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Dedication
 

Since April of 1993, when the downing of President Juvenal I lbarimana's plane fanned the civil unrest in 
Rwanda into civil war, the P1)1A CRSIP has been deeply affected Iy the events taking place in Rwanda. An 
evactation of U.S. citizens was effected almost immediately after the violence began. CRSIP researchers .Jean-
Damascene lucvanayndi, lieven Verheust, and Anaclet ;atera were en route to Rwanda after the PD/A C'SP 
Annual Meling, when their flight "',us re-routled to Blujumlbura, lurundi. Although Research Associatle Joyce (J) 
Newman wa still in the ['.S, her huslbanld, ais well as the spouses and fai ilies of Ihe other reseairchers, had 
remlainel in Rwanda. NewmaII and \'erheust's spouses were able to escape thotuh Buju1bura, Burundi. 
Bucyana'audni and Gatera crossed hack into Rwanda o find their families. Ioth men were killed. Bucvanavandi's wife 
anl three children escapel. 

Reports issuing frol Rwanda since April have been sporadic and sketchy: nevertheless, we have pieced together 
enlough information to know that other CRSP aIssociates, such as \'alens Ndoreylo, anl other research station 
workers met untimely and tragic ends. 

We join their families and their country in mounrning the loss of these talented individuals, who were promising, 
ildividually and collectivelyv, to make great contributions to their communities, their cotIntn', and the world of 
aquiaculture. We dedicate this annuIal report to their memory. 
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I Introduction
 

HistoricalOverview 
The Pond i)nutnic,,/'Aqtaculttre Collaborative Research Support Program (P1)/A CRSP) isan intenitional 

effort to (leveop aqUcteltoral technology :ISa means of confronting food security problens in (leveloping 
countries. The PD/A CRSl' isfunded by'the U.S. Agency fo:r International )evelopment ([SAII)), under 
authority of the International )evelopment and Food Assisltance Act of 197.S (P.L,. 9- I01 ),and by the 
universities and institutions Ihtlparticipate iltle CRSP.Oregon State U'niversity (0SU) is the Management 
EIntity (CNI') for the CRSP and li: s lech nical, administrative, and fiscal responsi)ilitv for pnrgraim performance. 

The CRSP is acohesive program of research carried out in selected develo)ing countries anl the IUnitetd 
States bw leal1s of L.S. and host cotlnlrv scientists. The resources of V.S. and host coimltr intstitutions are 
brought logether to improv the efficiency of pond cutltture systems1hrough sustainate a'qacorllUre. 'h(I .S. 
institutions participating inl 'niversity, the [niversity of California at )ais. thethe prIgram are Auburn 
Iniversity of Oklahoma, alndthe Consortiun for International Fisheries and A. ac toultureI))elopnleil
 

members include the Iniversitv of Arkansas at P1inle(CIFA\D). (IIF.\I) Bluff, the I'niversit of IHlavaii, the 
Iniversilv of Michigan. Michigan State University, and Oregon State I'niversit . IHost couotlnttinstittlions with 
fornal linkages to the CRSP through Memoranda of Inlerstanding are the National Ineiersitv of Rwanda, 
Royal Thai I)epartmntt of Fisheries, Asian hIstitte, of It hnologv, )epartment of Renewable Naitural 
Resoturces, Agriclitiral Research Centter of I .pt,andI Central Itizont State I'niversity of the Philippines 
Nunerous linkages are also maintineLdtwith other I.S. ,andhost coUontrv govrlt enlal :an(d tuu-govern mental 
institltions, atd with pri\:te companies ,nd farmers. 

('RSP I September 1982 after several %carsof ptl:annliing. Fronm 1982 toactiiti es were formallv initiated ott 
198-, (RSP projects invilvecl the participaliot of govermlent agencies and educational institutions inl sixhost 
countries: londttras, Indonesia, Panllall, Philippines, Rtwanda, and Thailkil. Funding constraintstile lturii g 

I')86 and I98" forced areduction itt operations. A 
reorganization platn w:s stmttitted in I)ecemuher 
1980 to the hoiConntteille ottAgricultural 
Research and I)evelopment (ICARI)) Panel on 
CRSPs :tnd the Alt) Agricttural Sector Cmuncil 
Stt com inittee. Time lh wtIll into effect oiplat.wit 
I September I98- , called foi- naimtining a 

ea1ch tile 
origin:tllv selected. l'hrete otmll' sits t'e 
ClhoseI: Rwanda, Thailand, :lldPanamita1,. 

presetntce ill o ISAIl) getogr:tlhical areas 

Ilowever, 
following Itlhdecision. political initiatives ill 
Ptnamamll in I98 made it lecssar%for the CR'P to 
lemte Pmllmnma a.nd(1returin to londitras .:trgelv 
through the eforts oflAiro'urn Ilni,it\•:tlld 
throigh comintuing fiIanucial ctnilinteints of the 
SSAIl) Mission, tlte CRS1' %utswelcomed b:ack intl 
Ilhttiras iltApril 1988t nd eg:tn ,\lteriitlents 
.vith I(thran )epartmtent ofthe assistana, (I thill 
Renewtuhle Naltmtl Rett,, inAttgitstrces (I REN,'\I) 
19)88. 



New Challenges and Events 
This iear's yni iprgrammattic and technicatl accomplishnents 

were overshadowed by the tragic events inRIwantd. R Civil(wanda's 

abot 1 l ld det'a'ting Cthanlge to oltlr p~rogn'a.un-the enid ofSlll 
r ,\fri,abut )roject silt and the detth of mny (Rll' rtseatrchers and 

7 (co-workers. The teictions it the beginIning of this Annimuatl lkport 
-ire but a sinall sign If the sadness ffIt h%each and e ie)1,rson 
the CRSl., especial llth olhse \h ,rked oil the Rwalndla project. In tle 
face of adtrsitiv, nani' personal stories unfolded and are lnow 
becoming parl of the fabric of our progralm. It is with this dlepdh of 

exlperience atd emllotion that %weiha'rk uipoii a quest for :a iew 
African site. 

New site selection. although not palt of the past year's 

activies, %%ill heelmne a m:jorImhnderlatking in tie ear to collie. 
Not only istle CISP evlaling allernate siles in Africa, bui ills 
looking forward to establishing anew silte inSouth Anerica. The 
iniliatill f iew sites, however, duu.l.ndls oi the funding received 
under the next live-year grant. 

The (l, ,II'haL heeii invited to submit afive-ear clontinuationlprolosal to I SAIl). Recent external 
reviews lime rattd tie progran is exceptillial ant(leserxing (If nlianced funding. New%Comlpnenls If the 
program will target food security, in formation 1alniageiclnt, Ii llanresolrices deelopinent, and 
econ(mlic grortli. The proplosal wais liriginall due inAugust I99m)+butl Changes within t'SAlI) and 
IIIAI)EC have resulted iil naljor delays. Conseqnentl%, the proipisal will be atfICtliS of the cominiig year's 

work, 
Uncertainliv within FSAlI) h.*as also been reflected in other wtys within the CRS . The PD/.A 

CRSP receied a 10% Cut in its I99+9 -)5 hudget-less in ahsollute terms than the other C SPs, three 
of which were ct greater than ,th%. Tle C?SIV grant, wlose exlectedl eid dale was 31 August 
199i.was shortened by .tiloithus, to 310 April 199i. Funding and time colnstraiints will therefore make 
the ctoming year a period of great challenge. 

This past Near wa.s the "war oif evalutations."lie hegieginninig of the period was marked hy the 
ctilniimitioi Ifthe HIP Quinquennial RevitNv (wvhich look over a %earIIoclliiplete), ant the 
undertaking of the I SAIl) Internal Administrative l eiew. In additioim the Glo al Bureau 
conmissioned Tropical Resetarch and I)evelpiiient. a tIaIsidling firii, to evalnate all of the CRSPs. 
Their finlings shed a psitive light on tlhe P)IA CRSP, especially in the areas of prograiii 
mnagemenl and oerss, impcts, Filmlly, ie Egyt project, a Large informnl Im\'-in giUll under 
the CRSI', was evalmaed ht, I SAIll)/(air<l aiid I SI)IA. The Egypt project received tonilnieitltatiolis 
and %%,,as for ain exltesillii.reco(llllielttle 

Continuing Activities 
Global Experiment and Related Activities 

Wilh the completion of the first tire, tlts of stamdardizetl gloh extperiments (I1982-1987), the 
CRSP beganfocusing oii the statistical iiterrtllioli of tlatthat wire ccollected at the original six 
project sites. The research prograimn was successfuilly niocli lied to refhlct a redttiion in sites willtlltl 
changing the overall emlhiasis of the CRI. The global ntre (Ifthe piograni therefore riematins iiintact. 



Experimental protocol, as lescribed i sub~seqlent work plans, conforms to that of the original three 
cycles to allow comparison hetween sites over time. Field experiments hlend program-oriented (see 
(;lobal Ixperimen t and Related Studies) and project-oriented (site-specific) considerations illresponse
 
to tile
results of earlier experiments.
 

After y'ears of lisclssion, the CRSP is moving ahead with plans to incorporate llch of tile
CRSI' glohal 
data hase into tile International Center for l.iv'ing Aqtalic Resource Managementdata hase of tile 


I(:IARM). FISIHI\BASE. This will further ensule safekeeping of important dalt that have heen collected
 
through ten years of CRSI' experilLents. 

The CIRSI itssed anoIther milestone tile of a version nowwith ciompletion flew%- of PONI)CIASS, 
called POND. PONI) offers a Microsoft Willdows " -hased decision sunpport system for ameuaclture 
pod management, with ehiloaticed caiacilies such as ecllonl"ic forecasting and weatiher 
simulations. Prospective users (f PONI) are comlleting a lestionnai re; stIrvev results are 
expected to he useful for ilnproving the next version of tile P()NI)POND softwvare. not oly provides 
iev tech nology for fish culturists hut, also serves as anlexcellent telacing tloo gponldfor SuitiI....:,, 
responses to a1varietv (of input1ts. The softare manatl is noiw availahle in French: thle Rwanda teai
 
translated the mantal illa cooperative effort wilh tlei Data Analysis and Syniithesis Teoun. A Spanish
 
translationiof the nantl is ill
progress. 

New Brackish Water Site 
The terniminatio( of hrackish water sites illl'anla and thIlePhil ippi nes in 1987 focused the
 

approach of tile
CRSII tovard freshwater research.
 
NoIw, the ,RSP's new%hrackish water site illCholuteca, Ilonulr:,s, which (itled lItst
year, 

Iroviles Oppol irtlni ties for sttl(IuiJig envi n ni ientally anl economically iiporltall hrackish water 
systems. Ill accoranc(l e with the goals (of the USAIl) Mission illItondloras, the CRSI) is coIndulcting 
research ear (;illf to eval (tate environIental impacts ad altlernaltiv prodlctiontill If Fonseca 

strategies itssolciatd with shrimp farming ill region. along the I'),A
thaLt Closer coIllaboratthin 

CRSIP and I londlrain organiiatins, other CRSPs, and to re is being facilitated
private aq nLaclUl farx'ms 

tlhrolgh the CSP's iInvi lvenient in this nlvev
sit(. CRSI) research at tie freshwater station in
 
Cotiliavgua, vhicc(Itinues to operate tinder host ctountl' now ili extenLling
u. supervision, focuses 

CRSP ttlilologies.
 

Recent Additions to the CRSP Framework 
The initiationiof a new site ill Egpt ill Octoher 1992 offered the CRSP aIll exciling eipplrtlilitv to 

investigate )ond ma1Inagelent slrtlegies iniil arid clilate. The Egi.)t proiject is nIow parl of lie 
ftmily (f Pt)/A CRSP lrojects, )ut that it is funded unler a separate grant frontI SAI)/is toitlue ill 
Cairo and the National Agricultural Research Project of Egypt (t SA\l) (rantDNo..263-t1,-Gt-00­
223 -0). l addition to tie ialndatory (;loal Experimelnt, %%icli is coinducted :tatl(C6"1sites, tile 

gx1)t project is crelited with :ialling new research themlies to the (l;SP: plyctulture, liicoiIerslio 
ti~l hiotec'h lilhigy. Al\so,, thitl(hgll'.he lgpt project, the ItISP halsadded iew, researchers to its list 

of cooperators anll hLs exl)anledl its institttiional affiliations (rlew particilpalts imldIe the Cemtral 
L.abolratory of Aquacllltttre Research, Ahhassa, an( tile thiiversi tv l.(of O(ikalionia) Lgtime 
institutionial memnel'rs of tileCRSI' larticilatinig ill the EgPt prloject are Oregon State rniversity, 
Athun 'niversity, rniversitv of Hawaii, Universitylf Michigai, :iiri tie Asia.In Institute (If 

Techmohogy. 
The Igyp)t Project presents one (,example of the CRI"s active tursit of new ipllortunities. 

