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Dedication

Since April of 1993, when the downing of President Juvenal Habyarimana's plane fanned the civit unrest in
Rwanda into civil war, the PD/A CRSP has been deeply affected by the events taking place in Rwanda. An
evacuation of US. citizens was cffected almost immediately after the violence began. CRSP researchers Jean-
Damascene Buevanayandi, Lieven Verheust, and Anaclet Gatera were en route to Rwanda after the PI/A CRSP
Annual Meeting, when their flight was re-routed to Bujumbura, Burundi. Although Rescarch Associate Jovee (J-1)
Newman was still in the U8, her hushand, as well as the spouses and families of the other researchers, had
remained in Rwanda. Newman and Verheust's spouses were able 1o escape through Bujumbura, Burundi,
Bucyanayandi and Gatera crossed hack into Rwanda to find their families. Both men were killed. Buevanavandi's wife
and three children escaped.

Reports issuing from Rwanda since April have heen sporadic and sketchy; nevertheless, we have pieced together
enough information to know that other CRSP associates, such as Valens Ndorevaho, and other research station
workers met untimely and tragic ends,

We join their families and their country in mourning the loss of these talented individuals, who were promising,
individually and collectively, to make great contributions to their communities, their country, and the world of
aquaculture. We dedicate this annual report (o their memory,




O

Table of Contents

DEdICAtiON ..o e, 2
. INtrOdUCHON ... 7
HISIOMCAl OVEIVIEW .....vouvrvrriorsecriiscec et eeeev e ssessenens 7
New Challenges and EVENLS .........c...ccvuveerveeniineeeeseeessesesessssesssesssens 8
CONtNUING ACHIVIIES ......vvvovvecsieies e sceseeenesenesseesesesesessessssensenns 8
IIl. Summary of Activities and Accomplishments ..... 12
OVErSEas RESEAICH ......c.uviveireecirciiiecises et eeseeese s s sene e 12
HONGUIAS ....ccvvvorvecrrcainsisisnss st sessses s eseseseeeeeresessessasesssesssssses s 12
RWANGA.........ccovcvverrirrnrscss i sss s esssessssssssosesesesesee e esssssesess s s s sssenns 13
Thailand and the PhiliDPINES .........eevvvveeeiereeseecrecenneecesresesessessessssesssess e 13
EGYPL .t 14
Data Analysis and SYNthESIS .........ceceemmrevrreeriiiessviseeneresessne s 15
Central DAta BASE ........cveeveiverieieeevicseseeseeseeeseses s ess s 16
lll. CRSP Research Program Background .............. 17
The CRSP ReSearch Programm ..........c....ovevveenreeeveoneeessesssressessssssensons 17
CRSP WOTK PIaNS .......ucvveiiivieciriisceresvserseeeseeeses e sessssessessessseessesnes 18
IV. Abstracts of Technical Papers ... 19
A. Gilobal Experiment and Related Investigations ...................eccevevuenn. 19
Validation of PD/A CRSP Pond Management Strategies ......................ccoomeeeermnen. 19
Yield Characteristics of Two Specier of Tilapia
under Two Different Pond ENVIFONMENS ...........covvmeereessreesresssresesssssessons 19
Nutrient Input Management by the Computer Program,
PONDCLASS, and by Concentration of a Key Nutrient ..........ccoo..coreesrerevenn. 20
Management of Carbon Dioxide Balance for Stability of Total
Alkalinity and Phytoplankton Stocks in Fertilized Fish Ponds....................... 20
B.  Golbal Studies and ACHVItIES ..............ccoovvmmrererrrerereeeesscsseessssssenens 21

Minding the Pond: Feeding, Fertilization, and Stocking Practices
for Tilapia Production in Rwanda, Thailand,

The Philippines and HONUIAS ............ccooevvvvvvccerineccrneeneeensesseesssssssesesssenns 21
POND: A Decision Support System for Pond AQUACUHUTE ...........covveveereerrerersonns 22



C. ARTCA ..ottt sss bbb s sssbes e bsatensansans 22
Binding Sites for the Masculinizing Steroid Mibolerone in the

Gonadal Tissue of Adult Nile Tilapia (Oreochromis niloticus) ...........c.veen. 22
Effects of Form of Defatted Rice Bran Offered

on Nile Tilapia Production in PONMS.............errmvvivermismsssmssermmnssesinmssssessens 23
Effect of 17a-Methyltestosterone on the Growth of Two Tilapia Species,

Oreochromis aureus and Oreochromis mossambicus, in Fresh Water ........ 23
Use of 17a-Methyltestosterone for Tilapia Sex Reversal...........oomrrvonrvsivenens 24
Progeny Testing to ldentify YY" Male Tilapia ..............ccoc.vvvvvvvvveressererssrseessssnenns 24

Bioconversion of Gastropods by Black Carp in Egyptian Fish Culture Ponds.......... 24
Bioconvarsion of Nuisance Aquatic Plants by Grass Carp

in Egyptian Fish CUltUre PONDS ...........covirvvviisresensnsesssscssisssssssssssssnnens 25
Interaction of Grass Carp and Black Carp in Egyptian Fish Culture.............ccoooco..... 25
D.  Central AMENICA ......coviueirereiire e 26
Estuarine Water Quality and Sustainable Shrimp Cuiture in Honduras.................. 26
Varying the Proportion of Colossoma macropomum
and Oreochromis niloticus in POIYCUIUIE .........covvveeevvnrercrcrniineneecenseessnesens 26
Inorganic Fertilization and Feed Reduction in Commercial Productior
of Penaeus vannamei during Wet and Dry Seasons in Honduras ................ 27
E.  SoUtheast ASia........ccoevieiiiriiiiiniriesrccse e, 27
Timing of Supplemental Feeding for Tilapia Production ................cccooerevevernenrrrrieeens 27
Stocking Density and Supplemental Feeding in Tropical Fish Ponds .................... 28
Supplemental Feeding of Tilapia in Fertilized PONGS ..............coovvvvvverriennriienions 28
F.o UNIted STAES ..ot 29
Respiration Dynamics in AQUAculture PONGS .............ccoeeivvvemmerovsnmrrrvcnssennnesresens 29
Stochastic Modeling of Temperature in Stratified Aquaculture Ponds ..................... 29
Calculation of pH in Fresh and Sea Water Aquaculture SyStems ........cccooecovcrvernnce 29
G. Special TopiCs RESEAICN.........cvivvreieieeriirrins creiesressesesssneeens 30
Economic Anaiysis of Different Tilapia Pond Culture Systems i1 Egypt........cccec... 30
Effect of Stocking Rate on Growth and Yield of Nite Tilapia...........occveivecrrvrnerennne 30
Mass Production of Nile (Oreochromis niloticus) and
Blue (0. aureus) THAPIA FIY ... sssssssseesesisssessones 31

Growth of Control and Androgen-Treated Nile Tilapia,
Oreochromis niloticus (L.), during Treatment, Nursery

and Grow-Out Phases in Tropical Fislt PONGS.........cc...vvveevvvvierssssnsssensnns 31
Production of Oreochromis niloticus Fry for Hormonal

Sex Reversal in Refation to Water Temperature ..........cooeveveensrnresirosssenens 32
Phosphorus Fertilization Strategy in Fish Pond Based on

Sediment Phosphorus Saturation LeVE! .................merrcvemmmmmmssisisersisesens 32

Determination of Phosphorus Saturation Level in Relation
to Clay Contentin PONG MU ........ coooovvvoveeceenrccesvcesnsessssesssnessssstnssssssnnes 33



V. Public Service and Project Development............ 34

VI.

VI,

INSHIULION BUIIAING .....ooovvvvrvienrierrens s sssess s enenne 34
Education and Professional Development .............coocvvvvncereenevennecnnne 35

Thailand and PhlIDPINES .....ccvverireriririrerinriseniiesesiissseessserereeerensrsessensanes 35

HOMGUIBS 1.ttt b bbb ettt ssasenenen 35

EGYPE oottt bbb s 36
LINKAGES ..vvvvrcerreeiensiseii et bassssessssses s 37
Project DevelopmeNt ...........ccuiiiiiriectieeee e 39
Development of Sustainable Aquaculture Systems...........cocceeerevveeennn. 40
S0CI0ECONOMIC STUIES .....vvvvvererieiee st 41
Participation in International Scientific Meetings and Conferences............ 42

Program Management and Technical Guidance .44

Management ENtity ..o 45
The Board of DIFCIOIS ........cvuverueeerrnereiicsieee s seeese s 46
Technical COMMILEE ...........vevveerveeceeeee s 47
Table 1. Membership of Technical COMMIEE ..............oovvvvevecerercerrerreereeererreneen 48
Table 2. Institutional Voting Privileges on Technical Committee .............ccooevverevvenne, 50
External Evaluation Panel ..............ocovuieeionieeireecreesecesesseeseceseess e svessnn 51
CRSP PUDICAHONS ....o.vevvvevvce ettt es s ees e 51
AdMINIStrative REPOMS .......cvuerveiveivciieeieesesis s 52
Annual AdminiStrative BEPOM ......ccccvereeerireniinirireiess e ennee 52
QUAEIY REPOMS ....vveveviieiesiieritereeeectives ettt saebe e seeeeseeasesens 52
DIFBCIONY 1uvviiscitr ettt v et ettt eaes 52
NEWSIEHETS ...vvvverereieeiiiesiiieie ettt eb st s bets st et ere e sneesseseens 53
TeChNICAI REPOMS ...t e 53
CRSP RESEarCh REPOMS ........cocveveeeiriieeisesiaeseeereeseeseesesesssssssssesssseses s 53
Financial SUMMArY ... 57
Table 3. EXpenditure of FUNGS ...........c.ooveriveveeeresensseeeeeeeeseesessees s 58

Table 4. Egypt Project Expenditure from 10/1/93 through 8/31/94 ............ 59



VI Staff SUmmary ..., 60
IX. CRSP List of Publications .........c..ccceevvvrvrnnennee. 71
Data Analysis and Synthesis Team ..o, 71
EQYP oot st 72
HONGUIAS ...ttt 73
INAONESIA.......cvovirrri e st 75
Panama — AQUAAUICE ..........ccveurrmriineneiee s 77
Panama — GUAACA .......cc.vvnmririrrieieeces e, 78
The PhIlIPPINES ......covrrririerieicinnri s 78
RWEANGAA ... ettt 79
TRAIANG ..cvoveiiiss s 82
CRSP Research REPOMS ...........ccrvierveirecieeere s 85
Appendix
A. List of Acronyms and Definitions............nn 89

B. Table of Contents for
Twelfth Annual Technical Report ........................ 9




l. Introduction

Historical Overview

The Pond Dynamics/Aquaculture Collaborative Research Support Program (PI/A CRSP) is an international
eflort to develop aquacultural technology as a means of confronting food security problems in developing
countries. The PD/A CRSP is funded by the U.S. Ageney fer International Development (USAID). under
authority of the International Development and Food Assistance Act of 1975 (P.L. 94-161), and by the
universities and institutions that participate in the CRSP. Oregon State University (OSU) is the Management
Entity (ME) for the CRSP and has technical, administrative, and fiscal responsibility for program performance.

The CRSP is a cohesive program of research carried out in selected developing countries and the United
States by teams of U.S. and host country scientists. The resources of U8, and host conntry institutions are
brought together t improve the efficiency of pond culture systems through sustainable aquaculture. The U.S.,
institutions participating in the program are Auburn University, the University of California at Dasis. the
University of Oklahoma, and the Consortium for International Fisheries and Aquaculture Development
(CIFAD). CIFAD members include the University of Arkansas at Pine Blufl, the University of Hawaii, the
University of Michigan, Michigan State University, and Oregon State University. Host country institutions with
formal linkages to the CRSP through Memoranda of Understanding are the National University of Rwanda,
Roval Thai Department of Fisheries, Asian Institute of Technology, Department of Renewable Natural
Resources, Agricultural Research Center of Egypt, and Central Luzon State University of the Philippines
Numerous linkages are also maintained with other U8, and host country governmentat and non-governmental
institutions, and with private companies and farmers.

CRSP activities were formally initiated on 1 September 1982 after several years of planning. From 1982 to
1987, CRSP projects involved the participation of government agencies and educational institutions in six host
countries: Honduras, Indonesia, Pamama, the Philippines, Rwanda, and Thailand. Funding constraints during
1986 and 1987 forced a reduction in operations. A
reorganization plan was submitted in December
1986 10 the Joint Committee on Agricultural
Research and Development (JCARD) Panel on
CRSPs and the AID Agricvlural Sector Council
Subcommittee, The plan, which went into effect on
1 September 1987, called for maintaining a
presence in eich of the USALD geographical areas
originally selected. Three country sites were
chosen: Rwanda, Thaitand, and Panama. However,
following that decision, political initiatives in
Pananit in 1987 made it necessary for the CRSP to
leave Panamiand return to Honduras. Largely
through the efforts of Auburn University and
through continuing financial commitments of the
USAID Mission, the CRSP was welcomed hack into
Honduras in April 1988 and began experiments
with the assistance of the Honduran Department of
Renewable Natural Resources (RENARE) in August
1988,




New Challenges and Events

This year's many programmatic and technical accomplishments
were overshadowed by the tragic events in Rwanda, Rwanda’s civil
war shook the world, and with it our CRSP. The tragedy brought
about a sudden and devastating change to our program—the end of
our Africa project site, and the death of many CRSP researchers and
co-workers. The dedications at the beginning of this Annual Report
are but  small sign of the sadness felt by cach and every person in
the CRSP, especiadly those who worked on the Rwandat project. In the
fiice of adversity, many personal stories unfolded and are now
hecoming part of the fabric of our program. Itis with this depth of
experience and emotion that we embark upon a quest for a new
African site.

New site selection, although not part of the past vear's
activities, will become @ major undertaking in the vear to come,
Not only is the CRSP evaluating alternate sites in Africa, but it is
looking forward to establishing a new site in South America, The
initiation of new sites, however, depends on the funding received
under the nest five-year grant.

The CRSP lias been invited 1o submit a five-vear continuation proposal to USAID. Recent external
reviews have rated the program as exceptional and deserving of enhanced funding. New components of the
program will target food security, information managenzent, human resources development, and
cconomic growth. The proposal was originally due in August 1994, but changes within USAID and
BIFADEC have resulted in major delays. Consequently, the proposal will be a focus of the coming year's
work.

Uncertainty within USAID has also been reflected in other ways within the CRSP. The PD/A
CRSP received a 10% cut in its 1994-95 budget—Tless in absolute terms than the other CRSPs, three
of which were cut greater than 0%, The CRSP grant, whose expected end dite was 31 August
1995, was shortened by -+ months, 10 30 April 1995, Funding and time constraints will therefore make
the coming year a period of great challenge.

This past year was the “year of evaluations.” The beginning of the period was marked by the
culmintion of the EEP Quingquennial Review (which ook over @ year o complete), and the
undertaking of the USAID Internal Administrative Review. In addition, the Global Burean
commissioned Tropical Research and Development, a consulting firm, to evaluate all of the CRSPs.
Their findings shed a positive light on the PD/A CRSP, especially in the arcas of program
management and overseas impacts. Finally, the Egypt project, @ large informal buy-in- geant under
the CRSP, was evaluated by USAID/Cairo and USDA. The Egypt project received commendations
and was recommended for an extension.

Continuing Activities

Global Experiment and Related Activities

With the completion of the first three eveles of standardized global experiments (1982-1987), the
CRSP began focusing on the statistical interpretation of data that were colleeted at the original six
project sites. The research program was successfully modified to refleet a reduction in sites without
changing the overall emphasis of the CRSP. The global nawre of the program therefore remains intact,



Experimental protocol, as described in subsequent work plans, conforms to that of the original three
cycles to allow comparison between sites over time. Field experiments blend program-oriented (see
Global Experiment and Related Studies) and project-oriented (site-specific) considerations in response
10 the results of carlier experiments.

After years of discussion, the CRSP is moving ahead with plans to incorporate much of the GRS# global
data base into the data base of the tnternational Center for Living Aquatic Resource Management
(ICLARM)., FISHBASE. ‘This will further ensure safekeeping of important data that have been collected
through ten years of CRSP experiments,

The CRSP passed another milestone with the completion of @ new version of PONDCLASS, now
called POND. POND offers 1 Microsoft Windows ™ -hased decision support system for aquaculture
pond management, with enhanced capacities such as economic forecasting and weather
simulations. Prospective users of POND are completing @ questionniire; survey results are
expected to be useful for improving the nest version of the POND software. POND not only provides
new technology for fish culturists but also serves as an excellent teaching wol for sumulzting pond
responses (0 a variety of inputs, The software manual is now available in French; the Rwanda team
transkated the manual in a cooperative effort with the Data Analysis and Synthesis Team. A Spanish
translation of the manual is in progress.

New Brackish Water Site

The termination of brackish water sites in Panama and the Philippines in 1987 focused the
approich of the CRSP toward freshwater reseirch.

Now, the CRSP's new brackish water site in Choluteca, Honduras, which opened last vedr,
provides opportunities for studying environmentally and economically important brackish water
systems. In-accordance with the gouls of the USAID Mission in Honduras, the CRSP is conducting
research near the Gulf of Fonscea to evaluate environmental impacts and alternative: production
strategies associated with shrimp furming in that region. Closer collaboration among the PD/A
CRSP and Honduran organizations, other CRSPs, and private aquaculure farms is being facilitated
through the CRSP's involvement in this new site. CRSP research at the freshwater station in
Comayagua. which continues to operate under host country supervision, now focuses on extending
CRSP technologics.

Recent Additions to the CRSP Framework

The initiation of a new site in Egypt in October 1992 offered the CRSP an exciting opportunity to
investigate pond management strategies in an arid climate. The Egypt project is now part of the
family of PI/A CRSP projects, but is unique in that it is funded under a separate grant from USAID/
Cairo and the National Agricultural Research Project of Egypt (USAID Grant No. 263-0152-G-00-
2231-00). In addition to the mandatory Glohal Experiment, which is conducted at all CRSP sites, the
Egypt project is credited with adding new research themes to the CRSP: polyeulture, bioconsersion,
and biotechnology. Also. through the Egypt project, the CRSP has added new researchers 1o its list
of cooperators and has expanded its instituional affiliations (new participants include the Central
Laboratory of Aquaculture Research, Abbassa, and the University of Oklahoma). Longtime
institutional members of the CRSP participating in the Egypt project are Oregon State University,
Auburn University, University of Hawaii, University of Michigan, and the Asian Institute of
Technology.

The Egypt Project presents one example of the GRSP's active pursuit of new opportunitics,
Because collaborative projects must henefit both the host countries and U.S.., as well as fulfill overall
CRSP goals, new opportunities are actually quite rare. Nevertheless, the CRSP has been suceessful in



altracting new projects in four target areas: socioeconomics research, gender studies, on-farm studies, and
outreach. Projects in these focus arcas are showing their first results and sre successfully adding 2 broader
dimension 1o the CRSP experience. Natural resources manmagement has always heen @ cornerstone of the
CRSP; therefore, the continued efforts in this arc are not new. What is new is the integration of natural
resources work with saciocultural and economic dimensions of aquaculiure. Many of the technical
summaries contained in the Annual Technical Report of this Twelfth Annual Report present practical
economic information in addition to the biological analyses that are the mainstay o this CRSP,

A global social sciences project, which began in June 1992, has US CRSP economists, biologists, and
sociologists collaborating with researchers from the Philippines, Thailand, and Honduras in an examination
of aquaculure technology adoption and diffusion. This project presents one of the CRSP'S first attempts to
fully fund « social sciences activity that cuts across & number of CRSP sites. However, continued funding
constratints — this CRSP is funded on average at -4 percent of the other CRSPs — may agatin relegate cocial
science research to be funded primarily through extramural support.

When BIFADEC originally designed the CRSPs, the mandate called for greater focus on research
than on outreach. The PD/ZA CRSP, however, sees the partnership of these two types of uctivities as
critical to achieving, positive social impacts. Therefore, greater emphasis during the past vear has heen
pliaced on farmer participatory research, on extending research information to end users, and on
adopting 2 research strategy that is sustainable and appropriite. The CRSP project in Rwanda, for
example, regularly assisted the USAD Mission with its natural resources projects and helped ransfer
CRSP technologies to Rwandan farmers. In Northeast Thailand, the CRSP s cooperating with
scientists from other donor agencies in helping farmers help themselves. The divect input that farmers
provide to the research process renders the results more relevant and cost-effective.

Leveraged Activities

This Twelfth 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 farms in the Philippines were matched by the University
of Hawaii and Central Luzon State University. In addition 10 the many grams and cooperators affiliated
with the CRSP project in Rwanda, the European Economie Community contributed funds to improve
and expand the pond facilities at Rwasave Fish Culture Station. In- previous years, funds allocited to a
Women in Development study helped to Teverage funds from a number of sources.

Other continuing studies include investigations in tropical pond soils, which hive allowed us to
facilitate linkages with other soils projects such as the TropSoils CRSP in Honduras: polyealare
research using native species; and research on ecologically sound alternatives o therapeutic drugs
used in fish culture.

Other “buy-in™ activities include expanding traditional pond dynamics work to encompass a broader
analysis of the effects of aquaculre on the environment, and t grant from USAID to support a
workshop on integrating @ social sciences perspective into mainline CRSP researeh,

Research Support Activities

The CRSP's direct involvement with farmers, educators, and other end users of CRSP teehnology is
one way to actively exiend information generated by the program. Other information is extended
through the CRSP's numerous publicatons, which are aimed at both technical and non-technical
audiences. The CRSP's recently initimed international effort 1o write a comprehensive book on the
principles of pond dynamics also involves the aquaculure community at-large. This hook will be a
useful addition to aquacnlture researchers’ and students' libraries, and an effort is being made to make it



available at an affordable price to people in less economically advanced countries. The book will update and
expand on an earlier CRSP book, Principles and Practices of Pond Aquaculture, which is in its third
printing.

The CRSP has benefited from its involvement in the CRSP Council, t group composed of USAD-funded
Collaborative Rescarch Support Programs, although full participation in this group extracts a high cost in
terms of time and capital from the smaller CRSPs such as ourselves. Through the Council, the PD/A CRSP has
participated over the vears in presentations to Congress, the World Bank, USDA, USAID, JCARD, and
environmental groups. One impact of this effortis increased public awareness of CRSP programs.

Many ather technical and programmatic accomplishments are described in detail in this Twelfth Annual
Administrative Report, which covers the period from | September 1993 10 31 August 1994, This report is
divided into o volumes: Program Accomplishments and Technical Reports. Each section has heen
designed to stand on its own. Program Accomplishments encompasses all administrative, rescarch, and
outreach activities during the reportng period and includes sections on program history, personnel,
financial status, administrative and management activities, abstracts of all teehnical experiments conducted
during the past vear, and non-research activities such as training, pubiications, and service Technical
Reports focuses on the research accomplishments of the program and contains full wechnical reports. (See
Appendix B lor the table of contents of the technical reports volume.)
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Il. Summary of Activities and
Accomplishments

1 Sepremeer 1993 10 31 Aucust 1994

Major accomplishments during this reporting period include the initiation of Seventh Work Plan studlies at
all sites. Studies scheduled under the Sivth Work Phan had been coneluded in the previous period., except for
one experiment, which had been exchanged with @ Seventh Work Plan experiment. POND, the new decision-
support system which allov s facility managers (o project economic returns of various management stralegies,
is now avitilable to interested pevsons. A mmber of special Topics Research activities were completed. The
CRSP also purticipated in o diferent evaluations. Honduras, Thailand, the DAST, and the Management
Entity participated in the overald CRSP veview. The Egypt project underwent a teehnical review and was
subsequently granted an extension. s always, efforts to disseminate research results continued through a
variety of wenues,

Overseas Research
Honduras

Seventh Work Plan experiments were initiated this year at the brackish water site at Choluteca and at the
freshwater site at EI Carao. Brackish water vesearch focused on the environmental effects of shrimp farming
on estuarine water quality and on the deselopiment of culture techniques to reduce environmental impact.
Researchers demonstrated titt riverine estiries were assockated with higher nutrient loads than gulf
embayments. Son-riverine estiries showed no seasonal variabilin: however, riverine estwries showed
seasonal variabilin. and exhibited higher nutrient corcentrations in the div season. A companion study found
that shrimp producers could reduce the nutrient input into estwitries during the dry season by a modification
i management practices 1twas found that use of tertilizer in the dry seison did not inerease shrimp vield.
Other input vates canalso be reduced in the dry season because decreasing the teeding rate by up o 50% did
not resultin significantly reduced shrimp vield.

Global Experiment research was carvied out at B Carao with seientists comparing different
mamigement regimes. The fiest treament followed e fertilization recommendations obtained from the
decision-support system PONDCLASS (the precursor to POND)Y, and was compared with - second
treatntent which used total ammonia concentrations (TANY as a fertilization guidehne. A third treatment
compared the effect of inereasing the stocking rate from 2 103 fish/im’. PONDCLASS recommendations
led 10 excessive nitrogen fertiization. because priman productivity was constrained by a1 carbon
limitation. The results for the TAN experiment were inconclusive. Amost identical fish yvields were
obtained with the two different stocking, rates. However, individual fish size was smaller at the higher
density which significonhy reduces marketabili of the tilapia.

A second freshwater study combined virious ratios of tilipia and conbagui in i polealure
experiment. A combination of 5% tilapia and 23" tambagui was found 1o give the best results.

The Honduras team slso conducted two studies which were not part of the Sinth or Seventh Work
Plan. Hlormonal sex-resersid s o commanly practiced method 10 obttin monosey fish populations.
Determination of the optimal water temperature regime for mass production of dlapia fry for hormenal
sex-reversal was the goal o the fiest investigation. Using a threshold temperature of 15 €, fn
production did not occur below 140 degree-dass: the apper houndan was given by 1935 degree-das, In
A companion study, researchers tried o determine i the administration of 17a-methltestosterone
improved the growth of reated fry and fingerlings. This side-effect has been veported in the literature for
other species; however, after 150 days no- significant differences sere observed between treated and
untreated iy in this experiment.



