal and occasIOnal measurements, and reference
ponds Pond vanables and frequencIes of observanon Include

Dally measurements.

- water temperature

- solar radIanon

- WInd speed

- arr temperature

- rainfall

- evaporanon

- pond depth

- pond water Inflow

Intenslye Samohnl: and Dlel Studies.

Each expenment mcludes three mtensIVe samphng penods (l) durmg the second
week, (2) mldway through the expenment, and (3) dunng the final week The
vanables to be observed mclude

- total KJeldahl mtrogen
- ammoma mtrogen
- total phosphorus
- Secchl VISIbIlIty
- chlorophyll a
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- dark bottle resprranon
- total suspended solIds
- volanle suspended solIds
- chel stuches (samphng nmes pre-dawn, 1000, 1400, 1800,2300, and pre-

dawn the next day, samplIng depths near-surface, rmd-water, and near
the bottom for each pond), vanables 10clude

- chssolved oxygen
- temperature
-pH
- alkallmty
-w1Od
- solar radlanon

Fish Measurements.

In order to momtor fish growth and SUrvIVal 10 each expenment, the total number
of fish stocked or harvested, and the length, weIght and number of mchVldual fish
10 stansncally sIgmficant samples WIll be measured and recorded at mItial
stockmg, at harvest, and at monthly 10tervals between stockmg and harvesting

Optional Monthly Measurements.

- phytoplankton composltlon
- zooplankton cOmpOSItIon
- benthos composltlon

OccaSIOnal Measurements.

- pond soIl charactensttcs at the beg10mng of each expenment
- pond morphology
- seepage
- chemIcal oxygen demand (COD) of 10puts
- nutrIent analySIS of 10puts

Reference Ponds.

The charactenstics of pond SOlIs and water are known to change over nme The
degree to WhICh the temporal changes 10fluence pond dynanucs are not well
understood Therefore, three rephcates of a standard treatment (25g tilapla
stocked at 20,OOO/ha WIth weekly manure addInons) WIll be estabhshed at each
CRSP research locatIon, and thIS standard treatment WIll be repeated 10 each
subsequent expenment In order to document temporal changes 10 the ponds

•

•
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Measurements of water qUalIty and soli propernes Will be made m accordance
With the standard samphng protocol

Expenence suggests that the soli and water of new ponds change rapIdly, but that
the rate of change becomes progressIvely slower WIth nme In order to better
assess the mfluence of hme and fernhzer admnon, the top ten cennmeters of SOlI
Will be removed from each pond bottom before the pond IS flooded for the mItlal
expenment Removal of the top layer of SOlI Will faclhtate observanon of the
Imnal, rapId changes that are expected to occur In subsequent expenments,
ponds Will be dramed for harvest, but bottom solis WIll not be removed
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Central America· Honduras Project

Cooperatmg instItutIons and Pnnclpal InvestIgators

Honduras MImstry of Natural Resources
Sr Marco Ivan Rodnguez

Auburn UmversIty (lead U S mstItutIon)
Dr Bryan Duncan and Dr Claude Boyd

CIFAD (Umverslty of Hawau)
Dr James P Szyper and Dr Kevm Hopkms

Background

The proposed research m Honduras WIll have three areas of focus The fIrst area,
oxygen dynanncs m ponds and the effects of artIfICIal aeratIon on oxygen
dynanncs, will buIld upon and extend the research results thus far obtamed by the
CRSP The second area, mteractIons between bottom soIl and water qUalIty, IS
needed for a more complete understandmg of pond dynamICS The thIrd area of
focus IS a study of the dynanncs of braclash water as an aquacultural
enVIronment

Most of the eXIStIng lIterature on the dynamICS of dIssolved oxygen (DO) m
aquaculture ponds descnbes general relatIonshIps among DO and other
enVIronmental vanabies More detaIled mformatIon IS requIred m order to
mcrease our understandmg of the role of DO m fertIlIzed ponds

Although most of the CRSP research has been conducted m freshwater ponds, It IS
essentIal that pond dynamICS m braclash water systems be exammed because 1)
braclash water sItes may become more aVaIlable and more Important m the near
future (If the present worldWIde expanSIOn of braclash water shnmp farms IS
unprofItable, many of these farms WIll become aVaIlable for other types of
braclash water aquaculture), and 2) the host countnes have expressed a deSIre to
mcrease theIr knowledge of braclash water systems (as IS true m the present case
of Honduras)

ObjectIves

Expenments WIll be conducted WIth the follOWIng fIve speCIfic objectIves
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I To deterrrune the effects of dIssolved oxygen on fish growth,

2 To deterrrune the effects of aeranon on plankton blOmass and dIssolved
nutnents,

3 To quannfy sOlI-water mteracnons involving phosphorus, dIssolved oxygen,
and tOXIC reduced substances (1 e , ammoma, nItrIte, and hydrogen sulfite),

4 To quannfy the spanal and temporal fluctuanons of DO WlthIn ponds, and

5 To quannfy the effects of weather on DO

The ranonale for each of these objecnves IS

Objectlve 1 Aeratton can be used to Improve DO concentranons In ponds but It
IS not clear whIch manner of aeratlon IS most effecnve Most research on DO
requrrements of fish have used static systems m WhICh DO was mamtamed at one
level and survIval and growth rate of the fish rarely were deterrruned However,
fernlIzed pond systems are hIghly dynannc and expenence Wlde fluctuanons In
DO concentranons Expenments WIll be conducted to deterrrune the rmnImum
allowable DO levels In these dynarmc systems

ObjectIve 2 Duong pond aeratIon, mIxmg of waters from the soIl-water mterface
probably results m the resuspenSlOn of dIssolved and undIssolved nutrIents
ResuspenslOn and rmxmg of nutrIents may result m mcreased pnmary and
secondary producnvIty The data logger mformanon, zooplankton counts, and
chemIcal analyses of water WIll be used to quannfy changes m plankton bIomass
and dIssolved nutrIents that may occur dunng pond aeranon

Objecnve 3 The soIl and sedIments constltutmg pond bottoms are m conttnuous
contact WIth the water and constantly exchange matenals WIth It Bactena m the
sedIments use dIssolved oxygen, feed upon and break down organIC matenals
(e g l fish wastes), and recycle nItrogen and phosphorus Expenments Wlll be
conducted to better understand the role of sol1 and sedIments m pond dynarmcs

•

•

ObJecnve 4 DIssolved oxygen concentranons vary WlthIn ponds and through
nme The concentranon m a smgle water sample does not, therefore, neceSSarIly
represent the aVaIlabIlIty of oxygen to the orgamsms In the pond In order to
deSIgn an appropnate samplmg program, It IS necessary to know how much
vanatIon m DO may be found withm a pond under dIfferent condInons In the
past, mtensive samplmg programs needed to deterrrune the proper dIstance
between neighbonng sample locatIOns and the frequency of samplIng were
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beyond the lOgIstIcal and financIal reach of the CRSP However, mulnchaonel,
automated data-logger systems are now aV3.1lable for use In aquaculture These
deVIces are able to record, m computer-coded form, several dIfferent vanables
sImultaneously They automancally record the data repeatedly as programmed,
and store the results for transfer to processIng computers One of these data­
logger systems has recently been Installed and IS operatIng at the CRSP sIte In
Honduras

Although we now have the capabilIty of collecting volumInOUS amounts of DO
data WIth automated data-logger systems, the technIques to relate these data to
other measurements In a useful way must still be developed For example, current
CRSP protocols speCify Intenm sampltng of the length and weight of fish In 5- to
6-month expenments at Intervals of one month whIle also speCIfyIng that DO
measurements be taken With the data-logger system at I-hour Intervals Presently,
It IS dIfficult to translate the DO data Into a smgle number or Index (or set of
mdIces) for companson WIth the monthly growth data Stansocal and empmcal
analyses of logger-momtored data wIll be made In a search for useful, larger-scale
mdIces of the condIoons expenenced by the fish

ObJecove 5 Weather condIoons have a major Impact on the DO concentratIons
In ponds through the effects of WInd, ram, and lIght Different ponds not only
expenence dIfferent weather condItIons, but may be dIfferently affected by
SImIlar weather due to dIfferent Inherent phySIcal charactensncs By IncludIng
"weather-loggIng" capablltnes In our data-logger systems, we WIll be able to
evaluate the effects of weather on DO fluctuatIon

ExperImental Protocol

The planned expenments are Interrelated In many ways and WIll proVIde
Informanon necessary for att3.1nment of several objectives SImultaneously
Expenments and momtonng protocols WIll mclude the follOWIng

Expenment I Aeraoon - Tests of the effects of artIfiCIal aeraoon on the
space- and orne-related vartaoon of oxygen levels and other measurements WIll be
conducted USIng four expenmental treatments no aeraoon, emergency (when
concentraoons of DO < I ppm), mghtly, and connnuous aeraoon FIsh growth
will receIve parncular attenoon

•
Expenment 2 Pond SoIls - Dunng the other expenments, samples of

bottom muds WIll be collected and analyzed for determmanon of phosphorus
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budgets and for use In the detemunanon of redox potentIals Development of In­

Situ techmques to detenmne the DO requIrements of soIls wIll be conducted In
close coordmatIon wIth the data-logger expenments

Expenment 3 Braclash water - As the braclash water expenments WIll be
conducted WIth farmer cooperators, the expenments must proVIde pracncal
Informanon on the effects of feedtng and stoclang rates on yIeld In addttIon to the
more complete mformatIon on pond dynamICS needed by the CRSP The effects
of IntentIonal water exchange (5 to 30% of pond volume per day) and raInfall on
salInIty, and the effects of bUIldup of mtrogenous wastes and salmlty on yteld WIll
receIve parncular emphaSIS

Expenment 4 Reference Ponds - Automated data-Ioggmg systems,
Includtng weather momtonng, WIll be Installed m the reference ponds to detect
vanablhty In DO and other parameters WIthIn the ponds Companson of the
logger-data and data from sensors deployed In a SIngle locatIon may allow
addtnonal mferences to be made from prevlOus CRSP data collected at smgle
locations

Benefits

AccomplIshment of our objectIves WIll results m a better understandIng of the
dynarrucs among fish and those factors mfluencIng therr growth, and the
dynarrucs among soIl and those dtssolved chemIcals whIch affect pnmary
production and fish growth

OrganIC fertIlIzatIon of ponds results In an envrronment WIth a hIgh bIolOgIcal
oxygen demand, whIch eventually could result m growth reductIon or suffocatIon
of fish through an Imbalance of oxygen consumptIon and productIon These
expenments Will mdtcate levels of DO below whIch fish growth could declIne, as
well as the usefulness and profitabIlIty of artIfiCIal aeratIon Effects of aeranon
WIll be partltloned among those related to DO and those related to mIxmg In the
water column

Braclash water aquaculture IS accountIng for a hIgher percentage of Honduras'
export earnIngs every year Our expenments WIll help farmers be more
competItIVe In world markets by Increasmg therr effiCIency of productIon or use
of local resources These expenments WIll also Increase our lImIted
understandIng of dynamICS of brackIsh water systems

•
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Africa· Rwanda Project

CooperatIng InstItutIons and PnncIpal InvestIgators

NatIonal UmversIty of Rwanda
(New PnncIpal InvestIgator to be announced soon)

Oregon State UmversIty (lead mstItutIon)
Mr Wayne Seun and Dr RIchard Tubb

Auburn UmversIty
Dr Thomas Popma

UmversIty of Arkansas at Pme Bluff
Dr Carole Engle

Background

The temperature for optImum growth of tIlapIa IS greater than 25°C Growth IS
reduced at lower temperatures, but lIttle mformatIon IS aVaIlable to accurately
assess the utIlIzanon of natural pond orgamsms by niapla at elevanons where
temperatures are margmally cool There currently are 3,000 pnvate rural fish
ponds 10 operanon 10 Rwanda at altItudes rangmg from 1,300 to 2,500 meters
The array of temperature regtmes resulnng from the altitude dIfferences presents a
umque opportumty to more clearly define the effects of altItude (especIally
temperature) on the dynamICS and producnvIty of tIlapIa ponds

LIttle IS known about the effect of dIUrnal changes 10 temperature on the appente
and growth of niapla Is nnnunum, maXImum or average temperature the most
cntIcal for tIlapIa growth? ThIS aspect could be eXamIned under laboratory
condItIons

HIgh-qualIty protem IS generally more expenSIve than the energy-nch mgredIents
used 10 supplemental feeds for fish In most 10tensIve productIon systems, hIgh
energy mgredIents are added to "spare" the maxImum amount of protem for
growth rather than for respIratIon In many develop1Og countrIes, however, the
pnncIpal source of dIetary nutrIents for fish IS naturally occumng organIsms
from ennched ponds InformatIon on the dIgestIbIlIty of protem and energy 10
natural food organIsms WIll help IdentIfy WhICh feed 10gredIents best supplement
the nutrItIonal defiCIenCIes of natural foods aVaIlable to fish 10 nutrIent-ennched
ponds
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These studIes also will help dIfferennate whether the effect of temperature on the
growth of nlapla IS more a functIon of changes 10 the dynarmcs and productIvIty
of ennched ponds or of the capablhty of this fish to efficiently unhze the pond
organisms at lower temperatures

Specific Objectives

The speCific objecoves of expenmental work 10 Rwanda from 1990 to 1995 will
be

I To claSSify ponds accordIng to the ten eXistIng agro-ecologIcal zones defmed
for Rwanda

2 To deternune the relatIonship between temperature (and elevatIon) and fish
producoon for two mput strategies organic fernhzer only, and ennchment plus
supplemental feedIng

3 To evaluate the effect of dIel temperature patterns on ulapla food consumpnon
and growth

4 To esnmate the dIgesnbll.lty of crude protem and energy of the natural dIet of
ttlapla m ponds recelvmg one of the followmg treatments no 1Oput, chermcal
fernhzer, chicken manure, swme manure, compost, compost plus a supplemental
dIet of fresh leaves, and fresh leaves only

5 To test conclUSIOns of objecove 4 by companng growth of fish fed a dIet With
adjusted protem energy ratIo as compared to a dIet consIsung of the standard 11
kcal dIgesnble energy per gram of dIgestIble protem

Experimental Protocols

The followmg summanzes the expenmental protocols for each obJecnve hsted
above

Expenment 1 ClaSSIficatIon and selectlon of ponds

1 A pond classificanon system WIll be adopted or modIfied from an eXlstlng
land c1aSSIficatlon system for Rwanda based on agro-ecologIcal factors

2 Five ponds WIll be selected at each of five elevanon ranges 1300-1400, 1500­
1600, Rwasave Stanon (1700), 1800-2000, and 2100-2300 meters The sItes will
be selected on the baSIS of the prevIOusly mentIOned land classtficanon system

•
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Ponds for subsequent expenments wIll be selected based on sumlanty of source
water, alkallmty, hardness, pH, soIl aClchty, and organIc matter

3 ExtensIon agents and fanners WIll be traIned In expenmental protocols and
data collection m a senes of workshops

Expenment 2 RelationshIp between temperature and fish production WIth
organIc ferttllzer mputs

1 TIlapla production wtll be measured In each of 20 farmer-managed ponds and
five Rwasave station ponds Advanced JuvenIle tllapla WIll be stocked at 1 fish
per m2 FIsh WIll be handled as descnbed In the CRSP work plan WIth the
exception that If fish growth IS excepnonally slow, a sample WIll be taken at five
months and the expenment wlll be contInued unnl fish reach market sIze (l50g)

2 Parameters measured m rural ponds (at 2 5 and 5 months) WIll mclude N, P,
and C of mputs and soll, N, P, alkalmlty, hardness, dtssolved oxygen, pH, and
transparency of pond water MaxImum-mInImum temperatures will be taken
weekly by extensIOn agents Temperature recordtng deVIces wtll be used to
obtaIn 24-hour records of temperature for as many penods as necessary to charac­
tenze the temperature regtme for each alntude range FIsh stomach contents will
be taken from 5 fish per pond at harvest and analyzed for food composItion

3 The nutnent Input for Expenment 2 WIll be organIc femlIzer added at 750 kg!
ha/wk The follOWIng table detaIls the expenmental deSIgn for Expenment 2 and
3

Elevation (m) No ponds Expenment2 Expenment 3
(organIc fen.) (feed) (organIc fen)

1300-1400 5 750 kg/ha/wk 2% 750 kg/ha/wk
1500-1600 5 750 kg/ha/wk 2% 750 kg/ha/wk
1700 (Rwasave) 5 750 kg/ha/wk 2% 750 kg/ha/wk
1800-2000 5 750 kg/ha/wk 2% 750 kg/ha/wk
2100-2300 5 750 kg/ha/wk 2% 750 kg/ha/wk

Expenment 3 RelationshIp between temperature and fish production WIth
supplemental feed and organIc ferttlIzer

ThIs expenment IS slmtlar to Expenment 2 WIth the excepnon that nutnent Input
WIll be Intenstfied An aquacultural by-product such as nce bran also WIll be
added at a rate of 2% of body weIght/day OrganIc ferttllzer also WIll be added at
750 kg/halwk
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Expenment 4 Effect of dIel temperature patterns on tIlapla feed
consumpnon and UtlhzatIon

1 FIsh WIll be raIsed m tanks at dIurnally fluctuatIng temperatures Three tanks
at two dIfferent temperature ranges and at thelT correspondIng average
temperature (16-24, 20-28,20, and 24°C) will be stocked WIth tllapla FIsh Will
be fed four nmes daIly to satlatIon With a standard floanng catfish pellet
AppetIte, growth, and feed conversIOn WIll be measured over the four-week
penod The expenmental deSign of subsequent tnals will be based on the results
of the first tnal

Expenment 5 Dlgestlblhty by nlapla of protem and energy m natural
food organisms from ponds ennched With vanous nutnent mputs

1 Advanced Juvemle tllapla Will be stocked at 1 fish per m2 m 12 ponds with two
rephcates, each with SIX nutnent mputs none, chemlcal fertlhzer, chicken
manure, swme manure, compost alone, and compost plus edible fresh leaves
Fish recelvmg fresh leaves only will be confined m floanng cages

2 Stomach and feces samples Will be collected from each pond after SIX weeks
(or when fish have attamed an average weight of at least 50 grams) Rephcate
samples Will be collected agam two weeks later

3 Organisms m stomach mgesta Will be quantItatively and quahtatlvely
Idennfied by mlCroSCOPIC exarmnatlOn

4 Laboratory analySIS Will be used to quantify the crude protem (by mlcro­
kJeldahl), total energy (by bomb calonmetry) and mdlgesnble "mdIcator"
pigments m feed and feces samples Dlgestlbdlty of crude protem and energy m
the mgesta Will be esnmated by standard formulas proposed by Maynard and
Loosh

Expenment 6 Balancmg nutnnonal defiCienCies of natural pond
organisms With supplemental feeds

1 Based on Expenment 5, a supplemental ranon w111 be chosen on the
assumpnons that fish m food-ennched ponds Will mgest equal quantltIes (on a dry
weight baSIS) of natural pond orgamsms and supplemental ratIons, and that the
des1red protem-energy relatIonship of the combmed mgesta IS 10-11 kcal
dIgesnble energy per gram of dIgestlble crude protem

•
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2 FIfteen ponds will be stocked wIth advanced Juvemle nlapla at a densIty of 1
fish perm2

3 All ponds wI be ennched wIth fresh grasses at a rate of 500 kg (dry weIght)!
ha/wk

4 Two supplemental ranons w111 be fed at two feedmg rates for apprOJumately
five months

a A standard dIet (10-11 kcal dIgesnble energy/g crude protem) at 2% of
body weIght dally,

b A standard dIet at 4% of body weIght dally,
c The "adJusted"ranon (as calculated above, 10 #1) at 2% of body weIght

dally,
d The "adjusted" ranon (as calculated above, 10 #1) at 4% of body weIght

dally

Benefits

These expenments Wlll extend the range of enVIronments exarmned by the CRSP
mto the coolest enVIronments tolerated by nlapla These expenments also w111
determme how temperature mfluences producnon and how management strategIes
should change WIth alntude Such results could be used not only by the rural
farmer 10 many hIgh alntude countnes of world but by agenCIes at the planmng
level 10 allocatmg land and resources to fish culture Combmed WIth an econOmIC
analySIS, both bIolOgIcal and SOCIal factors could be addressed to land use and
resource allocanon deCISIons If supplemental feeds can be selected from
aVallable matenals on the baSIS of therr energy/protem content to maxImIZe the
use of scarce natural protem for growth (as opposed to resprranon), natural pond
organIsms WIll be used more effiCIently for fish producnon
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ASia - Thadand Project

CooperatIng instItutIons and PnnClpal InvestIgators

NatIonal Inland Flshenes InstItute
Dr KItJar JaIyen

ASian InstItute of Technology
Dr Peter Edwards

Umverslty of MIchigan (lead mstItutIon)
Dr James S Diana and Dr C Kwel Lm

MIchigan State Umverslty
Dr Cal D McNabb and Dr Ted R Batterson

Umversity of Hawall
Dr Kevm D Hoplans and Dr James P Szyper

Background

Expenments conducted under the fIrst three CRSP work plans m ThaIland have
addressed the relatIonships of fertIlIzer mput to YIeld of fIsh, pnmanly tIlapla,
under "standardIzed" condItIons These relatIonshIps have been tentatIvely
quantIfIed Dunng the Fourth Work Plan, the restnctIons on "standard"
condItIons were relaxed to allow exammatlon of effects of dIfferences m
management techmques related to pond depth, fIsh stoclang denSity, and nutnent
balance m the fertIlIzers The results of the expenments m the Fourth Work Plan
are now bemg analyzed

Dunng the penod 1990 to 1995, we propose to expand the apphcabI1lty of the
CRSP results by conductIng refmed versIOns of the Fourth Work Plan
expenments, by mcludmg polyculture (growth of more than one fIsh species m a
pond at the same tIme), and by usmg supplemental feeding The need for thIs
expansIOn was antIcipated and was mentIoned m the 1987 ContInuatIon Proposal

Specific Objectives

The expenments m ThaIland w111 have the followmg objectIves dunng the penod
1990 to 1995
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1 Detenmnauon of the reianonships of pond SIze to fish yIeld, management
pracnces, and system efficIency,

2 Quannficauon of the rates aSSocIated WIth the key processes WhICh hnk
fertIhzers and nutIlent (P, N, C) cycles In ponds to fish growth and YIeld,

3 Idennficanon of factors WhICh affect harvest SIze of nlapIa,

4 Collecnon of baselIne 1Oformanon on SImple polyculture systems and
refinement of hypotheses regardIng pond dynarmcs In these systems, and

5 Determmauon of the applIcabIhty of results obtaIned under controlled
condInons to extenSIon field situanons

Each of these obJecnves IS further detaIled below

ObJecnve 1 Effects of Pond SIze - The standard CRSP expenments m
Work Plans 1 through 4 used 250 m2 ponds The drrect apphcabIhty of the results
of those expenments to larger or smaller ponds IS yet to be detenmned In larger
ponds, mamtenance of umform condInons (for example, fernhzer dIstnbuuon) IS
much more dIfficult than 10 the 250 m2 ponds In smaller ponds, the Increased
pond surface-to-volume rano and pond penmeter-to-volume rano may have
sIgmficant Impacts on the pond dynarmcs By quannfyIng the reianonships of
pond SIze to fish yIeld and management pracnces, the effect of pond SIze on
system effiCIency (10 terms of nutrIent, land, and labor mputs) can be detemnned
Quannficanon of the reianonship IS requITed In order to compare results from
extenSIOn field tnals In WhICh ponds of many dIfferent SIzes WIll be used Also,
thIS research WIll allow esnmanon of the mImmum SIze of research pond from
which results wIll apply to condInons In commercial aquaculture ponds

ObjectIve 2 Phosphorus, NItrogen, and Carbon Cycles - Our preVIOUS
expenments WIth fertIlIzers demonstrated that producnvity of mIcrobIal plants
and anImals at the base of the food chams depends on adequate supphes of
phosphorus (P), mtrogen (N), and InOrganIC carbon (C) In the proper propornons
A very sIgmficant findIng of those expenments was that applIcanon of moderate
quannnes of fernhzers WhICh have a P N rano of 1 7 by weIght to ponds WIth
hIgh content of Inorgamc C resulted In fish yIelds eqUIvalent to yIelds In
mtensively managed ponds In WhICh pelleted feed was used However, the
dynamICS of the processes underlymg thIS approach have not yet been
Invesngated thoroughly under the research protocols whIch we have used to date
Translanon of these research results Into farm pracnces requITes greater
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understandIng of the key processes controllIng the abundance of usable forms of
P, N and morganIc C

ObjectIve 3 Harvest SIze of TI1apla - HIgher fish denslttes resulted m
reduced mdIVIdual growth, but sunI1ar total yIeld (number of fish tImes average
weIght) dunng the Fourth Work Plan experunents PossIble reasons for thIS are
competItIon for food resources and precocIOus sexual maturation The relative
Importance of each of these or other factors m determmmg average harvest sIze
WIll be determmed m order to Improve management practices

ObjectIve 4 Polyculture - Polyculture systems try to explOIt the many
ecolOgIcal nIches present WIthIn a pond by sunultaneously grOWIng more than one
fish specIes whIch have dIfferent feedIng habits The CRSP WIlllmttally exannne
SImple polyculture systems whIch have potentIal applIcabIlIty throughout S E
ASIa An unproved understandIng of how polyculture affects pond dynanncs m
these systems will then allow the development of refined hypotheses whIch have
much WIder applIcabIlIty

ObjectIve 5 DemonstratIon FIeld Tnals - As the CRSP completes
expenments, It IS essential to field test predIcttons based on the earlIer controlled
expenments m order to venfy that farmers WIll obtam sunI1ar results The field
tnals wIll be conducted m cooperation WIth the ThaIland Department of Flshenes
and WIll continue for the duratton of the CRSP

Experimental Protocols

The follOWIng protocols are for the penod 1990-1991 Protocols for the
subsequent years will depend upon the results of these expenments

Expenment 1 Pond SIze - An expenment usmg three pond sIzes (200,
400 and 800 m2 ponds) and four replIcates of each WIll be conducted Based on
the best results from the Fourth Work Plan expenments, ponds WIll be stocked
WIth tllapla at a s10gle denSIty and WIll be fertIlIzed WIth chIcken manure and
urea Pond dynanncs and yIeld wIll be evaluated as m prevIous experunents

Experunent 2 ThIs will deal WIth phySIcal and bIOlOgIcal steps 10 cycles
of phosphorus (P), mtrogen (N), and morganlc carbon (C) m fertthzed ponds The
goal will be to determ10e rates of Important processes at the base of fish food
webs 10 fertthzed ponds PartIcular processes to be studIed are shown m the
upper left hand portton of FIgure 2 Reference to that portIon of FIgure 2 WIll
Illustrate the purpose of selecting measurements that are dIscussed 10 the
followmg paragraphs
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Phosphorus, mtrogen, orgamc carbon, and morgamc carbon wIll be measured m
femhzers added to ponds QuantItIes of these nutrIents WIll also be measured In

surface water added to ponds dUTlng expenments Rates of release of N, P, and C
from fernhzers WIll be measured In the laboratory USing pond water as a medIUm
for release SedIment traps wIll be placed m ponds to determme rates of
depOSItlOn of P, N, and C on bottom sedIments Exchange rates wIth the
atmosphere wIll be calculated for mtrogen as ammoma gas and morganIc carbon
as CO

2
Measurements of ammoma gas and CO2 wIll be obtarned In ponds to

detenrune the status of arr/pond eqUIlIbrta, and exchange rates WIll be calculated
from the results Measurements wIll be made of amounts of carbon removed from
pond water dunng dally photosynthesIs Amounts of phosphorus and mtrogen
reqUIred datly to complement photosynthenc carbon wIll be calculated by
procedures we have used earlIer In the CRSP These procedures rely on the
assumpnon that mtcroorganIsms m ponds use P, N, and C In a rano of 1 7 40 by
weIght To examme thIS assumpnon, the mtcroalgae + rntcroheterotroph fractIon
of samples of pond water WIll be analyzed for P, N, and C RespIratIon wIll be
measured In ponds to deterrntne rates at WhICh carbon (C02) enters the water from
thIS source