Because collablorative projects ll1St oth thlle host ((olries and 1V.S..as well ;is fulfillhellefit overall 
CR51I goIals, new opportunities are aclually quite rare. Nevertheless, tileCRSII has heell successful in 



attracting new projects in four taLrget areLs: socioeconomics research, gender studies, on-falrm studies, and 
outreaLch. Projects in these focus areas ire showing their first results and are successfullv adlling I broader 
dimension to the ClSP experience. Naturi l resoiutrces manageenlt lu always been a cornerstone of the 
CRSP; therefore, the contintied efforts in tbis area are not iew\. What is nei\% isthe integration of natural 
resources \\ork with soci' ncltun'rala;[il econoniic dimeinsions of aiqualcitnrll'e. Many of the tehluical 
st n'aries conltained in the Ai\ital Teculnical R~eport of this T\elfth Anmual Report present practical 
economic inlforiltion iii addition to the biological analyses that are the mainstay t., this CRSI. 

. global social sciences project. \which beganl in.Ji1m' lt1992. has IS ClSP ecolloists, biologists, and 
sociologists collalboratinlg \tith researchers front the Philippines. Thailand. atnd Ilonduas in an examlination 
of aiqulatctltture techllolhgv adoption ani diffusion. This project presents one of the ClaSP's first aittempts to 
full' fInld :asocial sciences tctiit\ that cuts across 1itilitlher If (RSP sites. II owe\'er. continuedl fniding 
constraints - this CRSI isfunded oil average at -0 percent of the other C(ISPs - niaxagain relegate ''"cial 
science research to he fiunded primarily thrl.(gh extranitiral stupport. 

\\hen BIFA)1 originallv designed the CtSls, the mandalte called for greater focuis oli reseircl 
than on (Lt reach. The P1)/A CRSP, however, sees thte partnershilp Of these tIM I pes Of activities ;is 
critical to achieving positive social imIpacts. 'Therefiore, grealter emphasis do ring the past .year has beell 
placed on] fannmer participatory research, oil extending research informatlllo Ito eld users, ald on 
adopting a research straltegy Ihlt is sustainable anrd appropriatte. The IRSP pr)oj ect in Il anda, for 
example, regularly assisled the I SAIl) Mission with its natlural rTsources projects 1d helpe traInsfer 
CRI1 teclhologices to Rwandan farmers. In Northeast 'hailand. the CRSP is cooperating \ih 
scientists frol(i other dhlm"o agencies inl helping farmerslhelp thenmsehes. '[heldir'ect input that farmers 

provide to the research p rocesstehnen-SresulIts more releu and e.r 1hC ant cost-effect i% 

Leveraged Activities 
Ann11uatl sonme1 

the (;RS; (CIRSP fllds ere used as seed iole\ to leverage suppor' frol other sources. For 
exallple, the funds for testing Cl1Sl moradels on farm,1-1S 

This [T\\elflh Report Contailins stillilaries If studies that were oily parliall.' funded by 

ill tllC Phililpp~ine's were tIllaltched h\' the IliVe\rsitv 
of Iawaii ild Central Iluizon, State Iliversilv. In aldditiolt to the u:iin gralls and comperatolrs affiliated 
w\ith the CI SIPproject in lwanll, the EIuro pean Econolmic Con iunit contrilbled ftlnids to improw 
aInll expanl the pold facilities at Rwasave Fish Culture Station. Ill pr,\iols wars, funds allocated to a 
Women ill I)evelopment study helped to leerage funds froim a tnither of sourcTs. 

Other Collinuing sludies include inestigialions ill tropical pond soils, which hae alloed is to 
facilitate linkages w\ith oller soils projects such as the Tropsoils CRSP ill Ilhdlras: p(l\chilltre 
research using ntative species; ani researi onl ecologicallv sound alten'tlik'es to the:rapetlic drugs 
used ill fish Cnltore. 

Other "by-in" actiities include expanlding traditiolal pondl dmilics \\o']k to e compass atbroader 
anlalysis of the effects of aquaciltllre oil the environme_'nt, andlalt t0 supl)ort,; gr;it from I SAIl) 
\w(rkslhip olt scial sciences persplettive1integratin i into mail ine CISP research. 

Research Support Activities 
The CRSP's direct inolkelment %ilk farmers, educators, ,tid (tthelend lusers (If C SI technology is 

ol. watv to actively exietl information geiterated by the pgramiu. Other inforitlllion is extlded 
through the CSl1s tIlnrolt'1s publicatiolis, w\hich are aiiumed at oth techtilical and non-technical 
auidiences. The CRSI1s recetlyl\ illitiated iternatlionllal to1write it hmk onleffot a Cil lrehietisive tlhe 
printciples of lonld(1dnmics also iml(Ihes the mllactllutre c linitt t at-large. This homk will he a 
isefil addition to liulactlltuire researchers, anl students' libraries, all in effotrt is being itiade to iliake it 



available at an affordable price to people ill less economicallh aldvanted countries. The hook will update and 
expand on an11 './/trt',which isill its thirdearlier CRSP hook, Primipl.s and Pra'licx a, I/'rn/lr/.qo 
printing. 

The CRSIP has benefited flolmits inohe[Ittnt in the CRS PCouncil, atgroup composed oft SAIl-funded 
(ollholaliv'e Research Support Programs, although full participation in this groulp etl.acls athigh cost in 
ternts of tine 11(l capital front the Sialler CRSIIs Such as ourselves. Throlgh the Council, the PA)/ CRS has 
participated or the %carsill presentations to Congress. tile \\orld Bank, I SI). [ l), I'ARI).,and 
enirolllnentail groups. One impact of this effort isincreased public awarelless of CRSI1 prograluis. 

M;in\ olher iclthical anod1wogr111111at'ic accoplislllllts aire dlescrihed in dtail ill Ihis Tl\ellh Au111111 
Adhniinistrati, Ieport' ,, hich c'tel's Ihe perioid fron I Seteqniher I )t). to 31 August )I This report isIM. 
dihided into t' \ohilllles: Progrmll Technical RIpots. Iach sectiOli 11a1sAccommplishments amnd hetI 
designed to Sta1d oil its own. PrograIl Acco)Iplisllllueils en.comIpasses all adnlinisralie, reseall'h. and 
oitl' '.It'll ili(s duiriog the repwtm)lllg period and includes Sections o0 pIrogram histolrx, persolnl, 
fiiiaicial Status. ;iliiirtlli,,eand illlmgellet'll :tliiti,'s, ihstl'ractS 1f c\lprnltlIs colldlcleda1lltechniall 
during the pItst war, :nd non-rsearch cii ties sucI s tralnillg, 1)1ilct.tlios, scrvicCmild Techlial: 
Reports focuses onl the' rescilrt'h accomplishlnts of the programn and comtains full technical reports. (See 
t\l)Pemi~i\ I for thie [:[)It ,f colleills of the lec.limical' reports \o)hlnle. ) 
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II.Summary of Activities and 
Accomplishments 
1 SEPTEMBER 1993 TO 31 AUGUST 1994 

Majoiacomplishments hiiing this reportiig period inchide the inittion of Sewnth Work Plan stulies It 
all sites. Stu(ies schedled tllder the Si\ll \ork Plan had bel Ctcludetd ilthe preoios period. except for 
one experilitIll. \hich had t'been Ax\latda 'Sewilth\\ork Plan experimet. I()N), the ne\\-decision­wili 
support sxsleI fMilh allov to l)tuiCot(iln i I'trlnlll 11Jo-Imagen1lIllt strategies,l'kcilit1iianagltI C Of \1r(nS 
isno\v :tilale to)intherete(dpersos ,.\1111 1 of ciI TujfiL'S \C (' 01 1IllICIt'd. ThetA ltll)' 14-sC~tI'h 11 i\ iliC'S 

(CISI1allsopa:rticipleltd ill tm ) lillrt'l CU'\:luillmIh101(111r-1S. lte I)\T.and flte, Thllilaild, ,lmlagellilt 

lollit.I)lliil)tt'd l 'I l)l-0'jC,(t,,IAit +',lr. it\\ Mill \\A:Sil lh(the (AI' ' it,\+he,l~ 1u11,rI,ulttI.'Chlli 

stibstintlgi griItcd all mvi\ttsiill, . \s :i\ I tConiitinetl through aakus. tl i'to di s),steiiiiiate research reslts 
rctlt of it\tits.
 

Overseas Research 
Honduras 

,et'tth \\rk Pai c\l'iillltts MIt iiiitiatt(d this ,s\:1rat the hrackish water site at Choltitec, and tlle 
frtshattr Silte it1:1Crao. Btraclish \'uttr rwsaich hocused oil the eitilronilutal effects of shrimplfanning 

1 iIilt o'f i(ji S to redthuce'oil etuatrine,\ til.tittuillit\ ',1(doil thit dtt'lo 01tc ltr'e1 ttCll t 'Mlliolnlnhtlal illlpact. 

R~estarcltrs dtilionsiitttcd uit "i'tritlt ,tililits \\tctt :itssotiatild \\ith higii0ht0rutliCt loa1ds than go,glf 
e'llibmtillctiltS.\€oll'riw rili('u'tlll'ritsm'd lio ,tsa )il1i] '\t', ,tlll-iCS"lh \!(li;lhilitx: 110\\ t'i\ClrillV' s o \~ 

l.,<i1l:t and t,, itdhi-u, i il fl') tsoll. SlltlN+StV u',riatbilit\, utr col ,lll'.'alt'l+'f , ill lhth11 ' A C'011l)Mlli~illfollnod 
Ihlat lprmluct,r ,(c011td rtetltct, inpult in~to) SV,;tS01 n10i fililto shril the, litritill c'1,t11-itcs during the,(111x b\ ;t 

illialliitltitilt rialtit foun l thit o / ri llht, ,aisn shrimp \ield.s It \\ais is( lt'ti i li, did nlot iiirellst 
O)ther ilp lr;ltt' alsot rtedlin d ill th 11 -\h htec'lisc, the rawt 11t l :(".. didcall hiv sc'asm thcrtatiil (,'tliL, h\ 

nit restilt ill sioiiificaill\ rtdittd ,i i itd. 
001;ihi I\lti1iit tsta,,',ti''it 1HCIMt kilao dilftl'tiit\\it.',as 1 )it at a itfiCittitisis cllpar'iog 

ntlat1agtcitlllt rt'giiics. ft firl int thw i ohtaitt-d frontrtatlli llulhmtd tirtili/atiol itclllltittilvilii th' 
de'cisioll-slppo't N\shl( )(N+I,\AS," lprtctl's(r lto \\ithl\I (tht, I'()\I). anrdkus+ coml;i'tre a secon(d 

tretm enlltlt u,,td l atllill()lli,, ll'atti)ll aIl'ili/altiol l,.\ t-t11[+lll1\\hli(hI t<ll c'(licli ,(I'M' ;is guidehih Ilhird 

tolipairtt t Hflit ttil stltinrai itti n) .I.N)(t.\Sofil tlit t fllimN _2 .c ishi/iti'. ittmoii,,'odatios 
le'd to) nill-o htecattist n ' u iit (llytra:illtida,t,\'tc.sskt tci[Crtili/;ttioll lrin 'tla co;s b\ (.1ll'htoll 

linlitatioll. lhiv l t I \ \ tc\pr-illt,1t ,,t i'Al ,h\itdhlkrct,ll+,ls \WTt i1C~M cluiOM,.\I111idt~o fi \\(tC
 

tlfiertlit tlts. ll 
tls'it\ \%hich s ilicamtlk redt-cs imrlc'lailit\ of' ilh, 
uhlaiuiid \\itfht \ d f iti'lihLn V\tr, illtlititf l fish Sit \\t silialhr ait tiit ihighe 

tilapia. 