Rwanda

Rwanda CRSP personnel conducied
five workshops in late 1993 and trained
00 extension agents of the National Fish
Culture Service, The terrible civil war
that has ravaged Rwanda sinee spring
1994 ended all research and extension

activities in Rwanda. When the civil
strife crupted. the Rwanda CRSP team
wis imvestigating the prodnctivity
difference of fed and non-fed ponds at
different elevitions: the determination
of fish production refationships from
existing farmer-generated datt; and
tilapia frv mass-production technicues.
These developments necessitated the
development of @ new work plan for the
Rwand:t research group. Replacements
have heen developed for those
experiments which were underway in
Rwanda at the outhreak of open
hostilities. All hope of regaining access
to the Rwand:t dat has been lost, New
studies have been initiated to determine
the most effective lime requirement estimators for broadly different soil tvpes: to investigate the effect of
pond soil characteristics on phosphorus fixation and availability: 1o determine the effect of teed
consumption, growth, and conversion efficiency of tilapia frv; and to examine the efficacy of sex reversal
treatment ats a function of water temperature. These studies are still in progress Results from a study on
the use of defatted rice-bran as fish feed show that rice-hran, an agricultural by-product, is a good and
cconomic supplemental food source, especially when pelleted. Pellets iare not anly easier to handle than
loose rice bran. they also reduce the amount of fertilizer applications needed o maintain pond fertility.

Thailand and the Philippines

Determination of optimal phosphorus l'vr(ilixﬁfrulca was the aim of o studies conducted by
bailand and CRSP rescarchers. The fivst study invesigated the refationship between phosphorous
sediment concentrations and phosphorous fertilization vates. 1t was found that optimum phosphorons
fertilization, which does not resultin cither under- or over-fertilization, can be obtained if the fertilization
rate is based on the phosphorous saturation level of the sediment, The second study reported a quick
method to estimate phosphorous saturation level in sediment by using sediment clay content as the key
variable.

Supplemental feeding is often necessiry for growing larger, more valuable tilapia. Several studics
investigated aspects of this management weehnigque. Results indicated that early supplemental feeding
produced incflicient feed use, while u late starting date Gafter fish have reached 150 g) extended the
growing period considerably. A companion study investigated the relationship hetween stocking density
and carryfug capacity under a supplemental feeding regime, Initial results indicated that growth rates
were simibar among treatments and that carrving capacity had not been veached. \ third investigation,
comparing the growth rate of tilapia under different input regimes, sound that 90.3% of the variance in



growth could be explained by feed and fertilizer input, alkalinity, and total inorganic nitrogen
concentration. Combinations of feed and fertilizer were most efficient in growing tilapia to 500 g

Improved understanding of pond dynamics is kev to optimizing production techniques. Carbon has
been shown to be & limiting nutrient in previous PD/A CRSP research of wopical fish ponds. The Thailand
research group worked on two studies to further investigate carbon dynamics. One study attempted
stabilize total alkalinity by adding carbonate as part of the fertilizer input. During the dry scason, total
alkalinity was stable in treaunent ponds. but declined in control ponds. During the wet season, no
treatment effect was observed. A second study. currently underway, will quantify the rates of exchange of
carbon dioxide between pond water and the atmosphere and compare these rates with photosynthetic
carbon uptake and respiritory release.

Most of the PD/A CRSP's work has been done in shallow ponds (approximately 1 m deep). However,
there exists considerable potential for aguaculture in rain-fed irrigation reservoirs. These ponds would
likely exhibit different characteristics which would require the development of new management
strategices. The initiad results of an analysis of the diel temperature and oxvgen stratification in deep, rain-
fed ponds in Thaikad lends credence to this view, While the surface laver (up o T m deep) behaves
much like a shallow pond, the water below this faver is isolated from the top Laver and did not seem 1o
mix during the experimental period.

Research conducted in the Philippines is a sub-project of the Thailand project. Two investigations are
currently underway at the Freshwater Aquaculture Center. A comparison of the performance of different
tilapia strains will provide the information necessary for development of a breeding program. The CRSP
Philippine team is collaborating with 1CLARM's “Genetic Improvement of Farmed Tilapia™ (GIFT) project
and with the research project of “Genetic Manipulations for tmproved Tilapia™ conducted by the
Freshwater Aquaculttive Center at Central Luzon State University and the Universily of Wales Swanse. Fish
from both projects will be compared with the Chitealadz strain, used in Thailand, and the unmanipulated
strain used in the Philippines. The second study tests whether CRSP fertilizer guidelines will be socially
acceptable and economically viable under Philippine conditions,

Egypt

%i'ylﬁinning of experiments in Egypt fast year was delayed due to inclement weather and a
resulting fish kitl; therefore, most of the second vear experiments (see CRSP Work Plan ™) were still
underway by the end of this reporting period. In order to conclude the research, the end date of the
Egypt project was extended to December 31, 1994, Summaries of activities conducted from
September to December 1994 will be published in the Final Report of the Egypt Project.

Investigations at the Central Laboratory Tor Aquaculiure Research (CLAR) in Abbassa, Egypt,
focused on validating CRSP guidelines in an arid climate. Five dilferent pond management
strategies were tested and vielded significantly different vesults. The highest gross vields were
obtained from the Fertilization then Feed treatment; the lowest vields were obtained from the
Chemical Fertilization treatment. A companion study examined the cconomic returns obtained from
cach treatment. The highest net cconomic returns were obtained from the Fertilization then Feed
treatment, while the Chemical Fertilization treatment resulied in the lowest veturns, A third study
compared the vield characteristics of Nile tilapia to those of blue tilapia. Initial results indicate Nile
tilapia performs better in every treament than blue tilapia. A fourth investigation aims to determine
the effect of stocking rate on Nile tilapia growth and vield. Initial results indicate no negative effects
of the higher stocking rate on cither growth or viekl. The Egypt project team also initiated o study of
Egyptian pond hottom svils to determine the role of pond soils in pond nutrient dynamics.



The Egypt Project added biotechnology researeh, a new line of inquiry in the family of CRSP studivs.
Several of the studies focused on the use of sex hormones, mainly 1 7at-methyliestosterone (MT), which is
internationally used as @ sex-reversing agent in aquaculture. The 118, Food and Drug Administration (FDA)
granted 2 “compassionate™ Investigational New Animal Drug exemption (INAD) to allow research on the
efficacy and safety of this drug. A field ial was started in July 1994 at the Central Luboratory for Aquaculture
Research (CLAR) at Abbassa, Egypt. This research, conducted in the field ar the CLAR. was devoted to both the
development of a technology to mass produce tilapia frv for sex-reversal, and examining the effects of MT on
treated fry. Initial results indicate both high efficacy and survival rates.

Other MT-related research was conducted at Oregon State University (OSU) and the University of
Hawaii (U1, The OSU research eam characterized a binding site for sex-reversing hormones in
gonadal tissue of adult Nile tilapia and also developed « receptor assay, a fast tool for screening the
eflicacy of newly developed sex inversion agents. Other research at OSU continues to follow this line of
inquiry by studying gonadal development in tilapia. The OSU team is also developing a crvopreservation
technique for sperm and determining if an alternative sex-reversal technique (immersion) might be safer
than the currently used method (medicated feed).

Researchers at Ul conducted a study on the separation of the sex-reversing effects of MT from the
growth-promoting effects of this drug on two different species of tilapia. 1t was found that the growth rate
of Oreochromis awrens was nearly wice the rate of O, mossambicus at each dose level, and in almost
all treaments, MT-treated animals grew significantly better.

Atotally different approach to the generation of monosex
tilapiat has heen applied by Auburn University researchers, who
are working to develop a YY tilapid breeding program to
generate monosey tifapia offspring that are not wreated with
hormones. So far, four possible YY supermales have been
idemtified. However, males which produced more than 95% male
progeny in the first mating did not consistently produce such
frequencies of male offspring in consequent spawns.

Bioconversior and polyeulture research, another focus of
the Egypt Project, focuses on building a polveulture system
suited to the conditions found in Egypt by wiilizing currently
unused pond system components such as aquatic weeds or
snails as fish food. nitial results from the biocomversion
experiments indicated the effectiveness of grass and black
carp as control agents: however, considerable contamination
of the treatment ponds with common carp and mullet restrict
interpretation of these results. Polveuliure experiments are
stil ongoing and no results were availible by the end of this
pried.

Data Analysis and
Synthesis

During this period, the OSU DAST team completed work
of the decision-support system POND. POND was developed
(o provide the aquaculture community with 2 tool for rapidly
amhyzing warm witer aquaculture systems, and to assist in

15



developing optimal management strategics, POND can be used to set up pond facilities with different
configurations and/or management strategies. Facility managers can use POND to project possible future
economic return for different management options. Approximately 80 copies of POND Version 2.0/ have
been distributed to a wide audience including extension agents, educators, producers, and researchers.

The University of California at Davis DAST team concentrated its efforts on further improving existing
models of oxygen dynamics and developing new models for stratified ponds. Current understanding of
oxsgen dynamics is hampered by insufficient information about diel respiration patterns. To collect the
missing information, « respirometer has been developed for use in aquaculture ponds. Field tests showed
that respiration rates change substantially over diel periods, with the highest rates occurring in Lue
afternoon. Model development for stratified ponds focused on water temperature hehavior, A computer
model using stochastic inputs of solar radiation, wind direction, and wind speed has been developed.
Simulations carried out for Thailand ponds showed that surface temperatures exhibited the largest
temperature fluctirtions in response to stochastic inputs.

Central Data Base

A Central Data Base continues to be maintained by the CRSP for the storage and retrieval of
standardized records from the research sites. At the individual sites, data on physical variables (e.g.,
solar radiation, temperature, and rainfad) and chemical variables (e.g., water and soil chemical
characteristics) are collected concurrently with biological measurements (e.g., prinmary productivity,
fish growth, and fish production). Whereas the resulting sets of dati are useful for site-specific
studies, the compilation of all the individual data sets into the Central Data Base provides
opportunities for maey kinds of global analyses. Detailed standardized records such as those found in
the CRSP Central Data Base wre vare in the aquaculture literature. Al dati from research activities
conducted under the First through Fourth Work Plans are already in the Central Data Base, which has
continued to expand through the inclusion of new data generated under the Fifth and Sixth Work
Plans.

In response to a decision reched by the Management Entity and Board of Directors, with input
from the Technical Commitiee, Central Data Base functions were transferred from the Progeam
Management Ofiice to the University of Hawaii at Hilo in May, 1993, As the quantity of data generated
by CRSP research has increased, so have the storage requirements. Consequently, during this
reporting period, the database has heen consolidated and storage requirements have been reduced
by approximately 50%. In order to increase speed., utility, and user-friendliness of the database, @ new
program, Foxpro™, has been implemented. An additional advantage of Foxpro™ is its ability 10 work
with different platforms. A menu-driven interfitce for Macintosh and 1BM-tpe computers is being
developed. This allows the distribution of the entire database a: a sell-contained unit.

This new feature will greatly increase the utility of the Central Datt Base o researchers outside
those directly involved with the PD/A CRSP. The Central Datt Base was designed 1o facilitate
communications with other large data hases, such as the Tropsoils CRSP dita base and 1CLARM s
FISHBASE, thereby creating opportunities for collaboration. Efforts continue to integrate the CRSP
Contral Data Base with ICEARM's FISHBASE. The Central Data Base can also serve s it slorage
and retrieval center for standardized diata from any research site. CRSP scientists as well as
scientists in the aquaculture community at large may contribute to and access the data base. Data are
avitilable on computer diskettes o in print as Pond Dyvnamics/Aquaculiure Colluborative
Research Data Reports.,
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lll. CRSP Research Program Background

Atits inception, the Pond Dynamics/Aquaculture CRSP had « single, main theme—that of a common
set of experiments to be implemented globally, following a standard experimental protocol. The Global
Experiment, as it came to be called, was intended to facilitate comparative studies of aquaculure pond
dynamics; such studies would help us begin to understand how and why ponds at different geographic
locations function differently, and how the management of aquaculure ponds might be fine-tuned or
adapted to different sets of environmental conditions to optimize production.

As CRSP research progressed, it hecame apparent that there were important additional needs 10
be addressed. To meet these additional needs, research components were added, so that in the
past few vears the main core of the program has included three components:

e The Global Experiment,

o Special Topics Research in Host Countries, and

o Data Analysis and Synthesis.

This main core of CRSP activities 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 interactions 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 long-range goal of the CRSP is to increase the efficiency of pond culture systems. This goal
has the benefits not only of increasing the availability of animal protein in less-developed countries,
but also of improving the economic 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 in 1981. Under this planning study, the literature on state-of-the-art pond culture wis
reviewed and synthesized, resulting in the publication of the first edition of Principles and Practices
of Pond Aquaculture, and
overseas sites were surveved (o
determine research needs and
the potential for the
establishment of research
projects.

The technical work plan that
evolved from the planning study
inolved the establishment of
research projects at seven sites
in six countries. Two brackish
water and fise freshwater
research projects were hegun at
sites in Central America
(Panami and Honduras ), Africa
(Rwandie, and Southeast Asia
(Thaitand. Indonesia, and the
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W cquator and represented the
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where advances in pond aquaculture would be most heneficial and most apt to suceeed. Although subsequent
changes (primarily in response to funding constraints) in the CRSP program required that research be
continued only at the sites in Thailand, Rwanda, and Honduras, those three major regions have continued to
be represented. Since 1991 the CRSP program has heen expanded by the initiation of 2 sub-project in the
Philippines and the beginning of it completely new project in Egypt. The research conducted in Egypt greatly
increased the scope of the program by adding an arid site to the program, which had previously included
sites only in relatively humid areas. In 1993, rescarch in brackish water environments was resumed with the
addition of a coastal site in Honduras.

CRSP Work Pians

A Technical Committee has had the responsibility for developing technical work plans throughout the
CRSPs history. The first three CRSP Work Plans, outlining annual research programs that were almost
exclusively global in nature, covered activities from 1 September 198+ through 31 August 1987, The
First Work Plan specified a standard procedure for the preparation and stocking of ponds, and the
concept of a standard protocol for research at ll sites hits been maintined throughout the program.
These standards have evolved into the CRSP's Handbook of Analvtical Methods, which was completed
and distributed o participants in 1942

In response to the recommendations of the Externad Evaluation Panel during the first tricanial review,
work plans beginning with the Fourth Work Plan have been developed on a biennial basis to allow more
time for the completion and evalwtion of experiments before planning new ones. This change in the
planning procedure s the logical outcome of the need to test hypotheses that develop direetly 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. Athough the global aspects of CRSP rescarch are
maintained by conducting similar experiments (referred to as the Global Experiment) at the various sites
and by conducting these experiments in a standardized manner, other experiments are adjusted to
more directly address the needs of aquacubture producers in the country or region in which the research
is taking place.

The Fourth. Fifth, and Sisth Work Plans covered research conducted in twvo-vear periods from 1987
through 1991, "This reporting period constitutes the first vear of activities conducted under the Seventh
Work Plan, but it also includes some activities conducted under the Sisth Work Plan. During this
reporting period, the Continuation Plan for the PD/A CRSP was the focus of efforts by the Technical
Committee and the Management Office.



IV. Abstracts of Technical Papers

A. Global Experiment and
Related Investigations

Validation of PD/A CRSP Pond
Management Strategies

Work Plan 7, Egypt Study 1A

Bartholomew W. Green
Department of Fisheries and Allied Aquacultures
Auburn University. Alabama, USA

Zeinab El Nagdy and Abdel R. El Gamal
Central Laboratory for Aquaculuure Rescarch
Agricultural Research Center

Abbassa, Egypt

Abstract

The objectives of this research were to quantfy tikapia vields for
established Pond Dynamics/Aquaculiwre Collaborative Research
Support Program pond nutrient input strategies under climatic,
edaphic, and water quality conditions found in Egypt and to
compare these results to those obtained using traditional Egyptian
management practices. Five treatments, each replicated four
times, were tested in O.1-ha earthen pondds. Treauments tested
were: Traditional Egyptian. Enhanced Egvptian, Feed Only,
Fertilization then Feed. and Chentical Fertilization. Ponds
were stocked with 20,000 Orcoclromis niloticus/Ma; mixed-sex
fish were stocked in Egyptian treatments and sex-reversed fish in
others. Experiment duration was 115 days.

Nile tilapiz gross vield differed significantly among treatments
and ranged from 1,278 kg/ha (chemical fertilizer treatment) 1o
2877 kg/ha (fertilization then feed treatment). Wild tilapia
(O. aurens. S, galilae. T. zilli) invaded @l ponds and contributed
81 to 686 kg/ha to total tkapia vield treatment means. Thus, total
tilapia yield ranged from 1,407 w0 3,537 kg/ha and represented
from 78% to 96" of gross fish vield. Gross fish vields ranged from
1,520 to 4,074 kg/ha, Tilapia vields in the Traditional Egxyptian
and Fertilizer then Feed treatments was significantly greater than
in the Chemical Fertilizer weament, Tikapizcare marketed in
Egypt by size class as follows: Ist class - 1o 5 fish/kg: 2nd class - 6
to 12 fish/kg: 3rd class - 13 10 25 fish/kg: and, 4th class - 26 10 40
fish/kg, Farm-gate price varies from LE. 7.85/kg 1st class tilapia to LE
1.75/kg ith class tilapia. Greater yields of stand 2nd class tilapia

were obtained where organic fertilization was used in combination
with formulated feeds than where chemieal fertilization alone or
formulated feed alone were used. Results indicated that ponds
stocked with young-of-year monosex tilapia and managed according
to the tested systems were feasible in Egypt.

Yield Characteristics of Two Species of
Tilapia under Two Different Pond
Environments

Work Plan 7, Egypt Study 1B

Bartholomew W. Green
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Zeinab L] Nagdy and Abdel R.E. Gamal
Central Laboratory tor Aguaculure Research
Agricultural Research Center

Abbassa, Egypt

Abstract

PIVA CRSP research designs have been based on use of Nile
tilapia (Oreochromis niloticus) as the test species because this
species was common to all research sites. In Egypt. Nile and blue
(0. anreus) tilapia, both good culture species, are endemic. The
objective of this experiment was (o compare production
characteristies and production economics of O. nitoticus and
O. aureus reared in ponds managed under o different nutrient
input regimes.

Eighteen 0.1-ha ponds at the Central Laboratory for
Aquaculture: Research, Abbassa, Abou Hammad, Sharkia, Egypt,
were used for this study using @ completely randomized design in
A 2 factorial arrangement, where factors were tilapia species
(Nile, blue. or co-stocked) and pond nutrient input regime
(chemical fentilization or fertilization then feed). Weekly applications
of nitrogen at 25 kg/la and phosphorus to maintain an N:P ratio of
-l were made in the Cliemical Fertilizer weatment. In the
Fertilizer then Feed treament, chicken litter was applied weekly
dt 1000 kg dry manter/ha for the first eight weeks followed by feed
(25% protein commercial fish feed) only, Ponds were stocked with
sex-reversed tikapia fingerlings on 1 July 1994 ata stocking rate of
20,000 fingerlings/ha. Ponds are scheduled 1o e harvested after
completion of 150 days of grow-out,


http:I"vrtili.er

Based on seine samples and estimated fish biomass, and
assuming 20,000 fishv/ha, the aerage mean individual fish weight
after 83 days of growth was calculated. The highest estimated
biomiss and average weight were obtained in the Fertilizer then
Feed treatment for O, niloticus 3,027 kg/haand 1514 g/fish,
respectively. The co-stocked Chenical Fertilizer treatment
resulted in the lowest average weighv/fish (T0.8) and in the lowest
estimated biomass (1,415 kg/ha),

Nutrient Input Management by the
Computer Program, PONDCLASS, and by
Concentration of a Key Nutrient

Work Plan 7, ltonduras Study 4A

David R. Teichert-Coddington
Department of Fisheries and Allied Aguaculiures
Adburn University. Alabama, USA

Herbert Ramos
National Fish Caltare Rescarch Center
t Carao, Comavagua, Honduaras

Abstract

Three simultancous experiments were carried out Lo verifv the
pond munagement softwire PONDCLASS, o regulate pond
fertilization by total ammonia concentration, and o eviduate the
eflect of raising the fish stocking rate from 2 10 3/m?. The control
was equal in all studies: ponds were fertilized weekly with chicken
litter at 250 ke drv matter/ha, urea to maintain weekl wtal
nitrogen input at 28 ke/ha, and diammonium: phosphate o supply
~ hg/ha total phosphorus input. Mean fish weight and production
of the controb treatment were 13% and 28% greater. respectivels,
than: PONDCLASS mcans. Excessive nitrogen Tertilization wats
recommended by PONDCLASS. Fish production was thought o
be fimited by primany productivits, which in turn was limited by
carhon. The effectiveness of fertilizer input regulation by 1ol
ammonia was inconclusive because of poor treatment
management. nereasing the tilapia stocking rate from 2 1o 3/m°
had a0 significant afecton fish production or water qualin. The
medan average fish weight of the comtrol treatment was 41"
greater than the mean averige weight of fish from the higher
density treatment.

Management of Carbon Dioxide Balance
for Stability of Total Alkalinity and
Phytoplankton Stocks in Fertilized

Fish Ponds

Work Plan 7, Thailand Study 6

James P. Szyper

Hawaii Institute of Marine Biology
University of Hawaii at Manoa
Kaneohe, Hawaii. USA

Kevin D. Hopkins

College of Agricultare
University of Hawaii at Hilo
Hilo, Hawuii, USA

Abstract
Stability of phytoptankion stocks and photosynthetic activity is
important 10 successful pond culture. Large phyvtoplankton stocks
in fertilized ponds can be unstable, and low totad alkalinity (TA)
can limit photossnthesis in ponds and contribute 1o instability. 1t is
important to understand management of TA beciuse it can
change substantially doring growth aveles in ponds, even when
sils are conditioned. This experiment documented temporal
trends of TA in 15 ponds, -nd guantified the effect of interim
additions of soluble carbonate. For the CRSP Global Experiment,
one of the five wriplicated weaments consisted of inputs
manmagement using the PONDCLASS decision-support ssstem
softsares another treatment consisted of regular inputs according
to the specified control protocol of Work Plan =

The vesults of this experiment are currently ondergoing
amtlysis: results discussed here e preliminan. The five
treatments produced no significant differences i final mean
individual fish weights, sunial, or net vields (1 > 0.03, Single-
factor ANOVY). Aeither were there significant treatment
differences in mean concenration of chloropnll g or dastime net
primany production

Mamagement aecording (o PONDCEASS produced vields with
mumericdly) greater eflicieney than did treatments imolving
reguliar weekly fertilizer mptits in constant amounts, becinse
similir vields were produced with Jess input. The net vields tor all
ponds, estrapolated 0 units of vhan, ranged from 3.3 10 0.5,
These are approvinvatels donhle vields previoush obtained at this
sitein the same season twet) during carlier experiments, but are



substantially less than vields obtained with these methods ata nearby
site,

1t is likely that rainfall affected the attempt to examine effects
of soluble carbonate inputs. During the first 50 days, when no rain
fell. alkalinity tended to decline during sampling intervals in all
ponds, although concentrations were effectively stubilized in
ponds receiving carbonate additions. After the first S0-day period
the wet season began, and alkalinity showed little decline in
ponds of any reatment. Davtime net primary production ranged
(pond-by-pand) from -0.1 to 194 mg O, 1. with a mean of =0 for
the experiment, equivalent 10 2.0 ¢ mAl Higher values have
heen ubserved on this site, particularly during seasons without
rain and/or cloud cover

If completed analyses show that addition of soluble carhonate
is cffective in stabilizing T\, such inputs can readib be
incorporated o the PONDCLASS and POND softwire: systems
and inte transferved CRSP protocols, This will effectively eliminate
the potential for decreasing alkalinite due o photossathetically-
mediated pH- dviamics during production eveles in ponds. leading
to more stable blooms and production rates, and thus 1o more
refiable fish production protoculs.

B. Global Studies and Activities

Minding the Pond: Feeding, Fertilization,
and Stocking Practices for Tilapia
Production in Rwanda, Thailand,

The Philippines and Honduras

Joseph 1o NMoloar, Terry R Hanson, and
Leonard L. Lovshin

Alabiwma Agriculteral Experiment Station

International Center tor Aquaculture

Auburn University . Alabama, USA

Abstract

This report provides Basic deserptive iformation concerning the
wity stequacudture is pricticed infone CRSP countries 1t focuses on
four central aspects of tlapi culwre: pond management, feeding,
fertilization. and stocking practices. Data were collected from tilapia

growers: 121 active Rwandza fish farmers in eight local administrative
districts (communes) during the winter and carly spring of 1992;

S active Honduran fish farmers in five of 15 Honduran departiments
during the fll 1993: 51 wetive Thai fish frmers in four of =5 Thai
provinces during winter 1994 50 Philippine fish farmers in four of
15 provinces on the main island of Luzon doring winter 1994 In
each country, the sunvey instrument was revised and adapted. then
transkated into the magonal language. More thian 80 percent of the
Rwandan Earmers lad butasingle pund. In contrast, more than =0
percent of the Philippine and Honduran farmers had more than one
pond. Most Honduran frmers had more that a heetare of ponds.
More than balf the Thai sample reported problems getting enough
witter to keep ponds full. A third of the Philippine farmers said so. s
did i quarter of the Rwandans. Farmers in the four countries fed
their tilapiacaovariets of different items reflecting differences in the
intensity of aquacutture practice in each mation. Commercial feed was
notused in Rwanda: two-thirds of the Hondurins did not use
commercial feed: and whout hall the Philippine respondents did
not use commercial feed. Thai frmers were most dependent on
commercial inputs to raise their tlapia crops. They also used the
most diverse variety of leeds, veflecting the high level of
availability of different feed types and a greater willingness to use
feeds Tor other animals for the fish as well. Honduran and
Rwandan farmers were most kel 1o report imdequacies in feed
availahiliny on their farms. Ahout seven pereent of the Rwandan
farmers ~aid that they never had enough. Cale and goats were
most often reported in Rwandia, pigs i Honduras, and chickens in
the Philippines, and ducks were more frequent on Thai farms,
Given the pervasive use of integrated ssstems in Thailand, ponds
are- most frequentdy fertilized by animal manure in that country.
Taai farmers also are more likel 1o apply line 1o improve the
alkaline balance of the pond and foster primany productivit.
Rwandan farmers indicited the most passive approach 1o fish
farming — about half ~aid they visited every das. Philippine
farmers spent the most time with their ponds when they visited
them: Tha frmers the Jeast. Fingerling sailabilite was a problem
for 30 percent of the Philippine respondents, Tess than 25 pereent
in Rwanda and Honduras, and w0 concern for only + pereent in
Thaitand. Most Frmers are growing but single crop of tilapia cach
veur in Rwanda and Thailand. In Honduaras, almost hall reported
o or more crops. bat in the Philippines vo-thirds obtiined mo
crops per vear. The data ennmating from this study present
comparative perspective on tilapia culture in four CRSP countrices,
The similarities and differences suggest different patterns ol
technology wilizgion and need i each sesting: The henefits of
these understandings should Belp shape research directions and
enhance the development impacts ol CRSP technologies,



POND: A Decision Support System for
Pond Aquaculture

John P, Belte, Shree S. Nath, and Doug E. Ernst
Departiment of Bioresource Engineering
Oregon State University

Corvallis, Oregon, USA

Abstract
Decision support systems are a4 uselul mechanism for
synthesizing qualitative and quantitative: knowledge into analysis
tools that can casily be used by diverse audience. A user-
friendly decision support system (POND)Y which can be used to
auide decision-making processes relevant o pond aquacalure
managementand planning has heen developed. POND uses 2
combination of expertise, an cconomics package, and simulation
models for analyzing pond aquaculture ssstems, either at the
level of an indwidual pond or for an overall facilin. This
functionality is accomplished by the use of an object-oriented
paradigm which enables the definition of objects responsible for
certtin tasks analogous 1o entities or esperts inareal pond
aquaculture Bacilin (e gL fish cultarist) responsible for
monitoring fish growth). The cconomics package can be used 1o
generate enterprise badgets. which account for fined and variable
costs, deprecition, interest, and income items. Users cn
examine various pond management stregies and  generate
enterprise: budgets 10 wsess the economic viabilin of such
strategies.