The fernhzanon protocol for thIS work WIll be taken from the best results of the
Fourth Work Plan where performance of chIcken manure + urea supplements was
StUdIed One level of fertIhzer apphcatIons WIll be used Three fish stoclang
regImes, for example dealmg WIth dIfferent fish densltles In monoculture or
polyculture, WIll also be selected from results of the Fourth Work Plan Four
ponds WIll be used for each fish stoclang regtme A five-month grow-out penod
WIll be used Much of the data requIred m thIS expenment WIll be collected USIng
the usual standardIzed CRSP protocol for samphng and analyses Excepnons
mclude the laboratory work on nutrIents released from fernhzers, the samphng
and analyses aSSOCIated WIth sedtment traps, and analySIS of nutnents In
mIcroorganIsms

Measurements from thIS expenment WIll be used to partIally explam average mass
balance condttIons of P, N, and C In the water of expenmental ponds dunng fish
grow-out penods Unmeasured rates of mtrogen fIXatIOn and demtnficanon, and
of nutnents released from sedIments and excreted by pond orgamsms WIll
constItute the reSIdue term In mass balance equanons made for P, N, and C The
magmtude of the reSIdue term, relanve to other measured terms In these
equatIons, WIll deterrntne whether It IS Important to CRSP goals to have detatled
data on reSIdue term processes If so, procedures WIll be developed to examtne
these processes The goal IS to explam InOrganIC nutnent dynanucs related to the
upper left hand corner of FIgure 2

•
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Expenment 3 Harvest SIze of TJ1apla - ThIS expenment w111 use male­
only and nuxed-sex groups of tJ1apla at two stockIng denSInes (l or 2 nlapla 1m2)

Each of the four treatments wIll have four rephcates In add1non to evaluanng
standard pond dynanucs, the date and SIze at maturanon WIll be evaluated for each
treatment

Expenment 4 Polyculture - Three sImple polyculture systems mvolvIng
Clanas and niapia Will be exanuned In the fIrst, Clanas Will be stocked In cages
In ponds and gIVen a supplemental feed TJ1apia WIll be at large In the ponds In
the second treatment, both Clanas and niapia WIll be stocked at large mto the
ponds and a supplemental feed Will be provIded for the Clanas No supplemental
feed WIll be proVIded to fIsh stocked at large In the last treatment All treatments
Will use chIcken manure and other supplements at an opnmal rate

Expenment 5 Demonstranon FIeld Tnals - Ten to twenty farmers Will
stock fIsh, apply fernhzer and harvest USIng a CRSP-SpecifIed schedule Inputs
and YIelds Will be momtored The results from the farmers' ponds Will then be
compared to results obtained In the CRSP ponds

Benefits

A goal of the CRSP IS to evaluate baSIC management pracnces and theIr effects on
pond dynanucs In small, trOPICal fish ponds These expenments Will complete
tests of the major potennal manipulanons (fernhzer quannty and qUalIty, stockIng
denSIty, sex controls, pond depth, and pond SIze) for niapia culture Selected ThaI
farmers WIll use these opnmal pracnces to valIdate the models and extend the
methodology to other farmers

Polyculture expenments WIll test the apphcabilIty of results from earlIer CRSP
expenments With monoculture HIgher total Yields are more lIkely to occur In

polyculture than In monoculture The flow of energy through the system also
d1ffers between the two types of culture Understand1ng gained through
polyculture expenments WIll further Improve our ablhty to manage pond systems
effiCIently
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Pond SoIl StudIes

Auburn UniVersIty
Dr Claude E Boyd

Oregon State UniVersIty
Dr James E Lannan

CRSP Data AnalysIs and SynthesIs Team

EarlIer CRSP studIes have proVIded mfonnatIon on the charactenstIcs of pond
SOlIs at CRSP research locanons These findIngs have been largely descnptIve, so
they proVIde lInnted mSlght mto pond soil-water qUalIty relatIonshIps Therefore,
we propose to conduct a modest research project on pond soils Pond soil
samples WIll be collected at all CRSP research locatIons, laboratory work will be
conducted at Auburn Umversity The pond SOlIs studIes also will mclude
networkIng WIth the TroPIcal Soils CRSP and other agrononnc research
mstItunons to compile addInonal mfonnatIon from agncultural soils data bases
The CRSP Data AnalySIS and SyntheSIS Team (see later sectIon) will use the
fmdIngs from the CRSP field and laboratory studIes and the agncultural soils data
bases to develop a functIonal claSSIficatIon of pond SOlIs to be used 10 unprovmg
pond management gUIdelmes

The proposed field and laboratory research aCtIVItIes are as follows

(1) Obtam a WIde range of pond SOlI samples from Rwanda, Thailand,
Honduras, Umted States, and pOSSIbly other countnes These samples WIll be
subjected to a vanety of analyses pH, organIC matter, nitrogen, phosphorus,
catIon exchange capaCIty, exchangeable canons, parttcle-slze dIstnbunon, lune
requIrement, free calCIUm carbonate, and charactensncs of clay by x-ray
defractIon These data WIll demonstrate the range of bottom soIl charactenstIcs of
fish ponds, and the samples WIll also be used 10 laboratory studIes of mteractIons
between soil and water

(2) Use laboratory soIl-water systems to deternnne eqUIlIbnum
concentratIons of nutnents 10 water standIng over dIfferent SOlIs The absorptIon
rates by SOlIs of phosphate and ammonium added to laboratory SOlI-water systems
WIll be analyzed Capaclnes of SOllS to absorb phosphate and ammonium WIll be
deternnned and appropnate equanons used to descnbe absorptIon Isothenns
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(3) Laboratory sOlI-water systems WIll be treated With dIfferent amounts
of manure, and the Influence of manure on soIl propertIes Will be ascertaIned by
mOnItonng SOlI propertIes over tIme The Influence of adding agncultural
hmestone, nItrogen feruhzer, and supplemental aeratlon (alone or m vanous
combmatIons) on soil propertIes m laboratory soIl-water systems also Will be
deterrmned

(4) The Influence of salmlty on exchange of substances between soIl and
water WIll be StudIed m laboratory mud-water systems

(5) The relaoonshlp between pH and base unsaturaoon of SOlIs from
dIfferent regIons Will be estabhshed so that the hme requrrement procedure of
Boyd (1974) can be modIfied for specIfic locatIons

(6) A method for assessmg the potenoal of aCId-sulfate solis to produce
aCIdIty Will be developed A laboratory techmque for deterrmmng the hme
requrrement of aCId-sulfate SOlIs also Will be evaluated

(7) SedImentaoon rates of suspensions of dIfferent types of soils m waters
of dIfferent chemIcal composltlon Will be determIned Effects of organIC matter
addItIons on flocculaoon of suspended soIl partIcles Will be mvesogated

(8) Results of laboratory studIes Will be Integrated WIth data on water
qUality, bottom soils, and fish producoon from reference ponds Also, a few
research ponds on the Auburn Umversity Flshenes Research UnIt WIll be
maIntamed for field testIng of hypotheses resulting from laboratory Invesnganons

•
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A Handbook of Aquaculture Research Techmques

CooperatIng InstltutIons

Internatlonal Center for LIvIng Aquatlc
Resources Management (lCLARM)

Dr Roger S V PullIn
Mr Jay Maclean

Umverslty of Hawall (lead mstltutlon)
Dr Kevm D Hoplans

Oregon State Umverslty
Ms HIllary S Egna

MIchIgan State Umverslty
Dr ChrIs Knud-Hansen

(Echtors and authors subject to change)

Many aquaculture researchers have several treasured volumes of methods for the
exammatIon and assessment of aquatlc resources Unfortunately, these volumes
are often prohIbltlvely expensIve for many researchers, partIcularly those In less
developed countnes The Pond DynamICs!Aquaculture CRSP and the
International Center for LIVIng AquatIc Resources Management propose to
dedIcate theIr resources toward the publIcatIon of a handbook of methods for
research m trOPICal aquaculture ThIs handbook WIll proVIde a smgle source of
such mfonnatlon at an affordable pnce

A major goal of the CRSP IS the mssemmatIon of mfonnatlon developed through
CRSP actIVItIes Towards thIs goal, the CRSP has been mstnbutIng copIes of ItS
work plans upon request In admtIon to expenmental deSIgns, these work plans
contam detalled descnptIons of the eqUIpment and analytIcal techmques whIch
were used m the expenments The eqUIpment and techmques specIfied m the
work plans were selected (and sometimes modIfied) for conmtIons whIch are
commonly encountered m pond dynamtcs research m developmg countnes For
thIS reason, CRSP work plans have been COpIed and have found substantial use
outSIde the CRSP

The number of techmques m each work plan are restncted to those requIred for
the successful completIon of the expenments m that plan A more general manual
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or handbook of aquaculture research techmques does not currently eXIst Such a
manual could lead to substanualimprovement m the qualIty of trOPICal
aquaculture research by provldmg researchers WIth a ready reference to
techmques that have been carefully selected and/or modIfied for applIcabIlIty to
trOPICal aquaculture A handbook would also foster further global standardIzatIon
of aquaculture research methods

In order to make the handbook readIly aVailable throughout the world at a
mmimal cost, we propose that the CRSP and ICLARM collaborate on the
preparauon, pnntIng, and dIstrIbutIon of the handbook ICLARM has an
excellent reputanon for conductmg and publIshmg the results of hIgh qUalIty
fishenes and aquaculture research ICLARM's non-profit status and Its use of
edItonal and publIshmg capabilInes m Southeast ASIa WIll ensure worldWlde
avatlabilIty of the manual at a reasonable cost (poSSIbly $15 or $20 per copy
compared to about $100 for other currently publIshed techmcal manuals)
Through thIS arrangement, the CRSP WIll contrIbute manpower and edttonal
servIces to the project Fmanclal resources from the CRSP research budget WIll
not be allocated for thIS aCtIVIty

The CRSP WIll take the lead m retatmng leadmg aquacultural SCIentIsts both
wlthm and outSIde the CRSP to wnte sectIons of the handbook The ImtIal
handbook WIll emphaSIze techmques for research on pond aquaculture systems
Future edttIons may expand the scope to mclude other aquacultural research
tOpICS Prehmmary edItIng WIll be conducted by CRSP personnel Further
edItIng, publIcatIon and dIstrIbutIon WIll be conducted by ICLARM

Volume I of the handbook WIll focus on general aquaculture research techmques
that apply partIcularly to trOPICal pond systems that rely on natural productIVIty
The proposed outhne of chapters for the first volume IS

Chapter 1 Research Infrastructure Research management, descnptIon of
faCIlIties, record keepmg, data management, and qualIty control WIll be descnbed
for systems that rely pnmanly on natural productIVIty Also, a reVIew of the
aquaculture hterature and names of research organIzatIons and networks WIll be
proVIded

Chapter 2 DeSIgn of YIeld Tnals Tradmonal replIcated deSIgns, nontradItIonal
deSIgns based on regreSSIOn and cluster analyses, and mtcrocosm deSIgns WIll be
outhned

•
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Chapter 3 PhYSICal EnVIronment Techmques for collectmg chmatologIcal
(meterologIcal) and hydrologIcal data WIll be descnbed m addItIon to techmques
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Chapter 4 Water CheInlstty Samplmg methods and analytIcal techmques wIll
be descnbed for the collectIon of a vanety of water qualIty (cheInlstry)
parameters RecommendatIons for the effectIve use of automated data-logger
systems for obtaInIng water qUalIty measurments also wIll be proVIded

Chapter 5 Pond Solls Methods for collectIng samples and a vanety of
analytIcal technIques w1l1 be descnbed

Chapters 6, 7, and 8 w1l1 focus on the collectIon of benthos, plankton, and detrItus
from fish ponds Techmques for analySIS and IdentIficatIon also w1l1 be
descnbed

Chapters 9 and 10 WIll descnbe techmques for samplIng and IdentIfyIng
cultIvated crustaceans and fish FIeld and laboratory methods (e g ,
electrophoretIc technIques) w1l1 be Included

Chapter 11 ReproductIon MaIntenance of breedIng populatIons, natural
spawmng, Induced spawmng, Induced maturatIon, and sex reversal WIll be
descnbed

Chapter 12 QuantIficatIon and AnalySIS of Nutnent Inputs Techmques for
collectIng samples and analyzIng organIC and InOrganIC fertIlIzers will be
descnbed

Chapters 13 and 14 WIll focus on techmques for analyzIng growth and mortalIty
m fish ponds

Chapters 15 Food HabIts and Supplemental FeedIng Techmques for analyzmg
gut contents (stomach analySIS) and supplemental feed (through proXImate
analySIS) WIll be descnbed

Chapter 16 w1l1 descnbe methods for IdentIfyIng dIseases and quantIfyIng the
InCIdence of dIseases In fish ponds

SucceSSIve volumes WIll Include other tOpICS such as selectIve breedIng,
mtegrated agnculture-aquaculture, etc, nutrItIonal requIrements, and behaVIoral
studIes Whlle the authors WIll not endorse partIcular brands of eqUIpment, a lIst
of matenals and costs also WIll be Included m the book
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Data AnalysIs and SynthesIs Team

Umversity of MJ.clngan, Ann Arbor
Dr WIlham B Chang

Oregon State Umversity
Dr James E Lannan

UmverSIty of Cahforma, DaVIs
Dr Raul H P1edrahlta

Purpose of the Data AnalysIs and Synthesis Team

The Data AnalysIs and SynthesIs Team (DAST) plays an unportant role In the
CRSP by proVIdmg a global analysIs and synthesIs of CRSP research
mfonnatlon Mamtammg a umty of purpose and coherence of the CRSP Global
Expenment IS based, to a certam extent, on the actlVItIes of the DAST Whereas
the researchers Involved In the CRSP field expenments evaluate therr findIngs
from a SIte-specIfic perspectIve, It IS the responsIbIlIty of the DAST to syntheSIze
and evaluate CRSP research findmgs from a global perspectlve The DAST IS the
pnncipal U S research component of the CRSP

DAST Research ActIvItIes

The research aCtIvitles of the DAST have focused on analySIS of the global data
base, on the development of computer models to SImulate pond processes, and on
the development of tools for organIZIng and presentIng practlcal productIon
gUIdelmes to different audiences The flow of research mformatIon from field
expenments through data analySIS and synthesIs to pond management gUIdelmes
IS as follows

•

(1) The field expenments test speCIfic hypotheses about dynamIc
processes occurnng In ponds The mfonnatIon resultIng from the field
expenments mcludes descnptIons of speCIfic pond processes and addItIonal
standardIzed data entnes Into the CRSP data base, WhICh becomes more
comprehenSIve With each entry
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(2) StatlStlCal evaluatlon of the CRSP data base by the DAST Idennfies
relatIonships between vanabies The mformanon resultmg from stansncal testIng
mcludes IdentIficatIon of empmcal relatIonshIps that may fmd applIcatlon 10

descnptIve computer models

(3) Computer models developed by the DAST are used to sImulate pond
processes The mformatIon resutlng from the sImulatIons mcludes IdentIficatIon
of add.ItIonal mformatIon needs and functIonal relanonshlps that can be
mcorporated mto pond management guIdelInes The IdentIfied needs for
add.ItIonal mformatIon become the focus of subsequent field expenments

(4) An expert system model based on ecologlcal classificatlon of
aquaculture ponds IS used by the DAST to organIze CRSP research mformatIOn
mto a form that can be translated mto pond management guideimes The expert
system IS also a tool for Identlfymg add.Inonal mformatlon requIrements

General Objective To provide a global syntheSIS of CRSP research find.Ings

SpecIfic Objectives

The specIfic obJecnves of the DAST for the 1990-1993 penod are

1 To analyze research data from the CRSP field expenments from a global
perspectIve,

2 To develop, calIbrate, and valIdate computer models to SImulate water qUalIty
and fish growth 10 ponds, and to develop a comprehenSive pond classlficanon
model to facIlltate extenSIOn of slte-specific CRSP research results to other
sItes,and

3 To prepare and d1ssemmate pond management gUIdelInes based on the results
of CRSP research

Proposed DAST ActIVIties

The proposed research aCUvltles of the DAST correspondmg to the objectIves
stated above for the 1990-1993 penod are pnmanly based on computer analySIS
and modelIng

GIQbal Data AnalySIS Data from the CRSP FIeld Expenments completed to date
wIll be analyzed by statIstical methods Pnncipal component analySIS and

•
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trachttonal stattsttcal analysIs techmques w111 be used to IdentIfy slgmficant
relattonsmps between vanables Analyses camed out by the DAST w111 be
evaluated from a global perspecttve

Stattsttcal relattonsmps between the mcrease m fish weIght and nutrlent
ennchments have been detenmned for the data collected from earher field
expenments The numencal relanonshlps between fish growth, chmattc factors,
and other envlfonmental vanables are bemg determmed The growth rates
observed at the chfferent research locattons were found to be slmllar for fish
cultured m simllar ennchment envrronments and phYSICal conchttons Ordmatton
techmques Will be used to detefmlne the numencal functtons for desc;J.bmg
conchttons for each sIte The calculanons usmg orchnatton methods w111 be
related to the fish growth data

Computer Models Several models have been developed dunng the current grant
penod These models are based on stansttcal analySIS of data from the first three
CRSP work plans To date, the models developed or under development mclude
(1) three mechanIsnc models that descnbe pond processes, mcludmg (a) a
mechanlsttc ecosystem model that SImulates 14 pond vanables, (b) a mechamsnc
model that SImulates chssolved oxygen concentratton, and (c) a mechamsnc model
to analyze churnal measurements of chssolved oxygen, pH, temperature, and
alkalmIty, (2) a fish growth model, and (3) a pond classlficatton model

The mechamsttc models are presently bemg calIbrated WIth data from CRSP field
expenments Models developed to date have been based pnmanly on the
relattonshlps between mternal pond parameters As an example, models of
phytoplankton growth may be based on concentrattons of nutnents found m the
water The next, and cnttcal step from the management VIewpomt, IS to develop
models that relate the concentranons of nutnents and the vanous process rates to
pond mputs, soli conchttons, and chmate factors Because of the complexIty of
pond ecosystems and the amount and qUalIty of mformatton collected m the field
expenments, the models Will be developed as mlxed empmcal-mechamsnc
models Wherever there IS suffiCIent sClennfic background and data, mechanlsttc
submodels will be used to SImulate the processes m the system These
mechanlsnc submodels WIll be supplemented WIth empmcal reiattonships denved
from the global data analySIS The models w111 be calIbrated and the mtegrated
empmcal-mechamsnc models will be valIdated With data collected dunng the
next grant penod

As the rehabl1lty of the models Improves, they Will be used to refine management
pracnces and propose field expenments ThIS acnvlty w111 provIde an essennal
test of the accuracy of the models and of the possIble applIcanons of techmques
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denved from the data analysIs and modelIng efforts to field use The proposed
field expenments Wlll be presented to the CRSP Techmcal Comrmttee for
evaluanon and mclusIOn m the expenmental work plans

Accurate esnmates of fish growth are essentIal for aquaculture management and
planmng purposes Therefore, Improvement of fish growth models IS consIdered
to be of cntIcal unportance The fish growth model wIll be made more
comprehensIve by mcorporanng statIstIcal and numencal relatIonshIps Idennfied
10 the global data analysIs SenSItIVIty analyses WIll be performed to determtne
the relanve Importance of parameters used m the model, and to defme the
relatIonshIps among the parameters and stockIng densIty Improvements 10 fish
bIomass eStImanon techmques have been lOcorporated mto the global sampllOg
protocol dunng the last grant penod' and these should translate lOto more relIable
mformanon for model development

The pond claSSIficatIon model uses an expert system to organIze research
1OformatIon for dtssemlOatIon as management gUIdelInes The pond claSSIficatIon
model IS a hIerarchIcal classificatton of aquaculture ponds accordlOg to source
water, soIl, and clImatIc vanables In ItS present form, the claSSIficatIon model
speCIfies the management actIons that are appropnate for each ecologtcal
claSSIficatIon The next step IS to 10tegrate the claSSIficatIon model and the
computer models descnbed above The mclusIOn of functIonal relanonships
denved from the computer models WIll extend the capabIlIty of the claSSIficatIon
model to speCIfy the levels and frequenCIes of recommended management actIons
The functIonal relatIonshIps to be developed 10clude (but are not necessanly
hrntted to) (1) lIme reqUIrement as a functIon of type of hme, source water
charactensttcs, SOlI charactenstIcs, and clImatIc factors, (2) 100rgamc nutnent
reqUIrements as a functIon of type of fertIhzer, source water charactenstIcs, soIl
charactensttcs, and clImatIc factors, and (3) orgamc fertIhzer requIrement as a
functIon of type of manure or compost, source water charactenstIcs, soIl
charactenstIcs, and clImatIc factors

Or~amzat1on and Dlssemmanon of CRSP Research Informanon One of the goals
of the CRSP grant IS to translate research findmgs 1Oto gUIdelInes for the
management of aquaculture ponds under dIfferent envlfonmental and productIon
regtmes The first CRSP manual of pond management gUIdehnes WIll be
completed by the conclUSIOn of the present grant penod The manual WIll
represent a slgmficant advancement 10 pond aquaculture technology However,
further refinement IS both pOSSIble and necessary

The classificanon model descnbed above WIll be used to prepare a second, more
comprehenSIve verSIOn of the pond management manual developed dunng the
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present grant penod The manual wIll mclude Improvements based on analysIs of
new field data and reianonships denved from computer models ThIS manual WIll
be an Important contnbutlon of the Pond DynamIcs/Aquaculture CRSP m that It
will present a practlcal summary of the CRSP find.mgs m terms of productlon
strategtes and pond management techmques

The manual of farm management guIdelInes WIll be prepared m two forms (1) a
prmted handbook and (2) a computer apphcatlon Both verSIons wIll present the
ranonale for ecologtcal claSSIficatlon of farm ponds, the claSSIficatlon system, the
functlonal reiatlonships among ecologtcal vanables and management practlces,
and the recommended management practlces for each ecologtcal claSSIficatlon

Benefits

The global syntheSIS of CRSP research findmgs IS of mterest to three audIences
aquacultural producers, development planners, and aquacultural SCIentlsts
Producers want to maXImIZe the effiCIency of pond aquaculture systems They
need dependable gUIdelInes on the fish cultural practlces that are appropnate
gtven certain techmcal and econOmIC constraints Development planners want to
assess the econOmIC feaSIbIlIty of proposed or eXIStlng pond aquaculture
aCtlVlneS They need dependable methods of evaluanng the SUItability of
proposed pond SItes, and productlon functlons descnbmg probable Yields gtven
vanous mputs SCIentlsts want to understand the dynamIC processes occurnng m
aquaculture ponds They need relIable mformatlon about the functlonal
reiatlonships between components of aquaculture ponds The aCtlvitles of the
DAST are drrected toward all of these needs
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EXECUTIVESU~RY

Although funds were reduced substantlally, the three actlve host country projects
(Honduras, ThaIland, and Rwanda) m the present program appear to be strong and
VIable The abrupt transltlon from Panama to Honduras dId Impede normal
progress of studIes for some tlme, but all eVIdence shows a smooth transltlon m
the sluft mto Honduras

There has been senous concern about keepmg the global research data base
current by the Data Base Manager and havmg It commumcated back to host
countnes ThIS has been caught up to date by 1988 and tlus portIon of the support
program must be current at all tImes

Panel members were favorably Impressed by Important and substantIal
contnbUtlons by research personnel from all projects through such ancillary
actlVItles as presentatlon of papers at SCIentIfic meetmgs and the publIshmg of
research fmdIngs, as well as by the strengthenmg of host country capabIlltles
through such vaned actIVItles as enlargement or Improvement of facIlItleS, the
development of teachmg and trammg CurrIcula, trammg of students and support
personnel, extensIOn of mformatlon and technologles, and the InItlatlon or
encouragement ofmdependent studIes by host country personnel Such actlVItles
greatly enhance the overall contnbutlons of the CRSP WIthout detractlng from ItS
pnmary obJectlves

SYNOPSIS OF RECOMMENDATIONS

1) That sIte VISItS by the External Evaluatlon Panel (EEP) members be made pnor
to the annual meetIng so that dIScussIons at the annual meetIng can elImmate
some of the defiCIencIes recogmzed durmg a prehmmary draftIng of the EEP
report

2) That laboratory personnel (chemIsts, computer techmcians, etc) ill host
countnes be placed on permanent status or be prOVIded adequate competItIve
salanes m order to mInlmIze turnovers and to mcrease stabIlIty, contlnUIty,
and mtegnty of the projects

3) That conSIderatIon be given to the potentlal for more effectlvely extendmg
mformatlon and technolOgies m host countnes WIthout dImmIshmg the
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pnmary goals and research acnVInes Perhaps a reVIew of opportunItles for
non~ma.mlme acttvltles would be appropnate m lIght of mteracnon WIth the
farmers VIa extensIon needs

4) In the Interest of morale and program stabIlIty, It IS recommended that
conslderanon be given to adJusnng snpends and fnnge benefits of Research
ASSOCiates (RAs) to levels provIded to overseas personnel by other agencIes

5) That efforts be extended to enlIst assIstance from host country agencIes m
supportmg and trammg more students Based on chscussIOn m Rwanda, It IS
suggested that the AID MISSIon and the Mmlstry of Educatlon m KIgalI rrught
be helpful m thIS area

6) That RAs be more aggressIve m stanng theIr needs and problems to the
Management Ennty (ME), and that host country mstitutIOns be made more
aware of how they rrught Improve worlang conchnons for the RAs m
appropnate mstances

7) Encourage the Data AnalysIs and SynthesIs Team (DAST), WhICh handles the
data and modellmg program, to be current and to ensure that the flow of
mformanon back to host country collaborators IS done m a reasonable tlme

8) Due to IIrruted resources aVailable to the PD/A CRSP program, perhaps there
should be encouragement to seek out possibilmes of "buy-m" programs
related to and mtegrated wIth the pnmary objectives of present programmIng
An example mIght be a "buy-m" VIa AID MISSIon or host country
organIZatIOns

9) More efforts need to be made by the ME to recognIze and commUnIcate WIth
the field RAs There IS a percepnon they are low on the ladder under the U S
and host country PIs, even though they are probably the most cnncal to the
programs

lO)That the dunes and Importance of the EEP, and the funchng of Its actIVItles be
re-evaluated
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EXTERNAL EVALUATION PANEL REPORT

I INTRODUCTION

A Background

The Pond Dynarrnc/Aquaculture CollaboratIve Research Support
Program (PD/A CRSP) was ImtIated m September 1982, to mcrease the
avrolablhty of aquaculture-denved anImal protem m selected developmg
countrIes through a specIfic coordmated research program It IS a
comprehenSIve, long-term, collaboratIve research program WhICh
focuses the technIcal resources of the developmg countnes and U S
mstItutIons on the Improvement of pond culture systems through the
clanficatIon of mechamsms that control pond productIVIty, and on the
mampulatIon of these mechamsms to achIeve greater productIon of
ammal protem

The admmistratIve and techmcal tasks necessary to estabhsh projects
ongmally m SIX host countnes (Honduras, IndonesIa, Panama,
Phlhppmes, Rwanda, and Tharland) and to manage the overall program
were completed durmg the illitIal year ill 1983 Research was under way
at all of these sItes and results were begmnmg to be accumulated as
reported ill the last EEP Tnenmal ReVIew Report dated March 1985
Unfortunately, due to budgetary constrarnts smce that report, three host
country projects ill Honduras, IndonesIa, and the PhIllppmes had to be
phased out and consohdated mto project areas m Panama, Rwanda, and
Thal1and ThIs was comphcated further when at the end of 1987 the
polltIcal SItuatIon m Panama forced the program to termmate, followed
by attempts to reestabhsh the PD/A CRSP m Honduras

Penodlc external evaluatIon of program accomplIshments m the overall
program actIVItIes IS consIdered an Important element of program
management Thus, the EEP was establIshed for thIs purpose m
accordance WIth the stIpulated management gUldelmes The first
tnenmal evaluatIon made by the EEP was completed m March 1985
ThIS IS the second tnenmal reVIew by the EEP

After reVIew of the above-mentIoned mformatIon, the EEP was to
prepare a wntten evaluatIon report to the ME, AID and JCARD-BIFAD
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It should be noted that because of budget constramts the EEP members
were not able to come together to dIscuss m detal1 the results of the SIte
reVIews However, trlp reports were wntten Further, the EEP members
were not mvlted to attend the CRSP Board of Drrectors and Techmcal
Comnnttee meeungs on October 21 and 22, 1988 at Oregon State
Umverslty Attendance at these meenngs would have been helpful m
crystalhzmg further 0plmons, thoughts, and recommendanons relaave to
tillS second Tnenmal ReVIew