A setod shiiiii \ citsihtits d ;oltt'tii, rais oflifipt Ilitl ui ittla 
tyl-rivtml. "", lilhtli;i t1am1liliu l,,dt o -+ 

t stu ri d ltotullit 
\combination of and 2i,",, s'h u i%(-the' kt,-rcstill,. 

The'Iflmltim ,tlll Also 'ondu(idt'd t\\t %lfich part of Ilhc S"(,\(tllhstlulic,+ \wtrv iHot S;Ilh olr \\r'k+
 

al st,\-f-,ckn;Ico()llollo111 Illol lal;tions.licetd . 

Dotctrillfillallio)ll ofl \ulchr tt,111ptralltl-,illlt s p~r()duclion ofI llaplial for ho)r lll 

H'all. 1-llo'im -r-,al lplra nitllod to ob~t~ill ,tsfih p 

lhtolillia'l r el i l ll tx h'\ 

1 , +' S(,\-r'C\ClrSJi]thlegoad <d hl d ,tili~l Islil. ,hhl Itvil~ ri ui of In\\Its o ir igatioll. ;i1hrt, 't 1i(1, 

lpl'(thlttioill 1)t'ho\\ W r+-t-dl',tti lpper hoolldall+\g~i\w InI 

aIcomplan;llionl',[tl([ cl t rie'd dh'h'rtlillt ofl 

did ]lot occ','r Iii h,c Il,e \\;is lb>\ ig th,,i'tce-da+s. 

%,r1ct'alir Ito + il the admhlinlistratlionil'l1lu,(),tn I 

iliipri t ithtc grm\lh o Irftattil In Ititliu sl hi, lt-flttm has t113irttil littture fortald si ifttit ii thlt' 
otlitr spvicsI t Illt ill ,igiulitaS ilfferntts \tr Ilistcitu ebwt te l Irted andlati da',is tl 

tiltreated fi"ill uriiticillt.thi,, 




i 

Rwanda 
RwaIInda (lRIS personnel conduciCteCl 

fi. %%orkshopsin ll' 1993 a.'ndtnined 
0(0
extension a.tlS of the Natio niialFislh 
(CultureSeixice. The'terrihi civil %,;ir 
Ilhai
hts rauged Rm\andal since spring 

"=
-- ........-..--... It)99
tedtled all research anid etelsioll 
- ' - -- " .--. '~'~' ;t iti in Rwanda. \\hen the Civil 

... . sit evrupteil., the IllIndi(ISP temIl 
_-... . \as in sfig die proili'litini il\ 

diffl t-,of fed Ilpilds atnti nlill,-
differeitnltllilns: ilt determination 
of fish production relatioi ships froi 

.,exishli1 f:iern iratnd data: alil 

t 11iii;frnass-Iiodtiiln teCiniiti.S. 
lese dTies thelteiopniits necessitatet 

-- ttt'hol)n, of'a ni,lell ,\orlk plan for the 

,- + ,,, 'h:;ril~ lltt d'\ li h~' Ci-1-till)tn' 

r "Is'wanda iatthe outhreak of open 
., oII(ilities. All lipIe accsitsillill' ;l'',S 

i the' lI ta lilts lost. New.nt h it'el 
Stludie's hIlaw htet'ninit~iailtedto let'trnilite 

the most effctlive lil reoml-ell for hoIitils.' Soil I)rS: toe.f['lnit estiiillo sift'rt infiCSlglik,thes Of 
pond Soil chailracteristics on ihosphorus fiilill aailabilit\: effect of Iced(IltlrmsllnIlil 

Consumpionliiii, gri'lI, -. etr. ofli fl.;: to tcu~illi~illt11c of se\ reveral'l1ti t'(nm iolli 'itilpiall andi~ t' t':lt'\ 

atsfilllltlioll lr(,. 1Ir ill ill t, ih.llt. 1 Stuidy' 
(iheltl.eoif rict-hralintlsfeed sho11 111t anui liltl, 

lrt;llulltai o~f\ualtr Illl rllT Tl SCht'it'.luditCSt r c, Re'(~lfromli oil 
dt'filttd f'ish ha rit't-hranl,lgrit'liilll'alhy'-ir is :1good(:and 

lo]od .SOtll't't. lI'li l !illt' hillntllo
et'OllollitSupl eentl CNpt''illl)\\hbeli~tI no~t )lil\ Ih11ili. I'V1lCt, (';VSiCtoh 
loose rice bri. lilt\l re~ducc'tlhe' nvet'd naillin pllditalso :lnoiln, o f felrtili/clr appllict'lioins fertility'.th I ll 


Thailand and the Philippines 
\\as the :il1mm o 


ihailaili and (alSP eseal'cher-s. Thet,first SIIIIs.s,;ailt'd til, 


Determination (if optimal ios)hioruls fertilization illt oh . tuiets Coiilcte( bv 
relatioii htelen plhospolirots 

sedilllell hiat optliinunolphosphorousconlctratioS and plosplihoous ertililltioillrates. It\\is fonlild 

ferltiliiAtlioil. \\.hii does lot result ill
either itler- or oler-ferlifi/atioil, cal he ohtained if the' fertiliallioli 
ralte ishtsed on ih ihhosplorouis auraltion level of the sedtilltll. The 'lci ldNlIdI reitorted aqilick 
inleliod Iostlimtll i urlatiol Iv~eI in sediment . isii,t(limliiit cli content isthe ke'phosphiorois 


v'ariahle.
 
'
Supplemiitial fteulinig is often ntccsssa\ lot gl\\in1glarge ilr.\111:ahmh, tilaia. ,"es.elsltudies
 

,this llllia lilliuiii indicated thal dingimestigatetl aisl)tls o'lif gclillt . l(esills rls sUlihenieitat1l h'ec 
lose, %\ l:ite staling tlilte (i 


grow\vilg ptriotl cmisidrahl\x..\ mujlnlanim Itlu(l 


produted inMt'hcim feed mile aler fish him. reached I1)1g) t'\ti(lit,at 
im.sligated the' rulhitimiil hmtctttsn, sockiig dmsit\ 

:llid under iSilllemental feeiling regimie.Initial results indicatetd that grnls. ilcarlUsiig ca'ilti rates 
erilg 'aalcit hteeun 

comaliaring tlile gri'owtlh ralte of tilapia inder different illplil uind that t)(l... oh t,uriance in 

w're similar aiong trealtimemnls altllil :lrt ltl ilol I t lied. \third inmvsligialilln. 
regilmes, 



growvth could Ihe expl:ined by feed and fertilizer input, alkalin ity, anl total inorganic nitrogen 
conceltratioi. Comhinations of feed and fertilizer vere most eficient iin growing tilapia to 500 g. 

Improved tiderstandi ig of pond dynamics iskey to optimizing prodttioi techniques. (Carhon has 
heen shown to he : liiiting utlrient ill previous P1)/A (ClSl research of tropical fish ponls. The Thailand 
research grouip worked oil two Stud(lies to firlther iirvestigate caronhll olhin's. One sttU(IV attemltedl to 
stahilize total alkalinitv adding carbonate as part of the fertilizer inllt. )urilng the dr seasoll, total 
alkalinily was stible ill treatment ponds. but declined in Control pond1s. )uring the wet selson, no 
treatment effect w%"as curren tlv ii ltrlw avu. Ite rates of exchange ofobserved. ASe'ond stud. will qllalltifv 

carhonll dioxile hetweenl pol llthese ratles with flotosNnthelic
water andtilte tlmoSl)here and Compare 

carhon uptake anl respiratory release.
 

Most of the P)/A CRS's work hts heeu doiie in shallow pn(dcls (approximately t In (feep). Iloever, 
there exists counsiderable potential for aquacltLur in rail-fed ilrigition reseroXirs. These poldls would 
likely exhihit differett characlterislics \i ihcli would requtire the dehelopi.nent of new manaement 
strategies. The iinitial results of anl analysis of the diMI temperature and ox.geii stratification ill deep, rain]­
fed pillds in Thailaild lends Credence to this view. While lhe Srllface laye (tp to I Ill deel)) behaves 
much like , shallow pon(, the water belows' this avelr is isolated from the top la\er aLnd did not seem to 
Imlix during the expcriiliclltal period. 

Research condulced inl the lPhilippilles isa1sub-project of the Thailald project. T\o ite.'stigations are 
ctirrently undtlerwav at the Freshwaier A(tl'ultlueI Center. ACil] piarisIl of the. .performiance(of different 
tilapia strains \\ill prolidc the information necessary for (elopllellt (If a hreeding programll The CRS V 
Philippine teamlis Collahorating with ICIARM's "Geinetic Improvement of Farmed lilllia" ((;IlT) project 
and \%with n th'the research prj'ct of' "Genetic Manipulatilons for Imlprosd Tilapia'" Conlducted 
F'reshwater Aqacult"e, (entelr at Central Iuzl State LVniversitv and the Il iversitv (If \aes Swansea. Fish 
from hoth prljects will he comlpared \ith tie Chitralaidat strain, usetl in 'hailtland, and tle tinmalniplltlatel 
strainl Ilsed in the Philippines. The seconid sltud' tests w\hether lCRl fertilizer guidelinen's will he sociallv 
acceptable and eclcoi'icall \iabhle iinder Philippinecdltlitions. 

Egypt
The beginning (If experitnelts ill gpIt last sIear was (cla\+elide to inclement weather and a 

resulting fish kill: therefore, moist (f the secon d year exelriments (see CRl W(ork Plait -) were still 
iihenav by tIme (l0( of this reporting periol. In order tIo C(onclude tile research, the enld dte of the 
Eg.lt project "\as extended il )ecemeher 31,I )9.. tummaries iof activities Conlucted fromn 

9 1Septmher toII)ecenlher 1IA. will he puimlished in time Final Report(If the Eg.lt Project. 
Imiestigatiolns at tlhe Central taborattory 1'0'A tuII1re' Reseach (CIRI) in Albassa, IEgppit, 

focused on validating CR5I 1 guidelines il an arid climate. Fis e different pll mu:mllngenlent 
strategies \wre teste't and \ielded significatlv (Iif[ferent resilts. 'lhe highest gross .ie,hls were 
ohltiiietl from theIFertiliz/atiotn then Feed irleailiienl: timelo\st yields \\ci, Ibtailetl frollI the 
Chemictl Ferlilization treatment.. A mnpaniio study' e'amlined the eliolnitC irturnls Ih taiile.,€l froml 
eac'h treattmlnlt. Tle highes t ,lCOilllnlic tl'lrs ob(lltaiied frolm the Fertilization then Feed 
treatlment, while the, Chemical F-eltilizatioml ti'eatiment i'e.sull(.,l ill the loset, returuls, A third study 
ctr(ml 1rVtyield cha'lcttristics Of Nile tilalpi:l to those Iofhlte tilapia. Initial resultls indicte Nile 
tilapia perfollls iter il thaii Afourth in+esligLlilm tilis toI de'termnlltCl retme1nt+t hlue lilapil. 
the effect (If stocking rale onl Nililalpia gr(wtli and .ied. Iitial resulls ildicate t negative effects 
of ithe higher stocking rate ol or"yeld. 'lIgvpt iroject tealli also iiiitiated t sttls\ ofonither gro\wthl h 
IEgxptian pold bottom Soils to determine the role of polld soils in 1 dlnainics.(l1nd rititient 



The Ebgpt Project added hiotechnology research, a ne, line of inluixnr inthe fanily of CRSI studies. 
Several of the studies focused on ile of sex hormones, mainly 17cL-mnethIytestosterone (M'), which isIlse 
internationally used as a sex-reversing agent ilaquaculture. The U.S.lood and Drug Adnm inistration (FDA} 
grantel : "comllpassiomlate" Investigational New Animal )rug exemption GNA)) to allow research oi the 

drug. .Afield trial was starlted inn 199-1 at the Central 
Research (IAR) at Ablmssa, [PgI. l'his tei field at the CIAR, was devoted to both the 

efficacy and safet of Ihis .ulv laborltor. for Aqiactiltire
 
researclh, conducted inl 


development of atechnology to mass prodluce tilapia fry of NIT on
for sex-reirsal,and examining the effects 

treated fin. Initial results indicalte both high efficacy and survival rates. 