POND includes simulation models to deseribe the dynamies of
fish growth. water temperature. carbon. nitrogen and phosphorus,
phytoplanhton. and sooplankton. These models are organized

hicrarchically imo mo levels o provide users with the capahilin of

performing ditterent kinds of amalyses hased on data availabiling
and ouput resolution needs. The fish growth moded sccounts for
the elfects of fish weight. ood avaitabilin. photoperiod.
temperature, nd dissolved ovvgen and unionized ammonia
concentrations, and has heen calibrated for Nile lapiz. This
model has been ased 1o simulae PD/ACRSE experiments
different sites with Esvorable results. Simulation models that are
used in POND 1o describe other state variables are briefly
discussed.

C. Africa

Binding Sites for the Masculinizing
Steroid Mibolerone in the Gonadal
Tissue of Adult Nile Tilapia

(Oreochromis niloticus)

Waork Plan 7, Egvpt Study 4C'1

William L. Gale, Martin S. Fitzpatrick. and
Curl B. Schreck

Oregon Cooperative Fisheries Research Unit

Department of Fisheries and Wildlife

Oregon State University

Corvallis. Oregon, USA

Abstract

A binding site in the gonadal tissue of adult Nile tilapia
(Oreochromis niloticus) was characterized using the synthetic
androgen mibolerone €17-lvdrony-".1"-dimethylestr---en-3-one).
The binding site demonstritted high affinity (K, = LOZE0.11 nM:
n=2)and low capatcity (8, = 5.05 £ 042 fmol/my protein: n=2)
for mibolerone binding. Furthermore, it was located in gonadal
evtosol only. The binding site also demonstrated ligand specificity.
Only steroids with sex inverting capabilities displaced tritiated
mibolerone binding. The receptor assay developed for tikapia may
represent sn important ool for the sereening of newly developed
sevinversion agents.



Effects of Form of Defatted Rice Bran

Offered on Nile Tilapia Production in
Ponds

Peter W, Perschbacher and Rebecca Lochmann
Department of Agriculture

University of Arkansas

Pinc Bluft, Arkansas, USA

Abstract

Mixed-sex Nile tilapia were stocked into each of six 0.04-ha
carthen ponds e 2.3 fish/m?. Ponds were fertilized as necessary
o maintain concentrations of chlorophyll « at approximately

106 mg/m* and fish were fed defated rice bran at 2% body weight
per day. divided into two feedings. In half of the ponds fish were
fed defatted rice bran as a loose product and in the remaining
ponds fish were fed « pelleted form. Advanced Largemouth bass
frv were also stocked into all poneds at 015 fishym? 1o reduce
tilapia reproduction. AMier 169 days pends were drained and fish
harvested. Net vields of stocked tilapia and reproduction were not
significantly different between treatments and averaged

0128 kg/ha and 6310 kg/ha on an annoal basis in pellet and loose
fed reatments. respectively. Stocked fish averaged 100 and 90 g,
respectively, Stocked fish vield was 13% higher in pellet-fed
ponds. Maximum feeding was 45 kg/had. Bass vield averaged
159 and 130 kgha in loose and pellet-fed ponds, respectively,
and the average sizes were 236 g and 198 ¢ Chlorophyl] a averaged
875 and 115 mg/m* in loose and pellet-fed treatments. respectively.
Fertilizer applications required were signifeantly different and
averaged 15,3 and 23.0. respectively, Defated rice bran appears to
he a good and economic supplemental food source. Pellets hase
advantages over loose form in case of handling, Pellets also reduced
the number of fertilizer applications needed 1o maintain pond
fertility, and it apparently promoted inereased vields of Jarge fish.

Effect of 170:-Methyltestosterone on the
Growth of Two Tilapia Species,
Oreochromis aureus and
Oreochromis mossambicus, in Fresh
Water

Work Plan 7, Egypt Study 481

N. Harold Richman HI and L. Gordon Grau
Hawaii Institute of Marine Biology
University of Hawaii at Manoa

Kancohe, Hawaii, USA

Abstract

We examined the effect of To-methyltestosterone (MT) on the
growth of two tilapia species, Oreochromiy aurens and
Oreochromis mossambicuy, reared in fresh water. The growth
rite of O awrens was nearlv twice that of O. mossambicus at
cich dose level (0,1, 10, and 25 mg of MT/kg of feed). With the
exception of O awerens weated with 1 mg of MT/kg of feed, MT
treatment significantly increased (p<@.01) growth in both species
over control animals. In O, mossambicus, growth performance
increased with increased levels of MT. By contrast, the 10 and 25 mg
of MT7kg of feed treatments stimulated growth equally in

O. aurens. The gonadosomatic index (GST) was not significantly
different between treatments within cach species. 1t was,
however, significantly lower (p<0.0001) in (). aurens than in

O. mossambicus. Gonadal weights were not significantly different
hetween species which suggests that the snaller GSI in

O. aurens results, atfeastin part, from the larger somatic mass of
the animals. In hoth species, the hepatosomatic indes (181 and
absolute liver weight tended o increase with inereased levels of
MT and were significantly greter (p<0.05; p<0.01) in the 25 mg
of MT7kg of feed treatment groups than in controls. The male-to-
female sex ratio was not significantly different from 121 in any
treatment group in cither species. Mmdyses of residual M Jevels
in the serum and muscle samples e ongoing,



Use of 170:-Methyltestosterone for
Tilapia Sex Reversal

Work Plan 7, Egypt Study 4A2

Bartholomew W, Green
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Esam H. Rizkalla and Ahdel R, El Gamal
Central Laboratory for Aquaculture Research
Agricultural Research Center

Abbussa. Egypt

Abstract

The US. Food and Drug Administration granted a compassionate
Investigational New Animal Drug (INAD) exemption 10 Auburn
University, the American Tilipia Association, and 2 commercial
ived producer to collecet data to support a New Animal Drug
Application for the use of 17a-methyliestosterone (MT) for se
reversil of newly-hatched tilapia. Implementation of « clinical field
trial at research institutions and commercial tkapia production
facilities throughout the United States and overseas was one
activity: contemplated under this INAD exemption. U8, and
Egyptian researchers involved with the Pond Dyvoamics/
Aquacrure Collaborative Rescarch Support Program
participaied in the field ial. The first wial was initiated on 10 to

12 July 1994 when Nile (Oreochromis niloticus) and blue

(O, aurens) tilapia fry were stocked into treatment hapas. A second
trial was initiated on 18 10 20 September 1994, Fry availabiliy
allowed for stocking of two hapas cach for control and MT treatiment
per species. Fish in Trial Feompleted treatment on 8 1o 11 August;
sub-samples of control and treated fry were restocked into hapas for
nursery growth. Triad 1 was in progress, with an expected treatment
completion date of 1610 18 October 149-4.

Upon completion of the Trial 1 treatment period. Nile tilapia
averaged 0.07 and 0.60 @iy and 32.0 and 31.3 mm/y ot
length for the controb and MT treatments, respectively. The mean
final individual weight and length for blue tilapia were 0,36 and
034 ¢/l and 25.9 and 275 matiy for the control and MT
treatments, respectively. Frvosusvival for the control and MT
treatments seraged 00 and 4%, and 96 and 91% for Nile and
blue tilapia, respectisely,

Progeny Testing to Identify “YY” Male
Tilapia

Ronald P. Phelps
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Abstract

Males from nine populations possibly containing males of a =YY"
genonpe were nuted with normal fenides. The sex ratios of the
offspring of -1 of the 419 matings examined in FY 9+ suggest that
four YY males were identified. Two males which produced > 95%
male progeny in the first mating did not consistently produce high
frequencies of males in Later spawns. These results suggest that
sex inheritance is not strictly @ male-determined charaeteristic and
increases the difficalty of breeding a form of Oreochromis
niloticus that will consistently produce all-male progeny.

Bioconversion of Gastropods by Black
Carp in Egyptiun Fish Culture Ponds

Work Plan 7, Study 2B

William L. Shelon
Zoology Department
University of Oklahoma
Norman, Oklahoma, USA

Kevin D. Hopkins

College of Agriculture
University of Hawaii at Hilo
Hilo, Hawaii, USA

Ashral Soliman and Abdel .. ElI Gamal
Central Laboratory for Aquaculture Research
Agricultural Rescarch Center

Abbussa. Egypt

Abstract

Bioconversion research focuses on the transformation of an
underutilized resource into fish flesh, while simultancously
resolving or reducing a management problem, Snails are
abundant in Egyptian aquatic systems; several species are also
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significanly related to human health problems. An experiment was
conducted to evaluate the use of black carp (Mylopharyngodon
piceus) as abiological control of snails. Ponds were prepared by
hand cutting aquatic plants to near the soil surface in March/April.
Supply problems delayed stocking which commenced in June. All
ponds were contaminated with wild (unstocked) fish which is
believed to have influenced the growth rate of black carp. Black carp
grew least in ponds that were contaminated by common carp and
muliet. Dat analysis continues.

Bioconversion of Nuisance Aquatic Plants
by Grass Carp in Egyptian Fish Culture
Ponds

Work Plan 7, Study 2A

William L. Shelton
Zoology Department
University of Oklahoma
Norman, Oklahoma, USA

Kevin D. Hopkins

College of Agriculture
University of Hawaii at Hilo
Hilo, Hawaii. USA

Abdel R. Mostafa and Abdel L. El Gamal
Central Laboratory for Aquaculture Research
Agricultural Research Center

Abbassa, Egypt

Abstract

Aquatic weeds are o management problem in Egyptian
aquaculture. They also represent an underutilized resource.
Grass carp, Crenopharvigodon idella, is known to feed on
several aquatic plants. An experiment was carried out to determine if
grass carp could be used as a hiologicat control of nuisance
weeds in Egyptian pond aquaculture. Ponds were prepared in
March/april. Macrophytes, primarily Topha and/or Phragmites
were hand cut o near the soil surface. Ponds were refilled and
the area of plant development was estinrated visually by
predominant species. Supply problems necessitated a delay of

grass carp stocking, so that some plant regrowth had occurred.
Initial data indicate that grass carp were effective in maintaining
ponds virtually free of emergent vegetative regrowth, However,
because of the delayed stocking grass carp were notable to
completely control Azolla and Certophyllun. In several ponds
these plants were able to develop and reach greater than 0%
COVeTage.

Interaction of Grass Carp and Black Carp
in Egyptian Fish Culture

Work Plan 7, Egypt Study 2C1

William L. Shelton
Zoology Department
University of Oklahoma
Norman, Oklahoma, USA

Kevin D. Hopkins

College of Agriculture
University of Hawaii at Hilo
Hilo, Hawaii, USA

Ashraf Soliman and Abdel R, El Gamal
Central Laboratory for Aquaculture Research
Agricultural Rescarch Center

Abbassa, Egypt

Abstract

Bioconversion of plants by grass carp and of snails by black carp
can be considered as separate components in a polycullure
system, bat they are also interrelated because the plants provide
food an cover to snails and thus affect black carp predation.
Gastropod production might diminish by virtie of grass carp
feeding on plants, but is unclear 1o what evtent the predation of
black carp on sails is influenced by grass carp feeding,
Abundant vegetation could proside protection for snails, so that
their biomiss might increase in the presence of black carp rather
than being suppressed by predation. A study was conducted 1o
investigate these relationships. Dt are being, anadvzed,



D. Central America

Estuarine Water Quality and Sustainable
Shrimp Culture in Honduras

Work Plan 7, Honduras Study |

David R. Teichert-Coddington
Department of Fisheries and Allied Aquicultures
Auburn University. Alabama, USA

Abstract

Water quality was monitored weekly for more than a vear at

13 sites insiv shrimp-producing estuaries of Honduras bordering
the Gulf of Fonseca. Water quadity differences were noted among
estiaeries, ong lengitudinal wanseets of estaries, and between
vainy and dry seasons of the vear. Estuaries influenced by rivers
(riverine) were more fertile and had Tess capaeity o assimilue
gredter waste {oads than those not influenced by rivers: The
Chotutecit River discharged grester quantities of nitrogen and
phosphiorus to the Gulf than did the TLODO T of siimp poruds
currently ander cultiviion. Eutrophication of riverine estiries
increased with distnee from the Gull because of reduced water
exchange with the Gulf. Entrophication in riverine estiries was
sreater during the dine season when freshwater inflow diminished.
\o seasonal differences were seen for gl embayments. The
shrinp industry could tahe immediate steps o constrain: estuarine
poliution and promote management weehniques that reduce waste
load discharge to estiaries. Taction will probably result in
production fosses similar 1o other shrimp producing areas of the
world.

Prepased as amimvated paper lor Special Session on Shrimp Culture,
WAS US San Diego. Cahtorn,

Varying the Proportion of Colossoma
macropomum and Oreochromis
niloticus in Polyculture

Waork Plan 7, Honduras Study 48

David R. Teichert-Coddinglon
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Herbert Ramos and Nedson Claros
National Fish Culture Rescarch Center
El Carao. Comayagua. Honduras

Abstract

Tilapia (Orcochromis niloticies) and tambaqui (Colossoma
macropomum) were co-stocked in tropical earthen ponds at
proportions of 1. 23,73, and 1002 of cach species. Fish were
offered a 287 protein pellet. Totad density was 3 fish/m?. AMier
182 d. mean treatment production ranged from 2,78 10

S120 kg Total production inereased and feed elficieney
decreased cunilinearly as the percentage of stocked tilapia
increased. Feed efficiency vanged from 115 10 278 Totl
nitrogen and chlorophvl a deereased linearhy as percentage of
stocked tilapia increased, becanse of grazing by tilapia on
phyvtoplnkton. Mean tilapia and tambaqui weight ranged fromy
IS8T 10 325 0 and from 122 10 270°g. vespectively. Tilapia mean
weight decreased cunvilinearly, and ambagui mean weight
increased tinearly as the pereentage of stocked tilapia increased.
Tambagui growth was thought 1o be hindered by velatively cool
water temperatures. The hest species mnture was 73" tilapia
and 25% tumbaqud,
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Inorganic Fertilization and Feed Reduction
in Commercial Production

of Penaeus vannamei during Wet and
Dry Seasons in Honduras

Work Plan 7, Honduras Study 34

David Teichert-Coddington
Department of Fisheries and Allied Aquacultures,
Auburn University, Alabama, USA

Rigoberio Rodrigues
Granjas Marinas de Sn. Bernardo
Choluteca, Cholatecs, Honduaras

Abstract

Feed was offered to Penacns vannamei ata standard rate, hall the
standitrd rate, half the standard rate in addiion to inorganic
fertitization, and inorganic fertilization for 8 weeks followed by the
standard rate of feed. Shrimp were stocked at =5 fish/m* in
carthen ponds. The study was repeated during wet and dry
seasons. Yieild, sunvival and mean shrimp size were 204%. 30%,
and 1770 preater during the wet than div season, Mean wet
season viele for the 1722-ration and fertilizer treaoment wits
signieantly greater than the 172-ration: treament. Clierwise,
there were no significant treatment differences in vield. Feed
conversion was significantly tower in the normal-ration trestment
than in the other trestments. Fertilization had no - effect on shrimp
production during the drv season despite inereasing primany
productivity. The standard Teeding rate could be reduced by 50%
during the dry season without veducing shrimp vields.

E. Southeast Asia

Timing of Supplemental Feeding fcv Tilapia
Production

Work Plan 6, Thailand Study 7

James S. Diana

School of Natural Resources and Environment
University of Michigan

Ann Arbor. Michigan, USA

C. Kwei Linand Yang Yi

Agricaltural and Food Engineering Program
Asian Institate of Fechnology

Bungkok. Thailand

Abstract

The effect of timing of feed application on fish growth and vield
was ¢ luated for Nile tilapia Fish were stocked into 15 ponds on
15 January 1993 at 3 fish m 2, and the ponds were grouped into

5 treatments. Each treatment differed by the average size that fish
achieved before suppiemental feeding began, with reatment: at
S0, 100 g, 1308, 200 g, and 250 ¢ Fish were fed at satiation
rates until they reached 300 ¢ in average weight. A rcatments
showed a similar growth rate prior o feeding and a simiiar rate
after feeding. regirdless of when feeding was initisted. First
supplemental feeding varied from 38-234 davs alter stocking, and
harvest occurred after 230-328 otal davs of culture or 94198 days
of feeding. Yiekd varied from 10,120 to 28,178 kg ha-1 vr ' Fish
growth (g d ") was correlated to days of culture, feed input, and
chlorophyll ¢ cortent (R¥ = 0.889, p < 0.001),
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Stocking Density and Supplemental
Feeding in Tropical Fish Ponds

Work Plan 6, Thailand Study 6

James S. Diana

School of Natural Resources and Environment
University of Michigan

Ann Arbor. Michigan, USA

C. Kwei Lin and Yang Yi

Agricultural and Food Engineering Program
Asian [nstitute of Technology

Bangkok. Thailand

Abstract

The relationship between density, complete feeding, and carrving
capacity was examined for Nile tikapia. Nine ponds were
subdivided into three treatments and stocked with fish on 11
November 1993, Treatments included fish stocked at 3, 4.5, or

O per m=. Fish were fed to satiation daily. Water chemistry and
other paramelers were monitored hiweekly, Ponds were

harvested on 15 July 1994 (242 davs). Unfortunately, some ponds
b few fish remaining at harvest, probably as @ result of
poaching. Growtir rates were similar among treatments, and
ponds with high biomass had no indication of limited water quality.,
Ponds also showed no evidence of huving reached carrving
capacity. Due to pouching problems this experiment will be
redone with a higher stocking density.

Supplemental Feeding of Tilapia in
Fertilized Ponds

James S. Diana

School of Natural Resources and Environment
University of Michigan

Ann Arbor, Michigun, USA

C. Kwei Lin

Agricnltural and Food Engineering Program
Asian Institute of Technology

Bangkok. Thailand

Kitjar Jaiyen

Department of Fisheries

Ministry of Agriculture and Cooperatives
Kasetsart University Campus

Bangken, Bangkok, Thailand

Abstract (Printed as submitted)

The addition of feed to fertilized fish ponds was evaluated by
adding feed alone, feed plus fertilizer, or fertilizer alone to nine
ponds stocked with Nile tlapia Orcochromis niloticus. Two
experiments were conducted. The first had 500 fish per 250 m?
pond in 3-treatments: ad-libitum feeding; fertilizer only; or fertilizer
and ad-libitum feeding. The second experiment had 5 wweaments
with =50 fish per pond: ad-libitum feed only: fertilizer only; or 0,23,
0.50, and 0.75 satiation ration plus fertilizer. Ponds in Thailand
were maintained for 155-102 d. during which chemical and
physical properties were monitored. In experiment 1 tilagia growth
was highest in feed only ponds, and lowest v fertilizer only ponds,
Netvield did not differ significanty among (reatments, due to
variation in survival, In experiment 2, tiliapia growth was lowest in
fertilizer only ponds, intermediate in 0.25 ration ponds, and
highest in 0,50, 0.75, and ad-libitum ponds. The Later treatments
were not significantly different. Multiple regressions for cach
experiment indicated only 47-87"% of the variance in growth was
explained by feed and fertilizer input, while 52-89% of the
varianee in vield was explained by those fuctors. For both
experiments combined. 90.3"% of the varance in growth was
explained v feed input, fertilizer input, alkatinity, and total
morganic nitrogen concentration. For vield, &7 was 0.888 and the
regression included feed input, pt, and number of low dissolved
oxygen events. Experiment | appeared 1o approach carrving
capacity near the end, while no reduction in growth occurred in
experiment 2 at higher fish density and biomass. Reductions in
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growth in experiment | were not correlated with declining water
quality late in the grow out. Combinations of feed and fertilizer were
most efficient in growing tikapia to large size (500 g) compared to
complete feeding or fertilizing alone.

Appeared in Journat of the World Aquaculture Society 25(4).

F. United States

Respiration Dynamics in
Aquaculture Ponds

Work Plan 7, DAST Study 1

Philip Giovannini and Raul H. Piedrahita

Department of Biological and Agricultural Engineering
University of California, Davis

Davis, California, USA

Abstract

A respivometer has been developed for use in aquaculture ponds,
The respirometer is designed to measure oxygen consumption rates
in water samples that have been suddenly darkened. Rates of oxvgen
consumption are measured over 15 minute periods, and the process
is repeated at 20 minute intervals, allowing for a 5 minute
respirometer fushing and sample pumping period. The respirometer
is connected to a data acquisition system and to a computer for
automated data collection and analysis, Some results of tests carried
out with the respirometer both in the liboratory and in the field are
presented. The results show substantial changes in respiration rates
over diel periods, with the highest rates oceurring in the Tate
afternoon. Rates decline rapidly after sunset and remain at much
lower levels than during daylight hours. Limitations of the
respirometer design are discussed, especially problems associated
with fouling,

Stochastic Modeling of Temperature in
Stratified Aquaculture Ponds

Work Plan 7, DAST Study 2

Cristiano dos Santos Neto and Raul H. Picdrahita
Department of Biological and Agricultural Enginecring
University of California, Davis

Davis, California, USA

Abstract

A computer model for temperature simulations in steatified
aquacubiure ponds has been run with stochastic inputs. Stochastic
inputs used are solar radiation, wind direction, and wind speed.
Values for the stochastic inputs were obtained from synthetically
generated series based on historical records obtuined from the
CRSP data base. The techniques used for obtaining the
stochastic input values are described, as are the results of
simufations carried out for Thailand ponds. Surface temperatures
showed the largest fluctuations as « result of stochastic changes
in the input parameters.

Calculation of pH in Fresh and Sea Water
Aquaculture Systems

Raul H. Piedrahita

Department of Biological and Agricultural Engincering
University of California, Davis

Davis, California, USA

Aina Scland
SINTEF Norwegian Hydrotechnical Laboratory
Trondheim, Norway

Abstract (Printed as submitied)

A procedure for the calculation of pH in fresh and salt waters has
heen developed. The method is based on a fourth-order
polynomial relationship between hydrogen ion concentration and
other (conservative) water quadity parameters. The method avoids
trial and error estimations and results in a direct calculation
procedure that can be implemented in models developed in
arious modeling environments, such as spreadsheets,



conventional programming languages (BASIC, C, FORTRAN, PASCAL,
ete.), or specialized modeling languages (Extend ™, Stella™).

The method developed is based on the solution of the full
alkalinity-pH equittion. Because of the need to simplify the equations
to vield explicitly solvable polynomial equations, the accuracy of the
solutions depends on the simplification made and varies with water
properties. Three simplifications are tested based on a second-, a
third-, and a fourth-order polynomial equation for hydrogen ion
concentrations. The equations hiave been tested for salinities ranging
from 010 33% (fresh to sea water), for temperawires ranging from 0
to 35°C. for total carbonaie carbon of 0.1 and 3.0 nmol/l, and for
total ammonia nitrogen of 0 and 10 mg/t. Approximations are most
accurate in waters of high total carbonate carbon and low ammonia
concentrations, where the fourth-order approximation vields results
that are within 0.05 pH units for the full range of pl vatues tested
(510 10).

Accepted tor publication by Aqguacultural Engineering.

G. Special Topics Research

Economic Analysis of Different Tilapia
Pond Culture Systems in Egypt

Work Plan 7, Egypt Study 1A

Hussein AL Hebicha and Abdel R. El Gamal
Central Laboratory for Aquaculture Rescarch
Agricultural Research Center

Abbassa. Egypt

Burtholomew W. Green
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Abstract

Five different tilapia pond management strategies were evaluated
for economic potential in 0.1-ha earthen ponds at the Central
Laboratory for Aquaculture Resvarch, Abbassa, Egypt. Pond
management strategies were based on use of chemicdd fentilizer
only, feed only, combination of organic fertilizer and feed, and
combination ol organic and chemical fertitizers and feed. Ponds
were stocked with either mixed-sex or all-male populations of Nile

tilapia. Yield and input dati from 145-day pond trials were used to
develop full-cost budgets for each management system. Net returns,
values for production for major inputs, break-even prices and yields,
aind average rates of return to capital were estimated for each system
hased on i 2.1-ha production pond.

Net retrns nged from Egyptian pounds (LE) 19.102/2.1 ha
for ponds stocked with all-male tilapia and receiving organic
fertilizer and feed to LE. 985721 ha for ponds stocked with
all-male dlapia and receiving chemical fertilizer only, The rates of
return (o capital for these two systems were 29.07% and 2.42%,
respectively. Net returns 1o land and management for
management systems that combined fertilization and feeding
were, on average, 16,1 times the net retarns for the extensive
sistem. Management systems that combined fertilization and
feeding also had the highest margins between average prices and
break-even prices to cover total costs, which indicated reduced
risks to farmers in the event of a decline in market prices.
Sensitivity aialyses indicated that combined fertilization-feeding
systems maintained positive net returns it fish vield decreased by
two standitrd errors and price deereased by 200,

Effect of Stocking Rate on Growth and
Yield of Nile Tilapia

Bartholomew W. Green
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Kevin Hopkins

College of Agriculture
University of Hawaii at Hilo
Hilo, Hawaii, USA

Zeinab El Nagdy and Abdel R. El Gamal
Central Laboratory for Aquaculture Research
Agricultural Research Center

Abbassa. Egypt

Abstract

Nile tilapia are generally stocked at 20,000 fish/la in semi-
intensively mamaged production ponds. Nutrient inpots into these
ponds include fertilizers and supplemental feeds: both natral
pond productivity and supplemental feed contribute to fish growth,
Often. pond carrving capacity and critical standing crop are not
attained during the S-month grow-out period, which indicites
under-utilization of available pond nutrient resources. Knowledge
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of pond carrving capacity and density-dependent fish growth for a
particular management system: provides the ability to manipulate
production management to improve cfficiency and economic returns,
The objective of this experiment was to quantify the growth and vield
of Nile titapia stocked at 30,000 and 10,000 fish/hiin production
ponds.

