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Historical Overview

he Pond Dynamies/ Aquaaculre Collaborative Research Support Progeam (PD/A CRSP) 1s an
international effort to deselop aquaculural technology as a means of confrontng food security
problems m developing countries The PDZA CRSP s lunded by the US Agency for International
Development (8 SAID), under authority of the Iternattonal Davelopment and Food Assistanee et
of 1975 (P L 94-101), and by the unnersities and mstitutions that particpate i the CRSP Oregon State
University (OSU) 15 the Management Entin (ME) for the CRSP and has techmeal, adnimistizine, and fiseal
‘esponsibilivs for the performance of grant provisions
The CRSP 15 a cohesive program of rescarch carried out i selecwed developmg, counties and the
United States by teams of US and host country seientists The tesources of 1S and host countny
institutions we brought wgether to 1improve the efficienes of pond cultre sstems through sustuniahle
aquaculure The TS mstitations partieipating m the program are Auburn Unnversiy. the Unersits of
California at Danis, the Cnnversiny of Ohlaboma, and the Consotuum for Internationat Isheries and
Aquaculure Development (CIIAD) CIFAD members include the Uanersiy of Athansas at Pine Bluff, the
University of lawan, the Cnnersiy of Micugan, Michigan State Uiversity, and Oregon Sate Uniersity
Hostcountry insttutions with formal Tinkages to the CRSP through Memoranda of Understanding are the
Navonal Universiy of Rwanda, Roval Than Department of Fisheries, Asun Insttate of Technolog,
Department of Renewable Natural Resources, Agricultnal Researeh Center of Iavpt, and Cengral Luzon
State University of the Phalippimes Sumerous hnhages are also mamtaned with other U S and host countny
» nernmentl and non-governmental mstitutions, and with private compames and Lumers
CRSP activaties were formally nitiated on
[ September 1982 after several vears of
planning From 1682 10 1987, CRSP progects
imvohved the participiiion of gevernment
agencies and educational mstitutions i siv host
countries Honduras, Indonesi, Panama, the
Philippmes, Rwanda, and Thaland Funding
constramts during 1986 and 1987 foreed a
reduction moperatons A teorgamzation plan
wats submutted n December 1986 to the Jomt
Committee on Ageiculiural Researeh and
Development (JOARD) Panel on CRSPs and the
AD Agnicultural Sector Coundil subcommittee
The plan, which went mto effect on | September
1987, called for mamtumng a presence m each
of the USAD geographical weas ongimally
seledted. and three countny sites were chosen,
Rwanda. Thadand, and Panama However,
following that decision. polincal imtrtives in
Panamit i 1987 made it necessin for the CRSP
to leave Panami and return o Honduras,
Largely through the efforts of Auburn Lnneray
and through continumg financial commuments
of the USALD Mission, the CRSP was welcomed
bach into Honduras in Apnl 1988 and began
evpeniments with the assistance of the
Honduran Department of Renewable Naral
Resources (RENARE) m August 1988



=" New Prejects and Opportunitics

The termmanon of brachish water sites i Panama and the Philippines m
1987 altered the approach of the CRSP toward freshwaer researeh

Now,anew hritchish water site i Choluteca, ilonduras re-opens
opportunities for studie of these environmentallhy and economcally
important sssiems I gccordance with the goals of the USAD Mission in
Honduras, the CRSP s conducung research near the Gall of Fonseca to
evaluate enstronmental tpacts and alternatinve production strategies
assocrdted with shump farmng i that region: Closer collaboration between
the PD/A CRSE and Honduran orgamizabions, ather CRSPs, and private
aquaculture fams will be faahtated through the CRSP'S involvement i ths
new site CRSP reseanch at the freshwater stason m Comavagua, winch
continues to opertte under ho tcountn supenision, now focuses on
extensions of CRSP global wechnologies

The mstiation of @ new site 10 Egspt i October 1992 offered the CRSP an
evaung opportunity to imvestigate pond management strategres wan and chimate: The Egapt project s
now part of the fannly of PB/ZA CRSP projects, but it s uiique i that s funded under a separate grant
from LSAID/Carro and the Nationad Agniculiural Research Project of Egypt (0 SAD Grant No- 2603-0152-6-
00-2231-00) In addinon to the nandiaton Globad Experiment, which s conducted atall CRSP sites, the
Egspt project is credited with addmg new researeh thrusts to the CRSP polsculture, bioconsersion, and
biotechnology Also, through the Fgvpt project, the CRSP has added new researchers 1o s list of
cooper.tors and hias expanded s msutunonal affileions (new participants induode the Central Laboratory
of Aquaculpire Research, Abbassa, and the Lanversity of Oklahoma)  Tongtme nsututional members of
the CRSP lso participating i the Egapt project are Oregon State Lnnersity, Auburn Unnersity, Unnversity
of Hawan, Universiy of Michigan, wed the Asran Institute of Technology

The Egypt Progect presents one example of the CRSP's actine pursint of new opportuniies: Because
collaborative projects must benefit both the host countres and U S, as well as fulfilling overall CRSP gouls,
new opportuntties dre detaally quite rare Nevertheless, the CRSP has been suceesstul mattracung new
projects in four target areas soctoeconomies research, gender studies, on-farm studies, and outireach.
Projects i these Tocus areas are showing their first results and ace successfully adding 4 broader
dimension to the CRSP eperience Natunal resources nrnagement has alwass been a cornerstone of the
CRSP, therefore, the contnued efforts i this area are notnew What is new s the integranon of natural
resources work with sociocultural and economie dimensions of aquaculture

The economies study imtrtted n Thaukand m 1991 by 1esearchers from the Universiy of Srhansas at
Pine Blull and Michigan State Uniersity culnunated i a techniedl report that described profit-making fish
culture enterprises i the mpoverished Northeast segion This study s complemented by the economies
study currently under win i Rwanda—{funded primanly through i buy-m from USAID'S Histone Black
Colleges and Unnersiies (HBCL) Program—and the ongoing privite sector research for commercial
shrimp and ulapia farms 1 Honduras The HBEU grant also enables the Unversity of Arkansas at Pine
Bluff 10 augment core CRSP hiotogieal research in Rwanda through much needed experiments on
temperature tolerance of plapia Many of the teenmeal sammaries contamed i the Annual Techmeal
Report of this Eleventh Annual Report present pracncal econonmie mlormatton m-addiion to the hiological
amhses that are the maastas of this CRSP

The CRSP hegan a global soerd seiences project toward the end of this reportung period  Auburn
Universtty economists and sociologists are collaborating with researchers from the Philippines, Thaland,
and Honduras i an examination of aquaculture echnology adoption and diffusion. This project presents
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one of the CRSP's first attempts to fully fund a soctal scrences activity that cuts across 4 number of CRSP
sites. However, continued funding constraunts (this CRSP 1s funded on average at 0 percent of the other
CRSPS) may again relegate socul science research to be funded primarily through estramural support

When BIFADEC origmalh designed the CRSPs, the mandate called for greater tocus on research than
on outreach. The PD/ZA CRSP, heweser, sees the partnership of these o tvpes of actities as entical to
achieving positne social impacts: Therefore, greater emphasis durng the past vear has been placed on
farmer parucipatony research, on estending research mformation to end users, and on adopting
research strategy that 1s sustamable and appropreue. The CRSP project i Rwanda, for example, regularly
assists the USAID Mission wath ats natural resources projeets and has belped transfer CRSP technologies to
Rwandan farmers, who are now esperiencing widespread success with fish culture In Northeast Mhaland,
the CRSP is cooperating with scientists from other donor agencies in helping farmers help themselves, The
direct mput that farmers provide to the research process renders the resulis more relevant and cost-
effectne

Other “buy-in™ actmattes melude expanding traditonal pond dvnamics work to encompass 4 broader
anmalysis of the effects of aquaculture on the emvironment, & proposal to collaborate with the International
Center for Living \quatic Resources Management (ICLARMY on an aquacultare methods manual. and o
proposal to USAID to support @ workshop on mtegratng a social sciences perspectrse into mamhine CRSP
research The CRSP continues to be one of the prmeipal plavers m the CRSP Councrd's efforts to ttract
funding for a large-scale agroecological study 1 Honduras involving 1ts two most important expott
products, shrimp and melons

The CRSP'S directmvohement with farmers, educators, and other end users of CRSP technology 1s one
way to actively estend imformation generated by the program: Other mformation v extended through the
CRSP's numerous pubhcattons, which are amed at techmeal and non-techmeal audiences The CRSP's
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recently initiated international effort
to write 4 comprehensive ook on
the principles of pond dynamics also
mvohes the aquaculure comnaunin
at-karge This hook will be i useful
addition to aquaculture researchers’
and students” ihraries, and an effort
1 beng made to mahe - available at
an adfordable price to people in less
economically adviinced countries,
Che book will updite and expand on
an carhier CRSP book, Principles
and Practices of Pond \guacaltnre
which s m s third printng,

Continving
activities

With the completon of the first three
ovcles of standardized global
experments (1982-1987), the CRSP
began focusing on the statstical
mterpretation of data that were
coliected at the sty progect sites The research program wats successfully modified to reflect the reduction
in sites without changing the overall emphasis of the CRSP. The global nawre of the progran therefore
remaaned itact Expermmental protocol, s deseribed m subsequent work plans, conforms to that of the
origmnal three cveles to allow comparison between sites over e, Freld esperiments blend program-
oricnted (see Global Experiment and Related Studies) and project-onented (site-specific) considerations
in response to the vesults of the cailier experiments

AMter vears of discusston, the CKSP i moving ahead with plans to mcorporate much of the CRSP global
data base into the International Center for Tiving Aquatic Resource Management (ICLARM) FISHBASE.
This will further ensure safeheeping of the important dat that have been collected through ten years of
CRSP experiments Inan effort to tansfer the CRSP Central Data Base from s present home i the
Management Entity to a reseanch project, n ad hoe commitiee of the Techmeal Commttee undertook a
rigorous evaluation of the data base m 1991, The ad hoe commuttee suggested tht i addition to the
administratye and maintenance functons now performed by the data base manager, new daa base
actvaties should include statsucal analvses and a user manual As a result of the evaluation, an RFP was
issuced by the Management Entite i 1992 The Uniersin of Hawan at Hdo (UHH) submtted the winning
proposal and the dat hase wits transferved from Oregon State Unnersity to THEm Spring of 1993

The CRSP passed another mitestoie with the completion of PONDCLASS version 1.4, the espert system
on pond management gudehnes This new version mncorpordtes economic criterta an., other important
production varables PONDCLASS 15 now being tested 4 several freld locations, imcludimg CRSP siies i
Rwanda, norwaeast Thatland, and the Philppimes PONDCLASS not only provides new technology for fish
cultrrists but also senves as an excellent teaching tool for sumutating pond responses to a variety of mputs.
The PONDCLASS manual 18 now availuble in French, the Rwanda tean translated the manual ina
cooperativ > effort with the Data Analysss and Ssathesis Team A Spanish trans laton of the manual is in
PrORress.




This Eleventh Annual Report contains some summaries of studies that were only partially funded by the
CRSP; CRSP funds were used as seed money to leverage support from other sources For example, the
funds for testing CRSP models on tarms 1 the Philippines were matched by University of Hawan and
Central Luzon State Unnersity In additon w the many grants and cooperators affiliated with the CRSP
project in Rwanda. the European Economie Community recently contributed funds to improve and expand
the pond facilities atthe Rwasave In previous veatrs, tunds allocated o a Women m Deselopment study
helped to leverase funds from a number of sources

Other conunung studies melude mestigauons i troprcal pond sorls, which hase allowed us 10
facthtate linkages with other soils projects such as the TropSoils CRSP i Honduras, polseulture research
using natne species, and research on ecologieally sound ahernatives to therapeutre drugs used m fish
culture.

An addivonal annual 9 percent budgetary merease, which was recened durng this reporting period,
was devoted to the new global social sciences project and to s comprehensine eternal review of the CRSP
The ogisties for the External Evaluation were completed durng this 1eporting period The Externs!
Evaduation Panel (EEP) visited all established CRSP sites overseas, attended Techmeal and Annual CRSP
Meetings, vissted the Management Entity, and mterviewed U S, and host country pasticipants The draft EEP
report received by the PMO in October 1993 rated the program as “exceptional,” Special commendations
were gnen to the Rwanda team. which hept s research preject intact despite the ongomg war The
Thailand researchers also recened prause for the qualin of thewr basic reserch and their commitment to
the Global Experiment

The CRSP has benefited from is imvohement i the CRSP Counctl, a group composed of E$AID-funded
Collaboratne Research Support Programs, although full participation m this group etracts « high cost in
terme of tme and capital from the smaller CRSPS such as ourselves Through the Counctl, the PDZA CRSP
has over the years participated m presentations o Congress, the World Bank, £SDA, LSAID, JCARD, and
environmental groups One impact of this effort was to merease public awarencess of CRSP programs,

Many other techmical and programmauc accomphshments are deseribed m detail m ths Eleventh
Annual Admimistrative Report, which covers the period from 1 September 1992 10 31 \ugust 1993, Veteran
readers of our Annual Reports will observe that this vear's report hats been divided mto two sections:
Program Accomplishments and Techmeal Reports Each section has been designed to stand on its own.
Program Accomphshments encompasses all admimistrative, research, and outreach actwaties during the
reporting period and includes sections on program history, personned, financial status, admimstrative and
management activities, abstracts of all iechnieal experiments conducted during the past vear, and non-
research activities such as tramng, publicavons, and service. Techmeal Reports focuses on the research
accomplishments of the program and contains full technical reports.
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1 SEPTEMBER 1992 TO 31 AUGUST 1993

Muyor accomplishments during the current reporting period include the completion of 2 number of
the activities scheduled under the Sisth and Seventh Work Phans, further refinements to several CRSP
aquactlture pond models, improvements to the PONDCLASS decision support system, successful transfer
of the CRSP Data Base management funiction to the University of Hawaui at Hilo, and initiation of new
projects at the brackish water site i Choluteca, Honduras, and at a freshwater site (Central Laboratory for
Aquaculture Research) i Abbassa, Egypt Au in the previous reporting period, research was conducted
both -t the established CRSP rescarch facilities and in farmers” ponds in the ficld. A number of Special
Topics Research activities were completed, and other research activities of the Sith and Seventh Work
Plans continue. As alwans, efforts to disseminate research results continued through a variety of avenues,

Overseas Research

Honduras

This vear, the primary research activities of the tonduras project were shifted from the original site at Ll
Carao to anew brackish water site at Choluteca. Collaborative arrangements between the Honduran
Ministry of Naturtd Resources, the National Association of Honduran Aquaculturists (ANDAH), the
Federation of Export Producers (FPN), the Escuela Agricola Panamericana, and Avhurn University were
negotiated prior to the move, In addition, CRSP scientists were imolved in renovating a Laboratory facility
at Choluteea, developing new laboratory techniques (for the analvsis of brackish water sample<, and
training shrimp producers on proper sample colle ‘ion procedures. Although the main CRSP vesearch site
in Honduras 1s new Choluteca, the freshwater sie at El Carao continues to he operated as a CRSP
substation, where the Global Experiment and other research is conducted

A number of brackish water experiments were begun at Choluteca,
A study comparing the effects of dietary protein levels on shrimp
growout revealed that there was essentially no benefiy, in either the wet
or dry season, o increasing protein lesels from 20t 40 percent when
shrimp were stocked at densities of 5- Fi/m’, Results from the same
study indicated thay the lower stoching rate should be used i the dry
season because it resulted in higher final mean weights of shrimp. In
another study, the rdlationships of stecking ime and several
environmental viriables o shrimp vield on two farms in southern
Honduras were investigated 1t was found that good vields usually
resulted when jusenites were stocked between March and June, while
poorer yields resulted when ponds were stocked between November
and Tebruan.

Two studies investigated various aspects of soil respiration in
bucket microcosms. The results of 4 study of the effects of soil humidity
on respiration suggested that whereas flooding mhits soil resprration,
wetting a dry pond bottom to subsaturation humidity levels (=
percent) could beneficially increase respiration and the mineralization
of carbon, which would normally decrease drasticallv after the first
week or so of pond drung, In another study, the effects of chicken litter
and urea applications on soil respirition were mvestigated. This study
revealed possible reasons why total atkalimty and total hardness levels
often increased in organically ferulized ponds at El Carao, and
suggested why the use of urea as a supplemental fertilizer might resull
in pH increases.




Rwanda

At Rwasave station, Rwanda project scientists conducted experiments to determine the minimum lesels of
primary production and fish production that could be achieved when nitrogen, phosphorus, :nd carbon
were not limiting. The lighest rate of fish production achieved in this experiment was 3850 hg/havvr. This
rate is the highest yet reported for Rwanda, but s still lower than vates reported for the CRSP sie
Thailand. Higher levels of fertilization in another treatment, however, actually produced chlorophyll
concentrations exceeding those reported for Thailand, seggesties that the lower water temperatures n
Rwandan ponds affect fish growth divectly, rather than through i reduction of phvtoplankton productiity.
In another study, supplemental dictary energy (as cassava) was offered o onc group of tilupsa but withheld
from another to determme whether dietary energy/dictary protem (DE/DPY ratios reported in the bterature
were applicable under Rwandan conditions, No significant difference hetween the two treatments was
obsenved, suggesting that the DEZDP ratio fer lapia may be lower at lower tempetatures, and that the
supplementary prosision of energy is unnecessary m Rwandan ponds enriched with fresh grass and
chemical fertilizers.

Two on-farm studses were conducted in Rwandza during this reporting penod: In one, tests of monoses
tilapra growth m five high-clevation sones led to the conclusion that reduced vield generally occurring
above clevations of about 1700 m may be due to reduced food consumption or utilization on the part of
tilapia rather than o decreased primary productiity, hecause chlorophyll o levels remained very high even
at the highest elevauons [ another experiment, wlapia/Clarias pohculture was compared with
monocultures of tilapraand Clarias. The greatest extrapolated annual yields after 130-150 days occurred
in the polyculture systems, wath vields of 1604 and 3108 kg/har at hugher and lower elevations,
respectvely Although there were no significant differences among vields at harvest, this may have been
due to low water levels at the lower elevations or overgrowth of macrophytes at the lugher elevations.

AtAuburn University, aquarium studies were condueted 1o determine the effects of temperature on
appetite, growth, food conversion efficiency. and final body composition of ulapra Eeed consumption was
37 percent greater at the igher of two temperatures studied (267C) than at the lower (22°€), hut
consumption was not affected by darly temperature varations. Fish growth was also greater at 26°¢, and
was notaffected by daly temperature sarzanons, Feed conversion efficiency was affected by aerage
temperature and feeding rate, whereas protan consersion efficiency was affected by werage temperature
and feeding consumption; neither of these efficiencies was affected by varations i daly temperature,
Finally, body composition was atfected by feeding rate, but not by temperature

I an economics study conducted on small-scale fish culture operations, Rwanda project researchers
found that other crops were more important in terms of carboliydrate (sweet potatoes) or protein
(soyheans) production, but that fish were actually the hest cash-generatmg crop among those studied,
which included Insh potatoes, maize, cabbage, soybeans, and sweet potatoes,

Thailand

Thailand project personnel conducted experimeins @ evaluate the benefits of supplementing tertilized
ponds with feeds. After 155 days, high growth rates were observed for fish in treatments receiving feed at
0.5 the ad libitum vate or more. Ponds recenmng feed at the full ad fibitum rate exhibited high
ammonia levels and only mtermediate fish growth, and ponds that were ferulized only (did not re~sive
supplemental feed) had the lowest growth rates These results mdicate that farmers can sive 50 peves 2t of
feed costs by fertilizng and providing supplemental feed at 0.5 x the ad libitnm vate, rather th full
ad libitum rae

CRSP scientists in Thailand have been developing and refimng an algal bioassay method for use in
determming fertilization rates m production ponds. The method uses spikes of various combinations of
nutrients to enrich samples of pond water. Color comparisons after three days of incubation indicate



which nutrients are limiting in the pond and the fertilization rates needed to correct deficiencies. The
results of this method are generally supported by laboratory analyses. Field testing of CRSP fertilization
guidelines, mcluding the algal bioassay technique, have enabled the cost efficiency of ulapia preduction to
be improved to less than THB-/hg on some farms,

In a study carried out in Hawaii, members of the Thaland team characterized photossnthests and
community respiration m @ stable phytoplankton stock to provide a basceline for studies of wistability in
phytoplankton stocks. They found that the stochs and ovygen cyeles were more resistant to disturbance by
low fight than was preicted by models for ponds T m deep 1t was suggested thit this stabihiy was related
1o the shallow <depth of the ponds; i such ponds there may be sufhicient hight penetration to the pond
bottom for davtime net primary production to be positne on most dittes. In another study conducted in
Hawaii, three aruficral minving deviees were evabuated as alternatves to active acration i stratthed ponds
All three devices cost considerably less than commercial aerators currenthy avlable, and cach of them
proved capable of destratifying ponds up to 1600 m”,

Research is conducted m the Phalippimes (at the Freshwater Aquaculure Center) as @ sub-project of
the Thailand project During this repotting pertod experiments were conducted to test CRSP pond
management guidelines as suggested by the PONDCLASS dectsion support ssstem. Prelimiary conclustons
from these experiments suggest that ulapra can be produced at rates of more than 4000 hg/haAr by
fertilization alone when mtrogen input rates are 2-1 kg/ha/d The results also indic..e that fertilizaton at
an N input rate of + hg/hwd using only organic fertlvers can increase the risk of incurring fish mortalities
due to adverse effects on water quality.

Egypt

Scﬂf\\’ork Plan experiments imuiated m Egyptin 1993 center around four maun areas: the Global
Experiment, biocomerston, pohculture, and biotechnology. Many of the studies, although initiated in a
timely manner, were not scheduled to be completed in tme for incluston in this report. One of these
studics was the global study designed to validate, under the arid conditions of Egvpt, CRSP pond
management strategies developed at the other, more humid sites Ninety davs after stoching, mean fish
weights in the “enhanced Egyptian™ treatment were 1075 g-greater than n all other trestments.
fertilization-then-feed (97,1 g), chemical fertiliz o only (89.5 g), the traditional Vgyptian system (72.5
g), and feed onlv (68.2 g). Analsis of the results at harvest Cafter 150 davs) will indicate which of these
treatments resulbts in the greatest yield and in the greatest economic return

Biocomersion studies to evaluate the centrol and utilization of nusance plants by grass carp, the
control and utilizauon of snauls by black carp, and interactions between snals, nuisance plants, griss
carp, and black carp were all initiated during the reporting period. Another bioconversion studv was a
polveulture evperiment in which Clerias were stocked with tilapia to evaluate the effeciveness of Clarias
in controlfing recruttment from ulapra reproduction and wild fish that enter the ponds.

Several biotechnology studies were begun at diverse sites during this reponing period. M Oregon State
University, researchers identified @ binding site for the synthetie androgen mibolerone and inttiated
studhes using short-term immersion of tlapia fry in [ 7oe-methytestosterone and 17 a-ethymlestradiol to
evaluate the efficacy of these tretments for masculinizaton and femmization. Identification of the
mibolerone binding site is a hirst step toward understanding how steroids cause sey inversion in fish, and
may provide a possible tool for screening potential sex-imverting compounds. Screntists at Auburn
University tested the progeny of tfapra breeding groups to identify YY male ulipra among the broodfish.
This effortis a step toward developimg a Yy tlapiz breeding program, and may mahe a contribution to our
ability to produce male ulapia for public consumption that have not been treated with androgenic
hormones. At the University of Hawaii, hatchery studies to differentate the growth-promoting effects of
170-methyltestosterone from its ses-resersing effects were mitnated.



Parallel to these studies at
sites in the U.S., preliminary
unreplicated elinical field
trictls wsing 17¢4-
methyftestosterone to sex-
reverse tilapia fny were
imtiated m ponds at the
Central Laborion for
Aquatculture Research at
Abbassa, Egypt The treatment
phise was completed and fry
were transferred to ponds for
growout prior to the end of
the reporting period

Data Anolysis and Synthesis

The Data Analysis and Synthests Team (DAST) at the University of California, Davis (UCD), continued
refining several pond models reported on in presious anaual reports and publications, For example, a
model designed to simulitte temperature and dissolved oxvgen concentrations in stratified ponds was
modified to reduce mput data requirements and the number of pond strata to be simulated. These changes
were implemented while mamtaining «: reasonable degree of simulation accuracy in the model In another
effort, the LCD team developed and tested a prototpe diel pond respiration measurement device.
Preliminary data show the potential usefulness of this apparatus for examining respiration dynamics m
shallow ponds.

The Oregon State Universits (05C) component of the DAST was imvolved m major revisions and
improvements to the PONDCEASS decision support system: This effort included developing simphfied
models of temperatune and fish growth for mcorporation mto the computer program. The melusion of
these simplified models expands the functionalite of the original sofiware by making long-term simulations
possible. Such long-term simulations can help pond operators make decisions about stocking density,
stocking size, and harvest scheduling. Addinonal improvements were made o PONDCLASS in response to
comments received from reviewers of Yersion 11 The result of these revisions has been the completion of
PONDCLASS Verston 1.2, which was relcased at the end of 1993

The OSU DAST also began work on @ new implementation of the PONDCLASS program, which will
operate m the MS-DOS®/Windows ™ emvironment Additional features that will be wailuble through this
new implementation of PONDCLASS include provisions for short-term anahses of pond dvnamics and long-
term analyses of whole-enterprise economies. Development of the new program began in May of 1993,
and will continue mto the nest reporting, peried. The release of the Windows version will occur in 1995,

Central Data Base

A Centrad Data Base continues to he maintaned by the CRSP for the storage and retrieval of standardized
records from the research sites. At the individual research sites, data on physical variables (e.g., solar
radiation, temperature, and ranfall) and chemical variables (., water and soil chemical characteristics)
are collected concurrently with biological measurements (¢ g., primary productivaty, fish growth, and fish
production). Whereas the resulting sets of datt are useful for site-specific studies, the compilation of all
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the individval data sets into the
Central Data Base provides
opportunites for many hinds of
global analyses. Detaited
standardized records such as
those found m the CRSP Central
Data Base are rare in the
aquacubture literature Ml data
from research actntics
conducted under the First
through the Fourth Worly [ lans
are alreaay in the Daty Base,
and it has conunued to expand,
during this reporting period,
through the inclusion ol new
data, generated under the Ffth
and Sisth Work Pluns, which
have been transnutted from the
research sites.

In response to adeciston reached by the Management Entiy and Board of Directors, with input from
the Techmeal Commuttee, Central Data Base functions were transferred from the Program Management
Office to the University of Hawait at Hdo m May, 1993, As the quantity of data generated by CRSP research
has increased. so Lave the di storage requirements. Consequently, durig this reporting pertod the UHH
group has begun eflorts w reduce the storage requitements of the dati base and to mahe the data more
accessible by developing 1 user-friendly, menu-driven mterface for data acqui ion

The utility of the Central Data Base extends to researchers outside those directly imvolved wih the PD/A
CRSP The Data Base was designed to facilitate communications with other large data bases, such as the
Tropsoils CRSP dtat base and 1CLARM S FISHBASE, thereby creating oppartunidies for collaboratton. It can
also serve as a storage ano retrieval center for standardized dattit from any research site: CRSP scientists as
well as scientists in the aquacahture commumity at large may contrabute to and aecess the data base, Data
are avaulable on computer dishettes or in printas Pond Dynamics/Aquaculture Collaborative Research
Data Reports Adddionally, the ovtgomg OSU Datat Base Manager initiated discussions with ICLARM
{International Center for Lning Aquatie Resources Management) to incorporate CRSP datinto FISHBASE.
The UHH Data Base Manager is continuing to wotk out the detauls of this arrangement

Annual Technical Committee Meeting

The annual meeting of the Techmeal Commuttee was held m Portland, Oregon, in March. Representatives
from all of the collaborating institutions and field sites were present: A number of reports on work
completed  m progress were given. new officers were elected, and the final decision regarding the
transler of Gentral Data Base Management was made.
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Program

1. CRSP Research

Backgrourd

Atits inception, the Pond Dynamics/Aquaculture CRSP had a single, main theme: 4 common set of
experiments to be implemented globally, following a standard experimental protocol at a number of
reseirch sites around the woild. The Global Experiment, as it came to be called, was intended o facilitate
comparative studies of aquaculture pond dynamics; such studies would help us begin to urderstand how
and why ponds at different geographic locations functon difterently, and how the management of
aquaculture ponds might be fine-tuned or adapted to diffesent sets of environmental conditions to optimize
production.

As CRSP research progeessed, i berame apparent that there were important additional needs to be
addressed. To meet these needs, research components were added. so that in the past few years the main
core of the program has included three components:

o The Global Expertment,
e Special Topics Research in Host Countries, and
o Data Analysis and Synthesis.

This main core of CRSP actvities has been augmented by supplemental activities that are associated
with the main components and complement them in unique ways. These supplemental activities have
included socioeconomic studies, soil-water mteractions research, the development of simple new
techniques for the evaluation of pond conditions, and studies to develop improved techniques for fish
reproduction,

The CRSP Research Program

The CRSP's long-range goal is to increase the efficteney of pond culture operations. This goal has the
benefits not only of ncreasing the availability of animai protein in less-developed countries, but also of
improving the cconomie efficiency of aquacultural production in any country, including the U.S, A
technical plan consistent with this goal was developed under a planning study funded by USAID n 1981,
Under this planning study, the literature oo stae-of-the-art pond cultnre was reviewed and synthesized,
resulting in the publication of the first edition of Principles and Practices of Pond Aquacniture, and
overseds sites were sunveved to determine research needs and the potenual for the establishment of
research projects.

The technical plan that evolved from the planning study imvolved establishment of rescarch projects at
seven sites in siv countries Two brackish water and five freshwater research projects were hegun at sites
in Central America (Panama and Honduras), Aftica (Rwanda), and Southeast Asia (Thailund, Indonesia,
and the Philippines) in 1983. All of the sites were within 2 zone 15 degrees north or south of the equator
and represented the three major tropreal regions where advances m pond aquaculture would be most
beneficial and most apt to succeed Athough subsequent changes (primanly m response to funding
constraunts) in the CRSP program required that research be continued only at the sites m Thailand,
Rwanda, and Honduras, the three mayor regions continued to be represented. Since 1991 the CRSP
program has been expanded by the initiation of @ sub-project i the Philippines and the beginning of a
completely new project n Egypt. The rescarch in Egypt greatly increases the CRSP's scope by adding an
arid site to the program, which had previously included sues only in relauvely humid areas Also in 1993,
research in brackish water environments was resumed with the additton of a coastal site in Honduras.



CRSP Work Plans

A technical Committee has had the responsibility for
developing techmeal work plans throughout the CRSP's
history. The first three CRSP Work Plans, outlining
annuad research programs that were almost exclusively
global m natre, covered actvaties from 1 September
198+ through 31 August 1987 The First Work Plan
specified a standard procedure for the preparanon and
stoching of ponds, and the coneept of a standird
protocol for research at all sites has been mamtauned
throughout the program These standards have evolved
into the RSP's Handbook of Analytical Methods,
which was completed and distributed to participants in
1992,

In response o the recommendations of the Exteraal
Evaluation Panel during the fiest triennial review, work
plans beginning with the Fourth Work Plan have been
developed on a biennial basts to wlow more time for the
completion and evaluation of experiments before
planning new ones. This change in the planning
procedure is the logical outcome of the need to test
hypotheses that develop directly from the results of
previous CRSP experiments Another significant change
that began with the Fourth Work Plan is that site-specific
studies have also been included. Although the global
aspects of CRSP rosearch are maintamed by conducting
sinuhar experiments (referred to as the Global
Experiment) at the various sttes and by conducting these
experiments in & standardized manner, other experiments are adjusted 1o more directly address the needs
of aquaculture producers in the country or region in which the research is taking place,

The Fourth, Fifth, and Sixth Work Plans covered rescarch conducted in two-vear periods from 1987
through 1993. This reporting period constiutes the second year of activities conducted under the Sisth
Work Plan, but 1t also includes research conducted in Egypt under the Seventh Work Plan. During the first
half of 1993 the Technical Committee finalized and distributed the Seventh Work Plan, which describes
experiments to he conducted hetween 1 September 1993 and 31 August 1995,



V. Public Service and Project

Development

The Pond Dynamics/Aquaculture CRSP relies on ils on-site researchers to recognize opportunities to
support local research institutions” training activities, and to find cfficient ways to extend CRSP research
results to farmers, CRSP rescarchers in all countries have capitalized on these opportunities, enabling the
CRSP to increase its impact at little or no additonal cost Although ancillary to the Global Experiment and
site-specitc studies, these actvities contribute to institution building and inereased food production,
thereby furthering the maun strategic approach. These activities also help to promote international
scientific linkages through the exchange of technical information. As a result, rescarch capabilities have
been substantially strengthened in every developing country in which the CRSP has been active. Some of
these important contributions are deseribed below.