B External Evaluanon Panel Dunes and MembershIp

The EEP IS composed of Imparnal semor SCIennsts selected by the CRSP
Board of DIrectors (formerly Execunve CouncIl) and approved by the
JCARD-BIFAD Three SCIenasts were appomted to the panel m 1987
Members parncipanng m thIS second Tnenmal EEP ReVIew are

Dr Homer Buck, UmversIty of IllInOIS
Dr Kenneth Chew, UmversIty of Washmgton
Dr HermmlO Rabanal, Bureau of Fishenes and AquatIc Resources,
PhilIppmes

The panel wIll attempt to reVIew and assess the ments of component
projects and the techmcal and admmistranve accomplIshments of the
program as a whole The members of the EEP followed the baSIC
cntena as proVIded m AppendIx A Informanon for the evaluaaon
process was obtaIned from the followmg sources 1) Slte VISits to three
aCtIve country projects (Honduras, Rwanda, ThaIland) and two recently
termmated country projects (PhilIppmes and IndonesIa), 2) Follow-up
reVIew of recommendanons made dunng the first Tnenmal ReVIew of
the EEP reported m March, 1985, 3) ReVIew ofvanous reports and
documents proVIded by the ME, and 4) The PD/A CRSP FIfth Annual
AdmImstratIve Report for 1987 The SIte reVIew teams were composed
of one representanve each from the EEP, the BOD, and USAID,
Washmgton

II PROGRAM REVIEW

A Recommendanons from FIrst Tnenmal ReVIew

The fIrSt Tnenmal ReVIew by the EEP prOVIded a synopSIS of
recommendanons for the admImstranve and techmcal management as
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well as for other related acttVInes A response by the CRSP ME was
proVIded for these recommendanons m a separate secnon followmg the
first EEP report WhICh was released on December 16, 1985 It was
noted that the CRSP IS m fact a partnershIp between AID, U S
umverslnes, and mstttunons m developmg countnes The response to
those recommendanons was provIded umlaterally by the CRSP A
request was made to Dr Howard Horton, DIrector ofPD/A CRSP, to
reVIew these recommendanons and to detenmne If there were any
changes or further comments related to the recommendanons proVIded
m the fIrst EEP reVIew After dIScussIons between the chamnan of the
EEP and Dr Horton, a letter summanzmg the thoughts as related to
these recommendanons IS found m AppendIx B The overall
clarillcatIOn of vanous Issues and JusnfIcatton for decIsIons relanng to
each of the recommendanons are clearly stated

B AdmImstranve and Techmcal Management

•
1 Management Office - PrOject DIrector

The Management Office and Project DIrector at Oregon State
UmverSIty appear to be funcnonmg well and there appears to be no
unusual problems related to fundmg of the vanous projects It also
appears that the ME was able to mamtam contact WIth the host
country bodIes as well as the AID MIssIon offices One problem
that surfaced was the fact that m the process of wnnng the grant
apphcanon for the 3-year Connnuanon Proposal, no funds were set
aSIde for the second Tnenmal ReVIew by the EEP The fundmg
constraInts dImtnlshed the qualIty and completeness of the report m
two pnncipal ways (1) By elumnanng the opportumty for EEP
members to have follow-up dISCUSSIOns WIth appropnate and vaned
project personnel to fill m the VOIds recogmzed followmg the site
VISItS, and (2) By prevennng EEP members from meeung to
dIscuss, evaluate, and coordmate theIr findIngs followmg the site
VISItS

Smce the last EEP reVIew, Dr Howard Horton has replaced Dr
James Lannan as the Program DIrector ThIS changeover dId not
appear to delay the normal management process and operatIons
because the other support staff was already m place Both the ME
and Program DIrector were able to proVIde answers to most of the
quesnons whIch the EEP raIsed relanve to the total programmIng
and WIll be covered below Overall It would appear that the ME has
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made efforts to work well WIth the Board of Drrectors and the
Techmcal Cormmttee

Although operatmg well, the ME office must conttnue to reVIew the
commumcatton system to the Board of Drrectors, the Techmcal
Cormmttee, and host country RAs m the field It IS much better
now than It was dunng the last EEP reVIew, but there needs to be
conttnued awareness that there are always places for Improvement
wIth more recent technologtes and electromc mallmg systems

2 Board of Drrectors

The Board of Drrectors (BOD), formerly the ExecutIve Councl1, IS
the pnmary pollcy malang body for the CRSP, and IS compnsed of
one adnumstratIve member each from Auburn UmversIty, the
Consornum for Internattonal FIshenes and Aquaculture
Development (CIFAD), and the UmversIty of Callforma at DavIs
The BOD has a large role to play m the total programmIng and m
advIsmg the ME on CRSP programnnng Further, the BOD
reVIews annual summanes and fiscal reports, approves formatton of
any ad hoc cormmttees, appomts reVIew panels, reVIews
performance of the CRSP Drrector, and finally, reVIews planned
research acttvltles for conSIstency WIth CRSP pollcy before
SUbmISSIOn to USAID for fundmg

The EEP members were able to meet WIth the BOD at the PD/A
CRSP Annual Meenng m HaWaII m January 1988 and would Judge
that the Board IS operattng qUIte well The BOD was very sensltlve
to the vanous Issues that had been brought up dunng the meetmg by
the Techmcal Cormmttee and was qUIck to act on them Overall the
EEP looks upon the BOD as bemg generally very aggreSSIve m
therr overall responsIbI1ltles

3 Techmcal Cormmttee

The former Techmcal AdVISOry COmmIttee and research team
descnbed m the ongtnal CRSP proposals have been mcorporated
mto a new body called the CRSP Techmcal COmmIttee (TC) ThIS
cOmmIttee IS composed of the PnncIpal Investtgators (PIs) (host
country and U S mstItutton) of the collaboratIve research proJects,
the CRSP DAST, and members at large deSIgnated by the BOD
The CRSP Drrector and AID Program Manager serve as ex-offiCIO
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members of the comnuttee From all 1Ochcanons as revIewed by the
EEP, the TC IS operanng very well under the charrmanshIp of Dr
James Lannan TheIr charge IS to prepare annual budget
recommendanons for CRSP research acnVInes and submtt them to
the BOD, to reVIew techmcal projects of the CRSP or components
thereof, and to propose appropnate mochficanons of the techmcal
plan to the CRSP BOD

Durmg the site reVIews 10 the host countnes, the RAs 10 some cases
felt they may be left out and not getnng adequate 1Oformanon from
the TC Overall, the TC appears to be workIng well, but agam thIS
quesnon of commumcanon and sansfy10g the RAs m the field
through more prompt commumcanon would be helpful when
decIsIons are made whIch affect them The EEP recogmzes thIS
situanon IS chfficult to control and chfferent for each host country
ThIS IS called to the attennon of the TC because the PIs serve as an
tmportant hnkage to the workers 10 the field

Fmally, the TC has a very Important Job aSIde from what has been
stated 10 the above paragraph They are the first ones to develop the
overall projects 10 terms of the work plan, budget, and matenals and
methods, and stlll mamtam a watchful eye toward the global
concepts of the overall programnung Thus, thIS has necessitated
the development of four stanchng subcomnuttees whIch are the
Work Plan, Budget, Matenals and Methods, and Techmcal Progress
Subcomnuttees, all workIng together as a cohesIve umt The EEP IS
tmpressed WIth the acnVItles of the TC 10 getnng th10gs done
expechnously

C EVALVATION OF PROGRESS

1 Schedule

The POIA CRSP gamed much expenence 10 the first three to four
years of actIvIty Although there have been some major changes 10
mov1Og from a SIX-country 1Ovolvement to three, the expenence
receIved from the 1OInatlon of thIS program 10 the earher years
certamly helped 10 the operanon of the global programmtng dunng
thIs second Tnenmal ReVIew of the EEP The fourth expenmental
cycle IS 10 place now and operanng ASIde from some of the
problems related to the SWitch from Panama to Honduras, all
eVIdence 10dIcates that progress IS be10g made and on schedule
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2 Quahty of Research and Data AnalysIs

Although there was some queStIon as to some of the problems
related to startup and development of expenmental sItes m the
VarIOUS host countnes, as well as to data collectIon and data
management, the partIcular areas of concern have been addressed
and apparently resolved as of the second Tnenmal RevIew by the
EEP There contInues to be some delay m feedback of mformatlon
between the VarIOUS host countnes and U S mstItutIons, but they
have been worked out to a great extent

One major problem remammg as late as early 1988 was that of
refimng templates and receIvmg and venfymg data from seven
CRSP projects m SIX countnes Smce then It has been resolved and
as of May 1988, all of the CRSP data avatlable from field statIons
have been receIved, venfied, and made avmlable to the DAST
Management of CRSP data IS now kept current on a dmly basIs
The gap between the accumulatIon of field data and the
mterpretatIon of results has now been narrowed slgmficantly and
thIS has helped a great deal, especIally for those countnes' SCIentIsts
who are collectIng the data

3 Funchng

The fundmg for the POIA CRSP appears to be precarIous at best It
was revealed by the Program Manager that smce the last tnenmal
report of the EEP m March 1985, the PD/A CRSP has endured
budget reductIons of 18% and 135% As a consequence, three of
the SIX host country projects have been ehmmated as mdIcated
above Dunng the earlIer senes of recommendatlons, there was a
request for at least two added members to the BOD from the
partlCIpatIng host country mstItutIons As a result of these
reductIons, expanSIOn of the BOD to mclude two members from
partlCIpatmg host country mstItutIons was not adVIsable or
finanCIally pOSSIble The EEP would agree to thIS, notmg that the
present number on the BOD seems to be adequate An expansIOn m
SIze IS not necessary

Another major problem area IS the fact that there IS a need for
approxImately $50,000 to reImburse the POIA CRSP for the
relocatIon from Panama to Honduras Some eqUIpment was left
behmd and WIll need to be replaced Further, Auburn Umverslty
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antICIpates they Will have a ID1nImum deficIt of apprmomately
$43,000 by AprIl 1989 as a result of thIs change m countrIes
Necessary startup funds m Honduras need to be proVIded qUIckly so
that the program can get back on track as rapIdly as possIble

4 Summary

In summary, the EEP finds that the program, even though reduced
substantIally m fundIng and confmed to three host countrIes, IS
strong and VIable and would ment contInued support by USAID
The InItIal growmg pams made the program mature and able to
responsIbly adjust under dIfficult situattons and still mamtam a
program that Will proVIde a global emphasIs on pond dynamIcs
The fact that all countnes revIewed as of late show good mteraction
WIth host country mstttuttons as well as the AID MISSIOn tends to
md1cate to the EEP members that due cred1t needs to be gIVen to the
many PIs and RAs that have contnbuted greatly to the program
The EEP feels that although there are perhaps a few glItches left m
the executIon of the overall process, by and large It IS workmg very
well m the countnes presently deSIgnated for project stud1es The
probability of the program attammg ItS stated goals are excellent
and the mformanon resultIng from the research WIll be valuable m
furthenng the SCIence of controlled aquaculture m developmg
countnes

III PROJECT REVIEWS

ASIde from reVIews of pernnent documents proVIded the EEP members, sIte
VISItS were made at on-gomg country projects (Honduras, Rwanda, and
ThaIland) and at two termmated country projects (IndoneSIa and the
PhilIppmes) Panama had been selected to be the sIte of one of the three
post-1985 conttnumg proJects, but because ofpohttcal d1fficulnes between
the U S and PanamanIan governments, the Panama project was transferred to
Honduras m 1988

A On-gomg Country Projects

Al HONDURAS - DIrectorate of Renewable Natural Resources
(Recursos Nanonales Renovable) - Auburn Umversity - UmversIty
of Hawall
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SIte VlSlt March 14-18, 1988, by Dr Kenneth Chew, Dr Robert
Fndley, and Mr Kenneth Osborn

1 Background

a Cooperatmg InstttutIons and Pnnclpal InvestIgators

Auburn Umverslty (lead unIversIty) Dr C Boyd, Dr B
Duncan
UmversIty of Hawall Dr K Hopkms, Dr J Szyper
Drrectorate of Renewable Natural Resources (RENARE)
Dr H Alvarenga, Mr M I Rodnguez

Project personnel Involved WIth Honduras are fmned up,
espeCIally In lIght of the change of project actIvtttes from
Panama to Honduras Agreements have been developed
between Auburn UmversIty and RENARE, and between
Auburn UmversIty and the Escuela Agncola Panamencana
at Zamorano to reestablIsh a workmg relatIOnshIp for the
PDfA CRSP to return to Honduras Durmg the sIte reVIew,
Mr Bart Green was workmg for Auburn Umverslty at the
EI Carao aquaculture expenmental statIon at Comayagua
under speCIal aSSIgnment through fundmg from the AID
MISSIon Mr Green IS apparently one of the mam contact
persons that WIll aSSIst In the reestablIshment of a CRSP
program back In thIS country

b LOgIStICS

A VISIt was made to the EI Carao aquaculture expenmental
statton as a potentIal place for reestablIshmg project
aCtIVItIes under the CRSP program DISCUSSIons WIth
pnnclpal people mvolved at the statton and later WIth
Drrector General Adan BenaVIdes revealed that there IS
strong support for thIS reestablIshment through the
Flshenes Department under RENARE A trlp was taken
also to reVIew the potentIahtles of havmg a brackish water
SIte at San Lorenzo located at the Gulf of Fonesca No
deCISIon was made at the tIme of the sIte VISIt

VIrtually all the necessary eqUIpment for the project In
Panama, WhICh would have been good to have for the
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Honduras sIte, IS lost The need for substantIal funds to
reestabhsh aCtIVItIes m Honduras IS noted to be close to
$50,000 Resources at thIs level are apparently not
avaIlable at thIs wntIng

2 Baselme Research

Schedulmg has been estabhshed Some programs m Honduras
are Just begmnmg, as noted m the Fourth Annual Work Plan,
and It wIll be another year or two before somethmg VlsIble can
be expected to be seen m terms of data generatIon Further
questIomng to the ME concernmg the Honduras status IS
proVlded m the next sectIon

3 SIte SpecIfic Research (although not research bemg conducted
under PD/A CRSP)

The research that IS bemg conducted at EI Carao IS generally
under the supervIsIOn of the Coordmator of Aquaculture under
the Department of FIshenes for RENARE, Mr Marco Tullo
Saormento Mr Saormento works closely wIth Mr Green m
vanous projects related to 1) producmg fingerlmgs of vanous
specIes of tIlapla, 2) hybnds and sex reversal research on
tIlapIa, and 3) ImplementIng the extensIon and trammg
program for farmers and extensIon people The three baSIC
thrusts of the statIon appear to be well establIshed and well
recognIzed

4 LInkages

a USAID MISSIon

MeetIngs WIth Mr John Warren of the AID MISSIon office
revealed that there IS strong emphaSIS on wantIng to go mto
shnmp culture aCtIVItIes ThIS emphaSIS IS related to AID's
desrre to go mto braclash water research, and perhaps thIS
can be looked upon as part of the PD/A CRSP actIVItIes
later However, Mr Warren mdIcated that It was a good
move to have the CRSP program back m Honduras where It

should not have left m the first place
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b Country AgencIes

There appears to be good apprecIatIon for past CRSP
programs They were very happy to see the CRSP come
back mto therr country and were wIllmg to assIst In thIS
process

5 Summary Comments

Overall, the reestablIshment of the PDfA CRSP program m
Honduras IS a mIxed blessmg for the Hondurans They feel a
bIt leery about bemg dropped out the fIrst tIme However, they
are qUIte happy that the program IS beIng reestablIshed The
bIg concern IS gettIng adequate fundmg to make thIS change
from Panama to Honduras There are good mdIcatIons,
however, that the fourth expenmental cycle IS now bemg
Implemented Honduras WIth studIes bemg conducted at EI
Carao to understand oxygen dynamICS of fish productIon
ponds and to refme productIon systems to make them more
econonucally productIve In Honduras and trOPICal Central
Amenca

A2 RWANDA - NatIonal UmversIty of Rwanda - Oregon State
UmversIty - Auburn UmversIty

SIte VISIt February 29-March 3, 1988, by Dr Homer Buck, Dr
Howard Horton, and Mr Kenneth Osborn

1 Background

a Cooperatmg instItutIons and PnncIpal InvestIgators

Oregon State UmversIty (lead umversIty) Dr R Tubb,
Mr W Selm
Auburn UmversIty Dr T Popma, Dr B Duncan
NatIonal UmversIty of Rwanda Dr I Butare*
*Dr Butare may have been replaced

In January 1988, Karen Vevenca replaced Boyd Hanson as
the U S Research AssocIate, and assumed pnmary
responsIbIhty for the day-to-day operatIon of the project
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Thls followed the replacement of the Rwandan PI, Dr
Valens Ndoreyaho, by Dr Innocent Butare, and the
replacement of Dr Tubb by Mr Wayne Seun as the OSU
PI These major transfers of authonty seem to be occurnng
rather smoothly, WIth no anocIpated loss of effecoveness or
efficIency Ms Vevenca IS fluent In French, and appears to
enJoy a full measure of respect and cooperanon from
Eugene Rurangwa, her Rwandan counterpart, and from the
host country PI It seems hke1y that thIs new team will
maIntaIn the hIgh qualIty of perfonnance and the fine
degree of collaboranon achIeved dunng the tenure of Boyd
Hanson

b LOgIsocs

Thanks to major finanCIal support from the European
EconOmIC Commumty, the aSSIstance of the Natlonal
UmversIty of Rwanda, and the on-SIte experuse and
leadershIp of Boyd Hanson, the number and quahty of
ponds, as well as laboratory facIlInes, seem adequate to
comfortably accommodate basehne research obJecoves, as
well as an effecnve program of sIte-speCIfic projects Such
operanonal problems as could be Idennfied seemed mInor
In nature, and qUIte typICal for such facl1lttes For example,
the nature of the water supply makes It extremely d1fficu1t
to completely prevent extraneous fish from entenng the
expenmental ponds, and large numbers of tadpoles also
d1vert pond resources from use by target speCIes While
these problems do not appear to senous1y compromIse
project obJecoves, therr ehmInaoon should be addressed

2 BaselIne Research

a Schedule and Results

The work plan for the 4th cycle projected a startup date of
September 1987 for all projects Thls nmetable was not met In
Rwanda, partly because Karen Vevenca d1d not assume her
post as U S RA untl11ate January 1988, and partly because of
the speCIal nature of the project Probably more than for other
studIes In the global proJect, the Rwandan studIes requITe the
development of new skills and untested procedures, some of
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whIch requITed the on-sIte partlCIpanOn of the U S RA
However, good progress was bemg made at the nme of the sIte
VISIt by the EEP, and baselme Expenment 1 m the new cycle
was expected to move ahead qUlte rapIdly The research team
felt that the delay yIelded compensanons through the tIme
made aVailable for accumulanng useful background matenal,
for developmg new techmques and procedures, and for
conducnng sIte-specIfic projects useful to the baselme studIes

b QUality of Research

At the nme of the sIte VISIt, no data had yet been collected from
baselme expenments m cycle 4, but Expenment 1 was very
close to acnvanon A laboratory wIth adequate mstrumentatIon
and trained techmcians IS m place, all personnel appear well
qualIfied, and the qUalIty of research IS expected to be hIgh

c AnalySIS of data

No data has been collected for Cycle 4 Please refer to the 5th
and 6th Annual AdmmistratIve Reports for pnor and
subsequent data

3 SIte-specIfic Research

Rwandan personnel have completed three sIte-specIfic projects
wlthm the cycle 4 tIme frame The fi.l:s1 mvolved an evaluanon of
four types of compost 1) green grass, 2) dned grass, 3) a mlxture of
dned grass and cow manure, and 4) a mIxture of dned grass and
mstl1lery wastes The project was undertaken by Fehclen
Rwangano, a Rwandan now enrolled m the graduate school at OSU
who wIll analyze the data as a theSIS for the MS degree

A second project WIth 15 ponds compared the values of ennchment
WIth manure WIth that of two types of compost 1) dned grass, and
2) dIsnllery wastes

A 1.h.u:d project evaluated three stockmg denSItles of tllapla 0, 1 5,
and 21m2

) Tilapia at the lowest densIty were not fed, those at the
two hIgher denSItleS were supplIed nce bran at 10% of body weIght!
day
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A fourth sIte-specIfic prOject was lll1tlated February 12, 1988 m the
21 ponds to be used m baselme expenments The purpose was to
observe the range m vanatlons m the productlon of tIlapIa m 21
ponds all given the same treatment The project was to be
termInated at or before the tune when preparatlons were completed
for lll1tlat1on of the baselme expenments

4 LInkages

a USAID MISSIOn

It seemed clear that the excellent reiatlonship estabhshed
WIth the KIgalI USAID people m the earher days of the
project has m no way dummshed The MISSIon contlnues
to be supporttve m Important ways, WIth an apparent deSIre
to contnbute to what they perceIve to be a successful and
worthwhile project

b Country AgenCIes

The level of mterest and support at all levels withm the
Natlonal UmversIty of Rwanda seemed very strong The
Dean of the College of Agronomy remarked how much he
appreciated the frank and open reiatlonship WIth the CRSP
proJect, raung It the most successful of many collaboratlve
proJects, and offenng congratulations and thanks to those
responsIble for Imtlatlng the proJect, and for the way m
whIch It was carned out SImIlar comments were
expressed by vanous other admImstrators, mcludmg the
Rector of the Umversity The strength of mterest and
support at the natlonallevel was eVIdent m extremely
favorable comments made by the DIrector General of
SCIentlfic Research withm the MImstry of Educatlon We
were told that the PreSIdent of Rwanda contlnues to
observe the project WIth great mterest

The CRSP has productlve reiatlonships WIth vanous local
volunteer groups and WIth vanous agenCIes, mcludmg the
Natlonal Office of Project Plannmg

c TechnIcal COmmIttee, Executlve Council, Program
Manager and other CRSP projects
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FIeld personnel In Rwanda feel that problems Idennfied
dunng the first Tnenmal ReVIew have been elumnated, that
rrnsunderstandIngs and/or dIsagreements WIth the TC have
been clanfied, and that they are presently "very pleased"
WIth current relatIonshIps WIth all ennnes m the program,
both m the U S and In Rwanda Problems Idennfied
related to local needs, such as the mstallanon of a statton
telephone, the use of a vehIcle, and a streamlInIng of
Interacnons (mostly paper work) WIth the UnIVersIty, all for
whIch appear scheduled for solunons

5 Summary Comments

In spIte of extensIve efforts to follow the gUIdelInes and to
address all aspects of the program, It IS felt that the present
report has certaIn defiCIencIes It would seem advantageous If
the SIte VISItS could precede the annual meenng so that
dIScussIon at the annual meenng could elIrrnnate some of the
gaps or defiCIencIes recognIzed dunng a prelIrrnnary draftIng
of the report

It IS belIeved, however, that the Rwandans had full opportUnIty
to express therr VIews Therr remarks were for the most part
favorable, or comphmentary, and those cnnCIsms offered were
constructtve m nature The lack of a strong traInmg program
for Rwandans was WIdely vIewed as a senous defiCIency
Strong recommendatIOns were made at all levels of the
UnIVersIty, as well as WIthIn the MImstry of EducatIon and the
USAID MISSIon, that the traInmg of Rwandans be strengthened
so that long-term benefits from the program would be ensured
All pledged therr support and cooperanon toward aChIeVIng
thIS goal

An addlnonal need In the VIew of the Rwandans IS for an
expanSIOn of extensIOn actIvines WhIle thIS raIses some
concern that the pnmary goals of the project rrnght become
obscured, It seemed to be WIdely recogmzed that the global
aspects of the program must remaIn preemment

WhIle the project IS behInd schedule, the reasons are
understandable The project IS expected to achIeve Its
obJecnves because It seems to have all of the necessary
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elements excellent facilitIes, strong leadershIp, a competent,
well-motIvated staff, strong mstItutIonal and host country
support, and an exceptIonally hIgh level of collaboratton
between cooperattng personnel of the two countrIes

A3 THAll..AND - Thailand Department of FIshenes - UnIversIty of
MIchIgan, UnIVersIty of HaWaII - MIchIgan State UnIVerSIty

SIte VISIt AprIl 3-9, 1988 by Dr Kenneth Chew, Dr PhIlIp
Helfnch, and Mr Kenneth Osborn

1 Background

a Cooperattng InstttutIons and PrIncIpal InveStIgators

UnIVerSIty of MIchIgan (lead UnIVersIty) Dr J DIana,
Dr C Kwel Lm
MIchIgan State UmversIty Dr C D McNabb, Dr T
Batterson
UnIVersIty of Hawan Dr K Hopkms, Dr J Szyper
NatIonal Inland FIshenes InstItute Dr K Jaryen

A reVIew of the field operatIons would tend to mdIcate
that the first, second, and thIrd cycle aCtIVItIes have
reached theIr goals m obtarmng the necessary mfonnatIon
for the total global concept of the studIes The fourth
cycle expenments on pond dynanncs were basIcally a
refinement of the preVIOUS expenmental desIgns, whIch
addressed pond depth, stockmg denSIty, and appropnate
N P ratIo m organIC fertl1Izer The results appear to be
commg m as expected Dr Lm appears to be one of the
marn catalysts m pullIng thIs project together m the host
country and has been the key person to work out detarls
related to U S and host country mvolvements

One of the key problems appears to be the potentIal of
turnover of ThaI staff that have been traIned through the
CRSP program Once they have been tramed, they are a
marketable commodIty to be hrred away for hIgher
salanes

Problems and areas of concern surfaced dunng the SIte
VISIt but most have apparently been worked out by the
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end of 1988 and the PD/A CRSP project seems to be
gomg qUIte well at the present ttme

b LogIsttcs

The mteractIOn between the ASIan InstItute of Technology
(ArT), NatIonal Inland FIshenes InstItute (NIFI) at
Kasetsart UmversIty, and U 5 mvestIgators appears to be
gOIng as well as expected There was some questIon at the
begInnIng when other countnes were phased out and
acttvltles were Incorporated Into ThaIland, but no major
problems developed

The sIte that has been selected for the next cycle of studIes
IS at the Bang 531 fishery statton at Ayutthaya The CRSP
studIes have been sandwIched In WIth other ongomg
research studIes conducted by NIFI and there appears to be
good cooperatIon The faCIlItIes and eqUIpment avaIlable
to the project appear to be very adequate for successful
conttnuatIon of research Into the fourth expenmental
cycle

2 Basehne Research

a Schedule and Results

The first three cycles of study have been completed and the
fourth expenmental cycle IS In effect at the present tIme
Apparently the research IS beIng conducted accordIng to the
research deSIgn for the SIte

b QualIty of research

The Instrumentatton for chemIcal analysIs appears to be m
place The analysIs measurement and research techmques
show a hIgh level of accuracy and analyttcal expernse The
people Involved WIth the project are hIghly qualIfied and no
problems are antIcIpated

3 SIte SpecIfic Research

There appear to be ancillary sIte-specIfic studIes beIng
conducted at the expenmental SIte at the Bang 531 StatIon at

SECOND TRIENNIAL REVIEW REPORT 22



Ayutthaya and at the AIT Although these studIes were not
specIfically IndIcated by the Invesugators to the EEP members,
the coordInanon and research efforts for the major proposed
studIes as noted In the fourth expenmental cycle appear to be
In place and performmg well

4 LInkages

a USAID MIssIon Bangkok

There IS excellent InteracUon between the USAID MISSlOn
and on-sIte personnel Involved WIth the PDfA CRSP
program There eXIsts strong support and cooperauon for
the program In Thailand

b Country AgencIes

Dunng the last EEP reVIew, commUnlcaUon was one of
the major quesuons between the Department of FIshenes
and U S CRSP personnel ThIs was reVIewed carefully In
lIght of the addIuon of two extra U S umverSlUes to the
ThaIland program (MIcmgan State Umverslty and
Umverslty of Hawan) After one year of careful phasIng
In of these two new umverSlues, the Thailand project of
global concept goals and specIfic studIes InvolvIng all
U S and host country InSUtuUons are In place and workmg
well

5 Summary Comments

The efforts made toward the CRSP program In Thailand were
mghly regarded by Dr DavId Delgado (USAID MlsslOn) for ItS
slgmficant contnbuuon to the knowledge of pond dynamlcs In
ThaIland Further, there was good mdIcauon of an excellent
workIng relauonsmp between Dr C K LIn (U of MIchIgan),
Dr KItJar JaIyen (ThaI Dept of Flshenes), and Dr Delgado
Further, the mteracUon WIth Dr Peter Edwards of the AIT
appears to be good The overall regard of Dr LIn In Thailand
IS very mgh, as tills surfaced at most of the meeungs attended
related to the PDfA CRSP Dr LIn IS conSIdered the malO
lIaIson person for the U S and host country msUtuUons In
ThaIland
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Dunng the sIte VISIt, there was some mdIcanon that the USAID
MIssIon would be IOvolved WIth a "buy-m" to the CRSP
program to extend acnvlOes toward extenSIOn and trammg of
local bIologIsts and fanners ThIS would be good If It
matenallzes