This study was conducted at the Central Laboratory for
Aquaculture Research (CLAR), Abbassa, Egypt. Three
replications of eich wreatment (stocking rates of 30,000 o1 40,000
Nile tilapiavhay were randomly assigned to 6. 1-ha carthen ponds.
Sex reversed Nile (Oveochromis niloticus) tlapia frv (mean
weight: 0.5 g/fish) were stocked into ponds on 20 and 2+ July
199-1. Chicken litter was applicd weekly at 1,000 kg drv master/ha
for the first cight weeks of the production evele followed by feed
(25% protein commercial fish feed) only. Average mean individual
fish weights hased on seine samples were 9.9 and 9.+ g/fish for
the 30,000 and 0,000 fish/ha stocking, rates, respectively.,
Estimated respective mean fish biomasses, assuming 100%
survival at the effective stocking rates, were 2,098 and
3078 kg Ponds are scheduled to be harvested after 150 days
of grow-oul.

Mass Production of
Nile (Oreochromis niloticus) and
Blue (O. aureus) Tilapia Fry

Bartholomew W. Green
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Esam H. Rizkaila and Abdel R, El Gamal
Central Laboratory for Aquacolture Rescearch
Agricultural Research Center

Abbassa, Egypt

Abstract

A consistent, reliable supply of fingerlings of the desired species,
sex, and size is critical to the suceess of any aquacaliural
enterprise. Of the four tilapia species endemic to Egypt, Nile and
blue tilapia are considered better species for pond culture than
Sarotherodon galilae and Tilapia zZilli. Hormonal sex reversal is
the most efficient means of mass production of monosex tilapia
fingerlings at present. Newly hatched fry of 9- o 1 -imm total

length are given an androgen-treated feed during a 28-day period. Fry

for sex reversal can be mass produced in earthen ponds, but water
temperature can affect productivity. The objective of this research is
to quantify production of Nile and blue tilapia fry in relation to water
lemperature in Egypt.

A total of 68 reproduction pond harvests have been completed
since trials were initiated on 17 Aprit 9.4 To date, 858,300 Iry
have been havested: of these 639,000, or 79%, were suitable for
sex reversal. The contributions of Nile and blue tilapia to these
totals wats approximately equal. The reproductive performance of
Nile and blue tilapia appeared similar. Grading frv through a
3.2-mm square plastic mesh consistently vielded fry of uniform
size and weight; frv passing the grader were within the size range
(9- to t-mm TL) desired for sex reversal,

Forty-nine sex reversal trials have been completed and
16 were in progress at the time of this report. The mean stocking rate
of fryin 2-m2 treatment hapas was 4,200 fry/m*. Two hundred sisty-
nine thousand Nile tilapia frv and 275,600 blue tilapia frv have been
stocked into treatment hapas to date. Mter the 28-day androgen
treatment period, fry averaged 23.8 mm total length. Overalt mean
survival has been 31% to date. Water quatity deterioration, primarily
due to high concentrations of amnonia caused by high feeding rates,
wits probably responsible for much of the iy nortality, Tank
nianagement was modified and survivid improved. However, limited
availability of water, because of equipment malfunction, continued to
restrict the ability to manage water quality in tanks, even at moderate
feed loading rates.

Growth of Control and Androgen-Treated
Nile Tilapia, Oreochromis niloticus
(L.), during Treatment, Nursery and
Grow-Out Phases in Tropical Fish Ponds

B.W. Green and DR, Teichert-Coddington
Department of Fishertes and Allied Aquacultures
Auburn University. Alabama, USA

Abstract (Printed as submitted)

Masculinization of sexually undifferentiated tilapia iy is achieved
by oral administration of the androgen 17-¢0 methyltestosterone
(MT). An anabolic response to androgen tretment of tikapia has
been reported. Growth of control and MT-treated tilapia was
evaluated during consecutive treatment, nurseny and grow-out
phases under conditions approximating commercial, semi-
intensive tilapia farms in Central America. Oreocln omiy niloticus

31 -



(L.) fry were fed a 0 or 60 mg/kg MT diet for 28 days. Growth curves
for control and MT-treated fish did not have significantly different
slopes. Mean harvest ry weights were similar, averaging 0.1 g/rv for
both treatments. Fry were subsequently stocked into 0.2-ha nursery
ponds for 94 divs of growth. Slopes of control and MT-treated fish
growth curves were significantly different. Mean final individual
weights did not differ significantly between treatments. Control fish
did not deviate from the 1.1 male:female ratio, but MT-treated fish
were 97% males. Control-male and MT-treated male fingerlings were
stocked for grow-out into 0. 1-ha organically fertilized carthen ponds.
Nossignificant difference in growth was observed between control and
MT-treated fish. Mean gross vields after 150 days and mean final
individual weights were similar for both treaments.

Published in Aquaculture and Fisheries Management 25:613-621.

Production of Oreochromis niloticus
Fry for Hormonal Sex Reversal
in Relation to Water Temperature

B.W. Green and D.R. Teichert-Coddington
Department of Fisheries and Allied Aquacultures
Auburn University, Alabama, USA

Abstract (Printed as submitted)

Recently hatched tilapia 9 to 11 mm total length (TL) are
preferred for hormonal sex reversal because they are most likely
to be sexually undifferentianed. Thirtv-three trials were condueted
in Honduras between September 1998 (sic) and March 1990 to
quantify the effect of water temperature on Oreochroniis niloticis
fiv production in carthen ponds for hormonal sex reversal. Two
(L 1-ha ponds were simullancously stocked with brood fish in
cach il generally, one pond was hanvested after 17 days, the
other after 20 davs (range 16 10 21 davs). Fry production was
eviluated in- relation o degree-days from the threshold
temperature of 157°C. Hanvests averaged 860,000 /0,05 ha, A
total of 1897000 fry were produced, of which -£,363,000 frv were
ol approprite size for hormone treatment. No iy production
oceurred at less than 110 degree-days: fry production increased
significantly with increased degree-days above this level. Above
195 degree-days percent of the population retiined by a 3.2-mm
vexar-mesh grader (oo large for androgen treatment) increased
significantly with increased degree-days. Frv retained by the
grader averaged 1.2 mm TL, while fry nov rettived by the grader
averaged 9.5 mm TL. No significant linear refatiosship between

degree-days and number of fry not retained by the grader was
observed between 140 and 280 degree-days. However, production
appeared to peak at about 210 degree-days,

Published in Journal of Applied Ichthyology 9:230-236,

Phosphorus Fertilization Strategy in Fish
Pond Based on Sediment Phosphorus
Saturation Level

Madhav K. Shrestha and C. Kwei Lin
Agricultural and Food Engineering Program
Asian Institute of Technology

Bangkok, Thailand

Abstract (Printed as submitted)

Two experiments were conducted to determine effective phosphorus
(P) fertilization strategy in fish ponds in refation to sediment P
saturation fevel. Experiment | was conducted in cement tanks with five
levels of P saturated sediments (3%, 2-4%. -+4%, 60% and 79%) and
with three P-fertilization rates (0.2, 0.1 and 0.03 /m¥day, N:P ratio of
200, L and 81 vespectively. Nile tilapia (Oreochromis niloticus)
were cultured in those cement tanks for 37 days. Results showed that
the mean concentrition of soluble reactive phosphorus (SRP) in water
column increased with increasing sediment P sawration and P
fertilization rate. The masimum net fish vield (NFY), 1.220.3 o/mY
dity, was obtained at SRP concentration of 0.3 mg/L and higher
concentrations did not increase fish vield. This level of SRP and NFY
were attainable with P fertifizaion rate of 0.2, 0.1 and 0.05 g/m¥day
and NeP ratio of 2:1, -1 and 8:1 in ponds were the level of sediment P
sataration was below 10%, above -43% and above 60%, respectively,
Experiment 2 was conducted in carthen ponds to test and verify the P
fertilization rate based on cement tank experimental results, Three
new and three old ponds with 8+£1.7% and 88£7.3% sediment P
satarated in top 5-cm mud were lertilized i rate of 0.2 and 0.05 y/
me/day and N:P ratio of 21 and &:1, respectively. Nile tilapia were
cultured at 2/m* for

83 diys. The mean MY obtained in new and old ponds were
L7320.08 and 2.24£0.32 w/m*/day, respectively, which were not
significantly different (1P > 0,03). Resubts conclude that P fertilization
rate should he hased on P saturation fevel in mud to overcome the
problem of under supply or over supply of P in fish pond.

Accepted for publication by Aguacultore.



Determination of Phosphorus Saturation
Level in Relation to Clay Content in
Pond Mud

Madhav K. Shrestha and C. Kwei Lin
Agricultural and Food Engineering Program
Asian Institute of Technology

Bangkok. Thailand

Abstract (Printed as submitted)

An experiment was conducted to determine the amount of
phosphorus (P) needed to satrate simuiated fish pond sediments
which were made up to contain sis levels of clay at 0%, 30%,
A%, 0-4%, 73% and B1% by weight, A series of ovlindrical
cement tanke were filled to 20 em depth with six sediment types
and triple superphosphate (TSP solution was added to reach P
saturation in sediment. Results showed that all sediment types
reached constant inorginic-P concentration in upper 3-cm after
12 weeks of 18P application, and P adsorption capacity of
sediment increased with increasing el content. Sediment P
adsorption was slower and not significant (P > 0.03) below the
S-cm depth exeept that contained 0% clay. Regression analysis
showed that rate and adsorption capacity of P in sediment are
primarily governed by clay content and its dominant minerals.
While organic-P and loosely bound-P are commonly deposited in
sediment most inorganic P is absorbed by cations o form cation-
P complex. The linear relationship between cation-P satration
level and percent clay in sediment s highly significant (% 0.3,

P < 0.001) and therefore, the maximum adsorption capacity of
cation-P in pond sediment can be caleutited by Y = 0.019 X

(Y = 100% saturation level mg-P/g soil: X = % clay in sediment). In
practice the level of P saturation (%) in sediment can be caleulated
by the initial cation-P and clay content (%) in top 5-cm of pond mud
using the cquation: P saturation (%) = initial cation-P (mg/g soil) X
100/ adsorption capacity (mg/g soil).

Accepted for publication by Journal of Aquaculture Enginecring.



V. Public Service and Project
Development

The Pond Dynamics/Aquaculture CRSP
relies onits on-site researchers o
recognize opportunities to support ocal
research institutions” training activities,
and to find efficient wans 1o extend CRSP
rescarch results to the fmers, CRSP
rescarchers in all countries

have capitalized on these opportunities,
enabling the CRSP to incresse ity impact
atlitde or nosudditional cost. Although
ancillan 1o the Global Experiment and
site-specitic studies., these activities
contribute to institution building and
increased food production, thereby
furthering the main straegic approach.
These actisities also help 1o promote
international scientific linkages through
the exelinge of technical information.
Asatresult research capabilities hive
been substantialiy strengthened in cven
developing conntry in which the CRSP
hus been active. Some of these important
contributions are described helow.

Institution Building

The research activity of the CRSP has resulted in major improvements to the research infrastructure of
collaborating host country institutions, both divectly and by helping to attract other funding opportunities. In
addition, CRSP scientists serve as advisors in the research programs of students at host-countny universities
and make contributions to curricalum development,

I Honduras. i CRSP-Ted. public-privite jointventire continues o produce economic henefits while
increasing the understanding of the warer qualiny issues associated with the shrimp indusin in sonthern
Honduras. The CRSP works with the Ministry of Natural Resourees, the National Association of Honduran
Aqureulturist ONDAHY the Panamerican Agricultore School (EAPY and the Federaton of Producers and
Exporters of Honduras (PN o study water qualiny issaes that adfect shrimp production and the estuarine
environment surrounding the farms, The refurshment of the Tiboratory in L Lujosa, near Choliteca, wis
mitde possible by the active participation of all the partmers in dus jointventare: The Minstny of Naturad
Resources provides the Ethoraton and office space i L Lejosa ANDAI provides equipment and supplies for
the Lab. funded by aosell-imposed assessment on sheimp eports SNDAH members slso provide ponds and
inputs to conduct CRSP experiments. FP\ extensionists sissist in collecting data trom their members and
disseminating research infornution. Students under the divection of EAP conduct researel in shrimp culture
and water quality anadysis. The Taboratony was dedicated i the spring of 1993 and makes important
contributions to researcli issues suchas estuarine monitoring. pond festilizanon. and sheimp feeding
strategies. that will increase Lirmers” economic efficieney and minimize negative eovironmental ingract

Right up 1o the time of the foreed evacuation from Rwanda, the Tiborton at Rwasave was the premier
water quadin laboratony in East Mrica, despite the on-going climate of civit unrest that serioushy damaged
mational infrastructure and interfered with trasel and communicitions: Prior 1o the evacuation, the n




production pond was renovated, including the addition of a catch hasin to improve the capacity of the stagion

to generate arge numbers of iy tor oi Gz studies. Brdges woie construcied over o sex-reversal ponds to

facilitate the use of hapas in the sexv-reversal process, The loss of this rescarch Eacilite will be felt not onlyin

Rwandat. but throughout East Centrad Arica. which relied on the laboratory for water qatalit and soil sample |
analysis, and on the expertise of the CRSP rescarchers for trining and advice,

The CRSP continues to e an active partner in the establishment of rescarch ponds at the Cliivaphum
Fisheries Station in northeast Thailand and at Phavio Station in northern Thailand.

I Egapt. the CRSP provided sepport for an overwintering facilie and installed @ second recirculuting
system. Ten round CHO0 ) earthen ponds were renovated for tilapia reproduction. The water infet and
outlet structures on evperrmental ponds were modified 10 evelude contamination with wild fish. The
presence of CRSPrescarchers in Egspt significantly enlarges the institutional and professional network
available 1o students, and strengthens Egyptian universities throngh' these increased international
linkages.

Education and Professional Development

Formal training progrims have been infrequently (o rarely) funded by this CRSP: nevertheless, the
imolement of students from host countries and the United States constitutes wn important part of the
CRSPs intermational owtreach. Informal training activities such as short courses and workshops are
frequently conducted. Sinee the beginning of the program, over 100 individuals have benefited from
CRSP truining activities,

Thailand and Philippines

The CRSP i involved in - training as 1 component of several studies that help extend CRSP research
to farm ponds throughout Thailand. The CRSP prosides the research component for an adaptive
mamagement ssstem. The on-frm studies help speed the extension of rescarch o the farmers, and
the same time, use the farmers” concerns o help create the research agenda. In the Philippines, the
regional serification ol the CRSP fertilizer guidelines continues at the Freshwater Aquaculture Center at
Central Luzon State University (FAC/CLSU).

Honduras

Dasid Teichert-Coddington conducted a short course on water quality as part of a longer course on
shrimp - discases organized by the Ministry of Natwral Resources. In Janvary, Teichert-Coddington
played akey role i organizing @ one-day conference on sustainable shrimp farming in Honduras. The
conference was designed 1o educate the farming community on sustainable shrimp culture, and o licit
support for CRSP rescarch reluing o estwarine monitoring and water quality. Teichert-Goddington was
instrumental iy organizing a wo-das regional conference, Sustainable Development of the Gulf of
Fonseca and ity Watershed . Three hundred farmers and rescarchers from Honduras. Nicaragua, and
ElSabvador atended. CRSP rescarchers Clunde Bovd and €. Rwei Lin were invited speakers, addressing the
emsironmental regulation of coastal aquaculure and ensironmental impacts of intensive shrimp Eurming in
Thailand. respectively. Teichert-Coddington presented a talk on the relation between estuarine water quality
and shrimp farm discharge in southeri Honduras. naddition, Teichert-Coddington conducted a workshop
on tilapia production technigues o Peace Corps volunteers.



Egypt

Academic advancement is the focus of the CRSP's
professional deselopment activities in Egypt. A total of ten
students are supported by the Egypt project six are
working on advanced degrees, while four others conduct
research at the University of Hawaii, a Aubuen University,
and at Oregon State University, The focal point of the
CRSPs prolessional development activities in Egypuis the
scholarly excliange program. Eleven scientists participated
in this program during this re porting period: four at
\uburn University, two at the University of Mantand, one
atthe Northwest Fisheries Science Center in Seattle, one at
University of Hawiii, one at Caiversity of Oklthoma, and
woat Oregon Stute University,

In addition w the Scholarly Exclange program, the
CRSP hats sponsored numeraus workshops at the CLAR
during this reporting period, C. kwei Lin gave three
seminars 1t CLAR in November 1993 when he sisited Lgapt
1o work on polveuliure research protocol and on catfish
hatchery techniques. Komonporn Tonguthai, Director of
the Aquettic Animal Health Researeh Institute in Bingkok,
also presented i semimar about disedses of culwred fish,
The CRSP sponsored a fiekd day at the CLAR in December
1993 10 highlight project progress and results. In January,
Al Abdelghany and Bartholomew Green organized an in-
service tratining for fifty Gosernment of Egypt aquaculture/
fisheries personnel. Shmael Rothbard from the Gan
Shmuel Fish Breeding Center, Isracl, and CRSP visiting
scientists Kevin Hopkins and William Shelton also participated in the workshop. Bartholomew Green and
Esum Rizkallea conducted a one-day dlapia fingerling production workshop at CLAR, which was antended
by fish farmers, extension personnel, university professors, and students. Green and Rizkalla lectured and
then demonstrated reproduction pond hitrvest, broodfish handling, fry colleetion, handling and wransport,
and sex reversal treatment. Clde Boyd presented s two-day workshop at the CLAR on water quality
management in aquaculture ponds. Martin Fitzpatrick presented seminars on the reproductive physiology
of fishes, sex differentiation in tilapia, and induced breeding in fishes. He wlso conducted workshops on
identifving the sex of tilapia frv and physiological sumpling techniques.

Enthusiasm generated by such informal training and by exposure to activities at the CRSP research sites
has led some students o pursue unisersity degree programs, cither at institutions in their own countries
or at participating U.S. universities, Students have pursued degrees it seven overseas institutions and at all
of the collaborating universities in the US. Prior to this reporting period over 111 degrees (B.S., M.S., and
Ph.D.) were awarded, and during this period. another five were completed under the direction of CRSP
researchiers. I addition, over "8 theses have been completed under the direction of CRSP rescarchers.
Theses completed during this period are:



Alcivar, V.A. 1994, Crecimiento de dos razas de tilapia (Oreochromis sp.) alimentadas con tres dietas
de diferente nivel proteico. Thesis, ngeniero Agronomo. Escuela Agricola Panamericana en El
Zamorano, Honduras.

Ewvanont, V. 1994. Effect of Controlled Dissolved Oxvgen Regimes on Growth of Sea Bass (1 .es
calcarifer). M.S. thesis. Asian Institute of Technology.

Gonzalez, 11]. 1994, Cultivo de tilapiat Oreochromis niloticus), carpa comin (Cvprinus carpio), y
tambaqui { Colossoma macropomen) en jaulas, Thesis, Ingeniero Agronomo, Escuela Agricola
Panamericani en El Zamorano, Honduras,

Keawchum, 8. 199-¢. Impact of substrate and commercial bacteria on the growth performance of
shrimp (Penacns monodon) in intensive closed and open culture svstems. M.S. thesis. Asian
Institute of Technology.

La-ongual, T. 1994, Development of a Model of Phytoplankton Productivity in Fertile Ponds. M.S.
thesis. Asian Institute of Technology.

Nguyen, M. 19940, Current staws, constraints, and potential of shrimp seed production in Central
Vietnam. M.S. thesis. Asian Institwte of Technology.

Nyirahabimana, P. 1991 Gender Differences and Technology Adoption: The Effect of Houschold
Pressures on the Practice of Fish Farming in Rwanda. M.S. thesis. Auburn Lniversity,

Shrestha, M. 1994, Dynamics and recovery of phosphorus in mud of fertilized fish ponds. Ph.D.
thesis. Asian Institute of Technology.

Wang, C.X. 1991, Preliminary trials for nursing of Chinese catfish (Sifurus asotus) in cages in tilapia
culture ponds. M.S. thesis. Asian Institute of Technology.

Vahiya, Y.8. 1994 Eutrophication problem in shrimp ( Pencaus monodon) ponds and the biological
control using Nile tilapia ( Oreochromis niloticus). M.S. thesis. Asian Institute of Technology.

The number of individuals involved in all forms of training, from non-degree activities through
work on advanced degrees, has climbed to well over 400 sinee the beginning of the program. Most
of the trainees have come from PD/A CRSP host countries (Egypt, Honduras, Indonesia, Panama,
Philippines, Rwanda, Thailand, and U.S.A); however, the benefits of CRSP-refated training have
extended well beyond 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.
Furthermore, the interdisciplinary nature of aquacultural research atracts students from a wide
range of academic disciplines. Many participants take positions in schools, banks. agricultural
research institutes, naional parks serviees, development projects, and agricultural extension
services, where they are able to increase public awareness of aquaculture’s importance in food
systems.

Linkages

CRSP linkages in Honduras have been strengthened and broadened with the inauguration of the
brackish water site in Choluteci. The CRSP was able to add this site largely because of the
enthusiastic collaboration of private organizations and government institutions. Amonyg the
collaborators are the Ministry of Natural Resources, the National Association of Honduran
Aquaculturists, the Panamerican Agriculture School, and the Federation of Producers and Exporters
of Honduras, all of whom make substantial contributions to the on-going operation of the project. In
addition, CRSP researchers serve as consultants for Peace Corps volunteers, and Peace Corps
volunteers have assisted with logistical arrangements for researchers involved with the social scienees
project.
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The CRSP continnes to strengthen its ties with institutions in southeast Asiz, In Thailand, CRSP researchers
hold long- and short-term faculty appointments at the Asian Institute of Technology (AIT), and teach a variety
of courses and seminars. AT serves as a regional resource for technology development and dissemination in
Southeast Asia, so CRSP researchers are able to form linkages with students and faculty from many countries.
They also serve as advisors to the Thai government on aquaculture and fisheries related projects.,

In the Philippines, CRSP ties with the International Center for Living Aquatic Resources Management
(ICLARMD continue to grow. Current work plians call for the use of genetically selected tilapizt from an
ICLARM-sponsored project for field testing at the FAC/CLSU as part of the regional verification trials being
conducted by the CRSP in the Philippines. Another collaborator, the FAC/ZCISU-University of Wales Swansea
Rescarch Project on Genetic Manipulations for Improved Tilapia (GMIT), will provide genetically male tilapia
(GMT) produced by breeding =YY supermales™ with untreated females to provide all male tilapia for use in
once trestment of the CRSP regional verification.

The Research Associate in Rwanda advised the USAID/Kigali Mission and the USAD Natural
Resources Management Project on natural resource dsstes ap until the time of evacuition. CRSP
researchers also wdvised the Rwandan Ministry of Agriculture’s Aquaculture Strategy: Commission in
establishing research priorities and in proposing suitable rescearch and extension linkages. The CRSP
made major contributions to the Rwasive station in constructing facilities and supporting, extension
personnel and publications,

Linkages between Egyptian and U.S. institutions were strengthened, and new linkages were
developed. The University of Marvland and the Gan Shimuel Fish Breeding Center in Israel collaborated
with CRSP research during this period.

Raul Piedrahita, Principal Investigator for the CC/DAST, traveled 1o Scotland 1o participate in a
meeting on Aquaculture and Water Resource Management, and in 2 workshop on the Economics of
Waster Water Management in Aquaculture. The workshop was sponsored by the European Inland
Fisheries Advisory: Commission (EIFAC). In addition to the CRSP's numerous formal connctions with
host country institutions through Memoranda of Understanding, the CRSP niaintains tics with numerous
other organizations, including many commercial fish producers in the U.S. and in host countries. A
partiat list of informal CRSP linkages follows:

Al Azhar University, Egypt

American Tilupia Association, United States

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

Boy Scouts, Rwanda

Cairo University, Egypt

CARE, Honduras

Catholic University of Leaven (CUL), Belgivin, Rwanda

Central Luzon State Univessity, Freshwater Aquacnlture Center, Philippines

Consultative: Group on Internationa] Agricultural Research (CGIAR), Washington, D.C.

Department of Aquaculture (DINAAC), Panama

Department of Fisheries, Udorn Thani, Thuiland

Department of Renewable Natural Resources (DIGEPESCA), Honduras

Eastern Fish Cultural Laboratory, Marion, Albama

Escuela Agricola Panamericama, (EAP) HNonduras

Earopean Economic Community

European Inland Fisheries Mdvisory Commission (EIFAC)

Fish Breeding Centre, Isracel
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Fish Culture Rescarch Institute, Szarvas, Hungary

Food and Agriculture Organizatior of the United Nations (FAO), Rome, Haly
Freshwater Aquaculture Center (FAC), Philippines

Gan Shmuel Fish Breeding Center, Isracl

General Authority for Fish Resource Development, Cairo, Egypt

Gondol Rescarch Station, Ensenada, Mexico

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

Institut Pertanian Bogor (IPB), [ndonesia

International Development Rewedn Centre (IDRC) of Canadz

International Rice Rescarch Institate (IRR0Y, Philippines

International Center for Aquaculture (1CA), Auburn University, Alabama
Internationdl Center for Living Aquatic Resources: Management (ICLARM), Philippines
JEK Agricultural School, Honduras

Mariut Fish Farm, Lgypt

Ministry of Agriculture, Agricultural Research Center, Egypt

National Agricoltural Library, Washington, D.C.