L] e : ® [ ]
Institution Building
The CRSP's research activity has resulted in major improvements to the research infrastructure of the
collaborating host country institutions, both directly and by helping to attract other funding opportunities.
In addition, CRSP scientists serve as advisers m the research programs of students at host-country
universities and mahe contributions to curriculum development.

In Honduras, the CRSP spearhieaded a public-private joint venture with the Ministry of Natural
Resources, the Nanonal Association of Honduran Aquaculturists (ANDAH), the Panamerican Agriculture
School (EAP), and the Federanon of Producers and Exporters of Honduras (FPX) As a result, a newly
refurbished laboratory was decicated in the spring of 1993, and shrimp growers and farm managers have

begun collaborating with the CRSP to study water quality sssues that affect shrimp production and the
estuarine emironment surrounding the farms

In this groundbreaking collaborative effort, the Ministry of Natural Resources provides laboratory and
office space at La Lujosa, elose w Choluteca. ANDAH provides equipment and supplies for the lab, with
funds coming from a self-imposed assessment on shrimp exports In addition, ANDAH n embers provide
ponds and inputs to conduct CRSP experiments FPX extensionists assist in collectng data from their
members -nd disseminating research information. Students under the direction of EAP conduct research

“Gee me a fish, ane eat for a deay. Teach me to fish, and | eat
Jor a hfetime " This Confucian proverh bas special significance
Jor the PD/A CRSP Although growmg fish is what uswally
springs to mnd with thoughts of this CRSP. barresting is
certamly an important. not lo mendion rewcarding, part of the
aquactliure cvcle Last vear. karen Vererica, then the CRSP
researcher i Ricanda, responded 1o o local need for techuical
dssistance by conductng a seme-makmg workshop for
aquactliure tramers. The Peace Corps rolunteers m
altendenice got expertence m gradigg raniees, as well as
learning bow to make and mamtant a seine. e adedition to
Peace Conps rolunieers, representatives of rarious
nongorernmental organzations—ancluding the Red Cross,
the Boy Scouts, German and Austrian nidernational assistance

assoctations, and a tocal Cathohe convent—attended the
workshop Vererica purchased a large amount of seine
materiad with her oten funds, and resoled if af cost to the
trainees. Wherever possible, local or recyeled materials were
used- wood from local frees was used for floals. peces of
moltorcycle chain or ron pipung were used for leads Fach
participant left the one-day workshop with a working seine.
and more mmportantly, the workmg buowledee of bow fo
construct a seine i the future. Yererica has already recered
requests o bold another workshop. Confucius probably kuew
intuitirely what the work of the PD/A CRSP demonstrates—ibat
“leaching people lo fish™ is a long-term approacy to fighting
bunger.



in shrimp culture and water quality analysis. This extensive network of collaborators supports CRSP
research in focusing on research issues—estuarine monitoring, pond fenilization, and shrimp feeding
strategies—that will increase farmers” economie efficiency and minimize negative environmental impact.
In Rwand, the laboratory at Rwasave continues to be the premier water quality Liboratory in East Africa,
despite civil unrest that has seriously damaged national infrastiucture and interfered with travel and
communications. In August, the Rwasave Fish Culture Station and the PDZA CRSP marked their ten year
anniversaries, The celebration at Rwasave also inaugurated the new Clarias project researeh ponds,
which were built with funding from the European Economie Community Fifty-one ponds and numerous
aquaria are now wailable for research.

In addition to deep pond eonstruction at AIT, the CRSP has helped establish research ponds at the
Chaiyaphum Fisheries Staton i northeast Thaland and at Phavao Station in northern Thailand

In Egypt, the CRSP assists with facihty mamtenance and serves in an advisory capacity for various
aquaculture-related institutions. Ponds at the Central Laboratory for Aquaculture Research in Abbassa
were renovated to prepare them for the start of the CRSP experiments. The CRSP also emphasized and
supported the refurbishung of an over-wintering facihity for ulapa. The need for such a facility became
apparent after excessive tlapra mortahities oceurred during a cold snap in the winter of 1992, Egyptian
aquaculture and fish research also benefits from the collaboration of U.S and Egypuian scientists who
developed a comprehensive list of 20 scientific journals on aquaculture, fisheries, and aquatic
environments to be included for serial acquisition for the new hbrary of the National Agricultural
Research Project. The presence of CRSP researchers in Egypt also significantly enlarges the institutional
and professional network available to students, and strengthens Egyptian universities through these

increased international linkages.

Although the CRSP does not bare a formal traninig component,
the many short conrses and workshops run hy CRSP
researchers atiract tramees from all walks of life. The impact of
these formal and miformal trainmg opportunities can be far-
reaching Some trainees retrrn bome with new mformation
and skill to sharve with fanuly and neighhoring farmers Some
hegin conumerciai fish farmmg operations And some, libe
Pelagie Nvirababimana, recognize the potential bendit of
aquaculture in national development, aned continnie with
adranced frammng.

Nyirababimana, the wnrersiy-tramed daughler of a
Ricandu farmer, is currently envolled i Auburn University's
master’s program i Rural Development In 1984, when
Nywrababimana first met karen Veverica, former Ruanda
PO/ CRSP Research Associalte, hotl were nei o boeir posts.
Vererica bad worked on the Natural Resource Project, a
USAID-frunded project staffed through Auburn University, and

Nyirababimana bad just hegun trainmng extension agents for
the Moty of Agriculture. =My introduction to aquacultire
was strictly on-the-job-tramng,” jobes Nvirababimana.
Vererica introduced Nyvirahabimana to aguaculture as part of
a sustainable farm system, and Nvirahabimana nmmediately
saw ils potential for inproring mcomie and naddion for farm
households Nyverababimanea went on fo serve as Ruanda’s
Director of \quaculture and Beckeepiig i the Munshy of
Agricullure, a posi she wsed to belp promole aquaculture as
part of an mtegrated farm svstem.

Thues hegan a relationship with the P/ CRSP, which
contmued whon her husbaned, Nathenal Hhishamindy, recened

Sundmg to pursue master's and doctoral degrees af Auburn

Urnmversity, one of fourteen CRYP collaborating mshtultions.
Now Nyirababimana i also completing ber degree, and

Socusmg on comnunncation methodologies that pay special

allention fo fish farmers. “When Jarmers donw 'l want to adopt



Education and Professienal Development

Formal training programs have not heen funded by tis CRSP; nevertheless, the mvolvement of students
from host countries and the LS. constitutes an important part of the CRSP's international outreach
Informal traming activities such as short courses and workshops are frequently conducted. Almost 60
people received mformal truming durng this reporting period: smee the beginnig of the program, over
400 indwiduals have benefued from mformal traiming activities.

Thailand and Philippines

The CRSP is imvolved in trauning as a component of several studies that help exiend SRSP research 1o farm
ponds throughout Thailand. In June an AIT outreach project began field testing least-miensne aguaculture
techniques on small integrated farms i northeast Thaland: Chris knud-Hansen helped train the AIT
outreach personnel who are now teaching farmers to evaluate their pond fertrity by using the algal
hioassay it developed by Hans Guttman and hnud-Hansen. The CRSP provides the research component
for an adaptive management svstem. The on-farm studies will help speed the extension of research to the
farmers and. at the same time, will use the farmers” concerns (o help cGreate the research agenda. In the
Philippines, the regional verification of the CRSP fertilizer guidelines contines at the Freshwater
Aquaculture Center at Central Luzon State Unnersiny (FAC/ALSL)

Severalinformal trainmg seminars and workshops were held during this reporting period. In the
Philippines, Kevin Hophins conducted a seminar to explain CRSP research at the FAC/CLSU and the Bureau
of Fisheries hatchery staff ¢ Kwer Lin was mvited by the Royal Thar Government Department of Fisheries 1o
attend a panel session on commercial titapea farming, and to gnve a semmar on pond fertilization.

new fechnologies.” she says, “it's lemptivig jor the extension
werkers (o blame the farmer. but part of the blame can
nsually be traced to faudly communication,” When
Nyorababimana returns to Rucnde, she will make sure that
she mamitanis her contact with the formers 1 don'tiwant t
spend all my fome in the office.” she says lwant to be with the
people,”

Although there s no oulvight discrimmation agamst
women in Ricanda, it 1s winsnal for a wontan to be the
divector of an agriculture office. Nviababimana is conriced
that women can make a big contribution lo aquaculiure.
When she first besan Irainmg extension agents, other women
seemed surprised to see a woman i that role, and then
seemed ispived. 1f she can do i, they seemed fo say, so can we.,
“Its unfortunate.” Nywababmmena says. “that i derelopng
comnlries resources are often Jocused excluswely on men,
Women also need access o food production technologies so they

can contribute fo the Jamaly economie process and they bare
some say i the deciston-mabing process

Women i Rieanda realized that managing fish ponds
can provide food for thew: jamidies and a sonrce of mcome
Becanse the gorernment oiens the lae. the first hurdle wwas
conrmeing the gorernmient to let women hea e aceess to the
land that pondds are hilt on- Duriig the tenre of Vererica
and Nyirahabimana. the percentage of women managiig
ponds bas mereased. af least one-quarter of all fish ponds i
Ruranda are nvow managed by women Nyirahabmiana
helieres that besides providing food and mcome, aguaculture
provides less tangible. but cqually important benepils ~ There's
no better way of learnng about a problem than by
interaching with people When vou get fogether and start
latknig, you can solve many problems ™ Thus, women learn
valuable organzig and management skills, in addition Jo
the aquaculiure bass.



Honduras

Claude Bovd, as part of the inauguration of the new laboratory at La
Lwjosa, Honduras, conducted a seminar for shrimp farmers. David
Teichert-Coddington has trained siv stafl in kaboratory techniques
for water analysis, and approximately 20 farmers in Honduras
recene ongomg training in data gathering for monitoring estuarine
watter queality.

Rwanda

Karen Veverica conducted a seine-making workshop for Peace
Corps and other volunteers (see mset), and « training session in
reproduction techmques for Glarias culture was held at Rwasave
for Peace Corps volunteers from Burundi Joyce Newman
continued CRSP participation with the Rwanda Natonal Fish
Culture Service m the Natural Resouree Management Project,
which is trunimg extension agents in data collection techniques.

Acadenie advancement is the focus of the CRSPs professtonal development actisibies in Egypt. Ten
students are supported by the Egapt project, sy are workimg on advanced degrees. while four others
conduct research at the University of Hawair, &t \uburn Uniersity, and at Oregon State University. The
focal point of the CRSP's professional development activities in Egypt s the scholarly exchange program
Egvptian scientists visit therr CRSP counterparts at their home mstitutions it the 1S and abroad While the
main purpose of these visits 1s collaboration on the Egypt Project’s experiments, the vistors also garner
addmonal information that will help them hecome more effective scienitsts when tues return to Egypt.

Nvarahabumana’s tramng al Auburn bas had some
unexpected benefits I addition to learmng new extension
and communieation technigues. she has learned how (o nse
compuiers and bow to analyze data. and has made omportant
additions to the netiwork of professionals \he can reach

Nvwrahabimana mosses the dayv-to-dey contact with the
Jaarmers and wworking with the Rieanda Women s Asociation
I is a wonderful netuork, she savs, mrolvag women from
many professions, and actively nieolved i orgamzing
rammg for other women She recalls the workshop spomsored
hy the PDZLCRSP, LSAID x Office of Women In Dervelopment,
and the LSUD/Rigali Mission as a valiable experience for
women to laltk dwecthe to screntists and extension workers, and
let thewt bnowe what resorces women farmers need i order o
v a pood job of growmg fish,

What does she see as the ngaest obstacles facrig the fish
farmers i her country? Getlneg enough mpuds lo fertidize the
ponds is a big problem 1t can he dfficalt to find enongh
anmmal manure o envich ibe pond. and morgamne feriihzers
are probibitiely expensiee This makes CRSP research imfo
alternatu e pond mprids——siich as green grass and cassara—-
all the more important to land-poor farmers Nvirababimicna
notes that even when farmers can make more cash from other
e of the land. fish farmnng is usefud Jor seceral reasons
Forst, ish can provide high quality protem on an as-needed
hasis The fime reqrarements of pord management are
flexible, and can he fit mto the farmers schedude i perbaps
most importantly. the social mteraction molved i pond
nmandgerent /)u//ls Jarmers lecrn aboud conperalive aclion
aned management—iools essenhial to long-term, sustamable
derelopment.



Discussions with other scientists while at the host institutions widens the visitors” horizons and helps them
to better conceptualize research problems. Upon their return, these visiting scholars become it resouree to
their colleagues, informing them of what they have learned and further improving the research capacities
in Egypt.

Enthusiasm generated by such mformal training and by exposure to actnaties at the GRSP research sites
has fed some students to pursue university degree programs, either at mstituttons m thewr own countries or
al participatmg U S, universies Students hive pursued degrees at seven overseas mstitutions and at all of

the collaborating unnersities in the £ S Prior to this reporting period, over 108 degrees (BS . M.S., and
Ph.D.) were awarded, and during this period. another three were completed Over 73 theses have heen
completed under the direction of CRSP rescarchers Theses completed during this period are

¢ Cutberson, S D 1993, Simplifiecd model for prediction of temperature and dissolved ovypen m
aquaculture ponds using reduced data mputs. M S, thests University of Califorma, Davis

e Hishamundi, N. 1993 The economie analysis of small-scale fish culture m Rwanda a comparatne
study. M.S. thesss Auburn University, Alabama,

* treen, B. 1992 Water and chemistry budgets for orgamcally tertthzed fish ponds in the dny tropics.
Ph.D. dissertation. Auburn Unnversiy, Alabama,

The number of indniduals mvolved in all forms of uaning, from non-degree activities thre gh work on
advanced degrees, has climbed to well over 400 since the begmmng of the program Most of the trainees
have come from PD/ZA CRSP host countries (Egypt, Horduras, Indonesia, Panama, Philippines, Rwanda,
and Thaland). however, the benefits of CRSP-refated trming have ex.onded well besond the borders of
the seven collaborating countries. as evidenced by the fact that participants have been drawn from at least
27 countries over the course of the program Turthermore, the mterdiserplinary, nature of aquacultural
research atacts students from a wide range of academic disciphines Many participants take postions in
schools, banks, agricultural research mstitutes, natonal parks servces, development projects, and
agricultural extension services, where they are able to merease public awareness of aquaculture’s

importance in food systems.

Southicestern Hondures i ideal for growmg shrimp The land
is open and flal. The Gulf of Fonseea rofls genthy oud to the
Pacific. cradled betu cen the arms of Nicaragiia and 1
Salvador, frammg the Gulf with lieo lve rolcanoes And i the
heat. you can almost bear the shrmp growing

Durmg the 1900, southern Hondieras was deforested, the
resadt of wolton fJarmng and cattle ranchngg combined with
short-sighted land terure laws 1o this day, rer siltation
resulling from the deforestation requares frequent river
dredgimg The fust shrimp farms hegan on a small scale e the
early 19705 and toduy the idistry 1s poised on the hrotk of
rapd expansion Bud long ime residen who bare seen gel-
rich-quck schemes scar the face of thew land i the past most
emphatically do ot want a repeat perjormance

Local shromp farmers recogaze the opportunity presented
by the rapadly expanding markel for thew shrimp, they alio
recognize the chatlenge to protect the envvonmenit from il

Planned development These farmers want to aroid the kinds
of catastrophes that plagued the shrimp meustry i tedand
and Tancan: they want lo base then economie decisions on
environmental considerations the PO/ CRSP is helping them
face these tasks Many of these shronp Jarmers worked and
stuced al the CRSU's freshurater research station orer the last
decade A the station, farmers learn aboud key issues such as
water qualily and phytoplankton dviamics. mformation
which will contribute to sustammg the sheomp micdustry and the
environment al the sane e,

Out of the cconomic and environmental concerns of these
Jarmers was born public-praate jomt renture. The CRSP, the
Hondran Mustry of Natural Resowrees, the National
Association of Hondran quacidtursts (ANDA), the
Panamertcan Agricudtione School (EAPI and the Fed <aton of
Procucers and Exporters of Hondiras (FP) hare devised a
strategy for cooperation The Moustry provides lahoratory and
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Linkages

CRSP hinkages in Honduras have been strengthened and broadened with the inauguration of the brackish
watter site 1 Choluteet The CRSP was able to add this site largely because of the enthusiastic
collaboration of private organizatons and government mstitutions. Among the collaborators are the
Ministry of Natural Resources, the Natonal Assoviation of Honduran Aquaculturists, the Panamerican
Agriculwee School, and the Federation of Producers and Exporters of Honduras, all of whom mahe
substantial contributions o the ongoing operation of the project In addition, CRSP rescarchers serve as
consultants for Peice Corps volunteers, and volunteers have assisted with logistical arrangements for
researchers imolved wath the socrl sciences project.

The CRSP contmues to strengthen its ties with institutions in southeast Asia In Thaland, CRSP
researchers hold tong- and short-term Faculty appointments at the Asian Institute v Fechnology (4'T),
and teach avarieny of courses and semunars AT senves as i regional resource for technology development
and dissemination in Southeast Asia, 50 CRSP rescatchers ave able to form linkages with students and
faculty from many counaies They also serve as advisers to the Thai government on aquaculture and
fisheries related projects,

In the Phulippmes, GRSP ties wath the International Center for Living Aquatic Resourees Managemem
(ICLARM) continue to grow Discussions have begun to use genetreally selected tilapia from an 10LARM-
sponsored project for field testng at the FAC/CLSL as part of the vegional verification trials being
conducted by the CRSP 1 the Phulippines. Another collaborator, the FAC/CLSU-University of Wales Swansea
Research Project on Genetic Manipulations for Improved Tilapia (GMIT), provided geactically male tilapia
(GMT) produced by breeding “YY supermales” with untreated females to provide all male ulapia for use
in one trestment of the CRSP regional venfication.

The Research Associate in Rwanda continues to advise the 1SAID/Agali Mission and dhe USAID Natural

Resources Management Project on natural rese uree issues, CRSP researchers also advise the Rwandan
Ministry of Agriculture’s Aquacultire Strategy Commission in estabhishing research prionities and in

proposing suitable research and extension linkages The CRSP makes mayrr contributions to the kwasave
datton m constructing, facihities and supporting extenston personnel and publications,

office space al La Ligosa. dose to Choluteca. ANDAI provides
cqrapmeent and supphes for the lab. with funds comng from a
self-miposed dssessnzent oz shemnp exports i addition,

ANDA memhers provide ponds aned piputs to condict the
CRSP expernments. FPX extensionsts assist in collecting daki
front thew members and dissemmiating research miformation
back to theme Students wnder the direction of EAP condict
research i shromp adture aned water quahty analysis This
extensiee network of colfaborators supports CRSP researchers i
Jocustng or rescarch issues—estuarme montormg, pond
fertiization and sbrimpy feedimg strategies—thal will belp
ansuer farmers concerns. As a result. the newly vefurinsbed
laboratory was dedicated ths spring. and shrimp growers and
farm managers bare begrn collaboratng with the CRSP Jo

study water qualily wssues that alfect shromp production and
the estuarme environment surroundig the farms. AMready.,
money-saring feedmy stratesies that lessen the load of
nudrients heng pronped mto the Gulfl hare heen dereloped.

Tins puhlic-private collaboration prompted one ANDAI
member to werite the CRSP Board of Divectors, saving, It is
ANDAI s mbention—— fo derelop a sustamable mdustry i
Hondhras, dependent on a healiby aquatic environnent in
the Gl of Fouseca. A sustamable wdusiry w il pernat long
term henefits to all, and wonld not he possible fo achiere
withoud programs such as vours,”


http:ontl.AAD.Il

Raul Piedrabita, Principal Investigator for the
UCD/DAST, spent a six-month sabbatical at the
Norwegian Hydrotechnical Laboratory in
Trondheim, Norway. He established contact with
researchers at Wageningen Agricultural University in
the Netherlands who are initiaung a project in Costd
Ricatand indicate interest in collaboration with the
CRSP. In additon to the CRSP's numerous formal
connections with host countrv imstitutions through
Memoranda of Understanding, the CRSP maintains
ties with numerous other organizations, ncluding
many commercta fish producers in the V.S, and in
host countries. A partial list of informal CRSP
linkages follows.

American Tilapia Assocration, United States

Board for Internasonal Food and Agricultural Development and Economic Concerns (BIFADEC),
Washington, D.C.

Bov Scouts, Rwandz

Cairo University, Egypt

CARE, Honduras

Catholic University of Leuven (CUL), Belgium, Rwanda

Central Luzon State University, Freshwater Aquaculture Center, Philippines

Consultative Group on International Agricullural Research (CGIAR), Washington , D.C.

Department of Aquaculure (DINAAC), Panama

Department of Fisheries, Udorn Thani, Thailand

Department of Renewable Natural Resources (DIGEPESCA), Honduras

Escuela Agricola Panamericana, (EAP) Honduras

European Economic Community

Fish Breeding Centre, Isracl

Fish Culture Research Institute, Szarvas, Hungary

Food and Agniculture Organization of the United Nations (FAO), Rome, Italy

Freshwater Aquaculture Center (FAC), Philippimes

General Authority of Fishertes Resources Management, Egypt

Gondol Research Station, Ensenada, Meico

Honduran Federation of Agricultural and Agroindustrial Producers and Exporters (FEPROEXAAI)
INTSORMIL CRSP, Honduras

Institut Pertanian Bogor (4PB), Indonesia

International Development Research Centre (IDRC) of Canada

International Rice Research Institute (IRR1), Philippines

International Center for Aquaculre (ICA), Auburn tniversity, Alabama

International Center for Living Aquatic Resources Management (ICLARM), Philippines

J.EK. Agricultural School, Honduras

Mariut Fish larm, Egapt

Ministry of Agriculture, Agricultural Research Center, Egypt

National Agricultural Library, Washington, D.C.

National Agricultural Research Project (NARP), Egypt

National Association of Honduran Aquaculturists (ANDAIL)



| l National Inland Fisheries Institute (NIF1), Thailand
National Marine Fisheries Service (NMES), La Jolla, California
L%ﬂn, . . - . . \ . Ve e
3 National Technical Information Services, Springfield, Virginia
LABORATORIO DE ' North Central Regional Aquaculture Center (NCRAC), Michigan
CALIBAD DE AGUA . s )
-~ Peace Corps. Honduras, Thailand, Burundh, Rwanda
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—

Red Cross, Rwanda
. Soil Management CRSP, Honduras
South East Astan Fisheries Development (SEAFDEC), Philippines
Sustunable Agriculture and Matural Resources Management (SANREM) CRSP
Special Program for African Agricultural Research (SPAAR), Washington, D.C.
The University of the Plalippines in the Visiyas
United States Department of Agriculture
Western Regronal Aquaculture Consortium (WRAC), Seattle, Washington
Zagazig University, Egypt

Project Development

With its extensive international network of researchers, the CRSP is well positioned to identfy needed
areas of research and opportunities for aquacultire development Emerging themes in development and
in aquaculture are being addressed by the CRSP With worldwide attention now focused on sustainable
development, the CRSP work in natural resouree policy development and implementation in Rwanda and
Honduras assumes greater importance. The CRSP b taken an active role in encouraging women in
aquaculture, reflectng the recognition of women's pivotal role in agricultural production and family
nutrition. A workshop planned for the next Annual Meeting will focus on building equitable roles for
women in future aquaculture research and development. The private sector in many countries has been
able to eapitalize on CRSP research. The models and guidelines developed by CRSP researchers are being
used in directung on-farm trials, the “acid-test™ of new techniques and technologres Finally, recognizing
that new technology does not operate m a vacuum but 1s part of a larger socioeconomic system, the CRSP
has devoted more resources to integratmg the social sciences into the core research

Continuing the CRSP's commitment to extending aquaculture development to appropriate sites, the
PMO started discussions with Dr- Gordon Sato about possible future collaboraton with Entrea. This new
nation just gamed its independence in the spring of 1993 after 30 years of war with Ethiopia. Dr Sato,
who is a frequent traseler to Ertrea and familiae with its problems, bas started the Manzanar Project to
aid the Erutreans i therr reconstruction efforts The centerpicce of the Manzanar Project is the
development of aquaculture ponds wong the coast in otherwise unproductive lands in an attempt to
provide the local population with an adduional source of protein and income,

Planning began in August 1993 for the CRSP Conunuation Plan beyond 1993, A strategic document is
being prepared that includes an ecological perspective on aquaculture development.



Development of Sustainable Aquaculture
Systems

Ensironmental concerns are motwating the creation of more sustainable agricultural systems worldwide, at
the same time as aquaculture production is being recogmized as vital to the world's food cconomy.
Dimmishing stocks of wild fish, coupled vith increasing demand for fish worldwide, have driven up the
vilue of aquaculture products, especially fish and shellfish, and aquaculture 1s projected to continue filling
an important mche as 4 food source and cash erap in developing countries Pond production of animals
and plants 1 an important component of integrated agricultural svstems 1n several ways. Aquaculture
ponds provide an efficient means of conserving water i areas where water supplies are limited. Further,
ellluent from ponds can be used for crop irngation, thus avoiding poltution of natur.'t waterways. Pond
mud—often high n organic matter and rich i nutrients—can be partially removed and used as a fertle
soil additive for land crops. \quaculiure 15 easily integrated with other forms of agriculural production,
such as chicken-fisk. and duch-fish operations. Farm by-products such as mannres, grasses, medible plant
parts, and composts can be used as nutrient sources m aquaculture ponds CRSP research at all sites
continues to emphasize efficient wtilization of these agricultural by-products to enhanice production in
ponds, and to contribute to sustunability by recycling farm muerials,

In Egvpt, researchers insestigate the possibihiues of using biological controls to solve pond
minagentent problems. Experiments are condu wed 1o evaluate the ability of grass carp to control nuisance
aquatic weeds Black carp, avoracious snaul predator, is being tested for its potential to reduce the snail
population. Smee snails are hosts to the parasite that causes bithar/i, w reduction in the snail populaton
may reduce fish farmers” danger of contracting hilharzia. These studies are designed as building blocks in
the development of a polculture system unique to Egypt. Polyculture studies will be conducted during the
second yeur of CRSP research in Egypt. In @ second line of inquiry, CRSP researchers are comparing
different management strategies (e g, traditional Egyptian aquaculture practices) with CRSP management
guidelines i an atempt to determine which strategies night work best under
the arid condtions found m Egypt, thus guarauteemg the most efficient use of
precious water and nutrents

Biotechnology—au new Ime of research for the CRSP—opens alterratne
avenues for the production of monosex ulapia Research is bemg conducted in
both Egypt and the U8, focusing on the safe use of steroids with « special
emphasts on minimizing impacts on humans, fish, and the emironment.

In southern Honduras, CRSP researchers are making progress in
developing efficient farming practices for shrimp farmers and i deternuning
the carrving capacity of the Gulf of Fonseca An understanding of the gulf's
carrang capacity will give development planners information needed o ensure
the protection the estuarme environment surrounding the gulf. Already,
research results have shown farmers that they can reduce the percentage of
protemn m their shrimp feed withowt affectng vield, lowering both farmers’
feed costs and the nutrient Toad i the estuany. Further research will continue
to integrate environaentad issues with production concerns,

Water quality concerns are also on the research agenda in Thaland.
Expermments to determme the most efficient level of nutrient mput will help
Thai farmers plan for optimal resource use without polluting ground and
surface waters CRSP rescarchers atall sites demonstrate a concern for the
effects of aquacultural production on the wider environment.




Socineconomic Studies

The CRSP has long recognized that social and economic
factors play an important role in the development and
adoption of aguaculture technologies and management
strategies Limned funding for this CRSP has constrained
reseacch in these areas, so that only small site-specific
studses could be conducted Past socioeconomic research
wits limuted to providing answers to specific questions,
ranging from economic analyses of feeding strategies in Honduras to analysis of gender variables m
Rwanda. However, CRSP researchers recognize the need to provide basic economic information to enable
farmers to evaluate research recommendations i the light of financial profitability. Ongoing cflorts are
being made to include socioeconomice vierables in core research.

¢ The OSUDAST will include economic data in the expert system for pond nxanagement which is
currently being redesigned  The user-friendly program runs on personal computers, and supports pond
manager decisions regarding varnables such as ferulizanon and stocking strateges.

o In Egypt, rescarchers collect econonue data as well as biological informaton, thus, management
strategies can be evaluated not only by fish vield but also by economic feasibility.

« In Honduras, brackish water research has already had an economic impact. Studies showed that no
significant difference occurred i shrmp production when a 20 percent protein feed was substituted for a
40 percent protem feed This finding will alow farmers to cut their feed costs substantially without
affecting production

« In Rwanda, enerprise budgets for fish production and production of 12 different crops commonly
raised on Rwandan farms have been completed as the first step in comparing the economics of resource
utilizaion. An unespected result of thes study showed that farmers enter aquaculture mamly to generate
income, not s was thought, to have fish as an additional food item.

e In Thailand, feeding studies are designed to determine the optimal time for initial application of
supplentental feed i fertihzed ponds. The results of this study will help farmers make economically sound
decisions regarding suppleniental feeding by identifying the critical stages when the natural food supply is
inadequate to support optimal fish production.

Efforts are under way to move sociocconemic studies from the periphery of the vesearch agenda and
to integrate them into the core program of luture biophysical investigations that will be presented to
USALD in the contimuation proposal. The new global sociad sciences project began this vear,
“Socioeconomic Dimensions of Aquaculture Development. A Comparative Assessment of Financial
Returns, Adoption Barriers, and Impacts of Tilapia Production Regimes.” The study will identify the level
and type of technology available to tilapia farmers in Honduras, Thailand, and the Philippines. The role
plaved by CR3P technology in the evolution of ulapia production practice, and the relationship of these
technologies to the larger research and technology development systems will be articulated, and the
economic context that shapes farmers’ deciaiis concerning technology adoption will be profiled. The
results of the study will have implications for future research proposils, development policy, and farm-
fevel decision-making about tilapia technology. Freld work began in Honduras durmg this reporting
period, and was greatly facilitated by the support of U.S. Peace Corps volunteers. Freld work in Thailund
and the Philippines will be conducted during the next reporting period wd data analysis and report
preparition will also be completed

Planning is under way for a USAID-sponsored workshop at the 199 + Annual Mecting, Participants will
identify opportunities to integrate the social sciences as a dimension of applied research, with the goal of
improving the usefulness and celevance of CRSP research. The workshop will offer CRSP researchers the
opportunity to reframe research proposals to reflect social, economic, and cultural variables, in addition
to physical, biological and chemical variablos, that affect pond production systems,




Participation in international Scientific
Meeiiiigs and Conferences

Raul Piedrahita presented the paper “Managing environmental impacts in aquaculture” at the United
States-Japan Natural Resources Aquaculture Panel in Kyoto, Japan: Although his teavel to the conference
was not supported by the CRSP, CRSP research results were presented

Martin Fitzpatrich presented a poster on methyltestosterone at the Thud Asian Fishertes Forum in
Singapore. His travel was not supported by the Egypt project, although the research is relevant to the
studies to be undertaken by that project.

John Bolte attended the Annual Meeting of the American Society of A sricultural Engincers (ASAE) in
Spokane, Washington,

The following papers were presented by CRSP researchers at the ASAE-sponsored mectng, Techniques
for Modern Agraculture, which was held i conjunction with the ASAE meeting;

Culberson, S.0., and R, Predrahita. 1993 Model for predicting dissolsed oxygen tever, in stratified
ponds using reduced T mputs.

Grace, G., and R, Predrahita 1993 Carbon dioside control with a packed column aerator.

Lu, Z., and RID Piedrabita 1993, Nitrifying characteristics of @ ngh rate packed column.

Ernst, DAL, P Boite, and 88 Nath. 1993 A decision support system for finfish aquaculture.

The following researchers auended the World Aquaculture Society meeting in Torremaolinos, Span: Jim
Szyper, Raul Piedrahita, Bartholomew Green, Gamal Osniar El Nagar, Fatma Abdel Fattah Hafez.