Other Nil'r-related research \as 'ondLucte'd at (t)regonState t inivesity (OS) and tlhe tniversitv of 
Ilawaii (tl1). The OSt' research teaml) characterized a hiidilg site for sex-re'rsing homones ill 
gonadall lissle of'adull Nil. tilalpia aiid also de.eloed a receptor assay, : fast tool for screnling Ihc 
efficac' of newvly devhloled sex inversion agents. Other research at OSI continues to follow this lineof 
ixlltui stinilg giilal in tilatpi:. Itl a cr'op'eservatiollbyv d'.elopnlielnt The OSt is also developinlg 
techniiute for sperl'm ald determinling alnarltati thnil'ue (ilintmersion) might he salferif all sex-relersal 
than tile (Iedicated feed).currently used me'thlod 


Researchrli's at tI atstudy oilthe separation of six-re ei-sing effects of NIT from
collmdtlcttd tie tile
 
growth-lronitiig effects of this drug ol two different species of' tilipia. It was found th:t tile riltglro\\Ilh 

(if Oreo'hronmi alw'ola was Itw\ice the ,no.,. each and illnear+y alte of 0. .ibh'o.vit lose level, almost 

all ttreatmimentis, NIl-treatled ani mals grewV sig nificaitlvhetter. 
Atotallyrent approach to tile, inlnosexdiffe generation of 

tilliiahiapplied I Atibui' tlli researchers, wholts )ll rsitv 
are woirking todevelop a t tilapiahretdinig prograill to 
generate mioiosex iltapia that eatledoffspr-ing with
are nIt 
hormoines. So far. lot- i issi h sipeitales hvlet heent 
identified. Iltoweer, males h'licltpoiied iure thaln 95'%.male 
I-rogc ny ill first prduce suchtile mimling did not consistentl' 
ft'eqneicies of ntiatle offsprinig ill tl"'l.consequtent 

Bll'init'rsime 1lid t., aolltllirido'ollt'tr 'esea'h, focus of 
thw Eglpt PIojict , focuses iil iilding a polcillttne system 
suiled to timeconditionis fotliid inEg.pt by utilizitng currentv 
tlniisediplld s\stII i'iultmponeitts sich as aqualic weed(s or 
sitails as fish food. Initial restisltfrom the hioconersion 
ixlerilliills itlictelld Ihi effectitiless of giriss aid lack 
Carl iscontrol agents: 1eiwv, ,'onsiderahle colliltmlilioil 

teatllllllimiidscotllil and nilletl 
illtrpretlati(inof thes results. Pllvclttire experitmen ts arT 
.,!i,(illgoiig and 10 resillts were 'mailable by the tid of this 

of tile wilh im-ll restrict
 

Data Analysis and 
Synthesis 

I)uin
i this perii,[lhy Ol ),AST teami conmpleted wvork 
if tilediisiomi stippr it IPON). IPONI) w\its developedmtim 

to 1roid tle "uul~atiltuir \ ith . tool fur rapidlyCoinl]ituil\ 
l ++++la- . i n aimliril'l m til lliltt l SX clll1,and to assist ill 



developing optimal nilutagentent strategies. POND can ie used to set iLl)pond facilities with lifferent 
configurations and/or management strategies. Iacility managers can use PONI) to project possible future 
economic return for different management options. Approximately 8O copies of POND) Version 2.0 have 
been distributed to a,wide au(lience including extension agents, educators, producers, and researchers. 

The I[Iiversity of California at I)avis I)AST teaml concellnrated its efforts on further ipnprovilng existi 
models of oxygen dynainics and developing new models for stratified ponds. Curre nt tnderstanling of 
oxygen dynami(.cs ishanipered by insufficieint information about liel respiration patterns. To collect the 
missing informationt, :arespir1iiieter Iiaes been deceloped for use in a(llactlttie ponds. Field tests showed 
that respiration rates change Substantially over diel periods, wvith the highest r-:att's occurring in late 
afternoon. Model developmilelt for stratified ponds focused oniwater tell)pe'attt re behavior. Acomputer 
model using stoclhastic inpiits of solar radiation, wIind direction, and wilid speed hts heen developel. 
Simulations carried out for Thailand ponlds showed that surface temperattures exhibited Ihe largest 
telnperatre flucltualtions in response to stochastic inputs. 

Central Data Base 
A (entral )ati Btse colitinties to be maintained by the CRSP for the storage and retrieval of 

standardized records from the research sites. At the individual sites, (ata oi physical variables (e.g., 
solar radiation, tem peratture, and rainfall) alnd chemical variables (e.g., water and soil chemical 
characteristics) are collected concorrenlth vilh biological measurements (e.g., priman'y productivity, 
fish grovlh, and fish productilt). Whereas the resultinmg sets of data are useful for site-specific 
stulies, the conlpilatlioll of' all tileindividiial data sets into thle Central I)ata Base provides 
opportimnities for iawi:,' kinds of global analyses. I)etailed staod(lr(li/ed records such a.sthose foilmd in 

the CRSP Central I)ata Base are rare ill the aiqiactliltllme lilerature. All dala frolti research acivities 
conducted uinder Ile First through Fourth Work Plans are al reatdy iil the Central l)atal Base, whichlils 
continuel to expand through the inclusion of ile\V (lataI genterateled under the Fifth and Sixth Work 
Plans. 

In response to aIdeci:ion reached h\' the Mana1genm nt with inllutHInlit\' and Board of Directors, 
from the Technical Comnittee, Central I)ata Base functions were transferred from the Program 
Management ()fice to tile [' iversitv of lawai i at lHilo ill May, I)93 . As the qualatily of data generated 
by CRSI research hts increased, so have the storage reqtireienls. Coitseluelty, ditrinig this 
relpmlinig perio(l, the datlabase has been consolidated and slorage requiriieimen ts hlve heen reduced 
by applroximinately 50t. In order to increase Speel, util ity, and user-friendliness of the (latbase, aI new 
program, I:oxl)ro r ,, lilts heem impleimented. Aln additional advaittge of l:oxpmlnoli is its abilit\ to work 
wilh different plttforiis. A ment-driven iitterface for Macintosh anod IBM -tyle c mputers is bting 
developed. This allow" the distributiot of the etntire database a:; a sell-contained unit. 

This new feolure will great lv itcrease the itlit of the I)ata researchers outsideDamnlBaise to 
those directlv invoked with the IPI)/A CISP. The Ceiitral I)a Base \w:s (lesigled to facilitate 
comimuiications \ilh other large datli bases. such is the Tropsoils CRSP datll hase and I(;IARMs 
FISIIIASE, thereby creating opportunities for collabioration. IEfforts continlue to integratt, tite CIRSP 

e('nltral D ta. I:tse Mith ICIARM's FISIIBASE. The Clltral l)ata Base can also setxe as a storage 
and retrieval celter for standardized daita froittia research site. CUSP scientisls as el\\l Is 
scientists in the aililaciltlre Col)lnulit\' at large iitay con tribute to atnd access ite dat hase. )alta are 
available oil comnputer diskettes or"in frilit as 1'0md qai'u/lureC/labru'alivei. 'it'./A 

Revt'a,('/ I, ata R1epT . 
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III. CRSP Research Program Background
 

At its inception, tie Pond l)itamiics/AuctIilcLltre CSIP had asingle, main theme-that of a conlionln 
set of exleriments to 1w implemented globallv, following a standard experimental protocol. lhe (lohal 
Experiment, aLsitcame to lie called, Was inten.dedi to facilitate comparative studies of aqtuactilture pond 
dynamics; such studies would help ts hegin to understand howndanth. ponds at different geographic 
locations function difl'erentlv, and huo%%'the inanagentent of atjuaculture poInls might he fine-tu.ned or 
ahpted to different sets of ,vi roinmental conlitions to optinize production. 

As CRSP research progressed, it becale apparent that there were imlportant additional needs to 
he adlressed. To Iinect these addhitional leeds, research comlponents were added, so that in the 
paist few years the main coIreof tlehprogram has itncluded three componlents: 

" The Global Exptriment,
 
" Special Topics Researcih ii lsl (oCountries,and
 
" Data Analysis and Snthesis.
 
This Ill.in (Iore activities been supplemental activities that
of C(SPS 1ls anignielld byw are 

'ssocialted with the l1l:in ('()nllp)Oillts and collphleent them it-iUitCe ways. These sipplenllttal 
activities have ihncl (ed solcioec(onomic studies, soil-water interactions research, th(l developllelt of 
Simp.le new techiliques for tile evaluation of pond c(liti(ns, and studies Io develop improved 

techniqtues for fish reprodtucti(o. 

The CRSP Research Program
 
The long-range golal (If the CRlSP is to increase tihe efficiency (Ifpondl culture systemls. This gotl 

ita;s the enefits not only' of increasing the availability of animal protein in less-tievel(Iped c(oLnlntries, 
but atls(o of imprrovi ng the ec(nnomic efficienc' (IfaqlUati~ltttral production it ally ctoiti, including tile 
U.S. A teclni'a pl conlsisleni with this goIal ,';is develolpeld under a plannIling study funded b1 
I'SA l ) inl 1981. Vn ier this plaiting study, tIhe literature (ol stale-of-lic-art polnd culturt w'.s 
reviewed and synthesized, resulting ill the publicationl of the first edition of Principh's and I'actic'e,.% 

(?I"nI .A qtta'clthure.and 

4 overseas sites mere stli'ed tIo 

-tl'" "' detterlrine rese:rchi neetds :ttd 

the )otentild for tile 
esahilishmelnt f researcl 
projects. 

The t(chnicl: %vrk plail that 
(_',,e€lki from the planning stutd' 
imolk d w(it t'stllishll Ill of 

researclI pro'ects atl sewn\t sites 
ill si cotLu'tries. Two Ihiackisi 

water nd fi e freshmater 
+ res e arc h l ro j c is %vtre I ll lta t 

sites ill (,eitllra America 
(Pnl'i1oat and Hdltras), Africa 
( lilt, ulandSoulhelast Asia 

(ITailtand, Indotsia, and(,the 
Philip~pine(s) in!1)8.1. All oftilt' 
Slites %\(?1'i'\\ il t :1 Moil, I "i 

dtgrecs lmlith (oi.south (Ifthe 
tC(atlor and 't'illresetll tite 

thiee iljIr tIlrlicol region(lls 



where advances inpond aqtactnlture woul ihe most beneficial and(1most apt to succeed. Although sulbseqtent 
changes (primarilv in response to ftnding constraints) ill program required that research bethe CRI5! 

continued(>luI at the sites in Thailand, Rwanda, and IIondtras, those thret
major regiols have continted to 
be represented. Since 1991 tie CRSP prtigrain has heen expaniled )ythe initiation of tsub-project in lie 
Philippines and the beginn ing of atcompletely lnew project illIi .t.The research colducled in Egypt greit, 

scope of tie program by adl(ling i arid site to tile intclutded
 
sites only in relati'elv humid areas. In I993, research inhrackish w%,ater 

increased [lie pri gram, which had previouisl' 

environmetis was resumitied with tei
 
addition o acoiastal site ii IHondurats.
 

CRSP Work Plans 
A Technical CoInmmittee has had responsibility for devel ping lechniical work plans throtughout theliet 


The first three CI?,Sl' 

exclusivelv gloal in nature, covered activities from I Septembher I9-u through 31 August I987. The
 
First Work Plan specified istatuard pritedithre for the preparationtand stockii g of piils, and tile
 

(CuSPs histrv. Work Plans, outliuiing annual research proigramis that \were almoist 

concept of :astaidard prlocol for research at all sites has been mliintai ned thriighout tileprogram. 
These standards lim~e evoI~d into the Cl"ls Ihandbook 0!Anal'icalA'liod., which il was coollh.ted 
and distrihilted totparticipals in 1991)2. 