National Agricnltural Research Project (NARP)Y, Egipt

National Association of Honduran Aquaculturists (ANDAH)

National Infand Fisheries Institute (NIFD, Thailand

National Murine Fisheries Service (NMES), La Jolla, California

National Technical Information Services, (NTIS) Springfield, Virginia

North Central Regional Aquaculture Center (NCRAC), Michigan

Northwest Fisheries Sciences Center, Seattle, Washington

Peace Corps: Honduras, Thailand, Burundi, Rwanda

Red Cross, Rwanda

Soil Management CRSP, Honduras

South Bast Asian Fisheries Development (SEAFDEC), Philippines

Sustainable Agriculture and Natural Resources Management (SANREM) CRSP
Special Program for African Agricultural Rescarch (SPAAR), Washington, D.C.
The University of the Philippines in the Visayas

United States Department of Agriculture (LSDA)

United States Fish and Wildlife Senvice

University of Arizonz, Tucson, Arizona

University of Washington, Scaude, Washington

Western: Regional Aquaculure: Consortium (WRAGC), Seattle, Washington
Zagazig University, Lgypt

Project Development

With its extensive international network of rescarchers, the CRSP is well positioned 1o identify
needed areas of research and opportunities for aquaculure 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 resource policy deselopment and
implementation in Rwanda and Honduras assumes greater importance. The CRSP has taken an
active role in encouraging women in aquaculture, reflecting the recognition of women's pivotal vole in
agricultural production and family nutrition. A workshop at the Annveal Meeting focused on integrating 4



gerder dimension into future aquaculture research and development. The private sector in many countries
hus been able to capitalize on CRSP research. The models and guidelines developed by CRSP rescarchers are
being used in directing on-farm trials, the “acid-test” of new techniques and technologies. Finally, recognizing
that new technology does not operate in i vacuum but is part of a Larger socioeconamic system, the CRSP is
devating more resources 1o integrating the socil sciences into the core research. A project inangurated
during this reporting period is investigating the socioeconomic dimensions of aquaculture development in
Honduras, Thailand, and the Fnilippines,

The PD/A CRSP is commited o extending aquacultare development o appropriate sites. The on-
going Egypt project gives the program an opportunity to apply the CRSP technologies and
methodologies in an arid climate. Ivestigations have began 1o increase the number of CRSP sites to
include new agroecological zones. Deputy Director Brigitte Goetze responded to an invitation from the
Ministry of Agriculture in Eritrea to visit that countiy 1o review its potential as @ CRSP site. The CRSP
Request for Proposuls for the Contimuation Pl ateacted cotlaborators with experience and linkages in
South American countries, and o new sites tin Peru is tentatively being planned, contingent on funding,
tn the next reporting period. Director Hillary Egna and Rwanda Principal Tvestigator Wavne Seim will
undertake @ site visit to Kenya to evaluate its appropriateness as the CRSP Africa site.

The planning for the CRSP Continuation Plan hevond 19935 began in August 1995, and continued
during this reporting period. The positive reviews of the PD/A CRSP by the External Evaiizztion Panel
and by the all-CRSP review conducted by Tropicad Rescarch and Development have resulted in an
invitation from USAID to submit a Continuation Froposal during the nest reporting period. A strategic
document is being prepared that includes an ecological perspective on aquaculture development.

Development of Sustainable
Aquaculture Systems

Environmental concerns are motivating the creation of more sustainable agriculural systems
worldwide, wt the same time as aquacolture production is being recognized as vital to the world s food
cconomy. Diminishing stocks of wild fish, coupled with increasing demand for fish worldwide, have
driven up the value of aquaculture products, especially fish and shellfish, and aquaculwre is projected to
continue (o fill an important niche s « food source and cash crop in developing countries. Pond
production of animals and plnts is - key component of integrated agricultural systems in several ways.
Aquaculture ponds provide an efficient means of conserving water inarcas where water supplies are
limited. Further, efffuent from ponds can be used for crop irrigation. thus avoiding pollution of natural
waterways. Pond mud—often high in organic mater and rich in nutrients—can be partially removed and
used o fertile soil additive for Tand crops. Aquaculture is easily integrated with other forms of
agricultural production. such as chicken-fish and duck-lish operations. Farm by-products such as
manures, grasses, inedible plant parts, and composts can be used as nutrient sources i aquaculture
ponds. CRSP rescarch at all sites continues to emphasize efficient wtilization of these agricultural by-
products 1o enhance production in ponds, and to contribute to sustaimability by reeveling farm materials.

In Egypt. rescarchers imvestigate the: possibilities of using biological controls o solve pond
management problems. Experiments are conducted o evaluate the ability of grass carp 1o control
nuisance aquatic weeds. Black carp, @ voracious smatil predator, is being tested for its potential 10 reduce
the snail populati n since snails are hosts (o the parasite that causes bilharza, o reduction in the snail
population may reduce fish farmers” danger of contracting hilharzia. These studies are designed as
building blocks in the development of i polyculture system unique to Egypt. Pohenlure studies will be
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conducted during the second year of CRSP research in Egypt. In a second line of inguiry, CRSP researchers
are comparing different management strategies (e.g. traditional Egyptian aquaculure practices) with CRSP
management guidelines in an attempt to deteriine which strategies might work best under the arid
conditions found in Egypt., thus guaraniceing the most efficient use of precious water and nutrients,

Biotechnology opens alternative avenues for the production of monoses titapis. Research is being
conducted in both Egypt and the US., focusing on the safe use of steroids with a special emphasis on
minimizing impacts on humans, fish, and the envivonment.

In southern Honduras, CRSP vesearchers wre making proeress in developing efficient farming
practices for shrimp farmers and in determining the carrving capacity of the Gulf of Fonsecit. An
understanding of the Gulf's carrving capacity will give development planners information needed to
insure the protection the estarine emvironment sucrounding the gull. Already, research results have
shown farmers that they can reduce the percentage of protein in their shrimp feed without affectiog
vield, lowering both farmers feed costs and the nutrient load in the estwary, Further research will
continue to integrate environmental issues with production concerns.

Water quality concerns are wso on the rescareh agenda in Thailand. Experiments to determine the
maost efficient level of nutrient input help Thai farmers plan for optimal resource use without polluting
ground and surface waters. CRSP rescarchers at all sites demonstrate a concern for the effects of
aquaculural production on the wider environment.

Socioeconomic Studies

The CRSP has fong recognized that social and economic factors play an important role in the
development and adoption of aquaculture technologies and management strategies. Limited funding for
this CRSP has constrained rescarch in these areas, so that only small, site-specific studies could he
conducted. Past sociocconomic rescarch was limited o providing answers 1o specific questions, ranging
from cconomic analyses of feeding straegies in Honduras to anabysis of gender variables in Rwanda.
However, CRSP rescarchers recognize the need to provide basic economic information to enable
farmers to evaluate research recommendations in the light of financial profitability. On-going efforts are
being made 1 include socioeconomic variables in core rescarch.

* POND, the espert system for pond management developed by the OSU/DAST, now includes
cconomic data. The user-friendly program runs on IBM-compatible personal computers, and
supports pond manager decisions regarding variables such as fertilization and stocking
strategies.

In Honduras, brackishwater research has already had an economic impact. Studies showed that
no significant difference occurred in shrimp production when a 20% protein feed was substituted
for = 46070 protein fesd. This finding allows farmers to cut their feed costs substantially without
alfecting, production,

In Rwanda, enterprise budgets for fish production and production of 12 different crops
commonly riised on Rwandan farms indicate that fish farming affords the greatest rate of return
to hoth Lthor and capital. An unexpected cesult of this study showed that farmers enter
aquaculture mainly to generate income, not as was thought, to have fish as an additional food
item.

In Thailand. feeding studies designed to determine the optimal time for initial application of
supplemental feed in fertilized ponds help farmers make economically sound decisions
regarding supplemental feeding by identifving the critical stages when the natural food supply is
inadequate to support optimal fish production.
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Sociocconomic studies will soon move (rom the periphery of the CRSP research agenda.
Socioeconomic concerns are identified as one of the core themes in the new Continuation Proposal, and
will be firmly integrated into the CRSP research agenda. The global social sciences project,
“Socioeconomic Dimensions of Aquaculture Development: A Comparative Assessment of Financial
Returns, Adoption Burriers, and Impacts of Tilapia Production Regimes, ™ identifies the level and e of
technology available to tilapia farmers in Honduras, Thaitand, and the Philippines. The role plaved by
CRSP technology in the evolution of tilapia production practice, and the refationship of these technologies
to the Larger research and technology development systems is articulated, and the economic contest that
shapes farmers” decisions concerning technology adoption is profiled. The vesults of the study will have
implications for future research proposals, development policy. and farm-level decision-making ahout
tifapia technology. Field work in Honduras, Thailand. and the Philippines was completed during this
reporting period.

USAID sponsored a workshop at the 199+ Annual Meeting on integrating gender dimensions of
development into the research agendi. The workshop offered CRSP rescarchers the opportunity to
reframe research proposals to reflect social, economic, and cultnral variables, in addition to physical,
biological and chemical variables, that affect pond production systems.

Participation in International Scientific
Meetings and Conferences

David Teichert-Coddington presented a talk on the “Relation between estuarine water quality and
shrimp farm discharge in southern Honduras™ at the Sustainable Development of the Gulf of
Fonseca and its Watershed conference in Honduras. He also was invited to chair a section and
presentat paper wi the regional conference on Aquacultire Research in Central America in Costa
Rica, and presented a talk on water quality in shrimp ponds at the Camaron 94 conference in
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Mazukin, Mexico. This conference was organized by Ralston Purina Feed Company for shrimp farmers and
business people in Mexico and Central America.

Ali Abdelghany, Abdel R. EI Gamal, Bartholomew Green, Hussein El Ghobashy, Fatma Hafez, Inrahim
Shaker and Yasir Awad attended the World Aquaculture Society Conference and Expo "9+ in New Orleans.
Green presented two papers at the Water Quality/Fertilization session: "Water Budgets for Fish Ponds in the
Dry Trupics™ and “Chemical Budgets for Fish Ponds in the Dry Tropics.”

Abdelghany also preseitted two posters at the Sixth International Symposium on Fish Nutrition and
Feeding in Hobart, Tasmania: “Optinzum ratio of animal to plant protein in formulated diets for Nile
tilapia,™ and “Optimum protein requirements for Nile tilapia,”

Jim Diana atended the annual American Fisheries Society meeting in Halifax, Nova Scotia,

Joseph Molnar presented a paper based on the CRSP survey data to the Annual Meeting of The
Rural Sociological Society in Pordand, Oregon.

William Shelton atended the Fifth International Symposium on Genetics in Aquaculure in Halifax,
Nova Scotia, and presented a paper on “Ploidy Manipulation in Black Carp.”

Hillary Egna, Brigitte Goetze, and Martin Fizpatrick attended the two-day "Drugs in Aquaculure”
workshop sponsored by the Food and Drug Administration (FDA) and United States Department of
Agricullure (USDA) in Washington, DC.

Marion MeNamara attended the Association of Women in Development in Washington, DC. She and
Hillary Egna participated in the World Bank's International Centers week.

Raul Piedrahita traveled to Scotland 1o participate in a meeting on Aquaculture and Water Resource
Management. He also participated in @ workshop on the Economics of Waste Water Management in
Aquaculure, sponsored by the European Inland Fisheries Advisory Commission (EIFAG).
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VI. Program Management

and Tec

nical Guidance

The CRSP is organized to facilitate collaboration. Believing that mutually beneficial development
strategies have the best chance of being sustainable over time, the CRSP's organiztional structure
facilitwes: collaboration among research, institutions, and countries. The Management Entity, located at
Oregon State University, administers the program. The Management Entity subcontracts with Auburn
University, the University of California at Davis, and the Consortium for International Fisheries and
Aquaculture Development (CIFAD), a five-member consortium of universities. Members of CIFAD
include: Michigan State University, Oregon State University, University of Arkansas at Pine Blufl,
University of Hawaii, und The University of Michigan. The University of Oklahoma continued its
association with the CRSP as part of the Egypt project. A Memorandum of Understanding (MOU) is
executed between the host country institution and the lead university for cach project (e.g., an MOU is
executed between the Asian Institute of Technology and The University of Michigan). An exception to
this is the Egypt project where the Central Laboratory for Aquaculture Research of the Agricultural
Rescarch Center at Abbassa holds an MOU directly with the CRSP Management Entity.

This organizational structure gives the CRSP flexibility and the depth of expertise to respond
effectively o new opportunities and challenges. CRSP efforts in Honduras have been successful in
institutionalizing aquaculture research. Host country researchers at the freshwater site maintain day-to-
day station operations. At the brackish water site, private sector collaborators help to fund research
activities and take part in experiments. Linkages with these organizations, the result of ten years of
rescarch and training in Honduras, are further evidence of the efficacy of the CRSP in attracting local
support for program activities. The Honduras project collaborates informally with experts from non-
CRSP universities 1o evaluate water flux and waste assimilative capacity in- estuaries.

The CRSP drew on its multi-disciplinary collaborative network to pioneer and refine a global project
in sociocconomics. A study entitled “Socioeconomic Dimensions of Aquaculture Development: A
Comparative Assessment of Financial Returns, Adoption Barriers, and Impacts of Tikapia Production
Regimes,”™ began in June. The study will identify the level and ape of technology available to tilapia
farmers in Honduras, Thailand, and the Philippines. Furthermore, the study will identify the role that
CRSP technology has plaved in the evolution of tilapia production practices in these countries. The
rektionship of CRSP technologies 1o the larger research and technology development svstems will be
articulated, and the cconomic context that shapes farmers™ decisions: concerning, technology adoption
will be profiled. The implications for research management. development policy, and frm-level
decision-making about tilapia technology will be useful for planners, researchers, and farmers. Field
work on this project has been completed, and a final report will be forthcoming in the next reporting
period.

As a result of exhaustive reviews conducted by the P/ZA CRSP External Evaluation Panel and by
the consulting firm Tropical Reseirch & Development, the PD/A CRSP has been invited 1o submit «
proposal for continuation of the CRSP from 1995 10 2000. The CRSP has used the strength of its
collaborative network to plan for the next five vears. The process began at the 1993 Annual Mecting, as
areas of interest were identified and an RFP was issued. Proposals from new and continuing institutions
were submitted for consideration. AU the 1994 Annual Meeting, the process continued, as the Technical
Committee identified specific rescarch themes and charged the Technical Committee co-chairs Bryan
Duncan and Kevin Hopkins to work with Program Director Hillary Egna to coordinate and write the
Continuation Plan.



Management Entity

Oregon State University is the Management Entity (ME) for the Pond Dynamics/Aquacalture CRSP
and is the primany grantee of USAID. The Program Management Office (PMO) is the operational
component of the ME. The PMO is the link between USAID and the CRSP projects, which are
subcontracted to Auburn University. the University of Galifornia 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 Convallis, Oregon. OIRD provides
accounting, purchasing, and travel support. The CRSP reports directly to the Vice Provost for
Research and International Programs theough the Director of the OIRD. Ties to the Department of
Fisiieries «and Wildlife, and to the Department of Bioresource Engineering, are maintained through
faculty appointments, academic interests, and research subcontracts.

During this reporting period, members of the Program Management Office included:

Hillary Egna, Director (1.0 FIE)
Brigitte Goctze, Deputy Director and Egypt Coordinator
(1.0 FTE = not funded on core CRSP funds)
Marion McNanira, Assistant Director (1.0 FIE - partially funded on core CRSP funds)
Naomi Weidner, Seeretary (0.75 FIE ~ partially funded on core CRSP funds)

The Management Entity (ME) is responsible for:

* Receiving funds committed by USAID 1o the CRSP and assuming accountability for their use;

* Providing funds to the participating institutions, and ensuring compliance with the terms of
the grang;

e Providing a focal point for the interaction of the Technical Committee, Board of Directors,
External Evaluation Panel, USAID staff, and BIFADEC/JCARD;,

* Exccuting the decisions of the governing and advisory bodies;

o Spearheading program development efforts;

o Facilitating internal and external communications;

o Producing and distributing CRSP publications;

* [mplementing the program; and

* Muintaining lizisons with overseas and domestic participants.,

Specific accomplishments this vear include;

o Preparation of CRSP budgets and subcontract modifications for extending funding and
performance periods;

* Coordination of new administrative and contractual details for collaborative research projects
in Thailand, the Philippines, Rwanda, Egypt, and Honduras;

o Site visit to Egypt to evaluate project progress and negotiate extension of project;

o Assistance with the Rwanda evacuation and projeet relocation:

* Coordination of planning and logistics for the review conducted for USAID by Tropical
Research & Developraent, including providing background information and logistical support
for travel and responding to the draft copy of their final report;

o Organization of the twelfth annual CRSP meeting in Hilo, Hawaii from 28 to 31 March 1994;

¢ Participation at Annual Meeting in Board and Technical Committee meetings;

* Development of questionnaires for evaluating the Annual and Technical Committee meetings;

o Assistance 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. rescarchers and Egyptian counterparts;

e Publication of research results in technical report series;

* Preparation, publication. and distribution of detailed quarterly reports summarizing technical
and administrative progress;

e Training and supervising 2 graduate student intern working on an analysis of PI/A CRSP
forma! and informal training:;

e Aided with equipment purchases for the CLAR:

o Developed a fact sheet about the Egypt project;

* Maintenance of the CRSP mailing list, which reaches approsimaiely 300 people in 42
countries;

o Muaintenance of the CRSP directory. which lists participants’ addresses, telephone, fax and
email number;

e Coordination of the Egyptian Scholarly Exclange Program, which brings Egyptian
collaborators to U8, aquaculure research institutions and facilities;

* Organization of and participation in Board Mectings and Technical Committee mectings:

o Maintenance of management informations systems to track projects;

¢ Collection of information about technology tansfer and economic impact of various CRSP
activities:

e Coordination. with Chwde Bovd of Auburn University, of the new CRSP book Dynamics of
Pond Aquaculture.

The PD/A CRSP miintains technical linkages with the Tropsoils and the SANREM CRSPs.
Maintenance of programmatic linkages with all the CRSPs, increases the visibiline of the PD/A CRSP
and of aquaculture in general. The cost of participation in 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 fimncially steained by participation. The Management Office participated in
the following CRSP Council Gouncil Conference clls:

10 September 1993
~ October 1993

+ November 19493
2 December 1993
3 Febrwy 1994
16 March 1990

Three advisory groups, the Board of Directors (BOD). the Technical Commitiee (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 allocztions, rescarch stritegy,
review, and evaluation.

The Board of Directors

As the primary policy-mitking body for the CRSP. the Board of Directors tkes an active role in
program guidance. The Board is composed of three members, one of whom is elected chair, Auburn
Cniversity, the Eniversity of California ar Davis, and CIEADY are cach represented on the Board. In
addition, the TSAD Progeam Manager for the CRSP and the RSP Dircctor sene as ex-oflicio
members. A Board members function in the objective interest of the CRSP regardiess of their
institutional affiliation. During this reporting period, the Board members were:

Dr. Robert Fridles, Cniversity of Galifornia at Davis, Chair;
Dr. Philip Helfvich, University of Hawaii (CIEAD institution);
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Dr. R. Oneal Smitherman, Auburn Universily;

Mr. Harry Rea, NMES, 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 and Management;

e Recommenditions to the Management Entity on budget allocations;

o Evaluation of the administrative and technical accomplishments of overseas research projects and

U.8.-based research activities;
o Advice to the Management Entity on policy guidelines; and

* Review of the performance of the Program Director and Management Entity.
The Board of Directors convened once during this reporting period, in an extended meeting during the
Annual Meeting (27 und 30 March 199-4) in Hilo, Hawaii. Informal discussions are held regularly with the

Board and approvals for some decisions are made through correspondence.

Specific accomplishments and recommendations made during this eeporting period include:

o Approval of management and research budgets:

eting agendit input and approval;

Input on project monitoring by the Program Director and the BOD;

Direction to the Technical Committee and PMO in developing the continuation proposal;
Participation in the Twelfth Annual Program Meeting in March 199+4;

Participation in the review of proposals for the continuation plan,

Technical Committee

Researchers from U.S. universities and host country institutions comprise the Technical Committee, which
advises the Management Entay on technical matters. The membership of the Technical Committee is listed in

Table 1 in alphabetic
order, with institutional
affiliations and
subcommitlee
dssignments. Voting
privileges are accorded
cach institutional partner
in cach project recening
CRSP funds. Institutions
holding & vote on the
Technical Committee are
fisted in Table 2 by
project. The CRSP
Director and the TSAID
Project Manager sene as
ex-officio members, and
at-large members dre
appointed by the Board
of Directors. Dr. Ted
Batterson continues to
sene s the At-large



Table 1.

Membership of Technical Committee

Nome Institution Subcommitteese
A Abdelghany (from 893 Central Laborton for Aquaculiure: Research

Schame Ahmed Cemral Laboratony for Aquaculiure: Research

Valentin ke wwhurn L nversin

Bo Alevander Fonversin o T B

John Bolie ‘ T Oregon Sate ““\”\l}\_..m.m

Clande Boyd - O wbem toeensn B M
Jv;ln—l);llll;;:(:l}; nﬂf(.ﬁ&]iuh" - \III()lIll lm\u\u\ :ET&I\“ - )
stve Culberson T llll\;“lj\i\kﬂl Cllilorma. Davis

Jim Diana B llll\(‘F\‘I_l\_‘(Ii\“il‘(—lﬁll-:llll T kP
Brvan Duncan, ('n-(?h.urw FFFFF \uburn llTlr'r:n\

Peter Ldwards ) Wi Institute of luhnnhw\ o

Abdlel lIri(;.lil-n-;l“w_”"77‘7” Central Llhnr:lnn lor \quaclre Rescarch T
Hussem F (.huh i tentral Lahoraton for \yuacalture: Research

Gamal 11 \IUI o tentral Laboraton for \qu.u'nlam- Research

Fattma EL Nenrahy Central Eaboraton for Aquacalture: Research

Mahmowd 1 Sour Central Laboratony tor squaculure Research

Samir Lltheden Central Laboritony for Aquaculure: Research

Zeinab Ny Central Laboratony for Aquacultiee Research

Wahied Fan o Central Laboratony for \qu;u'ul—lm Research

Carole Logle Enpersiy of Arhansas at Pine Blutt

Doug I'rnst Oregon Ste Lonersitny

\himed Fatah i Central Laboriton for Aquacaluire: Research

Namat Fatah Central Laboraton for Aquaculture Research

Martin Irzparich Oregon Stte T onersits

Welham Gae Oregon Mate Luiversity -

et Gatera Nattonal Lossersity of Rwanda

Satwat Gham Central Laboratony for Aquaculure Research

Phil 1;|m'uu;;r. Liversiy of Calitorn, Davis

Brigitte lm(l/( Oregon Stite Lnnersiy, Managenent Entiny

(.Trﬁ@ L o l|||\vr~|i\ of Havaie Manog

Bartholomen Green wharn Lnnersy o MoWe
L Wader T Cwnl Laboraon for \quaculuire R weh o
WTFITE;;I o Central Laboraon !m . unllu Rm ach

N T R - "
Howet Nebicha .“_A.,,w-vvv_....._.,(,I,',”r.;l |(|lnl o Inr \n|||u ulluu  Resea

RT\-;; Iﬁlhn’;pkms ( “—‘ || A T i l;l{(vl il af v an, [hln o M
khﬁulﬁlllvn:s:‘in T el Laboraton for \qnuuhuu H( wearch

(Hllrl| I.lhnulnn for i, nulum Research

Centr: |I Ilhm oy for \qnu uliure: Research

Dy partinent uI Isheries Thalamd

Inmml\ nl \lulm,m .uul \Il

* W=Work hans B Budgets, F=Technical Progress, M=Materials and Methods; EP=Executive Panel

¢ Subcommittee: Chairpersons
Deceased



Name

Institution

Subcommittees

Edwardo Lopes

Central Luzon Stte | niversity

Lucas Lopes

DIGEPESCY

Mostafa Mohsen Cemral Laboratony for Squacubture: Research \
Joseph Moloar \wharn Eniversi

Zeinab Nawdy Central Laboratory tor Squacabure: Research

Gl Nasser ) Cenral Laboratory for quacalture: Research

Shree \ath T Oregon State Lonersiy W
Jovee Newman wthurn Ennversin T )
Raul Predralia Eniversity ol Californig, Davs MOBOEP
Tom Popiia. Se et o Aubura Lnnersity T
Did Raluem Central Laboraton for \quacalture Beearch N

1Al |<1{]]{I]Ifnﬁm_w Lnisersin of Fhwan, Mano o

\hmed sad B Centrad Litboratony for Squacubture: Rescarch

Sy Said Central Laborator tor Wquaculwre Ri

Mohamed Salam Centrad Laboratony for \quacalre Resreh

carl Schreek Oregon Sate b nnersin T

wasne sem Oregon Stite L nnersiny o o

Ibrabum Shher Contral Lhoraton for wueulture Resear b

William shelton Iniversity ol ()lﬂﬂmﬂ R

;ITI!]—-\FI;IIA!;\ T Contral Lahoraton for \(|IH1V’IIVI-I—I_IVI:1i Rescarch
('Il.lnnulmrx;>.;r||unu~u|\ Niland Bepr ol Fishieries B

Whrat Solinn Central Laboraton for Aquaculiure Research

Jun Saper T Laiversitv of Hawan, [hlo T B MR
IA).I\WlVJWI-v»l:I-llcrlml”nu-lrnﬁl;n_ul:n»lylvr subnrn Linnersiby T B

widrea Van Baltenburg

Eanersitv of s

haren Veverica

\uburn Unperstiy

At-large Member

Ted Batterson

Michigmun State Unnersin

Ex-officio Members

Hillany Fena

Oregon Sate Eaversine, Sanagement Entits

Brigitte Goetre

Oregon State [onversiy, Management Eohity

Harry Rea

RXD/AGR, U SAID

Lanrarr Frott

R&D/AGR. (SAID

o W=Work Plans; B=Budgets; T=Technical Progress; M=Materials and Methods; LP= Exeentive Panel

* subcommittee Chiirpersons
“ Deceased



Table 2.

Institutional Voting Privileges on the
Technical Committee

Projects

Voting Institutions

DAST

Oregon State University
University of California at Davis

Data Base Management

University of Hawaii

Egvpt

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

Auburn University
Oregon State University
University of Hawaii
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
University of Hawaii

University of Michigan

Special Projects

Social Sciences

Auburn University




Technical Committee member. The Technical Committee has four standing subcommittees: Work Plans,
Materials and Methods, Budgets, and Technical Progress. Special commitiees are convened as needed.

External Evaluation Panel

A committee of external aquaculture specialists periodically evaluates the accomplishments of the
individual rescarch projects and the overall program to ensure that research projects and the program
remain focused, relevant. and cost-effective. The External Evaluation Panel (EEP) is responsible directly to
USAID and BIFADEC for the review and evaluation of the technical progress of the CRSP. During this reporting
period. Dr. Homer Buck, Hllinois Natural History Survey (retired). rotated off the EEP, leaving Richard Neal,
National Marine Fisheries Service (NMES), and Roger Pullin, Internationa) Center for Living Aquatic
Resources Management (ICLARM). A search is currently underway to find « third panel member.

The EEP evaluated all CRSP sites in 1092-93. During the current reporting period. the final report of the
External Evalwation Panel was published.

The final report includes program responses to the findings and recommendations of the External
Evaduation Panel.