The following poster paper was presented:

Seyper, J.P., R.H. Piedrahita, and P. Giovannini. 1993. Requirements for manimizing bloom stability
and net oxygen production in carthen ponds,




V., Progrom
and Tecinical Gui

The CRSE 15 organized to factlitate collaboration. Believing that mutually beneficial development strategies
have the hest chance of bemng sustainable over time, the CRSP's organizational structure facilitates
collaboration among research, institutions, and countries The Management Entty, located at Oregon State
University, adnunisters the program. The Management Entity subcontracts with Auburn University, the
University of California at Disis, and the Consortum for International Fisheries and Aquaculture
Development (CIFAD), a live-member consortium of unnersities, Members of CIFAD are Michigan State
University, Oreeon State Unnversity, University of Arkansas ar Pine Biuff, University of Hawan, and University
of Michigan. A new institution, Unaversity of Oklahoma, began its assoctation with the CRSP as part of the
newly inaugurated Lgypt project A Memorandum of Understanding (MOU) s executed between the host
country institution and the lead university for each project (e.g., an MOU is executed between the Asian
Institute of Technology and the University of Michugan), except for the Egypt project The Central
Laboratory for Aquaculture Research at Abbassa holds an MOU directly wath the Management Entity.

This organtzational siructne also gives the CRSP the flesibuly and depth of expertise to respond
effectively to new opportumties and challenges Tor example, when traved restrictions due to civil unrestin
Rwanda made it impossible to post the newdy assigned U S Research Associte to the Rwasve site, she
was able to conduct taboraton experiments at Auburn University while host country researchers
continued the expernments that had aready been under way in Rwanda Normally, @ si-month delay
would cause researchers 10 miss an entire growth cvele and delav actnties by awhole year tisa
measure of the success of the CRSP that the project his become sufficienthy institutionalized that the
activities of the rescarch agenda were onb defaved by four months.

The Honduras project also faced delays, in this case due to the logistics mvolved with setting up @ new
research site. Again, CRSP efforts to institutionalize the program i the country paid off, as host country
researchers at the freshwater site were able to maintain dav-to-day station operations during the transition
period At the brackish water site, private sector collaborators such as the National Association of
Honduran Aquaculturists help to fund research activities and tahe part in experiments, Linkages with these
organizations, the result of ten vears of research and traning m Honduras, are further evidence of the
efficacy of the CRSP m auracting focal support for program activtties. The Honduras project collaborates
informally with experts from non-CRSP universities to evahuate water fluy and waste assimilative capacity
in estuaries.

The Egypt Piaject came on-line with experienced CRSP
reseatchers who, wgether with their new Egyptian and US.
counterparts, were able to adapt research plans to manage
unforescen problems. The die-off of broodfish due to an unusually
harsh winter w1 Egypt was compensated for by buying as many
fingerhings as possible from several hatcheries tocated m other parts
of the country and by adjusting the expermental design to
accommodate the iingerling shortage. An intensive program of Nile
tlapra fingerling producuon was begun to prevent this problem in the
future. One component of this effort is establishment of appropriate
overwinlering facilities o ensure fingerling sunvival during winter.

The hiocomersion experiments, which call for testing black carp
for their potential as a biological control agent of snails, are another
example of collaborative problem solving Conerrn about the possible
negative cffects of imroducing this non-native spectes led CRSP
researchers to design safety feamres to prevent the escape,
reproduction, or other distribution of the black carp, and to ensure
that disease-free stock was used. This ariay of safety features satisfied
the Egyptian anthorities and USAID.



The CRSP drew on its multi-disciplinary collaborative network to pioneer and refine a global project in
socioeconomics. Following iuput from the Technical Committee at the Annual Meeting regarding the need
for a closer integration of the social sciences with CRSP research, the Board directed the Management
Entity to issue 2 Request for Proposals to participaung CRSP institutions. The Management Entity executed
arigorous review of the proposals submitted, mcluding seven external and three internal reviewers, thus
initiating a process that will be repeated for other new projects The proposal submutted b Auburn
Cniversity, “Socioeconomic Dimensions of Aquaculture Development: A Comparative Assessment of
Financial Returns, Adoption Barriers, and Impacts of Tilapia Production Regimes,” was selected, on the
condition that the proposal be modified to address the reviewers” concerns. The study began m June, and
will identify the level and type of eehnology avalable to ulapia farmers at theee sites, and the role that
CPSP technology has played m the evolution of tlapia production practice The relationship of CRSP
technologies to the Targer research and technology development systems will be articulated, and the
economic contest that shapes farmers” decistons concerning technology adoption will be profiled The
resulting data will be summarized and the mplications for research management, development policy, and
farm-level decision-malkig about tilapia technology will be presented Freld work began in Honduras
during this reporting period, and was greaty facilitated by the svpport of US, Peace Corps volunteers.
Field work in Thailand and the Philippines will be conducted during the nest reporting period and data
analysis and report preparation will also be completed.

Finally, the CRSP will use the strength of its collaborative network as 1t begins planning for the newt five
years. The process began at the 1993 Annual Meeting, as areas of interest were identified. The Board
authorized a plan calling for the active participation of the Technical Comumittee in developing the
Continuation Plan.

Management Entity

Oregon State University is the Management Entitv (ME) for the Pond Dynamics/Aquaculture CRSP and is
the primary grasitee of USAID. The Program Management Office (PMO) is the operational component of
the ME. The PMO 15 the link between USAID and the CRSP projects, which are subcontracted 1o Auburn
University, the University of California at Davis, CIFAD, and the University of Oklahoma

The Management Office is located in the Office of International Research and Development (OIRD) on
the main campus of Oregon State University, in Corvallis, Oregon. OIRD provides accounting, purchasing,
and travel support. The CRSP reports directly to the Vice Provost for Research and International Programs
through the Director of the OIRD. Ties to the Department of Fisheries and Wildlife, and 1o the Department
of Bioresource Engincermg, e maintained through faculty appointments, academic micrests, and
research subcontracts.

During this reporting period, members of the Program Management Office included.
Hillary Egna, Director (1.0 FTE)
Brigitte Goetze, Deputy Director and Egypt Coordiator (05 FEE 3/93 through 5/93, .75 FIE (/93
through 8493-not funded on core CRSP funds)
Marion McNamara, Assistant Darector (1.0 FrE-partially funded on core CRSP funds)
Hilary Berkman, Data Base Manager (0.5 FIE through 6/93)
Nancy Astin, Secretary (€.5 FIE through 6/93)
vtomi Weidner, Secretary (0.5 FTE from (/93)



1he Management Entity (ME) Is responsible for:
* Receiving funds committed by USAID 10 the CRSP and
assuming accountability for their use;
e Proviching funds to the participating institutions, and ensuring
compliance with the terms of the grant;
o Providing 4 focal point for the interaction of the Tecnical
Comnuttee, Board of Directors, External Evaluation Panel,
USAID staff, and BIFADEC/JCARD,
o I ecuting the decisions of the governing and advisory bodies,
* spearheading program development efforts,
¢ Implementing the program; and
o Muntuming liusons with overseas and domestic participants.
The PMO is also responsible for communications and
publications.
Prior to the transfer of the CRSP Central Data Base, the
PMO was responsible for its management.

Specific accomplishments this year include:

e Preparanon of CRSP budgets and subcontract modifications for extending funding and performance
periods;

e Coordinauon of new admmistrative and contractual details for collaborative research projects in
Thailand, the Philippines, Rwanda, Egypt, and Honduras;

o Site visit to Egypt to eviduaic project progress and investigate possible linkages with other institutions;
* Coordination of planning and logistics for the External Evaluztion Panel review, including logistical
support for travel and report production,

e Orgamyation of the eleventh annual CRSP meeting in Portland, Oregon, from 21 to 23 March 1993, and
OSU site visits for the Board. the EEP, and USAID representative;

o Participation at Annual Meeting in Board and Technical Committee meetings,

* Development of questionmaires for evatuating the Annual and Technical Committee meetings;

3 Assbsidince in processing travel clearances for all CRSP personnel and approvals for purchases of
restricted goods for country projects;

* Coordination of travel schedules for U.S. researchers and Egyptian counterparts;

« Coordination of Request for Proposals for Management of the CRSP Gentral Data Base and selection of
the new site;

e Publication of research results i techmeal report series;

» Preparation, publication, and distribution of detaled quarterly reports summarizing technical and
administrative progress:

* Assistance in production of PONDCIASS, including editing, Lyout, printing, and distribution;

* Assistance in production of the Seventh Work lan, including editing, layowt, printing, and distribution;
* Training and supervising graduate student interns working on producing «a slide program, a detailed
training inventory, and i projeet description.

» Streamlining of the distribution procedure for CRSP communications and mamtenance of the CRSP
mailing list, which reaches approximately 300 people i 42 countries;

 Maintenziiee of the CRSP directory, which lists participants’ addresses, and telephone, fax, and email
numbers;

* Coordination and execution of a tour for Egyptian collaborators of aquaculture facilities in Oregon and
as part of theirvisit to other U.S. aquaculture research institutions and facilities;

* Organizauon of and participation in Board Meetings and Technical Committee meetings;



¢ Development of new management information systems to track projects;

* Gollection of information about technology transfer and economic impact of various CRSP activities;
* Development, with Ciaude Bovd (AU}, of an updated version of Principles and Practices, Dynamics of
Pond Aquaculture,

The PD/A CRSP maintains technical linkages with the Tropsoils and the SANREM CRSPs. Maintenance of
programmatic linkages with all the CRSPs, mereases the visibility of the PD/A CRSP and of aquaculture in
general. The cost of paructpation n CRSP Council activities is disproportionately high for the PD/A CRSP,
which is funded at a much lower level than other CRSPs and which is thus more financially strained by
participation. Nevertheless, the Management Office contributed 1o the CRSP Council educational
presentations for USAID and Congress in May 1993, Hillary Egna joined the other CRSP Directors in
meeting with representatives of USAID regional bureaus end the House and Semae Foreign Operations
Committees. John Yohe, CRSP Council Chuirman and INTSCRMIL Director, gave 2 presentation entitled
“CRSP Contributions to Science and Technology for Development™ for all interested Congressional
representatives and staff The Management Office also participated in the following CRSP Council
conference calls:

1 October 1992

7 January 1993

4 February 1993

6 May 1993

7 June 1993

2 July 1993

Three advisory groups, the Board of Directors (BOD), the Technical Committee (TC), and the External
Evaluation Panel (EEP), support the management of the CRSP. These groups work closely with the PMO to
guide the CRSP through policy decisions, budget allocations, research strategy, review, and evaluation.

The Board of Directors

As the primary policy-making body for the CRSP, the Board of Directors takes an active role in program
guidance. The Board is composed of three members, one of whom is elected chair. Auburn University, the
University of Califoruia at Davis, and CIFAD are each represented on the Board. In addition, the USAID
Program Manager for the CRSP and the CRSP Director serve as ex-officio members. All Board members
function in the objective interest of the CRSP regardless of their institutional affiliation. During this
reporting period, the Board members were:

Dr. Robert Fridley, University of California at Davis, Chair;

Dr. Philip Helfrich, University of Hawaii (CIFAD institution );

Dr. R. Oneal Smitherman, Auburn University;

Dr. Lamarr Trott, NMFS, RSSA to R&D/AGR, ex-officio member;

Ms. Hillary Egna, Oregon State University, CRSP Director, ex-officio member.



The Board of Directors Is responsible for:

® Review of program budgets and allocation of funds to rescarch projects and the Management Office;

e Recommendations to the Management Entity on budget allocations;

¢ Evaluation of the admimstratne and techmical accomphishments of overseas research projects and U.S.-
based research activities,

e Advice to the Management Entie, on policy guidelines; and

e Review of the performance of the Program Director and Management Entity.,

The Board of Directors comened twice during this reporting pertod, once in an extended meeting
during the Annual Meeting (23 and 2+ March 1993) i Portland, Oregon, and once by telephone
conference call on 11 June 1993, informal discussions are held regularly with the Board and approvals
for some decisions are made through correspondence

Spectfic accomplishments and recommiendations made during this reporting period
include:

o Approval of management and rescarch budgels;

 Annual meeting agenda mput and approval;

o Participation in on-site reviews of the External Evaluation Panel and in responding to the External
Evaluation Par.el's obsenvations and recommendations;

o Input on Data Buse transfer and enhanced activities,

* Outlining of process for balanced partcipation of the Vechnical Committee in developing the
continuation proposal;

o Approval of a special work plan for the OSU/DAST; subsequent prozress has been highly satisfactory;
* Participation i the Eleventh Aanmal Prosram Meeting in March 1993;

* Participation in the review of proposals for a sociveconon ic project; and

¢ Clanification of voting privileges on the Technical Committee,

Technical Committec

Researchers from U S universities and host country institutions comprise the Technical Committee, which
advises the Management Entity on technical matters, The membership of the Technical Committee is fisted
in Table 1 in alphabeucal order, with insttutonal affiliations and subcommittee assignments, Voting
privileges are accorded each institntional partner m each project receiving CRSP funds Institutions
holding a vote on the Technical Committee are listed in Table 2 by project. The CRSP Director and the
USAID Project Manager serve as ex-officio members, and at-large members are appointed by the Board of
Directors. This vear, Dr. Ted Batterson was selected as the At-karge Technical Committee member. The
Technical Committee has four standing subcommittees: Work Plans, Materials and Methods, Budgets, and
Technical Progress Special committees are convened as needed.



Table 1.
Membership of Technical Committee

Name Institution Subcommitteese
Abdel Fared Central Laboratory for Aquaculture Rescarch

Al Abdelghany (from 893) Central Laboratory for \quaculture Research

Seham Ahmed Central Laboraton for Aquaculure Research

Valentin Ahe Auburn Lonersin

Bo \lesander University of Hawa

Ted Batterson (through 8/31/94) Michigan Sate University

J—uhn Bolte Oregon State Lniversiny

Clade Bovd Auburn Unversity M
Jean-Damascéne Buavanavands \ationdl [asversts of Rwandd w
Stese Cutherson Laneraty of Californie, Davis

Jim Diana Conversity of Micdugan T Lp
Bran Duncan Auburs U niversity }

Peter Fdwards Astan Institute of Technolem

Hillan Hgna Oregon State Lnversiy: Management Latits

Ahdel L Gamal (through /9 4) Central Laboraton for \quaculure Research 1
Hussein El Ghobashy Central Laboraton for squaculture Research

Gamal FH Nagar Central Liboratony for Aquaculture Research

Fatma F Nemahy Central Laboraton for \quaculture Research

Mahmoud LI Nour Central Laboraton for \quaculiure Research

Sanur Flaheden Central Laboraton for Aquacultire Research

Zemab FHnagds Central Laboraton for \quaculure Kesearch

Wahied Huwan Central Laboratons for \quaculiure Rescarch

Carole Fngle Lonversity of Arhansas at Pine Bluff

Doug Frast Oregon Stale Unnersity

Namat Latth Central Laboraton for \quacolture Research

Martn hitpatnich Oregon State [nsersiy

Willam Gale Oregon State T anersiny

Anaclet Gatera Sational L nsersity of Rwanda

Satwat Gham Central Laboratory for \quaculre Research

Plul Grovamim Unnversity of Cahiforon, Dases

Brigitte Goetse Oregon Stae Lanersiy, Management Fntiny

Gordon Grau Eniversity of Haw, Manog

Bart Green Auburn Universin w. kP
Fatma Hafes Central Laboratons for \quaculture Research

Mona Hamed Central Laboraton for \quaculture Research

Hussern Hebicha Central Laboraton for \quaculture Research

hevin Hophans, Chuar tnnversity of thawa, Hilo M
\abil Ibrahim Cemral Laboraton for \quaculuse Rescarch

Tharwat kmal Central Laboratons for Aquaculture Researdh

Ahmed Rhater Central Laboratons for \quaculure Research

Jum Lannan Oregon Sate Unversiny 1
Watana Leclapiera Department of Bisheries, Thatind

C kwerlhin Lnnersiy of Michigan and Al B

o W=Worh Plans, B=Budgets, T=Techmea Progress, M=Maternals and Methods, FP=Executne Panel

* Subcommttee Chasrpersons
# Temporan Member of Technical Comminee
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Fduardo Lene,

Centrad Luzon State Unnersity

Lucas Topes

DIGEPESCA

Mostafa Mohsen

Central Laboratory for Aguaculture Research

Joseph Molnar#

Auburn [ npveran

Ahdel Mostafa

Central Lthoraton for Aquaculure Research

Gamal Nasser

Central Laboratons for Aquaculture Research

Shree \ath

Oregon Mate Ennersin

Jovee Newnun

Auburn University

Raul Predrahit Lanersiy of Cahformia, Dasis M TP
Tom Popma, decretan Auburn Unpersi w
Dut Ratiem Central Laboraton for Aquaculture Research

Harn Rea RED/AGR USAID

Hal Richmond Lniersity of Hawan, Manoa

Ahmed Sud Centrat Laboraton for Aquaculture Research

Sanur Sad Central Laboratons for Aquaculinre Research

Carl Schrech Oregon Mate Lonersis

Wavne deim Oregon State Unnversiy B*
ibralum Shuher Centrtl Laboratons for Aquaculiure Research

Willam Shelton Conersity of OkLthomit M
Chaninthorn Sritongsuk Thaland Dept of Bisheries

Wwhrat Suluman Central Lihoraton for Aquaculture Research

Jin SAper Lnnversiy of Hawan, 1o e M
David Terchert Coddington Auburn L nversity B
nddrea Van Ballenburg Universiny of Hawan

haren Veverica Auburn U nnersin M

At-large Members

Donald Garlimg

Michigan State Tniversin

Gearge Fchobanoglous

Lanersity of Californgz, Davis

T'ed Batterson (from 8/31/9%)

Michigan State Unaersiy

Ex-officio Members

Ihilan Fgna

Oregon Sate Tmversits, Mandgement I ntity

Brigitte Goetee

Oregon Mate Tnversits, Mandgement Fntsty

Harry Rea

R&D/AGR U SAID

Lamurr Trotl

REIVAGR, USAID

o W=Work Plans. B=Buduets, T=lechmeal Progress, M=Matenals and Methods, FP=laccutive Panel

* Subcommitiee Chasrpersons
# Temporan Member of Techmical Commttee



Table 2.
Institutional Voting Privileges on Technical Committee

Projects

Voting Institutions

DAST

Oregon State University
University of California at Davis

Data Base Management

University of Hawaii

Egypt

Central Laboratory for Aquaculture Research
Asian Institute of Technology/University of Michigan

Auburn Unwersity
Oregon State Unversity
University of Hawai
University of Oklahoma

Honduras

DIGEPESCA
Auburn University

Philippines

Central Luzon State University
University of Hawaii

Rwanda

National University of Rwanda
Auburn University

Oregon State University
University of Arkansas, Pine Bluff

Thailand

Asian Institute of Technology

Roval Thai Department of Fisheries
Michigan State University (through 8/31/93)

University of Hawaii
University of Michigan

Special Projects

Social Sciences

Auburn University




External Evaluation Panel

A committee of external aquaculture specialists periodically evaluates the accomplishments of the
individual research projects and the overall program to ensure that rescarch projects and the program
remain focused, relevant, and cost-elfective. The External Evaluanon Panel (EEP) is responsible directly 1o
USAID and BIFADEC for the review and evaluatton of the techniea! progress of the CRSP. Drs Homer
Buck, Ilinois Natural Histon Sunvey (retired), Richard Neal, National Marine Fisheries Serviee (NMES),
and Roger Pullin, International Center for Living Aquatie Resources Management (1CLARM) served on this
panel.

During this reporting period, members of the External Evaluavon Panel eviduated all CRSP sites using
a Scope of Work drafted by the Management Office and the 1SAID Missions and approsed by USAID. A
review team was chosen for each site, consisting of representatives from the following entities. the
External Evaluation Panel, the Board of Directors, the Management Enaity, and USAID Homer Buek, Phil
Helfrich, Hillary Egna, and Harey Rea reviewed the Rwanda project from 3 1o 10 September 1992, Homer
Buck, Dick Neal, RO Smutherman, Marion McNamara, and Harny Rea review ed the Honduras project
from 28 September to 3 Octoher 1992 Dick Neal, Roger Pullin, Bob Fridey, Hillary Egna, and Lamare
Trott reviewcd the Thailand project, including the regronal verification project i the Philippines and the
outreach actinities in northeast Thailand from [ to 11 November 1992 All External Evaluation Panel
members attended the Eleventh Annual Program Meeting in Portland, Oregon, and visited the management
offices in Convallis, Oregon, m March 1993,

The final report of the External Evaluation Panel was due after the close of this reporting period. The
Munagement Office, with the input of the Board wund Technical Committee members, will respond to the
findings and recommendations of the External Evaluation Panel prior to printing and distributing the
report.

CRSP Publications

CRSP publications are an important part of the CRSP's technology dissemination, A broad domestic and
intermational audience receives our technicad and program reports Approximately 300 people in 42
countries now recewve CRSP publications Technical reports are issued through two series, Collaborative
Research Data Reports and CRSP Research Reports. The goal of CRSP Research Reports is to publish all
research produced by CRSP activities, 1.+, the exception of research related directly to the Global
Experiment.

Collaborative Research Data Reports contzins the results and data from the Global Experiment, along
with interpretations of site-specific results. The first volume of Collaborative Research Data Report was
re-issued this vear, it contains deseription of sttes and experimental protocols for the Global Experiment,
Subsequent volumes focus on cach rescarch site separately by experimental ¢ycle.

Other reports pubhshed by the CRSP Management Office include Annual Administrative Reports,
Quarterly Reports, Program Grant Proposils, Work Plans, CRSP Directories, brochures describing the
CRSP and the Egypt project, and Instructions for Data Entry. The Quarterly Report format was redesigned
during this reporting period, and a new format will also be used for trip reports from researchers
returning from on-site visits The Handbook of Analytical Methods compiled by the Materials and
Methods Committee of the Technical Commuttee and the PONDCLASS {sers” Guide were also published
through the Management Office.

The PONDCIASS { sers’ Guide accompanies the PONDCIASS software, a user-friendly expert system for
pond management designed to run on personal computers. The Management Office coordmated an
extensive internal and external review of PONDCLASS prior to its release, and many of the reviewers'



suggestions were incorporated into the first release. In
addition, the Management Office assumed primary
responsibility for editing, Layout, printing, and distribution of
the {sers’ Guide. Personnel from the Rwanda project have
translated the Csers’ Guide into French, and are providing the
Oregon State University DAST with the information required to
complete the translation of the software into French. A Spanish
version is also planned.

Principles and Practices of Pond Aquacnlture was one of
the founding documents of this CRSP. At the time of its
production, this volume was state of the artand filled a
neglected niche m the field of aquaculture, Since its publication
in 1983, it has been one of the most requested of CRSP
publications But advances in pond aquaculture made by the
CRSP and others require that this vduable resource be updated.
A new volume that approaches aquaculture production as part
of the Lrger agroccosystem is in progress, Dynamics of Pond
dquaculture ‘The Management Office has contracted with
Lewis Publications to publish the book in 1995, CRSP researchers are collaborating in writing the siteen
chapters that make up the book, and that approach aquaculture production as part of the larger
agroecosystem. The book should be available after 1995,

Other publicattons that were worked on during this vear and will become avalable during the nest
reporting period ares A Ten Year Summary of Activities in Honduras, The Proceedings of the Third High
Altitude Tilapia Conforence, and The Final Report of the External Evaluation Panel.

In addition to PD/A CRSP-produced publications, the Management Office contrihetes 1o YS4UD's
program reviews, publications, and presentations. Admunmistrative and technical reports prepared and
disseminated during ths reporting period are briefly deseribed below and may be ordered from the
Management Office Techmeal reports that were not processed by the Management Office are listed in the
Appendin.

Administrative Reports

Annual Administrative Report

Egna, 11, M. McNamara, ). Bowman, and N. Astin. 1993. Tenth Annual Administrative Report, Pond
Dynamics/Aquaculture Collaborauve Research Support Program, Office of International Research and
Development, Oregon State University, Corvallis, Oregon. 275 pp.

Quarterly Reports

Pond Dynamics/Aquaculture CRSP, Program Management Office. October 1993, Quarterly Report, July-
September 1993. Office of International Research and Development, Oregon State University, Corvallis,
Oregon. 10 pp.

Pond Dynamics/Aquaculture CRSP, Program Management Office. July 1993. Quarterly Report. April-June
1993. Office of International Research and Development, Oregon State University, Corvallis, Oregon. 11 pp.
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Pond Dynamics/Aquaculture CRSP, Program
Management Office. April 1993. Quarterly Report.
Jargary-March 1993, Office of International Research
and Development, Oregon State University, Corvallis,
Oregon. 8 pp

Pond Dynamicw/Aquaculure CRSP, Program
Management Office. January 1993 Quarterly Report.
October-December 1992, Office of International
Research and Development, Oregon State University,
Convallis, Oregon. 8 pp.

Brochures
-, \ CRSP brochures are designed to inform a general
ST L SR PN o 4R . b i,
S o R e audience about the activities of the CRSP. Two brochures

were published this year, one describing the overall
CRSP program and one describing the Egypl Projeet.

Directory

The CRSP directory contains an organizational chart and the addresses of current CRSP members from
USAID, BIFADEC, USAID Misstons, the CRSP Council, the External Evaluation Committee, the Technical
Committee, the Management Entity, the Board of Directors, and the Collaborative Research Projects. The
chart is updated annually or semi-annually, as needed.

CRSP Directory. May 1993. Pond Dynanues/Aquaculture CRSP, Program Management Office. Office of
International Research and Development, Oregon State University, Corvallis, Oregon,

Neusletters

Aguaneus. The Newsletter of the Pond Dynamics/Aquaculture Collaborative Research Support
Program, resumed quarterly publication during this reporting period. Aquanews serves to inform CRSP
participants and others of program activities that are not of a technical nature. It contains information on
project activities, meetings, travel of CRSP participants, and site visits. The following issues were published
during this reporting period:

Aquanews, Summer 1993, Volume 8, Number 1. MeNamara, M., ed. ISSN 1002-4996, PD/A CRSP Program
Management Office, Office of International Research & Development, Snell Hall 400, Oregon State
University, Corvallis, Oregon.

Aquanews, Fall 1993, Volume 8, Number 2. McNamara, M., ed. ISSN 1062-4996. PI/A CRSP Program
Management Office, Office of International Research & Development, Snell 1all 400, Oregon State
University, Corvallis, Oregon.

The Data Analysis and Synthesis Team publishes a quarterly newsletter with the goal of improving
communication between the DAST and the Principal Investigators m the field. During this reporting
period, DAST Newsletter Nos. 11 through 14 were produced and distributed.
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Technical Reports

CR'SP Research Reports

Knud-Hansen, C F. 1993, Analyzing standard curves in the chemistry of waters used for aquaculture, CRSP
Rescearch Reports 93-51, Pond Dynamics/Aquaculture CRSP, Office of International Research &
Development, Oregon State University, Corvallis, Oregon, USA. [Originally published in NAGA, The 1CIARM
Quarterly, January 1992 |

Lin, C.K., k. Junven, and V. Muthuwan. 1993, Integravon of itensive and semi-intensive aguaculture:
concept and example. CRSP Research Reports 93-5+4, Pond Dynamics/Aquaculture CRSP, Office of
International Research & Development, Oregon State University, Convallis, Oregon, USA.

Liu, KM, and W Y.B. Chang. 1993 Bioenergetic modelling of elfects of fertlization, stocking density, and
spawning on growth of the Nile tilapia. Oreochromis nifoticns (1.). CRSP Rescarch Reports 93-48, Pond
Dynamics/Aquaculture CRSP, Office of mternational Research & Deselopment, Oregon State University,
Corvallis, Oregon. USA, [Originally published m Aguaculture and Fisheries Management, 23; 291-301,
1992.]

Suresh, AV, and C.K. Lin. 1993, Talapia culture in saline waters: a review. CRSP Rescarch Reports 93-50),
Pond Bynamics/Aquaculture CRSP, Office of international Research & Development, Oregon State
University, Convallis, Oregon, LS\ [Onginally published in Aguacalture, 106 (1992) 201-226.]

Szyper, 1.P., and |.M. Ebeling 1993, Photosynthesis and community resprration at three depths during a
period of stable phytoplankton stock in & cutrophic brackish v.ater culture pond. CRSP Rescarch Reports
93-55, Pond Dynamies/Aquaculture CRSP, Office of International Research & Development, Oregon State
University, Conallis, Oregon, USA. [Oniginally published m Marine Ecology Progress Series 9-4:229-238,
1993.1

Sayper, 1.2, and J.Z Ro~»nfeld 1993 Diel Crveles of Planktonic Respiration Rates in Briefly incubated water
samples from a fertile « rthen pond. CRSP Research Reports 93-52, Pond Dynamics/Aquaculture CRSP,
Office of International Res ~arch & Development, Oregon State University, Corvallis, Oregon, USA
[Originally published in Limuology and Oceanography, 37(0), 1992, 1193-1201 1

Teichert-Coddington, D.R , BW. Green, and R P Phelps 1993, Influence of site and season oi water
quality and tilapia production m Panama and Honduras. CRSP Research Reports 93-49, Pond Dynamics/
Aquaculture CRSP, Office of International Research & Bevelopment, Oregon Stite University, Corvallis,
Oregon, USA. |Originally published in Aguaculture, 105 (1992) 297-314.]



VL. Financial Summary

This section summarizes the expenditures of USAID, non-federal, and host country funds for CRSP
research activities and program management. This unaudited summary is intended to provide an overview
of CRSP program budgets and matching support.

The expenditure of USALD funds by Collaborative Research Projects, Special Topics Research, and
Program Management is presented in Table 3 for the period 1 September 1992 through 31 August 1993,
This is the third vear of the third CRSP grant, which rans through 31 August 1995, and which provides
core funding of $920,000 per vear Program enhancement funds of 20 pereent were allocated for
1992-93. Because the budget period for the enhancement funding is not congruent with the core funding
budget year, these enhancement funds appeared m Lastvear's fimancial summan as well as in this vear's
summary.

Program Management Office expenditures include three man categories: Operations and
Administration, Commumications, and Data Base Management This CRSP is unique in including the
research-oriented functions of technical commumications and Data Base Management m the Program
Management Office During this reporting penod, the Data Bas e Management was transferred to the
University of Hawan Expenditures for this function for 1992 93 are divided between the Management
Office and the LS. Research Component; w subsc quent years, these expenditres will be assumed
completely by the U.S. Rescarch Component of the budget The 1S Research Component abso includes
expenditures to support the Data Analysis and Synthesis Team's activities at the Unisersity of California at
Davis and at Oregon State University

Cost-sharing contributions from the U institutions and contributions from host countries are
presented in Table 3. The werage pereentage of funding borne by U.S. universities s 24 percent, which
fulfills the USAID requirement. Although host country cost-sharing is not required, these contributions
reflect a continting comnutment to participation in the CRSP by our collaborators. These data were
provided by the Principal Imestigators of the projects.

The expenditure of [SAID funds on the Egypt Project is summarized in Tabie +. for the period
1 October 1992 through 31 August 1993. This s the first year of this grant, which runs through
30 September 1995, Contributions of U.S. institutions, though not required under the terms of this grant,
are also included in Table 4.



Table 3.