In response tothe recommenlations of the Exlernal v:ltilatiun Vam, dultring the first triennial review. 
work ilans begi, iii g\ith tlit Ftirtli Wonrk I'lan be ttveloped allwha hen lu a biennial hasis tio more 
time for tile iif e\pleriineits ie\%tots, This chatnge in ilecompletion" and etluatiin hefore planning 
plainni g procedure is the logical outcome of the neeto lest I\potheses that deelop (lirectly fron ttie 
results ouf ire\ioutis ( RSP1 tperiments. Another significant chlalge that htgaLl \ilh the Fotrth Work Plan 
is Ihatt iae isO hC)een Ihehsite-specific studies i'lucled. Althiugh global aspects of (CRSP research aire 
maintained b\ ciilidtcli g similar experitments (referred tu aIsthe (;Ibal Iperilteit ) ittile aiOtis sites 
anl by couicting these experiments in a stal] darliietd manmer, other expen uen'im:are tots adjusted 
motre directly address the needs of ailtaclttire prodtucers ill or region which the researchlte cotoitrt ill 
is taking plae. 

The Fourthi.Fiflh cm cmldctedand Sixthi Work I'lans ted reseirch in t\o-\eIr periods fron198" 
throutgh I99-i. "'hisreporting period cinstiftutes the first %ttr if activitits ctMut td ller tli Se\eith 
Work Plam, bit it also includes some aclivities c huuidcltedtminer the Sixth \Work Plan. )triig this 
reporting period, the Continuation Plan PD)/A was li focus of effortsfor tile CRSP hv the, Technical 
Committee tid the Maiagenienlt Office. 



U
 

IV.Abstracts of Technical Papers
 

AI~IL..I ~ 
A. Global Expeiment and 

Rel veste ig ti nsstockedI 

Validation of PD/A CRSP Pond 
Management Strategies 

Work Plan 7, Egypt Stlu, 1A 

Bartholomew w. Green 

)epart mlelt of Fisheries and Allied Aq uacuIltures
 

Auburn University. Alabama, USA 


Zeinab Hl Nagdy' and Abdcl R. Hl (anial 
Central I.aboratorv IIor Aquactlture Research 
Agricultural Research Center 
Abhassa, ligpt 

Abstract 
The obectiies of this research were to (Iuantifylilapia yields for 
estalislie Pondl)llai ics/Aull uii dCiI lore Collilboralive Research 
Supporl Prograin pond nultrielit input strategies IIder illiatic, 
edaphic, anrd \ateI ltilil t Condilions found in Igxpt and to 
coipare these reslIts to tihose obtlld using tradliolidi Itgioiiia 
Inanllagellrtl praclices. i e treatmients, each replicateld fIour 
tilnies, \ 'Irc tested ill I0. Ia- caulcrtn i l(l' s. Trcallnelts tested 
were: Traditional ;',1'\'nuin. L-nti e )I/lY.lulu \vltian, Fe"ed 
Fertilizationt/hen If"Ced, and ('Ini 'a FIriilia tioWI, Poinls 
were stolckedl it 20,0ll ()rc i rn/olni inilotilusli; IIxed-sx 
fish \were stocked i1 pfgpli rildln trtallnints ~-, td fish inall 
ohers. Experiilient ti i was i (Ims. 

Nile tilalia gloss \icld differed significalill ail(iig Ireatllnis 

and ranged froli 1,2 8 kg/dia (hclielclical fertili/r Ireatilill) Ito 
2,8"' kg/lia (fertilitation thcn feed treatnitn). \Wild tilapia 
(0. (euere'u. S. g/i/.'e. T ili iled all llOlilds dild ('nl rilltld 
81 to 06 kg/ha to Ilial iillalia .ihld tr'tlliclt iiileans. 'lls, tital 
tilapia yitld ranrgeil front l,.i10 to 3.iSY kg/la and repiresenteld 

I.0Itfron "8 o9", li gross fish \ild. Gross fish yields ralgelld frolli 
1,52 tIo , -i.kg/hrl. Tilapia yiclds inl tie 7raditioanlFQ,7pliall 
andIFertili er Itl leed Irealltleil \was signiflicantlly greater than 
itt Ile Cl'i icnil I"vrtili.erIreallientl. Tilapia arie ilarkecd in 
Egypt b\ sie classas foliows: Ist class - I Io i fislh/kg; 2il 'lass - ( 

to 12 fisli/kg; 3rd class - 13 tIl 25 fisli g: aid. tiil class - 26 Io Ill 
fish/kg.,r .8/kg Ist class tilapia to 1,1Fni-gatc price varies front ITL 
1.75/kg ,itlh class tilapia. Greater yields of Ist and 2nd class tilapia 

were obtaitned wheire organic ferilition sulsed inl tombination111 
with formulated feeds than where chmical fertiliza1tion alone or 

formulated feed alone were used. Resiuhs indicaled thtlponds 
witi votnig-of-year nioliosex ti lapia and~ miantaged accordlingRsthe tested s. tins were fe:tsihle ingEpt. 

Yield Characteristics of Two Species of 

Tilapia under Two Different Pond 
Environments 

Work Plan 7, Egypt Study IB 

Bartholonew W. Green 
Department o1 Fisheries and Allied AquaCulltlres 
Auburn Unia'ersit, Alabama, USA 

Zeinah lIi Navdv and Abdel RE. Ganal
 
Central I.ahralryt for AqilC Iuire Research
 
Agriculural Research Center
 
Abbassa. IigvPt 

Abstract 
PtI)/A (,IzSP researcIh lesigis have been based oilutse of Nile 
tilapia (()n'mo'Iroilius 1iilticls) as lie test Species because th is 
species %as 'Ollillioln to all research siltes. In lgpt., Nile and bhle 

(0. auv'uIoI)lilapia, both good(llot'tilre species, are eidelic. The 
objecti\ e of this experill ilit %%.asto com111pare prilction 
characterislics anlld lictiion eclonom1ics of 0. iti/loclils and 

. ic rearcd in inds aniaged iiider two different 1111trielit 
illpilergilnmes. 

Isighteeln 1.1-111 plilIs at the Central ltahlorator for 
.\qllacltilre Research, .bhassa, Alil Ilaillia(l, Sharkia, Igypt, 
m-re used for Ihis stid%using a conliletely randoilni/ed (lesign in 
3 \ 2 factllrial rrailgeine(lit, \llT, fltolr \wre til:pia St'itS 
(Nile. bhic, or ('ol-stockell) and ond niltrieli inliut regilie 

(cheiciial ferlili/aliolln or frtilizalion lienlfeeId). \Vckl 1liplica.illis 
of iitroge at 2i kg/ha adll lillsllhorl'uS tIo illnitnllll ain N:1 'ltio If 

.i:I \%t'rt, ililed' ll lh ( 'he'loie lFl rilizerIi'rallienlt. In tli 
I'irtilizerIliei i'+ed treaIIelill, chickei litter \\;as aplid \Ic'lkl\ 
atI, 1,00 kg lr, inaller/ha for Irc fil'st cight ,eksfollowed h\ feed 
(25W lir,tolii (llilliit'ir'Cidl fish teed) ((ill. Pniids \erstl t'lktl \itl 
s x-reerseld tilapia fingerlings oil I .ulk 199.t at a stockilng ralte f 
201,00011) sclledilcd tIo he harcslsted afterfingerlings/ha. Poriils are 

clinpletion of I it diys of groi\-olilt. 

http:I"vrtili.er


lsed on seine, samples and estimrared fish hicrmiss, and 
nsuming 20,000 fislhhra, the average mean individual fish eight 

afer 83 (l,.as of growth %,,scalculated. The highest stilada 
lioomass and average weight were obltaineud ill tre l.ilizer-flrti 

ed treatment for 0). nihtiic. ,)2- kg/ha and 1 .-r ,/fis .
 

resrtn %e.T,hfo l-o, Chemical Ffriiviz. treitm,ent 

restilled in the l\est average weight/fish (-F0.8) and ill the h\\'st 
,stimllted hioIaSS (I ,- I kg/hal). 

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

Work Plan 7, landuras Studv 4A 

Da \ id R. Teichier-('uddinivthln 

l)eparrlrn of Iiheries and \llied \quaiIcultures 
Aulburn1i Uni.rsit\. Albairra. USA 

I lerherl Raomos 

National [is.h Cultur' Research ('Cter 
lI (atu. (Cooil\ia1ta. Ilonduras 

Abstract 
Three sinoltanous ,\perinients \%, carried out to \erifNere the( 

pol management softtt;are POIM)IASS, to regulate pond 
fenrtili/llioll h\ total :Uli1nllil concttll:tiorn, alnd to tallatt tilt, 
eflec oI risirsg the fish stocking rait fruir12 to 3/in2. lHie corlrol 

\us equal iniall studies: indt(s uenv ertili/cd \'tekh \iili cfhickean 
illter it 2 1 kg dr\ nillrt lia.urea to rrmaihntainr -tekl\ t;tl 

nitronW injut at 2; k /la, aril ditrnlrrrornirni llphosphte to s lll 
- kgIra total pl]ospll uns iilIt. \taill fish \tiglrt aidullrodicliol 
of tie onirtl e' I', 28., grealter, respectite .rt trexirrrr irnd 
tlran I')MI)CIS,.\S rrrrns lnct'cessi'. , nitr' gen hfleiliaitioll \\tas 
reco nr ed h\\rt(lI()\1)(]..\.ioI\uil Irrd trt as Irhol hI 
b liirlitd h\ rrlrrl;rl rrorhlt'ci\ta,. \\hilh \\;ilirie(l h\in tlrr , 
carlrorr ltrllcehfuimt-rrssol ioftili/,r inlt regidttion h\ tutul 
arrrrlllrrlil \\3t, iioorull rsie becairs of lorol trtllnrlrll 
rnrlallagcrIllt. ll casirg fI lockrg rai .]t ( tilalria frin 2 o V/rl 
hal onsigrnilic.rltt al oi m \\u:itr lI'rcrnlllih prodhclil urr llit. 
rrrt1311r ur'lgt, hli\tcighlt Ilh(tntrol rlrrt \uas%ig Iof trcat If",l 
grtet(r than tIht rllcrcta tge\t ig l oflfish lron tIrc hi er 

erllsil\ tlreallllt. 

Management of Carbon Dioxide Balance
of Total Alklint and 

ty M aIm y
Phytoplankton Stocks in Fertilized 
Fish Ponds 
Work Plan 7, Thailand Study 6 

James P. SzIper
 
Hawa i Institute of M.arinc Biology
 

University of' Ilal i at Mana
 

Kanloh. Hawaii. USA
 

Kevin 1). Hopkin
Colg of,/\Agricul'Jture 

Uniersitv o Ilawaii ll [Hilo
 
Hilo. Ila',aii. USA
 

Ahbstract 

Slahilil\ of phtoplanklon stocks :and lphotosyntltetic activity is 
important to successfl pondl ltcuhure.Large phtoplankton stocks 
in fertili/ed ponds canIIuhe unstabhle, and lo% ttal alkalinity (I) 
can limit phorovnrltsi, in ponds and contrihule to instahilit\. It is 
important to tinoerstanl inagenint of' I. becitust it can 
change s'ltstaitia l (during gro th c\cls in oids, t~ell "when 
soils art condtlitioltetl. lhis ty\lrcriroliett dot'liritnltel tenmporal 
trends of I'. ii pond . ind quaiifid ile effect of inlteriln 
additions of soluble carbonate [or thie (RSI' Global l\priient. 

or ilo thf h1e triplicated lt'atnts corsistd Of input[s 
llinag1mletill rising til I'(M )(I.SS decisioll-s mpport s\strnl 

Still' 1c. another tretllnemur t'rrsisted o)fregillr inlpls according 
to tihe specilieid tmlonrol protocol of \\k 'Li -. 

ti re'sults, of Ilis e\pwrirnlerl ar( crrcrtIIuiIunrudeiring 
irr,th :is,rsn ltisdiisitu+sd hert er reliinrtr t li te 
treatirtllts Irrodtrred no signiicanl difiererrct ill final ilunan 
irrriidr al tishhtiglrls. l, or \iluls (I1 - 0.0i, Sirrgle­srlis nmre 

la't \r \ \). N rtilrer tre' tlrre sigrrificanrt tneal ll 
ditorfl 'ntrrcs in Imrirll Ircertao(t rri I r(llh II 111 our(;l1\tilre n1tu 
Irlirrl lrohlino rll 

\'la.grunrtl ucmorlin to I'()\l)(t.\AS prodtuced tidsh \ithr 
(Itrn ricillh) tgriatr tliciernt\ tha did l l'cr(, ir oll ig ltrrrrrrts 
regrltrr utruklt lemrilu/cr ninlrrirS in corrtil t 'irouits. hr .illrse 
similar dils \%cwtii mith less inl l e net ids fuh 1lllrodliltnid t 
prorrds., ,\Ir rolticd t) units Lof t/r/\. ranged Irrori 3. tr (.;. 
lirtse it approO\iailkt tolh ihc s lrut\iorus nohtairrid at this 
sit, ill lte s carr ll NsOrr) urlirng earlier t\l)triIIillns., Ilrt ire 



stli stanlial, Itss than ieldls ohmiaetl wilh these metholds at anearh 
site. 