There IS stIll a strong feelIng by the host country and the
USAID MISSIon that there needs to be an opportUnIty to apply
the CRSP expenmental results to pracncal fish producnon
through extenSIon serYlce How thIS can be achIeved should be
brought up at the BOD or TC meenngs 10 the future

Further, there IS a feelIng by the host country SClennsts that
analySIS of expenmental data can be done 10 the field where the
expenments are done and the results of each expenmental
cycle can be prepared Jomtly withm a reasonable penod of tIme
upon concludIng the expenment How thIS can reasonably be
done should be dIscussed at the earlIest opportunIty

The fact that a new post-doctorate fellow posltlon was filled 10

September 1980 by Dr ChrIstopher Knud-Hanson through
MIchIgan State Umverslty has been very helpful to the host
country acnvltIes ThIS, complemented by the fact that the
UnIVerSIty of Hawall will be haVIng Dr KeVIn Hopkms, the
new PI, spend up to three months each year 10 the field WIll be
of much help to the overall program

B Termmated Country Projects

Bl INDONESIA -Bogor AgrICUltural UnIversIty (IndonesIa)
MIchIgan State UnIVersIty

SIte VISIt ApnI9-13, 1988, by Dr HenmnIo Rabanal, Dr PhIlIp
Helfnch, and Mr Kenneth Osborn

1 Background

a Project Personnel

Host Country Personnel Met Dunng VISIt
Dr M Eldman, Formerly Host Country Pnnclpal
InvestIgator
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Mr K Sumantadmata, Formerly Host Country Research
ASSOCIate
Mr D Dana, Formerly Research AssocIate
Ms E Salamah, Formerly Host Country TechnICIan, CRSP
Project
Mr D Yusad1, Formerly Data Recorder and Computer
Operator, CRSP ProJect, Bogor
Ms Y Hadrrosenyam, Formerly Host Country Staff
Mr W Gumawan, Formerly Host Country Staff
U S Research Personnel, None, as the PrOject tenmnated
m August 1987

b LOgIsocS

FacIlIoes conSIStIng of expenmental ponds, a water supply
system and bUIldmgs for laboratones, offices, and a wet
laboratory have been proVIded by the government at the
sIte A setup prOVIded for hatchmg of freshwater fish was
also made avmlab1e The project aSSIsted m fundmg an
add100nal pump system for the water supply WhIle the
expenmental SIte IS located at Babakan VIllage, the new
mmn campus of most of the facIlltles of the Bogor
Agncultural UmversIty are m the process of compleoon
only about two lalometers away at Darmaga VIllage The
team was mformed that the faculty of FIshenes and the
faculty of Vetennary SCIence, and perhaps other faculty,
WIll be housed m thIS Darmaga campus once It IS
completed ThIs IS a wsonct advantage to the pond
research project as It wIll be acceSSIble to specIahsts not
only m fishenes but other related faculoes

2 Basehne Research

Tills PD/A CRSP research SIte started operaoon m September
1983 and tenmnated ill August 1987 Dunng thIS penod, thIS
research sIte has kept on schedule wIth Its aSSIgned research
usmg olapIa as expenmental fish and momtonng the vanous
parameters requITed for the study Dunng the penod, cycles 1,
2 and 3 of the Research Plan were completed as scheduled
There IS one mod1ficanon m that at a later stage Tllapza
mlotlca was replaced by Clanas batrachus, the former speCIes
bemg of low pnonty whIle catfish IS a valued speCIes m the
country
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The partICIpants m the host country found the research
techmques to be good They were partIcularly happy over the
m-depth knowledge of the assIgned expatnate RA m matters of
water analysIs The research partICIpants at thIS SIte submItted
the completed data on tIme However, at the ttme of the VISIt,
they regretted that there had been no feedback on the analyzed
data from thIS project as well as data from other project sItes
from the DASTofthe PD/A CRSP

3 SIte SpecIfic Research

Because of some dIvergence m research pnonty of the country
to that of the global goal, the IndonesIa project had to
undertake a number of SIte specIfic research subprOjects As
mennoned above, the work on Clanas was pursued, especIally
seed producnon, because of publIc demand AddItIonal work
was done on mmmllzmg the effects of carbon defiCIency m the
pond water supply due to exceSSIve leachmg, on nItrate and
ammoma deplenon In ponds fernlIzed by chIcken manure, and
on developmg Clanas broodstock under expenmental pond
condInons, among others

There was no preplanned schedule to pursue these specIfic
research projects, but they were done WIth the aVaIlable tIme of
the research staff The qualIty of research techmques
employed was dependent on the eqUIpment aVaIlable, but the
acqUIsinons from the CRSP program helped upgrade the
qUalIty of research techmques BeIng a dIversIfied rather than
umfied research effort, there was no systemattc data collectlon
and management of the sIte-specIfic studles

4 Llnkages

a USAID MISSIon

There IS no drrect lInkage of thIS research project WIth that
of USAID MISSIon In the country However, the U S lead
agency (MIchIgan State UmversIty) staff assIgned to the
project always made It a POInt to touch base and to
constantly consult as necessary WIth the country USAID
MIssIOn and partIcularly WIth the Agnculture Development
Officer who covers fishenes In thIS MISSIOn There has
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been no drrect support by the USAID MIsslOn and m some
cases the concerned officers m the MIsslOn even had the
OpInIOn that the objectIves of thIs project were of low
pnonty so that the MIssIOn would rather carry out other
projects mvolvmg pnonty areas under the country program

b Country AgencIes

Fishenes research agencIes of the country such as the
Research CoordmatIng Center for Flshenes (RCCF) of the
Agency for Agncultural Research and Development
(AARD), and the DIrectorate General of FIshenes (DGF)
were aware of the presence of the foreIgn aquaculture
speCialIsts m the country and mVIted them as resource
persons m some of theIr actIVItIeS However, on a proJect­
to-project baSIS, there were no establIshed hnkages nor
cooperatIve actIVItIes It appears that competItIve nvalnes
have always eXIsted among local agenCIes m SImIlar fields
so the mvolvement of the local host country agenCIes m
fishenes has kept away closer hnkages

5 Summary Comments

The operanon of the project has been smooth and satIsfactory
dunng ItS eXIstence CoordmatIon prOVIded by the host
country PI and the U S lead agency PI was harmOnIOUS dunng
the project duratIon ThIS resulted m achIeVIng the requIred
schedules of the research plan on tIme There were mmor
problems m the aSSIgnment of personnel at some stages but
these were subsequently resolved It was surmlsed that there
could have been more exposure of host country partICIpants to
trammg, especially abroad, as well as to sCIentIfic meetmgs so
that the counterpart partICIpant could take over and carry on the
work and wnte the appropnate reports after the foreIgn agency
staff left the project

It IS unfortunate that there IS no actIve lInkage of thIS research
project WIth the USAID MISSIon m the country consIdenng
that the project IS hard pressed for funds Under more
favorable CIrcumstances, the AId MIsslOn could have
contnbuted even a small amount of funds at strategIC penods
when thIS was most needed However, the lack of

e _
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understandIng or mdIfference of officers concerned m the
MIssIon has prevented thIS from happemng

B2 PANAMA - No mformatlon aVaIlable on thIS country's program as It
was termInated and no sIte VISIt could be conducted

B3 PHILIPPINES UmversIty of the PhilIppmes m the Visayas
UnIVersIty of HaWaII

Site VISIt ApnI14-16, 1988, by Dr PhIlIp Helfrich, Mr Kenneth
Osborn, and Dr HermInIo Rabanal

1 Background

a Project Personnel

Host Country Personnel
Dr J Carreon, Formerly Host Country PnnCIpal InvestIgator
(by correspondence only)
Dr R Fortes, Formerly Host Country Research AssocIate
Ms Z FelICIano, Formerly Host Country CheITIlcal Engmeer
Ms E Pudadera, Formerly Host Country Research ASSIstant
Ms C GempIs, Formerly Host Country Research ASSIstant
Ms R Janeo, Formerly Host Country Laboratory Techmcian
Ms J Jaspe, Formerly Host Country General Staff
U S Lead Agency Personnel, None, as the Project termmated
m March 1987

b LogIstlcs

The host country agency m the Umverslty of the PhIhppmes m
the Visayas UPV) establIshed the BrackIshwater Aquaculture
Center at Leganes, TIOllo Provmce, PhilIppmes When the PDt
A CRSP Research Program was Imnated m the country WIth
the UPV as host agency, the funds requIred for the research
were proVided ill thIS center The necessary counterparts, the
host country PI, RA and research aSSistants, as well as general
staff were aSSIgned These local staff worked and collaborated
With the U S lead agency staff from the UnIversIty of HaWaII
The ponds for use were adequate, and thIS was one of two SItes
m the global project WhICh uses brackish water (the other was
Panama) The local staff were adequate and were further
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augmented by graduate students from UPV There was an
eXlsnng bIOlogtcal and chenncallaboratory and a wet
laboratory m the center plus facIlltl.es for hatchery work If
requIred ElectrIcal power was aVaIlable and addItlonal adVIce
from specIalIsts m related chsclplmes m the UnIVerSIty were
proVIded as needed

2 Baselme Research

The country partlClpants mtervlewed all claImed that the
collectIon and compilatIon of data for the baselme research
plan was done m a tImely schedule There was some reSIstance
at the begtnnIng to adopt completely the suggested protocol as
there was a desIre to modIfy the protocol to adapt to local
condItIons However, thIs was subsequently reconcIled

There were adequately traIned staff as well as those who could
easIly be tramed to perform the work reqUIred WIth only bnef
hands-on trammg, the host country parnclpants eaSIly
performed the samphng and analySIS reqUIred conSIstent WIth
work plan speclficanons ThIS was further remforced by
graduate students as well as undergraduates whose
contrIbutIons were helpful m the work The qUalIty of research
techmque recommended was consIdered good, but some
phYSICal problems hke maIntenance of pond depth and some
mstrumental defects occurred (e g , the eqUIpment for nItrogen
and total phosphorus analysIs) There was specmhzatIon of the
work load among the mvolved staff even at the begtnmng of
the research

WhIle raw data SUbmISSIOn was on nme, Its transnnSSIOn to the
Central Data Manager could not be venfied, thIS bemg the sole
prerogatl.ve of the U S PI, and neIther was there any feedback
from the Manager for any analyzed or syntheSIzed data for thIS
project

At a later stage, however, when conflIct of personalItIeS started
between the U S PI and RA on the one hand, and the host
country RA on the other, compIlanon and SUbmISSIOn of data
bogged down WIth each group blamIng the other for delays and
hIchng of collected data ThIS was a consIderable hanchcap to
the smooth functIomng of the project up to ItS ternnnatlon m
March 1987
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3 SIte-specIfic Research

Of completed expenments In the CRSP ponds, at least SIX are
classIfied under specIal projects These Include the folloWIng

1) Sorbed and solI solutton P ill relatlOn to P fem!lzatlon m
brackIsh water ponds

2) StudIes on the apphcatton of teaseed cake for the selectlve
ehmmatlon of finfishes In shnmp ponds

3) The effect of paddlewheel aeratton on ammoma and carbon
dioxide removal In Intensive pond culture

4) The water qUalIty dynanncs In brackIshwater shnmp ponds
with artIfiCial aeration and cIrculation

5) The feedIng rhythm of IDllkfish and prawn

6) Effect of water exchange rates on nutnent levels and
producttvlty of braclashwater ponds

These speCial projects were not performed accordIng to
preplanned schedules, but they were dependent on the aval1able
facl1lt1es and staff to work on them Whlle not dIrectly
contnbuttng to the CRSP data, all of them are stIll tangennally
relevant to the PDfA CRSP research objectIve Research
procedures used m the CRSP projects were hkewlse adopted
With these speCial projects Data and results obtamed were
wntten by the mvolved researchers and contnbuted to the
reglOnal fishenes meeting or sent to appropnate Journals for
pubhcatlon

4 Lmkages

a USAID Country MIsslOn

The PDfA CRSP partIcipants' relationshIp to the USAID
MIssion can be conSidered neutral with each one conductmg Its
affaIrS In aquaculture Independent of the other However, the
CRSP partlClpants made It a pomt to mform the USAID
MIssIOn of theIr aCtiVIties and any CRSP personnel commg
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mto the country always touched base WIth the MIssIOn There
were suggesnons for possIble add1nonal support from the AID
MIssIOn, m add1non to aval1able CRSP funds, but the MISSIOn
has taken the posture that ItS thrust m the country IS somewhat
d1fferent from that of the CRSP It IS noted, however, that the
Aid MIssIOn officers m the country undergo frequent changes
and It IS always advIsable to submIt requests for AID projects
mcludIng that for the PDfA CRSP

b Country AgencIes

The pamclpants of thIS research project have estabhshed
contacts WIth other country agencIes mvolved m fishenes and
related fields, but these were llffilted mamly to mformanonal
aspects The Pmhppme CouncIl of Agncultural Research and
Resources Development (PCARRD), now renamed Phlhppme
Councll for Aquaculture and Manne Research and
Development, (PCAMRD), the Internanonal Center for Llvmg
Aquanc Resources Management (ICLARM), and the Southeast
ASian Flshenes Development CenterfAquaculture Department
(SEAFDECfAQD) are frequently consulted by pamclpants of
thIS project However, there IS no drrect collaboranon m actual
research as each one carnes out Its own research
mdependently

5 Summary Comments

The PDfA CRSP project m the Phlhppmes started off very
smoothly and successfully There was harmomous cooperatIOn
between the U S partICIpants and the host country partICIpants and
the mlual cycles were qmckly completed and submItted on
schedule However, toward the mIddle and later stages of thIS
project, a personal conflIct developed between the host country RA
and the U S RA TIDs produced adverse effects towards the
termmanon of the project It IS gratifyIng, however, that cycles 1,
2 and 3 were successfully completed and the data were sent to the
Central AnalysIs Umt for processmg Smce the projects had to be
termInated for budgetary reasons, the problem of personnel
confucts have become academIC

e-- ~~~-~ ------
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APPENDIX A

CRITERIA FOR PROJECT REVIEWS

A What IS the present status of the project WIth respect to

1 AccomplIshment of the basehne research plan

• staymg on schedule
• qUalIty of research technIques (e g , samphng and analysIs) and

consIstency WIth work plan specificahons
• data management (1 e , record keepmg and data analysIs)

2 Accomphshment of sIte-specIfic research obJechves

• schedule
• qUalIty of research techmques
• data management

3 Repomng and dIssemmarron of mformarron

4 Relarronshlp between U S Pnncipal Invesrrgator/contracrrng msrrtuhon
and field personnel

5 Relarronshlp between U S and host country parncipants (e g, trammg
and msrrtuhon bUIldIng acrrvines)

6 Relarronsmp between CRSP parncipants (U S and Host Country) and
USAID MISSIon staff, CRSP parncipants and representatIves of other m­
country programs and projects

7 Relanonsmp between project personnel and program management (1 e ,
the Program Management Office, Board of DIrectors and Techmcal
COmmIttee)

8 Benefits to the US msntunon

9 Contnbunon to program goals

B What IS the potennal for project achIevement relatIve to the above mne
pomts?
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APPENDIX 8
( I

Offlce of Internac...onal Research and Develooment I ()C~'2':'"' I
-::::----:::---::-:----.:---=----~-:::_--__:=_:_::_:___:::_::_:=__----_!i .::J .... ,:>

Oregon Scate Cruverslt:y Can, allis. Oregon 97331 CSA lL n\ve-'s ..., J

Tmpnone 15031 754-2~~8 Telex.. 510 596 0686 OSL ern CO\ S ESL 6:;8~9595

Feb~uary 28, 1989

Dr. Kenneth K. Chew
School of FIsherIes, WH-10
UnIversIty of WashIngton
Seattle, WA 98195J

Dear Ken:

Follow1ng are our comments on the CRSP responses to the
recommendat1ons made by the External Evaluat10n Panel <EEP) 1n thelr
report dated March 22, 1985:

RECOMMENDATION:

At least two members be added to the Evecutlve CouncIl from-----------------------------------------------------------
B~CS~~~e~S~Og_~9a~_~Q~ot~~_lQat~tYt~9Q~~

CRSP RESPONSE AND COMMENT:

The CRS? response to the EEP report was that the Board of
D1rectors <BOD> (formerly the Ev ecutIve CouncIl) elected not to
mod1fy theIr eXIstIng structure for fear the change would contradlct
the splrlt of the Memorandum of UnderstandIng between Auburn
Unlverslty, the UnIversIty of Callfornla, Davls, and the Consortlum
for Internatlonal F1sherles and Aquaculture Development (CIFAD). The
BOO also was concerned that the flnanclal and loglstlcal ImplIcat10ns
of the change would reduce opportunltles for the BOO to work closely
wlth the Management Entlty (ME) to act on pOllcy and fundlng matters.

Comment: The reasons for not alterlng the structure of the BOD
are stll1 valId. Slnce the EEP report was fl1ed, the CRS? has
endured budget reductlons of lSI. and 1~.51.. As a consequence, three
of the SlX host country proJects have been el1mlnated. Expanslon of
the BOD to 1nclude two members from partIclpat1ng Host Country
Instltutlons 1S not adv1sable or f1nanclally poss1ble at th!s tlme.

RECOMMENDATION:

Ib~_I~~bo~s~l_eg~~~gc~_~gmm~~~g~_e~_atCgQg!bgQ~g_~~_~gg~Qg_S~9

m~m~g~a_~~tn_g~Bgct~~~_~Q_aQm~_Q£_tbg_f211Q~~Qg_f~~lg~_ g9S9
2CQ~gaa~OgLm~o~g~mgQ~~_egQg_g~Qa~atgma~_~Cs~k~ab_~~t~~_g~QaYat~~a~

aQC~mB_e9Qg_s£~~~~lt~~~~

CRSP RESPONSE AND COMMENT:

The CRSP response was that 1t would replace the Techn1cal
Advlsory Commlttee w1th a Techn1cal Commlttee composed oi all U.S.
and host country Pr1nc1pal Investlgators plus three at-large members
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apPolnted by the BOD Subcommlttees on Work Plans, TechnIcal
Progress, Budgets, and MaterIals and Methods would be organIzed from
the Technlcal Commlttee. These subcommIttees would prepare materlals
for conslderatlon by the assembled TechnIcal Commlttee at ltS annual
meetIng. The TechnIcal CommIttee would make recommendatlons to the
BOD on vIrtually all aspects of CRSP techn1cal actlvltles.

Comment. The Technlcal CommIttee and the four subcommlttees have
been organlzed and are functIonIng as proposed. Also, the three
members of the former Technlcal AdVIsory CommIttee were apPOInted to
the TechnIcal CommIttee as at-large members. However, due to
flnanclal constraInts placed on the ME, the BOD elected at thelr
October 9, 1987 meeting to use the at-large members 1n an ad hoc
role. The Program Manager from USAID/Washlngton concurred WIth thIS
actl0n. Funds are not avaIlable at thIS tIme to add two at-large
members to the TechnIcal Commlttee. We have added expertIse In SOlIs
(Dr. Claude Boyd), brack1sh water ecosystems {Dr. Bryan Duncan),
pond ecosystems (Dr. James Szyper), shrlmp pond aquaculture (Dr.
DaVId Telchert-Codd1ngton), and data proceSSIng and management (Dr.
Kevln HopkIns). We have also added new concerns In SOlIs and
compostlng covered by Drs. Tom Popma and Claude Boyd. These new
addItl0ns have greatly strengthened our program and fulfIlled the
recommendatIon made by the EEP.

RECOMMENDATION:

Ih~_B~~~~~~b_I~~m_Q~_fg~m~g_~~_g~~~~~e~g_~o_tb._2~geg§~1_2Qg_tb~t

~t_e._m@g~_@_fYQ~t~gQ21_~1~m~Qt_gf_tb~_e~gg~2m~

CRSP RESPONSE AND COMMENT:

The CRSP response waS sat1sfactory and needs no further comment.

RECOMMENDATION:

Ib~_2gm~Q~~t~~t~~~_~h~~Q_e~_2ee~~~~2t~g_2Qg_~gmmYQ~~2t~gQ§_~~~b

f~~lg_e~g~~~ta_e~_~me~Q~~g_tg_e~~m~t_gY~~~~~_t~~bQ~~21_e2~~atgee~Qg~

CRSP RESPONSE AND COMMENT:

The CRSP response was satlsfactory and needs no further comment.

RECOMMENDATION:

Ih~_~~a~2c~b_el~Qo~Qg_a~h~gYl~_e~_~m~Qg~g_f~gm_eQ_2QQYel_tg_2

Q~~QQ~~1_~~~~~~~~_tQ_211Q~_thQ~gygb_~Q~1~~~~_gf_~~aYl~a_Q~fQ~~

21~QQ~Qg_aYea~gY~Ot_C~a~~~~n~

CRSP RESPONSE AND COMMENT:

The CRSP response was to agree to shIft to a bIennIal research
plannIng schedule, wlth the TechnIcal Commlttee meetlng on an annual
baSIS Work plans would only be flnallzed 1n alternate years.
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Comment These schedules have been accompl1shed Fo~ example,
the current CRSP Work Plan 1S for the perlod of Septembe~ 1, 1987 to
August 31, 1989. A meetlng of the TechnIcal CommIttee was held ln
October, 1988, and another meetIng 1S planned for May, 1989 Our
normal procedure 1S for the Technlcal CommIttee to meet at least once
each year, usually 1n conJUnctIon WIth the CRSP annual meetIng.

RECOMMENDATION:

E~~~eh~~~l_~£~~~~~~~§_i~~~~Q~~QQ~_Q~mQQ§~~~~~QQ~_tc~~Q~Qgl_Q~

c~~tc~~t~Q_~Qg_~Q~~thg~~~~Q_Q~~~~t~QQ~_f~Qm_~QC~_C~§~~C£Q_Q~

e~~~~Qt~g_tg_~~f~g~~~Q_~b~_£~ntc21_~~§~sC~b_gQ~!~t~~~!_ai_thg

e~ggcsm.:.

CRSP RESPONSE AND COMMENT:

The CRSP response was satIsfactory and needs no further comment.

RECOMMENDATION.

Ibg_~~ot~sl_Qsts_~sQsggm§ot_§~~t~m_Q~_m~gg_ge@~~t~gn~l_gO_sO

~~ggn1_Q~~~~_snQ_tb~_~g~~_gi_~nt~g~et~gQ_gf_g~1~_sng_Q~~glgem@ot_gf

1h~g~~t~~s!_mgg~1!_gf_egQg_e~Qg~~1~~~t~_Q@_~n~11!t~g_~mm~g~st~!~~

CRSP RESPONSE AND COMMENT:

The CRSP response was that the Central Data Management System was
operat1onal, that the ME had added a Data Base Manager to 1tS staff,
and that a Data Synthes1s Team had been appolnted.

Comment: The actlons descrlbed 1n the eRSP response have all
taken place. In addltl0n, the problems of reflnlng templates and
rece1vlng and ver1fY1ng data from seven CRSP proJects 1n SlX
countr1es have been overcome. As of May, 1988, all of the CRSP data
ava1lable from fIeld statlons have been rece1ved, verlf1ed, and made
ava1lable to the Data Synthesls Team. Management of CRS? data lS
kept current on a dally basls. The Data SynthesIS Team publ1shed 1tS
flrst conceptual model of an aquaculture pond as part the Pond
Dynamlcs/Aquaculture CRSP Contlnuatlon Plan 1n May, 1987. The Fourth
CRSP Work Plan outllnes procedures for the development of descr1pt1ve
and mechanlstic models to SImulate pond processes. Plans and a
t1metable for the draft1ng of a manual of pond management pract1ces
also are presented. The gap bet~een the accumulatIon of fIeld data
and the 1nterpretatI0n of results has been narrowed slgn1fIcantly.

RECOMMENDATION:

Ibg_B~~~s~sb_I~sm_c~~~sm~Q~_~Qg_sm~QQ_~bg~~_Q~~!~§!~~_§t!ngs~g

m~tQgQ§_ig~_~blg~geb~ll_Q~t~cm~Qg~~gQ~_~~ng_m~s§~C~m~Qt_2QQ_gQ~1~§~2

gf_gCgso~~_msQ~~g~.:.
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CRSP RESPONSE AND COMMENT:

The CRSP responded that the recently lssued (July 1985> Thlrd
Work Plan addressed these and other methods, and that the newly
appolnted MaterIals and Methods SubcommIttee of the TechnIcal
CommIttee was responsIble for contInuous revIew of research
methodology.

Comment: At the meetIng of the TechnIcal CommIttee In January,
1988, further revIew of research methodology resulted In the
followIng changes: Measurements to be omItted were: MaxImum and
mInImum temperature at the top and bottom of ponds on a weekly basIs,
total hardness, nItrate-nItrIte nItrogen, orthophosphate, chlorophyll
band c, and salInIty. Measurements to be added were: Dark bottle
respIratIon, calculated whole-pond respIratIon, corrected and
uncorrected chlorophyll ~, suspended SOlIds, total volatIle SOlIds,
chemIcal oxygen demand, seepage rate, watershed area, and dlel
studles (lntenslve oxygen samplIng). Dlel study data are taken SIX
tImes dally and lncludel Cumulatlv. WInd speed and solar radlatlon,
and measurements oT pH, alkallnlty, temperature, and dIssolved oxygen
at the top, mld level, and bottom oT each pond. In addition, th.
follOWIng Pond DynamIcs/Aquaculture CollaboratIve Research Data
Report was Issued August 20, 1987, and gIve. detaIls oT standardIzed
methodology for CRSP research:

Egna, H.S., N. Brown, and M. LeslIe (eds.) 1987. Volume
one. General referencel slte descrlptl0ns, materlals
and methods for the global experIment. Pond
Dynamlcs/Aquacult. Collabor. Res. Data Rep., Program
Manage. OfT., OfT. Inter. Agrlc., Oreg. State Unlv.,
CorvallIS. 84 p.

RECOMMENDATION:

Ing_8g~gA~~b_I~~m_~eg~Lf~_~~AQg~~g_mg~ogg~_fg~_~bgmi~~!_~n~!~~~2

gf_e~A~~L~Q_~A~~~_~ng_~Q~Y~~_AggL~L9QA1_gg~Ym~n~~~ign_9f_~9i!

~o~mL~~~~_Ang_e~Q~bL~_e~ggY~~L~i~~_LQ_eg~h_f~!~b~~~g~_~ng_e~A~~L~n

~~~!~_egQg~~

CRSP RESPONSE AND COMMENT:

The CRSP response and current comment for thlS recommendatIon 1S
the same as that glven for the prevIous recommendatIon. We cont1nue
to use the Standard Methods for the Exam1natlon of Water and Waste
Water (APHA most recent addItIon) for methodology and experImental
procedures.

RECOMMENDATION.

Ih~_8~~~~~~b_I!~m_!Q~YC~_YQifg~mL~~_gf_~b!_t!at_ae~~i~~_IilseLs
Qilg~i~~_~mgng_eCg~~~~a_~~_iQ~Qtif~iQ9_s_~gmmgQ_§gyC~~_~Qg_~!Cif~iD9

9~Q!~i~_m~g~Ye_Y§iQg_a~AQQ~~Qi~~Q_!i~~t~gebg~~~i~_~~§~a~
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CRSP RESPONSE AND COMMENT:

The CRSP response was that a study of the genetIc dIversIty among
I~12Qi2 a~lQ~~£~ stocks used In CRSP research was planned as part of
the U.S. Research Component.

Comment: A research contract to study the genetlc dIversIty of
tI1apIa used at the seven CRSP research proJects was awarded to
SCIentIsts at Auburn Un1versIty. In theIr study, 38 enzyme lOCI were
examIned 1n seven populatIons of QC~Q~QCQm~§ Q~iQ~~£Y§ (I~i~e~~

Q~iQ~~~2) USIng starch-gel electrophoresIs. The researchers found
lIttle genetIc dIvergence among the populatIons, and there was a hIgh
level of genetIc varlablllty wlthln populatIons. Reference to theIr
summary 15:

Abdelhamld, A.A., K.G. Norgren, R.O. SmItherman, and R.A.
Dunham. 1988. GenetIC homogeneIty of Q~~g£Q~Qm~~

Q!!g~~£y. (I~!22~! Q~iQ~!~!) in AfrIca, C.ntral
AmerIca, and Southeast ASIA. PD/A CRSP, FIfth AdmIn.
Rep. 1987, Offlce Inter. Res. Devel., Or_g. Stat.
Unlv., Corvallls. 49 p., + Append.

RECOMMENDATION:

Ihm_ecgJ~s~._~~~~~Q_fY!!=~!m~_~Q.~_~gYQtc~_t~sbQlsl~Q._~Q_~~§!~~

~~~Q_~!~~~_~Q~!~~m._~b~~~_£QYQ~@C2~ct_a~~ff_~~!_Qg~_gy!!If!mg_Q~

e~C~QQQm!_~Y~QQ~@C_C~~~_~._2Cge!~m~tlkl!~

CRSP RESPONSE AND COMMENT:

The CRSP response was satlsfactory and needs no further comment.