Expenditure of funds

USAID Funds U.S. Cost Sharing Total, all U.S. funds Host Country Contribution
1992-93  Cumulative 1992-93 Cumulatne 1992-93  Cumulative 199293 Cumulame
Research Program
Honduras
Auburn $174,257 $470,6306 $43.564 $119,159 $217.821 $595,795 352,000 $142,000
Rwanda
Auburn $93.601 $277,766 $23415 $69,442 $117,076 $347,208 $25,977 $87.521
osu $101.129 $241,725 $25.282 $60.431 $126.411 $302.156
UAPB $5,000 $ 5.000 $1,250 $3.750 $6.250 $18,750
OSL/WID $5.942 $1.486 7428
Thailand
MSU $167,503 $252.632 $41,.876 803,158 $2(,9.379 $315.790 $26,000 $112,000
U'H* $97.936 $204,668 $24.484 $31.167 $122420 $255.835
UM $190.683 $447.298 349,171 $111.825 $245.854 $539.123
Global Social Science Project
Auburn# §3.333 $3.333 $833 $833 $4.167 $+4,1067
Subtotal $839,503  $1,925.001 $209.876 $481,250 $1.049.378  $2,406,251 $102977 $341.521
U.S. Research Program
DAST/UCD $50.171 $150,833 $12,543 $37,705 $62.714 $188,542
DAST/OSU $25.613 $105.63+4 $6,405 $26 109 $32,023 $132,043
Soils/0SL $16,064 $4,010 $20,080
Subtotal $75.790 $272,532 $18,947 $08.133 $94.737 $340,064
Maagement Enuty e 17,107 $588.802 $174,107 $5£8,802
(inc'udes some research funds)
External Evaluauon funds $67,400 $95.000 $67.400 $95.000
TOTAL $1.150,799  $2.881,394 $228 823 $549,383 $1,385,622  $3430.777 $103.977 $341.521

= ncdtedes S mronth of Pt Base Maria Jomeont

o Includes Teemieal Publeations and 10 montin ot Data Base Yanacement

= b propet poriod i 601193 e dh 1091 Dhe sibomitracd nas exectded 393 therefure expre tes for one month are etmated




Table 4.
Egypt Project expenditure from 10/1/92 through 8/31/93

USAID Funds U.S. Contribution* Total, ali U.S. funds
1992-93  Cumulative 1992-93  Cumulative 1992-93  Cumulative
Research conducted in Egypt
Auburn University $218,252  §$218,252 $54,503 $54,563 8272815 $272815
University of Oklahoma $35,533 $35,533 $8,883 $8,883 $44,416  $44,416
Subtotal $253,785 $253,785 $03,440 $63,446 $317,231  $317,231
Research conducted in U.S.
University of Howaii $1,438 $1,438 $360 $360 $1,798 $1,798
Oregon Statz University $23,976 $23,976 $5,994 $5,994 $29970  $29,970
Subtotal $25,414 $25,414 $6,354 $0,354 $31,708 $31,708
Support for Egyption Institution Building  $9,780 $9,780 $3,102 $3,162 $12942  §$12942
Management Entity $08,252 $08,252 $12,736 $12,736 $80,988 $80,988
TOTAL $357,231 $357,231 $85,098 $85,098 $442929  $442,929

LS contributions are nof requred wnder the terms of ths grant but are mduded to mdicate U support of the proyect
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. Staft Summiary

The Pond Dynamics/Aquaculture CRSP represents the joint efforts of more than 45 professiona and
support personnel from U.S. universities. It also represents the collaborative efforts of over 75 scientists,
technicians, and graduate students from project sites in five host countries. The expertise of host country
and U.S. personnet 1s broad-based and encompasses the major fields of specialization included in this
CRSP: Limnology and Water Quality; Fisheries and Aquaculture; Soil Science, Sscinlogy; Data Management,
Analysis, and Modeling; Sociology, Biotechnology; Agricultural Economics; and Research Administration.

The major Umited States-based research activity, Data Analysis wud Svnthests, imvolves cight res rchers
from the University of California at Davis and Oregon State University. Scienusts & ot Auburn University,
the Unnversity of Arkansas at Pie Bluff, Oregon State University, and the University of Hawaii also
participate in additional U.S.-based research activities.

The CRSP regularly collaborates with other groups
and mstitutions in the development of host country
projects. For example, in northeast Thailand, the CR
supports the outreach efforts of the Asian Institute of
Technology by providing the rescarch component for an
adaptive management system, In Egypt, researchers from
mstitutions such as the Institute of Nanonal Planning or
AL \vhar University are interested in the implications of
CRSP research for planning the future direction of
Egyptian aquaculture development. In Rwanda, the CRSP
rescarcher regularly meets with the Ministry of
Agriculture's Aquaculture Strategy Commission to advise
on establishing research priorities and in praposing
sttable research-estension linkages. Researchers also
meet with the USAID/Kigali Mission and personnel from
the Natural Resources Management Project to advise on
natural resource issues. Numerous private voluntary
organizations take advantage of the training offered by
the CRSP. Peace Corps volunteers in Rwanda and
Honduras consult regularly with CRSP researchers on
project design and implementation. Private sector
farmers in Honduras tahe advantage of CRSP expertise by
ttending semmars conducted by resident and visiting
rescarchers. While these trainees are not formally part of
the CRSP staff, they enhance the outreach ability of the
CRSP by transmitting CRSP technologies and information.
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BOARD OF DIRECTORS
Robert Fridley Chairman X X X Davis, California
Philip Helfrich Member X X Kaneohe, Hawaii
R. Oneal Smitherman Member X X Auburn, Alabama
EXTERNAL EVALUATION PANEL
Homer Buck Member X X Sulem, llinois
Richard Neal Cbairman X X La Jolla, California
oger Pullin Member X X Manila, Philippines
AT-LARGE TECHNICAL COMMITTEE
Donald Garling Member X East Lansing, Michigan
George Tchobanoglous Member X Davis, California
MANAGEMENT ENTITY
Hiflary Egna Director X X X Corvallis, Oregon
Marion Mehamara Assistant Director X Corvallis, Oregon
Hilary Berkman Data Base Manager X X X Corvallis, Oregon

(to 5/93)
Nancy Astin Office Assistant X Corvallis, Oregon

(10 6/93)
Naomi Weidner Admin. Assistant X Corvallis, Oregon

(from 6/93)
Brigitte Goetse Deputy Director & X X vorvallis, Oregon

(from 3/93)

Egypt Coordinator

(1) Denotes primary work location and excludes host country site visits and travel for attending meetings.
(2) Personaiel imolved in multiple projects.



FIELD(S) OF SPECIALIZATION

DATA ANALYSIS AND SYNTHESIS TEAM

DATA ANALYSIS AND SYNTHESIS TEAM — OREGON STATE UNIVER’ITY

James Lannan
John Bolte

Shree Nath

DATA ANALYSIS AND SYNTHESIS TEAM ~ UNIVERSITY OF CALIFORNIA AT DAVIS

Co-Principal Investigator

Co-Principal Investigator

Graduate Student

Newport, Oregon
Corvallis, Oregon

Corvallis, Oregon

Raul Piedrahita

Steven Culherson

Philip Giovannini

Zhimin Lu

Cristiano dos Santos Neto

George May

EGYPT

Principal Investigator

Research Assistant
Research Assistant
Research Assistant
Visiting Scholar

Fiscal Officer

Davis, California
Davis, California
Davis, California
Davis, California
Davis, Cahifornia

Davis, California

EGYPT — AUBURN UNIVERSITY

Claude Bovd (2)
Bryan Duncan (2)
Bartholomew Green

P. Parks

U.S Co-Principal Investigator
LS. Co-Principal Investigator

U.S. Co-Principal Investigator

Fiscal Officer

X

Auburn, Alabama
Auburn, Alabama
Abbassa, Egypt

Auburn, Alabama

(1) Denotes primary work location and excludes host country site visits and travel for attending meetings.

(2) Personnel involved in multiple projects.
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EGYPT — CENTRAL LABORATORY FOR AQUACULTURE RESEARCH

Ali E. Abdelghany H.C. Principal Investigator X X Abbassa, Egypt

(from 8/93)
Abde! Rahman El Gemal H.C. Principal Investigator X X X Abbassa, Egypt
(1o 8/93)

Gamal El Nagar Researcher X Abbassa, Egypt
Fatma El Nemaky Researcher X Abbussa, Egypt
Zeinab Attia Elnagdv Researcher X Abbassa, Egypt
Ahdel Moer Faried Researcher X Abbassa, Egypt
Fatma Hafes Researcher X Abbassa, Egypt
Hussein Hebicha Researcher X Abbassa, Egypt
Abdel Rahman Mostafa Researcher X Abbassa, Egypt
Ahmed Said Researcher X Abbassa, Egypt
Hussein El Ghobashy Research Associate X X Abbassa, Egypt
Ahmed Khater wesearch Associate X Abbassa, Egypt
Gamal Abdel Nasser Research Associate X Abbassa, Egypt
Ibrahim Shaker Research Assaciate X Abbassa, Egypt
Safwat Abdel Ghany Research Assistant X Abbassa, Egypt
Nahil thrahim Research Assistant X Abbassa, Egypt
Dia Abdel Rahiem Research Assistant X Abbassi, Egypt
Namat Abdel Fatah Chemist X Abbassa, Egypt
Samir Said Chemist X Abbassa, Egypt
Mona Hamed Biologist X Abbassa, Egypt
Mostafa Abdel Mohsen Biologist X Abbassa, Egypt
Samir Zain Elabeden Technical Engineer X X Abbassa, Egypt

(1) Denotes primary work location and excludes host country site visits and travel for attending meetings
(2) Personnel involved in muluple projects.
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Wahied Elwan Technical Engineer X X Abbassa, Egypt
Tharwat Ismail Technical Engincer X X Abbassa, Egypt
Ashraf Soluman Technical Engineer X X Abbassa, Egypt
Seham Ahmed Laboratory Assistant X Abbassa, Egypt
Mahmoud Abou El Nour Accountant X Abbassa, Egypt
EGYPT - OREGON STATE UNIVERSITY
Carl Schreck U.S. Co-Principal Investigator X X Corvallis, Oregon
Martin Fitzpatrick U.S. Co-Principal [nvestigator X X Corvallis, Oregon
Williun Gale U.S. Research Assistant X Corvallis, Oregon
Robert Halvorsen (2) Fiscal Officer X Corvallis, Oregon
EGYPT — UNIVERSITY OF HAWAII
Gordon Grau U.S. Principal Investigator X X X Kancohe, Hawaii
Kevin Hopkins (2) U.S. Principal Investigator X X X Hilo, Hawaii
Hal Richmond U.S. Research Assistant X X Kaneohe, Hawaii
Steve Shimoda U.8. Research Assistant X X Kancohe, Hawaii
Bo Alevander U.S. Research Assistant X Kaneohe, Hawaii
A. Chang Fiscd Officer X Kaneohe, Hawaii
EGYPT — UNIVERSITY OF MICHIGAN
James Diana (2) U.S. Principal Investigator X X Ann Arbor, Michigan
P. Stemple Fiscal Officer X Ann Arbor, Michigan

(1) Denotes primary work location and excludes host country site visits and travel for attending meetings.

(2) Personnel involved in multiple projects.
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EGYPT — UNIVERSITY OF MICHIGAN/ASIAN INSTITUTE OF TECHNOLOGY

C. Kwei Lin (2) Principal Investigator X X

EGYPT — UNIVERSITY OF OKLAHOMA

Bangkok, Thailand

William Shelton U.S. Principal Investigator X

Venkatesh Wanningham Research Assistant X
(from 6/93)

B. Quinn Fiscal Officer X

HONDURAS

Norman, Oklzhoma
Norman, Oklahoma

Norman, Oklahomat

HONDURAS — AUBURN UNIVERSITY

Bryan Duncan (2) [.8. Principal Investigator X X

Claude Bovd (2) U.S. Researcher X X X

David Teichen-Coddington U.S. Research Associate X X X

Bartholomew Green U.S. Research Associate X X X
(through 10/92)

Karen Veverica (2) U.S. Research Associate X X
([rom 10/92)

Donald Large (2) Fiseal Officer X

HONDURAS — HOST COUNTRY PERSONNEL

Auburn, Alabama
Auburn, Alabama
Comayagua and
Choluteca, Honduras
Auburn, Alabama

Auburn, Alabama

Auburn, Alabama

Ricardo Gomers H.C. Principal Investigator X X
Luis Lopes H.C. Research Associate X
Sagrario Calix Secretary X

Nelson Claros Chemist X

Jaime Lopez Lab Technician

Comayagua, Honduras
Comayaguz, Honduras
Comayagua, Honduras
Choluteca, Honduras

Comayagua, Honduras

(1) Denotes prmary work locauon and excludes host country site visits and travel for attending mectings.
(2) Personnel involved in multiple projects.



FIELD(S) OF SPECIALIZATION

>
Y
X
S
s

-~

o~
&
S
‘Q
0
§

Delia Martines
Herburt Ramos

Miguel Zelaya

RWANDA

Asst. Chemist
Biologist

Lab Technician

Comayagua, Honduras
Comayagua, Honduras

Choluteca, Honduras

RWANDA - OREGON STATE UNIVERSITY

Wayne Seim
Richard Tubb

Felicien Rwangano

Revathi Balukrishnan

(to 1793)
Robert Halvorsen

U.S. Co-Principal Investigator
U.S. Co-Principal Investigator
Graduate Student

U.S. Principal Investigator

Fiscal Officer

RWANDA - AUBURN UNIVERSITY

Corvallis, Oregon
Corvallis, Oregon
Corvallis, Oregon
Corvallis, Oregon

Corvallis, Oregon

Tom Popma

Joyee R Newman
{from 1/93)

Karen Veverica (2)

Claude Boyd (2)

Donald Large (2)

U.S. Principal Investigator
LS. Research Associate
LS. Research Associate
U.S. Researcher

Fiscal Officer

RWANDA - UNIVERSITY OF ARKANSAS AT PINE BLUFF

Auburn, Alabama
Butare, Rwanda

Auburn, Alabama
Auburn, Alabama

Auburn, Alabama

Carole Engle

Peter Pershhacher
(from 4/93)
Harold Phillips

LS. Principal Investigator
U.S. Researcher

U.S. Research Assistant

QT
5
&S
X
X X
X
X
X
X
X
X
X

Pine Bluff, Arkansas
Pine Bluff, Arhansas

Pine Bluff, Arkansas

(1) Denotes primary work location and excludes host country site visits and travet for attending meetings.

(2) Personnel involved in muhiple projects
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RWANDA — HOST COUNTRY PERSONNEL

J Bueyanayandi
Anaclet Gatera
Maurice Ntahobari

J. Nshimyumuremyi
A, Muhawenimana
Vincent Kayijuka
Venantie Mukasikubwabo
Lieven Verheust

Dirk Lamberts

Ngoy Kiasongo

G. Mzhimana
Janvier Murayire

L. Umugiranesa

F. Sindikubwabo
Evariste Ndubazi
Immaculee Nyabenda
J. B. Munvandege

S. Nyirakamana

T. Ruhumuliza
Eugenie Uwizeyimana
P. Nsabimana

L. Kajyibwami

A. Dushimabategelsi

J. Uwumuremyi

H.C. Principal Investigator
Research Assoc.

& Asst. Station Mgr.
Rector of UNR

Vice Rector

Dean, Faculty

Professor

Station Manager

UNR Researcher
Production Manager
Lab Technician

Asst, Lab Technician
Asst. Lab Technician
Sec./Computer Operator
Lab Assistant

Lab Assistant

Station Agronome
Extension Agent/Ngoma
Extension Agent/Shyanda
Station Foreman
Storekeeper/Cashier
Seine Crew Leader
Iatchery Technician
Pond Manager

Pond Manager

X X
X
X
X
X
X
X X
X X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwinda
Ngoma, Rwanda
Shyanda, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, R nda

Butare, Rwanda

(1) Denotes primary work locatton and excludes host country site visits and travel for attending mectings.
(2) Personnel involved in multiple projects
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THAILAND

THAILAND — UNIVERSITY OF MICHIGAN

James Drana (2) L.S. Co-Principal Investigator X X Ann Arbor, Michigan
C. Kwei Lin (2) U.S. Co-Principal Investigator X X Bangkok. Thailand
Barbara Diana Research Assistant X X Ann Arbor, Michigan
Tracy Willoughby Fiscal Officer X Ann Arbor, Michigan
THAILAND — MICHIGAN STATE UNIVERSITY

Ted Batterson U.S. Principal Investigator X X X East Lansing, Michigan
Chris Knud-1lansen U.S. Research Associate X X Bangkok, Thailand
Colleen J. Sober Fiscal Officer X East Lansing, Michigan
THAILAND — HOST COUNTRY PERSONNEL

Chaninthorn Sritongsuk ILC. Co-Principal lovestigator X X Bangkok, Thailand
Peter Edwards 11.C. Co-Principal Investigator AIT, Thailand

Watana Leelapatera Research Associate X Bangkok, Thailand
Vichai Research Associate X Bangkok, Thailand
Kin Research Associate X Jangkok, Thailand
Chintana Boonthamchinda Research Assistant X Bangkok, Thailand
Archin Chamnankuruwet Research Assistant AT, Thailand

Kiengkai Research Assistant X AIT, Thailand
Wonghathom Konmonrat Research Assistant X Bangkok, Thailand
Vorathep Muthuw:un Research Assistant X AIT, Thailand

Ye Qifeng Research Assistant X AIT, Thailand

(1) Denotes primary work location and excludes host country site visits and travel for attending meetings.

(2) Personnel involved in multiple projects.
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THAILAND - HOST COUNTRY PERSONNEL (Continued)

hriengkrai Satapornvingt Research Assistant X

Sunil Shrestha Research Assistant X
Fanape . Research Assistant X
Somchai Vaipoka Research Assistant X
Somchii Wangwubulkit Research Assistant X X

Pasu Winantrangsan Research Assistant

Manoy Yomyinda Research Assistant X

THAILAND/PHILIPPINES - UNIVERSITY OF KAWAII

AT, Thailand
AIT, Thailand
Bangkok, Thailand
Ayutthaya, Thailand
AIT, Thailand
AT, Thailand

AT, Thailand

Kevin Hopkns (2) U.S. Co-Principal Investigator X X X

James Saper 8. Co-Principal Investigator X X X

PHILIPPINES — HOST COUNTRY PERSONNEL

Hilo, Hawaii

Kancohe, Hawaii
and AIT, Thailand

Eduardo Lopes ILC Principal Investigator X X

SOCIQECONOMIC DIMENSIONS - AUBURN UNIVERSITY

Muno  Nueva Ecija,
Philippines

Joseph Molnar Co-Principal Ivestigator X
Leonard Lovshin Co-Pricipal lovestigator X
Terry llanson Research Associate X
German Cere/o Graduate Student X

Auburn, Alabama
Auburn, Alabama
Auburn, Alabama

Auburn, Alabama

(1) Denotes primary work location and excludes host country site visits and travel for attending meetings.
(2) Personnel imvolved 1n multiple projeets
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through 31 August 1993

Data Analysis and Synthesis
Team

Oregon State University

Publications and Reports

Lannan, J L 1990 Farming and ranching an aquatic system Food Reviews
International 6 293-298

Lannam, JFL 6 VL Gall ) E Thorpe, CL Nash, and By Ballachey 1989, Genetic
resource mandgement ot fish Genome 31 798-80 1

University of Californic, Davis
Theses

Culberson. S D 1994 Simphfied model for predicion of temperature and dissohed
ovgen maquaculure ponds using reduced dattmputs M S thesis Universiy
of Calfornia, Daves

Giovanmme, P 1989 Anahvsis and modeling of dissolved oxvgen concentratons and
phiotossnthests i warm water aquaculture ponds MS thess 134 pp

Publications and Reports

Culberson, S D, and RH Predraluta 1993 Model for Predicn , Dissolved Ovygen
Tevels m Stranfied Ponds Using Reduced Data Inputs Pages 543-552
Technques for Modern Aquaculture, Proceedings: American Societs of
Agricultural Engineers, June 1994

Frdlev, RB LRI Predrabuta, and 1 Tosordo 1988 Challenges in aquaculturdl
engineering Agnicultural Fngineenng 691 12 15

Giovanminy, P oand RH Predrahita 1993 In press Modeling net priman
production optimizauon in aquculture ponds Depth and wrbidin
muanagement Aquacultoral { ngineering

Grovanmim, P oand R Predrahite 1992 Modehing diel plivioplankton hght
sensitivity changes - dgquacelture ponds In revies

Giovanoun, P oand R Piedrahita 1992 Modeling net priman production
optiization 1 aquacultre ponds Depth and trh di management
\quacultural Fngieening (m press)

Giovamune P oand R 1T Predrahita 1991 Enwineering of non fed pond swtems
Procecdings WANVASAE sesstons at World Aquaculture Socets meeting San
Juan, Puerto Rico Amencan Socen of Agricaftural Fngimecrs, Samt Joseph,
Michigan

Grovanmn, P and RH Predrabua 1990 Measuring priman producoon efficiencs
inaquaculural ponds smerican Soaets of Agncultural Eagineers Paper
Number 90 043

Giovanming, P oand RH Predraluta 1989 Anahvas and modeling of diel pond
dynamics American Soctets of Agriculural EFngineers Paper \umber 89-7550

Grovannunt, P, and R I Piedrabia 1988 Anabais and modeling of dissolved oxvgen
n warm water aquacultire ponds Amencan Soviens of Agriculural Fagineers
Paper Number 88-500 4

Grage, 6, and RIE Predrabita 1993 Carbon driosede control wath o pached column
acrator Pages 196-505 i fechnigues for Modern \quaculure, Proceedings
Amerscan Soctety of Agricultural Engmeers, June 1993

Grace, G, and R Predratia 1992 Carbon diosde control In review

Grace, G, and R H Predratita 1989 Carbon diovide removal m packed column

aerators American Souets of Agriculiural Engineers Papor no 89 7556

. CRSP List of Publications

Losordo, I'M,and RH Predrabuta 1990 Modelling temperature vanation and
thermal stratficanon i shallow aquaculure ponds Fological Modeling
54 189-220

Tu 7, and RH Predrabia 1993 MSainfang chaacteristies of a high rate pached
column Pages 345 351 1 Fechmques i Modern \quaculture, Proceedings
American Soctets of \gnicultural Fogineers, June 1993

Predrahita, R 1991 Modehing water quahinn i aquaculture ecosstems Pages 322-
362m DT Buneand [ R Famasso, {editors) Vquaculture and Water
Quality World vquaculture Soaets Baton Rouge, Lot

Predrabita, R11 1991 simulacon of short-term management actions to prevent
ovvgen depleton i ponds Journal of the World vquaculture Soaet,

22(3) 157-160

Predrahta, RH 1991 Fngineering spects of warmwater hatchen design
Proceedings, WAYASAE © ssiops at World Aquaculwre Socets meetng San
Juan, Puerto Rico Amenican Societs of Agnicultural Engineers, Samt Joseph,
Michigan

Predrahita, RH 1990 Aquaculture Fngimeening and construction: Pages 117-126 m
Y H T, editor Wiles Frosdlopedia of Tood Science and Technology Wiley
and Sons, New York

Predratuta, R 1990 Detntus based aquacudture ssstems Food Reviews
International 6(3) 317 331

Predrahia, RH 1990 Caibranon and validaon of 1P, an aquaculiure pond water
quality mode! Asquacultural Fogimeenng 975 76

Predralite, RH 1989 Modeling water quahin in aquaceliore ecosstems i DL
Brune and | R Tamasso, editors Aquacubture and Water Qualin Woi'd
Muaculture Sociens Baton Rouge, Toustana (i press)

Predrahuta, RH 1989 Simulaion of short-term management actions to prevent
oxvgen depleton m ponds A\mencan Soues of Agncultural Lagineers Paper
Mumber 89 7555

Predrahuta, R H 1988 Introduction to computer modeling of aquaculture pond
ccosstems Aguacnlture and bishenes Management 19 1-12

Predrahia, RH cand DE Brune 1989 Aquacuhural engineerig Squatic habitat
commands mnovave thrust Agricultural Logineening “001) 30-32

Predraluta, R 1T and | Ehelmg 1993 sutomated data acquisiion and controt in
aquaculture ponds Amencan Fshenes societ (i press)

Priedrata R, and ) h Wang 1988 Tngincering n aquaculture, an oseniew
Procecdings of the fomt US India Intertattonal Ssmposium on Aquaculture
Research Necds for the Year 20000 Sew Dell, India

saper, ) P17 Rosenfeld, RE Predratuta, and @ Giovanung 1992 Drel eveles of
planktomie respiration rates 1n briefls-mcubiated water samples from 4 ferule
carthen pond Tmnology and Oceanography $7(6) 1193-1201

Presentations

Brune, DL, GCM Drcho,and RH Predralita Mas 1992 Pond oxgen dvnamics,
design and management strategies \quaculture Meetng, Orlando, Horida
Paper Mo AQEN 92-101, American Soaien of \griculurdl I ngineers

Culberson, 5D and RH Piedraluta May 1992 Modification of stratfied
temperature moded o accommodate reduced data mpins Wdentfving crieal
requirements Mquaculture Meeting Orlando, Horda Paper No AQLA-92-
102

Predraita, RH November 26-27, 1992 Managing environmentad impacts in
aquaculure Presented at United States Lapan Nataral Resources (LJRV)
Aquaculture Panel hoto

Predraluta, R U September 1991 Carbon dhionide remosal for intensine aguaculture
Workshop on Recreulanmg Aquaculture Ssstems: Baton Rouge, Touisana

Predratute, RE 1991 Fogineering aspects of warmwates hachen design
Proceedmgs. WAVASAE sessions at the World Mguacultire Socety, San Juan,
Puerto Rico American Socsety of Agnicultural Tagineers, Sant Joseph,
Micligan

Piedratuta, RH1989 1 ngineering aspedts of warmwater hatchens design Presented
at Workshop on Midkfish Env Production Technology, Babi, Indonesia: Ocedanie
Institute, Hawan


http:ledrli.ia
http:litir.il
http:aerato.rs
http:iieric.in

Piedraluta, RAL, and G Grace June 1990. Removal of carbon dioude and intensive
aquaculture systems Presented at the Annual Mecung of the World
Aquaculture Society, Halifw, Nova Scoua

Sgyper, ) P, RH Predrahittand P Govanmm May 1993 Requirements for
maximizing bloom stabilits and net oxsgen production n earthen ponds
Poster paper presented at World Aquaculture Society meeting, Torremolimos,
Spain

Whitman, M H, and R H Predraluta Februan 1989 Water qualiy requirements of
Pacific ovsters (Crassostrea grgas) mholding svstems Annual Meeung of the
World Aquaculiure Souets Tos Angeles

Manuscripts

Grace, G, and RH Predrghita 1992 Carbon dioside control In review

Predeahite, R, and Grace, 61991 Carbon diovide removal for intensise
aquaculiure: Paper presented at the Workshop on Rearculatig Aquaculture
Sstems, Baton Rouge, Fousana, September, 1991 In review

University of Hawaii

Publications and Reports

Saper, J P L7 Rosenfeld, R Predrabuta, and P Govanmme 1992 (In Press) Diel
ovdles of planktonie respication rates n briefl incubated water samples from
fertle carthen pond Bimnology and Oceanography

Presentations

Saper, JPORH Piedrabstand P Giovanmm 1993 Requirements for masinnzing
bloom stabihty and net oxvgen producuon in earthen ponds Poster paper
presented at World Aquaculture Socets meeting, Torremolinos, Spam, May.

University of Michigan
Publications and Reports

Chang, Willlam 1989 Integrated lihe farmng to manage fish and environment in
the large shallew Lakes i Clana Aquacultore and Fisheries Management
20411452

Chang, Walliam 1989 Estimates of hypolimnetie ossgen deficts in ponds
quaculture and Fsheries Management 20163 172

Chang, W, and /. Owvang 1988 Dynamics of dissolved osvgen and vertieal
arculation in fish ponds quaculture =1 263 276

Manuscripts

springborn, R R, A T Jemsen, and W Y B Chang Apphcation of the innial value
solution of Yon Bertalanff's solution to felapra nrfotsca growth in
dquaculture experiment Aquaculture (submitted)

Springhorn, R R4 L Jensen, and W Y B Chang A mulivanate approach for
exanumng [lapra nidofica growth i aquaculture experiment using Von
Bertalanffy's growth solution (submtted)

Honduras

Universidad Nacional Autonoma de
Honduras

Theses

Berrios, J In preparauen: Growth and survival of hybrid ubapia (7dapra nilotica
Tddapa bonorum) fingerlings dunng the nursery phase B'S thests, Dept of
Biology, Unversidad Nacional Autonoma de Honduras, Tegucgalpa, Honduras
(In Spantsh )

Carlos Hernandes, W N 1992 Respuesta de fitoplancton y zooplancton a fertihzante
orgdnico y alimento en estanques piscaeolis BS thesis, Dept of Biology,
Unnerstdad Nacional Autonoma de Honduras, Teguagapa, Honduras (In
Spanssh )

Cerna, C In preparaton Zooplankton dvnamies i £lapa mlotica producoon ponds
ferthzed with triple superphosphate BS thesis, Dept of Bology, Uniersinad
Nacional Autonoma de Honduras, Teguagalpa, Honduras (In Spansh )

Echevernig, M A 1992 Prives s pecIncnon i Lelapta midolica production ponds
fertthzed wath trap). supernhosphate BS thesis, Dept of Biology, Unnersidad
Nactonal Attono na de Hovduras, Teguagalpa, londuras (n Spanish )

Garces, € 1986 Quan statnve aiutvsis of zooplankton i fish ponds tertlzed with riple
superphosphate during the runy season BS thesss, Dept of Biology,
Unnersidad Naconad itonoma de Honduras, Teguagalpa, Honduras (In
Spanish )

Gomes, R 1988 Hieat of fesuhizer spe on the production of male 2lapia nidotica
BS thesis, Dept of Biology, Unisersidad Sacional \utonoma de Honduras,
Teguaigalpa, Honduras (En Spansh )

lLopez, L In preparaton Producton of 2eapra nilotica i ponds fertlzed with laer
chicken liter BS thesss, Dept of Biology, Unsersidad Sacional \wtonoma de
Honduras, Teguargdlpa, Honduras (In Spanish )

Mepa, C I preparation Runy season phvtoplankton dynaies i ponds stocked with
Ilapna nidotica BS thesis, Dept of Biology, Unsersidad Sacronal \utonoma
de Hond s Teguagudpa, Honduras (In Spanish )

Pz S A Qo preparation The relaionship between prmany productn and
clorophyll and their relation to ulapra production BS thesis, Dept of Biolog,
Lanversidad Nactonal \wononid de Honduras, Teguagalpa, Honduras (In
Spanssh )

rman, C 1992 Al female culture of £elapaa nidotrea i ponds fernlzed with
chichen bitter BS thews, Dept of Brotogy, Uniersidad Nacional Autonoma de
Honduras, Teguagalpa, Honduras (In Spamish )

Avburn University

Publications and Reports

Abvarenga, HR,and BW Green 1986 Growth and production of all male Zelupa
nddotica and all male bwhnd ulapia (Flapa mlotsea s Hlapra bonorum) m
ponds Rev Latmoamericana de Actculara 29 610 (In Spanish )

Abvarenga, H R, and BW Green 1985 Production of hybrid ulapa C/lapra nilotica
s Ldlapna bonorum) fingerhngs CRSP Techmeal Report, unpublished 12 pp
(In Spanish )

Abvarenga, HHR CBW Green, and M1 Rodugues 1987 Producion of hwhnd tlapia
(Hdapua nidotsea s Dlapia bonornn i ponds using corn gluten as a
supplemental feed CRSP Technreal Report unpubhished 13 pp (n Spanish )

Alvarenga, H R, BW Green, and M1 Rodrigues 1985 Pelleted fish feed s corn
ghuten as feed for ulapre and Chinese carp polsculture 1 ponds CRSP Techmeal
Report, unpublished (I Spanish )

Alvarenga, H R, BW Green,and M T Rodngues 1981 A ssstem for producing bbiid
wlapa (L lapna nidotiea s Dlapra bonorem) fingerlings atthe H o
Aquaculture Lypeament statton, Conrasagua, Honduras CRSP Techimeal Report,
unpublished 9 pp (In Spamsh )

Ayub, M, CE Boyda Wld DR Teichert Coddimgton 1993 FHieds of urea appheation,
aeration, and diving on tetal carbon concentranions in pond hottom soils The
Progressive st Culturist In Press


http:Icegiutg.li
http:tgtILg.dI
http:lhotdur.is
http:Hldur.ts
http:linur.is
http:lhldUr.is
http:ntiirsid.il
http:liiiidIIt.is
http:ttialt.ia

Berrios, J M. 1986 Growth and suraval of hybnd tikapia (Telapia nilotica x Tilapia
bonorum) fingerhogs dunng the nursery phase in ponds CRSP Technical
Report, unpublished 16 pp (In Spamish )

Boyd, CE,and D R Terchert-Coddington 1992 Relanonshup between wind speed
and reaeration 1 small aquaculture ponds Aquacultural Engincering 11-121-
131

Green. BW 1992 Subsutution of orgame manure for pelleted feed 1n tilapia
pinduction Aquacuhure 101 213-222

Green, BW 1990 Substitution of orgame manure for pelleted feed in ulapia
production Proceedings of FA0 LIC Symposium on Production
Enhancement in Sull-Water Pond ¢ alture, Prague Research Institute of Fish
Culure and Hydrobiologs, 38925 Yodnany, Crecheslovakia

Green, BW 1985 Report on the mduced spawning of the silver and grass carps
CRSP Techmeal Report, unpublished 81y (In Spanish )

Green, BW ,and TR Aharenga 1985 Iilapee and carp poy~ulture in ponds
recenmg orgamc fertlizanon and supplemental feed CHGP Technical Report,
unpublishied 10 pp (In Spantsh )

Greem, BW cand 1A Topes 1990 Facubibdad de 1a produccién masira de alovines
machos de fdapra miotica atrases de La mversién hormonal de sexo en
Honduras Agronomua Mesoamenoand 1 21-26

Green, BW ,and DR Techert Coddington 1993 Growtt of control and wdrogen-
treatted Mile wlaprt dunng treatment. nursery and growo pitases in tropical
fish ponds Fisheries and squaculture Management In press

Green, BW L and DR Tewchert Coddington 1994 Production of Oreochromis
milottcns fry for hormonal sex reversal i relation to water temperature,
Journal of \pplied Ichtlvology 1n Press

Green, BW ,and DR Jechent Coddington 1991 A comparison of two samplers
used with an automated data acqusiton svstem in whole-pond community
mettholism studies Fhe Progressive Tish-Calturist 53¢ 1) 230-242

Green, BW ,and DR Techert Coddmgton 1990 Compurson of two sampler
designs for use with automated data acquisiion swstems i whole-pond
community metabolism studies Proceedings of ¥ v 11 AC Svimpostum on
Production Fnhancement in Sull-W ater Pond Gulture, Prague Research
Insttute of Fish Culture and Hvdrobtologs, 389 °3 Vodnany, Crechoslovaka

Green, BW  RP Phelps, and TR Aharenga 1989 Tre effect of manures and
chemied fertlizers on the production of Greochroms nidoticns i earthen
ponds Aquaculture 76 4712

Green, B H R Alvarenga, RP Phelps, and J Lspinoza 1988 Technical Report
Honduras Aquaculture CRSP Cycle I Runy and Dy Season Phises CRSP
Lechnteal Report, unpublished Auburn Unnversity, Alabama

Green, BW (HR Aharenga, R P Phelps, and J Lspmoza 1987 Technical Report
Honduras vquaculture CRSP Cyele 11 Runv Season Phase CRSP Technical
Report, unpubbshed Auburn Uninersity, Alabama

Green, BW R A" renga, RP Phelps. and | Lspinoza 1986 Technwal Report
Ho » Aquaculture CRSP Gude TEDn Season Phase CRSP Techmcal
Repocy, unpublished Auburn Uninersiy, Alibama

Green, BW  HR Abarenga, RP Phelps, and ] Pspimoza 1980 Teehmeal Report
Monduras quaculture CRSP Gde TRumy Season Phase CRSP Tedimeal
Report, unpublished Aubuen Unversin, Alabama =" pp

Green, BW IER Sharenga, RP Phelps, and T Ispmoza 1985 Techmcal Report
Honduras Aquacultuee CRSP Grdle T DR Season Phase CRSP Technieal
Report, unpubbishied \ubuen Unnversity, Alabama 51 pp

Mechenstoch, D, DR Coddmglon, | ¢ Rosas, H san s, MS Chingan and M M
Murillo 1991 (RSP Covnal Honduras concept paper towards & sustunable
agniculture m Southern Honduras Proceedmgs of the Inteenational Sorghum
and Millet GRS Conference, Corpus Chinstr, Tevas, TSV INTSORMIL
Publication No 92-1 INTSORMIL Management Eatits Office, 5+ Nebrasha
Center, 1 of Nebrasha, Lincoln, Nebrasha

Sherman, G 1986 Growth of all female Flapa ntdotica m earthen ponds fertihead
with chichen hter CRSP Fechneal Report, unpublished Lpp (In Spanish

Terchert Coddingron, DR and B Green 1n press: Compartson of two techmges
for determning commumn eesprranon i troprcal fish pords Aquaculire

Terchert-Coddmgton, D R and BW Green In press Dlapasield improvement
through mantenance of nammal oxygen concentrations m- \perimental
grow-out ponds in Honduras Aquaculture

Terchert-Coddington, DR and BW Green 1993 fnfluence of davhight and
wcubation intenal on dark-hottle respiraton i tropical fish ponds
Hydrobiologia 250 159 165

Tewchert Coddmgton, DR and BW Green 1990 Influence of priman productvts,
season and site on tlapra production m orgascally fertdized ponds m wo
Central Amencm countries: Proceedings of EAO-LTEAC Ssmpostum on
Production Ephaie ement in Sl Watter Pond Culture, Prague Research
Institute of Fish Culture and 1E drobiology, 38925 Yodnamy, Crechoslovakia

Terchert-Coddington, D R., BW Green, and RP. Parkman 1992 Substitution of
chucken hter for feed in production of Panacid shrmp i 1" snduras, Central
Amertca The Progressive Fish-Culturist 53(3)-150-156

Terchert-Coddmgton D R, B.W. Green, and R P Phelps 1992 influence of water
quality, season and site on tilapia production in Panama and Honduras
\quaculiere 105 297-314.