CRSP Publications

CRSP publications arce an important part of the CRSPs technofogy disseminztion. A broad domestic and
international audience receives our technical and program reponts., Approximuely 300 people in 12
countries now receive CRSP publications. Technical reports are issued through two series, Collaborative
Research Data Reports and CRSP Research Reports. The goal of CRSP Rescarch Reports is o
publish all research produced by CRSP activities, with the exception of
research related directly to the Global Experiment.

Collaborative Rescarcl Data Reports contin the results and data
from the Global Experiment, along with interpretations of site-specific resubts,
The firstvolume of Colluborative Rescarch Data Report contains a
description of sites and experimental protocols for the Global Experiment,
Subscquent solumes focus on each research site separze by experinental
ovle,

Other reports published by the CRSP Management Office include Annual
Administrative Reports, Quarterly Reports, Program Grant Proposals, Work
Plans. aned CRSP Directories. A Ten Year Sumimnary of Aenvities in
Honduray was also published during this reporting period. The Handbook
of Analvtical Methods compiled by the Materials and Methods Committee
of the Technical Committee and the PONDCLASS Users” Guide have also
heen published through the Management Office,

Urinciples und Practices of Pond Aguaculiioe was one of the
founding documents of this CRSP, At the time of its production. this volume
wats state of the artand filled & negleeted niche in the field of aquaculture.
Sinee its publication in 1983, it hus been one of the most requested of CRSP
publications. Butadvances in pond aquaculture made by the CRSP and others
require that this vaheble resource be updated. A new volume that approaches
aquatculture production as part of the larger agroccosystem is in Progpress,
Dynamics of Pond Aquaculire. The Management Office has contracted
with Lewis Publications to publish the book. CRSP researchers are




colluborating in writing the sixteen
chapters that make up the book, and that
approach aquacultere production as part
of the Larger agroccosvstem,

In addition to PD/A CRSP-produced
publications, the Management Office
contributes to USAID's program reviews,
publications, and presentitions.
Administrative and technical reports
prepared and disseminated during this
reporting period are briefly described
helow and may be ordered from the Management Office. Technical reports that were not processed by the
Management Office are listed in the Appendix.

Administrative Reports

Annual Administrative Report

Egna, £, ] Bowman, B. Goctze, and N, Weidner, eds. 1994 Eleventh Annual Technical Report 1993, Pond
Dynumics/Aquaculiure Collaborative Research Support Program. Office of International Research and
Development, Oregon State University, Corvallis, Oregon. 178 pp.

Egma, 1. and M. MeNamara. 199+, Eleventh Annuad Administrative Report, Pond Dynamics/Aquaculure
Collaborative Rescarch Support Program. Office of International Research and Development, Oregon State
University. Corvallis, Oregon. 80 pp.

Quarterly Reports

Pond Dynamics/Aquaculture CRSP, Program Management Office. January 1994. Quarterly Report. October-
December 1993, Office of International Rescarch and Development, Oregon State University, Corvallis,
Oregon. 4 pp.

Pond Dynamics/Aquaculture CRSP, Program Management Office. April 199-1. Quarterly Report. January-
March 1991, Office of International Research and Development, Oregon State University, Corvallis, Oregon,
15 pp.

Pond Dynamics/Aquaculture CRSP, Program Management Office. July 1994, Quarterly Report. April-June
199+, Office of International Research and Development, Oregon State University, Corvallis, Oregon. 18 pp.

Pond Dynamics/Aquaculture CRSP, Program Management Office. October 1991 Quarterly Report. July-
September 1994, Office of International Reseirel and Development, Oregon State Unisersity, Corvallis,
Oregon. 16 pp.

Directory

The CRSP dircctory contains an organiztionad chart and the addresses of carrent CRSP members from
USAID, BIFADEC, USAID Missio 1s, 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-anmueally, as needed.




CRSP Directory. October 1993, Pond Dynamics/Aquaculture CRSP, Program Management Office. Office of
tnternational Research and Development, Oregon State University, Corvallis, Oregon.

CRSP Directory. May 199+4. Pond Dvnamics/Aquaculture CRSP, Program Management Office. Office of
International Research and Development, Oregon State University, Corvallis, Oregon,

Newsletters

Aquanews, The Newsletter of the Pond Dyvnamics/Aquaculiure Collaborative Researeh
Support Progran, is published quarterly. Aguanews serves to inform CRSP participants and others of
program activities that are not of a technical nature. 1 contains information on project activities.
meetings, travel of CRSP participants, and site visits. The following issues were published during this
reporting period:

Aquanews, Winter 1993, Yolume 9, Number 1. MeNamara, M., od. 185N 1062-1990. PD/A CRSP
Program Management Office, Office of International Research & Development, Snell Hall 100,
Oregon State University, Corvallis, Oregon.

Aquanews, Spring 1994, Volume 9, Number 2. MeNamar, M., cd. 188N 10621996, PD/A CRSP
Program Management Office. Office of International Reseireh & Development, Snell Tl -100,
Oregon State University, Corvallis, Oregon.

Aquanews, Summer 1994, Volume 9. Number 3. MeNamara, M., ed. ISSN 1002-4990. PD/A CRSP
Program Management Office, Office of Intermational Research & Development, Snell Hall 400,
Oregon Stite University, Corvallis, Oregon.

Aquanews, Fall 1994, Volume 9, Number 1 MeNamart, M., ed. 1SN 10624990, PD/A CRSP
Program Management Office. Office of International Research & Development, Snell Tall 400,
Oregon State University, Convallis, Oregon.
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Teichert-Coddington, D.R., R. Rodriguez, and W. Toyoluku. 1991, Cause of evelic variztion in Honduran
shrimp production. CRSP Research Report 94-66, Pond Dynamics/Aquaculture CRSP, Office of International
Research & Development, Oregon State University, Corvallis, Oregon, USA. |Originally published in World
Aguacuitire 25(1:57-01, March 1994


http:ReSeII.ch

Springhorn, RR., AL Jensen, and W.Y.B. Chang. 1994, A variable growth rate modification of von
Bertalanffy's equation for aquaculture. CRSP Rescarch Report 94-67, Pond Dymmies/Aquaculture CRSP,
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l. Financial Summary

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

The expenditure of USAID funds by Collaborative Rescarch Projects, Speciad Topics Research. and
Program Management is presented in Table 3 for the period 1 September 1993 through 31 August
1994, This is the fourth vear of the third CRSP grant, which provides core funding of $920,000 per year.
The program was originally contracted to end 31 August 1995; a change in USAID's allocation pattern
has resulted in changing the end of project date to 10 April 1995,

Program Management Office expenditures include two main categories: Operations and
Administration and Communications. This CRSP is unique in including the rescarch-oriented functions
of technical communications in the Program Management Office. Until the Tast reporting period, the
Program Managment Office was also responsible for Data Base Management; this function was
tramsferred to the University of Hawaii. During this reporting period, expenditures for the Daa Base
Management were assumed completely by the US. Research Component of the budget. The LS.
Rescarch Component also includes expenditures o support the Dat Analysis and Synthesis Team's
activities at the University of California at Davis and at Oregon State University,

Cost-sharing contributions from the U.S. institutions and contributions from host countries are
presented in Table 3. The average percentage of funding borne by US. universities is 25%. which
fulfills the USAID requirement. Although host country cost-sharing is not required, these contributions
reflect a continuing commitment to participation in the CRSP by our collaborators, These data were
provided by the Principal Investigwors of the projects,

A different formar of the financial summary is given for the Egypt project, necessitated by important
recent developments. The Egypt preject was shued 1o end by 31 September 1994, An extension wis
granted, but all research activities woere terminated on 31 December 1994, Therefore, this financial
summary covers the period from [ September 1993 through 30 September 1994, the original project
end date. Financial information concerning the remaining period will be presented in the final report.
Contributions of U.S. institutions, though not required under the terms of this grant, are also included in
Table -.



Table 3.

Expenditure of funds

USAID Funds U.S. Cost Shn@g Total, all U.S. funds Host Country Contribution
1993-94  Cumulative 1993-943 Cumulative 1993-94  Cumulative 1993-94  Cumulative
Research Program
Honduras
Auburn S102.633 $579,269 $25.658 S144.817 $128.291 $724.0806 $50,000 $192.000
Rwanda
Auburn $66.473 $344.239 $16.618 $80.060 $83.091 $430.299 $12.339 $99.880
oSt $92.,597 $334.322 $23.149 $83.580 S115.746 $417.902
UAPB §5.548 S11.831 S$1.387 $5.137 $6.935 $16.968
OSU/WID S0 $5.942 SO S1.486 SO $7T428
Thailand
MSU $26.361 $278.995 $0.590 $69.748 $32.951 $348.741 $26.000 $138.000
LH* S$137.6069 $342,337 $34.417 $85.384 $172.086 $427.921
M S$168,443 $615.741 S42.111 $153.936 $210.554 §769.677
Global Social Science Project
Auburn $36.897 $40,230 §9.224 $10.05° $40.121 $50.287
Subtatal $636.621  $2.552.904 $159.155 $640.400 $795.776  $3.193.310 103977 $341.521
U.S. Research Program
DASTAUCD $45.109 $195.942 S11.277 $48,985 $56.386 $244.927
DAST/0SU $39.612 $165.246 $14.903 $41.312 §74515 $206.558
Soils/OSU SO $16.064 SO $4.010 SO $20.080
Subtotal $104.721  $377.252 $26.180 $94.313 $130.901  $471.565
Management Entitve $215.166  $1.115.430 $215.166  $1.115,430
(includes some research funds)
External Evaluation funds $1.236 $96,230 $1.236 £96,236
TOTAL $957.744  $4.141.822 $185.336 $734.720 S$1.143.080  $4.876.542 $103.977 $341.521

* Includes funds for Central Data Base Management.

o Includes Technical Publications
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Table 4.
Egypt Project expenditure from 10,/1 /93 through9/31 /94

USAID Funds US Contribution Total
93-94 Cumulative 03-94 Cumulative 93-9+4 Cumulative

Research in Egypt

Auburn $228,737 $440,989 $25.,559 $80,122 $254,290 $527,111

Univ. of Okla S60L,407 $95,940 $12,000 $20,883 $72,407 S116,823

Subtotal $289, 144 $542,929 $37.559 S160, 244 $326,703 $703,173
Research in Thailand

UM/AIT )] $15,473 S0 $0 S0 $15,473

Subtotal S0 $15,473 S0 SO 80 $15,473
Research in U8,

Univ. of Hawaii $55,408 $50,900 $13,155 $13,515 $08,023 $70,421

osv $60,020 $84,002 $19,503 $25.497 §79,529 S109,499

Subtotal $115,494 $140,908 $32.658 $39,012 S148,152 $179.920
Egypt. Institution S112.49] $122.271 $9,18+4 $12.3406 $121,675 S134.617
Building
Management Office S179,788 $248,040 S13,.822 $20,558 $193,610 $274,598

TOTAL $696,917 $1,069,021 $93,223 $238,160 $790,140 $1,307,781



VIll. Staff Summary

The Pond Dynamics/Aquaculture CRSP represents the joint efforts of more than 45 professional and
support personnel from U.S. universities. 1t 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. personnel is broad-hased and encompasses the major fiekls of specialization included in this
CRSP: Limnology and Water Quality; Fisheries and Aquaculure; Soil Science; Sociology; Data
Management, Analysis, and Modeling: Sociology: Biotechnology: Agricultural Economics; and Research
Administration.

The major United States-hased research activity, Data Analysis and Synthesis, involves eight
researchers from the University of California at Davis and Oregon State University, Scientists from
Auburn University, the University of Arkansas at Pine Bluff, Oregon State University, and the University
of Hawaii also participate in additional U.S.-hased research activities.

The CRSP regularly collaborates with other groups and institutions in the development of host
country projects. For example, in northeast Thailand, the CRSP supports the outreach efforts of the
Asian Institute of Technology by providing the research component for an adaptive management system.
In Egwpt, researchers from institutions such as the Institute of National Planning and Al Azhar University
are interested in the implications of CRSP research for planning the futare direction of Egyptian
aquaculure development. In Rwanda, the CRSP researcher regularly met with the Ministry of
Agriculture’s Aquaculture Stranegy Commission to advise on establishing research priorities and in
proposing suitable research-extension 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 tiake advantage of the training offered by the CRSP. Peace
Corps volunteers in Rwanda and Honduras consult with CRSP researchers on project design and
implementation. Private sector frmers in Honduras take advantage of CRSP expertise through
seminars conducted by resident and visiting researchers. While these teainees are not formally part of
the CRSP staff, they enhance the outreach ability of the CRSP by transmitting CRSP technologics and
information.
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Dircctor

Assistant Director
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and Egvpt
Coordinator
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A

A

X X

Conallis, Oregon
Convallis, Oregon
Convallis, Oregon

Conallis, Oregon

* During this reporting period. CRSP/USAID Global Bureau funds only paid for 2.0 FTE of management salries.

ADVISORY PANELS

BOARD OF DIRECTORS

Robert Fridley

Philip Helfrich

R. Oneal Smitherman

Chairman

Member

Member

EXTERNAL EVALUATION PANEL

Davis, Clifornia
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Auburn, Alabama

Homer Buck
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Roger Pullin

Member

Chairman
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\ X
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East Lansing, Michigan

(1) Denotes prinvary work location and excludes host country site visits and trave] for atending meetings.,

(2) Personnel inmvolved in multiple projects.,



FIELD(S) OF SPECIALIZATION

N <
~ s o~ 3 § - z;-\
S &
& NN A S
N § S &S aF s N
N < $8&Ty $
oS S S §&E s T S
S £ &I FE &
< O F v 8 Q= ~
DATA BASE MANAGEMENT- UNIVERSITY OF HAWAII
hevin Hopkins (2} Munager X X X Hilo, Hawaii
John Wassell Assistunt \ Hilo, Hawaii

Manager

DATA ANALYSIS AND SYNTHESIS TEAM

DATA ANALYSIS AND SYNTHESIS TEAM — OREGON STATE UNIVERSITY

James Lannan

Co-Principal \ X N
Investigator

John Bolte Co-Principal X X X X
Ivestigator

Shree Nath Gradoate Studem X X

Doug Ernst Graduate Student X X

Newport, Oregon
Corvallis, Oregon
Corvallis. Oregon

Conallis, Oregon

DATA ANALYSIS AND SYNTHESIS TEAM — UNIVERSITY OF CALIFORNIA AT DAVIS

Raul Piedrahita Principal I N X
Investigator

Bill Brinkop Rescarch \ X
Assistint

Steven Culberson Research X X X
Assistinl

Philip Giovannin Rescarch X X X
Assistant

Steve Thomas Rescarch X X
Assistant

Cristiano dos Santos Neto Visiting X X X
Scholar

George Max Fiscal Officer X

Danis, California

Davis, California

Davis, Calilornia

Danis, California

Davis, California

Davis, California

Danis, California

(1) Denotes priniuy work location and excludes host country site visits and el for atending mectings.
(2) Personnel involed in multiple projects
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Ihrahim Shaher

H.C Principal
Investigator
Researcher
Rescarcher
Rescarcher
Rescarcher
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Rescarcher
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EGYPT — CENTRAL LABORATORY FOR AQUACULTURE RESEARCH (continued)

Ahmed Abdel Fatah
Safwat Ahdel Ghany
Khalid Hussein

Nahil brahim

Dia Abdel Rahiem
Mohamed Abdel Salam
Naenr Shamees
Namit Abdel Fatah
Samir Said

Monat Hamed

Mostafa Abdel Mohsen
Samir Zain Elabeden
Withied Elwan
Tharwat Ismail

Ahmed Nassralla
Ashraf Soliman
Mohamed Wafik
Seham Ahmed

Mahmoud Abou El Nour

Research
Assistant
Research
Assistant
Rescarch
Assistant
Rescarch
Assistint
Rescarch
Assistant
Research
Assistant
Research
Assistant
Chemist

Chemist
Biologist
Biologist

Technical
Engineer
Technical
Engineer
Technical
Engineer
Technical
Engineer
Technical
Engincer
Technicul
Engineer

Laboratory

Assistant
Accountant

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

Abbuassa. Egypt
Abhuassa, Egvpt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbussa, Egypt
Abbassa, Egypt
Abbassa, Egypt

Abbussa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt
Abbassa, Egypt

Abbassa, Egypt

(1) Denotes primary work location and excr "es host country site visits and trave! for atending mectings.
(2) Personnel involved in multiple projects.
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EGYPT — OREGON STATE UNIVERSITY
Martin Fitzpatrick (.58, Co-Principal X X Corvallis, Oregon
Investigator
Carl Schreck U.S. Co-Principal X X Corvallis, Oregon
Investigator
William Gale U.S. Research ) Comvallis, Oregon
Assistant
Robert Halvorsen (2) Fiscal Officer X Corvallis, Oregon
EGYPT — UNIVERSITY OF HAWAII
Gordon Grau U.S. Principal X X X Kancohe, Hawaii
Investigator
Revin Hopkins (2) U.S. Principal X X X Hilo, Hawaii
Investigator
Hal Richmond U8 Research X N Kancohe, Hawaii
Assistant
Steve Shimoda 1.8, Reseuarch X X Kanceohe, Hawaii
Assistinl
Bo Alexander U.8. Research X Kancohe, Mawaii
Assistant
A Chang Fiscal Officer X Kaneohe, Hawaii
EGYPT —~ UNIVERSITY OF MICHIGAN
James Diana (2) LS. Principal h¢ X Ann Arbor, Michigan
Investigator
P. Stemple Fiscal Officer X Ann Arbor, Michigan

C. Rwei Lin (2) Principal X X
Imestigator

Bangkok, Thailund

(1) Denotes primary work location and excludes host country site visits and travel for tending mectings.
(2) Personnel imvolved in multiple projects,
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EGYPT — UNIVERSITY OF OKLAHOMA

William Shelton LS. Principal ¢ Norman, Oklahoma
Investigator

Venkatesh Wanningham Rescarch X Norman, Oklahoma
Assistant

B. Quinn Fiscal Officer X Norman, Oklahoma

HONDURAS - AUBURN UNIVERSITY

Bran Duncan (2) LS. Principal \ X Auburn, Alabama
Investigator

Clade Bond (2) LS. Researcher X X X Auburn, Alabama

David Teichert-Coddington U8, Research X X X Comavagua and
Associate Choluteca, Honduras

Raren Vevericit (2) LS. Research X X Auburn, Alabama
Associute

Gerald Johnson v for X Auburn, Alabama
Rescarch

HONDURAS ~ HOST COUNTRY PERSONNEL

Ricardo Gomes ILC. Principal hY X Comavagua, Honduras
Ivestigator

Sagrario Calin Secretany X Comayagu, Honduras

Nelson Claros Chemist X Choluteca. Honduras

Jaime Lopes Lab Technician X Choluteca, Honduras

Deia Martinez Chemist X X Comayigua, Honduras

Encida Ramires Asst. Chemist Choluteca, Honduras

Marco Polo Micheletti Tegucigalpa, Honduras

Herburt Ramos Biologist X X Comavagua, Honduras

Miguel Zelava Lab Technician X Cholutecit, Honduras

(1) Denotes primary work location and excludes host country site visits and travel for atending meetings.
(2) Personnel involved in multiple projects
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(thru 179 1) Associate
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Bruan Duncan (2) LS. Researcher X Auburn, Alabama
Donald Large (2) Fiscal Officer X Auburn, Alibama
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Carole Enple LS. Principal X X Pine Bluff. Arkansas
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Peter Pershbacher U.S. Researcher X X Pine Blufl, Arkansas
Harold Phillips LS80 Research X Pine Bluft, Arkansas
Assiatant

I Buevanavandi HLC. Principal X\ X
Investigator
Engene Rurangwa Researcher

Butare, Rwanda

Butare, Rwitndit

() Denotes primany work locaton and excludes hostcountry site sisits and el for attending mectings.
2y Persannel imolsed in niltiple projects
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RWANDA - HOST COUNTRY PERSONNEL (continved)

Anaclet Gatera
Maurice Ntahobari
J. Nshimyumuremyi

A Mubawenimana

Venantic Mukasikubwibo

Lieven Verheust
Ngov Kisongo

G. Mdahimana

L. Umugirancza

F. Sindikubwubo
Evariste Ndabazi
Immaculee Nyabenda
J.B. Mumvandege

S Mvirakamana

T. Ruhumuliza
Eugenie Uwizevimana
P Nsabimana

. Kajvibwami

A Dushimabatepetsi

J. Uwunmuremyi

. Niyibisi

Research Assoc, &
Asst. Sttion Mngr
Rector of UNR

Vice Rector
Dean, Faculty
Station Manager
UNR Rescarcher
Lab Technician

Asst. Lab
Technician
Sec./Computer
Operator

Lab Assistant

Lab Assistant
Station Agronome

Extension Agent/
Ngomi
Extension Agent/
Shvanda

SMation: Foreman

Starekeeper/
Cashier
Seine Crew
Leader
Hatchery
Technician
Pond Manager

Pond Munager

Computer Operator

Butiare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Butare, Rwanda
Ngoma, Rwanda
Shyanda, Rwanda
Butare, Rwanda
Butiare, Rwanda
Butare, Rwanda
Butare, Rwenda
Butare, Rwanda
Butire, Rwanda

Butare, Rwanda

(1) Denotes primary work location and excludes host conntry site visits and trased for attending mectings
(2) Personned imolved in multiple projecs
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THAILAND
THAILAND — UNIVERS!TY OF MICHIGAN
Jumes Dianit (2) U.S. Co-Principal X X X Ann Arbor, Michigan
Investigator
€. Kwei Lin (2) .S, Co-Principal X X X Bangkok, Thailand
Investigator
Barbara Diana Reseurch X X Ann Arbor, Michigan
Assistant
Tracy Willoughby Fiscal Officer X Ann Arbor, Michigan
THAILAND - HOST CGUNTRY PERSONNEL
Chaninthorn Sritongsuk IL.C. Go-Principal NOX X DOF, Thailand
lvestigator
Peter Edwards H.C. Co-Principal X AT, Thailand
Investigator
Watana Leelapatera Research X X DOF, Thailand
Associate
Kiri Research X DOF, Thailand
Associate
Chintana Boonthamchinda Research X X ALT, Thailand
Admin,
Sunil Shrestha Research X AT, Thailand
Assistant
Somchai Vaipoka Research X Ayutthaya, Thailand
Assistant
Pasu Wiwantrangsin Research AIT, Thailand
Assistant
Manoj Yomijinda Research X AT, Thailand
Assistant
THAILAND /PHILIPPINES — UNIVERSITY OF HAWAII
Kevin Hopkins (2) LS. Co-Principal \ X X Hilo. Hawaii
Investigator
Jiames Sayper .S Co-Principad N X X Kancohe, Hawaii
Investigator and AIT, Thailand

€0 Denotes primary work focation and exeludes host cowntry site visits and travel for attending meetings.
(2) Personnel imvolved in multiple projects,
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PHILIPPINES — HOST COUNTRY PERSONNEL

Eduardo Lopez N.C. Principal X X Muigz, Nueva Ecija,
Investigator Philippines

SOCIOECONOMIC DIMENSIONS — AUBURN UNIVERSITY

Leonard Lovshin Co-Principal X Auburn, Alabama
lnvestigator

Joseph Moluar Co-Principal X Auburn, Alabama
lnvestigator

Terry Hanson Rescarch X Auburn, Akabama
Associate

German Cerezo Graduate X Honduras
Student

James Hutchins Graduate X Auburn, Alabama

Student
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Data Analysis and Synthesis
Team

Oregon State University

Publications and Reports

Lanman, )1 1990, Farming and ranching an aquatic sstem, Food  Reviews
International (:293-298.

Lannan, LE. GAE Gall, LE. Thorpe, Nash, and B Ballachey. 1989,
Genetic resource management of fish, Genome 31:798-804.

University of California, Davis

Theses

Catherson, 8.1 1993, Simplified model for prediction of temperature and
dissolved ovygen in aquaclture ponds wsing reduced data inputs. .S,
thesis. University of California, Davis

Giovannini, P 1989, Analysis and modeling of dissolved oxvgen concentrations
and photossnthesis i warm water aquaculiore pomds. €S, tesis. 133 pp.

Publications and Reports

Culberson. SD.and R Piedrahite 1993 Model for predicting dissobed ovgen
levels in stratified ponds using reduced dattingats. Pages 343-332 in Jaw-RKai
Wang teditor) Technigues for Modern Aquacaliure, Procecdings of an
Aquaculwral Engineering Conference 21-23 June 1993, Spokane,
Washington  American Socieny of Agriculiural Engineers.

Fridlev, RB. R Piedrahine amd TA Losordo 1988 Challenges in- aquacolral
engineering. sgricaltural Engineering 690112215,

Giovanmpi, Poand BRI Piedrahite 1999 Modeling: photossnthetic prodection
optimizaion for aquacultere ponds Aquaculural Engineering 1383 10

Giovamnini, Poand RH Piedrahite 1992 Modeling diel phaoplankton light
sensitivity changes i squacnltre ponds I review

Giovannini, Pooand R Predrabite 1991 Engineering of non-fed pond systems
Procecdings, WASASAL sessions at Worl squacaliutre Society meeting. San
Juan. Puerto Rico. American Society of Agriculnral Enginecrs, Saint foseph,
Michigan

Giovannini. P.and RAL Predrahite 1990 Measueing pronany production clliciencs
in aeuaculiural ponds. Amencan Soviety of Agricultusal Engineers Paper
\umber 90-703 4

Giosannini, P.oand BRI Piedraite, 1989, Anadysis and: modeling of diel poad
dysamics. American Society of Agricultural Engincers Paper Samber 80-7350

Giovannini. P.and RAL Predrahiva. TOSS salysis and modeling of dissalved ovygen
i warm water aquaculture ponds. American Society of \griculural Engineers
Paper Number 88-500 4

Grace, G.oand R Piedrahita. 1991 Carbon diovide control 2 M. Timmons and
TM. Losord, editors. Enginecring Design and Management of Aquaculiiee
Water Reuse Sastems. Elsevier. Amsterdiam In- press.

Grace, G, and RAL Piedrahita 1993, Carbon diovide conteol with 1 packed column
aeritor. Pages 490-505 in Techniques for Modern Aquaculture, Proceedings.
American Society of Agriculural Enginecrs, June 1993,

G, and RAL Piedrahita. 1992, Garbon diovide control. In review.