RECOMMENDATION:

Ibm_~~Q~g~m~Q~_5Q~!~~_~Q~tL.~._SQQaY!~!~lQQ~_~!~b_~§a!Q
i~~§n~Qg~QQ~_Q~~~l_~Qg_~§alQ_~eYQ~C~_~!§§~eQ~_~e_~QSQYC~gC_eCg~!a~gQ

gf_2gg~~~eQ~!_!gg!§~~S_§Ye2QC~_~e_Y~§~_f~.!g_a~~ff_§Qg_~e_~QaYC~

SeQ~~Qy~g_Semm!~m~Q~_~e_eQge!Qg_e~gJ~S~§_e~_Y§a!Q_~!§§~gQa_!a_~~aa~gQ

§1~ff_2~C§9QQ~i_Sb§Qg.~

CRSP RESPONSE AND COMMENT:

The CRSP response IndIcated that the ME would pledge to contInue
to work closely WIth USAID (WashIngton) to prevent problems from
arISIng, and to work dl11gently to resolve problems that do arIse.

Comment: Slnce the EEP report was flIed, the PD/A CRSP has
receIved a $30,000 bUy-In from the USAID Mls510n In Thalland. The
PD/A CRSP was recently (January 1989) awarded a BaSIC OrderIng
Agreement (BOA) to facllltate the placement of dellvery orders by
USAID Mls5Ions for speclflC reqUIrements related to the ba51C CRSP
research grant. ThIS BOA WIll provlde a mechanIsm for the CRSP to
respond qUIc~ly and dlrectly to M1SSlon needs, and should foster
cooperatIve relatIons between the two entltles.
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RECOMMENDATION:

Ib~_~~Q~g~m~Q~_5Q~~~~_~Ei~el~Eb_~_I~£bQ~£~l_IQfgcm~i~gn_§~~~~£~
i~~~l~~~_~e!~c~£~~~_lQfgcm~~~gQ_E~~c£b~!l_fgc_f~~lg_ecg~~£tE_ig

g~~c£gm@_ecgQl~mE_gf_~Egl~~~eo_~Qg_te_~Qh~Q£~_ib~_ecgf~§E~eQ~l

~~e~c!~§~_~Qg_g~~~leem@Q~_ef_f~~lg_a~~ff~

CRSP RESPONSE AND COMMENT:

The CRSP response was satIsfactory and needs no further comment.

RECOMMENDATION:

!Q£C~~§gg_~Q~~c~£~lgQ_~meQg_f~@!g_ece~m~t!_e~_@Q~eYc~g@g_~bceygh

§~~~_~~§~~§_~QgLgc_~ec~§bg2!_YQgmc_th~_gy~g~Q,~_ef_~bm_I~~hQ~~.!

eg~~!9C~_gemm~~~~~~

CRSP RESPONSE AND COMMENT:

The CRSP response was to recogn1ze that thIs 1. an excellent
recommendat1on, but fund1ng constra1nts prevent It from be1ng carried
o~.

Comment: When the budget cuts of 1986 and 1987 forced the PD/A
CRSP to reduce 1ts research effort from seven projects In SIX
countr1es to three proJects 1n three countrIes, closer interactIons
among f1eld projects became essent1al. Currently, CRSP InvestIgators
from the UnIversIty of Mlchlgan, MIchIgan State UnIversIty, and the
UnIversIty of HawaII 1nteract In the plannIng for and conduct of
research WIth Host Country representatIves in ThaIland. Likewise,
Auburn UnIversIty, Oregon State Un1verslty, and the University of
Arkansas at PIne Bluff work JOIntly WIth Host Country staffs In
Rwanda. SImIlar relatl0ns eXIst between Auburn UnIversIty and the
UnIversIty of HawaII In theIr relatIons WIth theIr Honduran
counterparts. Theae Interactlons are shared at CRSP annual meetings
and at meetIngs of the TechnIcal CommIttee. The ME offIce has weekly
telephone contact wlth the U.S. Prlnclpal Investigators; and monthly
contact vIa letter/FAX WIth all overseas U.S. staff.

RECOMMENDATION:

Y~e!Q_~eo!1g~c_~_meg~§t_~Q~C~AE~_~Q_eygg~t_t9L_~1_§tc@ngth~Q

£e!!Aeec2t~~._C@E@AC£b_A~_Y~~~_YQ~~~C§~~~@§~_el_~o£c~2Eg_~neyt_e~

Y~~~_EC~Q~~2~!_!Q~@!t~g~tec§_LQ_EY22ect-2f_fL@!g_2C9~~£t§~_~l_QLC@

!2eec~tgC~_t@£hQL'~~Q!_fgc_£b~m~~2!_2QA!~§@E~_gl_Etc@Qg~b~Q_~Q@_~~e

~222C~Qt!~_YQg@CfYQg~g_2C9~@£tE_~Q_~eQgYC2§_AQg_E~Q2m~~_@l_fYng

~Qt@c2ce~@st_~gc~Ebge!~_~Qg_fl_2C9~~g~_A_~@ShQ~£~!_~Qfecm~t~eQ

§~C~~£~~

CRSP RESPONSE AND COMMENT:

WIth the exceptIon of ellmlnatlng Panama from the CRSP response,
there are no further comments.
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ReView Team

AD~IN~S~PATIVE M~N?GEMENT REVIEW
PO~D DYNA~ICS AQuACULTuRE CPSP - MEETING AT

~ONA, HAWAII, JANUARY 11-15, 1988

(S&T/AGR)

Richard Neal - (S&T/AGR) AID Member

William Fred Johnson - BIFAD Staff Member

I Background

A.I D 1S required to conduct perlodlcal adm1n1stratlve management
reV1ews of its contract/grant programs. The last management reVlew
of the Pond Dynam1cs/Aquaculture CRSP was conducted ln March 1985 by
representatlves of A I.D. (TeJpal G1ll) and of BIFAD (W Fred
Johnson) and a consultant That reVlew was ln preparatlon for the
flrst Triennlal ReV1ew for a proposed three-year extens10n of the
CRSP The rev1ew, together ~lth the evaluat10n by the External
Evaluatlon Panel (EEP) of the CRSP, prov1ded gU1dance for the
Triennlal ReVlew conducted J01ntly by the JCARD CRSP Panel and
A.l.D 's Agr1culture Sector Councl1 Sub-Comm1ttee.

The JOlnt group recommended and BIFAD concurred 1n a three-year
extens10n of the CRSP A.I.D. approved th1s act10n and author1zed
fund1ng for the per10d 1986-1989 The current adm1n1strative
manageMent rev1ew, thus, 1S a f1rst step 1n the procedure of reViews
and evaluat10ns for the second proposed three-year extension of the
Aquaculture CRSP (1989-1992). A scope of work for th1S management
reV1ew lS attached. Partlcular 1ssues that were 1dent1fled for
reView are:

-Effect of the reorganlzed plan of operat1on (3 sltes) on the
global obJect1ves of the CRSP.

-Comprehension by researchers of the global program concept and
the pursuit of the global obJect1ves 1n research be1ng conducted

Organ1zatlon, functions, and respons1b1l1t1es of the variOUS
entitles 1n the CRSP, (the Management Ent1ty (ME); The Board,
the Technical Comm1ttee (TC), and the EEP) V1S-a-ViS the CRSP
GU1del1nes

An add1t1onal prom1nent and cr1t1cal 1ssue that faces the ent1re
CRSP 1S what site should be selected as an alternat1ve to the Panama
slte lost w~en the U S. CRSP team was forced to leave Panama, as
required of u.s ass1stance personnel by the Panamaian government
(December, 1987).
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The balance of the current reVlew process w111 take place In 1988.
T~e EEP of the CRSP lS currently conductlng ltS evaluatlon Wh1Ch
~lll lnclude V1S1tS to all fleld sltes A JOlnt reVlew by the newly
organlzed BIFAD!JCARD Sub-Comm1ttee on Agrlcultural Research ano
Technology Transfer and the A.I.D. Agrlcultural Sector Councll
Sub-Comm1ttee wlll be scheduled for the Fall of 1988

II. Prevlous Admlnlstratlve Management Revlew

A brlef summary of the observat1ons and suggestlons made by the last
adm~nlstratlve management reV1ew team lS presented here to provlde
some orlentat10n concernlng the h1story of th1S CRSP.

The team noted satlsfactory progress and a lack of ser10US
adm1nlstratlve!management problems. Further lt noted the CRSP ME
had been responslve to CRSP GU1del1nes and had taken steps to
conform to the latest GUldel1nes where d1fferences were apparent
More spec1flc recommendat1ons were made by the reV1ew team on the
follow1ng tOP1CS

(1) mod1f1catlon of the structure and functlons of the Board
of D1rectors,

(2) replacement of the techn1cal advlsory commlttee wlth a
broader based techn1cal commlttee wlth an expanded role,

(3) 1mprovement of the annual work plan and calendar of events,

(4) add1tlon of a full-tlrne deputy to the offlce of the ME,

(5) clarlflcatlon of the goal of the CRSP,

(6) ldert1flcatlon 1n greater deta1l of the uses of unlverslty
matcn1ng funds, and

(7) strengthen1ng of the U.S research component

In the 0plnlon of the current reV1ew team, the CRSP has responded
appropr1ately to these recommendat1ons wlth two except10ns The
except10ns are, flrstly, the Board of Dlrectors has not been
enlarged as suggested, and secondly the u.S. research has become the
analytlcal arm of the CRSP rather than a separate blolog1cal or
phys1cal research component as suggested In Vlew of severe
budgetary reduct10ns lmposed on the CRSP, 1t lS the 0p1n1on of thls
team that the ME and Board have acted respons1bly ln these matters
and that dec1slons made have been benef1c1al to the goals of the
CRSP.
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III Observatlons and Suggestlons

A Reorganlzatlon of the Aguaculture CRSP

Because of severe budget cuts 1n FY 1986 and 1987, the Aquaculture
CRSP has had to drastIcally cut back ltS operatIons. Proposals for
the reorganIzatIon were submItted to two meet1ngs of the JOlnt JCARD
Panel on CRSPs and the AgrIcultural Sector Counc11 Sub-Commlttee
the fIrst ln December 1986, and the second at the end of January
1987. The revlsec plan subm1tted 1n January 1987 was accepted

Th1S plan called for reduct10n In the number of country sltes from
SIX (ThaIland, the Ph1llPP1nes, IndonesIa, Rwanda, Honduras, and
Panama) to three (Panama, Tha1land, and Rwanda). Th1S ma1nta1ned a
CRSP presence In each of the three contInents orIgInally selected.
The research program was successfUlly modIfIed to reflect these
changes WIthout changIng the obJectIves or research emphasIs of tne
program.

Several addItIonal concerns must be addressed by the reorganIzed
CRSP In 1988. In November, 1987 CRSP researchers In Panama were
ordered by A I D to leave the country because of polItIcal straIns
between the U S and Panama. ThUS, research at one of three SItes
was dlscont1nued. The program ln Thalland 1nvolv1ng three
InstItutIons has not yet fully 1ntegrated the actlv1t1es of MIchIgan
State and Sawall A new D1rector, Dr. Howard Horton, was appoInted
durIng 1987. Further data analys1s and synthesIs of results of the
global program are far beh1nd schedule. The reV1ew team was alerted
early on to these maJor problems fac1ng the CRSP.

B. The Global Plan

On the baSIS of presentatIons made by fIeld researchers, at the
meet1ng, a ser10US lack of focus on the global plan became
apparent TheIr contr1butlons to the global research were not
commun1cated, gIVIng the 1mpressslon of three separate research
actIv1tles. The f1rst stage of the CRSP was deSIgned to collect
standardIzed data on var1ables affect1ng the dynam1cs of ponds
treated WIth standardIzed Inputs, and to measure results ln terms of
the 1nfluence on the dynamICS of the pond. Th1S f1rst phase has
been completed, or 1S nearly completed. The data collected are
be1ng analyzed In the U S. by a speCIal team.

Research act1v1t1es have entered the second phase, followlng an
agreed set of research prIorIty fOCI, although some dlscret10n 1n
the research to be undertaken at each country slte 1S allowed as
long as the research 1S focused on the global obJect1ve. Here1n
lIes a cr1tlcal problem. Some research apparently relates more to
the needs of the country than to the global obJectIves of the CRSP.

tI tJ,.
t I
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W~lle some slte-speclflc research may be necessary to keep host
countrles and US~ID M1SSlons satlsf1ed, the maJorlty of researcn
actlvlty must be global 1n nature (generally agreed 1n thlS CRSP to
be at least 75%) New research act1vlt1es have become h1ghly slte
speclflc, espec1ally 1n Rwanda and Panama where there lS a heavy
orlentatlon toward Research act1vlt1es w1th local appl1cat10ns
There was a concensus of the reV1ew team, the Board, and the EEP
that responslblllty for correct1ng the d1rect1on of research rests
squarely on the shoulders of the ME, l.e. the Dlrector. The ME must
assure that the global focus lS ma1nta1ned. Of course, the ME
should use the TC, the Board, and the EEP to asslst wlth thlS task.

IndlVldual and collectlve meetlngs wlth the Dlrector, the Board, the
EEP and the TC enabled the reVlew team to clarlfy roles and to
emphaslze the need to adhere to the global plan. The evaluatlon by
the EEP, WhlCh lS Just gett1ng underway, wlll ldentlfy speclflc
sClentlflc weaknesses and make recommendatlons In th1S respect. The
EEP, the TC, and the ME wlll need to contlnue to relate research ln
the three countrles to aquaculture In other countrles wlth slmlllar
enVlronments around the globe. ThlS wlll be the Iltmus test of
thelr program

C Management Entlty and Board of Dlrectors

A new ME team (Dlrector and Asslstant D1rector) has taken over
dur1ng the past year The Dlrector has been on the Job for less
than a year, contrlbu~lng 50% of h1S t1me to th1S poslt1on. The
Dlrector has no prevlous CRSP experlence. It lS understandable that
the new management team has not yet had adequate experlence to
absorb the complexltles of a world-wlde program that lS undergolng
tremendous adJustment and lS enterlng a new research phase.
Therefore, th1S reV1ew lS t1mely, In that 1t provldes an opportun1ty
for orlentatlon of the new team, not only w1th regard to ltS
respons1bll1t1es but also 1tS authorlty, and the role and
respons1b111t1es of the varlOUS other CRSP ent1tles.

We found the Board members fully cognlzant of the global concept of
the CRSP, and aware of the management problems faclng the CRSP and
the need to focus the research on the global obJectlves. However,
the Board had been unsure of ltS author1ty wlth the ME. A JOlnt
meet1ng wlth the Board and ME was held to clarlfy thelr respectlve
functlons and responslbllltles The reV1ew team observed that an
aggress1ve leadershlp role ln management of the CRSP on the part of
the ME lS essent1al and cr1t1cal for assur1ng that country research
be malnta1ned wlth the perspectlve of the Global Plan, and that thlS
would requlre that the funct10ns and roles of the EEP, the TC, and
the Board be recogn1zed and fully ut1llzed
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It IS recommended that the DIrector pla~ a more actIve role In
dIrectIng thIS CRSP Tne CRSP IS proDably facing ItS most crItIcal
test of survival durIng thIS triennial reVIew WIth funding
reductions, reorganization, loss of a critical research site, data
analysis and new leadershIp. WIthout strong, positive leadershIp to
resolve problems qUIckly and effectively thIS CRSP wIll compare
unfavorably w1th other programs. The Board should prov1de ItS
encouragement and support to the ME 1n the rapId resolution of
crlt1cal Issues. We were 1mpressed w1th the resoluteness of the
Board to do th1S.

D. Coord1nat1on of Research 1n Tha1land

When th1S CRSP was reorganized to work In three countries rather
than SlX, the decIsIon was made to contInue the partIcIpatIon of all
fIve U S. unIverSIties rather than redUCIng the number of u.s
part1cIpants. The success of the reorganlzat1on to conform to
budget cuts 1S dependent upon Improved allocatIon and uses of
funds. The crucIal test of the deCISIon regardIng U.S partIcIpants
1S 1n Tha1land where M1chIgan, and M1chigan State UnIversIt1es and
the UniverSity of HawaiI plan to conduct a JOInt, cooperatIve
program to address CRSP goals.

The IntegratIon of thIS proJect has not been WIthout frustrat10n and
dIffIcultIes; however, the CRSP now seems to be In a poslt1on, w1th
Un1vers1ty of MIch1gan leadershIp and coordInatIon to beg1n a fUlly
coordInated and Integrated, sIngle proJect In Tha1land. The reVIew
team cons1ders that the need for careful IntegratIon and
coordinatIon of these research actIv1t1es warrants personal
attent10n and a VISIt to ThaIland by the CRSP DIrector, as well as
by the Board Cha1rman. The EEP 1S expected to look carefully at the
SCIentIfIc coheSIveness of thIS proJect and at ItS contrlbut1on to
the global obJectIves.

E PublIcatIons and Data AnalysIs

A measure of success of any research proJect 1S ItS contrIbution of
InformatIon on SCIentIfIc achIevements to the sCIentIf1c community
and country users through technIcal and sCIent1fIc pUblIcatIons and
other means. The team was pleased to note a flow of SCIentIfIc and
techn1cal publ1catlons from th1S CRSP and was further pleased w1th
the techn1cal qualIty and presentatIon of results and fIndIngs The
ME should be commended for 1tS actIon 1n th1S area.

A related 1ssue 1S the compIlat1on of data In a central data base
and SUbsequent analysIs and syntheSIS of results of the total global
program ThIS process was noted to be serIously laggIng by the EEP
In 1985 Although all components are now 1n place and data are



- 6-

belng analyzed, the process 1S stlll perce1ved to be behlnd schedule
Dy at least a year The management rev lew team bel1eves that tnls
represents a management problem of 1mportance for the ME. As
or1g1nally env1s1oned, the research was to be planned utll1z1ng
results of the analysls of the 1ntegrated global program At the
end of the slxth year of the proJect, no such feed back has yet been
poss1ble The reVlew team recommends that the CRSP D1rector glve
h1S personal attent10n to the schedul1ng and progress of data
subm1ss1on by P.I.ls and to the schedule and progress of analys1s by
the spec1al team. If found necessary by the Board and the ME,
lncreased fund1ng should be allocated to the task of analysls and
synthesls of results. Susta1ned fundlng of the program lS dependent
upon demonstratlon that thlS lS a global program and that results of
value are belng produced.

F. External Evaluat10n Panel

The EEP has been brought to 1tS full strength of three persons by
the addlt10n of Dr Hermln10 Rabanal Dr Kenneth Chew of the
Un1vers1ty of Wash1ngton agreed to serve as the Cha1rman. The th1rd
~ember of the EEP 15 Dr. Homer Buck of the Unlvers1ty of Illlnols.

A quest10n arose about the utlllty of V1SltS by the EEP and D1rector
to country sltes that have been dropped The reVlew team
recommended that those sltes be vls1ted. The rat10nale 1S the
1mportance of those countrles ln the global aquaculture plcture, as
related to the global plan. Such V1SltS should be v1ewed as
coordlnat1on to cap1tal1ze on prev1ou5 CRSP 1nvestments 1n those
countr1es by ma1nta1n1ng sC1ent1f1c 11nkages w1th them. They may
well opt for a cont1nued research relat10nshlp and wlll be
cand1dates as future users of research results Malnta1nlng and
promot1ng a contlnued lnterest by USAID M1SS1ons 1n those countr1es
1S also 1mportant Furthermore, such V1S1tS w1II be excellent means
for orlentatlon of the new CRSP D1rector.

IV. Overv1ew

By 1tS nature, a reV1ew of th1S type focuses on problems and th1s
part1cular reVlew occurred at a t1me of stress and change for thlS
part1cular CRSP.

The reV1ew team would be negl1gent 1f lt dld not ment10n the overall
strengths and pos1t1ve features of thlS CRSP. The long-range plan
1S sound and well-concelved, and the strategy for execut10n of the
plan 1S sat1sfactory. Host country relat1onsh1ps have been
excellent and host country part1c1pat1on 1S good. Although there
has been departures from the global plan, the qual1ty and executlon
of research have been excellent. The team was lmpressed at the
enthus1asm and eagerness shown by P.I IS and other CRSP part1c1pants
present at the annual meet1ng.
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Although fundlng has reduced the effectlveness and scope of
act1v1t1es of the CRSP, part1cularly the u.s portlon of the
research, a v1able operatlon 1S stlll feaslble The ME has managed
f1nances well cons1derlng the severe constralnts forced upon the
CRSP Any further reductlons would Jeopardlze the goals of the
CRSP. The CRSP ME and P.I 's should contlnue to seek AID Mlsslon
support to make the CRSP more effectIve.

All CRSP partlc1pants should bear ln mInd the orlglnal Justlflcatlon
and purposes of thlS CRSP. Evaluatlons wlll cont1nue to be based
upon how well the or1glnal goals and obJectlves are be1ng ach1eved.
The ult1rnate responslb1l1ty for all aspects of program performance
lIes w1th the ME Even when the ME has delegated respons1blllt1es,
the contractual responslbll1tles legally lIe wIth Oregon State
UnlversIty and the ME. The team sees a need for stronger gUIdance
of the CRSP by the ME and for closer adherence to the orlg1nal goals
of the program. Work plans for Phase IV should be updated and
flnallzed wIth th1S team's recommendat1ons 1n m1nd.

The team's overall analysIs 1S that th1S CRSP lS a strong program
caught at a weak moment. The overall progress and accompllshments
have been good. We see no reason that the program cannot overcome
temporary snags that It 1S now faclng and contInue lts lmportant ana
un2que contr1but10n to aquaculture as orlglnally planned.
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CRSP RESPONSE TO RECOMMENDATIONS OF THE
EXTERNAL EVALUATION PANEL REPORT

AND THE USAID ADMINISTRATIVE MANAGEMENT REVIEW

Both the External Evaluanon and the USAID Management RevIew of the
PDfA CRSP were conducted m a constructlve and hIghly professlOnal manner
ThIS IS the second tlme that the PD/A CRSP has been evaluated and revIewed
smce the program was minated m September 1982 The recommendanons from
these two groups help the Management Ennty and the CRSP research staff to
focus more clearly on the strengths and weaknesses of our program as we
connnue to develop baSIC understandIngs and models for Improvmg the efficIency
of pond aquaculture systems

The purpose of thIS secnon IS to descnbe the actlon taken or anncipated by
the CRSP In response to the specIfic recommendanons of the External Evaluanon
Panel (EEP) and the USAID Management ReVIew (MR) Although the EEP and
the MR address the performance of the CRSP organizatlon, It IS ImphcIt that the
CRSP IS In fact a partnershIp between USAID, U S umversines, and host country
msntunons The responses prOVIded In thIS sectlon are those that the CRSP can
address umlaterally However, both documents contam recommendanons that
transcend the CRSP organizatlon and must also be addressed by USAID

Response to the Recommendanons of the External Evaluanon Panel

The recommendanons of the EEP may be found on page 3 of the EEP
Report Each of these recommendanons IS repeated below along WIth the actlOn
taken or Intended by the CRSP ill response to the recommendanon

RECOMMENDATION.

1 That szte VlSztS by the External EvaluatlOn Panel members be made
prlOr to the annual meetmg so that dlSCUSSlOns at the annual meetmg can
eilmmate some of the dejiczencles recogmzed durmg a preilmmary draftmg
of the EEP report

CRSP RESPONSE

ThIS recommendanon can easily be accommodated by the CRSP
Management Entlty Our plan was to have the EEP attend a CRSP annual
meenng ill January 1988 to become acquamted WIth the program organizatlOn,

e --:~~~~ --------
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goals, aCtIVltIeS, and personnel before they embarked on sIte VISItS to the projects
10 the host countrIes Hopefully, thIs would gIve them an 1OdlcatIon of what to
expect and whom to 10teract Wlth dunng theIr revIew assIgnments Followmg
therr project site VISitS, we would lIke to have brought the EEP members together
a second tIme to 10teract WIth our program personnel at the meenng of our
Techmcal Comrntttee 10 October 1988 or at our PD/A CRSP annual meet10g 10
May 1989 As Idennfied earlIer 10 the EEP report, ME budget constramts
elmllnated thIS posSlblltty

If the EEP members are restrIcted to a s10gle meet10g WIth the collective
CRSP personnel, we agree that such a meeting should take place after they have
VIsIted the research projects

RECOMMENDATION

2 That the laboratory personnel (chemIsts, computer techmczans, etc) In

host countrles be placed on permanent status or prOVIded adequate
COmpetltlVe salarzes zn order to mlmmlze turnovers and to zncrease stabIlity,
contznulty, and zntegrlty ofthe projects

CRSP RESPONSE

The turnover of key laboratory personnel contInues to be a senous
problem fac10g thIS and other CRSPs PD/A CRSP research personnel are acutely
aware of the time and expense 10vested 10 tra1010g laboratory techmclans Our
researchers are lIkeWIse aware of the cntlcal need to ma1Ota1O conSIstent and
accurate analyses and data observatIons In all cases, host country Pnnclpal
Invesngators (PIs) and Research ASSOCIates (RAs) are encouraged to prOVIde the
hIghest pOSSIble salanes for laboratory personnel However, when faced WIth the
recent CRSP budget reductIons of 18% and 135%, and the paucIty of research
funds ill our counterpart host mstltunons, the task of mamtammg competltlve
salanes for our techmclans becomes extremely difficult It IS equally dIfficult to
convmce the employers of laboratory techmclans to place them on permanent
status, when our contrIbutIons to therr support are dependent on the penodIc
USAID oblIganons WhICh cover a year's time or less

It has been suggested that we look upon the tra1010g and placement of
laboratory techmClans as another product of our CRSP ThIS would be an
acceptable comprorntse If there was a tra1010g component 10cluded 10 our PD/A
CRSP grant WIthOUt funds to cover the expense of tra101Og, the loss of
laboratory techmclans wtll contmue to be a senous Impediment to progress 10 our
research

CRSP RESPONSE TO EEP RECOMMENDATIONS 2
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RECOMMENDATION

3 That conszderatlOn be gzven to the potentzalfor more effectlvely
extendzng znformatzon and techn%gzes zn host countrzes wzthout
dzmznlshzng the przmary goals and research actlvztzes Perhaps a revzew of
opportUnltles for non-maznlzne actlvztzes would be appropnate zn llght of
znteractzon wzth the farmers vza extenslOn needs

CRSP RESPONSE

CRSP personnel recognIze the need to extend the results of our pond
aquaculture research at every opportumty USAID MIssIOn staffs m Rwanda,
Honduras, and Thailand also stress the need to respond to local problems WIth
studIes and mfonnatIon At the same tIme, we are remmded by USAID that thIS
IS a collaboratIve research project that requIres us to maIntain our focus on the
global nature of our studIes In thIS arena of contraStIng needs, we give fust
pnonty to the global expenment WIthOUt sacnficmg reasonable attentIon to local
problems

One of the pnmary means of extendIng the results of our research IS
through the medIum of publIcatIons To date, CRSP personnel have publIshed
some 275 reports and theses dealIng WIth pond dynamICS and aquaculture tOpICS
DurIng the penod under reVIew, over 20 host country speCIal tOpICS research
projects have been conducted DescnptIons of these studIes are lIsted m our 5th
and 6th Annual AdmImstratIve Reports One of the pnncipal goals of our
proposed 5-Year ContInuatIon Proposal IS to complete a Manual of Pond
Management GUldelInes The target audIences for thIS manual are aquaculture
producers, development planners, and aquaculture SCIentIsts The manual WIll
prOVIde dependable gUIdelmes for maxImIZIng the effiCIency of pond aquaculture
systems

As the CRSP researchers move mto studIes aimed at venfymg the models
and relatIonshIps developed through the global expenment, demonstratIon
projects wIll by neceSSIty become Important research objectIves that can
SImultaneously serve major extenSIOn needs

RECOMMENDATION.