Teichert-Coddington, DR, BW Green, N Matumoros, and R Rodngues 1990
Substitucin de alimentos por gallinaza en 1t produccion comercial de
camarones peneidos en Honduras Agronomia Mesoamericand 1 73-78

Presentations

Alvarenga, HR . and BW Green 1988 Produccion v aspectos econonicos del (okive
de ulapa en estanques fertilizados con gallinaza (Producron and economic
aspects of ulap culture m ponds ferthzed with chachen litter ) Presented by H
Abvarenga at the 3 ith Annuad Meeung of the Proeruma Colaboratho Centio
Americano pard el Mejoramiento de Cultwos Alimenticios (PCCMCA), San Jose,
Costs Rica

Green, BW 1990 Substituton of orgame manure for pelleted feed in tilapia
production European Inland Hshertes Advisory Commussion's Ssmposiunt on
production enhancement m still water pond culture, Prague, Crechoslovahig,
May, 1990

Green, B, and H Avarenga 1989 Sistemas de producaion de tilapia utilizando
fertilizacion orgameay aimentacion Presented at the annua! regional meeting
of the Programa Cooperatno Centroamencanc part el Mejoramento de Culinos
Alimenticios (PCCMCA), San Pedro Sula, Honduras Presented by B Aharenga

Green, BW and HR Abareags 1987 Ffecto de diferentes tisas de aplicacon de
gallinaza en la produccion de tdapa (The effect of different rates of chichen
Iitter apphication on the production of ulapia ) Presented at the 33rd Annual
Meeting of the Programa Colaboratno Cntro Amencana para ¢l Mejoramiento
de Cultnos Alimenticos (PCCMCA), Insututo de Cenera s Technologia Agncold,
Guatemala, $0 March- 1 Apnl, 1987 Presented by H. Abarenga (In Spanish )

Green, BW and IR Abarenga 1987 Intensnve fingerling production of hvbrid
ulapsa Telapna mibottca  Hlapna bonorsem n earthen ponds Presented at the
18th Anmual Meetng of the World Aquaculture Socen, Guasaquil, I uador
Presented by B Green

Green, B, and 1 Toper 1989 Factatibdad de fa produccion niasiva de devines
machos de telapia nilotica araves de Lemversion hormonal de sevo en
Honduras Presented at the annual regiondl meeting of the Programa
Cooperatno Centroamertcana pard ¢l Mejoramiento de Cultnos Alimenticios
(PCCMECY), San Pedro Sula, Honduras Presented by 1 Topes

Green, BW HR Alvarenga, and RP Phelps 1988 The effect of stocking rate on the
production of Julapia mibotica m ponds Pre cnted at the 3 ath Annuad Meetng
of the Programa Colaboratne Centro Americeno para el Mejoramtento de
Cultnos Almentiaos (PCCMGA), San Jose, Costa Rica (In Spanish ) Presented
b B Green

Green, BW R P Phelps.and IER Aharenga 1987 Fhe effect of mtrogen and
phosaphorus sources i feetdizers used for the producuon of Jilapia milotica
Presented by B Green at the 18t Anaual Meeting of the Sorld Aquaculture
Society, Guavaquil, Fauador

Gireen, BW D R Teichert Coddmgton, and £ 8 Topez 1992 Productic n of
Oreochroms nidotic:s I m earthen ponds for hormandl sex i .ersion
Presented atthe 23rd Snoual World Aquacultaee t aference S, 1992,
Orlando, Horda

Rodriguez, R, O O huraand DR Leichert Coddimgton 1991 Lfecto de La tasa de
ferthizaudon morganica v calidad de agua sobre ¢ crecimiento s economia en of
culino senu-mtensno de camaron Pendens SPPen Grana Mannas San
Reenardo Simposto Centraamertcano Sobre Camardn Culuvado, + 26 de abal
de 1991, Teguagalpa, Honduras

Teichert Coddmgton, DR and BW Green 1993 1sefulness of morgame mtrogen in
orgamedh fertlized ulapra production ponds Poster paper presented at the
World Aquacultire Societs annual meetng, 1orremolinos, Span, May 1994

[erchert Coddington. DR, and BW Green 1992 Yield improsement through
mantenace of mmimal oxvgen concentrations m tilapua grow out ponds m
Honduras Presented at the 23rd Annual World Aquaculture Conference M,
1992, Oclando, Horda

Terchen-Coddington, DR and B Green 1990 Influence of prmtany producin,
season and stie on bl ya production m organcaly fertlized ponds m two
Centrab Amencan conntries: Furopean Inland Disheries Advison Commission's
Smposium on production «shancement i sull water pond culture, Prague,
Czechostovakaa, May, 1990
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Teichert-Coddington, D R B Green, and M1 Rodrigues 1989 Effectos de Latasa
de abmentacion sobre la produccion de ulapet en estanques fertihazdos con
gathnaza Presenied at the annual regronad meeung of the Programa
Cooperatino Centroamenicand pard el Mejoramiento de Culisos Mlimenticios
(PCCMLA), San Pedro Sula, Honduras Presented by M1 Rodniguers

Terchert-Coddington, D R, R Rodnguez and W Tosofuku 1994 Causes of evcheal
artaon in Honduran shrimp production: Poster paper presented at the
World \quaculture Sovtet annual meeting, Totremohnos, Span, Mav 1994

Teichert Coddington, D, B Green, N Matamoros, and R Rodrigues 1989
substiraion de alimento por gallinva en Lt produceron comereial de
camerones peneidos en Honduras Presented at the annual regronal meeting
of the Programa Cooperaino Gentroamenicana para el Mejoranuento de
Cultros Shmenticos (PCCMEAY, San Pedro Sula, Honduras Presented b
D Tewchert Coddimgton

University of Hawaii

Manuscripts

Hophins, b and v Yahupitnage Bias mseme sampling of ulapia Submitted to
Journal of the World \quaculiure Soaety In review

Snper, | Pk Hophins, and €k T Production of Oreachrens mlotica (1) and
ceossstem dvpanues i manured ponds of three depths: Subnutted to
Aquaculture and Dishenes Management In resiew

lindonesia

Agricultural University of Bogor
Theses

Fmawar N 1987 The effect of Oreachroms ndoticis Trewa as production n
mcreasing surface ared for atached nucroorgamsms BS theas, Faculty of
Fishertes, Agncubtural Unnerains of Bogor, Indonesa 11 pp

Garti, B 1980 Tow tate dependent changes i wrbidin and phosphorus in the
water condionmg swtem at Darmaga BS thest,, Faculty of Hisheries,
Agniculiural Trersity of Bogor, Indonesia 66 pp

Harahat 1S 1987 Changes of mtrogen concentration of the Mle tlapa ponds which
were fertthzed with cuchen manure B8 thesss Faeults of Eisheries,
sgricultural Cnversiiy of Bogor, Indonesia 18 pp

Hanani, G5 1985 The growth rate, mortalits and feeding habits of Hebapna mibotica
(1) B thesss, Taculty of Bishenies, Agriculiural Cnsersits of Bogor,
Indonesut ~6 pp

Litasart [ 19835 Tie composinon and abundance of macrobenthos i relation to
pond producean BS thesis, Facults of Esheries, Agriculuradd Unisersity of
Bogor. Indo st "1 pp

Quhasturr, 1987 he palance of mtrogen from anregaton candl that flows
through & er condmomng, swstem m Darmagd BS thesis Facalty of
bishenies  meultural {nnversin of Bogor, Indonesiy 63 pp

Subvahto, S 19 The relanonship between chlorophslta and Secch dish visiblity
n tlapr dsh ponds at Darmaga Bogor BS thews, Laculty of Bisheries,
sericeliral Tonersiy of Bogor, Indonesia 51 pp

Suraman, TE 1985 ¢ position and abundance of zooplankton m felapra milotica
(Y fishpona hzed witiv nple superphosphute at Darmaga BS thesis,
Facults of Bshenes, sgnicudtoral Unnersin of Bogor, donesit 58 pp

Tumbelaha, R 1986 Prnan productivt of aquaculture ponds at Darmaga BS
thesss, Laculty of Fisbieries, Agriculturas Tanersi of Bogor, Indonesta 87 pp

Widpya 1985 Hushimg rate of experimental Zelapaa nddotrca (1) ponds at Darmaga
and tts relationstup to some phvsical and chemical factors of the ponds B'S
thesis, Laculs of Tisheries, vgnculural Uanersits of Bogor, Indonesia 6.1 pp

Yohant, S 1986 Removal of detergents morrigauon canal water by the water
conditiomng ssteny at Darmaga, Bogor BS thess, Ll of hsheries,
sgricultural Unnersit of Bogor, Indonesia ™1 pp

Yulisto 1985 Lifect of fish predation on macrobenthos density i aquaculture
ponds BS thesis, Baculn of bisherres, Agriculral Unisersity of Bogor,
Indonesit 82 pp

Michigan State University

Theses

Ahdalla, shdelmoes A E 1989 The effect of ammaoniz on Oreachromis nilotiens (Nile
tlapra) and ats dvnamies in ferulized tropcal fish ponds Ph D dissertation,
Michigan State Unnersiy, East Lansing, Michigan 62 pp

Yusoff, 11987 Lish production, primany productin and nutnent avalability 1n
feruhized fish ponds i Malassar PRI dissertation Michigan State Unnersits,
Lansing, Michigan 69 pp

Publications and Reports

Batterson, TR, CD McNabb, CE hnud-Hansen, H M Fidinuan, amb k- Sumantadinata
1988 [ ffect of chacken manure addinons on fish production in ponds in West
Java, Indone ta CRSE Research Report 88-8 0 pp

Guttman, H, and C1 hnud-Hansen (In Press) Fsh pond smanasement by algal asn
Journal of the World \quaculuze Society Cbstraet presented at the 24rd Annual
Mecung of the World \quaculiure Socen Meeting, Silando, Horda, Ma
1992 )

hnud-Hansen, 1 1R Batersonsand 1S Tlarahat 1963 Mitrate and ammonia
depletion i Indonesian aguaculiure ponds ferh, with chichen manure
Abstract Journal of the World \quaculture Socrets 19 423

haud-thansen, GELCD MoNabb, and TR Batterson 1991 spplicanon of himnology
for efhaient sutrent uubization in ropical pond agquaculure: Proceedigs of the
Internat mar wsocation of tieoretcal and Apphed Timnology 24 25412513

hnud Hanser, C1oCD Me abb,and TR Batterson 1989 \ppheauon of imnology
for efficrent nutrient utis 2ation m roprcal pond agquaculture Absteact \\IVih
Congress of the Internatienal Assocation of Theoretical and Apphied Frimnolog

houd-Hansen, CE, FR Batterson, € McNabb Y Hadirosevam, D Dana, and
UM Didian 1994 Hlatchen techmques for egg and fnproducuon of Clarne
batrachus (Linnaeus) \quaculture 89 9-19

hnud-Hansen, CFL 1 R Batterson, €D MeNabh 1S Hatanat, b Sumantadiata, and
HM Bidman 1991 Ntrogen mput, priman productvaty and fish vield in
ferthized freshwater ponds i Indonesis \quaculture 94 19 63

McNabb, €D TR Batterson, B Frdman, and b Sumantadimata 1988 Carbon
linutaton wn ferulized fish ponds i fasa Ahstract Journal of the World
\quacelture Soces 19 31y

McNabh, €D CE hnud-Hansen, 1 R Batterson, and K Lanen 1991\ svstemie
approach to masimizing nutrient efficent and growth of Mle tilapra
(Orcachronis nifotrcns) under semy mtensive pond culture Abstract Journal
of the World Aquaculture Socieny 2210\

McNabb, €D LR Sumasidpagd, BT Premo and b Sumantadinata March, 1984
Aquaculture-CRSP Indonesi project report, Gle 1L first <-month experiment
Michigan State Unsersiy, Fast Lansing, Michigan 107 pp

MeNabh, CD TR Batterson, M Tidman, €S A\nnett and k- Sumantadimata
September [985 Aquaculwre LRSP Indonesta project report, Ccle 10, first 5-
monsh expeniment (Januan June 1983) Micligan State Uanersity, Fast Lansing,
Michigan 105 pp

Metabb, CD L ER Baterson, M Lidman, B Premo, and k- Sumantadmata Janian
1985 Mquaculure CRSP Indonesia project report second five nronth
experiment Michigan State Lanersiy, Last Lansing, Michsgar ™1 pp

MeNabh, CD TR Baterson, Ch Ting b Janen, [ E Hanson,and R Chaenpagglee
1989 Fishwield with mnrogen supplemented organic ferlizers Ahstract Journal
of the World \quaculture Soaer 20 567

McNabb, CD TR Batterson, 81 Premo, CE hnud Hansen, HY Bdiman CR hin,
h Janen, [T Hanson, and R Chuenpagdee 1990 Managing ferthizers for fish
vield i tropread ponds i Asia Pages 169 192 R Hirano and 1 Hansu
cditors Progeedings of Die Second Asian Disheries Torum Asian hisheries
Soctets, Manda, Plilippines

MeNabb, CD TR Batterson, B) Premo, GE Rnud Hansen, HM Bdman, Ch hin,
h Janen, J L Hanson, and R Chuenpagdee 1989 Managing fertilizers for fish
sield i tropical ponds m Asia Abstract The Second Asun Bishietses Forum

Yusof, ML and G1 McNabh 1989 | ffects of nutnient avaulababins on prinan
productan and fish production in fertihzed woptcil ponds Mquacalirre
8303319
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Presentations

Batterson, T R December 1985 The problems of water quality for Indonesian
fisheries Semmar series of the Bogor Chapter of the Indonesuan Fisheries
Sousety, Bogor, Indonesia

haud-Hansen, CFLand Ch Lie November 1991 Strategies for stoching Mle tkapra
(Oreochromis nifotrcas) m ferulized ponds The Tird Internanonal
Symposium on Tdaprain Aquacaltare, Abidjan Cote dvorre, Anea

hnud-Hansen, €1 1R Batterson, and 1S Bardhat Januan 1988 \atrite and
ammiomy deplenon i Indonestan aquac uliure ponds fertdized with chichen
manure World Aquacuhore Secien, 19th Annuad Meeting, Honolulu, [aw.an

hnud-Hansen, 1, CD McNabb, and 1R Batterson August 1989 Appheaton of
lumnologs for efficent nutrient uilization in tropical pond aquaculture \XI th
Coneexofthe International ssocton of theorencal and Apphed
Limnolo,

Mc\abb, €D Mach 1980 Carbon lumtation m fish culture ponds m indonesia
Visiting daentists Senvnar series Lahe Biwa Research Center, Shiga
Lversity, Otsu, Japan

MA\abb, €D Februan 1986 imnology of fish ponds in L Visiimg Scentists
Semindr Senes, College of Esheries and Marine Saence sgncultural
Liversity of Malwsta, Serdang Malivaia

MeNabh, €1 December 198+ Application of hmnological technologs to fish pond
management Nanonal Tostitute of Bological Saence, Bogor, Indonesia

McNabh, CD TR Batterson, 10M Erdman, and b Sumantadinata Janwary 1988
Carbon Limitation i fertilized fish ponds i Java World squaculiure Socien
Meeting [9th Annual Meeting, Honolulu, Hawan

Mie\abb, G0 LR Bavterson, B Premo and TR Crag March 1984
Photosathetcally actve radiation m tropreal and temperate zone hatitats
Kth Annual Meeting of the Michigan ACademy of Saence, vrts, and Tetters,
Big Rapads Michigan

McNabb, CD L CE Rnud Hansen, § R Batterson, and & Janen June 1991 A
swstentatc approach o maamizing sutrient efliciencs and growth of Mle
ulapra (Oreachromes mifotices) under seay-mtensne pond culture World
Aquaculture Soaety Meetng, 220d Annual Meeting, San Judn, Paerto Rico

McN\abb, €D TR Baneison, € h ik fasen, | E Hanson, and R Chuenpagdee
Tebruan 1989 Eish vield wath mitrogen supplemented orgame ferubizers
World \quaculture Socen Meetme, Squaculture 89, Tos Angeles, Cabifornia

MA\abb, CB TR Batterson, B Premo, G houd Hansen, M Bidman, G R L,
K Janen ) 1 Hanvon, and R Chuenpagdee Apul 1989 Managing fertilizers
for fish vield i tropeal ponds in \sia Second Aswan Bisheries Forum, Tohvo,
Japan

Sumantadinata, b tebroan 1983 Genetie charactenstics of siruns of Indonestan
aarps Specrat smposim of the Japanese Eshenies Soaety, Fokve, Japan

Othier

Batterson, TR 1983-1987 [ndonestt PIZA CRSY data dishettes for Gvdes 1, 11 and
Hosng LOTES 1-2-3

Batterson. TR, and €1 MOVanh - June- Sugust 1986 MSU/CIEAD Visiting Stentist
Program Wardana Ismal, Head, Fishertes Research Facbtes, Central
Research Institute for Disheries (CRIED, Agenas for Agricultural Research and
Development (VARD), Department of Agriculwre, Republic of Indonesia,
Jaharta Bieht-weeh program on water qualits techniques, and Liboraton
cqupment and design i support of freshw.ater aquaculture m Indonesia

henunen, RE L and €D MeNabb March 1986 Collaboratise aquaculture research
Institute of Pertanian Bogor and Michigan State Conersiy: Improsement of
pond cutuee technologs and production Broadeast Natonal D ducation
Feleviston, Jaharta, Indonesia, 15 minutes

Mnnunen, RE . and D McNabb March 1986 Water treatment for small pond
fisheries Broadeast National News Network, 1elesision of the Republic of
Indonestt (IVRD, Jaharta, Indonesia, $ mimutes

Kud-Nansen, C1 November 2329, 1986 Workshop on Water Quality Anahses for
\quaculture Ponds Ivtted by Faculty of Fishertes, Unnersity of Brawiasa at
Mabang, TastJavd, Indonesia

Mcdabh, G March 1986 Eisheries i the tropies World Tood Day National
Teleconference: Michigan State Unsessity Response Panel, Last Lansing,
Michigan

MeNabh, €D IEN Didman, P Susigmgo D1 Garling, b Sumasidpaa, 16 Fampe,
SMH Smandiuntah, RE hinnunen, R R Nitibashard, | McAster,
TR Batterson, and G F knud Hansen 1986 A research plan for Fagulty of
Inheries, Institut Pertanian Bogor, Bogor, Indonesit Michigan State
Universin, Last Lansing, Micgan 30 pp (W rstten n both Loglish and Bahasa
Indonestan )

Mationdd Educanional Television and Felevision of the Republic of Indonesit (IVRI),
Jakarta, Indonesta 1986 Collaboratve aquaculture research Insutut Pertanian
Bogor and Michigan State Lnnersiy Improvement of pond culture technologn
and production (Mideotape, 33 minutes)

Premo, B) and b Sumantadinata 1981 Lihoruton manual of water quahin
techmgues Julia Press, Bogor, Indonesia 13 pp

Panama — Aguaduice

University of Panama

Theses

hrego, R 1985 Lo de androgenos en aleviaes de {lapia milotiea para 1
produccion de tdapas monosesndes Ticenertura Thesis i Brology, Unnersity
of Panama

Wila, M In preparation 1 efecto del pohcuitng del pez, Mg curema, avarnos
densidades v siembra con L produccon de Penaens cannamer v en la
talidad de agua en estanques de terra Bicencatura Hesis m Buology, Catholie
Universaty of Chade, Sante go, Chile

Chaves, B 1981 Estudio trofodinamico de Pendens tannamer celtado en estangues
evpermmentales de aguas salobres Feencratura Thesis in Biology, Unisersits of
Panama

Hernander de Santamania, D 1987 Hoefecto de dietas expenimentates en el
creamiento s sobrevvenci de Pendens tannamer culinado en estanques
Licencratura Thesis m Biology, Unnersity of Panama

Lassode lavega, b 1983 Varacion del zooplucton en estanguies de cna de
camarones blanco durante Lt estacion sec Teencaatura Thesis m Biology,
Lnnversity of Paname

Tore, DV Tunon, and R Aisuetts 198+ Hedo de L aphicacaon de abonos organicos,
concentrados v pescado fresco (Dormtator latifrons) en la producaon de
Penaens stylirostris s Penaens rannamer Licenaatura thesis m Biology,
Laneraity of Panama

Quesada Fin preparation: Ocurrencr de orgamsmos bentonicos en estanques 5o
alsmentados sembrados con Pendens rannamer durante La estacion seca
Licenaatura Thess i Brotogy, Unnersiy of Pan i

Quiroz, v n preparation | fectos desaros nneles de recambio de agua a la cahdad
de aguay en la produccion de Penaens rannamer en estangues de tierra
Leenciaturt Thess m Brology, Unnersity of Panama

Auburn University

Publications and Reports

Teichert-Coddington, D R and M Ar ae 1988 Lectos de diectis de proteinas y
densidades de siembra sobre 1 producacn de Penaens cannamer en
estanques de Herrd Rev It aom 35 29-33

Van Wik, P 1986 The relationship of pump discharge and fuel efficiency 1o ndal
herght for w brackshwater aguacolure pumping statton: Masters of \quaculture
Spectal Project, \uburn Unsversity, Alebama

Presentations

Chasez, 1 Decembier 1984 1 - tudio trofodimamico de Pendens tannamer culinado en
estangues experimentales de aguas salobres Presented to the birst Natonal
Sucabfic Congress, Unnerstiy of Panama, Panama

DeTeon, v November 1985 11 efecto de aphicar ferulizantes morganicos en la
produccion de Penaens cannamer en estanques Presented to the Second
National Saentific Congress, Ennersits of Panama, Panama

Hughes, DG Nosember 1985 Predicuon of pond prodocisiies \ Challenge for
daquaculure: Presented to the Ponufical Catholc Unnersity of Feoador, Quuito,
Fawdor

Hlughes, DG November 198+ The marine shrump culture mdustns 10 Panama
Presented to the Lirst Annudl Shrmp Sorld Marketng Couference, Acapuleo,
Mevico
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Hughes, D G, and O M Garcia A June 198+ La produccion de semifla de Trlapra
nilotica en hapas uma comparacion de productiidades de clima templada
con chma troprecal Presented by David Hughes to Fiest Nawonal Aquacalre
Seminar in Unnersity Nacional, Heredw, Costa Rica

Hughes, DG, A Torres and R P Phelps Januan 1985 Production and growth
charictensties of Penaens stylirostris and P eannamer m monoculture and
pobculture in fed and unfed earthen ponds Presented by I Hughes at the
Annual Meetng of the World Maricudure Souen, Orlando, Horda

Hughes, DG LG de tomer, 1 Lasso de Luvega, RP Phelps and R Pretto Madea
Jamuan 1987 Ry and dn season compansons in Penaens rannamier
production ponds m Panama recening varions water exc ange rites Water
quality sarnon Pos or sesston at Workd \quaculuee Socets Meeting,
Guavaqul, Tasador

hnvers, A December 1981 Comparacion de dos rangos v dietas dimentactas con
alesines de Frdapia nitotrca en pileas de concreto Presented to the birst
Nationdd Screntific Congress, Unnersity of Panani, Panama

hners, v December 1981 Compariacion de tres densidades de seimbra de alevines
de Hlapia milotica en prletas de concreto Presented to the Best Naonat
Scentific Congress, Ennersity of Panamu, Panama

Lassode lavega 1L and M Villareal November 1985 Varaaon del zoo-plancton
en estangues de erd de camarones blanco dorante leestaoon seca Presented
to the Second Nationad Saentific Congress Ensersin Panama, Panama

Tore, DU H Tunon, and R Visuettr December 198+ Hecto de laapheaaon de
dhonos oreanicos, concentrados » pescado freseo (Dornntator latifrons) en
L produccion de Penacus styliostris s Penaens vannamer "resented by 1
Tunon to the bisst \atonal Suentific Congress, Ennersity of Panama, Panama

Moreno, | M December 198 Alimentacion de La Llapaa nilotica en Ly etapa de
Alevine Presented 1o the biest Navonad Saentifie Congress, Unnersity of
Panama, Panama

Moreno, |'M Decamber 198+ Houso debandrogeno [™-metid testosterona en
dlevinage de Telapra nifotica para i producaon de Dilapia monosesuales en
Panama Presented to the Birst National Saentfic Congress, Uninersity of
Panama, Panama

Pietto, R, G Garson, b Batsty, and M de Teon: September 1983 Estudio
prelmingr del policultno de Penerdos con peces natvos de dguas salobres
Presented by R Pretto to the hifth Ssmposiom of Laun American Aquaculture,
Uinersity Anstrad de Chile, Valdia, Chile

Torres, A Becember 198+ Produccon de Penaens stylirostris bhago 1 imfluencra
del Pendens rannanter. en estangues experimentales de agua salobre con s
s dhimentacion dorante Lt epoca seca Presented to the First Natonal
Saentific Congress, Linversity of Panama, Panama

Panama — Gualaca

Auburn University

Theses

sencto, A 1987 Phosphorus saturation of acidic sols m tropieal fish culture ponds

Barnios, CM 1985 Anadysis of water quahty 1n new freshwater ponds at the
Freshwater Aquacalture Statson n Gualaca

trele, M ET 1985 Stomach analyses of Macrohrachimm rosenbergii, Iilapia
milotica, Colossoma macropomum and the Whrid ihypophihalmucbthys
moliriy s Arstichtbys nobiis in polieulture at the Gualaca Freshwater
Aquaculture Eaperiment Station, Panama

Hughes, David G 1988 Fuatwanon of seed producton and sex-resersal methods for
Nlapra nilotica and field venfication in a tropreal hatchen

Peres, M) 1985 Feonomic and marketing study of fish and shoimp in pobcuhre
systems 11 freshwater ponds at Gualaca, Chirgqua Provinee

Pimentel, CAB 198+ Efew of hmng on new unferilized ponds at the Gualaca
Aquaculre Experiment Station

Rios, R A o preparation Kdentficavon and dynannes of zooplankten found n
troprcal carthen ponds receming chichen hter at four rates

Rodngues, honne 1987 Feeding Pendens rannamer and Penaeus stvlirostriy in
nursens ponds Master s Thesis, Auburn Uanersity, Alahama

Serrano, A 1987 Leonomucs of tlapra producuon in monoculture or i poleulture
with prawas, and unhang manure or a commercial pellet as the nutrient input
m Gualaed, Panama

Publications and Reports

Peralta, M., and D.R. Terchert-Coddington, 1989 Comparatne production of
Colossomu macropomum and /elapa nifotica m Panama Journal of the World
Aquaculture Society 200 1):236-23Y

Tewchent-Coddington, DR, and R P Phelps 1989 [ffects of seepage on water quahn
and productivity of inorgamceally fertlized tropcal ponds Journad of
Aquaculture in the Tropics 4 85-492

Teichert-Coddington, DR, M Peralta, and R P Phelps 1989 Seepage reduction n
tropreal fish ponds using ciuchen Itter Aquacultural Engmeering 8 147-15

Teichent-Coddington, D R, N Stone, and R P Phelps 1988 Hhvdrology of Eish Culture
Ponds in Gualac., Panama Aquacultural Logsneering ™ 309 320

Terchert-Coddington, D R, M Peralta, RP Phelps, and R Pretto 1085 CRSP
Technical Report birst avele, dmv season 1985, Treshwater Aquaculture
Research Stauon, Gualacd, Panama

Terchert-Coddington, DR, M Peralta, RP Phelps, and B Pretto 1985 CRSP
Technical Report birst avele, wet season 1985, breshwater Mquaculiure
Research Stanon, Gualaca, Panama

Presentations

Peralta, M, and DR Terchert-Coddmgton Januarv, 1988 Comparatnve production of
Colossoma macropomum and Tdapa nilotree i Panama Presented at the
20th World A\quacultore Souer Mecung m Honolulu, Hawan

Teichert-Coddington, DR, D B Rouse, A khater, and RO Snutherman 1987 Effects
of o rates of organse fertihzanon and o levels of alhalimity on prawn
production i 4 prawn-tlapta pohvculture Presented at the World Aquaculture
Society Mecting, Lcuador

The Philippines

University of The Philippines in the Visayas

Theses

Pahula, [ G 19806 Sorhed and soil solution phosplurne in relation to the optimum
phosphorus level of fablab 1 some brackishwater ponds M S thests,
Department of Fisheries, University of the Philippines in the Visayas

University of Hawaii

Publications and Reports

Corre, ¥ L, Curpenter, E | Pudaders, and RD Fortes 19860 The effects of feeds and
ferubizer on the production of Oreochromis nifolicus n brackshwater ponds,
Unpublished paper Cnversity of Hawainand Unersits of the Philippoes i the
Visavils