It is likely that raiifall affected tilt- attempt to examlie effects 
of soluble ca-rhoate iputs. )uring th first iO da\s. %hti no rain 
fell. alkalinit\ temded to decline during sampling ittmeras in Ill 
piontls. atltho gh concentrations \trt, eici~ ]l stahililed ili 

pOllls 'ecei ing carhonlalte addilils. After [lie first i(-da. period 
the %\ct.seaso Illl . and aIk:liltx sll()\\'(l lilt' tleclint ill 
p<)ntls ofi am, trlt'llllt .ItIR nttlct'ilian) prnodtio'nh rall1ged( 

(poitl-h\ -lpoildl) fron -().I I I I IngL ith il n o .l'Ceiiig ()1 il. ali of .) lhr 

tlit t'\lltillt'ilt. tlii\ aheii to 2.)) (/in/tl. llier allies limlt, 
heein o et'ed oil tlli site. partictilarI diirtiig seasonls \\ilioiit 
ra'in atmpl cl id cowi. 

II toiplttedl na\ses s,uo that adhitimn of sodlule caroullate 

i, .1tectIe iil stlhili/ilg T\. snUIi iIlplIt, call r'Idlil\ he 

iniclirpolrtd ill e l()\l)CIASS ill I'()) soti\re N,\,letis 
amid ti llllsl ui (ilS, protocols. lill tclti\se] limtiiathiis 

-Ihit it'tiatl orlht'clcasiilg lkaiiiitN Ile to lhiotos mitliticall 
iedthiated Jil thIitailics duriig lr(luction \tcIes ill Pluols. leaditilg 

to imore stable iloois aiid plroduction raltes. aul tius to mttore 
reliable fish Il)Itlit'tiIl iloctiutilis. 

B lo al~ ' B Global Studies and Activities 

,.iunn re u~n rrnnnzanon 

and Stocking Practices for Tilapia 
Production inRwanda, Thailand, 
The Philippines and Honduras 

Minding the Pond: Feeding,, Fertilization 

H. l.h.I.u'pM 4 RoI alltsm ,alld 

I c u(iI I.. I'm shill 

'\lhIinoii i .\ iet llral lspillld'n l StAlioi 

hlhll tlhliil ('iltI'l 1(1 .\stI.I011Htl 

,\tbt n I lSii s ,I\.,\ llm :u. I ,,\ 

:hlini 

Ihis rvplrlt llm Ills l,51 ih",1mlitsl inflolm liom tI ttclrling thit 
5'tI lIlr~t'tl htiulr is IItctit ll ii It luettI oni ICiAtollitritl ll 
fmur ttmttral a;,ittt , l l m ,l m g ,lhciof tiiN ia l mll mll inlll.mlglatlltlc 

il mltrtili/;aliom . and1sh kingfirm lites. Datm \\c'rc. iml fiitrd tilalilia 

growers: 12 1active RIvda fishl farmers in tight lcal administrltike 
districts (commlunes) thring [he %inter aild earl.' spring of I9)2; 

I1acthe I llon'ran fish farmers il flit, l 1 Ilonlilran dealrtments 
during the fall It9. :S I at'e Thai fish fIaIllers ill fon of -'i Thai 
pr inlces during \%inlter I)9m: it Philippine fish l:lrllners inl finllr of 
I ipl'silict's nil te Illaill islanld of L.u/oll drihig \%iltler I)9. Ill 

e.tCh ('Ollt1. IhtC ill ,illit dlaplted. thenhe11r10 \'\\;s reised and 
trall at d itlltolte flatiollal lilllagtl t'. More thatn lct ilt Of ite 
l\\LnI n Tus hadt . In o)ll tst, m1oi"e+Ltln "I0illtllllr h)[1 ttsill~it' plidn 

lt mulht' l)hili i anild Iho hnri'tl flitrsI:IV I 113ad iottd 110oe tlai 

ilmmli. .Mist Ilhilthiiral ft'll thddlMo ' tha11i1 11Cthtctaue ol p)Omds. 

More than hlf tille Thai saimiple reportel prohletls getlting etloniglh 
\\.1at to keep ponlds fiull.\ thiIrd ofhll Philippline ltieIlrs said so. as 
(il a Iflaric. of the le anaius, l:ui.res in the 101ii' t.contries fell 
their tilLpia as rictt\ of dill riit iltillS rettletilig (liffl it esTS ill [lit' 

illt'lsil\ of auilac'liiur' pratliCe in each nation. (lomtercial feed \ws 
not usedi il l H ndla: t\\vo-thirds of 1ih Ilomndians dfil not use 

hd the 
not Use COllitIierCial ilft. tlhai lti'lli's \\'rt Most dlpendelt ol 
coill rcial iliu ls to laise their lilapia crops. The\ also use(l til 

toiinercial autd:about hall Philippine rspildceltils did 

sto[.(lit'se U'iCt Of IT( S.l ClItilIg Ot high le\el Of 
a'ailahilil\ If diffTrit heedl t.)S and a1gr'aellT \0illiitg ,s, list 
heeds for iterllnimmals loumdit fish as ss\cll. Ilhiiiluirai autl 
l1%\aildami fariimers \\cr mitost lil\(]\ 10 l'tuiMrl ili;itthJultCitS ill let'd 

asailahiit oil lhtir f3irius. \Ihiuiit '\ t' ittt nt of tilt Rs\\: t t 
Lriiessaid thiathe ill esci~~l ei1oligh. Ca11ttl %rhad aiid goats

''i'ost Oi reported InlRsandil illo 1"igs 111-SiMid chickens ill 
the lthililpliiies, aild( docks \\cr llre freulent on ilhai lanis. 
(;i\eln tImlelxesh ei se of i illtgra \d lhiailaitd,sstIlls ill liihtltls 
alt, ,lluit hluii~ttl> ititiiietl u . iimh,lu,,al,ail,,.e ii,that c,ull,'\ 

itai farit,,s also ie ,,ore o:,tol iic to luopiot tilt­iike, l , 
alkalinet halace ol tIll. pond ;id lostcr prilnla prodticltiil. 
lssall iuiieis imilatd tic ullust passis e pproacll to fish 
,it,,-ii - alo.ol liali "aItl,, ,isitedeci,. dak. I'lliliupili
fttli's suell tih s fil ltr ils litiit siltdmost liit luoild h i 

thmItc: Ilhti iriiris tht Ialt. hi llg .tsailahilit% \5 s a pirohlem-
fo)r 'i(l iper'cent ofIthe. Phlppil i It' C+p. l cll- l ehss thlaul 2i petrct'lt 

ll liiiildiir , hol 111 illili l I l mii cll 1 \ I rl t'l''ll 
lThailai tl. Most lalilrlsar I' gl l hut stlill tcrop oi tilapiaimah 
tat il l\\ndl ;1s l.llamiid Ih hmlllra allmst hall lepl-i'tl 

t\\o (I" I iorc trops. ihut ill il l 'illliiiiitn tm Iltlirlds uhliltitl [\\to 

tlps pll" wl . lii (l;itaI ri niatii I'fioiii this Nlulldli stilt ;-

' llli5111ti\1tl<mli ai rtit on tillpia citltimlmtin lm (Sl' t'mllltis. 

lit sh illaritit" ;ill dilh'i 'lie, slig,,st ililhcimtll flitttlis oIf 

Ictt(hlllolg\ ltiii/:llilallmll iiced ill taith mrtling lhi' hrntflits of 
Illsre limmlteItal t l illgs sollll hclti ,hllt rtimt;Iirch l'(.t'liolls IIII 

Ill ohIm l n1ll uistinhll lii ulh' ltlc ttts ( I . I' ttIlll logit's. 



POND: ADecision Support System for 

Pond Aquaculture
 

J,,, 11.I , ,e. Sli-ce S.Nath. ,,n DOIog . lr st 
Ireuan la,t f ,r oivurc,-Foineering()rc~ton State Lt Ii,,ClIlj\ 

Co-aifI,,. ()reeon. LSA 

A.stract 
)ecision Mll)l)(ol'l m'sttei11s, r IIiil mechanism for 

s',illhcsi/inig ciildlita liM and( iiaillitatiw knlocdge into anah\sis 
10(1l that a':Il lsih\ he lds hU diAif :idnt' cl'..AoStrrtSe 

friildl\ decisionll tol)f)i s€rstenI (I()I\)) caitillan he used to 

gt1ihithI(ici-Idllitdg procese, I'ch\:mnt 10 pond :iclU,ttaalltire, 


illil"Clicill ald plalmin ha.s been (hllwofd. P()NI)uses , 
(')llihilttidti oI t'\pcitise,. ain c'ticllIipli ck g '.alnd';tsiiilalioii 
mldels for lwilni-in ild lILatlicutti''e ,kslctllis. vith r at [lilt,a / 
h(\,Il of, an iih~ithliil polnd of" fr a owerail lcilit\. This 
flullctiollalil\ is accomplished I the olst of' all (o jUi -'it'li,' t'd 

t it, dtfillitioil oIfobitets 
certain tak :ti :tifgoulo s toIittitis i- tltt ill r'teal pondA 

pIa:tigiu \\l'ihi tiahI"s 	 IesfllsihhI for 

a(f lilarIItiI tatilit it , i fs h tculturist) rtflp(l ilh,c for 
lHi~it(I' li ih grom,,I). Tliit conimlics pickage can hev ti to 

llt'lrise Ilicl.s. \V.hit'hgtiitrle it 	 act' llit for fi\ed aid u:riabl 
costs(,epieultil.l inthrest,. aid incomhie ittills. I strs can 
t\dluiiit \:ritlL fl lld ill;iIg(llilll stt''i ii ant t elltilllet 
ittrprist ' g t ,s. tih,' ,t'II i 'i \ii hilit\ of sllchtild)' 	 to 

slr~~~llt'gh",.~On 

Pt1\1) i llihfs Simulatioin Iltfels toIdcftrile ti, ul\1:mlics of 
fish gno\ith. \\i.tttr hlillt)trilir tifrb li.l li t l allitf JoiIuhulhornu's, 
plimtnloi. aiid /oopllantlon. These m((infe :il'e ()a'ili/t' 
hir;t't'hicalll itk h'to to idt er"',\',iti capa oft Ictw, plr t tIt L ililx 
perflorming differenut k inds oflaiiaf s, bast,d oil dhata au:diiaihit\ 
and ltilt l resolution need. Til' fi,,h tn 1 accomuitlst't' 'th moelh foI 
thil tfil of lish ', 'iiht. fIo d ',:lialihiit\. flh tIftl-riIt. 
t'illpr'ltlir. an(d tli,,,, dht~f\)g( i a l ilniolli/td ililllmollia 
t ctt'eli',l, anld lia:s lbtcll tillilbr-mttd 1,01.\ill. tlilpma. This 

I(fthldh beui.lsi tl, to "inllkt I'I)/\ (ISI' e\lp rilllie s at 
fifferenit ,ilts \\ill] la torahe restsils. Siffltitll iil hls that art 

used iIh I' I) to dst'rilt (tlr state riuafhl s are Irfhieflh\ 
Ifi(1,L5sm('df 
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Ah.Wtract 
iliding site if) the g(llildal tissic of :Idtlt Nile tilalpi:a 

(0)u' hronji.%ni/foli't.,) %,\aschal'at1ttri/ed uising lilt, syithteic 
androg.Ienimiotmu, <I -h.drmo.--. -hiutlh ltI-lr--n-3-one). 
'l'le (K. = 1.03 ± I).! I WMiThe biniding site dlllolstrated high affillil 
11=2) aiid flo chal)cil (B,,, = q.(+± i. t2 fliio/nug proteil: 11=2) 
fo Inilo lnelfe l imillig. Jllilh t i WdSS hocaled ill gOlladal 

The t 
(hl r Mill tilig tCalpabiliicsr dlisla~ced Irilialt'€ 
t\loso l 'fli. billdiig site also d ratedtligauit sfeeificit'. 