4 In the znterest ofmorale and program stabzlzty, zt zs recommended that
conszderatlon be gzven to adJustzng stzpends andfrznge benefits ofResearch
Assoczates to levels provzded to overseas personnel by other agenczes

CRSP RESPONSE TO EEP RECOMMENDATIONS 3



CRSP RESPONSE

The same financIal constraInts apply to thIS situatlOn as 10
recommendatIon number 2 above Pnncipal InvestIgators of the collaborat1Og
U S 1OstltutIons do not suppress salanes of therr Research ASSOCIates for reasons
other than the econOmICS of aVaIlable funds However, CRSP admInistrators are
aware of the SOCIal and finanCIal problems assocIated WIth 10adequate or unequal
salanes and are malang efforts to gaIn panty WIth expatnates supported by other
U S agenCIes The degree to WhICh we can Improve the econOmIC status of our
Research ASSOCIates IS tIed drrecdy to the budget request submItted as part of our
proposal for a 5-year cont1Ouanon grant

CRSP staff do proVIde unique funge benefits for Research ASSOCIates by
the prOVIsIOn of opportunitIes for speCIal traIning and advanced degree work
abroad AgaIn, the exerCIse of these benefits IS dependent upon the funds
aVaIlable to the vanous U S research 1OstItutIons

RECOMMENDATION

5 That efforts be extended to enllst assistance from host country agencies
m supportzng and tralmng more students Based on diSCUSSIOns zn Rwanda,
It zs suggested that the AID Mzsszon and Mmzstry of EducatIOn zn Kzgail
mzght be helpful zn thzs area

CRSP RESPONSE

The tra1010g aspects of our response to recommendatIon number 4 apply
equally to thIS recommendatlon We have receIved encouragement from the
USAID M1ssIOn 10 Bangkok, Thatland, to pursue more traIning opportunitIes for
therr aquacultunsts Ind1catIons are that there may be funds aVaIlable to support
thIS actIvity The USAID MISSIon 10 TeguCIgalpa, Honduras, IS also 10terested 10
fostenng add1tIonal traIning opportunitIes for therr constItuents, although It IS not
clear If they WIll Support travel abroad

WhIle the PD/A CRSP grant does not carry a traIning mandate, the
1Ovolvement of students from host countnes m our projects constitutes an
Important part of the CRSP's 1OternatIonal outreach EnthUSIasm for our projects
and for learn10g new slalls has led some of these students to graduate school at
our partICIpatmg U S umversltles These aCtlvitIes also help to promote
mternatIonal SCIentific lInkages through the exchange of technical 1OformatIon
As a result of these contnbutlOns and 1Oterests, research capabIlItIes have been

CRSP RESPONSE TO EEP RECOMMENDATIONS 4



substantIally strengthened m every developmg country m whIch the CRSP has
been actIve CRSP staff Wl11 contInue to look for and to encourage opportumtIes
for trammg of host country personnel

RECOMMENDATION

6 That Research Assoczates be more aggresszve zn statzng thezr needs and
problems to the Management Entzty, and that host country znstztutwns be
made more aware ofhow they mzght zmprove workzng conduwns for the
Research Assoczates zn approprzate znstances

CRSP RESPONSE

The Management EntIty office personnel are always senSItIve and
responsIve to requests for assIstance receIved from the Research ASSOCiates The
ME office IS careful to mc1ude the Research ASSOCiates on all of our mallIng lIsts
for publIcatIons and CRSP actIVItIes We malntam a monthly commumcatIon
WIth the host country research staffs, and regularly send them copIes of the table
of contents from promment U Sand mternatIonal Journals dealIng WIth
aquaculture

WhIle our expatnate staffs serve as Vltal lInkages between the host country
research and our ME office, we must be mmdful that the Research ASSOCiates are
employees of the research mstItutIons In thIs respect, the ME staff should work
through the appropnate umversIty when deahng With therr employees ME staff
can and do act on behalf of the U S umversltIes to help Improve workmg
conwtIons of the Research ASSOCIates As the offiCIal representatIve of the CRSP,
we can make tImely recommendatIons to host country offiCIals for appomtments,
aSSIstance, and sefV1ces when appropnate

RECOMMENDATION

7 Encourage the Data Analyszs and Syntheszs Team (DAST), whzch
handles the data and modellzng program, to be current and to ensure that
the flow of znformatzon back to host country collaborators zs done zn a rea­
sonable tlme

CRSP RESPONSE

The DAST, the CRSP Board of Drrectors, the CRSP Techmcal
Comnnttee, and the ME all recogmze the need to accelerate synthesIs of the
CRSP global data set ConsIderable progress has been made m the analyses
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WhICh bnefly are (1) All of the data have been made aVaIlable for analyses and
modelling by restructunng, checlang for errors, and estImating mISSing values, (2)
Analyses of fish growth rates, effects of age and weIght on fish growth rates, and
factors affecting fish length-weIght relatIonshIps have been completed and
reported, (3) The followmg mechamstIc models are under development and have
been reported to CRSP researchers a) an ecosystem model to SImulate 14 pond
vanables, b) a model to SImulate dIssolved oxygen concentratIon, and c) a model
to analyze dIurnal measurements of illssolved oxygen, pH, temperature, and
alkalImty, and (4) Models for pond claSSIficatIon systems and for pond
management techmques have been developed and are In the first stages of
refinement

The CRSP Board of Drrectors has encouraged the CRSP PIs and the
DAST to develop a workshop In WhICh InteractlOns and dISCUSSIons on the cause
and effects of the CRSP global data can be exchanged The ME has been drrected
by the Board to facIlItate such an exchange of Informanon and Ideas Current
planmng IS to hold thIS workshop m the fall of 1989

RECOMMENDATION

8 Due to lzmlted resources avazlable to the PDIA CRSP, perhaps there
should be encouragement to seek out posszbzlztzes of "buy-m" programs
related to and mtegrated wzth the przmary objectlves ofpresent
programmmg An example mlght be a "buy-m" vza AID Mzsswn or host
country orgamzatlons

CRSP RESPONSE.

On January 4, 1989, negotIanons for a BaSIC Ordenng Agreement (BOA)
were completed between USAID and Oregon State UmversIty for the purpose of
faCIlItatIng bUy-inS by USAID MISSIons Buy-ms must appropnately relate to the
core acttvltles of the CRSP grant for pond dynanncs/aquaculture research In the
past, such buy-ms were dIscouraged by USAID However, CRSPs are now
encouraged to use the buy-m mechamsm essentIally as an Indefimte QuantIty
Contract to obtaIn finanCIal aSSIstance In collaboratIve efforts PD/A CRSP staff
have been made aware of the BOA and encouraged to explore all relevant
posslbllmes for MISSIon buy-ms to augment our programs' broad goals

RECOMMENDATION

CRSP RESPONSE TO EEP RECOMMENDATIONS 6



9 More efforts need to be made by the ME to recognzze and communzcate
wuh the field RAs There IS a percepnon they are low on the ladder under
the US and host country PIs, even though they are probably the most
crzncal to the programs

CRSP RESPONSE.

Our response to recommendation numbers 5 and 6 above partly answer
thIS recommendation Our ME office WIll contlnue to commumcate as regularly
and effectIvely as pOSSIble WIth the RAs Because thIS concern has been vOIced
by the EEP on numerous occaSIOns, we WIll be alert to new and more effectIve
ways to commumcate WIth the RAs Because the Research ASSOCIates are
employees of the contractIng umversltIes, the ME staff must be rrundful to mclude
the respective employers m our commumcatIons

RECOMMENDATION.

10 That the dunes and Importance ofthe EEP, and the fundzng ofus
actlvztzes, be re-evaluated

CRSP RESPONSE

WIth regard to the dutIes and Importance of the EEP, the followmg
statement IS mcluded m our current PD/A CRSP grant from USAID "To keep
the External EvaluatIon Panel adVIsed of CRSP aCtiVItIeS, the Management EntIty
proVIdes the Panel WIth copIes of sIgmficant CRSP documents The Panel
members also attend the Annual CRSP MeetIng Attendance at the meeting
proVIdes the Panel members WIth the opportumty to dIscuss progress WIth the
vanous CRSP partICIpants and to observe the vanous CRSP plannmg aCtIVItIes
AddItIonally, the Panel members VISIt overseas research SItes m years comcldIng
WIth the Tnenmal ReVIews At the conclusIOn of the ReVIew, the EEP submIts a
wntten report of ItS fmdIngs to the Management EntIty, Board of DIrectors, and
AID Program Manager WIth copIes to BIFAD

The EEP serves WIthOut compensatIon but receIves reImbursement for all
travel expenses AddItIonally, the EEP members receIve an honoranum dunng
Tnenmal ReVIew years" Further details regardIng the general responsIbIlItIes of
the EEP are lIsted m Guzdelznes for CollaboratIve Research Support Program
under Tule XII, prepared by WIllIam Fred Johnson, BIFAD staff, and PhIllIp
Upchurch, Umverslty of Anzona

e""----------------
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The ME office agrees wIth the need and procedures for the EEP as hsted
In our USAID grant We have been pleased wIth the servIces provIded by the
EEP Therr Independent, collectIve Judgements of our program have been
InCISIVe and constructIve TheIr InteractIons WIth our host country and U S
collaborators have helped to strengthen our relatIonshIps and research program

As explamed In the EEP report, there were not suffiCIent funds avaIlable
In the ME budget for fInance all deSIred EEP actIVItIes The EEP members wre
supported to attend our three-day annual meetIng In Kona, HaWaiI In 1988, to
VISIt all of the research sItes (Honduras, IndonesIa, PhIlIppInes, Rwanda, and
Thailand) durmg 1988, and to get together for a plannmg seSSIOn m Los Angeles,
Caltforma In 1989 Because of severe finanCIal constramts on the ME, they were
not supported to attend the two-day meetIng of the Board of DIrectors and the
Techmcal CommIttee 10 Corvalhs, Oregon m 1988, nor were they afforded an
opportumty to meet as a team to reVIew the draft EEP report In 1989 The EEP
members WIll be proVIded WIth an honorarIUm for therr servIces dunng the
Tnenmal ReVIew year

The deCISIon to restrIct some travel by the EEP was not made easIly In
spIte of augmentIng our ME budget WIth $32,400 of outSIde funds, we stIll have a
projected deficIt of about $16,000 As responsIble managers, we were forced to
make saVIngs In many areas, 10cludmg the EEP ThIS aCtIon should not be
construed as reflectmg our VIew of the servIces of the EEP On the contrary, we
VIew the EEP as a very strong component of the POIA CRSP

The budget we have proposed for the 5-year contInuatIon grant contaInS
suffiCIent funds to fully support the EEP By our conservatIve calculatIons, It

requIres about $50,000 to finance an external evaluatIon ThIS Includes expenses
of the EEP, the Board of DIrectors, and the ME DIrector, who travel together
dunng the Tnenmal ReVIew

Response to the USAID Adm10stratwe Manag;ement ReVIew

The USAID AdmInIstratIve ReVIew (AMR) was conducted dunng the POI
A CRSP Annual MeetIng and Techmcal CommIttee Meeting on January 11-15,
1988 WhIle the AMR does not Include a lIst of speCIfic recommendatIons
analagous to those of the EEP, It does evaluate and suggest actIons on seven
dIstmct aspects of CRSP management The purpose of thIS sectIon IS to descnbe
actIons taken or antIcIpated In response to the suggestIons 10 the AdmtmstratIve
Management ReVIew

CRSP RESPONSE TO EEP RECOMMENDATIONS 8



1 Reor~amzanon of the Aqpaculture CRSP

On thIS subject, the AMR team was concerned that 1) Becausethe CRSP
was ordered by USAID to leave Panama In November 1987 due to polltlcal stram
between the U S and Panama, research at one of three sites was dIscontInued, 2)
the CRSP research In Thailand had not yet fully Integrated the actIVItIes of
MIchIgan State UnIVersIty and the UnIVerSIty of HaWaII, and 3) the analySIS and
synthesIs of the global data were far behInd schedule

1) The lead CRSP research group In Panama was Auburn UnIVerSIty
(AU) SInce the AMR, staffs from AU, the ME, and USAID have completed
negotIatIons to relocate the Panama CRSP to Honduras MOUs have been sIgned
between AU and the Honduran MInIStry of Natural Resources, and between AU
and the Escuela Agncola Panamencana at Zamorano The PDfA CRSP has been
re-establIshed at the El Carao Aquaculture Expenment StatIon ThIS IS a
freshwater Site, and global studIes folloWIng the CRSP Fourth Expenmental
Cycle are In progress In addItIon, site-speCIfic studIes m braclash water ponds
are m progress The sWItch from Panama to Honduras was accomplIshed In SIX
months Researchers plan to make up for the tIme lost

2) CRSP research In Thailand IS now fully mtegrated, and The UmversIty
of MIchIgan (UM) was deSIgnated as the lead InstItutIon The staff from the UM
has completed new MOUs WIth the ThaIland Department ofFIshenes (DOF) and
WIth the ASIan InstItute of Technology (AIT) These MOUs serve to
accommodate research aCtIVItIes by staffs from all three U S umverSItIes CRSP
relatIonshIps WIth the DOF, the AID, and the USAID MISSIOn are now Judged to
be excellent (see EEP report)

3) As of May 1988, all of the CRSP data aVaIlable from field staoons
have been receIved, venfied, and made available to the Data AnalysIs and
SynthesIs Team (DAST) The DAST has made consIderable progress In the
analySIS and syntheSIS of these data (see CRSP response to EEP recommendaoon
number 7) The body of data assembled by thIS global expenment now
constItutes a powerful tool for better understandIng of those factors and
relatIonshIps that lead to greater effiCIency In pond aquaculture The DAST IS on
schedule WIth ItS work plans and objecoves

2 The Global Plan

The AMR team was concerned that there was a senous lack of focus on
the global research plan The team perceIved that the CRSP was functIomng as
three separate research aCtIVIOeS and was lOSIng ItS focus on the global objecove
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They held the ME responsIble to see that the global focus was mamtamed, and
looked to the EEP report to IdentIfy weaknesses and make recommendatlons

The ME DIrector and the Techmcal COmmIttee Chamnan contmue to
mSIst that CRSP researchers adhere to the global plan In the current work plan
(4th), hypotheses about pond dynanucs are tested m dIfferent field expenments at
each research location ThIS allows the CRSP to proceed rapIdly through the
tesnng process OtherwIse, many years of work would be requIred to thoroughly
evaluate each hypotheSIS at all sItes The CRSP global expenment contmues
mtensive samphng of pond vanables dunng the course of each field expenment
A standard samplmg protocol IS used at alliocatlons, and the standardIzed data
are added to the CRSP Data Base to make the eXIstmg mformatIon even more
comprehensIVe

The EEP report dId not hst any concerns about devlauon from the global
plan of research Rather, they seemed generally pleased WIth the drrectIon and
accomphshments of the CRSP research at the three eXISting locatIons TheIr
recommendations d1d not hst measures to Improve focus on the global
expenment

3 Management EntIty and Board of DIrectors

The AMR team was concerned that the research program m Thal1and by
fully mtegrated as a smgle project mvolvIng three U S umversltles The team
recommended that the ME DIrector and the Board Charrman VISIt ThaIland to
ensure the full mtegratIon of the CRSP program

The ME DIrector and Dr James DIana, PI from The UmversIty of
MichIgan, VIsIted the CRSP project In ThaIland In August 1987 Dunng thIS VISit,
a draft MOU was negotiated between the UM and the DOF ThIS MOU was
subsequently SIgned by both partIes Meetings were also held WIth key personnel
from AlT, and the USAID MIsslOn In Bangkok Everyone agreed to the new
orgamzauon of the CRSP, and recogmzed that thIS was a smgle project under the
leadershIp of UM

Development SInce that VISIt have IndIcated contInued growth and full
cooperation by all partIes An MOU has been SIgned between UM and the AlT
for cooperative aquaculture research, WIth the approval of the ThaIland DOF The
EEP reports that the project IS strong and IS fully supported by all host country
partIes Because the CRSP project m ThaIland was on schedule and WIthout
apparent problems, and because of finanCIal constraInts on the ME that have been
mentloned prevIously, the ME DIrector d1d not VISIt the ThaIland CRSP In 1988

CRSP RESPONSE TO EEP RECOMMENDATIONS 10



WIth the use of non-PD/A CRSP funds, the ME AssIstant Drrector IS scheduled to
VlSIt the Thm.land CRSP In June 1989

5 PublIcatIons and Data AnalySIS

The AMR team was pleased WIth progress on the flow of sCIentlfic
publIcatIons from the PD/A CRSP Team members were concerned wIth progress
of the DAST, and suggested that the ME Drrector give thIS problem hIs personal
attentIon and conSIder the allocatIon of mcreased funds for analySIS and syntheSIS

ConSIderable progress has been made In the syntheSIS and analySIS of data
SInce the AMR reVIew was held The accomplIshments are lIsted m response to
the EEP recommendatIon number 7, but for convemence are repeated here 1) All
of the data have been made available for analyses and modellIng restructunng,
checkmg for errors, and estImatIng rrnssIng values, 2) Analyses of fish growth
rates, effects of age and weIght on fish growth rates, and factors affectmg fish
length-weIght relatIonshIps have been completed and reported, 3) The followmg
mechanIStIC models are under development and have been reported to CRSP
researchers a) an ecosystem model to sImulate 14 pond vanables, b) a model to
sImulate d1ssolved oxygen concentratIon, and c) a model to analyze d1urnal
measurements of d1ssolved oxygen, pH, temperature, and alkahmty, and 4)
models for pond claSSIficatIon systems and for pond management techmques have
been developed and are m the flrst stages of refmement

On Apnl 11, 1988, the ME Drrector met WIth Drs DavId BathrIck and
RIchard Neal of USAID WashIngton to d1scuss pOSSIbIlItIes of mcreased fund1ng
for the DAST actIVItIes A proposal of accelerated actIVItIes was presented along
wIth a budget request for $50,000 to accomplIsh the new syntheSIS and analySIS
goals All agreed that the Increased work was desrred and mented, but
supplemental funds could not be IdentIfied for thIS purpose Recent budget cuts to
the PDfA CRSP left no room for reallocatIon withm the overall project

6 External EvaluatIon Panel

The AMR team recommended that the EEP VISIt the SItes that had been
dropped from the CRSP due to budget cuts They felt that such VISItS would be
valuable as SCIentIfic lInkages and rrnght stImulate contInued research
relatIOnShIps The team belIeved that such VISItS would be an excellent means of
onentaaon of the CRSP Drrector

Arrangements were made for the EEP to VISIt all former CRSP sItes A
VISIt to Panama was not pOSSIble due to terrrnnaaon of d1plomatIc relaaons
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between the U S and Panama On hIS return tnp from non-CRSP busmess m
Oman, the ME DIrector dId VISIt Rwanda wIth the EEP Because of financial
constraints, the ME DIrector dId not accompany the EEP to the four other host
country sItes

7 OyeIYleW

The AMR team reported that the PDfA CRSP was a strong program
caught at a weak: moment due to the reorganizatlon They stated that plans for
Phase IV should be updated and finalIzed They repeated that the ME needs to
dIsplay a strong leadershIp to see that the CRSP global goals are accomplIshed
The team concluded that overall progress and accomplIshments have been good,
and that the program should contlnue ItS Important and umque contnbutlon to
global aquaculture

The CRSP Work Plan Fourth Expenmental Cycle, September 1,1987 to
August 31,1989 has been completed and dIstnbuted As reported prevIously, thIS
plan Incorporates the standard samplIng protocol at alllocatlOns and WIll produce
standardIzed observatlons for the CRSP Data Base

CRSP RESPONSE TO EEP RECOMMENDATIONS 12
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THAILAND O/A APRIL ~-9 19S5 INDONESIA OIA APRIL
18-14 1985 PHILIPPINES O/A APRIL 1~-19 1988
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ARE CHANGES NEE OED?

1 ACCOIIPLISHMENTS OF THE BASELINE RESEARCH PLAN IS IT
STAYING ON SCHEDULE' OUALITY OF RESEARCH TECHNIQUES
~ G SAMfllNG AND ANALYSIS) AHO CONSISTENCY IIITH ~ORK

PLAM SPECIFI~ATIONS RECORD KEEPING DATA ANALYSIS
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3 RELATIDIISHIP BETIlEEN CRSP PARTICIPANTS IU SAND HDST
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SUBJECT ST/AGR/RNR AQUACULTURE POND DYNAMICS CRSP
SECOtJD TRIENrJAL REVIEW

S&T FUNDING FOR SUBJECT CRSP ACTIVITIES IN HONDURAS
WAS TERMINATED AUGUST 31 1937 BECAUSE GOH AND
MIS SION WE REP LEA SED WIT H PRO GRES S 0F AU 8URN UN I VE RSI TY
PART I CIPAT I orl IN AOUACUl TURE PROGRA\1 IN H~NDURAS THE
USAID EXTENDED THE ACTIVITY FOR 12 MONTH~ WITH PROJECT
522-0163 FUNDING ALTHOUGH ~ISSION AND GOH ~OUlD 8E
INTER~STED IN SEEING A FURTHER EXTENSION or TrlESE
~ (, T I V I TIE S I rJ H0NDUPAS THE FUTUREA. VAI LAB I I I T Y ar
FUNDS FOR THIS PURPOSE IS YE~Y UNCE~TAIN ANY FURTHER
ACTIVITIES BEYOND AUGUST 1983 WOULD PROBABLY REQUIRE
CENTRAL FUNDING

2 TENTATIVE DATES FOR SITE VISIT (LATE JANUARY 1988)

ARE ACCEPTABLE TO MISSION BRIGGS
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PAGE 01
ACTION AID-00
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ACTION OFFICE
INFO ANPD-05

ANEA-02

ST"'G-02
AMAO- 121 1 ANMS-01

1212121 A0
ANTR-06 SAST-01 STFA-01 RELO-01

R 130402Z NOV 87
FM AMEMBASS~ JA~ARTA

TO SECSTATE WASHDC 9435

SUBJ AQUACULTURE POND DYNAMICS CRSP

ADM AID FOR R NEAL

;!tc-I
130423Z /38

OSBORN ST/AGR/RNRK

/01210 W
-----------------rI34166

N/A12356o

UNCLAS JAKARTA 17761

INFO LOG-00

E

USAID/JAKARTA CONCURS WITH THE ST/AGR/RNR PROPCSAL
FOR THE CRSP EXTERNAL EVALUATION PANEL ~EP} TO CARRY OUT
A SITE VISIT OF THE CRSP ACTIVITIES AT THE INSTITUTE OF
AGRICULTURE BOGOR (IPB>

2 OVERALL THE MISSION BELIEVES THE INDONESIAN POND
DYNAMICS CRSP WAS ON SCHEDULE IN ACCOMPLISHING THE
OBJECTIVES O~ THE CRSP AND DESPITE THE FACT THAT TILAPIA
CURRENTLY HAS LITTLE COMMERCIAL IMPORTANCE IN I ~DONESIA

IPB REMAINS INTERESTED IN CONTINUING THE RESEARCH
INITIATED UNDER THE CRSP THEREFORE USAID/JA~ARTA

RECOMMENDS THAT ST/AGR/RNR AND THE CRSP MANAGE~ENT UNIT
EXAMINE THE POSSIBILITY THAT A MINIMUM OF DOLLARS 1121 00121
PER ANNUM COULD BE PROVIDED TO IPS TO CONTI~vE THE CRSP
STATE OF ART TILAPIA RESEARCH ACTIVITIES BY RESIDENT IPB
STAFF AND TO ALLOW THE PRINCIPAL INVESTIGATOR A~D/OR

OTHER IPB CRSP ACTIVITY STAFF TO PARTICIPATE IN THE
ANNUAL CRSP MEETING

USAID/JAKARTA BELIVES THIS MINIMUM INVESTMEN~ WOULD
CONTINUE THE STRENGTHENING OF THE UNIVERSITY TIES
INITIATED UNDER THE CRSP AND THE DEVELOPMEN~ OF STATE OF
ART CULTURE TECHNOLOGY FOR COMMERCIALL( IMPOPTANT SPECIES
CJF ~ISH

CONNORS
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,UBIFCT ST/161 RIR ,QLACUlTURE PO~D OY~.I1ICS c~·p

SEceN. TRIENr I~ [ [w

REF SHTE 3 0366

RESPONCE TO ITEI1S IN REF A FARAuPAFH Z

Al TH' CR P CCOl1PL IS~I1EIITc J~ F.i::SEAR"H TR"IUI~G

AND IrSllTUT ONRL B~llDt~G IN P~HAP. ~AVE BE t VE~1

POSIT VE TrE TIIC eR,p ~ESIOENT FE,EA~C~E~S ~ELArE

~ELI 0 PA~ArIANI A COVlITERPARTS AIlD ~A~E PllOVEN AJPT
AT TR'I II.C OF TH IF LOUtTERPARTS ~HtLE CAlRYING JUT
RESEAtC" irE CO N ERPAns UII!lE~ IIIJ IIELL THE PJ.'CSE
OF lHE RESEAFCII THE I1ET OeOlOGIE rr=HNICJES UTILIZED
~ND HE EX ECTEO 'ESULTS THE CR ' f SIDEll RESEAR HEPS
OELEG'TE AlTrORIT) IND RCTATE TtSf, ·0 ALL T~E

COUIoTERPARTS HAlE Arl OfPCRTurliH TO f~RT CIP~1E II
HANes 011 fiSts THE P.RlICIP.TCRY Il~TLRE )F THIS TYPE
OF RE E<RCN S BEIEFICIAL FOR IhS"ITUTlOfiAL )EVElJP~EH

FOR E AIPLE lliiEN II SIIO~S RnlEIi TIlE PROCill.~ THE
PAN~I1'N1AN COUU'E PART ~RE tIP<CTED Te PO,T THE
JlSITOR AhO EMl III E\EH OETAIL or THE RES ~RCH

HI \lORKIHu R,LHION'HIPS BETI/Eell FAI1A1A~IAII

COUhTERP.ilTS CPSI' 'ND '1ISSIOII FEFSOI,~EL AIlE

EXCEllEIlT THIS IS TRUE III SPITE Or THE F~CT THAT AT
PR<CEIT OfF ClkL RELATICNS BOHEN HE TU :CUIITilI S

ARE S RAIN 0 lI o lTfER C~SP HOR "'S,IOII PE1UIREMEIIT, all
EACH OTHE RAPE EXCE SS IVE

CI THE OPERATION~L tHO ~DI1INISTRATI\E A~RAIlGEM IITS
BET.EEII THE CRoP INO THE USAID ~I$SIO~ I/ORII \lELL

01 THE CRoP AS 110DIFIED IS FOWSSIN. 011 Hon
COUPTPY RE'E~RcN ~EED, AIO IS CtRFYlliG OUT A~ IMPORT~HT

ROLE HAT CTrEH 0 IIOR- A~E NOT COIERI~G ~S THIS
RESEAPCII BECOMES ~orE AO\AlICED HE C~SP IIIL NEED TO
BEGIN .oJRKINv \iIT~ THt PilllATE <ECTJ~ TO PO\ RESIJLTS
FROP THE RESEARCH ST~TIOt TO FAFMER, 'eNOS A

CO NT "U IllG RESC.ilLH PROG.AI1 I IEeE, AilY FOR PA/IAI1A TO
II1PROIE O'ER'TIO~c IUCqEA'E P~CO C IJ. AIO ~AI~TAIN

IT S IE~DERSf IP R lE III tQ~ACU TUrE F-SEI.~CH IN L1TIII
AI1"R ICA PAl All. RIIIIEIl O\ER zeo PEO'LE F,lO'1 OTHER
CO"NTfll c LA I )HR

EI IT \/OULD 'EEM USEFLL FOR CRoP TO E{T ~D ITS
ACTIV,TIES UITll ~UGU,T 'I 1°3' HOIJ-~EP T~E CR,P
MUST FIRST ArALYZo T~l OATA IT HAo CO LEeTFD CUPIIlG THE
f I~ST FIVt HAilS TO OU"RI1IHE THE FUTt.lRE AREAS OF
PR~CRrM Foeuc
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ACTION AID-00
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ACTION OFFICE
INFO ANPD-05
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STtC-02
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3 l0
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------------------------------------------------------------------

R 090739Z NOV 87
FM AMEM8ASSY MANILA
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UNCLAS MANILA 36379