Fast, AW, R I Carpenter, VI Corre, and R L Janeo 1986 The effects of water depth
and circutation on the productvity of Pendaens monodon and water quality in
earthen ponds: Cnpublished paper Unsersity of Hawan and Unnersin of the
Philsppimes i the Yisavas

Olin, P 1 Barckn, and AW Bt by preparation tnduced spawmng and lanal
reaning of the Chanese catfish Claris frsens m Hawan

Presentations

Carpenter, KE AW Bst, RD fortes, VL Corre, Jr, ] Woessner, and R1T Janeo May
1986  The effeats of water depth and arculaton on the growth of Penacin
monodon n semi-mtensive ailture i earthen ponds Presented to the \sin
Fishertes Forum Meceting, Manila

Chin, Y, V. Estdo, and R L Carpenter Effects of water exchange rates on nutrient levels
and producintty of brackishwater fish ponds
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Chit, Y, M P Macahilig, and M A Sastrflo May 1986 Factors aftectung the feeding
rhythm of mulkfish (Chanos chanos Forsshal) Proceedings of the Asien
Fisheries Forum Meeung, Mar:la

Fast, AW, R E Carpenter, 1] Esttlo, and H Gonzales Januan 1987 'lfects of
water depth on dvnamices of Phiippines brachsshwater shrmp ponds
Presented at the World Aquace'ure Socc Mectng, aador

tortes, RD VT Corre and £ ] Pudadera Mav 1980 1he effects of fertshizers and
feeds as nutrient sources i the producion of Oreochroms nioticrs m
Phibippines brachishwater ponds Presented to the Asian Eisheries Forum
Mectng, Mamla

Minsdan, G and Y N Chin May 1986 Studies on the use of teaseed ke for the
selective ehmmanon of finfishies m shrump ponds Presented to the Asuan
Eisheries Forum Mecting, Manila

Sanares, RCLS 4 Ratse, AW Bt and KB Carpenter May 1980 S ater quatiin
dvnamies i brachishwater shrmp ponds with artfical seranon and
crrcubation Presented o the Asian Fsheries Forum Meeting, Manila

Ver, LM and YN Chin Mas 1986 The effects of paddlewheel aerators on ammonsa
and carbon dioxide removad i miensie pond culture Presented to the sian
bisheries torum Mecting, Mamla

Rwanda
National University of Rwanda {UNR)

Theses

Braman, A 1985 Lssars de tnage mecanique e vue d'un elevage monosexe des
tlapras et controle de L crosssance sus £ macrochir et 1 orendaflt (The use
of mechanieal sorung for the monoses cutture of nlapas: Growth tnals with 7
macrochr ad 1 rendallt ) Thesis for the degree of Ingemeur Agronome,
Lasersité Nanonale du Rwand., Butare, Rwanda 111 pp

Gatera, A 1990 LlTect of stoching rate and composting regime on production of fish
w ponds Unnersité Navondl du Rwandy, Butare, Rwanda

Habmezd, € 1986 Analvse de ) effet de L furaure orgamque (Fentes de poules) sur
Lacrorssance du ZHapia nidotica < The nfluence of duchen manure on the
growth of flapra milotica m Reandan fish ponds ) Thests for the degree of
Ingemeur Agronome, Ennersite Nanonale du Rwanda, Butare, Rwanda

Franco, 11991 Nile wlapia (Oreochromis ndofteies) produciion m tromead
nucrocosms fertdized with rabhit exereta MS thesis Oregon Sece Unnversity
Conalbis, Oregon (September 1991 63 pp

Hahuznaremve, 1981 Fiude des effets de Fabmertation sur La crossance des
nlapas Lssais en bacs sur £ macrochir et e rendalle (A swdy of the effects
of feeding on the growth of ulapras Tank studses with 7 smacrochr and /
rendallt ) Thesis for the degree of Ingénicur Agronome, 1 nnersité Mavonale
du Rwanda, Butare, Reanda 132 pp

Harwamimbaga, G 1987 A prehminan studs of the plankton population m fish
ponds at Rwasave (Butare, Rwanda) Thesis for the degree of Tcensié en
Suences, Lasersité Mationale de Rwanda, Butare: Rwanda

Hatangimbabazi, | 1 1989 Descnption des communaites planctomigues des
ifférents habiats de quelques étangs psacoles de Rwasase (Butare) {Study
of the plankton commumties of different habitats m fish ponds ) Thests for the
degree of heenaé en Biologie Smmale, Tonersité Mational du Rwanda,
Butare, Rwanda 93 pp

Isangu MM 1989 [ association porce potssons en station etude de rentabilie
financrere tIntegrated pg fish culture: \n economie andysis 1 Thesis for the
degree of Ingemenr Agronome, [nnersité Natonale du Rwanda, Butare,
Rwanda 107 pp

hakwze, v 1989 Contribution i Iéde du regime ahmenture de Zdaprantdoliea (1
1758) des etangs fertilisés de Rwasave (Butare) (A prelimiman studh of the
feeding habits of Zelapna mlotica w festlizad ponds at Rwasave (Butare))
Thewts for the degree of heensié en Brologie Smmale, Unnersté Nationale du
Rwunda, Butare, Rwanda 93 pp

Mbarerereme, P 1992 Contribution a étude de F'mfluence de Lt température el de
la durée de tratement sur Lt production des alevins monesexes du
Oreochromns ntloticus: Memore présenté en wue de Vobtention du Dipléme
d'Ingémeur Techmeren AL Institat Supenieur & sgrculture ef d Flesage de
Busogo, Ruhengent 63 pp (The influence of temperature and treatment
duration on the production of all avtde Orenchromns niloticus fr )

Mukakarera, C 1990 An aquatic bology studs of Uwagangita Nationad du Rwanda,
Butare Rwanda 101 pp

Munyangaju, A 1990 A study of the Lakes m the Bugesera region for the purpose of
deselopng an optimal fishing effort. Universué Naonal du Rwanda, Butare,
Rwanda 102 pp

Murangira, J 1992 Contrtbution a I'étde de Lt producinué de quelques graminées
fourrageres via s trons fréquences de cours Rapport de stage, Loole Agricole
et Vétérmare de habutare, Butare, Rwanea 52 pp Comparative productnin of
cight forage prisses at three auttmg frequencies )

Murwanashyvahz, J N 1989 Study ot the food o Llaras gariepinus of Like Theme
B8 thews, Unnersite Mattonale du Rwanda, Butare, Randt 116 pp

Murvanashvaha, 1N 1989 Almentation ot parastismo de Clarsas gartepnns
(Burchell, 1822) i Vo Thema impact de sa predaton sur Fevolution du stock
en Haplochroms (Leeding habits and parasism m Clags gariepinus
(Burchell, 1822) 1§ the Thema Impact of s predation on Haplochroms
stocks ) Thess for the degree of Ingemeur Agronome, Unnersité Nationale du
Ruanda, Butare, Rwanda 101 pp

Mhisebuve, A 1986 Ltnde des conditions de reproduction de fdapia milotica en
ctangs de pisaculture: (4 study of condiions affectng the teproduction of
Ilapra mlotica n Reand in fish ponds ) Thess for the degree of Ingénicur
Agronome, 1 nnersite Natonde du Rwanda, Butare, Reanda

Marambe, 0 1986 Tude de Finfluence de L fumure orgamque (fentes de poules)
sur Lt dymamigque des elements ferulisants de | eau et du sol de quelques élangs
prsacoles de Rwasave (The miluence of ducken manure on sod and water
ferthty 1 several fish ponds at Rwasave ) Thesss for the degree of Ingemeur
Agronomie, Loerste Natonale du Rwanda, Butare, Rwanda 105 pp

Mwtegeka 11990 Mtrogen budgets in fish ponds ennched wth fervhzers of
hlferent €N P ratios at Rwasave, Butare Ennersite Natonat du Rwanda, Butare,
Rwanda 117 pp

\sengrumva, v 1989 Production des alesins monoseses de Zedapa ntlotica Linnacus
par la méthode du sex-reversal (Producton of Zuupra nilotica fingerhings by
sex reversal methods ) Hhesis for the degree of Ingénieur Agronome, nisersite
Nanonale du Rwanda, Butare, Rwanda 107 pp

Rutikanga, £ 1992 Contribution a Fétude des facteurs intenenant dans de -t
dfestation des Frdapua nidoticus par tes Diplostomatidae (naladie des points
nowrs) Rappoit de stage efectu a la SPIR dur 15 07 91 a0 15-02492 Fuole
Agneole et etenmare de habutare, Butare, Rwanda (Lictors affecung the
wfestason rate of Oreochromas nifotrcaes by Diplostamatd ¢vsts (black spot
disease) 18 pp

Rwalinda, P 1990 Lorchment of compost with nitrogen and phosphorus and its
effects on the production of flapra nilotica Unnersité National du Rwanda,
Butare, Raanda 107 pp

Reangano, B 1990 Interactions of mput wpes and water quakity on the production of
Orechromus miloticus (1) in Ruandan ponds M8 thesis, Oregon State
Unnversiy, Conallis 99 pp

Lwera, M 1987 Une étude des modahités d'échanullonage des porssons en etangs
piscrcoles (v comparave study of methods for sampling fish in ponds ) Thess
for the degree of Ingenteur Agronomie, Unisersite Nanor ale du Rwanda, Butare,
Rwanda

Publications and Reports

harangwa, £, G E Muchell, Jr and RE Tucker 1990 High performance liquid
chromatographe determuation of +-methyldiazole m sheep plasma and n
ammomated tall fescue hay Journal Chromatogr 532 105-133%

Karangwa, LG E Machell Je and R Tucher 1990 Pharmocoheneties of
r-methylduszote u sheep Journal of Anmal Scence 68 3277-328 4

Presentations

Rurangwat, L and T erhieust June 1012, 1991 Oreochroms ndoticus culture in
Rwanda Opumal densit and feeding ration m carthen ponds Poster presented
at International \quaculture Conference and Trade Show Dublin, Ireland

Rurangwa, L and T Serheust June 10 12, 1991 Comparatve growt™ and mortahny of
Orcochronus miloticas and Clarias gartepines fingertings m carthen ponds
(Rwanda) Poster presented at internationdl Squitculture Conference and Frade
Show Dublin, treland

Rurangwa, Eand 1L Seeheust June 10 12,1991 Shide presentation Fish ulture i
Rwanda A hugh dotude, developing countn i centrad Anca International
Aquaculture Conference and Trade Show Dublin, Ireland


http:teft4.ts
http:I{\anld.an
http:til.tpt.ts
http:remti.il
http:Mtnsh.it
http:loers.lJ

Auburn University

Theses

Hishamunda, Nathanael 1993 The econonue anahysis of smadl-scale fish culture in
Rwanda v comparatve study M8 Thests, \uburn Universt, 240 p

Publicztions and Reports

Hanson, BT 11 Mochl A1 Sevenca b Rwangano, and M Van Spesbroech 1988
Pond cultwre of ulapu m Rwandat, a high altiude equatonal Mncan countn
Pages 333-359 1 RSY Pulling 1 Bhukaswan, b Tonzutha and |1 Macdean,
editors The Second Internanional Ssmpostum on Brlapram quaculre
1CLARM Conference Proceedmgs 15, 6235 pp Department of Hisherses,
Banghok, Thalmnd and Imernauonal Center for Tving Aquatic Resources
Management, Mamla Philippines

Hishamunda, N and FE Moehd 1989 Rwanda Nauonal bish Culture Project
Internatonal Center for Aquaculiure R and D Series Mo 34, Auburn
Lnnersiv Alabama

Mochl JE Jr R Veverict B Hanson,and N Hishamunda 1987 Development
of appropriate pond management techngues for use by Rwandan farmers
RSV Palling 1 Bhukaswan K longuthar and 11 Maclean (editors) The
Second Internatonal Ssmposiim on Dilapram Aquacubure 1CLARM
Confoence Proceedmgs 15, Department of Dshertes Banghok, Thaland, and
TCLARM, Mantla, PRlippines 623 p

Molnar, J 1. C1 Con P Swindhabimana, and A Rubagunna 1993 Socoeconom
factors alfecuny the transfer and sustunabiliny of aquaculivrad tecnologs in
Rwanda Research and Deselopment Senes N - 38, Alahama \gniculturad
Typertment Staton, buri Universits, Alabama (n press)

Popmat. 11 and BW Green 1990 Sex reversad of ulapra i carthen ponds
Rescarch and Development Series Moo 35 \lbama Agoicadinral Expenment
Staton Suburen onersiy Alahama

Verheust I B Vevenca, and 1 Rurangwa 1991 Comparatnve growth and mortatins
ol Oreochroms miloticus and Carras garseprnns fingerings i carthen
ponds (Rwanda) Pages 318 319 0N De Pauw and | Josee, editors 1AS
Speadd Publicanon No 1 (1991) Aquacultire and the Fasironment 332 pp

Veverict, b 1992 (In Progress) Proceedings The Third Conference on High
Hevanon Tlapia Calture: Butare, Rwanda

Presentations

Hanson B,V Ndorevaho b Rwangano, | Rurangwa, M Van Spevbroech, R Tubb,
and W Seim Lanuan 1988 Relationship beseen water chemsstey and the
growth of Jelapia nrbotrca m Reandan (Central Africa) fish ponds fertilzed
with chichen manure Paper presented at World Aquacalture Soaien Mecung,
Honolulu, Hawan

Harwammbaga G F Rwangano, and B Hanson Januan 1988\ descrptive studs
of plankton in Rwandan (Central Mnc) ish ponds ferulized wath Juchen
manure or iriple superphosphate: Paper presented a World \quaculture
Souets Meceting, Honoluly, Hiawan

Rwangano, | .M Van Spesbrocch, b Rurangwat, b Aeveric, and B Hanson' Januan
1988 Lingerlng production of Jekapna nifotica at the Rwasave hish Gulture
Station of the Natonat University of Rwanda Paper presented at World
Aquaculiure Society Meeting, Honolulu Haw .

Oregor State University

Publications and Reports

Balakrshnan, R, b Severictand 1P Mwirthabimana 1993 Rwanda Women in
Aguaculure: Content, Contributions and Construnts Office of Women i
Deselopment, Oregon State Tnversity, Conatlis, Oregon 39 pp

Balahrshonan, Rk Vevencaand P irdhabimana 1992 Proceedings of the
Colloquinm on Rwands Women n suaculture higembe Stavon, Rwanda WID,
Oregon State L nnersin, Condls, Oregon

Balahrishnan, R UK Veverica, P Airdhabimand, and B Runey 1992 A Approad to
Integrate Gender Vareable in Rwamda Pone Dvnannes and Aquaculure
Collaboratve Research Program WID, Oregon State anersity, Conatlis,
Oregon

Curtis, LRUET Diren, MDD Hurtes, W R Seim,and R febh 1991 Dispostion and
chmmnaton of 17a methvliestosterone in \ile tlapna (Oreachrons nifottcus)
Aquaculture 99 192-201

Sthoht 1 DR A Tubboand 1R Curtis 1986 Inhibition of hepauc LDP gluoroml
tramsferase (LDP GD actmat comadent wath elevated plasma sex sterond
concentratons dunng goradal maturaton n cap Pages 353 539 m
RSY Pullin, T Bhukaswan, The Toxicologist v 601)

Proceedings of the Coltoguium of Rwanda Women i \quaculre 1992 1oghshy
trench version and hoarvandw/rendh version

Presentations

Balahrishoan, R, and P Airahamana 1992 Rwanda Women's Role i Integrated
\quaculture Svstems for Resource Sustanabihity: Eacming Svstems Research and
Tatension Ssmposium Working paper series: Michigan State Ennersity, Last
Lansing, Michigan

Curtis, | F Diren, M Hurle, and R Tubb Apnb 1988 Mimimal residue tevels after
sex reversal of Hlapea nifottea o methnltestosterone but persistent ateraions
in hepatic detoxscation sstems Paper presented at Federaton of Amenican
Soueties for Fxpenimental Biology, Las Vegas, Nevada

Seim, W 1993 Lang Feo region dassification o order pond management strategies
LS Forest Senvice Workshop on Warm Yoaer Bish Management June 28-30,
Bend, Oregon

Sthohr Eo 1 Curtis, and R Tubb 19586 Inlibition of bepatie TP Glucurons|
transfersise (LDP GT) actvaty comardent with clevated plasma sex steroud
concenirations durmg gonadal maturation i carp Paper presented at Soceet of
Toucologints, Mlanta, Georgra

Tubb, R March 1986 The reductien of estradiol by Iner enames i carp and runbow
trout Paper presented at Toucology Meettngs, New Orleans

University of Arkansas at Pine Bluff

Publications and Reports

Logle, G M Brewsterand T Hitnesn 1993 An cconomic analvsis of fish production
in asubsistence agricultural cconomy The case of Rwanda The Journal of
quaculture n the Tropics 8B 151-165

Sprnghorn, RR AT Jeasen, W Y B Chang, and ¢ Tagle 1992 Optimum hanest
tme n dguaculore Anapplication of econonue princples to a ulapia growth
model \quaculture and bisheries Management 23 639 047

. *, . .
Universiiy of Michigan
Publications and Reports
Springborm, RR, AT Jensen, WY B Chang, and € Engle 1992 Optimum hanvest

ume 0 aquaculure An appheation of economic principles 1o a ulapia growth
model Aquaculiere and Bisheries Management 24 639-6147.
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Thailand

Asian Institute of Technology

Theses

Boonsong, S Role of zooplankton i feeding juvemle ulapia (Oreachromis
niloticus) MS thess

Guitmuan, H 1990 Assessment of nutrient himtanon an fecihized fish ponds by algal
assay M S thesss, s Institute of Technology, Banghoh, Thadand

Jwvam, W 1990 The role of seduments i pond fernlis MS thesis, Ssan Institute
of Technology, Banghoh Thaland 347 pp

Muthusam, v 1991 Sutrient budget and water qualits n mtensne manne shrimp
cultwre ponds MS Thess Ssun insttuie of Technology Banghoh Thatland

\arong, v Hleets of phatoplankton on nursing walking cagish v m stane and flow-
through water svstems

Pautong, A A 1991 Role of uream feruhiang fish ponds MS thesis wsean Inststute
of Technology Banghok Thaland

Qifeng Y 1991 Nutrrent budeet and water quahin m integrated walking catfish
nlapia culture MS Thesis Ssan Insetie of Fechnology: Banghoh Thaland

Rao, TV G 1989 Gonadal developraent m emvnonmentalh mduced breedme of
walkang catfish Clartas batrachus (Lnnacus) M thesis, Asan insttute of
Tedhnology Banghoh, Th uland

Shrestha, MR 1989 Impact of attached microorzanism biomass on ulapa
(Oreachromis niloticis) production MS thess v Institute of
lechnology Banghoh, Thaland

Suresh, AV Influence of stoching denses on red tlapia producion n & rearculation
svatens

Ullah, Md v 1989 Sutrient release charactenistics of duch manure for Mle ulapia
production S thesis, Asian Institute of Technology, Banghok, Thaland

Michigan Siate University
Publications and Reports

Gutman, M and €1 houd Hansen 1992 Fish pond management by algal sssa
Abstract i Journal of the World \quaculiure Souet

hnud-Hansen, CE 1992 Pond histony &s source of error i fish culture
CAPCTIMENtS L UUMHAING dssessient using covartate anahsis Aquaculiure
105 21-30

houd-Hansen, CE 1992 Analang standard canves m the chenustns of waters wsed
for aquaculure Naga, the ICLARM Quarterh (Januan) 16 19

hnud-Tansen, CFoand G Tin 1992 Strategies for stockang Mile ulapia
Wreochromts milottcns) i ferulyed ponds The Hurd International
Smposium on Blapiom Aquaculere, Ahidpan Cote d hore Africa

hnud-Hansen, €1 and AR Pautong 1993 On the role of urea m pond fertilization
Aquaculture 114275 283

hnud-Hansen, CE R Batterson, and €D McNabb 1993 The role of duchen
manure m the produs uon of Mie ulapre (Oreochromis mloticns)
\quaculture and Disheries Management 2+ 183-193

Rnud-Hansen, €1 .G D McNabboand TR Baterson 1991 Application of mnology
for efficient autrient utilizavon im wopical pond aquaculture Procecdings of
the Interational Assocsation of Theoretical and Apphed Limnology 24 2541
254

hnud-Hansen, CELCD McNbboand TR Batterson 1989 Apphcanon of hmnologs
for efficient nutrient utilization m tropical pond agquaculure Abstract
ANVt Congress of the Intermational Wsocrtion of Theoreteal and Applied
Himnology

MeNabb, €D CF hnod Thansen TR Batterson, and b Janen 199 A svstematic
approach to masimuzng nutnent efficiency and growth of Mle ulapia
(Oreochroms mfoticus) under semi mtensise pond culture Abstract in
Journal of the World Aquaculture Soaen 22300

McNabb, CD LU TR Batterson Ch tin K Jasen 11 Hanson,and R Chuenpagdece
1989 Fish vield wath atrogen supplemeated organic fertihzers Abstract in
Journal of the World \quacelture Soaen 20504

McNabb, CD TR Baterson, B Premo, G hnud Hansen, H M Lrdman, G K T,
K Janen, L ALanson, and R Chuenpagdee 1990 Managing ferubizers for fish
sield in tropacal ponds in s Pages 169 172 R Hirano and 1 Hamv,
ednors Praceedmgs of the Second Asian Fisheries Forum

MeNabh, C.D L TR Batterson, B) Premo, 1 knud-Hlansen 1M Fsdinan, €k T,
K Jaiven, J F Hanson, and R Chuenpagdee 1989 Managing fertilizers for fish
vield i tropredd ponds i Asia shstractin The Second Asan Fisheries Torum

Shrestha, MK and €1 hnd-Hansen: In press Increasing attached microorganisms
bromuss as @ management strategy for e tlagaa (Oreochrons atloticns)
production Aquacultural Engineering

Yuwsofl, M and €D Mcvabb 1989 Hiects of nutrient avalability on priman
productivity and fish production i ferulized ropieal ponds \quaculture
TR AK-319

Presentations

Guitman, H,and C1 hnud-Hansen: Mav 1992 Eish pond management by algal assay
Waorld \quaculure Socien, 23rd \anual Mectng, Otlando. Horda

huud Hansen, CELand Yk Pawtong Mav 1992 The role of urea i fishpond
ferulizanon World Mquactlure Socets, 23ed sl Mectng, Orlando, Horda

haud-Hansen, CHGD Mcbh and TR Batterson Sugust 1989 spphcation of
Lmmologs for efticent nuttent utihizanon m troprcal pond aquaculture NN th
Congress of the Intermnational \ssocation of Hicoreticat and Apphied Lmnology

McN\abb, G DL GE Rnud-Hansen, TR Batterson, and h Janen June 1991\ sastennatic
approach to mavumezmg nutnent efficency and growth of Mle tlapa
(Oreochronns mifotteusy under semn miensive pond culture World
\quaculture Societs Meetng, 22nd snnual Mecting, San Juan, Puerto Rico

McNabh, €D TR Batterson, Ch Linc ke Janen, ] 1 Hanson, and R Chuenpagdee
tebruan 1989 Fish vield wate mirogen supplemented orgame fertilizers
Presented atthe World squacilure Societs Meetmg, Aquacaliure 1989,
Los Angeles, Cabifornia

MeNabb, €1 R Batterson, B Premao, G hnwd Hansen, 1M Lidman, C K Lin,
A Tasen, 1L Hanson, and R Chuenpagdee A\prl, 1989 Managig ferithzers tor
fish vicld i tropieal ponds m vsia Second Asian Bisheries Forum, Tokyo, Lapan

Shrestha, MK and G Rnud-Hansen I press Increasing attached microorganisms
bromass as a nanagement strategs for Sile ulapia (Oreochromis milotiens)
production A\quaculral Fagimeering

Manuscripts

Hophins h  and G 1 houd-Hansen: Submstted Comparison of three ferulizanon
strategies Algal assav, nutrient concentration, and empinically determined
constant rate Journal of the World Aquaculre Socien

hnud Hansen, CHoand ER Batterson Submutted  FHleat of fertilization frequency on
the production of \ile ulaput (Oreachroms miloticus) Aquaculiure

houd Hansen, C1oand B Guttiman: Submitted Algal assay method for pond
ferubzaron Journal of the World squaculure Socien

Other

hnud-Hansen, CFLand TR Baterson 19871992 Thakand PDZA CRSP data dishettes
for Work Plans IV, A, and VEexperiments using TOTUS 1-2-3

University of Hawaii

Publications and Reports

Hophims, kD 1992 Reporting fish growth, & review of the basics Journal of World
Wiaculture Society 23(3) 173179

lophins, K D 1988 Reporting fishpond vields to farmers Aquatnte 1(2) 6

Hophins, hevin Reporung fish growih a review of the basies: World Aquaculture
Aceepted for publicanion

lophms KD and D Pauly (i Press) Instantaneous mortalties and multnariate
madels Apphcanons o tlapu celiire m saline water e M Prem, 6 Hulat and
D Paudy (eds ), Mudivanate methods m aquacalre research Case studies of
ulapias i experimental and commeraial sstems Isvael sgrcuttural Research
Orgamzaon/Bundesmmisteriam fur Wirschafthche Zusammenarbew
Internanonal Center for Tving Aquatic Resources Management, Maniha

Hophins, h and v Yehopitwage Bras i seine sampling of ulapra Journal of the Workl
\quaculiere Socien Aceepted for publicaton

Hophins, KD M1 Hophans, and 1) Pauly 1988 C multivaniate model of alapra
growth, applied to seaw ater tlapia cilture e Auwat Pages 29 39
RSV Pullin, I Bhohaswan, K Fonguthar and 11 Maclean, editors The Second
Iniernationdl Ssmposium on Tilapian Aquacolure 1CLARM Conference
Troceedings 15, International Center for Trmg Squatic Resources Management,
Mk, Plalippines
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Saper, ) PLoand ) M Eheling 1993 Photosynthesis and commumin resprration at
three depths during a pertod of stable phytoplankton stock 1 a cutrophie
brackish water culture pond Marine Feology Progress Series 04 229248

saper, L and KD Hophins 1993 Fffects of pond depth and medhaneeal mivng on
production of Oreochromes niloticus i manured earthen ponds 1n
RS\ Pulling) Lazard, M Tegendre, and | B Amon hothias (editors), The
Third Internatonad Svmposium on Tiltpra i Squaculture 1CIARM Conference
Proceedings 11, Internanional Center for Tmng, Aquatic Resources
Management, Manida, Philippines

saper, ) and Ch Tm 1990 Techmques for assessment of stravfication and effeas
of mechame al miang m tropcal fish ponds \quaculural Engineering 9 151
165

Saper, ) Pk Hophins, and Ch T 1991 Production of Oreachroms nddoticus
(1.} and ecossstem dvnamies i manured ponds of three depths Aquacultore
and Fisheries Management 22 169- 180

saper, 11", ) 2 Rosenfeld, RH Predraluta, and P Grovannim 1992 Diel avdles of
planktoma respieation rates i briefly-mcubated water samples from a ferole
carthen pond Timnology and Oceanography 37 1193-1201

Presentations

L, Ch . and ] Saper June 1990 Stranficaton of temperature and dissolved
owgen i tropie fish ponds World \quaculiore 90 Halifax

Manuscripts

Hophtns, A D Svstemic variion 1 the growth parameter phi prime: Subnutied to
\quabvte Sovember, 1992

Hophins N .and CE hnud Hansen Submitted Companson of three ferubzanon
strategies Alpaissay, nutrient concentration, and empircally determined
constant rate Journal of the World squaculture Socets

University of Michigan

Theses

Buurma. B} 1991 The effects of feeding frequencs and handling in cultwre of the
wilking catfish, Clarsas fuscas MS thess, Unnersity of Michigan

Publications and Reports

Buurma, B) . and 1S Duna 1993 The effects of feedimg frequency and handlng on
growth and morahty of cultured walkimg catfish, Clarras fuscus Journal of
the World \quaculure Socien

D, 1S 1993 Consenvation and utilization of genetic resources m capture and
cufture fisheries Pages 89 1000 CS Potter, )1 Cohen, and 1) Janczewshi,
editors Perspectives on Brodiersin: Case Studies of Genetie Resource
Comenation and Development Amencan Assocaton for the Advancement of
the Saences, Washington, D ¢,

Dand, ) S and v Last 1959 The effects of water exchange rate and density on vield
of the watking catfish, Clarsas fuscans A\quaculture ™8 267-270

Deng, ]S and D Otes 1986 Brologica prinaples of pond cilure Bisli Pages 39-
52 fames b Lannan, RO Smutherman and George 1chobanoglous, editors
Prinaples and Pracuces of Pond Aquacultire A State of the Art Review
Oregon State Lnnversity Press, Conaths: Onginadly published as mternal report
n 1983

D, 1S, 1) Dettweder, and Ch Lin 1991 Hieat of Nile tlapia Oreochronns
nloticns on the ecosstem of aquaculture ponds, and its significance to the
trophic cascade hvpothess: Canadian Journal of Eisheries Aquatic Saence
18 183-190

Diana, J 5.5 hohler, and DR Oty 1988 A vield model for walking catfish
production m agquaculiure sstems Mquaculture 71 23435

Duana, ), Ch L, @ Schneeburger 1990 Relattonshiups among nutrient nputs,
nutrient concentrations, primany production, and vield of Oreocbromis
ndloticus m ponds Aquaculture 92 323-3 41

Duna, )5 P ] Schaeeberger, and € Lin 1988 Relauonships between priman
production and vield of Ldapra mlotica w ponds Pages 1O RS Pullm,
T Bhukaswan, N Tongutha, and J I Maclean, editors The Second
Internatondl Ssmposiom on hilapitin Aquaculiure 1CL4RM Conference
Proceedings 15 Mamla, Philippines

houd-Hansen, G and Ch Lin 1992 Strategies for stocking Nife tilapiit
(Orcochromis nidoticus) in ferulized ponds The Thred International
Svposum on Tilapia 0 Aquaculwre, Abidyan, Cote d'horre, Africa

Lin, € R 1990 Integrated culture of walking catfish and tlapra Pages 209-212 1
R Hirano and I Hamv, editors: Proceedimgs of the Second Astan 1ishertes
Forum: Astan Fishertes Saaet, Mamiba

hin, Ch 1989 Prawn culture an Fawan What weat wrong? World Aquaculture 20 19-
20

L, Ch 1989 Occurrence of mass mortality of black uger prawns in Tawan tha
bisheries Gazette 12 200 210

Lin, G A 1986 Sadificanon and reclamation of acd sulfate soid fishponds in Thaland
Pages “1-" 4 ) 1 Mackean, 1B Dizon, and 1V Hosllos, editors The Hirst
Astn Bisheries Forum Astan Fishertes Socien, Mamila, Plnlippines

Lin, Ch 1980 Nutrient dvnamies between morgame and organie feruhization i tlapa
aulure ponds Proceedings of the 2 ith kasetsart Unsersiy Conference on
Lisheries 174-182

Lain, Ch 1986 Bologial prinaples of pond cultwre: Plstoplankton and macrophvies
Pages 21-260 i James | Lannan, R O Siitherman, and George Tchobanoglous,
editors Prinaples and Pracuices of Pond Aquaculture A State of the At Review
Oregon State Lnnversity Press, Conallis (Origmally published internally in
1983)

hin, Ch,and M Boonvaratpain 1985 An analvsis of biological characteristics of
Macrobrachum rosenhergn i relanon to pond production and marketng m
Thaland A\quaculture ™+ 205-215

Lin, Ch,and P Tasarutmaneegul 1986 Aaditicauon and recamanon of aad sulfate
sotl fish ponds i Thadand iest Asan Fishieries Society Forum, Manily,
Philippimes Published i Torum proceedings

L, Ch,C Apmhapath, and v Lansakul 1988 Biologreal nstrogen fivation as 4 source
of mtrogen mput m fishponds Pages 5338 i RSV Pulling 1 Bhukaswan,

N Tonguthan, and | 1 Madl ean, editors The Second Internanonal Ssmposium
on Tilapra i Aquacalure [CARM Conference Proceedings 15 Mamila,
Plulippines

MeMabb, DL TR Batterson, B Premo, CE houd-1lansen, EM Fidman, CA L,
N Janen J 1 Hanson, and R Chuenpagdee 1990 Managig ferulizens for fish
vield i tropical ponds in Asie Pages 169 172 i R Hiraso and T Hansy,
editors Proceedings of The Second Asian bisheries Forum: Astan bisherses
Soaen, Manila, Pnbippines

Muthuwana W (v Fansahub, and C R Lin 1986 Nutrient dsnamies hetween inorganic
and orgame ferulized ponds for tlaprculture Proceedings of the hasetsart
Cnnversty Agriculurdl Conference (anuan 1983)