,l,'l(il .s,'ilt, 

iihii lter ic biundcing. The receptor issa dt l<opedIfm litipia milq 
It liH'tphoph illirlnlts'litl t()l flor thfoi sc 'teteilng o1' n .c\%Kddew loped 

st\ agienrsioildtents. 
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Abstract N. Hlarld Richnan III and E.Gordon Grati 
Mixed-sex Nile tilapia %%e't stocked into eaclh of six (I)O-lha Hawaii InslitLit ol Marine lBiology 
carthen po nls It 2.3 fish/rn-2. Ponds xerc fertilized as llcessar Univcrsitv of lawaii at ,ianoa 
to m:intain concetrations of t-hihrophyll a at approxinitatel\ Kancohe, lawai. LISA 

0llng/Itt1 anid fish \\wr ll (lefaltld rice hran at 2".'. hed. wighl 
per (lai. di, del into two fuditligs. Ill hai f the ponds fish \\'re Abstract 
fel (efattetd rict hi and ill til rmining We examined the ll'ect of "(u-'icthtilestosteroit (MT) on theai ;Is loise produt a 
pon(ls fish \\er fed atpltlltedI ftri. lligetilalc otlh htss growlth of Iwo tilapia Species, (r'mo -iroanlis ((IIIe'us anid 
fr e also stocked inlIi all pond s at I. I ftsh/i' to rtduce Ora'Ihru/ti.smi.\unlbi'u.\, reared ill fresh walter. The groiwlh 
tilapia reprodution. kftcr I)( lmas pnds \\'.'ie dtraited and fish rate of 0. aurcus \\as nearlv twice that of O. 11uessai/hu,,ius at 
Ilanetsted. Nct iclds of stocked tilapia n:ld rprdttducltiiti %%ere not each ost le'I ((). I, I0. and 2i ng of MU/kg of feed). Wilh the 
sign i'fi cailttx different httcitC IretmellltlltS atid a'. CrIgtd exctil tieI of0. 11ar-'us treCated with I mg of MI''/kg ttffet, MT 
(0128k,/ha aild (,3 1(6kg/ha uit il ;lltial hasis ill pellet ati loose treatlltlt significanitlx ilcreased (i)<0.( I ) gro\\h ill hoth Species 
fed ireatmitents. rsl)ctiel\.. Stocked fisih a'.eraged 1I0I and 91) g, )\evr coitrol an ilnials. It 0. mos.amhli'us,gromh pettrformntceit'e 
rcspecl\'l. Stocked fish %ield w'las13.', hilgher ill pellet-fed intcrtased witlh increase(l lewis of Mi. I\ cotttrast, the 1(0and 25 ilg 

'pl(ils. Maximin feeding \\as -I kg/ha/l. Bass \i'hidl a'Ieraged o \ il ' /kg oeffeed tl'eatllnt'ls stiilllited gro wt elltallY ill 
159 and I30 kgha ill loose atid pellt-ld peonds, respccti\el\., 0. aurive't. The geetadislnliatic intdex (GSi) Ias tot signtificattly 
andhtht a'Itrage si/ts'.'\\rc 23( g aitd I98 g.Chlornplill a aeraged differenit hett\\te treatnteents \ithitt each Species. It w;s., 
8-.5 and I I, g/ittl ill loose and plrlet-f tI'tntts. rtsp, ctivtl. , inl hli\we'',er, significaetll\ Io\\t.r (p<().00l ) itt 0. aure.%th;ai 
lertili/e'r applictlhils rettired \\ere signifcantlv diffent and 0. e.s.\ambius. (;lladal \\eights.'. ere not significantltv differtent 
a'.erag(I I :.3an 2.1) r..spcti\, l . )efatllted rite hiat appears to iutetweti species wlhicl sugcSts that tle Smaller (;,sI i 
he a gooued and ecottoitic Stpplitltental fitd Sourttce. Pellets htaw' 0. aur''u., restilts, at least itlialtl from tile larger somatic ittass if 
ad\aitgs eeter IeeosefIorti itt tasetof hatdling. Pecllts also reducetd the animals;. Il hitlt Sptcies,. the hepatosoietatic inthit (IISI) nit 
lte umIIher fIffrt'tilier pp;l)l)licatliois nteeded tl tnainlait pllnd ahsolt, li\er \\eight tetIded to iltcrcalvc 'ith increasel lew.is of 

promoted increased yils of large fish. andi "\ere,piili. t 
of \il'r/kg uoffeed trttltellt grotutps lhat itt ctni)rls. lhe iitale-to­
felttale sex raiteio "its [tot sigilificaitllv difl'rent fomitt 1:1 ill an' 
t'catlttlt groIip ill eith'r slpecies... tl.ses of tesitlial MlT IC'leIs 
itt the Sellut and inttisle sil)tl.s are, olnglliing. 

lertilit, :rld it ifT greattr (pe(.()t )-:0.0l ) i htl2i ntg 
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Abstract 

ThileI.S. Food and Drug Adhninisration granted a com1passionlte 
Ine'.stigatiollill New, Animal )rug (IAI)) exellption to Autlrn 
i'nit'.rsity, ite.rlten'icall and :1ilikpia;Assciatino. commercial 
ittd prducr' Iocolect (:ita Il stlpllrt Aniiala New%% Drug 
.\pplicalti(ou fw"ileUse Of Ii-Iieth.htestosteronet, (,M1') fior .sex 
re'.rsal if ncdl.\- hatt'hed til:lii:. lipltl'ilillati,,,l ifatclinical fiheld
trial at research institutions :1d CllIlrcial tilahia prductin 
facilities throughlout ite I nited Staels l:do '.Seas \;Is Olle 
:acti\it. Coll t'llplaled under this INAl) t'\elptiol. I.S. ail 
Elgptiall researchers tilit )ynanlics/illI\t'l \iIII Pond 111 


Ailil't''III(T COllalhrtiseC I
Rt'sta'ch Stul)lrt Programll 
parlicipited ill It) tIothe field Irial. The first trial \\as ililiatled on 
12'111Is I 9. -un'rriA :nd hllie\.hen Nile (rO nilaotictl.s) 

apil a stocked intl liias..
trial \was initialed o l IS to 21)Setlllhrl1991i. r\:i 

(0.altr'u.s) til: weet Irtrlllleil second 
aailahilt 

:illot,cd for stoickin~g ofm o\hImas c,;icl anodfor co(ntl'olwTtr';tn
 

pe(rsl'cits. Fish illTrial I t'illplt'ltd trt',liit'nl 8toIII \ugus:; 
sill-salliples of' coilltrl and titrtted fi'-\tre restckeld linto iapas floi 
nuirsery gr\tlh. Tri; II \%:Is ill lrlrgress. \ilh an t'allecit'd tretnlnt l 
complletionli date If10 to I8 ()clhlb 19±.I. 

I poll coiplii(nil of' the Trial I tretnteclitl x'period. Nilt, tilapia 
:eraged 1.6- and ().61fi anid 32.( and 31.3 imi/fr. Ioltl 
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Abstract 
Males from nline popIulatiois p(ssibily containing iilales of a '1)"
 
gell).pe were lated wilh nlorlnilal fellales. The sex raI(lis of tile
 
iflslring If eth0 latings exaillilled ill I 9-I suggest thatt
Iof .­

four ' ilies mtre itltlified. Two( 1l:t(.s Nlih il'(rodcedhY > 9i,., 
tile lallling 

freIunllllcies of imit's ill I:lt'r resltilts sugst t at 

mie progen. ill filsl did n(it colsistently l)loucet' high 
spawils. Tlhese 

sex inhernitanct is not(l strictly a t1l:Ile-dctrnin clCir~Icte'riSliC :111(d 
increases the difficulty of hredinlga1,hlII (f Or'o'hromi.s 
nihuli -.1s Ihlat cojisislently lroduce :all-matle progeily.w%'ill 
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legtil for Ie tilltrol and NIT Ireatillitilts, respecti(,I. Tile nleall ('CIlt.'rail laboIrary'' lolr NtltA LIIle RCsearICh 
finial indisidial \weight ald leIgtli foll.hli ilapia \(,'r0.36 aiid 
0.3.1 ,/fi%, aiid 2i.9 :and2--i ini/frlfor Ilt' cIlict'(rol and NIT 
Irtatllitlll 1:1'\sris:l fol. It,tollill l and NITt.'sp ct'i\,I. 
tieailli'tlnts .l5t'l'agt'(d (6 ald 8,1"', for Nile andald 90illnd 9I'.%, 
bhiut' tilaial resllttlity. 
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Abstract 
Blioctle'rsill research floust's (il tile (If allti'ansforimationi 
undclrlili/ed resourcelt't imol \\hlilt'fish fles.h, Siinlult 1usly 

resolving of. redic in 1iliaagtiliell pl'noilt'liill. Solis are 
tilllndIlllillEgllitn alllllatic .stellls; strlll Spelt'is art' also 

http:gell).pe


significantly related to human health prohlems. An experiment \w 
condlctcI to 1valuatethe use of black carp (Mvhlphar igodrn 
piceus) as a biological control of snails. Pondls were prepared hy 
hand cutling aquatic plants to near the soil surface in March/April. 
Sipl)ly Iproblems (elaved stocking which commetcetd in june. All 
ponds were contami nated with %%il(nstocked ) fish %hich is 
I1leved to haV intltced the growth rate of black carlp. Black carp 
grew least in pol((ls that were (ltaininated by Con mon car l) and 
flnn!let. Data aalysis C 0ltin tes. 
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Abstract
\\eds arutica tmanagemen t probltm ica 

aquactiltirt,. lhe also represent an illrurtilized resoturce. 
(;rass carl, ('ophar\'lodon id'la, isknown tofeed oil 
seral aquatic plants. Al mpt,,ri tlt w,,as carried oit to detelrmine if 
grass carp could be used as a biological control If nuisancela 

weedls ill Iptian ponld maculturv. Pond(Is were prepared il 

March/April. Macroples,. primarily Irlia anl/or Ph ragmiltes 
wrt hand ctl tIo lnear tle il surface. ollds were refillad I 

lreoliianI species. Snpply lpr(i)l(h, s toimissitttd hlt'lay 

grss car ) stocking, so that some plan regrowth had occurredi. 
Initial data indicate that grass carp were effective ininlaintain ing 
polnds virtually free of emergent vegetlative regruwth. Ilow ,r, 
because of the dela ed stocking grass carp %ere not able to 
Conipletely control Azo/la and Cerloph*vlm. In several ponds 
these plants w% levelop anl reach greater than 1t0%ere abhle to 

coverage.
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Abstract 

Iiocomersion of plants by grass carl and of snails by black car)
Call lie Considere'td ais Setpt~ttllq( tlt illl ,i P~1 ltulnlculttireirtianlerate componentssystem hit tile\ are als) interrelatedlbcauust the lplanits proidle 

food anl cowr to snails and thus affect black carp predation. 