INFO LOG-00

AIDAC

FOR R NEAL

EAP-l1ll1l /l25fIJl25 W
------------------270402

ST/AGR/RNR

l!l90743Z /38

E 0 l2356 N/A
SU8JEC- ST/~GR/RNR AQUACULTURE/POND DYNAMICS CRSP
SECOND TRIENNIAL REVIEW

REF STArE 320966

1 ALTHOUGH ACTUAL CRSP ACTIVITIES IN THE PHILIPPINES
TERMINATED lST QUARTER OF 1987 USAID PHILIPPINES FEELS
THAT PREVIOUS CRSP ACTIVITIES WERE BENEFICIAL TO THE
STATE OF IN-COUNTRY AQUACULTURE RESEARCH PARTICULARLY
THE CULTURE OF TILAPIA IN BRACKISHWATER MOREOVER
INITIAL FINDINGS IN THE RESEARCH CONDUCTED HAVE ~

BEARING ON MINIMIZING INPUT REQUIREMENTS IN LDCAL
MILKFISH POND OPERATIONS

2 A NUMBER OF FILIPINO RESEARCHERS DID THEIR GRADUATE
STUDIES UNDER CRSP SPONSORSHIP AND THEY NOW COMPRISE THE
SECOND GROUP OF SCIENTISTS AT THE UNIVERSITY OF THE
PHILIPPINES IN THE VISAYAS ~PV) BRACKISHWATER
AQUACUL TURE CENTER (BAC)

3 ALTHOUGH IMPLEMENTATION WAS INITIALLY BESET WITH
ADMINISTRATIVE PROBLEMS WITH HOST COUNTRY COUNTERPARTS
THESE wERE ULTIMATELY RESOLVED WITH THE ESTA5LISHMENT OF
OPERATIONAL GUIDELINES AND STAFF CHANGES AMONG
COUNTERPART PERSONNEL

4 MISSION UNDERSTANDS THAT THE NUMBER OF CRSP SITES
MAY HAVE TO BE LIMITED DUE TO FUNDING CONS~RAINTS BUT
WOULD NEVERTHELESS ENCOURAGE INFORMATION EXCHANGE
BETWEEN THE UPV-BAC AND THE CRSp 5 IMPLEMENTING
INSTITUTIONS QUINN
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LIST OF PUBLICATIONS

Pond Dynamlcs/Aquaculture
Collaboratlve Research Support Program

As of 12/88

AUBURN/HONDURAS

Theses

Berr1os, J In preparatlon Growth and survlval of ~~brld tllapla (Tllapla
n110tlca x Tlla*la honorum) flngerllngs dur1ng the nursery phase B S
thesis, Dept 0 Blology, Un1verSldad NaClonal Autonoma de Honduras,
Teguclgalpa, Honduras (In Span1sh )

Cerna. C In preparat10n Zooplankton dynam1cs In Tllapla nllotlca productlon
ponds fertll1zed wlth trlple superphospate B S thes1s, Dept of
B10logy, Un1verSldad Nac10nal Autonoma de Honduras, Teguc1galpa,
Honduras (In Spanlsh )

Echeverrla, MA In preparatlon Prlmary productlon ln Tllapla nllot1ca
productlon ponds fert1l1zed w1th trlple superphosphate B S thesls,
Dept of B10logy, UnlverSldad Naclonal Autonoma de Honduras, Teguclgalpa,
Honduras (In Spanlsh )

Garces, C 1986 Quantltatlve analysls of zooplankton 1n flSh ponds fert1­
llzed wlth trlple superphosphate durlng the ralny season B S thesls,
Dept of B10logy, Unlversldad Nacl0nal Autonoma de Honduras, Teguclgalpa,
Honduras (In Spanlsh )

Gomez, R 1988 Effect of fertlllzer type on the productlon of male Tllapla
n110tlca B S thesls, Dept of B10logy, Unlversldad Naclonal Autonoma
de Honduras, Teguclgalpa, Honduras (In Spanlsh )

Lopez, L In preparatlon Productlon of Tllapla nllotlca In ponds fertlllzed
wlth layer chlcken lltter B S thesls, Dept of B10logy, UnlverSldad
Nac10nal Autonoma de Honduras, Teguclgalpa, Honduras (In Spanlsh )

MeJla, C In preparatlon
stocked wlth Tllapla
Unlversldad Nac10nal
Spanlsh )

Ralny season phytoplankton dynamlcs ln ponds
nllotlca B S thesls, Dept of B10logy,
Autonoma de Honduras, Teguclgalpa, Honduras (In

Paz, S A In preparatlon The relatlonshlp between prlmary productlvlty and
chlorophyll and thelr relatlon to tllapla productlon B S thesls, Dept
of Bl0logy, Unlversldad Naclonal Autonoma de Honduras, Teguclgalpa,
Honduras (In Spanlsh )

Sherman, C In preparatl0n All female culture of Tllapla nllotlca In ponds
fertlllzed wlth chlcken lltter B S thesls, Unlversldad Naclonal
Autonoma de Honduras, Teguclgalpa, Honduras (In Spanlsh )
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Reports

Alvarenga, H Rand B W Green 1985 Productlon of hybrld tl1apla (Tllapla
nl1ot1ca x T1lap1a honorum) f1nger11ngs C R S P Technlca1 Report,
unpubllshed 12 pp (In Span1sh )

Alvarenga, H Rand B W Green 1986 Growth and product1on of all male
T11ap1a n1lot1ca and all male hybr1d tl1ap1a (T1lap1a n1lot1ca x T1lap1a
honorum) 1n ponds Rev Latlnoamer1cana de ACU1cultura 29 6-10 (In
Span1sh )

Alvarenga, H R , B W Green and MI Rodrlguez In preparatlon Pelleted
flSh feed vs corn gluten as feed for t1lap1a and ch1nese carp
polyculture 1n ponds C R S P Techn1cal Report, unpubl1shed (In
Span1sh )

Alvarenga, H R , B W Green and MI Rodrlguez In preparat10n Product1on
of hybr1d t1lap1a (T1lap1a n1lot1ca x T1lapla honorum) f1ngerl1ngs uS1ng
two dlfferent brood stock denslt1es C R S P Technlca1 Report,
unpubllshed Auburn Un1verslty, Alabama

Alvarenga, H R , B W Green and MI Rodrlguez 1987 Product1on of
hybrld tllapla (T1lap1a n1lotlca x Tllapla honorum) 1n ponds uS1ng corn
gluten as a supplemental feed C R S P Techn1cal Report, unpub11shed
13 pp (In Spanlsh )

Alvarenga, H R , B W Green and MI Rodr1guez 1984 A system for produc1ng
hybrld t1lapla (Tllapla nllot1ca x Tl1apla honorum) f1ngerl1ngs at the El
Carao Aquaculture Exper1ment Stat1on, Comayagua, Honduras C R S P
Techn1cal Report, unpubllshed 9 pp (In Span1sh )

Green, B W
carps

1985 Report on the lnduced spawn1ng of the sllver and grass
C R S P Techn1ca1 Report, unpubllshed 8 pp (In Spanlsh )

Green, B Wand H R Alvarenga 1985 T1lapla and carp polyculture 1n ponds
recelvlng organlc fertll1zatlon and supplemental feed C R S P
Techn1cal Report, unpubllshed 10 pp (In Spanlsh )

Green, B W,
Report
Phases
Alabama

H R Alvarenga, R P Phelps and J Esplnoza 1988 Technlcal
Honduras Aquaculture C R S P Cycle 3 Ralny and Dry Season
C R S P Techn1cal Report, unpubl1shed Auburn Unlverslty,

Green, B W, H R Alvarenga, R P Phelps and J Esplnoza 1987 Technlcal
Report Honduras Aquaculture C R S P Cycle 2 Ra1ny Season Phase
C R S P Technlcal Report, unpubl1shed Auburn Unlverslty, Alabama

Green, B W,
Report
C R S P
pp

H R Alvarenga, R P Phelps and J Esp1noza 1986 Technlcal
Honauras Aquaculture C R S P Cycle 1 Ralny Season Phase
Technlcal Report, unpubllshed Auburn Unlverslty, Alabama 77

Green, B ~ , H R Alvarenga, R P Phelps and J Esplnoza 1986 Technlcal
Report Honduras Aquaculture C R S P Cycle 2 Dry Season Phase
C R S P Technlcal Report, unpubllshed Auburn Unlverslty, Alabama
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Green, B W,
Report
C R S P
pp

H R Alvarenga, R P Phelps and J Esplnoza 1985 Technlcal
Honduras Aquaculture C R S P Cycle 1 Dry Season Phase
Technlcal Report, unpubllshed Auburn Unlverslty, Alabama 51

Green, B W, R P Phelps and H R Alvarenga 1987 The effect of nltrogen and
phosphorus sources In fertlllzers used for the productlon of Tl1apla
nllotlca Submltted for publlcatlon ln Aquaculture

Presentatlons

Alvarenga, H Rand B W Green 1988 Producclon y aspectos economlCOS del
CUltlVO de tllapla en estanques fertlllzados con ga111naza (Productlon
and economlC aspects of tl1apla culture ln ponds fertlllzed wlth chlcken
lltter) Presented by H Alvarenga at the 34th Annual Meetlng of the
Programa Colaboratlvo Centro Amerlcana para el MeJoramlento de CUltlVOS
Allmentlclos (PCCMCA), San Jose, Costa Rlca

Green, B Wand H R Alvarenga 1987 Efecto de dlferentes tasas de apll­
caClon de galllnaza en la producclon de tllapla (The effect of dlfferent
rates of chlcken lltter appllcatlon on the productlon of tllapla
Presented at the 33rd Annual Meetlng of the Programa Colaboratlvo
Centroamerlcano para el MeJoramlento de CUltlVOS A11mentlclos (PCCMCA),
Instltuto de Clencla y Technologla Agrlcola, Guatemala, 30 March-4 Aprll,
1987 Presented by H R Alvarenga (In Spanlsh )

Green, B Wand H R Alvarenga 1987 Intenslve flngerllng productlon of
hybrld tllapla Tllapla nllotlca x Tllapla honorum ln earthen ponds
Presented at the 18th Annual Meetlng of the World Aquaculture Soclety,
Guayaqul1, Ecuador Presented by B Green

Green, B W, R P Phelps and H R Alvarenga 1987 The effect of nltrogen
and phosphorus sources ln fertl11zers used for the productlon of Tllapla
nllotlca Presented by B Green at the 18th Annual Meetlng of the World
Aquaculture Soclety, Guayaqull, Ecuador

Manuscrl pts

Green, B W, R P Phelps, and H R Alvarenga 1989 The effect of manures and
chemlcal fertlllzers on the productlon of Oreochromls nllotlcuS ln
earthen ponds Accepted for publlcatlon In Aquaculture

AUBURN/PANAMA-AGUADULCE

Theses

Abrego Ramos, R 1985 Uso de androgenos en alevlnes de Tllapla nllotlca
para la producclon de tllaplas monosexuales Llcenclatura Thesls In
B10logy, Unlv of Panama
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a challenge
of Ecuador,

AVlla, M In preparatlon El efecto del pOllcultlVO del pez, MUgll curema,
a varlOS densldades de slembra con la producclon de Penaeus vannamel y en
la calldad de agua en estanques de tlerra Llcenclatura Thesls In
81010gy, Cathol1c Unlverslty of Chlle, Santlago, Ch11e

Chavez, H 1984 Estud10 trofodlnamlco de Penaeus vannamel cultlvado en
estanques exper1mentales de aguas salobres Llcenc1atura Thesls In
81010gy, Un1v of Panama

Hernandez de Santamarla, 0 In preparatlon El efecto de dletas
exper1mentales en el creC1mlento y sobrev1vencla de Penaeus vannamel
cultlvado en estanques Llcenc1atura Thes1s In 81010gy, Un1v Panama

Lasso de la Vega, E 1985 Varlaclon del zooplancton en estanques de crla
de camarones blanco durante la estaclon seca Llcenclatura Thesls In
81010gy, Un1v Panama

Lore, 0 , H T y R Vlsuett1 1984 Efecto de la apllcaclon de abonos organl­
cos, concentrados y pescado fresco (Dormltator latlfrons) en la
producc10n de Penaeus styllrostrls y Penaeus vanname; L1cenclatura
Thesls 1n 81010gy, Un1v Panama

Quesada, I In preparat10n Ocurrenc1a de organlsmos benton1cOs en estan­
ques no a1lmentados sembrados con Penaeus vanname1 durante 1a estacl0n
seca L1cenc1atura Thesls 1n 81010gy, OnlY Panama

QUlroz, V In preparat10n Efectos de var10S n1ve1es de recamblo de agua a
1a ca11dad de agua y en 1a producc10n de Penaeus vanname1 en estanques de
t1erra Llcenclatura Thes1s 1n 81010gy, Unlv Panama

Reports

Van Wyk, Peter 1986 The relatl0nshlp of pump dlscharge and fuel efflclency
to t1da1 helght for a brack1sh water aquaculture pumplng statlon
Masters of Aquaculture Spec1al ProJect, Auburn Un1verslty, Alabama

SClent1f1C Papers Presented

Chavez, H December, 1984 Estud10 trofodlnamlco de Penaeus vannamel
cu1tlvado en estanques experlmenta1es de aguas salobres Presented to
the F1rst Nat1ona1 SC1ent1flc Congress, Un1v Panama, Panama

De Leon, A November, 1985 E1 efecto de ap11car fert111zantes lnorganlcos
en 1a producclon de Penaeus vannamel en estanques Presented to the
Second Nat10na1 SClent1f1c Congress, Unlv Panama, Panama

Hughes, D G November, 1985 Pred1ctlon of pond product1vlt1es
for aquaculture Presented to the Pontlflcal Catho11c UnlV
QU1tO, Ecuador

Hughes, 0 G November, 1984 The marlne shrlmp culture lndustry In Panama
Presented to Flrst Annual Shrlmp World Market1ng Conference, Acapulco,
Mex1co
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Hughes, D G yOM Garc1a A June, 1984 La producc1on de sem111a de T11ap1a
n11ot1ca en hapas una comparac10n de product1v1dades de cl1ma templada
con cl1ma trop1cal Presented by DaV1d Hughes to F1rst Nat10nal
Aquaculture Sem1nar 1n Un1v Nac10nal, Hered1a, Costa R1ca

Hughes, D G ,G de Gomez, E Lasso de la Vega, R P Phelps and R Pretto
Malca January, 1987 Ra1ny and dry season compar1sons 1n Peneaus
vanname1 product1on ponds 1n Panama rece1v1ng var10US water exchange
rates water qual1ty var1at10ns Poster seSS10n at World Aquaculture
Soc1ety Meet1ng, Guayaqu11, Ecuador

Hughes, D G ,A Torres and R P Phelps January, 1985 Product10n and growth
character1st1cs of Penaeus styl1rostr1s and P vanname1 1n mono and
polyculture 1n fed and unfed earthen ponds -Vresented by D Hughes at
the Annual Meet1ng of the World Mar1culture Soc1ety, Orlando, Florlda

K1vers, A December, 1984 Comparac10n de dos rangos y d1etas al1mentac1as
con alev1nes de T11ap1a n11ot1ca en plletas de concreto Presented to
the F1rst Nat1ona1 SC1ent1f1C Congress, Unlv Panama, Panama

K1vers, A December, 1984 Comparac10n de tres dens1dades de se1mbra de
alev1nes de Tllapla n110tlca en plletas de concreto Presented to the
Flrst Nat10nal SC1entlflc Congress, Un1v Panama, Panama

Lasso de la Vega, E and M V111areal November, 1985 Var1aclon del zoo­
plancton en estanques de crla de camarones blanco durante la estac10n
seca Presented to the Second Natlonal SClentlflc Congress, Un1v Panama

Lore, D ,H Tunon and R V1suettl December, 1984 Efecto de 1a apllcaclon
de abonos organ1cos, concentrados y pescado fresco (Dorm1tator lat1frons)
en la producc10n de Penaeus styllrostrls y Penaeus vanname; Presented
by H Tunon to the F1rst Natlonal SClent1flc Congress, Un1v Panama,
Panama

Moreno, J M December, 1984 Al1mentaclon de la Tllap1a n11ot1ca en 1a etapa
de alev1naJe Presented to the Flrst Nat1ona1 SC1ent1f1c Congress, Un1v
Panama, Panama

Moreno, J M December, 1984 El usa del androgeno 17-met11-testosterona en
alevlnaJe de Tllapla n110tlca para la producc10n de T11apla monosexuales
en Panama Presented to the Flrst Natlonal SClentlflC Congress, Un1V
Panama, Panama (December)

Pretto, R ,G Garson, V Batlsta y M de Leon September, 1983 Estud10
prel1m1nar del pOl1cultlVO de Peneldos con peces natlvos de aguas
salobres Presented by R Pretto to the F1fth Sympos1um of Lat1n
Amer1can Aquaculture, Un1v Austral de Chlle, Vald1v1a, Chlle

Torres, A December, 1984 Producc10n de Penaeus styl1rostrls baJo la
lnfluencla del Penaeus vanname1, en estanques exper1mentales de agua
salobre con y Sln al1mentac1on durante la epoca seca Presented to the
F1rst Nat10nal SC1ent1f1c Congress, Un1v Panama, Panama
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Manuscrlpts

Hughes, D G ,G de Gomez, E Lasso de la Vega, R P Phelps, and R Pretto
Malca January, 1987 Ralny and dry season comparlsons 1n Penaeus
vannamel product1on ponds 1n Panama rece1v1ng var10US water exchange
rates water qual1ty var1at1ons Presented as a poster at the World
Aquaculture Soclety Meetlng, Guayaqu1l, Ecuador

MSU/INDONESIA

Theses

Beebe, R S In preparat10n Fate of fert1l1zer n1trogen In flSh ponds
M1ch1gan State Un1verslty, East Lanslng, M1chlgan

Etnawatl, N 1987 The effect of Oreochrom1s n1lot1cuS Trewavas product1on
by 1ncreas1ng surface area for attached m1croorgan1sms B S thes1s,
Faculty of F1sher1es, Agr1cultural Un1vers1ty of Bogor, Indones1a 41 pp

Gart1n1, T 1986 Flow rate dependent changes 1n turb1d1ty and phosphorus
1n the water cond1t1on1ng system at Darmaga B S thes1s, Faculty of
F1sher1es, Agr1cultural Un1verslty of Bogor, Indonesla 66 pp

Harahat, I S 1987. Changes of n1trogen concentrat1on of the N1le T11apla
ponds Wh1Ch were fert1l1zed wlth chlcken manure B S thes1s, Faculty of
F1sherles, Agr1cultural Unlverslty of Bogor, Indonesla 41 pp

Haryanl, G S 1985 The growth rate, mortal1ty and feed1ng hab1ts of Tllap1a
nl1ot1ca (L) B S thes1s, Faculty of F1sher1es, Agrlcultural
Un;verslty of Bogor, Indones1a 76 pp

Lltasar1, L 1985 The compos1t1on and abundance of macrobenthos 1n relat10n
to pond productlv1ty B S thesls, Faculty of F1sherles, Agr1cu1tural
Un1verslty of Bogor, Indones1a 71 pp

Md Yusoff, F 1987 F1Sh product1on, pr1mary productlv1ty and nutr1ent
ava11ab1l1ty 1n fert1l1zed f1Sh ponds 1n Malaysla M1ch1gan State
Un1verslty, Lans1ng, M1chlgan 69 pp

Radlastutl, F 1986 The balance of n1trogen from an 1rr1gat1on canal that
flows through a water condlt1onlng system 1n Darmaga B S thesls,
Faculty of F1sher1es, Agrlcu1tural Un1vers1ty of Bogar, Indones1a 63 pp

Strahle, S L 1986 The use of reS1n cartr1dges for the storage and preser­
vatlon of aqueous samples for pest1c1de res1due ana1ysls MS thes1s,
Department of Flsher1es and Wlldllfe, Mlch1gan State Unlvers1ty, East
Lans1ng, Mlch1gan 45 pp

Subyakto, S 1985 The re1at1onsh1p between chlorophyll a and Secch1 dlSk
V1S1bll1ty 1n Tl1apla flSh ponds at Darmaga, Bogar B S thes1s, Faculty
of Flsher1es, Agricultural Un1vers1ty of Bogar, Indonesla 51 pp
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Sumara, Y 1986 Removal of detergents 1n 1rrlgat1on canal water by water
condlt1on1ng system at Darmaga, Bogar B S thes1s, Faculty of
Flsherles, Agr1cu1tural Unlvers1ty of Bogar, Indonesla 71 pp

Suratman, I F 1985 Composlt1on and abundance of zooplankton 1n T11ap1a
nl10t1ca L flSh ponds fertlllzed w1th trlp1e-superphosphate at Darmaga
B S thes1s, Faculty of F1sherles, Agrlcu1tural Un1vers1ty of Bogor,
Indonesla 58 pp

Tumbe1aka, R 1986 Prlmary product1v1ty of aquaculture ponds at Darmaga
B S thes1s, Faculty of F1sher1es, Agrlcu1tura1 Unlverslty of Bogar,
Indonesla 87 pp

W1dJaJa 1985 F1ushlng rate of experlmental T11apla n110t1ca (L ) ponds
at Darmaga and ltS re1atlonsh1p to some physlca1 and chemlcal factors of
the ponds B S thesls, Faculty of Flsherles, Agrlcultura1 Un1verslty
of Bogor, Indonesla 64 pp

Yu11antl, S 1986 Removal of detergents 1n 1rrlgat1on canal water by water
condltlonlng system at Darmaga B S thes1s, Faculty of Flsher1es,
Agrlcu1tura1 Unlvers1ty of Bogor, Indones1a 71 pp

YU11StO 1985 Effect of f1Sh predatlon on macrobenthos denslty 1n aquacul­
ture ponds B S thes1s, Faculty of F1sher1es, Agr1cultura1 Un1vers1ty
of Bogor, Indones1a 82 pp

Reports

Batterson, T.R , C D McNabb, C.F Knud-Hansen, H M E1dman, and K
Sumantad1nata 1988 Effect of ch1cken manure add1t1ons on f1Sh
product1on 1n ponds In West Java, Indones1a CRSP Research Report 88-8
6 pp

McNabb, CD, T R. Batterson, M Eldman, C S. Annett, and K Sumantad1nata
1985 Aquaculture-CRSP Indones1a proJect report f1rst f1ve-month
experlment, second experlmenta1 cycle (January-June 1985) Mlchlgan
State Un1vers1ty, East Lans1ng, M1chlgan 105 pp (September)

McNabb, CD, T R Batterson, M E1dman, B J Premo, and K Sumantadlnata
1985 Aquaculture-CRSP proJect report second flve-month experlment
Indones1a M1ch1gan State Un1vers1ty, East Lanslng, Mlchlgan 71 pp
(January)

McNabb, CD, T R Batterson, B J Premo, H M E1dman, and K Sumantadlnata
1988 Pond Dynam1cs/Aquaculture Collaborat1ve Research Data Reports
Volume Three Indones1a Cycle I of the Global Exper1ment PD/A CRSP,
Corvall1s, Oregon 67 pp

McNabb, CD, K SumawldJaJa, B J Premo, and K Sumantadlnata 1984
cu1ture-CRSP proJect report f1rst 5-month experlment Indones1a
State Unlvers1ty, East Lans1ng, M1ch1gan 107 pp (March)
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o McNabb, C F Knud-Hansen, H M E1dman and K
(In rev1ew) Effects of chlcken manure add1t10ns on f1Sh

ponds 1n West Java Journal of the World Aquaculture

(In rev1ew) Two underwater llght

Publ1cat10ns

Batterson, T R , C
Sumantad1nata
product1on 1n
Soc1ety

Knud-Hansen, C F , I S Harahat, T R Batterson and C 0 McNabb (In
preparat10n) N1trate and ammon1a deplet10n 1n Indones1an aquaculture
ponds fert111zed w1th ch1cken manure

McNabb, CD, T R Batterson, H M E1dman and K Sumantad1nata 1988 Carbon
11m1tat10n 1n fert111zed f1Sh ponds 1n Java 19th Annual World
Aquaculture Soc1ety Conference and EXpos1t10n

McNabb, CD, T R Batterson, H M E1dman and K Sumantad1nata (In rev1ew)
Carbon 11m1tat1on 1n fert1l1zed f1Sh ponds 1n Java Aquaculture

McNabb, CD, T R. Batterson, B J Premo, H M E1dman and K Sumantad1nata
(In revlew) Condlt10ns for pond aquaculture at Babakan Flsher1es
stat10n 1n West Java Aquaculture

McNabb, CD, C SoetJ1pta and J SubagJa
enV1ronments 1n Java Hydrob101og1a

Sumantad1nata, K 1985 Genet1c character1st1cs of stralns of Indones1an
carps Speclal Sympos1um of the Japanese F1sherles Soc1ety, Tokyo, Japan

SClentlflC Papers Presented

Batterson, T R 1985 The problems of water quallty for Indones1an f1sherles
Semlnar ser1es of the Bogar Chapter of the Indones1an Flsher1es Soclety,
Bogar, Indones1a

Knud-Hansen, C F , T R Batterson, and I S Harahat 1988 Nltrate and
ammonla deplet10n 1n Indones1an aquaculture ponds fertl11zed w1th chlcken
manure Journal of the World Aquaculture Soc1ety 19 42A

McNabb, C 0 1986 Carbon 11m1tat10n 1n flSh culture ponds 1n Indones1a
V1s1t1ng SC1ent1sts Sem1nar Ser1es, Lake B1wa Research Center, Sh1ga
Un1verslty, Otsu, Japan

McNabb, C 0 1986 L1mno1ogy of f1Sh ponds 1n Java V1s1t1ng SC1entlsts
Sem1nar Ser1es, College of F1sher1es and Mar1ne SC1ence, Agr1cultura1
Un1vers1ty of Ma1ays1a, Serdang, Malays1a

McNabb, C 0 1984 Appl1catlon of 11mnolog1cal technology to f1Sh pond
management Nat10nal Instltute of B101og1ca1 SC1ence, Bogor, IndoneS1a

McNabb, CD, T R Batterson, H M E1dman, and Komar Sumantad1nata 1988
Carbon 11m1tat10n 1n fertll1zed f1Sh ponds 1n Java Journal of the World
Aquaculture Soclety 19 51A
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World Food Day Natl0na1 Te1e­
Response Panel, East Lans1ng,

McNabb, co, T R Batterson, B J Premo, and J R Cra1g 1984 Photosynthet­
1cally act1ve rad1at1on In trop1cal and temperate zone hab1tats 88th
Annual Meet1ng of the M1ch1gan Academy of SClence, Arts, and Letters, B1g
Rap1ds, M1ch1gan

Sumantad1nata, K 1985 Genet1c character1st1Cs of stra1ns of Indones1an
carps Second Internat10nal Conference on Warm Water Aquaculture, BYU
Hawa11 Campus

Other Publlcatl0ns and Documentarles

Batterson, T R 1985-1987 Indonesla PO CRSP data d1skettes for Cycles I,
II, and uS1ng LOTUS 1-2-3

Batterson, T Rand C D McNabb 1986 MSUjCIFAD Y1sltlng SC1entlst Program
Wardana Ismal1, Head, Flsherles Research Facl11tles, Central Research
Instltute for Flsherles (CRIFI), Agency for Agr1cu1tura1 Research and
Development (AARD), Department of Agr1culture, Republ1c of Indones1a,
Jakarta Elght-week program on water qua11ty techn1ques, and laboratory
equlpment and deslgn 1n support of freshwater aquaculture 1n Indones1a
(June-August)

~1nnunen, R E and C 0 McNabb March, 1986 Co11aborat1ve aquaculture
research Instltute of Pertan1an Bogar and M1chlgan State Un1verslty
Improvement of pond culture technology and productlon Broadcast
Natlonal Educat10nal Telev1s10n, Jakarta, Indones1a, 15 mlnutes

K1nnunen, R E and C 0 McNabb March, 1986 Water treatment for small pond
flsherles Broadcast Natlonal News Network, Televls10n of the Republlc
of Indones1a (TVRI), Jakarta, Indones1a, 3 m1nutes

Knud-Hansen, C F 1986 Workshop on Water Qua11ty Analyses for Aquaculture
Ponds Inv1ted by Faculty of F1sher1es, Unlverslty of BrawlJaya at
Malang, East Java, Indones1a November 23-29, 1986

McNabb, C D 1986 F1sher1es 1n the trop1cs
conference M1chlgan State Unlverslty
Mlch1gan