Muthuwana % A Lasahul, and Ch T 1986 Production and unhization of orgame
carbon 1 blapia culture ponds Proceedings of the kasetsart Unnersit
\gniculural Conference (Januan 1983)

Nash, G S Clinabut,and € Lmsuwan 1987 Idiopathic muscle necrosis n the
freshwater prawn, Macrobrachtum rosenberga (de Man), culured m Thaland
Journal of Fish Diseases 10109 120

suresh, AN and CR L 1992 Ftean of stockimg densi on water guahin and
production of red olapr i o rearculated water sistem: Journal of Aquaculure
Pngineerng Caccepted for publicaon)

Fansahul, V1 Sae feesand BoSae-Toaw 1987 Acute toviay and treatment effect of
formalin to carly lanae prawn, Yacrobrachium rosenberg (de Man)
Proceedings of the 25th hasetsart Lnnersin Conference on Bisherses

Tavarutmanegul, Poand Ch Lhin 1987 Breeding and reanng, of sand goby
(Ovyeleotris rosenbergin, BIk ) fre Aquacultre 69 299-305

Presentations

Duana IS, and Ch B Januan 1988 Hieas of fert lization rate on poman
production and vield of ulaprein ponds Workd Aquaculiere Soaen, Honolulu,
Haw.u

Drana, J S Ch T and D Detwetler Februan 1989 Cascading troplic mterictions
A test of the hvpothesis using nlapia culture date World Aquacoliure Soces, Tos
wngeles, Cabiforma

Drandg, J 8P Schneeberger, and G Tin 1987 Relationshups among, nutrient mput,
praman production, and vield of 7elapia arlotica n ponds Second Internatonal
Ssmposiam on Llapia i \quaculture, Banghok Thaland

[, CR Aprl 1990 Integrated culture of walking cafish and alapra Second \sian
bisheries Forum: Tokvo

L, ChLand S Suworatham 1987 | fedts of inorgamc and organic fertthzers on
sooplankton production i ukapa ponds 235th hasetsart Unversin Conference,
Banghok, Thaland

hin, Chand J S Diana Eebruan 1989 Tntegrated culture of walhing catfish and
lapran carthen ponds World Aquaculture Socien, Tos Angeles, Calformia
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Ln, CK,and) S Duna 1987 ternlzaton effects on pond carrying capacity in
extensive culture of tlapta (Oreochronus niloticus) Second International
Symposim on Tilapia s Aquaculture, Banghok

Lin, Ch L and | Sayper June 1990 Stranficaton of temperature and dissohved
ovgen i tropicdl fish ponds World Aquaculiure *90 Halifax

a0, Ch LA Apmapat and v Tamsakul 1987 Biological nitrogen finaton as a source
of mtrogen mput i fish ponds: Second International Symposium on Tilaptd in
Aquaculture, Banghoh, Thalad

Lin, Ch.S Ausoratham, and v Lansakul 1986 Dietan consumption of
sooplankton by tlapra m ferulized ponds Tha Lisheries Academy Seminar

Lin, CR oM Boonvaratpatin, and Y Musie 1986 Biologscal characteristies of
Macrobrachiim rosenhergn (de Man) m relanon o pond production and
marheting birst Astan bishieries Socets Forum, Manil, Plulippines

I, ChLE Sae Toaw, and v Lansahul 1987 Reaning post-lunae of
Wacrobrachimm rosenhergn at igh stoching density i concrete tanhs 25th
Rsetsart L nnersity Conference, Banghoh

Lin, Ch v Tansahul, W Mothuwana, and S Auworatham 1986 Production and
utthzation of orgame carbon i tlaput colture and ponds Hhar Fisheries
vcademy Seminar

Lin, Ch, W Muthuwana, V Tansakul, § Susworatham, and € Apimapat 1956
Mutrient dyamies e een norgame and organie fertlized ponds for ulapia
culture Thar bisheries Academy Senunar

Musig, Y, M Boonvaratpaho, and Ch hin 1987 Water qualin in Macrobrachium
grow-out ponds 25th hasetsart Uninersity Conference, Banghoh

Tansakul, v\ T Sae-Lee, and FoSae-Loaw 1987 Acnte toxaty and treatment effect
of formalin on carly lanal prawns (lacrobrachium rosenbergnt (de Man)
25th hasetsart Unversity Conferer ce, Banghok

Manuscripts

Buurma, B]  and ] S Duant 1993 The effects of feeding frequencs and handling on
growth and mortaliy of cultured walking catfish, Clartas fuscus Journal of
the World \quaculure Soaiety (Aceepted for publicaton)

Lin, G R 1990 Production and consumption of freshwater prawns (Macrobrachium
rosenbergin) Journal of the World Aquaculture Socen (Accepted for
publication)

L, Cho b Javen, b Muthuwana 1990 Integrated culture of mtensise and senn-
intersve aquaculure Concept and example Thar Lisheries Garette (in
revew)

Suresh, AV cand Ch Din 1992 review on tlapra culture 1 saine water
Aquacutture (submutted)

Saper, JPoand Ch hin 1990 Strauficaton of temperature and dissoived oxygen in
mived and unmaed ponds Journal \quaculure Lngineenng (in press?

Other

hin, Ch 1990 Lfeas of mtensive shrimp culture on coastal environment n upper
Gull of Thalnd Semanar at Rovid Thar Government Department of bisheries
and Shnmp Larmers \ssociations £5-16 Februan 1990

Lin, Ch 1990 Current status of freshwater prasn and marme sheunp culture in
Thatland Semmar at Great Lakes Bisheries Research Laboruton, snn vrhor,
Michigan

Lin, Ch 1989 Intensne pond culture of freshwater prawns and manme shomps in
Thaland Semmar at Auburn Cnversity, Auburn, Alabama 23 Mas 1989

Lin, Ch 1989 The problems of mare shomp culture m Luwan Seminar at Roval
Thar Government Department of bisherses and Shrmp Farmers Assocuition
Banghoh, Thalad Jub 1989

Lin, O 1989 Overview of current aguaculture in the Orient and the TS Senunar
JtUmited States Ageney for Internatonal Development, Banghok, Thatland
28 July 1989

Lin, CR 1989 Aquacultore in Thaband and AL S Program Senunar at Gitizens
Ambassadors, Banghoh, Thaland  August 1989

CRSP Research Reports

The following publications ba e been wsued by the Pond Dynamics/
Aquaculfire Collaborative Research Support Program, Oregon Slate
University, Corvallis, Oregon Y7331-10 11 Copies may be obtamed
Jrom the PO CRSP office

Data Reports by CRSP Researchers

Batterson, | R, CD McNabb, CE Anud Hansen, M Erdman, and k- Sumantadinata
1989 Indonesit Cvele 11 of The Globad Experiment Collabogative Research
Data Reports Volume Three, Sumber Three PD/ACRSP, Conalls, Oregon
15 pp

Carpenter, NE, AW Last, ) Carreon, and R Jubano 1991 Phulippmes Gidle T of The
Global Expeniment Coltaboratve Research Datt Reports Aolume Lour, Number
Three PI/ACRSP, Conallis, Oregon 257 pp

Carpenter, KE ] Woessner, RD Fortes, A Fast.and P Helfrdy 1991 Phibippines
Cyele 11 of The Global Experiment: Collaboraine Research Data Reports Yolume
Four, Number Bwo PD/A CRSP, Convallis, Oregon 501 pp

Diana, J &, Ch Lin, I Bhuhaswan, and v Sissuwanatach 1987 thaland Gude L of
The Global Lapenment Gollihorative Research Data Reports, Volume Fwo,
Sumber One PD/ACRSP, Convalhis, Oregon +7 pp

Duana, JS,Ch hing 1 Bhukaswan v Siesuwanatach, and B Buurma 1991
Thatand Gedle 1 of The Glohal Experiment Collaborative Research Data
Reports, Volume Two, Sumber Three PIZACRSP, Convallis, Oregon 86 pp

Diang, JS.Ch D, 1 Bhubaswan, v Siesuswanatach, and B | Buurma 1990
Thaland Cele ITof The Global Expeniment Collaborune Research Data
Reports, Volume Two, Mumber Iwo PD/ACRSP, Convallis, Oregon 54 pp

Fgna, HS N Brown, and M Teshe (ediors) 1089 General Reference Sie
Deseripuions, Matenals and Methaods for the Global Experiment Collabortne
Research Datt Reports, Volume One #I/8 CRSP, Conallis, Oregon 81 pp

Green, BW CHR Abarenga, RP Phelps, and | Lspmost 1990 Honduras Cyele 11 of
The Global Lxperment Collaboratve Research Data Reports, Volume i,
Number Iwo PD/ACRSE, Convallis, Oregon 94 pp

Green, BW CHR Alarengd, RP Phelps, and ) Lspmoza 1990 Honduras Gele 1of
The Global Pypeniment Collaboratve Research Data Reports, Volume Six,
\umber One P/ACRSP, Conallis Oregon 94 pp

Green, BWOHR Aharenga, RP Phelps, and ) Fspmoza 1989 Honduras Crele 1 of
The Global Laperiment: Collaborame Research Data Reports, Volume Si,
Sumber Three PI/A CRSP, Convallis, Oregon 4 pp

Hanson, BV Ndorevitho, F Rwangano, R Tubb, and W & Seim 1991 Rwanda Gvle
1 of The Global Iyperment Collaboratine Research Data Reports Volume Ine,
Mmber Two PD/ACRSP, Convalls, Oregon 102 pp

Hanson, B, 4 Ndorevaho, R Tubb, | Rwangano, and W A Seim 1989 Ruanda Gle
1of The Global xpeniment: Collaboratve Research Data Reports Volume 1ne,
Mmber One PD/ACRSP, Convllis, Oregon 62 pp

Hughes, DR P Phelps, and R P Madea 1991 Aguadulce, Panama Gde HEof The
Global Laperniment: Collaboramve Research Dats Reports Volume Bight, \umber
Three PD/ACRSP, Conallis, Oregon 230 pp

Hughes, D R P Phelps.and RP Malca 1991 sguadulce, Panama e 1 of The
Global Expeniment Collaboratve Research Datt Reports Volume Fight, Number
Iwo PIVACRSP Conailis, Oregon 143 pp

Hughes, D A T iz RP Phelps and RP Madca 1991 Aguadulee, Panama Gede |
of The Global Txperiment: Collaborate Research Data Reports Volume 1ight,
Sumber One PD/ATRSY Convallis, Oregon 122 pp

MOV, €1 TR Batterson, B Premo, M Bdman and b Sumantadimata 1991
Indonessa Gucle 1T of The Global Expeniment Collaborative Research Bata
Reports Volume tiree, Sumber Two PDZACRSE Conallis Oregon 9 pp

MANabb €D TR Batterson 81 Premo HM Bidman and b Sumantadinat 1988
Indonesut e Tof the Global Experiment Collaboratine Research Dats
Reports, Volume Three Number One PD/AGRS? Conailis Oregon 67 pp

Tetchent Coddington, TYR .M Peraltr R 1P Phelps and RP Malca 1991 Gualaca
Panama Gole i of The Global Fypeniment Collaboratine Rescarch Data
Reports Volume Seven Sumber Two PR/ CRSE Convalhs, Oregon 36 pp

Tewhert Coddington 1 M Peralta R P Phelps and R P Malca 1991 Gualaca
Panama Cude Fof The Global Experiment: Collabeatne Research Data Reports
Valume Seven Sumber One PD/ACRSE Convallis Oregon 97 pp

Woessner, | RD Fortes and v Corre Ir 1991 Phalippines Gde Tof The Global
Lapeniment Collaboratine Researdh Data Reports Volume lour, Number One
PIVACRSP, Convalbs, Oregon 141 pp
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Cther Publications by CRSP Researchers

Publications

Brune, DL, and R I Predratuta 1982 Operstion of 2 retaned biontass mtrificaton
system for treating aquaculture water for rense: Proceedings of the Frest
International Conference on Lived-tilm Biological Processes, pp 813-869

Chang, % 1987 hish cultere n Chung Bishenies 1203) 1115

Chang, W 1987 1histonical center of fish center in Ching an Lake L angtze Rier
Delta \quaculure Magazine 13 39 42

Chang, W 1987 Laree Likes of China ] Great Lakes Res 1303) 235249

Chang, W 1980 squactlture researchn Ciing Chana Tvehange Sews, (SCPRC,
Nationdl Academy of Saences TH2Y 1316

Chang. W 1980 Pracical methods for treatng fish durng oxvgen stress i ponds
Aquacultuee Maganne 1304) 20 22

Chang, W and B Rossmann Changes i the abundance of blue green algae refated
to nutrient loadings i the nearshore of Labe Michigan hdrobiologa
157271 278

Chang, W ] Drang, and W Chapochuk 1983 Strengthenimg of Southeast Asun
Mquaculture Iistitions: Warhshop Report 1o Agenes for International
Development

Fheling, I M and RH Prediabuta 1985 Microcomputer based datt acquisition
swstem foraguacnlre use Amenic n Socen of \gncultere Logineers Paper
\umber 83-301 1 8 pp

Frdles, RB LR 1 Predrabuta, and 1M Tosordo 1988 Challenges i aquacultirad
eogineening Agncultural I ngimeerineg 6900 1215

Grace, G and R H Predrahita 1959 Cubon diovide removal m pached cotumn
aerdtors Amenican Sovets of Agrculwral Engmeers Paper Sumber 89-7011

Hophins KD 1T Lannan and TR Bowman 1988 Managing @ data hase for pond
research dati—the CRSP experience Aquabvie 1(1)

Losordo, 1M .nd RH Predrabine 1988 Simulaung aquacilinea] pond thermal
stratificaton with & spreadstieet model Amerscan Society of \gricultoral
Engineers Paper Number 88 3003

Tosordo, T\ and RED Predrabita 1988 Modelng verticd water quahin profiles
dquacuhure ponds, review and cuauation: Pages 313 327 Proceedings of

the Conference \quaculordl Tngincering Technologies for the futare, Surhing,

Scotland 1T Cheme Ssmposiam Series Mo FHEL ELCT Publicatons Series
Ao 00 Rubgy United hingdom

Tosordo, M ]V Ehehng, and R H Predralun 1986 Stiaufication measurement
techmgues i aquaculiure ponds Amencan Soaets of \gncultueal Engmeers
Paper Number 86-3047 14 pp

Losordo, T8 RH Pedrabuta, and § M Ebelimg 1988 A automated water quabin
acguisttion swstem for use in aquacalire ponds Aquacnlaral Engineering
725 7R

Predrahita, R 1988 Introduction 1o computer modehng of aquacalture pond
ecomstemns qaaeutture and Hisheries Management 191 32

Predraht, RH 1987 Sensitvaty anabysis for an aquacultural pond model
Pages 119-124 ) G Balchen, editor Antomation and Data Processing i
\quacolture Pergamon Press \ew York

Priedraita RH and DE Brune 1989 Aquaculmral Eagineening Aquate habitat
commands imnosave throsts \gricultural I ngineering “6013 30-32

Predrahita, R1IE and G Tchobanoglous 1987 The use of uman wastes and sewage
i aquaculture Pages 336 332 1% Morars and RS E Pulhin, editors
Detritus and microbiad ccology i aquaculture WARM Conference
Proceedings 1+, Internauonal Center for Tiving Aquane Resources
Management, Mamla, Philippines £20 pp

Predraluta, RIE TS Eheling and 1M Tosordo 1987 Use of dat acgquisition
swstenis i aguacultuze: Pages 239 202 0016 Balchen, editor Automation
and Dt Processing i Aquacultore: Pergamon Press, New York

Medrahuta, RH L G Tchobanoglous, and B Moore 1987 1fect of organie matter
addiuon to fish culture sstems [ransactions of ASAE 3001) 233-237

Pedrabie RHDE Brene, G [chobanoglous and 61 Orlob 198+ General
maodel of the aquaculture pond ccosstem Journal of the World Marculure
Sacien 13355 360

Popma. 11 and BW Green 1990 Aquaculture Production Manual Sex reversal of
tilagna m earthen ponds Rescarch and Development Sertes No 33
Internatonal Center for Aquaculture, Subuen Unversity, Mlabama

Sthokt, FD, R A Tubb, and T R Curtis 1989 Flevation of sex steroids and
mhibiwon of LDE-glucurom] transferase are out of phase durmg gonudal
niuration m the common carp Comp Bochenneal Phvsiol 9262 267-272

Suth, DW L and R I Predrahina 1988 The relaton between phvtoplankton and
dissobved oxsgen concentration in fish ponds Aquacalture 68 219 265

Tewchert Coddington, DR and RO Smutherman 1988 Lack of response by tlapiu
ndotica to mass selection for rapid early growth Lensacions of the
Ameriean Fishenes Soaets 117297 500

letehert-Coddington, DR ET Behrends, and RO Snitherman 1990 1 ffecrs of
nnueng regime and stocking rate on priman producton and vield of ulapa
using hgud swine manure Aquacultere 88 61-08

Scientific Papers Presented

Chang, W 1987 Cluna integrated aquaculiare An efficient ecologeal svstem
Abstract, The himnology & Oceanography 1987 Anmual Meeting

Chang, W 1987 The world's lughestlehe Tihetan Lihes Ahstract 30th Great Lihes
Res

Chang, W 1986 Large Lahes i Gt Abstract 20th Great Lahes Res

Chang, W 1980 Vertical onvgen dyviamics of shallow ropical impoundments s the
Pearl Rver Delty, Chaina Tran Snier Phys Union 60(51) 13-1

Whitnn, ML and RH Predrahite 1989 Water quality requirements of Peafic
ovsters (Crassostrea grgas) m holding sstems: Presented at the Anmual
Meetng of the World Aquacultme Society, Tos Angeles, lebruany 12 pp
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IX. Abstracts of Technical

In a departure from the format of past vears, this Annual Report is
divided into two volumes. This volume, Eleventh Annual Program
Report, describes the program and adnunistrative
accomphishments; technical papers are found i their entiren in the
companton volume, Eleventh Annual Techmeal Report In order to
indicate the scope of the CRSP research actities, abstracts for the
techmicad papers appear here; tor the complete paper, refer to the
Techmeal Reports volume  The Last five abstracts are identified as
“Progress Summary.” These abstricts represent research in
progress, and the papers will appear in their entivety in the Twelfth
Annual Technical Report,

Validation of PD/A CRSP Pond
Management Strategies

Work Plan 7, Study 1A

Bartholomew W Green

Depattment of Fishernes and Allied Aquacultures
Auburn Universuy

Auburn, Alabamau

Zemab AL Flnagdy

Central Luboratory for Aquaculture Reseaich
Agnicultural Research Center

Mty of Agriculture and Land Reclamation
Abbassa, Sharhia, Egvpt

Abstract

Production pond trials were initited in July 1993 to test
performance of PD/A CRSP-deseloped pond management strategies
under the climane and edaplac conditions of Egypt as well as to
compare tilapia vields from these svstems to vields from ponds
managed according to tradimonal or modified Egyptian pond
management svstems, Five treamments were tested. Tradinonal”
Egyptran system: “Enhanced” Egyptian systent, Feed only;
Fertilization then feed: and Chenical ferubzaton Ponds were
stocked with monosex or muned-sex Oreochromis niloticus at
20,000/ha. Mter 90 davs of growth, mean fish weights were 89.5 ¢
for chemical fertihzanon treatment, 107 5 ¢ for enhanced Egyptian
system treatment, 97 | g for fentilzavon-then-feed treament, 68 2 g
for feed only trestment. and =23 ¢ for waditional Egyptian system
treatment The research plan calls for this expeniment to continue
for an additonal 60 days Data contnue to be collected and will be
analyzed on completion of the experiment

Papers

Soil Respiration: Effects of Chicken
Litter and Urea

David R Teichent-Coddmgron

Depatment of Fishenes and Allied Aquacultures
Auburn Unn ersiny

Aubuin, Alabama

Nelson Claros

El Caiao National ish Culture Research Center
Ministry of Natural Resources

Comayagui. Honduras

Abstract
Respiration, total alkadimity (TA), total hardness (T1), and pH were
monitored for 10 days m S-gallon bucket microcosms that had
been filled with water and treated wath soil, chicken litter, and urea
(SCLUY; soil and chicken litter (SCL), sl (8): or chicken litier
(CL). The objective was to obsenve the effects of chichen litter and
urea ferttlization on resprration, total alkalingy (TA), total hardneas
(TH), and pHn order to vertty pond data

Respirvaton in soil-treated buchets was ven low relatne to those
receiving alochthonous organie matter: Carbon diovide that was
evolved 1n SCLU and SCL buckets during resprration combined with
soil carbonates to raise TA and TH lugher than i those buchets not
treated with sorl (CL) Total alkabmity and pH were hoth
consistently higher i the SCLE than the SCL treatment, because
hvdrohsis of urea forms ammonna, which s alkaline in water

This experiment flustrated why i LA sind TH m El Carao ponds
hase always increased during production eveles in organically but
not n inorganically lertilized ponds. 1talso partly illustrates why
pond pl has increased with use of urei as a supplemental nitrogen
fertilser.
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Intensive Fertilization of Tilapia Ponds in
the Philippines

Work Plan 6, Experiment 10

Kevin 1 Hophkins

College of Agnculture

U niversity of Hawan at Hilo
Hhilo, Haw.au

Fduardo Lopey

Freshwatet Aquaculture Center
Central Luzon state University
Munoyz, Nueva Foga Philippines

James P Szvper

Hawan Insotute of Manne Biology
University of Hawan at Manoa
Kaneohe, Hawan

Abstract
Three esperiments to test CRSP fertdlizer gudelines were conducted
1 the Philippines from late 1991 to mid 1993. Six fised
combmations of morgante and organic fertilizers and a sariable
fertihizanon scheme based on PONDCLASS (a4 computenized espert-
swstem for pond fertilization developed by the CRSP) were tested
Sex-reversed FAC-stram Greochromis niloticus were used exeept
during the third expeniment when 0. miloticus produced by YY
males were included as one of the treatments

Average vields of sex-reversed O mloticns vanged from 3941 to
4818 hg/harvr for both the morganie teruhizer and combination
maorgante fertdizer/manure tresatments with nitrogen inpuls of
-5 kg WVhvd and N P ratio of 15 Producuon of small fish (below
marhet size) because of incomplete sex-reversal mereased total
vields to almost 6000 kg/hasr O wdloticns produced by YY males
vielded 532 + kg/havr of market size fish

A prelminary estimate of profitabilits indicates that ferulization
can he more profitable than feedmg with considerably less rish
because of teduced operating capital requirements

Field Testiug Least Intensive Aquaculture

Techniques on Small-Scale Farms in
Thailand

Work Plan 6, Study 9

Chostopher I Knud-Hansen
Agnculture & Food Lngineering Division
Astan Institute of ‘Technology

Banghok, Thaland

Ted R, Batterson

Depattment of Fishenes and Wildlife
Michigan State University

East Lansing, Michigan

Hans Guttman, C Fwer Lin, and Peter Edwards
Agricultute & Food Engmeering Division

Asian Insttute ol Technology

Bangkok, Thailand

Abstract

Growout field trials of Nile ulay s (Oreochromis niloticus) were
conducted at several smatl-scale fish farms in Central and Northeist
Thailand. The field trials assessed the efficacy of severad Pond
Dynamics/Aquaculture Collaboratse Rescarch Support Program
(PD/A CRSP) gusdelines for pond fertthzation and fish stocking. In
addition, fish ponds m Northeast Thalund were assessed for
nutrient lmmtition for algal production using an adgal bioissin
technique developed at the Asian Institute of Technology The
restlts of field trials demonstrated the importance of algal-hased
pathwas for Mle tlapi production Yields consistently averaged
around 8,000 hg/haAcar at a ferulization nput cost of about Baht
(THB) 6/hg harvested fish Smee farm-gate prices for nlapia are
around THB 15-20/kg. using only triple superphosphate (TSP) and
urea to fertlize ponds and stimulate algal producton proved
economical and maintuned consistenthy lgh dissolved ovvgen
concentrations (>2 5 mg/L) at dawn, even m hughly productive
ponds Algal broassass proved o be eftective and simple tools for
assistmg farmers 1 apphyung more nutrient-cffieient fertilization
strategres A growout field triad using algal bioassavs as the onlv
indicator of ferthization requirements improsed cost efficiency to
less than THB ¢/hg hanvested ulapa.

Nitrogen Requirements for Maximum
Fish Production in Rwandan Ponds

Work Plan 6, Experiment 2

Joyvee RO Newman

station Piscrcole de Rwasave
Université Nationade du Rwianda
Batar¢, Rwanda

and Aubuin University

Auburn, Altbama

Anadlet Gatera

Staton Prsarcole de Rwasave
U'niversit¢ Nationade du Rwanda
Butat¢, Rwianda

Nayne hoSemm

Depatment of Fishenies & Wildlife
Oregon State Lnversity

Corvalhis, Oregon

Thomas | Popma and Katen L Veverica
Department of Fishenies and Alhed Aquacultures
Aubuin [ niversuy

Auburn, Alabama



Abstract

Nutrient input rates and resulting fish production have been lower
in Rwandan ponds than in ponds ar other CRSP sites in Asia and
Latin Amenica This experiment wis designed to determine, under
the environmental conditions of Rwasave Station (1623 m
elevation), maximum priman and fish production when neither
nitrogen, phosphorus, nor morgante carbon were hmiting,

Total ammonia nitrogen (TAN) concentrations m individual
ponds reached as lagh as ™3 mg/L.; the untomzed portion reached
as high as 2.8 mg/L. Polnomual regression of chlorophylt e agains!
TAN (r'=0 62) suggested that increases in TAN concentrations
above about 15 mg/l were not accompanied by mereased
chlorophsller concentrations The growth rate of fish m ponds
recening 3.8 kg Whivd was sigmbicantly greater (P<0 10) than that
of fish in ponds recerning 10 kg Vha/d, but average growth rate
decreased atthe highest ferulizanon level High ates of N and P
fertlizanon in Rwanda produced average chlorophyll
concentrations exceedmg levels reported for sularly fertihzed
ponds i Thaland, but mavimum net bish production m Rwanda
(3830 hg/ha/vear at the 3 8 hg Vha/d mput rate) was sulf only
55% of the reported rate for Thakind Water temperature appears
to be one of the primary reasons for the lower growth rates
obsenved in Rwanda

Optimization of Gender Control
Techniques for Tilapia

Work Plan 7, Study 4C1

MattinS Frzpatiich, Carl B schreck, and Willam L. Gale
Oregon Cooperatin e Fishery Research Unt
bepartment of Tishenes and Witdhie

Oregon State Unnversity

Corvallis, Oregon

Abstract

A binding site for the ssithetic androgen mibolerone was identified
in cvtosole preparations of testes from tilapia, Oreochromis
miloticus A smgle class of high-affinity, low-capacity binding sites
wis found with b, = 1.03£ 0 TEaM (n=2) and B =5.05 %
042 fmol/mg protem (n=2) The hinding site was specific for
mibolerone, but itho demonstiated aftmin for 17¢r-
methyltestosterone, 17o-ethyislestradiol, and 50-
dihydrotestosterone. Identification and characterization of this
binding stte may represent the fiest steps towards understanding
how steronds cause sex imversion and may provide a tool for
screemng potentially sex mverting compounds,

Progeny Testing to Identify “YY” Male
Tilupia

Work Plan 7, Study 441

Ronald P Phelps

Department of Tisheries and Allicd Aquacultures
Auburn Uniersiy

Auburn, Alabama

Abstract

Males from ten groups thought to contain YY individuals were
mated with normal females. To date, the offspring of 24 of 82
matings hase been examined. The observed sex ratos do not

suggest that a YY male was mcluded i amy of the matngs

Growth-Promoting Action of 170~
Methyltestosterone on Two Species of
Tilapia, Oreochromis mossambicus and
Oreochromis aureus

Work Plan 7, Study 481

E. Gordoa Grau
Unnersity of Tawaii
Honolulu, Hawan

Abstract

The objectives of our first year of study are to separate the growth-
promoting cffects of 17a-methyltestosterone (MT) from the sex-
reversal effects on Oreochromis mossambicus and Oreochronis
aurens under hatchery conditions Experiments are conducted
using a factorial design with thiee factors and replicate reaiments,
The factors are species, sampling dates, and ether dose level of MT
(Experiment I) or feeding regime of MT (Experiment 11).
Methyltestosterone is admunstered orally as a feed additie,
Because male tilapratend to grow faster than females, this studs
separates the growth-promoting cffects of MT from s
masculinizing effects Data collecuon for fish weight, length, sex
and gonadosomatic indey, and tissue sample collection to evaluate
residuzal MT levels is ongomg



Use of 170:-Methyltestosterone for
Tilapia Sex Reversal: Participation in the
1993 Clinical Field Trial under U.S. Food
and Drug Administration Investigational
New Animal Drug Exemption (INAD
8479 C-002 and C-003)

Work Plan 7, Study 412

Bartholoniew W Green

Departtment of Fishentes and Allied Aquaculures
Aubum T anersiy

\uburn, Alabama

Gamal HNagoar and Al Fabdelghany
Central Laboratony tor Aquaculture Research
Agnicultural Research Center

Mintsty of Agiculture and Land Reclamation
Abbassa, Sharhaa, Favpt

Abstract

Fhe U S, Food and Drug Admmistration granted a “compassionate”
Imestigatonal New Animal Drug (INAD) exemption to Auburn
Cnnersity, the American Tilapia Assoctation, and a commercial feed
producer to colleet data to supportz New Animal Drug Application
for the use of 17g-methvltestosterone for sex reversal of newly
hatched tlapa Implementation of climeal field trials at research
insttutions and by commereral ulapea growers thioughont the

1 mted States and overseas was one activity contemplated under this
INAD evempuion U S and Egsptian researchers mvolved with the
Pond Dyvnamies/Aquaculture Collaboratve Research Support
Program partcipate m the tield trials In August 1993, prelimmary,
anreplicated esperiments were imtrated in Egypt Four trials each
for Orcochroms ndoticus and O aurens were begun. A total of
approxmately 25,000 O wiloticus fry and 16 000 O anrens n
have been submitted to androgen treatment to date. The collection
of data from these trals will contnue as long as waler temperatures
permit

Interaction of Plant /Snail Bioconversion
by Grass Carp and Black Carp in
Egyptian Fish Culture Ponds

Work Plan 7, Study 2C!