G.oand R Piedrahita, 1989, Carbon diovide removal in packed cotomn
gerators. Arerican Sociely of Agricoltural Engineers Paper no. 897530,

Losordo, T.M.. and R 1. Piedeahite 1990, Modellicy semperawire variation and
thermal stratification in shallow aquaculiure pends. Ecological Modeling
S4:189-220

L Zeand R Piedaahite 1993 Niwiking chazicteristies of @ high rate packed
columm. Pages 343-331in Technigues in Modern Aquacultire, Proceedings.,
American Society of Agricultural Engincers, fune 1993

Piedrahite, RU. 1991 Modeling water qualiny in aquaca e ccosvstens, Pages
322-362 in DE Brune and LR Tomasso, Ceditors). Aquacubture and Water
Qualin. World \guaculure Society, Baton Rouge. Louisian.

Pivdrabita, R 1991 Simulition of short-term management actions - prevent
ovygen depletion in-ponds. Journal of the World Mquacalire Society
223N 157- 1060,

Picdrahita, RIL 1991 Engineering aspects of warmwater hatchery design. Pages
in 85-100 4 Proceedings, WASASAL sessions at World Aquaculiure Society
meeting San Juan, Puerto Rico. American Society of Agricultural Engineers,
Saint Joseph, Michigan.

Piedrahita, R 1990, squaculure: Engineering ind consteuction. Pages 117-126in
VH. Hui, editor. Wiley Encyelopedia of Food Science and Technologs. Wiley ang
Sons, New York.

Piedrahita, RAL 1990, Detritus based aquaculiure sstems. Food  Reviews
International 603):317-331

Piedrahita, RIL 1990, Cabhration and validation of TAP, an aquaculture pond
water qualin: model. \quaculural Engineering 9:73-90.

Picdrahita, R1L 1989 Modeling water quatity in aquaculiure ecossstems, In
DL Brune and )R Tamasso. editors. \quaculture and Water Queality.
World Aquacultiee Society. Baton Rouge, Louisiana. In press.

Piedrahita, RH. 1980 Simulation: of short-ter managenient actions o prevent
anvgen depletion in ponds. American Society of Agricoltural Engincers
Paper Mumiber 89-7353

Piedrabita, RIL 198K Intraduction to conputer modeling of apculiure pond
ceosystems. Aquacultore and Fisheries: Maagement 19:1-12.

Piedrahita, RAL and DE- Brune. 1989, Aquacultural engineering: wquatic habitat
commands innovitive thrusts, Agricultural Engineering ~001):30-32

Piedrahita, RH.and 1M Ebeling, 1993, \utoniued data acquisition sid control
in aquaculture ponds. Mmerican Fisheries Societ. fn press

Predrahite, R, nd P Giovaning. 1991 Fertilized non-fed pond systems. Pages
-1y in Aquacubture Ssstems Engineering. Proceedings of the World
Muaculture: Socien of the American Societ of Agricutuiral Engineers (ASE
Publication 02-91): World Mquaculre Societe 22nd \onuad Meeting, 16-20
June 991, San Jwan: Puerto Rico

Picdrahie, RAL and . Seland 199 Calevbauon of piin fresh and sea water
aguaculture swstems. Aquaculiurs} Engineering 1 press

Piedrahite. RH. and LR Wang 1988 Enginevring in aquacolture, an mvenview.
Proceedings of the Joint 1S Iedia international Ssmposium on Aquaculture
Research Needs for the Year 20000 New Delbi, Tndia

Saper. L LZ Rosenfeld, RIE Predrahite, and P. Giovanaini 1992 Diel eveles
of planhtonic respiraion rates in bricfly-incubated water sanples from
fertile earthen pone. Linmology and Oceanography 37(6):1193-1201.

Grace,
Grace,

Presentations

Batterson, 7., and RH. Piedrahita. 1991, Current trends, interests and concerns
related o aquacultoral wistes and their reatment in the United Stttes.
Presented at the EIFAC workshop on Economics of Wiste Water
Mamegement in Aquaculure, and to be included in i report to be published
Iy EIFMZEAO.
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Brune, D.E., C.M. Dreho, and RH. Piedrahita. May 1992, Pond oxygen dynamics;
design and nunagement strategies. Aquaculiure Meeting, Orlando, Forida,
Paper No. AQUA-92-101, American Society of Agriculiural Engineers.

Cutherson, 8.0 and R H. Piedrahita. 1992, Modification of stratified temperare
model to accommodate reduced data inputs: Identifying critical requirements.
Aquaculiure 92 International Conference, 21-25 May 1992, Orlando, Florida.
Faper No. AQLAO2- 102

Eikebrokk, B.. RH. Piedrahita, and Y. Ulgenes. 1994, Rates of fish waste production
and effluent discharge from a recirculuing ssstem (BIOFISID under
commercial conditions. Presented at the meeting on Aquaculture and Water
Resource Management.

Piedrahita, RIL Nosember 20-27, 19920 Managing environmental impacts in
aquaculre. Presented at United States-fapan: Natural Resources (UJRN)
Aquacaliure Panel. Kyoto.

Piedrahit. RH. Sepiember 1991, Carbon diovide removal for intensise
aquaculiure, Workshop on Recireulating Aquaculure stems. Baton
Rouge, lLouisiama.

Piedrahiti, RIL 1995 Engieering aspects of warmwater hatchery design,
Procecdings, WASASAL sessions at the World Aquaculture Socicty, San
Juan, Puerto Rico. Americas Society of Agricultural Engineers, Suint
Joseph, Michigan.

Piedrahiti, RIL 1989, Engineering wspeets of warmwater hatcheny design.
Presented at Workshop on Milkfish Fry Production Technology. Bali,
Indonesia. Oceanic Institute, Hawaii.

Piedrahita, R and Grace, G 1991 Carbon diovide remosal for intensise
aquaculture. Paper presented at the Workshop on Recireuliting Aquaculture
Sstems, Baton: Rouge, Louisioua, September, 1991

Piedrahita. R, and G Griace. June 1990, Removal of carbon dioxide and
intensive aquaculiore: ssstems. Presented at the snnuat Mecting of the
World Aquaculiere Societs, Halifis, Nova Scotia,

Saper, |0, RH. Piedrabite and P Giovannini. May 1993, Requirements for
masimizing bloom stability and net oxygen production in earthen ponds,
Poster paper presented at World Aquaculture Society mecting,
Torremolinos, Spain.

Whitman, M. H., and R. H. Piedrahita. Tebruan 1989, Water quality requirements
of Pacific oysters (Crassostrea givas) in holding systems. Annual Meeting of
the World Aquaculture Societ. Los Angeles.

Manuscripts

Piedrahita. R, and Grace, G. 1991, Carbon dioxide removal for intensive
aquacultare. Paper presented at the Workshop on Recireulating Aquaculture
Swstemss, Baton Rouge, Louisiina, Septeniber, 1991, In review.

University of Hawaii

Publications and Reports

Soyper, J4 L7 Rosenfeld, R Piedrahita, and P Sicvannini. 1992, Diel ayeles
of planktonic respiration rates in briefly-inct *aied «er samples from a
fertile carthen pond. Limnology and Qcearocragh, in press.

Presentations

Snyper, )P, RIL Piedrahita and P Giovannini. 1993, Requirements for
masimizing bloom stability and net oxygen production in carthen ponds. Poster
paper presented at World Aquaculture Society meeting, Torremolinos, Spain,
May.

University of Michigan

Publications and Reports

Chang, William. 1989, Integraed lake furming o manage fish and environment in
the large shallow lakes in Chine. Aquaculture and Fisheries Management
2041452,

Chang, William. 1989, Estimates of lypolimnetic oxygen deficits in ponds,
Muaculture and Fisheries: Management 20:163:172.

Chang. W.. and 11 Ouyang. 1988, Dynamics of dissolved ozygen and vertical
circulittion in fish ponds, Aquaculture ~4:263-270.

Springhorn, RR.. AL Jensen, and WYB. Chang. 1994, A variable growth rae
modification of von Bertadanffy's equation for aquaculture, Aquaculture and
Fisheries Management 25:259-267,

Springborn, RR. AL Jensen, WYB. Chang, and € Engle. 1992, Optimum
fanvest time in aquaculiure: An application of cconomic principles to a Nile
titapi, Orcochromis niloticus (1), growth model. Aquaculiure and Fisheries
Management 23:639-0+47.

Manuscripts

Springhorn, R, R.. A L. Jensen, and WB. Chang. Application of the initial value
solution of Von Bertalanfy's solution 1o tilupia nilotica growth in aquaculture
experiment. Aquaculiure (submitted).

Springhorn. R, R, A L Jensen, and W.AB. Chang. A multivariate approget tor
examining Tilapia nilotica growth in aquaculture experiment using Von
Bertalanfly's growth solution (submitted).

Egypt
Central Laboratory for Aquaculture Research

Publications and Reports

Green, B, Z. Elnagdy, 0. Hebida, and AR E] Gamal. 1994 Pond Management
Strategies for Production of Nile Tilapia in Egypt. NARP Harvest No. 2.

Presentations

Abdelghany, A 1993, Optimum ratio of animal to plant protein in formulated diets for
Nite tilapia. Presented to Sivth International Symposium on Fish Nutrition and
Feeding, Hobart, Tasnunia,

Abdelghany, A. 1993, Optimum protein requirements for Nile tlapia. Presented to Sivth
Internationad Symposivm on Fish Nutrition and Feeding, Hobart, Tasmania,



University of Oklahoma

Presentations

Shelon, W. 1993, Ploidy manipulation in black ciep. Presented to Fifth International
Symposium on Genetics in Adquacultuore, Halifs, Nova Socia,

Auburn University

Presentations

Green, Boand CE Bowd. 199+ Water budgets for fish ponds in the dry tropics.
Presented to World Aquaculure Society '04 Conference, New Orleans.
Green, Boand CE Boyd. 1994, Chemical budgets for fish ponds in the dey tropics.
Presented to World Aquaculture Society 94 Conference, New Orleans.

Honduras

Universidad Nacional Autonoma de
Honduras

Theses

Berrios, J. In preparation. Growth and sunvival of hybrid tilapicc (Zilapia nilotica x
Litapia honornm) fingerlings during the nuesery phase. 8.5, thesis, Dept. of
Biology, Universidad Nacional Autonoma de Honduras, Tegacigalpa, Honduras,
(In Spanish.)

Carlos Hernandez, WA 1992, Respuesta de fitoplancton y zooplancton a fertilizante
orgianico y alimento en estangues piscicolas. B.S. thesis, Dept. of Biology.
Universidad Naciemal Sutonona de Honduras, Tegueigalpa, Honduras. (In
Spanish.)

Cerna, G o preparation. Zooplankton dsiamics in Tilapia nilotica production
ponds fertilized with triple superphospliate. B S, thesis, Dept. of Biolog,
Universidad Nacional \utononide Hondurss, Tegueigalpa, londuras. (n
Spanish.)

Echeverria, MO 1992 Primany peaduction in L idapra mitorica production ponds
fertilized with triple superphosphite. B.S. thesis, Dept. of Biology, [ nisersidid
Nacional Sutonoma de Honduras, Tegucigalpa, Honduras. (In Spanish.)

Garces, CHOR6. Quantitative aalysis of zooplankton in fish ponds fertilized with triple

superphosphate during the rainy seison. BS. thesis, Dept. of Biology,
1 niversidad Nacional Mtonoma de Honduras, Tegucigalpa, Honduras, (n
Spanish.)

Gomer, R98K. Ellectof fertilizer wpe on the production of male Tilapia nilotica.
RS thesis. Dept.of Biology. Unisersibul Nacional Autonoma de Honduras,
Tegucigalpa. Honduras (I Spanish)

Loper. L An preparation. Production of Tilapia nilotica in ponds fertilized with laver

chicken liter. BS. thesis, Dept. of Biologs, Universidad Nacional Autonomi
de Honduras, Tegueigalpa, Honduras. (In Spanish. )

Mejia, C. In preparation. Rainy season phvtoplankton dyvisamics in ponds stocked with
Tilapia nilotica. B.S. thesis, Dept. of Biology, Unisersidad Nacional Mtonoma
the Honduras, Tegucigalpa, Honduras. (In Spanish.)

Paz, S.A. In preparation. The relationship besseen primany productivity and
chlorophy i and their relation to tilapia production. B.S. thesis, Dept. of Biology,
Universidad Nacional Mstononzt de Hondugas, Tegucigalpa, Honduras., (In
Spanish.)

Sherman, €. 1992, Ml temale culture of Tilapia nilotica in ponds fertilized with
chicken litter. B.S. thesis, Dept. of Biologs. Universidad Nacional Mwtonoma de
Honduras, Tegueigalpa, Honduras. (In Spanish.)

Auburn University

Publications and Reports

Mvarenga, LR, and BW. Green. 1989, Production and cconomic aspects of
tilapia cultivation in ponds fertilized with chicken Btier. Revista
Lttinoamericans de Acuicultura, Lima - Perd, No. a0-35-T12-June 1989, (In
Spanish.)

Alvarenga, HER. and B3 Green. 1986, Growth and production of ald male Tilapia
rilotice and all male Wwhrid titapiac (Filapia nilotica x Tilapia honosum)
in ponds. Rev Latinoamericana de Acuicultura 20:0-10. (In Spanish.)

Aharenga, H R and B3 Green. 1985, Production of ybrid tilapia 7 ilapia
nilotica x Tilapia honorinn fingerlings. CRSP Fechnical Repont,
unpublishied. 12 pp. ¢l Spanish.)

Aarenga, HLR. B3 Green, and ML Rodrigues. 1987 Production of hybrid
tiipia (Tilupia nilotica s Tilapia honorum) in pods using corn ghaten as
asupplemental feed. CRSP Technical Report, unpublished. 13 pp. (In Spanish.)

Ahvarenga, R BN Green, and M Rodriguer, 1983, Pelleted fish feed vs. corn
gluten as feed for tilapia and Chinese carp polyeulture in ponds. CRSP Technical
Report, unpublished. (In Spanish.)

Mvarenga, ILR. BW. Green, and ML Rodrigues. 1981, 3 system for producing
Inbrid titapia ¢7dlapia nilotica s Tilapia honorum) lingerlings at the El
Carao Mquaculture Experiment Station, Comavaguat, Honduras, CRSP Technical
Report, unpublished. 9 pp. (In Spanish.)

Mub MG Bowd and DR Teichert-Coddington, 1993 Effects of urel
application, seration, and dning on total carbon concentrations in pond
hattom soils. The Progressive Tish-Colarist 33:210-203

Berrios, LM 1986, Growth and sunvial of lwbrid tilapia (7 tlapia nilotica s Tilapia
honorum) fingerlings during the nurseny phase in ponds. CRSP Technical
Report. unpublished. 16 pp. (i Spanish)

Boad, CEand D Teichen-Coddington. 1995 Pand hottom soil respiration during
fallow and culure periods i heavily fertilized wopical fish ponds. Journal of
the World Mquaculure Sociey 25(30:210-213

Bovd, CLELand DR Teichert-Coddington. 1992, Refationship between wind
speed and reacration in sondl aquaculure: ponds. Mquaculoeal Engineering
HE2E-150

Green. W 1992 Substinnion of organic manire for pelleted feed in tilapia
production. Mquaculture 104:213.222.

Green, B 1990, substitution of organic manure for pelleted feed in tilapia
production. Proceedings of ENO-EIFAC Ssmposium on Production Enhancement
in Stll-Water Pond Calture, Prague. Researeh Institute of Fish Culture and
Ivdrabiolog. 38925 Vodnamy., Cechoslovakia

Green, B 1985, Report on the induced spasning of the sibver amd grass carps.
CRSP Technical Report. unpublished. 8 pp. (I Spanish)

treen, BNCand TR Mvarengas 1989 The effect of difterent application rates of
chicken litter on tilapia production. Revista Latinoamericana de weoicultura,
Litmat - Perti, Soo 0-31- 112 Juoe 1989 (In Spanish.)

Green, B, and LR Aharenga: 1985, Tilapia and carp poleulture in- ponds
receiving orgnic fertilization and supplemental feed. CRSP Technical
Report. unpablished. 10 pp. Qi Spanish.)
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Green, B, and LA Lopez. 1990. Implementing the Euege-scate production of young
nules of Tilapia nilotica ausing hormonal sex imersion in Honduras.
Agronomia Mesoamericant 1:21-25, (In Spanish.)

Green, BW., and DR, Teichert-Coddington. 1993, Growth of control and androgen-
treated Nile tilapia during treament, nursery and growout phases in tropical fish
ponds. Fisheries and Aquaculture Management. I press.

Green, BW.and DR Teichert-Coddington. 1993, Production of Oreochirontis
niloticus Iy for hormonat sex reversad in relation 1o water temperature.,
Journal of Applicd tehthyology 9:230-230.

Green, B and DR Teichen-Coddington. 1991, Comparison of two samplers used
with s automated datacquisition systent in whole-pond community
mettholism studies. The Progressise Fish-Culturist 3304):230-242

Green, BW. and DR Teichert-Coddington. 1990, Comparison of two sampler designs
for use with autontated it saequisition systems in whole-pond community
metabolism studies. Proceedings of FAQ-EIEAC Sunposium on Production
Enhancement in Mill-Water Pond Caltre, Prague. Research nstitute of Fish
Culture amd Iydrobiolog, 38925 Vodnany., Coechoslovakia,

Greea, BW. R Phelps, and LR Aharenga, 1989, The effect of manures and
chemical fertilizers on the production of Oreochiromis nilevicus in earthen
ponds. Aquiiculure T0:37-42.

Green, BW., DR Teichert-Coddington. and TR, Manson. 1994, Development of
semi-intensive aquacnlure technologies in- Honduras: Summany of
freshmater aquaculura research conducted from 1983 10 1992, Restarch
and Deselopment Series, Iternationad Center for Aquaculture and Aquatic
Emironments, Auburn Eniversiy, AL USA In press.

Green, BW. DR, Teichert-Coddington, and RP. Phelps. 1990, Response of
tiliapizt sield and cvonomics 1o vanving rates of orgaric fertibzation and
season i two Centrstl American countries. Aquaculture 90:279- 290, Elevier
Science Publishers B, Amsterdam

Green, B TER. Sharenga, R Phelps, and | Espinoza. 1988, Technical
Report: Honduras Squacultare CRSP Cyele M Raim and D Season
Phases. CRSP Technical Report. unpublished. Mubuen University, Alabam.

Green, BW.ILR. Aharenga, R Phelps. and ). Espinoze. 1987 Technical
Report: Honduras Aquaculture CRSP Gyele 11 Rainy Scison Phase. CRSP
Technicad Report. unpublished. Auburn University, Alabani.

Green, BW.ILR. Alarenga, R, Phelps, and ). Espinosn 1986, Technical
Report: Honduras Aquaculture CRSP Gyele B Dy Season Phase. CRSP
Technical Report, unpublished. Suburm Enisersin, Alabann

Green, BW . HLR. Aharengi, RE. Phelps, and J. Espinoz 1986, Technical
Report: Honduras Aquacoliure CRSP Cyele T Raimy Season Phase. CRSP
Techmical Report. unpublished. suburn University, Akihama, = pp.

Green, BYCCIER. Sharengi, RE. Phelps, and | Espinozi 1985, Fechnical
Report: Honduras Aquaculure CRSP Cyele 1 DR Seson Phase. CRSP
Technical Report, unpublished. Auburn University, Alibama. 5 tpp.

Meckenstock, DL DR Coddington, 1€ Rosas, 10 van s M. Chinnan and
MM Murillo. 1991, CRSP Council-Honduras concept paper towards 2
sustinable sgriculture in Southern Honduris, Proceedings of the
International Sorghum and Millet CRSP Conference, Corpus Christi, Tesas,
USAINTSORMIE Publication No. 92-10 INTSORMIL Management Entity
Office. 5-¢ Nebrisha Center, U of Nebraska, Lincoln, Nebraska.

Rodrigies, R G, Suiver, and D, Teichert-Coddington. 1993 Exaluacion de dos dietis
alimenticias con diferente porcentaje de proteina, hajo dos densidiules de
siembra epocit de invierno en Granjas Marinas San Bermardo. 11 Simposio
Centralamiericano Sobre Cararon Cultivado, Tegucigalpa, Honduras. Federacion
de Productores v Exportadores (FPX), Apartado Postal L a2, San Pedro Sulit,
Hlonduras, 267 pp.

Sherman, € 1980, Growth of all-female Tilupia nilotica in carthen ponds fertilized
with chicken litter. CRSP Technical Report, unpublished. L pp. (In
Spanish.)

Teichert-Coddington. DR 1993, Development of production techmologivs for
semi-intenssie fish farming during the past decade in Central America,
Pages T1-88 in Proceedings of Ssmposiom on Aquacultural Research in Central
America, Heredia, Costa Rici Programa ENVLEW Acacullura, Exenela de
Ciencias Biologicas, Apartado 80-3000, Heredia, Gosta Rica.
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the Secomd Natonal Serentific Congress, Lnnersiny Panama. Pananna

Lore DI Tiunon,and R Visuein: December 1984 Eecto de L aplicacion de abonos
ormmc os, concentrados v s alefresco ¢ e murator latifronsy en la
producaion de Penaens sivliostrnoy Penacas vannamer Presented y 11
Punon o the Tirst Nanonal Saenohe Congress, Uonersiny of Panama, Panannt

Moreno, ) M December 1954 Sunentacon dv La 7 edepia nnforn acen L etapa de
dlevine Presented to the biest Natonal Seientfic Congress, Unnersits of
Pamani, Panama

Moreno. § M December 1954 1 uso del androgens 17 met] testosterona en
alevinage de rdapraodorea parada prodocoon de Bilaprs monosestiades en
Panamit Presemted 1o the st Nauonad SGenthie Congress, Enisersiny of
Panamua. fananma

Preto. R G Garson v Bansteand M de Teon september 1953 1 studio prelimimar
ded policulino de Pencidos con peces natvos de aguas salobres Prosented by &
Pretto 1o the Bifih Ssmposim of Lain Smerean Aquaculiore onersin wustral
de Chile Valdir, Chde

Torres v December 1954 Produccion de Peoracis sovloona s bago Lonlivencia
del Penacin vannamer en estangques expermientalis deggug salobre cony
st hmentacion durame L epoctsec Presented o the hrest Navonal Scienittic
Congress, Ennersaits of Panama. Panama

Panama — Gualaca

Auburn University

Theses

Menain. v T98™ Phosphorus saturaton of acrdie sonls in tropical fish culture
ponds

Barnos, CMOTOSS A of water quality in new freshwater ponds at the
Freshwater Aguaculture Stton e Gualaca

ricte, MET 19SS Somach anabeses of Yt robra haem rosenberen, ilapia
nlotica Colossoma macsopomny and the Wb I pophthalne htln
mettey s osachtines nobdeam poloultore at the Goabacs Freshwarer
Aquacudture Evpenoet Sation, Pananig

Hughes, David o0 1988 Baaditte s of secd prodiction and sex reversal methonds
tor Lilapa ndonea and Beldvertieation s womead hatcier

Peress M 1985 Taamonne and markoting study of hsh and shompon polveulting:
st freshiter ponds ar Gealaes Omnga Provnce

Punentel CVT sy Biecr of Tamng on new wsertlized pords at the Gl
Mcilire: Lapermient Mation

Rios KA I preparation: Wdentibie abon and dyaamies of roaplankton fownd m ropical
earthen ponds recenmg chichen Titter at o rates

Rodeigues, omme 1957 Feadws Peonae i vammeamer and Pencc s stvliostens m
mirsers ponds Master s Fhess Aaburn Lnnersn, Alabuaa

Serrano. A TOST Feonoanes of tlapa producion i monoonttire o pelyealire
with prawns and unlizme manure or a commercoal peliet as the naterent
mput m tuglaca Pauna

Publications and Reports

Green, BW DR Tewchen-Coddington, and RP Phelps. 199%). Response of
tlapit sield amd cconomues o saning rates of orgnic fernlization and
sean i o Central Mnerean countries Sqquacadture 90 270200, Elsevier
Saence Publishers By sisterdam

Peralta, M and DR Tewchen Coddigton 1989 Comparatne production of
Colossoma macropomunt asd Tedapia ndotca m Panama Journat of the
World Aquaculure Socen 2004) 236 230

Tewhert Coddmaton. DR and R Phelps 1989 Hecns of seepage on water
aualine e praducina ol morgameall fernlized tropical ponds fourd ol
wquaculture mothe Tropies 183 92

Tewhert Coddimgton DR BW Greenand RE Phelps 1992 Influence of site
and sesson on water qualine and sl production o Panama and
Honduras Aquacalire 103 207 314

Terchert Coddimngton. DR OME Peradie aid RP Phelps 1989 Seepage reduction in
tropical ish ponds usine cluchen hiner Squacalioral Lngneermg 8 147 154

Terchert Coddimgton. DR N Stone and R 1 Phelps 1988 hdrologs of B8l colre
pouds i Gnalac, Panama Aquacaliural Engineermg ™ 309 320

Ferchert Coddington, DR M Peralta, RP Phelps and R Pretto 1983 CRSP
Fechmeal Report Tistesdle dn season 1983 Freshwader Aquacutiuge
Rescarch Sabon. Gualaca Panama

Feichert-Coddington. DR M Peraie RE Phelps, amd B et 1955 (RSP
Techmeal Report biest avle, wet season 19835, Freshwater Aquacaliure

Research Stanon: Gualaca Panama

Presentations

Peralta, M and DR techert Coddington: Jamiin. 1988 Comparative
production of Colovsoma macropomum and Felapia ndoteoa in Panama
Presented o the 2oth World sguaculiure Soviets Meetiag i Henolulu,
Hawai

Tewhert Coddimgton. DR DB Roose v Kuate md RO Sintherman 1987
Lhiects ol o rittes of orgame teralizanon and o tesels of alkalimny on
prawn production e prasn tlapi polveulture: Presemted e the World
\quacnitere: Socien Meetne, Fewador

The Philippines

University of The Philippines in the Visayas

Theses

Patile Tt 1980 Sorhed and oil solution phosphorus in relation o the optimum
phosphorus Jevel of Lablah i some brackishwater ponds Ms - thesis,
Departiment of Fsheries: Casersiy of the Phiippines i the Vi
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Publications and Reports

Carpenter. KE AN Tasto VL Corre, |W Woessner, and RL Janeo 1986
The eftects of water depth and circulaton on the water quahin and
production of Penaeas monoden i earthen ponds Pages 20-24
Procecdings of the Bt Asun Fishesies Forum. Mamla, Phabippines

Fortes. RD VL Corve Jeoand B Pudadera 1986, Eltects of feridizers and feeds as
nutrent sources on Oreochyonns sulonc s prodicton i Pilppine
brachishwater ponds Pages 121121 m Proceedings of the Biest Asun Tishenies
Forun. Mamla Philippines

Minsabue CLO and YN Gl 1osn
clinnmation of sl shennp ponds: Pages =9 82 i Proceedings of the birst