McNabb, CD, H M E1dman, P Suw1gnJo, D L Garl1ng, K Sumaw1dJaJa, H C
Lampe, S MH SlrnandJuntak, R E Klnnunen, R R Nltlbaskara, J
McA11ster, T R Batterson, and C F Knud-Hansen 1986 A research plan
for Faculty of F1sher1es, Instltut Pertanlan Bogar, Bogar, Indones1a
M1ch1gan State Unlverslty, East Lans1ng, Mlchlgan 3U pp (Wr1tten 1n
both Engl1sh and Bahasa Indoneslan)

McNabb, C D and N R Kevern 1987 A North Central Reglonal Aquaculture
Center at M1chlgan State Unlverslty M1chlgan State Un1verslty,
Department of F1sherles and W1ldllfe, East Lanslng, M1chlgan 8 pp
Submltted to U S Department of Agr1culture

9



Nat10nal Educat10nal Telev1s1on and Telev1s1on of the Republ1c of Indones1a
(TVRI), Jakarta, Indones1a 1986 Collaborat1ve aquaculture research
Inst1tut Pertanlan Bogor and M1chlgan State Un1vers1ty Improvement of
pond culture technology and product1on, v1deotape (33 m1nute)

Premo, B J and K Sumantadlnata 1984 Laboratory manual of water quallty
technlques Jul1a Press, Bogor, Indonesla 43 pp

MSU/Thal1and

Publlcatlons

Abdalla, A M In preparatlon Manag1ng fert1llzers for ylelds of Oreochromls
nl10tlcuS Trewavas (Nlle tl1ap1a) Ph D Dlssertatl0n, M1chlgan State
University, East Lanslng, Mlchlgan

Knud-Hansen, C F , D Dana, Y Had1roseyan1, T R Batterson and C D McNabb
(In preparatlon) Egg productl0n and fry development technlques for
Clarlus batrachus (L) hatcherles

McNabb, CD, T R Batterson, B J Premo, C F Knud-Hansen, H M E1dman, C K
Lln, K Jalyen, J.E Hanson, and R Chuenpagdee (In preparat1on)
Manag1ng fert1l1zers for flSh yleld In trop1cal ponds In AS1a
Proceedlngs of the Second AS1an Flsherles Forum

Md Yusoff, F and C D McNabb (In press) Effects of nutrlent aval1ab1llty
on prlmary productlvlty and flSh product1on 1n fertl11zed trop1cal
ponds. Aquaculture

SClentlf1c Papers Presented

McNabb, CD, T R Batterson, C K L1n, K Ja1yen, J E Hanson, and R
Chuenpagdee January, 1989 F1Sh Yleld wlth n1trogen supplemented
organlc fertl1lzers Presented at the World Aquaculture Soclety Meetlng,
Hawa11

McNabb, CD, T R Batterson, B J Premo, C F Knud-Hansen, H M E1dman,
C K L1n, K Jalyen, J E Hanson, and R Chuenpagdee Apr1l, 1989
Manag1ng fert1l1zers for flSh y1eld In troplca1 ponds In AS1a Second
AS1an F1sherles Forum, Tokyo, Japan

AUBURN/PANAMA - GUALACA

Theses

Atenclo, A (In Preparat1on)
cal f1Sh culture ponds

Phosphorus saturatlon of aCldlc salls In tropl-
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Barr1os, C M 1985 Analys1s of water qual1ty 1n new freshwater ponds at the
Freshwater Aquaculture Stat10n 1n Gualaca

Fre11e, ME F 1985 Stomach analys1s of Macrobrach1um rosenberg11, T1lapla
n110t1ca, Colossoma macropomum and the hybr1d Hypophthalm1chthys mol1tr1x
x Ar1sth1chthys nob111s 1n polyculture at the Gualaca Freshwater
Aquaculture Experiment Statlon, Panama

Perez, MJ 1985 Economlc and marketlng study of flSh and shrlmp 1n po1y­
culture systems 1n freshwater ponds at Gualaca, Ch1rlqu1 Prov1nce

Plmentel, CAB 1984 Effect of llmlng on new unfert111zed ponds at the
Gualaca Aquaculture Exper1ment Stat10n

R10S, R A (In Preparat10n) Ident1f1cat10n and dynam1cs of zooplankton found
1n trop1cal earthen ponds rece1v1ng ch1cken lltter at four rates

Serrano, A (In Preparat10n) Econom1cs of t11ap1a product10n 1n monoculture
or 1n polyculture wlth prawns, and ut111z1ng manure or a commerc1al
pellet as the nutr1ent 1nput 1n Gualaca, Panama

Reports

Te1chert-Codd1ngton, 0 R , M Peralta, R P Phelps, and R. Pretto 1985
CRSP Techn1cal report F1rst cycle, dry season 1985, Freshwater
Aquaculture Research Stat1on, Gualaca, Panama

Te1chert-Coddlngton, 0 R ,M Peralta, R P Phelps, and R Pretto 1985
CRSP Techn1cal report F1rst cycle, wet season 1985, Freshwater
Aquaculture Research Stat1on, Gualaca, Panama

Publlcat10ns

Peralta, M. and D R Te1chert-Codd1ngton Comparat1ve Productlon of
Colossoma macropomum and T11apla n1lot1ca 1n Panama Presented at the
20th World Aquaculture Soc1ety Meet1ng 1n Honolulu, Hawa11, January 1988

Telchert-Coddlngton, 0 R , L L Behrends, and R 0 Sm1therman In Press
Effects of manurlng reg1me on pr1mary product10n and y1eld of t1lap1a
uSlng 11qU1d SW1ne manure Aquaculture

Te1chert-Coddlngton, 0 Rand R P Phelps In Press Effects of seepage
on water qual1ty and product1v1ty 1n 1norgan1c fert111zed trop1cal
ponds Journal of Trop1cal Aquaculture

Te1chert-Codd1ngton, 0 R ,N Stone, and R P
F1Sh Culture Ponds 1n Gualaca, Panama
7 309-320

11

Phelps 1988 Hydrology of
Aquacultural Englneer1ng



Manuscrlpts

Peralta, M and D R Te1chert-Codd1ngton Comparatlve Product1on of Colossoma
macropomum and T1lap1a n1lot1ca 1n Panama Subm1tted to Journal of the
World Aquaculture Soclety

Te1chert-Codd1ngton, DR, M Peralta, and R Pretto 1986 Prawn and t1lap1a
culture 1n Panama commerc1allzat1on of freshwater aquaculture
Subm1tted to Infof1sh, FAG Publ

Te1chert-Coddlngton, DR, D B Rouse, A Khater, and R a Smltherman 1987
Effects of two rates of organlc fert1l1zat1on and two levels of alka­
llnlty on prawn productlon ln a prawn-tl1apla polyculture Presented at
the World Aquaculture Soclety Meetlng, Ecuador, 1987

UNIVERSITY OF HAWAII/THE PHILIPPINES

Theses

Pahl1a, I G
optlmum
thesls,
Vlsayas

1986 Sorbed and s011 Solutl0n phosphorus In relat10n to the
phosphorus level of lab-lab In some bracklsh water ponds MS
Department of Flsherles, Unlverslty of the Phl11PPlnes In the

1986 The effects of
Penaeus monodon and,

University Hawall

Reports

Carre, V L , Carpenter, E J Pudadera, and R D Fortes 1986 The effects of
feeds and fertl11zer on the productl0n of Oreochromls nl10tlcuS In brack­
1shwater ponds Unpub11shed paper Unlversity Hawall and Universlty of
Phl11pplnes ln the Vlsayas

Fast, A W , K E. Carpenter, V L Core, and R L Janeo
water depth and clrcu1atlon on the productlvlty of
water qua11ty ln earthen ponds Unpub11shed paper
and Unlvers1ty Phl11PPlnes In the Vlsayas

Fast, A W , K E Carpenter, V L Corre, R L Janeo 1986 Water quallty
management In bracklsh water shrlmp ponds uSlng blva1ves and flSh
Unpub11shed paper Unlverslty Hawall and Unlverslty Phl11PPlnes In the
Vlsayas

011n, P ,D Barclay, and A W Fast In preparatlon Induced spawn1ng and
larval rear1ng of the Chlnese catflsh C1arlus fuscus ln Hawal1

SClentlflc Papers Presented

Carpenter, K E , A W Fast, R D Fortes, V L Corre, Jr ,J Woessner, and R L
Janeo May, 1986 The effects of water depth and clrcu1atlon on the
growth of Penaeus monodon In seml-lntenslve culture In earthen ponds
Presented to the AS1an Flsherles Forum Meetlng, Manl1a
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Ch1U, Y , V ESt1lo and K E Carpenter Effects of water exchange rates on
nutr1ent levels and product1v1ty of brack1shwater f1Sh ponds

Ch1U, Y , MP Macah1l1g, and MA Sastr1llo May, 1986 Factors affect1ng
the feed1ng rhythm of m1lkf1sh (Chanos chanos Forsskal) Proceed1ngs of
the AS1an F1sher1es Forum Meet1ng, Man1la

Fast, A W , K E Carpenter, F J Est1lo and H J Gonzales January, 1987
Effects of water depth on dynamlcs of Ph1l1pp1ne brack1sh water shr1mp
ponds Presented at the World Aquaculture Soc1ety Meet1ng, Ecuador

Fortes, R D , V L Corre and E J Pudadera
llzers and feeds as nutr1ent sources 1n
n1lot1cuS 1n Ph1l1PP1nes brack1sh water
F1sher1es Forum Meet1ng, Manlla (May)

May, 1986 The effects of fert1­
the product10n of Oreochrom1s
ponds Presented to the AS1an

(CRSP 86 2)

M1nsalan, C Land Y N ChlU May, 1986 Studles on the use of teaseed cake
for the select1ve el1m1nat10n of f1nf1shes 1n shr1mp ponds Presented to
the AS1an Flsher1es Forum, Man1la

Sanares, R.C , S.A Katase A W Fast and K.E. Carpenter May, 1986 Water
qual1ty dynam1cs 1n brack1shwater shr1mp ponds w1th art1f1c1al aerat10n
and Clrculat10n Presented to the AS1an F1sher1es Forum Meet1ng, Manlla

Ver, L M and Y N Ch1U May, 1986 The effects of paddlewheel aerators on
ammon1a and carbon d10x1de removal 1n 1ntens1ve pond culture Presented
to the AS1an F1sher1es Forum, Man1la

Manuscr1pts

Fast, Arlo W. 1986 Pond product1on systems Water qual1ty management
pract1ces, pp 141-168 In James E Lannan, R 0 Sm1therman and George
Tchobanoglous, (eds) PrTnc1ples and Pract1ces of Pond Aquaculture A
State of the Art Revlew Oregon State Un1vers1ty Press, Corva111s
(Orlglnal,y-pub11shed lnternally 1n 1983)

OSU/RWANDA

Theses

B1z1mana, V 1985 Essa1s de tr1age mecan1que en vue dlun elevage monosexe
des tllap1as et controle de la cr01ssance sur T macroch1r et T
rendall1 (The use of mechan1cal sort1ng for the monosex culture of
t1lap1as growth tr1als wlth T macroch1r and T renda1l1 ) Thes1s for
the degree of Ingenleur Agronom1e, Un1vers1te Nat10nale du Rwanda,
Butare, Rwanda

Hablneza, C 1986 Analyse de 1 leffet de la fumure organ1que (F1entes de
poules) sur la cr01ssance du T1lae1a n1lotlca (The 1nfluence of ch1cken
manure on the growth of T1lap;a n1lot;ca ;n Rwandan f1Sh ponds) Thes1s
for the degree of Ingen1eur Agronom1e, Unlvers1te Natlonale du Rwanda,
Butare, Rwanda
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Hakuzlyaremye, E Etude des effets de 1 lallmentatl0n sur la crOlssance des
tl1aplas--Essals en bacs sur T macrochlr et T rendall1 (A study of
the effects of feedlng on the-growth of tl1aplas Tank studles wlth T
macrochlr and T rendal11 ) Thesls for the degree of IngenleUr Agronome,
Universite NatTOnale du Rwanda, Butare, Rwanda

Hanson, Band F Rwangano Natural productlvlty of pond systems In Rwanda

Harwanlmbaga, C 1987 A prellmlnary study of the plankton populatl0n In flSh
ponds at Rwasave (Butare, Rwanda) Unlverslte Natlonale du Rwanda,
Butare, Rwanda Thesls for the degree of Llcensle en $clences

Ndlsebuye, A 1986 Etude des condltlons de reproductl0n de Tl1apla nl10tlca
en etangs de P1SClculture (A study of condltl0ns affectlng the
reproductlon of Tl1apla nllotlca In Rwandan flSh ponds) Thesls for the
degree of Ingenleur Agronome, Onlverslte Natl0nale du Rwanda, Butare,
Rwanda

Ngarambe, 0 1986 Etude de 1 1 1nfluence de la fumure organlque (flentes de
poules) sur 1a dynamlque des elements fertl1lsants de 1 leau et du sol de
quelques etangs Plsclco1es de Rwasave (The lnf1uence of chlcken manure
on so11 and water fertlllty In several flSh ponds at Rwasave) Thesls
for the degree of Ingenleur Agronome, Unlverslte Natlona1e du Rwanda,
Butare, Rwanda

Uwera, MJ 1987 Une etude des modalltes dlechantlllonage
etangs Plsclcoles (A comparatlve study of methods for
ponds) Unlverslte Natlonale du Rwanda, Butare, Rwanda
degree of Ingenleur Agronome

Publlcatlons

des pOlssons en
sampllng flSh ln

Thesls for the

Moehl, J F , Jr., K L Veverlca, B J Hanson, and N Hlshamunda 1987
Development of approprlate pond management technlques for use by Rwandan
farmers Internatlonal Symposlum on Tl1apla In Aquaculture, Bangkok In
press

SClentlflC Papers Presented

Curtls, L ,F Dlren, M Hurley and R Tubb Aprl1, 1988 Mlnlmal resldue
levels levels after sex reversal of Tllapla nllotlca by
methyltestosterone but perslstent alterations in hepatlc detoxlcatlon
systems Federatlon of Amer1can Socletles for Experlmental bl010gy, Las
Vegas, Nevada

Hanson, B , V. Ndoreyaho, F Rwangano, E Rurangwa, M Ven Speybroeck, R Tubb,
W Selm January, 1988 Relatlonshlp between water chemlstry and the
growth of T11ap1a nllotlca 1n Rwandan (Central Afrlca) flSh ponds
fertlllzed wlth chlcken manure World Aquaculture Soc1ety Meetlng,
Honolulu, Hawall
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Harwan1mbaga, C , F Rwangano and B Hanson January, 1988 A descr1pt1ve
study of plankton ln Rwandan (Central Afrlca) flSh ponds fertl1lzed wlth
chlcken manure or trlple super phosphate World Aquaculture Soc1ety
Meetlng, Honolulu, Hawall (January)

Rwangano, F , M Van Speybroeck, E Rurangwa, K Veverlca and B Hanson
January, 1988 Flngerllng productlon of Tllapla nl10tlca at the Rwasave
F1Sh Culture Stat10n of the Nat10nal Un1vers1ty of Rwanda World
Aquaculture Soclety Meetlng, Honolulu, Hawa11 (January)

S1kokl, F ,L Curtls and R. Tubb
transferase (UDP-GT) actlvlty
concentrat10ns durlng gonadal
g1StS, Atlanta, Georgla

1986 Inhlb1t10n of hepatlc UDP-Glucuronyl
cOlncldent wlth elevated plasma sex sterOld
maturatlon 1n carp Soclety of TOXlcolo-

Tubb, R March 1986
ralnbow trout.

The reductlon of estradlol by llver enzymes ln carp and
TOXlcology Meetlngs, New Orleans

Manuscrlpts

Hanson, B J , J F Moehl, K L Vever1ca, F Rwangano, and M Van Speybroeck
Pond culture of t11apla 1n a hlgh alt1tude equatorlal Afrlcan country
Subm1tted to the Second Internat10nal Symposlum on T1lap1a 1n Aquaculture

Hanson, B J , V. Ndoreyaho, F Rwangano, E Rurangwa, M Van Speybroeck, R
Tubb, and W Se1m January, 1987. Relat1onsh1p between water chem1stry
and the growth of T1lap1a n110t1ca 1n Rwandan (Central Afrlca) f1Sh ponds
fert111zed wlth ch1cken manure Submltted to the World Aquaculture
Soc1ety annual meetlng, Honolulu, Hawa11

Harwan1mbaga, C ,F Rwangano, and B J Hanson January, 1987 A descr1pt1ve
study of plankton 1n Rwandan (Central Afrlcan) f1Sh ponds fert1l1zed wlth
ch1cken manure or tr1ple superphosphate Presented to the World
Aquaculture Soc1ety annual meet1ng, Honolulu, Hawa11

Moehl, J F , Jr , K L Vever1ca, B J Hanson, and N Hlshamunda Development
of appropr1ate pond management techn1ques for use by rural Rwandan
farmers Subm1tted to the Second Internat10nal Sympos1um on T1lap1a 1n
Aquaculture

Rwangano, F ,M Van Speybroeck, E Rurangwa, K L Vever1ca, and B J Hanson
January, 1987 F1ngerl1ng product1on of t1lap1a n1lot1ca at the Rwasave
F1Sh Culture Stat10n of the Nat10nal Un1vers1ty of Rwanda Presented to
the World Aquaculture Soc1ety annual meetlng, Honolulu, Hawal1

Slkokl, F D., R A Tubb, and L R Curt1s 1986 Inh1b1tlon of hepatlc UDP­
glucuronyl transferase (UDP-GT) act1v1ty cOlnc1dent w1th elevated plasma
sex stero1d concentratlons durlng gonadal maturat10n 1n carp The
TOX1colog1St, v 6(1)
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UNIVERSITY OF MICHIGAN/THAILAND

Pub11cat10ns

D1ana, J S and A Fast 1988 The effects of water exchange rate and
denslty on Yleld of the walklng catf1sh, Clar1as fuscus Aquaculture
71 1n press

D1ana J S , P J Schneeberger, and C K. L1n 1988 Relat10nsh1ps between
pr1mary product10n and Y1eld of T11ap1a n110t1ca 1n ponds Pages 1n
press 1n R S V Pull1n, T Bhukaswan, K Tonguthal, and J L MacLean,
eds The second 1nternat10nal sympos1um on t11ap1a 1n aquaculture
ICLARM Conference Proceedlngs 15, Manlla, Ph111pp1nes

D1ana, J S , P J Schneeberger, and C K L1n. 1987
prlmary product10n and Y1eld of T11ap1a n110t1ca
of the Second Internatlonal Sympos1um on T11ap1a
Press)

Relatlonsh1ps between
1n ponds Proceed1ngs
1n Aquaculture (In

L1n, C K 1986 ACld1flcat10n and reclamatlon of aC1d sulfate so11 f1shponds
1n Tha11and Pp 71-74 1n J L MacLean, L.B D1zon and L V HOS1110s,
eds The F1rst AS1an F1sherles Forum ASlan F1sher1es Soc1ety, Man1la,
Ph1l1PP1nes

L1n, C K 1986 Nutr1ent dynam1cs between 1norgan1c and organ1c fert1l1zat1on
1n T11ap1a culture ponds Proceed1ngs of the 24th Kasetsart Un1vers1ty
Conference on F1sher1es 174-182

Nash, G , S. Ch1nabut, and C L1msuwan 1987. Id1opath1c muscle necrOS1S 1n
the freshwater prawn, Macrobrach1um rosenberg11 de Man, cultured 1n
Tha11and Journal of F1Sh Dlseases, 10 109-120

Tansakul, V ,T Sae-Lee, and E Sae-Loaw 1987 Acute tOX1C1ty and treatment
effect of formal1n to early larvae prawn, Macrobrach1um rosenberg11 (de
Man) Proceed1ngs of 25th Kasetsart Un1vers1ty Conference on F1sher-
1es, 1-11

Tavarutmanegul, P and C K L1n 1987 Breed1ng and rear1ng of sand goby
(Oxyeleotrls rosenberg11, Blk ) fry. Aquaculture 69 299-305

SC1ent1f1c Papers Presented

D1ana, J S , S L Kohler and D R OHey 1988
catf1sh product1on 1n aquaculture systems

A Y1eld model for walk1ng
Aquaculture 71 23-35

L1n, C K ,C Ap1napat, V Tansakul March, 1987 B1010g1cal n1trogen f1xa­
t10n as a source of n1trogen 1nput 1n f1Sh ponds Second Internat10na1
Sympos1um on T11ap1a 1n Aquaculture, Bangkok, Tha11and (~jarch)

L1n, C K and S Auworatham February, 1987 Effects of 1norganlc and
organlc fert111zers on zooplankton productlon 1n T1lap1a ponds 25th
Kasetsart Un1vers1ty Conference, Bangkok, Tha11and (February)
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Lln, C K, S Auworatham, and V Tansakul 1986
zooplankton by Tllapla In fertlllzed ponds
Semlnar

Dletary consumptlon of
Thal Flsherles Academy

Lln, C Kwel, M Boonyarapalln and Y MUSlg
terlstlcs of Macrobrachlum rosenbergll
productlon and marketing First ASlan
PhlllPPlnes

May, 1986 Blologlcal charac­
(de Man) In relatlon to pond
Flsherles Soclety Forum, Manlla,

Lln, C K and J SOlana March, 1987 Fertlllzatlon effects on pond
carrylng capaclty In extenslve culture of Tllapla (Oreochromls
nllotlcUS) 2nd Internatl0nal Symposlum on Tl1apla ln Aquaculture,
Bangkok

Lln, C Kwel, W Muthuwana, V Tansaku1, S Auworatham, and C Aplnapat 1986
Nutrlent dynamlcs between lnorganlc and organlc fertl11zed ponds for
Tllapla culture Thal Flsherles Academy Semlnar

Lln, C K , E Sae-Loaw, V Tansakul February, 1987 Rearlng post larvae of
Macrobrachlum rosenbergll at hlgh stocklng denslty In concrete tanks
25th Kasetsart Unlverslty Conference, Bangkok

Lln, C K, V Tansakul, W Muthuwana, and S Auworatham 1986 Productlon
and utl11zatlon of organlc carbon ln Tl1apla culture and ponds Thal
Flsherles Academy Semlnar

MUSlg, Y , M Boonyarapalln, C K
Macrobrachlum grow-out ponds
Bangkok

Lln February, 1987 Water quallty ln
25th Kasetsart Unlverslty Conference,

Tansaku1, V , T Sae-Lee
treatment effect of
rosenbergll de Man)
(February )

and E Sae-Loaw February, 1987 Acute tOX1Clty and
formalln on early larval prawns (Macrobrachlum

25th Kasetsart Unlverslty Conference, Bangkok

Manuscrl pts

Dlana, J Sand 0 Ottey 1986 Blologlcal prlnclples of pond culture flSh
In James E Lannan, R a Smltherman and George Tchobanoglous, (eds)
Prlnclp1es and Practlces of Pond Aquaculture A State of the Art
Revlew Oregon State Unlverslty Press, Corvallls Orl91nal ly-PUb1 1shed
as lnternal report In 1983 pp 39-52

Lln, C K 1988 An analysls of blolog1cal characterlstlcs of Macrobrachlum
rosenbergll In relatlon to pond productlon and marketlng Accepted by
Aquaculture

Lln, C K 1986 Blo1og1cal prlnclples of pond culture phytoplankton and
macrophytes, pp 21-26 In James E Lannan, R 0 Smltherman and George
Tchobanoglous, (eds) Prlnclples and Practlces of Pond Aquaculture A
State of the Art Revlew Oregon State Unlverslty Press, Corvallls
Originally pUblished as lnternal report ln 1983
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L1n, C K, V Tansakul, and C Ap1napat March 1987 Blologlcal n1trogen
flxat10n as a source of n1trogen lnput In f1shponds Proc 2nd
Internat10nal Sympos1um on T1lap1a aquaculture, Bangkok, Tha1land

L1n, C K and P Tavarutmaneegul 1986 AC1dlflcat10n and reclamatlon of
aC1d-sulfate sOll flSh ponds In Thalland Flrst ASlan Flsher1es Soc1ety
Forum, Man1la, Phll1pp1nes Publ1shed 1n Forum proceedlngs

Muthuwana W,V Tansakul, and C K Lln 1986 Nutrlent dynam1cs between
lnorganlc and organ1c fertll1zed ponds for Tllap1a culture January 1985
to Proceed1ngs of Kasetsart Unlvers1ty Agr1cultural Conference

Muthuwana W,V Tansakul, and C K. Lln 1986. Product10n and utll1zatlon
of organ1c carbon 1n t1lap1a culture ponds January 1985 to Proceed1ngs
of Kasetsart Un1verslty Agr1cultural Conference

OTHER PUBLICATIONS BY CRSP RESEARCHERS

Publlcat10ns

Brune, D E and R H P1edrah1ta 1982 Operat10n of a retalned b10mass
nltrlflcat10n system for treatlng aquaculture water for reuse
Proceed1ngs of the Flrst Internat10nal Conference on F1xed-F1lm
B10log1cal Processes, pp 845-869

Chang, W Subm1tted Integrated lake farmlng to manage f1Sh and enV1ronment
In large shallow lakes 1n Ch1na F1sher1es.

Chang, W 1987 F1Sh culture In Ch1na Flsher1es 12(3) 11-15

Chang, W 1987
Rlver Delta

H1storlcal center of f1Sh center In Ch1na 1n Lake Tal/Yangtze
Aquaculture Magaz1ne V13 39-42

Chang, W 1987 Large Lakes of Chlna J Great Lakes Res 13(3) 235-249

Chang, W 1986 Aquaculture research 1n Ch1na Ch1na Exchange News, CSCPRC,
Nat10nal Academy of SClences V14(2) 13-16

Chang, W
ponds

1986 Pract1ca1 methods for treat1ng f1Sh durlng oxygen stress In
Aquaculture Magazlne V13(4) 20-22

Chang, Wand R Rossmann In press Changes In the abundance of blue-green
algae related to nutrlent 10ad1ngs ln the nearshore of Lake Mlchlgan
Hydrob10log1a, 157 271-278

Ebellng, J M and R.H Pledrahlta 1985 M1crocomputer based data acqulsltlon
system for aquaculture use Amer1can Soc1ety of Agrlcultura1 Englneers
Paper Number 85-5014 8 pp

18

Glovann1n1, P and R H P1edrahlta 1988
oxygen 1n warm water aquaculture ponds
Eng1neers Paper Number 88-5004

Analysls and model1ng of d1ssolved
Amer1can Soclety of Agr1cultural



Hopklns, K D , J E Lannan and J R Bowman 1988 Managlng a Database for
Pond Research Data - The CRSP Experlence V 1, No 1, 12 pp

Losordo, T M , J M Ebellng and R.H Pledrahlta
measurement technlques In aquaculture ponds
Agrlcultural Englneers Paper Number 86-5047

1986 Stratlflcatlon
Amerlcan Soclety of
14 pp

Losordo, T M and R H Pledrahlta 1988 Slmulatlng aquacultural pond thermal
stratlflcatlon wlth a spreadsheet model Amerlcan Soclety of
Agrlcultural Englneers Paper Number 88-5003

Losordo, T M and R H Pledrahlta. 1988 Modellng vertlcal water quallty
profl1es In aquaculture ponds, reVlew and evaluatlon In Proceedlngs of
the Conference Aquacultural Englneerlng Technologles for the future,
Stlrllng, Scotland (In Press)

Losordo, T M., R H. Pledrahlta and J M Ebellng 1988 An automated water
quallty acqulsltlon system for use ln aquaculture ponds Aquacultural
Englneerlng, In Press

Pledrahlta, R H
ecosystems

1988 Introductlon to computer modellng of aquaculture pond
Aquaculture and Flsherles Management, 19 1-12

Pledrahlta, R H. 1987 Sensltlvlty analysls for an aquaculture pond model, p
119-123 In J G Balchen (ed) Automatlon and Data Processlng ln
Aquaculture, Pergamon Press, New York

Pledrahlta, R H
Ecosystems
Management

1987 Introductlon to Computer Modellng of Aquaculture Pond
Accepted for publlcatlon In Aquaculture and Flsherles

Pledrahlta, R H , D E Brune, G Tchobanoglous and G T Orlob 1984 General
model of the aquaculture pond ecosystem J World Marlculture Soc
15 355-366

Pledrahlta, R H , J M Ebellng and T.M. Losordo 1987 Use of data
acqulsltl0n systems ln aquaculture, p 259-262 In J G Balchen (ed )
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