Witham L Shelton
Unisersity of OkLthoma
Norman, Oklahoma

Kevin D Hopkins
University of Hawair at Hilo
Hilo, Haw.an

Ashuaf Soluman
Central Laboratory tor Aquacultuie Research

Abbuassa, Fgypt

Abstract

Combination stoching of blach and grass carps tests interactions of
the two species with reference to snail control. Snails benefit from
plants as cover and food, thus the presence of grass carp may affect
snails indieectly. Stoching black carp without vegetative control may
himit therr success i foraging for snils Datat to evaluate the
potential sviergism of grass carp and black carp will be obtained
draining i December 1993

Variction Of Soil Respiration With
Humidity Using Pond Soil From
Honduras

David R, Tewdchent-Coddington

Depattment of Fisheries and Allied Aquacultures
Aubuin University

Auburn, Alabama

Nelson Claros

Ll Carao Nanonal Fish Culture Research Center
Ministry of Natural Resources

Comavagu, Honduras

Abstract

The influence of sl humidity on pond bottom soil respiration in
Lthoratory nucrocosms was tested Sotl respiration and moisture
were linearly correlated Slopes of the curves resealed that moisture
level had a greater effect on respiration instally than it did fater.
Respiration was lughest on day four after weting and decreased to
a generalh steads level by dav cight. Maintenance of i higher level
of soil moisture resulted in hagher steady state rates of resprration.
Saturation of soil resulted m an immediate dramatie drop in
respitation as gas transfer was inhibted Wetting of @ dried soil
(1% soil mosture) increased tespreation more than seven-fold. In
the absence of tains or frequent wettines, ponds will efficienthy
mineralize carbon only during the first week of drying. High steady
state respiration rates can be maintained on soils of high organic €
conlent for several weehs in the presence of sufficient soil moisture
to satisfy the needs of bacteria

On-farm Production of Monosex
Oreochromis niloticus at Altitudes above

1300 Meters

Work Plan 6, Experliment 1

Wiayne K odenn

Department of Fisheries and Wildlite
Oregon State University

Conallis, Oregon
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Kuren Lo Vevenaa and Thomas | Popma
Department of Fishenes and Allied Aquacultures
Auburn Universny

Auburn, Alabama

Anadlet Gatera
Universite Nauonal du Rwanda
Butar¢, Rwand.a

Abstract

Twenty-three farmer-owned ponds and five research station ponds
i five alutude zones m Rwanda were stocked with ulapia
tOreochromis mitoticus) fingerlmgs m fise-month experiments
designed to quantfy the relationships of elevation with fish growth,
production, and surval. Alutudes ranged from 1370 m (Zone 1)
10 2180 m (Zone 3) Growth rates at hugher alotudes were
signtficantly fower (035 and 0.61 g/d) than at Jower elevations
(08110 0860 g/d) Growth rates were generally depressed above
elevawons of about 1700 m- et extrapolated annual fish
production wits significantly less m ponds at the lnghest elevation
than m ponds at the four lower aludes Higher sunnal rates in
Zones 3 and -+ night account for thew relatnely high net production
as compared o zone 5 Chlorophyll @ concentrations were lnghest
in ponds at the hughest etevauon, suggesting that phvtoplanhton was
plentiful and that low girowth resulied from 1educed tood
consumption or utilization by tilaprt n the cooler environment

Benefits of Supplemental Dietary Energy
in Tilapia Ponds Enriched with Fresh
Grass and Chemical Fertilizer

Work Plan 6, Experiment 4

karen L Vevenaa and Thomas | Fopna
Department of Frshenes and Allied Aquacultures
Aubum Unnversiy

Auburn. AMabama

Anaclet Gatera

Station Piscicole de Rw asave
Uninversue Nattonale du Rwanda
Butare, Rwanda

Wavne Kk Semn

Depatment of Fishenwes and Wildlife
Oregon State Uninversity

Corvallis, Oregon

Abstract

Results from a previous c\pcrimcml suggested that natural food
organisms resulting from fertilization with fresh grass and chemical
fertilizer provided less than the recommended optimum digestible
energy (DE) to digestible proten (DP) rato of 9.7 heal DE/g DP
for tilapia. An carlier study resulied in mcreased fish production
when a high-energy feed (cassava) was added o ponds fertilized
with fresh grass,

Fifteen 60.6-are ponds stocked with 13 g Oreochromis niloticns
mised sex fingerlings at 2/m° were ferulized with weekly
applications of fresh grass at 350 kg/ha dey weight, urea at
0.75 kM, and triple superphosphate at 16 hgP/ha Five ponds
received 150 g of cassava meal dailv Fue other ponds recened the
same amount of cassava but the fish were prevented from
consumung 1t directly

There were no significant differences  fish growth, sunvival, or
production between treatments. Net annualized lish veld weraged
3055 hehaover all trestments: Optimam digestible energs/protem
ratios published for nlapra had been caleulated at lemperatures
higher than the average pond water temperatures im Rwandi the
optimum DE/DP ratio at lower temperatures nay be lower,
suggesting that the naral food organisms may not have been
energy deticient Another possihle explanaton for no response to
supplementad dietary ener: s that the change was oo small to
detect in refagion o the sadiwonal nutrional contribution of
phytoplankton vesuling from chenueal fertilizauon. \dded energy
dul not appear to spare protem for growth m this enviromment for
these mput rates

"Ndrhumsann, R R Vevenea | Popre and W K Seim 1993 Supplemental
dietan enery to enhuance uilizauon of naual food orgamsms for growth by tlapia
Pages a8-51 o 1 Fgnd M McNamars | Bownan, and N wsan, editors tenth
Annual Wdmmsstrave Report Pond Ivnaniey squaculiure Collihorative Research
Program, Office of Internanonal Reseasch and Deselopment Oregon State Ennersi,

Corvallis, Oregon

Temperature Affects Appetite, Growth,
Feed Conversion Efficiency, and Body
Composition of Tilapia

Work Plan 7, Study 4

Thomas | Popmaand Jovee R Newman
Department of Fishenes and Alhed Aquicultuies
Aubuin University

Auburn, Alibama

Wayne Sein

Department of Fishernes and Wildlife
Oregon State nnversity

Corvallis, Oregon

Abstract

A controlled-temperature study was conducted in aquarra at Auburn
University to determine maimun feed consumption, growth, feed
comersion ratios (FCR), and body composiion of Nile ulapra
(Oreochromis nifoticus) fingerlings as afuncton of three feeding
rates (30,00, and 100% of satation) under constant or divrnally
fuctuating temperature regimes (2240, 224 4, 2020, and

20k4°C) AMloating catfish pellet consisting of 329 crude protem
was offered at two-hour mtenalbs from 0800 10 1800 hours daly for
28 days. The satition feeding rate was determined weekly and
feeding rates were adjusted weehly by weighing all fish individualls.
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Average masimum feed consumption for fish fed to satiation was
7% greater at 20°C than at 22°C [4.5 vs 3 3% body weight per day
(BW/d) ], \ta given average temperature, appetite was not affected
(P>0 20) by daly variauons in temperature.

Average weight gam for fish fed to satration was 81% of imtial
weight at 22°C and 1-42% of imtial weight at 26°C. The relative
superiotits of weight gamn at warmer temperatures decreased at
lower feeding rates: ~35% supertor weight gam at full sitianon, 69°%
supestor growth at (0 6 sauaton, and 7% superior growth at 0.3
satraton Dl vaations i temperature did not affect growth rate
(>0 20). \tfeedmg rates (comverted from percent satiatton to
percent of body werght per day) between 2.0% and 3 3% BWAL fish
grew faster at 20° Cthanat 22°C, - ding rates of 15% BWAI
werght gan was simtlar atboth t Leratures

i eed converston ratios (FCRs i g feed/g gan) were a function
of average temperature and feedmg rate (P<0 01) but not of daly
vartaton i temperature (P>0 20) For a ghen aerage
temperiture, FCRs were similar for fish fed to 60 or 100% satiation,
but 20 10 28% more leed was required per umt weight gam at
feeding rites of 30 satration

Wwerage prowin conversten effiiencey (g protem gam/g dietary
protem) was 0 4 1 and was afected by average temperitare and
feed consumpuon (P<0 01) but not v daly varetion in
temperature bish fed at 30 to 100% satiation comerted dietany
protem & 1o 15" more efhicienth at 26°C than ar 22°C

Final body compostion of ulapra after 28 da s was affected Iy
feedimg rate (P<0 01) put not by temperature (P>0.20). Crude
protemn content of whale tresh fish ranged from 15 3% for fish fed

su

at 30% sataton 1o 16 5% tor fish fed o full sataton. Lipnd content

0z

averaged 2 8% of fish fed at 30° and rose © ~.0% at full satrtion

A Comparative Economic Analysis of
Small-Scale Fish Culture in Rwanda

Work Plan 6, Study 5

N.athaniel Hishamunda
Rwandan Natondl Fish Cultuire Service
Kigembe, Rwanda

Mana Thonmas, David Brown, and Carole Engle
Aquaculture Pishenes Center

tnnversity of Arkansas at Pie Bluff

Pine Bludt, Athansas

Abstract

Results of asunvey of 280 fish fi: mers in Rwanda indicated hat
sweet potatoes were one of the major crops also rassed by fish
farmers Oreochromis niloticus was the leading fish species raised
and the overall stochiny densiy varied from 15 10 210 fish/are with
amean of 81 fish/are Fiftv-siy percent of the fish hanvested was
sold and 28% wis consumed by producers Enterprise hudget
amahsis of all “marais” crops identilied in the sunves showed
positne income ahove vatiahle costs and positive net returns to
land, labor, and management for all crops except Irish potatoes,

Fish faeming vielded the highest net returns to land, fabor, and
manmagement, and cabbage production ranked second In terms of
carbohvdrate production, sweet potatoes gave the highest vield,
while maize production produced the greatest amount of energy
per are of land. Sovheins were the least expensive source of
protein: Government and mternational donor policies related to fish
farnung should take into constderation the importance of fish
farmung n generating cash income for Ruandan small-scale
farmers.

Pond Dynamics Under Semi-Intensive
and Intensive Culture Practices

Work Plan 6, Study 5

James S Diana
University of Michigan
Ann Artbor, Michigan

C KwerLin
Asian Insutute of Technology
Bangkok, Thailand

Kujur Janven
Roval Thai Department of Fisheries
Bangkok, Thawland

Abstract

The addition of feed to fertilized fish ponds was evaluated by adding
fertilizer alone, feed alone (ad libitinmy, or fertilizer and feed at
75%, 0%, and 25% of the ad libitrn rate 1o 15 ponds stoched
with Nile tilapra (Oreochromis miloticus) at 730 fish per 250 m'*
pond. Fertilizers in the fertilizer and feed treatments were used
mainly to balance nutrient inputs of phosphorus and nitrogen to the
ponds. Growth and v I over 155 days differed sigmficantly among
treatments, with feed levels of 3% ad bitum or greater producing
similar, high growth rates Growth was also negativelv correlated to
high ammonia levels i ponds, which occurred mamls m ponds fed
ad libitum, particularly fate m the experiment. While growth
mproved in fed ponds, size atharvest did not generaily exceed

450 g, which was the target size for this experiment This was
probably due to deterioratmg water quality Late m the experiment.



Evaluation of Low Cost Methods for
Destratificarion and Oxygen
Conservation in Tropical Ponds

Work Plan 6, Study 8

James PoSayper

Institute of Marne Biology
Unnersity of Hawan
Kancohe, Hawan

C KwerLin
Asian Institute of Technology
Bangkok. Thuland

Abstract

wrtificial miving of water i earthen ponds, as distinet from active
acration, bas the potentral to conserve naturally produced dissolved
onygen, and thus o lower costs by reducing or elinnating the need
for acration The performance of three moang devices n ponds of
four difierent sizes was assessed The following ming devices were
tested 1) a submersible pump (SP), 2) an an it tube (AL); and
3) avertieal fan blade acrator (11)

Pairs of unmined ponds showed very silar isotherm patterns
on the same dates: Differences m isothern patterns were greater
between dates of paured unmized ponds than hetween pairs of
urnuved ponds on the same dates. Al of the devices were able to
modify tpical mtense midday straufication m tropical ponds. The
maost powertul miing deviee in ponds of all sizes was the IE.

There s Tutle doubt that amy of the mivers, m particular the least
poserlul (AL), could prevent deselopment of stratification in ponds
up to 1600 m* if mining is imtated carlier in the day. The
perlformance of the AL suggests that it was more efficient than the 18
at reducmg the energy mvohed m stratibication, which is consistent
with the author's carher suggestion that slower and more diffuse
application of miing energy would be more efficient than rapid
point-source apphicition: Both systems are of much fower cost than
active merators,

Decision Support Systems for Pond
Aquaculture

Work Plan 6, Study 1

Shree s, Nath, John P, Bolie, and Doug 11 Ernst
Depattment of Bioresoutce Engineering
Oregon State Uninversity

Corvalhs, Oregon

James E Lannan

Department of Fishenes and Wiidlire
Oregon state Umiversity

Corvallis, Oregon

Abstract

The Oregon State University component of the Data Analysis and
Synthesis Team is imolved with the development of computerized
tools (decision support systems) for analyzing and managing fish
ponds. The user-[riendliness of an earlier vers.on of such a system
called PONDCLASS has been improved, and enisting fertilization and
lime reqnirement routines modified to permit more efficient
resource utilzation. New functionality has been added in the form
of fish growth and water temperatwe models. Model formulation,
parameter estimation and data requirements are discussed in

detail. Results of simulations with CRSP data suggest that the models
can be reasonabic predictors of fish growth and water temperature
patterns in ponds. These models allow users to simulate fish growth
and water temperature over long periods, and ean be used as
analysis tools 1o guide deasions relating to fish stocking density and
size and to hanvest scheduling Much of the funcuenality of the
original PONDCLASS program has been implemented in an enticely
new software emvironment that 1s hiased on the Windows operating
system for IBM-PC computers This new generation of decision
support systems is hemng designed to allow pond operators to
conduct short-term simulations of sgle or multiple ponds in order
to diagnose potential production problems and generate possible
management strategies for counteracting those problems. The
emvironment will also support long-term and lower resolution
simulations of ponds and record resource mputs, thus wllowing
users (o conduct Facilit-lesel economie analyses

Simulation of Water Quality in Stratified
CRSP Ponds: Dissolved Oxygen
Concentration

Work Fiun 6, Study 3

Steve D Culberson and Raul H. Piedrahita

Department of Biological and Agricultural Enginecring
University of Cahforma, Davis

Davis, Caldorma

Abstract

Previous attempts at predicting dissolved onygen (DO) levels in
aquaculure ponds have often relied on the assumption of
homogeneous water quality throughout the water column, Using a
stratified temperature model as 1 basis for structure, we have
modified a mass-halance model for the prediction of dissolved
owgen levels in shatlow aquaculture ponds, This model s been
updated with recent information concernng the hehavior of pond
phytoplankton throughout the diurnal evele, rendermg accurate
predictions of D evels in hoth statfied and fullv mised ponds. In
addition, the overall dat requirements of the model have been
significantly reduced from those of previous models Simulauons
for sites in Northern Cahifornu are presented, as well as for several
sites located m various places around the globe, using data from
the CRSP Central Data Base. The strategies used for deating with
reduced data sets and the associated assumptions made are also
presented.

_-




Water Columii Respiration in
Aquaculture Ponds

Work Plan 6, Study 2

Phihp Grovannme and Raul H Predrabhita
Department of Biological and Agncultural Engineeting
University of Cahfornia, Davis

Abstract

A prototvpe automated diel pond respiration measurement device
wits developed and tested The svstem was used to record
respranon and other data from expermental tilapia ponds at the
Mariculwre Research and Traimng Center (MRIC) of the Unnversity
of Hawan, Dati from these tests show the potentiad for thas npe ol
apparatus for examining the respreation dynamics of shatlow ponds.
Some examples of these prelimiman data are presented to show the
relationships hetween some of the processes and varrables
menuoned and tespiration rates However. it is not possible to
determine cause and effect retatonships from simple corvelations
with other process varnbles, and no attempt1s made to do so here.,
These results are presented to dlustrate the dyname behavior of
pond respiration rates observed in some tests and to examine how
these sespiration rates change with respect to other ohsenved
vartibles under freld conditions.

Causes of Cyclical Variation in Honduran
Shrimp Production

David R Teichen-Coddimgton

Depantment of Fshenes and Alhed Aquaculunes
Aubuin Unnversity

Auburm. Alithama

R Rodngues
Grangas Marmuas de San Bernardo, S.A.
Choluteca, Honduras

W lTovotuhu
Aquacultivos de Honduas, S A,
Choluteca, Honduras

Abstract

The refationships between stocking, harvest, and emvironmental
variables for two commercial shrimp frrms in southern Honduras
were evaluated. Datawere analy zed from consecutive production
evcles hetween 1986 and 1991 at Farm A and hetween 1988 and
1991 at Farm B Stocking ponds hetween March and June resulted
i good viclds, whereas stocking ponds hetween November and
February resulted in poor vields Step-wise regression anitlyses
reveatled that sunsival, stoching density, salimty, and temperature
accounted for up to 80% of the total variation in shrimp vield. The
emuronmental varables alone accounted tor only i third of the total
variation, A simlar analysis of monthly means, which emphasized
nme-related vartauon by minimizing inter-pond varability, revealed

that temperature accounted for 75 to 85%, und percentage of P.
vannamei stoched accounted for up o 88% of the total monthhy
variation. The effects of sabmity were munor Shrimp vield variation
within a karm was maml related to non-environmental factors,
whereas cychieal variation over a calendar vear was primarily
related to temperature and the proportion of P, rannamei stocked

Effect of Diet Protein Level on Semi-
Intensive Commercial Growout of
Penaeus vannamei in Honduras During
Wet and Dry Seasons

David R Teichen-Coddington

Department of Fishenes and Allied Aquacultures
Auburm Unnersiy

Aubuin, Alabama

R Rodngues
Granjas Manmnas de San Bermado, S, A,
Cholatecd, Honduras

Abstract
Complete diets composed of 20 or 40% crude protein were tested
in carthen ponds stocked with jusenile Penaens rannamei a
densities of 5 or 11/m°, A randomized 212 factorial design was
used. Feed was oftered three nmes day, siv diys aweek Dissohed
osvgen concentrittons were maintained above 3 mg/L. The study
wits repeated durmg wet and drv seasons. Ponds were completely
drained and hanvested when weehly shrimp growth stopped; trial
periods lasted 20 and 16 weehs for the wet and diy seasons,
respectively

Protem level had no sigmficant effect (P > 0.03) on survival,
vield, or average weight of shrmp stocked at cither density during
cither season Higher stocking rites resulted in significantly greater
shrimp producuon during both seasons. During the wet season,
mean shrimp weight was significantly smaller m high density ponds
than in low density ponds, but there was no sigimificant difference
betw een mean weight because of stocking density during the drv
season, Mean sunv il was sigmtrcantly lower it the higher stocking
rate durmg both seasons. Net income was not significantly different
between stocking densities during the wet season, but was
sipnificamly less for the high densiy treatment during the dny
season Mean production was 380 percent greater m the wel
season than m the dny season

This study suggests that diets offered to shrimp stoched at 5 to
11/m* should contun no more than 20% protein, regardless of
season Higher protein levels will inerease costs and contribute
more waste nitrogen to the estuarine ssstem without resulting in
greater shrimp vields The lower stochmg denssiy should be used
durmg the dinv season. The bugher stocking density tended o
increase profitability i the wet season, but long-term sustamable
production may be more feasible at the lower stocking rates,
because of reduced waste discharge to the estuaries



High Elevation Monoculture and
Polyculture of Oreochiromis niloticus and
Clarias gariepinus in Rural Rwandan
Ponds

Work Plan 6, Special Topics Study

Licven Verheust and Frans Ollevaer
Kathohcehe Universitent Leuven
Leuven, Belgium

Raren M evenciand Thomas Popma

Department of Fishenes and Alhed Aquaculures
Auburm Universuy

Auburn, Alabama

Anaclet Gatera
Unnversié Nationale du Rwanda
Butar¢, Rnanda

e seim

Depaniment of Fisheries and Wildlife
Oregon State University

Corvillis, Qregon

Abstract
Growth and production of Oreochromis nifoticus and Clarias
gariepinus were studied i relaton to three different stocking
strategies (100% ulapia, 100% cufish, and 2/3 ulapia-1/3 cathish),
at a total stocking rate of one fish per m* mn rurd ponds at
clevations of 1570 and 2180 m. Al ponds recewved wechly
applications of fresh grass of the genus Cyperus at a rate of 250 ky/
ha total solids, plus urea and trple superphosphate to provide
15 kg Mhaand 1+ kg P/ha

Extrapolated net production after 130 to 150 days, based on
average werghts of a Targe sumple and assuming 100% sunvival, was
significantly different for two of the three stocking strategies.
Polyculture provided the geeatest extrapolated production—
3108 kg/hassr at the lower elevation and 1604 hg/havsr at the hugh
clevaton, Net vields at harvest were much less than the evtrapolated
five-month vield, however, and differences hetween stoching
strategies were not significant. Low sunvival due to fow pond water
levels at the low elevation and macrophyte growth at the high
clevations are possible causes.

Photosynthesis and Community
Respiration at Three Depths During a
Period of Stakle Phytoplankton Stock in
a Eutrophic Brackish Water Culture Pond

James P Szvpa

Hawuaii Institute of Manne Biology
University of Fraw au at Manoa
Kancohe, Hewan

James M Ebeling

Piketon Rescearch and Extension Center
P.O. Box 519

Pikcton, Ohio

Abstract

A L4-day period of dense but stable phvtoplankion stock in a
brackish water carthen pond (0.2 havarea, 0.7 m depth) was
characterized to provide a bascline for study of instability. Results
illustrate the potentral of ponds to serve as microcosms of natural
systems., Primary production and comnrunit respiration were
assessed by diel curve anahsis of ovgen and inorganie carbon
sampled every 30 minutes at 3 depths Neither stochs nor diel
onygen regiacs were destabilized by two isolated dass of low light,
the first accompanted by heavy rainfall Among nutrient elements,
only inorgame mtrogen exhibited marginally liniiung values,
Dagtime net production (ANPP) of oxygen ranged from 0 10 0.26
mol m* d", carbon uptake from 0.01 10 0 22 mol m” d ' \ightime
respiration (nR) approximately matched d\NPP, resulting in low
mean diel net production (\PP). Minimal estimates of daytime
respiraton (dR) were substantially greater than nR and d\NPP;
minimal gross production (GPP = dR + dNPP) averaged 2 5 times
dANPP. Estimated dR varied with dNPP in a stabilizing negative
feedback, possibly mediated by photossnthetic products Both d\PP
and NPP varied with diel ireadiance, but nR did not. Both dNPP and
nR decreased with depth, positive \PP was concentrated i the
upper laver. Siochs and oxygen cveles were more resistant to
disturbance by low light than predicted by models assunung 1.0 m
pond depth. We suggest for further examinaton that stabality was
related to the shallow depth of this pond, which permuted sufficient
light penetration to the botiom Liyer for positive ANPP on most
dates.
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Diel Cycles of Planktonic Respiration
Rates in Briefly Incubated Water
Samples from a Fertile Earthen Pond

James P szyvper and Joel 7 Rosenfeld
Hawan insttute of Manne Biology
University of Haswan at Manou
Kancohie, Hawan

Raul H Predialuttand Plalip Giovannini
Depariment of Agncultural Fngmeering
Universiy of Californeat Davis

Davis, California

Abstract

Planktonic community respiration rates were assessed every 30
minutes through two +18-hour periods m near-surface water taken
awtomatcally from a fertilized earthen pond and incubited in a
plastic chamber for 21 minutes of each sampling cycle. Parallel
records of water temperature, ar temperature, wind speed, and
solar irradince permitted calculation of gross and net primary
producton and photosynthesis-irradiance relationships: Mighttime
respraton rates generally matched oxvgen depletion rates m pond
water, mdicating that meubaton-based rates were representative of
a quichhy darhened pond commumity throughout the day Davtime
rates averaged nearly 2 umes the mean mght rate, and 58% gher
than the mean day rate determmned by a twpical interpolation used
in free-water production caleulations Dily gross production
ranged from 0~ to 1 2 umol O, hier' d'; respiration constituted
05 10 73% of gross rates Gross onygen production per umt Chl a
durng samphing intervals was hight-saturated at rradiance values
greater than 600 pEinstm s, with an asymptotie value of 1.58
umol O, (ug Chle) 'h' This system and method were capable of
resolving resprration and gross and net production when
chlorophyll concentrations were near 40 pg liter

Publishied 1 imnology and Oceanography $7 1193-1201

Summaries of Research in
Progress

Bioconversion of Nuisance Aquatic
Plants by Grass Carp in Egyptian Fish
Culture Ponds

Work Plan 7, Study 24

William L Shelton
Unnversity of Oklahoma
Nornan, Oklaihoma

Abdel Rahman Mostata
Cental Taboratory tor Aguaculture Research
Abbassa, Fgypt

Progress Summary

Bioconsersion of nuisance aquatic plants in fish culture ponds is
hemg tested to determine effective levels of grass carp stocking,
This species will be @ component of polyculture systems. Efficacy
and production will be evaluated in December of 1993,

Bioconversion of Gastropods by Black
Carp in Egyptian Fish Culture Ponds

Work Plan 7, Study 2B

Willizim 1. Shelton
Unuversity of Oklahoma
Norman. Oklahoma

Ashrat Soluman
Central Laboratory for Aquaculure Research
Abbassa, Egvpt

Progress Summary

Bioconversion of snauls by black carp will utilize an abundant
resource and potentially reduce risk from bilhar/ia. Experiments
started in 1993 Fish and snail data will be evaluated at deaining in
December of 1993,



Predator /Prey Bioconversion of Tilapia
Reproduction by Clarias

Work Plan 7, Study 2D

Wilham L. Shelton
University of Oklahoma
Norman, OklLithoma

C Kwei Lin
Astn Institute of Technology
Bangkok. Thailand

Barthole new W, Green
Auburn University
Auburn, Alabama

Abdel R Fl Gamal
Cental Laboratory tor Aquaculture Research
Abbassa, Faypt

Progress Summary

Tilapta population control by Clarias will be tested as part of the
Global Experiment. The late start of year-one studies scems to have
deferred the need for reproductive control. Artificial Clarias
reproductton was attempted carly in the summer.

Socioecenomic Dimension of Aquaculture
Development: A “omparative
Assessment of Fin. ncial Returns,
Adoption Barriers, and Impacts of
Tilapia Production Regimes

Joseph I Molna
Auburn University
Aubuin, Alabama

Leonard L. Lovshin
Auburn Unnersity
Auburn, Alabama

Terry RO Hanson
Auburn University :
Auburn, Alabama

Progress Summary

This investigation aims to study the process by which PI/A CRSP
research findings are implemented on host country frms as well as
to illuminate the importance of major institutions for the
aquaculture industry’s development To this end, farmers and
officials at different PD/ZA CRSP host countries will be interviewed.
By September 1993, Honduran farmers and officrals had been
questioned. Further inteniews in Thatland and the Philippines will
be conducted 1 199+,

An Algal Bioassay Method for Pond
Fertilization

Christopher F Knud-Hansen
Asian Institute ot Technology
Bangkok, Thatland

and

Michigan State University
East Lansing, Ahichigan

Hans Guttman
Asian Institute of Technology
Banghok, Thaland

Progress Summary

A practical algal bioassay technique for managing fertilizer inputs m
aquaculture ponds 1s described. The method involves adding
concentrated spikes of mtrogen (N), phosphorus (P}, and carbon
(C) to 25-mL pond water samples in combinations of N, P, €, N+P,
N+C, P+C, N+P+C, and control After three days of incubation,
samples are filtered and relatve algal responses are evaluated by
comparmg filter coloration with cach other Results from selected
spike combinattions revedl primany and secondary limting
nutrient(s) of phytoplankton productivity. Witter chenustiy analyses
generally agreed with algal responses to sprke combinauons in algal
bioassays performed on farm and station ponds. Results from
routine algal bioassays can provide pond management gurdelines
for fertiizing with N, P, or € at maximum rates, half the masimum
rates, or not at all.



Appendix.
List of Acronyms and Definitions

AID
AIT
ANOYA
AU

mi

Baseline Data

BFAR

BIFADEC

Bilateral Programs
Board of Directors
(for a CRSP)

BW

CGIAR

CIFAD

Collaborating Institutions

CRSP

d

DAST

Data Analysis and Synthesis

DE

dNPP

DO

Agency for International Development
Asian Institute of Technology, Thailand
Analysis of Variunce

Auburn Unnersity

number of binding sites

that informatton and data base in some sector or aspect of a deseloping country which is necessary
to measure change in the future

Board for Food and Agnicullure Research
Board for Internasonal Food and sgrculural Development and Economic Cooperation

assistance programs myolung arrangements between i single developing country and 4 single donor
country

an advisory hodv selected to assist, advise, and mathe policy recommendations to the ME in the
exeeution of 4 CRSP, members represent the interests of the CRSP

body weight
Consultatne Group on Internavonal Agricultural Research
Consortium for Internavonad bisheries and Aquaculure Development

institutions which form a partnership arvangement with a lead participating U.S. institution to
collzborate on a specific research project

Collaborative Research Support Program

day

Data Analysis and Synthesis Team

the process of compiling and analyzing information about pond culture systems from diverse sources
into 2 coherent, usable format that can be applied to the development of predictive models and 1o the
improsement of the efficiency of these systems

digestible energy

diel net primxany productivity

dissohved oxypen



DOF
bp
dR
EE

EEP

Experimental Protocol

Experimental Treatment

Expert System

FAC
FCR
FDA

Field Experiments

FIE
GFY

Global Experiment

GOR

Grant Agreement

Grant Proposal

Host Country (IIC)
id.
INAD

INRP

Roval Thiu Department of Fisheries

digesuble proten

daytime respiration

17a-ethynslestradiol

Externai Evaluation Panel - senior scientists not imvolved in the CRSP and selected externally for their
ability to evaluate objectinels the serentifie progress and relevance of a CRSP program on an ongoing

bitsis

a detart 2 plan ot aield experiment whieh specihies expermental methods, sampling schedules, data
collection, ete

fish cultural pracuces (e g . feruhzer apphcation, supplemental feeding, ete ) which modify the
physical. chenieal, and biological environment

a computerzed comprlation of hnowledge that is used to make “mtelligent” decistons about the
ninigement or status of 4 process o system

Freshwater Aquaculture Center, Central Tuzon State University, Philippines
feed comersion ritio
LS. Food and Drug A\dmimstranon

controlled fish production experniments in which quantitative responses to different levels of
treatments are measured

Full Time Equnalent
gross fish vield

the overall plan of 2 CRSP for research on problems and constraints, global in nature, whose results
are apphicable and transferable regionadly and globally (worldwide)

Government of Rwanda
the formal legal document which represents a binding apreement between AID and the ME institution
for a CRSP. this 1s the legal document for the CRSP recognized as such by ALD and the recipient

mstitutions

the formal document submatted by an ME to AID. proposing i CRSP for recening 4 grant outlimng
the manner of implementation of the program and showing the budgetan requirements

adeveloping country m which a CRSE has formal actnties
mner diameter

Imvestigationad New Animal Drug permit

International Rescarch Project

w



Institutional Development

JCARD

JRC
1LDC
Lps

Maiching Requirement document

mb
ME

MINAGRI
Mission

MOU
MRTC
MSU
MT
NFY
NGO
NIFI
NMES
\NPP
nk
NRP
OIRD
0osu

PAR

improvement in the capability of institutions in developing countries to conduct development
programs for agriculture and other sectors, or for implementing educatonal/training, research,
health, and other public programs. This may include improvements i physical facilives, equipment,
furnishings, transportation, organization, but refers primarily to the aevelopment and - training of «
professional cadre

Joint Commuttee on Agricultural Research and Deselopment (formerly Jomt Research Committee),
BIFADEC

Joint Research Counal, USAID
Lesser Developed Countries
Lampiras. Honduran currency

that sum of resources, financal or mn-kind, which partieipating U.S - institutions must collectively
contribute to 4 CRSP program as defined m the grant Galso called “cost sharing™)

miholerone
Management Entiy

Ministere de 1"sgriculture, de I'Elevage, et de 'Environement (Mimistry of Agriculture, Livestock and
Emvironment)

aformally organized USAID umit s deseloping country led by a Mission birector or a country
representalne

Memorandum of Understanding

Mariculture Research and Triming Center, University of Hawaii
Michigan State Unnersin

17c-methyltestosterone

net fish vield

Non Government Orgamzation

Natonal Infand Fisheries Institute, Thailand
National Marine Fisheries Senice

net primany productinty

nightime respiration

National Research Project

Office of Internanonal Research and Development
Oregon State Lnpsersity

photossnthetically actve radiation



Participating Institutions

PD/A CRSP

Pi

PMO
PPC
Practices

Predictive Models

Principles
PVE

RENARE

R&D Bureau (R&D/AGR)

RWF
SPN
SRP

Subgrant Agreement

TH
THB

Title XI1

those institutions that participate in the CRSP under a formal agreement with the Management Entity
which receives the AID grant

Pond Dynamicv Aquaculure Collaborauve Research Support Program

Principal Investigators - scientists in charge of the research for a defined segment or a scientific
discipline of a CRSP

Program Management Office

Program and Pohicy Coordimanon

fish cultural actities refated 1 design, management, and ope.tion of pond culture systems
mathematical models used to simulate the processes occurring in pond systems: in the content of this
CRSP, prechctne models are used as smalyeal and management tools to improve the cfficiency of
pond systems

the phystcal, chemeal, and biologieal processes occurring in pond systems and their interactions

pobvimy chloride, commaon thermoplastic resin

Department of Renewable Natural Resourcer, Honduras. Now known as Direccion General de Pesca
v Acwcultura, Honduris

(Formerly S&1/AGR Bureau of Science and Technology) central bureau of AID in Washington,
charged with admimstering worldwide techmeal and research programs fer the benefit of USAID-
assisted countries

Rwandun franc

Senvice de Psarcalture Nationale (Nauonal Fish Calture Senvice)

soluble reactive phosphorus

a document representing a subagreement made between the ME and a participating institution under
authority of the grant agreement by the ME and AID

total akadinm
total ammonia mtrogen

Technical Commuttee - a group of scientists participating in the research of the CRSP as PI's, selected
to help guide the scientfic aspects of the rescarch program of a CRSP

total hardness
Babt, Thai currency

the Title XITAmendment to the International Development and Food Assistance Act of 1975 as passed
by the United States Congress and subsequently amended

total <uspended solids

total volatle solids



UAPB

vep

UH

UM

UNR

Lo

USAID

USAID Project Officer
WID

yr

University of Arkansas @t Pine Blufl

University of California at Davis

University of Hawaii

University of Michigan

Universite Mationale du Rwanda

Universtty of Oklihoma

United States Agency for International Development

an official AID emplovee designated to oversee @ CRSP on hehalf of AID
Women In Development

Year
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