Lfects of teaseed cahe on selecne

W bisheries Forum, Samla, Phalippines

Nanres, REOS A Ratee AW Tt and B Carpenter 19500 Warer quahin
dviamics i heachishwater shrimp ponds wih artthoa! accation and
arculaion Pages 53 80 o Proceedings of the Biest \san Daberies Forum.
Maaba, Philippines

Vero LMB o und YN Gl 19860 The effea of paddlewheel aerators on anvumon.a
and carbon dionide removal i mtensne pond Caltnre Pages 97 11000
Procecdings of the st Asian bshenes Forum, Mamla, Plaippines

University of Hawaii

Publications and Reports

Carpenter. AL AW LtV L Corre )W Woessner and RT Laneo 1980 The effects
of water depth and circalation on e water quatin and production of Peneaes
ntonodon w earthen ponds Pages 21 24 Proceedings of the First Asin
Lishertes Forun Mamla, Phabippines

Corre VL Carpenter B Padaderand RO Fortes 19860 Hhe effeds of feeds and
ferulizer on the production ol €reedhronns ndesicas mbrachshwaier
ponds Enpublished paper Canersin of Hawanrand Uanersi of the Phibippimes
i the Visavis

Est AW AL Carpenter. VT Corresand R Linen The dltects ol water
depth and Crrcalation on e productivi of Penaeies monoden and waier
sl mecarthen ponds Uapablished paper Cisersin ol Hasan and
Lnserats of the Plibipproes mthe Vs

Laste AN O R Carpenter, Vo bsalo ad 1) TONS Lifeats of water
depth and tidsad mivng on-dvamics of Philipprines brackishwater shromp

Mquculiural I ndineenng ~ 39 301

19SS Reporting fisbpond vields to fanmers squatnte 102 o

Hophins A D oand [ Panh 1993 Instantaneous mortahies and mudovarawe
models Apphicatons o ubapra caliore msshine water e MCPrem G Hula
and D Pauh ceds 0 Mulanate methods i aquacalture research Case
studies of - olapras mees;eranental and commeraal satens sl
zricnlral Research Orzanzaton Bundesministernam tor Wotschatth he

(R

Gonzales.

pnw|\

Hophine K b

Zusammenarbert Interiationat Center e T Squanc Resources
Manavement. Maniba

Ol oD Barday and AW Fast 1o prepacaton Indoced spavonng and Tl
teanog of the Chinese cttish Clarias e s m Hawan

Sy RES A Raese AW Bastoand R Carpentes 1980 Water qualin dviamies
uthrachishwater shemp ponds it atibioal sevaton and Greolation Pages
NS o Proceedigs of the Biest Asei Fsherses Forum: Samilae Plolippimnes

Presentations

Carpenter. NEC AW Bst, RD Fortes, VL Corre, . | Soesner, and R
lneo May 1986 The effects of water depthy and carealation on the growth
of Penaens monodon i semn mtensse cnltuge e carthen ponds: Presented 1o
the Asian Bsheries Forum Mecting, Mamila

Chin Y 8 Estdocand AU Carpenter Leets of water exchuanee rates on nutrient levels
and productan of brachishwater tish poneds

Chines YOS Macabihie, and MUV Sastrillos s 1980 Fadtors aflecong the
teeding rhathm ot mitkbsh €€ hanos o Torshal) Proceedings of the
W Isheries Forum Meetng, Mamila

B AW R E Carpenter 1] Estilocand ) Gonzales baneany 1987 Ellects of water
depth on dvmes of Philippnes brackishw.ater shenmp ponds Presented i the
World Muaculwre Socen Mecting, Fonador

tortes, ROV Correcand 11 Pudaders Man The elleas of formbzers
and feeds as nutrient sources 1 the producion of Oreochroms ndoticis m
Phihppines brackishwater ponds Presented 1o the Asan Lisheries Forun,
Mecttne Mamla

Mimsalan, CLoand YN Chin May 19500 Sudies on the use of 1easeed cahe lor
the selece climmanon F imbishes weshomp ponds Presented 1o the \sian

1980

Eishenies Torm Mecting Mamla

Natnres, KON Ratse, AW Eastand B Carpenter: May £9s0 Wony quadin
dvmies i brackhishwater shrmp ponds waiby aoal a0 0o and arculaon
Presented o the S fisheres Forum Mecong Manila

Ser. LM and YN i Sy 1986 The etlects of paddleslieel aeraters on ammonsa
ad carbon diontde remesal m mtensive pond culture: Presented 1o the Asian
Fsheries Torum Meeting, Manila

Rwanda

National University of Rwanda (UNR)

Theses

Bizmmang, A 19SS Essus de tnage meamigue en e d'un elevage monoseve
des tilapras et controle de Levvoissance sue £ macrocho ot Forendalle (Phe
use of mechameal sortme lor the monosex cultare of olapas Growth s
sith £ macrocho and Lorendalle y Thess tor the degree of Ingemeur
Mronoine. Lanersite: Natonale du Rwanda, Butare, Rwanda THpp

Gaterit, A 1990 THect of stocking e wind composting. regimie on producnon of
fish o ponds Ennersite Navonal du Rwandu, Butare, Raanda

Habineza € 1050 sabse de Feltet de L tomure ongangue tientes depoulisy
surbcrorssance du fdapne ndonca CThe mfhience of Cuchen nanre on
the growth ol Fedapaa milonc i Reandan hsh ponds ) Thesis for the degree
of Ingemeor Agronome, Unsersite Savenale du Rwinda, Butare, Bwanda

Pranco b 4991 Nile ibapna e cochroms ot o production m iropr al
microcosms fertiized with rabbit exerete MS thess Opegan S
Ponersin Conaths, Oregon September 19911 63 pp

Makuznaenne, 11984 Tde des ellets de D abimentation sor L cronsance des
olapras Exsaos et baessar 4 i roc e e b scndalle O stdy ol the etfecs
of teeding on the growth ot ibapuas Lank studies wath £ oacrochr and
rendalley Thesis ton the dearee of geniear Sgoonome. 1 nnersite Sationale
du Rwanda Butare, Rwanda 132 pp

Harwammbaga, € 19877 prelumnan sy of the plankton populaien m tish
ponds al Rwasase thitare, Rwandar Thesis tor the degree of Teensie en
Saerces Eanversite Saonale du Raanda, Batare, Rwanda

79
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Hatangimbabavi. |. D 1989, Deseription des commumités planctonigues des
dfférents habitits de quelques étangs piscicoles de Rwasave (Butare)
(Study of the plankton commungties of different habitats m fisn ponds 1 Fiess
for the degree of Licenae en Botogie Animale, Unnersie Sanonal de Rwanda,
Butare, Rwinda 93 pp

Tsangu MM 9RO Lassoctation poree potssans en stabon etide de rentalnhite
finanaicre Untegrated o bish ailture: An ccononue anabsis ) Thesis for the
degree of Ingemenr Agronomie, Fnnersite Natonale du Rwamda. Butare
Rwandt 107 pp

Nahtze, v T980 Contnbution a letwde di veeime aimentore de o lapranilonca (O
I73R1 des ctungs fertlises de dswasave (Butare)r 04 prelounan stedy of the
teeding habats of 7 lapea ndorea e lernboaed ponds at Bwasae (Butare )
Thesis for the degree of Licensie en Biologie snsmnale. Enversite Nationale du
Rwanddit. Butare, Rwanda 93 pp

Mbarerereme, 111992 Contbution a Petnde de Tinfluence de B wemperature ¢l
e L duree de rntement sur T producoen des alevins moneseves duo
Ovcoctoms wilosc s Memonre presente en sue de Fobtenoon do Diplome
dlngenear Techmoen AL Insnun Superiear d sercubiore el d Flevage de
Bisogo. Rubeneent 65 pp CHie milience of temperature and treaonent
duration on the production ot all nade Oreoc b omes milotcus fn)

Muhathirera, € 1990 A0 aguatic: ooy steds of Uwagangita National du
Ruanda. Butere Rwanda 101 pp

Munvangaqu. v 199 A studs of the Likes i the Bugesera region tor the: purpose
of developine an opumal fishing etfort Linersite: Satonal du Rwanda,
Butare. Rwanda a2 pp

Murungra | 1992 Contnbution o Tetude de Lo productinate de guelgues
grammees ourrageres it asis tros freguences de coupe Rapport de
stage. Feole serwole et Voennare de Aabutare, Butare, Rwanda. 32 pp
(Comparative productivis of eiehit forage erasses  three catting
frequences &

Murwamashvaha )N 1989 Stds of the tood ol Clarias eartepins of Like theme
BN thesis Danerse Sanonale de Rwaanda, Butre, Rwanda 116 pp

Munwanashivaha, 1N 1989 Aharentation et parssitismo de Clar s cariepinns
tBarchell 18220 ancFoc Thema mpact de s predaton sur Févolution du
stach ew Haplow oy Aeedig abis and parasiison i Cliras gang, mus
CBurchell 18220 Lake thenn Impact ol as predation on Haploc b onus
stochs 1 Fhess tor the dearee of Ineemeur sgronome, Eonersie Satonale du
wanda. Butare. Rwanda 101 pp

Ndiebine. v 1956 Bunde des comdmions de reproducuon de Ddapra mlotca en
ctangs dee prsciculure: CVstuds of condinons affecune e reproduction of
Ddape sdoricaom Reandan bsh ponds ) Thesis for the degree o Ingenieur
\eronome L onersite Nanonale o Rwaedat. Botare. Rwainda

Nearambe, 0 19N Frade de Binflaence de Le tunmure orgamque dientes de
poulesy sur L dsnamigue des elements ternlisants de Fean et du sol de
guelgues etngs prcicales de Rwasave Chhe fluence of dnchen manure
on sl and water fernlin i several Bish ponds at Rwasave 1 Thesis for iy
degree of Ingemeur Aerononie. T onersie Natonale du Rwanda, Butoe,
Rwanda

Mategehie D 1990 Nitrogen budzets i sk ponds enrched with fernilizers of
dilferent €N P oranos ar Rwasave: Butare Tinersté Nationad do Rwandu,
Butare. Rwanda 117 pp

Nsengnumvie v 1989 Production des aleans monosexes de Lilapia mlotica
Linnacus par Lo methode dusex resersal (Producion ot Felapia nilotie a
fingerhings by ey reversal methods y Theas tor the deeree of Ingetenn
Agronome. Ennersite: Natonade i Rwanda Butire. Rwainda 107 pp

Rutthanga, 11992 Contibution o Fetade des Licenrs intenvesant dans de tam
nfestation des Fefapra nadotscs par tes Diplostomandae tnaladie des
pots nowrs) - Rapport de stage elecna Lo SPIR dur 1507 90 au 15 0298
Feole suncole of Vetermnure de Aabatare, Butare Rwanda (hactons
aflectmng the wdestanon vawe ol Oreochomis mlotnas by Diplostamatd ¢oeis
thlach spat disease) a8 pp

Rwalingit 1 1ot Lnrchment of compost s nitrozen and phosphones and s
elfects onthe prodncoon of 7zlapia nidotica Danersie Sabonal di Rwanda,
Butare, Rwanda 107 pp

103 pp

Rwangano, 1990 Tmeractions of mpu types and water qualit on the producuon of
Oreclronus mloncus (L) in Reandan ponds M S thesis, Oregon Stae
University, Conadlis 99 pp

Lwer, M) TONT Une etude des moddlites dechantillonage des porssons en
clangs piscicoles OV comparative studs of methods tor samphing fish in
punds ) The s for the degree of Tngemiers sgionomie, Unisersite: Nationale
di Ruanda, Butare, Rwaoula

Publications and Reports

Wanson. 81,10 Mochl, KL Seveneas B Rvomganos and M Vi Spesbroeck
1988 Pond culture of nlgpuiin Rwandie 1 gl alutude equatorial Mncan
comntne Pages 333530 RS Pullin, T Bhokaswan, k- Tongutha and ) 1.
Maclean, editors The Second ttermationad Ssmposiam on Tikapia n
\yuaculiure ICLARM Conterence Proceedings 130624 pp Departiment of
Bisheries. Banghok, Thatlad. and Internanonal Center for bang Aguate
Resources Management, Manila Philippines

Nrangwa, 1G5 Michell Jeoand RU fucher 1990 Hhgh pertorsance hgud
chromatographic determmaton of ¢ methvdizole me sheep plasma and m
anpmomated Ll teseue hay Tournal Chromatogs 352 105 133

haraogsi, oG L Mitchell I and ®E Tucker 1990 Phannocehenctios of
methsldiuzole e sheep Journal of Ammal Scicnce 08 32774280

Presentations

Rueamgat, 1 and L Secheust June T2 09910 Oreocdiomis mlon us cabture m
Reanda Opirmal densi and feeding vation i carthen ponds Posier
preseted at Intermational Squacuhore Contesence sod Trade Show Dublin,
Iredand

Rurangwie Eoand 1 Verbieust June 101201991 Comparatine grontheand mortalin of
Crcoclon ndonc s and Clasias ¢arie proas tingerlings i earthen
pomls tRwandar Poster presented at Tnernaoonal Squacnlwre Conference and
Irade Show Dbl trefand

Rurangsa, Eoand 1 Serhenst June 10120 100910 Shide presentaton. bish culire
m Rwarde v b alotwde developimg countmeme central Mnca International
\quacultore Conference and Trade Show Dabhin, Irelamd

Auburn University

Theses

Hislumunda, Nathanael 19930 The cconomic analvsis of smalbseale fish culre
i Rwanda v conparative study. M8 Thesis, suburn Universin, 240

Publications and Reports

Hansow. B 10 Mochl, KT vevencas b Rwaneano, and M Van speabroedh
TSN Pond cubture of slapra m Bwanda o bigh alonide cquatonal stnean
countny Pages 353 359 i RSy Pullin. 1 Bhohaswan, b Tongutha and 11
Maclean ediors The Secomd internaonal Swmposiom o hilapim
Mpiculare JCLARM Conterence Proceedings 150 028 pp Departmen of
Fishertes, Ganghoh. Thalaul, and fernaoomal Cemter for Living Aquatic
Resonrces: Mamagement. Manle, Phiippines
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Hishumundi, N and ) 1 Mocht 19809 Rwand:e Natonal Fish Calore Project
Intermanonal Center for Mquaculiure R and D Series Soo Sy Wburn
L mversaty, Mahama

MochL JF Ir KL Vesencac BE Hansonsand N Tishaminda 1987 Development of
approprate pond nuonigement wechmgoes for use v Rwandan farners I
RSV Pullin, ¥ Bhokaswan. & Tooguthar amd 11 Mackean teditorsy The
Second Intermationad Svmposn on Dilapraon Wwqoaculinre OARM Conference
Procecdimes 15 Department ol bsheries, Banghok Thaland. and [CLARM.
Mamila, Philippines 6235 p

Molar. J1. €1 Conc PoSarahabinana, and v Rubagnmna 1994
Socioecononie factors atfecting the transter and sustamabahin of
aguaculivral technologs e Rwanda Researdt and Deselopimient Seoies \o
AN Alibana Agnciiral Expeniment Saton. Subarn Dusersiy. Mabama

Popone 11 oand BW Green 19900 Sey reversal o alapia i carthen: pends
Research amd Devcloprient Series oo 335 Alibama Aericnltural
Experiment Sttion Sl Cosversiv. Mabama

Verheost TR Vevencd and T Rurangwa 1991 Comparaane erowth and
mortahity of Oreochiomes ot s and Clare . carepos lngerlings m
varthen ponds (Rwandar Pages 318 380 N De Pauw and 1 Jovee, ediors
LAS Spead Pubhication No- B cE Dy Aquacalture and the Limironnient
Al pp

Veverice N 1992 dn Progeessy Proceedimes The flard Conterence on Thigh
Flevation Blapra Culisre: Butare, Rwand.

Presentations

Hanson, BV Sdotesiho, B Rwaneane, B Rurangwa, M Van Spavbroech, R
tubb. and W Sem Lnwan 1988 Relatonshp: between warer chennisin
and the growth o Llapiee nidereac Rsidan (Central Moea) fish ponds
tertihznd with chichen mupure: Paper presented at World Aquacalture
Socen Meeting. Honolul. Hawan

Harvammbaga, € b Rwangano. and B lanson Liowane E88 v desanptine
sticds ol plankton oy Rwandan tCenteal Ao fish ponds teralized wih
chuchen manuye o inple superphosphate: Paper presented e World
Muaculture Socens Mecting Honolulu Haw.an

Rwangane, 1M A Spesbroech b Rurangwas b Vevenct and 5 Haoson: Lanian
19SS Lingethng production of Prapia nlotica at e Rwasae hish Calture
St of the Nattonal University of Rwanda Paper presented at World
Agutenlture Societs Meetine, Honolide Hawan

Oregon State University

Publications and Reports

Balahrshnan, ROK Vevenca and 11 Sarahabimana 1993 Rwande Women m
Muacnliure Contest. Contetbunions end Constramts Ofhice of Women
Development. Oregon Sute Linersin. Convgdhis Oregon 39 pp

Balahrshinan, RO K vevenica and 2 Suradubimiana 1992 Proceedings aof the
Collogqunm: on Rwanda Wornen m Aquaculture hiwembe Saton. Rwanda
WD Oregon Sale Easersin Conadlis Otegon

Balahrishian RO K Vevenna, 1P Saeadubiana, and R Raney 1992w
Approach to tntegrite Gender Vanable i Rwanda Pord Dynanies and
Aquactifture Colliboratne: Researehe Program WHDY Oregon Sute
Enisersine. Corvallis, Oregon

aris TR ET Dreas M Hurdev, W R Sein and Ry Tabh 1991 Disposition
and elmmnation of P ee methsltestosterone m Sile nlapia €O een livomis
wtlottc) Agiaculture 99 192 )

Hanson, B TE Mockl KL Veseriea o Rwangino, and M. Van Spesbroeck. 1988
Pond culture of ulapitm Rwanda. a high altitode equatortal Mrican coomn
Pages 335550 RSV Pulli, | Blukaswan, K Toneathan and ] 1 Maclean,
editors e Second International ssiposnmi on- hilprem guacuhure
TCLARM Conference Proceedings 150024 pp Departiment of fishenies, Banghok.
Thaland, and International Ceater for Lining Mquattie Resonrees Saagement,
Matla, Pluhppnes

Sthoht, E DR A fubboand TR Cortis 1986 Indubition of hepane T D
glucuromd ransterase (0D GLE actis comadent with elevated plisma
sev sterond concentriations during gonadal maturaion mocup o Pages 333
330 RSV Pulling 1 Bhukaswan, The Tonenlogist N 60k

Procecdings o the Colloguinm: of Rwanda Women i Squacaliare 1992 Enghshy
Frendls sersion and Moarwand Erench sersion

Presentations

Balahrsloan, Roand 11 Sviahaimana 1992 Rwanda Somen's Role in
Inteerated Aquacalture Ssstems tor Resouree: Sustainalahity Farnnng
Matems Rescarch and Extension Samposiiin Working paper series
Michigan Ste Unversin, Last Tansing. Michigan

Curtis, L1 Direns M Hurdes and 8 Tubb annd 1988 Samial vesidue Tevels
after sex reversal of Lelapaa nidotiea by methiltestosterone bt peesistent
alterations i hepatie detosicanon sesiems - Paper presented at Lederation
of Amencan Sociecties for Eapermentd Biology, Las Vewas, Sevida

Serm W TS Eaing oo region classification o order pond management
strategies US Forest Serace Workshop o Warm Water Ensh
Maiteement June 28300 Bend, Oregon

Sthokhe oL Gurts, and RO Tubb 19860 Tnhibaten ol hepatic EDP Glucuroml
wansterase (UDI G actnin comadent with elevated plasma sey sterowd
concentraons durme conadal maturaion mecarp Paper presemed st
Societs of Tovicalogints, Alante, Geored

tubb, R March 19560 The teduction of esgadiol by Bver enames i carp and
raunbow tront Paper presented e Foncology Mecongs. New Orleans

University of Arkansas at Pine Bluff

Publications and Reports

Engle. €08 Brewster. and b Ihtasesn 1995 A0 cconmme sudvsas ol fish
production in . subsistence aenadtonal cconomy The cise of Rwanda The
Tosemal of Mquaculture e the Tropies 8 151 163

Springborns RROAT feses WY B Chang and € bogle 1992 Optiminm
hanest ime s agoaculivee Snappheaion of economi priseaples 1o
ulapra gronth model Aquacolire and Tehenes Management 23 639647

University of Michigan

Publications and Reports

sprmghorn, RRCVE Jemsens WY B Chang, amd C Engle 1992 Optiamum
harvest e sy agquacaltuse S apphcaion of cconomie prineiples to
laprt growth model Aguaenfture and bisheries Management 23 639-04”
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Appendix A.
List of Acronyms and Definitions

AID
AIT
ANOVA
AU
B

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

Agency for International Development
Asian Institute of Technology, Thailand
Analysis of Variance

Auburn University

number of binding sites

that information and data base in some sector or aspect of a developing country
which is necessary to measure change in the future

Board for Food and Agriculture Research

Bourd for International Food and Agricultural Development and Economic
Cooperation

assistance programs involving arrangements between a single developing
country and a single donor country

an advisory hody selected to assist, advise, and make policy recommendations
to the ME in the execution of 1 CRSP; members represent the interests of the
CRSP

body weight

Consultative Group on Imernational Agricultural Research

Consortium for International Fisheries and Aquaculure Development

institutions which form z partnership arrangement with a lead participating U.S.
institution to collaborate on a specific rescarch project

Collaborative Research Support Program

dlay

Data Analysis and Synthesis Team

the process of compiling and analyzing information about pond culture systems
from diverse sources into a coherent, usitble format that can be applied to the
development of predictive models and to the improvement of the efficicney of
these systems

digestible energy

diel net primary productivity



DO

DOF

Dp

EEP

Experimental Protoeol

Experimental Treatment

Expert System

FAC

FCR

FDA

Field Experiments

FTE
GFY

Global Experiment

GOR

Grant Agreement

Grant Proposal

Host Country (HC)

id.

INAD

dissolved oxygen

Rovat Thai Department of Fisheries

digestible protein

daytime respiration

17a-ethynvlestradiol

External Evaluzation Panel - senior scientists not involved in the CRSP and
selected externally for their ability to evaluate objectively the scientific progress
and relevance of a CRSP program on an ongoing basis

a detailed plan of a field experiment which specifies experimental methods,
sumpling schedules, data collection, cte.

fish cultural practices (e.g., fertilizer application, supplemental feeding, ete.)
which modify the physical. chemical, and biological environment

a computerized compilation of knowledge that is used to make “intelligent”
decisions about the management or status of a process or system

Freshwater Aquaculture Center, Ceatral Luzon State University, Philippines
feed conversion ratio
U.S. Food and Drug Administration

controlled fish production experiments in which quantitative responses to
different levels of treatments are measured

Full Time Equivalent

gross .. old

the ocral!, " of W CRSP for rescarch on problems and constraints, globat in
nature, sty results are applicable and transferable regionally and globally
(worldwide)

Government of Rwanda

the formal legal document which represents a binding agreement between AlD
and the ME institution for a CRSP; this is the legal document for the CRSP
recognized as such by AID and the recipient institutions

the formal document submitted by an ME to AID, proposing 1 CRSP for receiving
a grant outlining the manner of implementation of the program and showing the
budgetary requirements

a developing country in which a CRSP has formal activities

inner diameter

Investigational New Aninwal Drug permit



INRP

Institutional Development

JCARD

JRC

LDC

Lps

Matching Requirement
document

mb

ME

MINAGRI

Mission

MOU
MRTC
MSU
MT
NFY
NGO
NIFI
NMFEFS
NPP
nR
NRP

OIRD

International Research Project

improvement in the capability of institutions in developing countries to conduct
development programs for agriculture and other sectors, or for implementing
educational/training, rescarch. health, and other public programs. This may
include improvements in physical facilities, equipment, furnishings,
transporttion, organization. but relers primarily to the development and

training of a professional cadre.

Joint Committee on Agriculiural Research and Development (formerly Joint
Research Commitiee) . BIFADEC

Joint Research Council, USAID

Lesser Developed Conntries

Lampiras, Honduran currency

that sum of resources. financial or in-kind, which participating U.S. institwtions
must collectively contribute 1o a CRSP program as defined in the grant Galso
called cost sharing™)

mibolerone

Management Entiny

Ministere de I'Agriculture, de PElevage, et de I'Environement (Ministry of
Agriculture, Livestock and Emvironment)

a formally organized USAID unitin a developing country led by a Mission
Director or & country representative

Memorandum of Understanding
Mariculture Research and Training Center, University of Hawaii
Michigan State Universin
17u-methyliestosterone

net fish vield

Non Government Organization

National Infand Fisheries Institute, Thailand
National Marine Fisheries Service

net primary productivity

nighttime respiration

National Research Project

Office of nternational Research and Development



OSsU
PAR

Participating Institutions

PD/A CRSP

Pl

PMO
rec

Practices

Predictive Models

Principles

PVC

RENARE

R&D Bureau (R&D/AGR)

RWF
SPN
SRP

Subgrant Agreement

TA
TAN

TC

TH

THB

Oregon Sate University
photosynthetically active radiation

those institutions that participate in the CRSP under a formal agreement with the
Minagement Entity which receives the AID graint

Pond Dyirmics/Aquaculture Collaborative 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
Programi and Poliey Coordination

fish cultural activities related 1o design, management, and operation of pond
culture systems

mathematical models used 1o simulate the processes occurring in pond systems;
in the context of this CRSP, predictive models are used as analvtical and

management tools to improve the efficiency of pond systems

the physical. chemical, and biological processes occurring in pond systems and
their interactions

polyvinyl chloride, common thermoplastic resin

Department of Renewable Natural Resources, Honduras, Now known as
Direccion General de Pesca v Acvicultura, Honduras

(Formerly S&T/AGR Bureau of Science and Technology) central burean of AID in
Washington, charged with administering worldwide technical and research
programs for the benefit of USAID-assisted countries

Rwandan franc

Senvice de Pisciculture Nationale (National Fish Culture Service)

soluble reactive phosphorus

adocument representing a subugreement made hetween the ME and a
participating institution under authority of the grant agreement by the ME and
AlD

total alkalinity

total ammonia nitrogen

Technical Committee - a group of scientists participating in the rescarch of the
CRSP as PEs, selected to help goide the scientific aspects of the research
progriam of a CRSP

total hardness

Babt, Thai currency



Title XII

TSS
TVS
UAPB
uceD
UH
UM
UNR
vo
USAID
USAID Project Officer
WID

yr

o
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