Gastropod prodntion might diniili by irtue ol grass carp 
feri n isl i, uln'h1ed" grhatc,\pfell redationsihlts, tb Ilt, f 

ublack snails is igtaln tc frutnail. th"l ) o t n'(d h \ r grasis 

AIlundallt \gtlatioll coul pn'mith protectionl h imil. so that 

their bioniass might in(crease in il, piesence If blhck carp rather 
tthan being si ppressed 1wl)relalimoii.\ %%.assAmull co(lucted to 
imtstigate thtese relatiolshil),. Data are, being anmalvzd. 
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Ah%tracl 
\\ :tr iuli\ \\~it' \weld\ o Illorlt(ilia \varn inimnrltocdI 

st e,ill stiii hit (Ill.prod~uII-l'tiilaric. of tIloIII tII~ts tsbodein 

(I114 1 0tlIg lands tIll \ iii.(44ctshI. hadi141 caiii tosi( 

r'1il ktI.l id 1:1 l o v [ o 11 \I'l .d 

d t i I4' 444 141\ i.I. ('II~( S ( 11..yji cs Sof4 il ip an(uuilucd 

phoshoru t5dit 4111 id 1,0 o liuci aIiau lc m i;,lpp 

Varying the Proportion of Colossoina 
inacropom urn and Oreochrojnis 
niloticuts inPolyculture 
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A bstract 
iidpia W rci '4 /44444i.II aund ~i(W o vwn14l4i4 I/A laillbaiu 

g 110111 .alIi 324 u 22"oc i ll topi ca el piiliiCdl 

iu12 ko la.Tl phhl14I111.-c w ad ~d lfcel 

T -i1V '1 - il ilk i l, Il ) I C 1i ~, o o k ( ia i 

edem.ilI '~ f' 'ollIIi t 78 o 

irg~ nd(11lo~ll 1d oc w iw r\i" 
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Abstract 


Fttd \%Its oilurd I l'cnlcn. I'eioll i(i .11a Slanfdairdrate, half tit 
slailard rat, hail tht sliIsndardill inorganicritleaddi,ion io 

Iftrlili/atioil, -eks foIh\wd b\ thc
aintd inorganic frtili/ation fi 8 

staindardi rilt, stuockeid at(1 f cd. Shrilip \ re -.i fish/it 2 ill 
valthell pltlids. The stlltd' \Wd It',ccate'd dtiing t,- :inddri 
scas lls. ic'ii, uni:l and iellan shriliy si',\ , "'i9' -, 

aildI--.., ,ahr during dhit\\t than (11iasoll. Mt ,ll \i,t 
stiisol; Ii ti' and f'litliie treaune tl\\tas\ick I/2-i'alioni 
sigiiitlilt 411'ilt'r than ,I/V-rat(ioll nt. (lherw ise,lilt Itnl 

thecitrew nrt sigificait iratnit tiiffrtintes in \i'id. Fetd 
CtlOlo sig iit'iil!t l ttci ill h iOriiial-ralioil trlatllentCliil as 
tilan in dt othti trilliuttits. Ftitili/atioilihat iha) ttut oilshrilii) 

irodtuction (hitiing tht (I sta;sn ttslmit, incteasing prinia. 
iroutiiliti . Ihi' Staitad It (liiiglate iotildi i rediitd hI II' 
tiring Ihlt, \\ilhiulii \ils.tin season Ic(iltilg shrimiiip 
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Abstract
 
'Ieu'fet-l
of tiling oi fecd application onilfish growllh and \ieid 

\\as c, ihiated for \ill,tilipia. iih were stocketi into IH ponds ol 
I,ianal 1t)9.1 h in2 :,ill [l'ponIs were grlIpld into13 fi .- the 
i t'atllnents. Each tlcatilill diftrtd b\ Iht, si't fishatie'agle that 
a'lhiet sllp f*('tiilig
idhtfore ienielial hgan ,\ith lreatllniiL, at 
50 g , 2,1 ,it. 'llat salitlion101 g,15(1 g..2(010g, and Fish \tlr' 
ialt's rtacihtd i(li g ill at'laptt t(alltllntinil tIt, -t'ighl.All nls 
shiolted a sililar gih'th ralt lioprin fttling and a siliiiar I'at 

after cetdilig, levt.diiig %%as itiliawted.'tlgartiss of\tlhlii Iisl 
slipplilillitalfuetIilig taiid i1-011 3 - alitr sIt'ki antdi (111\ g.il 
hiai.ttst octill'tI alter 230-328 tolal daI\,s ofctei or tI)198 tians 
if fvt'ding. Yi ld urile fiill 0,i20!I1 28,1-8 kg ha- I \riFish 

grn\\tth (gd ') %\as tin'elatd to das of cuitmire, f[cd inplit, and 
clhiropill (.content M2 =(.889) < 0.00 it. 

http:Michlig.li


Stocking Density and Supplemental 
Feeding inTropical Fish Ponds 

Work l'a 6, Thailand Studv 6 

JaIlles S. Dialnl 
School of Natural Resources and hivironnmcnt 
Unive'rsitv of Michigan 
Ann Arbor. Michigan. USA 

C. Kwei Lill and Yoln Yi 
Agricultural and l:ood Engineering Program 
Asian Institute o fiTchinolhgy 

liangkok .Thailand 

Abstract 
The relali(snship hetween delisil, Comnplete feeding, and Citrning 
caacitN was eunined f(or Nile tilapia. Nine ponds were 
suli(diided into three trea1inllis and stocked with fish on I I 
N(\elnilher 19). Treatients included fish stcked at 3, +i, or 
(0per 1112.Fish \\ee fed to satiation daly]. Wter chenistry andL 
other parainlelters \\er inl()itored hiweklv. Ponds \%ere 
han esled oil I lit]\ 191)'1 (2-12 daxs). tillforltilnatl. Some Iiolls 
had few fish reni ainig it harest, )l;allv is i resuill of 

lUoachilg. (;riwthl r-tes %ere similar almong Ireatilieurts, aind 
floods wilh high hiomnass had l1o ildication of liliteLdlwaltr quality,. 
londs also showed no evidence of hav1ing readhed Carrying 

capacity. )iie to poaching problems this ep.leinent "ill he 
redllte with a higher stockiig densit\. 

Supplemental Feeding of Tilapia in
 
Fertilized Ponds
 

James S.Diana 
School of Natural Resources and Environient 
University of Micigan 
Ann Arhir, Michigan. lSA 

C. Kwei Liin
 
AgricultuI 11Iad lIEngineering Program
 
Asian Institute orTccliology
 
I3anekuk. Thailand
 

Kitjar Ja.iyen 

l)eparitnlit 0. IFisheries 
Ministry of1Agriculture aiid Cooperatives 
Kaselsalt University Camopus 
Bangkcn. Bangkok, Thailand 

Abstract (1Printed as sLIiitted)
 
The addition of feed to fertilized fish ponds was evaluated h%
 
adling feed alone, fed plls fertilizer., <i fertilizer alone to ntine 
ib(ds stocked \ith Nile tilpia () 'hmni. nilwicus. Two 
experillients \%ere conducLed. The first had "100 fish Ier 251)ni2 

po(d in 3-treatlmn.ts: :Id-lihitlll feetlingI,: fertilizer only; or fertilizer 
and a;d-lilitull leedlig . The secoLl experillillt had 5 treatilleits 
with "50 fish per pond: atdliliittiu feed onl\: ferlili/er onhi.: or 0.25, 
0.)50, and ). 5 satiation ratioll1n phis fertilizer. PonLs ill Thailand 
were nlaintainei fr 10. -I (i2 dtl,dring \which cheilical alld 
)hysic;l iroprties (lXle l)llite()l'. In e\xpetrillentl I tl:11ia1 gro\th 

was highest ill feed otll l(lds. and low%esl i, ftil'lizer oil[li)initl s. 
Net yield did ioldiffer signifcallll .nlg reaitlnellts,dtle to 
v'ariattion ill surv\il. Ill e perilent 2, li];tl)ia gro llh \\as Ilhom st ill 
fetlilizer only piot(ls, infterillvdiate in (.2i ratiol ponids, and 
highest hiM.). (7.", ad-libitll(i pollds. The hllter tre;lllelllltsalld 

wve'e Int sigilificalltl diffTrlt. Mil1il)I r'gl'e.',SiOll, lifr eich 
v\pelilleil indicated uull - 1'f the' ariallce ill growllh waIs 
e\lahined h\ feed and fertilizer inplt. \hihe i2.t),". of, the 
variaulcL ill \ieliI %uas cyxlilailltd h%tlSe atlr's. F01 holll 
exlimiltelts combilied, t)l..'',, of the all ce in glowlh wts 
e plaitied Ir, feed ilpiltl, fe'rtilizer ilill. alkalinit., anLI total 
ilorgalnic nitrogel conicL;(traliiin. For .%ied, '! i',s0.888 alLd Ihe 
regressioll i hlth(I c ed(Iil[ilt, 1)11.alLl nllllielr of (o" dissolked 

uixygei tets.I.:xpeirineelt I ippeared to applroach CiIrlnig 
Citpciity ne.r tht (11(1ld,Mlie no) rdutiol ill gl'owlth oCIttil'red ill 
experilmntlt IthigLher fish dellsit\ aild hioilass. IRtedoclionls ill 

http:3-treatlmn.ts


ME
 

growth in experiment Iwere not correlated with declining water 
quality late in the grow out. Combinations of feed and fertilizer were 
nist efficient ingrovirig tilapia to large size (500g)compared t 

Stochastic Modeling of Temperature in 
Stratified Aquaculture 

complete feeding or fertilizing alone. 

Appeared in Journal o lieWorld Aquacl Iur Socicty 25(4). 
Work Ptan 7, I)AST Study 2 

Cristiano dos Santos Noto and Raul H. Piedrahita 
Department of Biological and Agricultural Engineering 
University of California, Davis 
Davis, California, USA

F.UnitddStaAbstract
 
S ates 	 Acompulter model for temperature siiulations in stratified 

aquaculture ponds ias heen run with stochastic inputs. Stochastic 
inputs used are solar radiation, wind direction, anl ,wind speed.

RespirationD namics in Values for the stochastic inputs were ohtained from syithetically

Aquaculture Ponds generated series based on historical records ohlained fromt the 
CIS1 data base. The techniques used for obtaining tie 
stoch stic input values are descrihed, tileas are results of 

Work Plan 7,DAST Study I simulations carried out for Thailand ponds. Surface temperatures 
showed the largest fluctuations :s a result of stochastic changes 

Philip Giovamliiii and Raul H. Piedrahita in tie in)ut parameters. 
r)cpartment of Biological and Agricultural Engineering 
University of California, Davis 
Davis, Califtornia. USA 

Abstract 	 Calculation of pH in Fresh and Sea Water 
Arespiroieter has heei developed for use inaquaculttre pods. Aquaculture Systems 
The resliromneter isdesigned to neiasure oxyvgen consumption rates 
inwater samples that have been suddenly (tarkened. Rates of oxygen 
consumiiption are measured over I iminute periods, and the process Raul H. Piedrahita 
isrepeated at 20)minute intervals, allowing for a 5minute Department ol'Biological and Agricultural Engineering 
respironieter flushing and sample pmiiping period. The respiroiieter University of Calilfornia, Davis 
isconnected to aulata acqisition systemi and toacomputer for Daivis. California, USA 
allinloated (data collection and analysis. SoMe results of tests carried 
out with the respirometer both in the l'lmratoryanl inthe field are Aina Setand 
lresented. The results show suhstantial changes inrespiration rates SINT[I3I Norwegian Hydrotechrlical Laboratory 
over diel periods, with the highest rates occurring iii the late Trondheim, Norway 
adternoon. Rates decline ral)i(llyafter sunset and remain at much 
lo\er levels than during daylight hours. li nfilations of the Abstract (Printed as submitted) 
respiroineter design are discussed, especially prohleis associated A procedure for the calculation of fillin fresh and salt waters has 
with fouling, been developed. The method is hased ol a fourth-order 

polynoiial relationship hetween liydrogen ion concentration and 
other (conservative) water quality lparaneters. The inethod avoids 
trial and error estimations and results in a direct calculation 
procedure that can he impllemented inmiodels developed it]
various modeling environments, suich as sp readsIeets, 



con'entional programming languages (BASIC, C,FORTI\N, PAS',I,, 
etc.), or spiecialized mo(elinig languages (lxtend I , Stella "M). 

Tile iietl(ld (eveloped isbased (i the solution off the full 
alktlinlilv-pi I ,qtiatiol . Because if the neted to sinplify thie eiuations 
to yield explicitly solvahle polnllomial equations, thle accuracy of the 
solutions ilepends on the siliplification iiiade aiid xaries wilh water 
properlies. Tlhree simpliicatioins are testel hased ln secoiid.,a 
third-, and afouih-order po)lynoiial e(uatioin for hldrogen ion 
concentratiois. Tile e(ittions hae heell tested for salimilies rantrging 
fronm 0 to 35" , (fresh to sea water), for tlemperaltrs ranging frourt0 
to 35T. for lotal carhonae carhon of 0).1 :and i.0 nmiuol/l, and for 
total .nllimlill'Iimingen of t aid I1)nigh. kXpprlominiations are Most 
accurlrte iln waters of high total carboiiate calrhon a d In :li1mamolia 

coniteitrauiols. %litrethe fort-orh.r appiiiiaii yluls reslts 
thatll are within 1)1.i lllits for the full range of pll \ales testedn 

(5 to I0). 


A~ctpted I41puhicatin h ..\quiacutlltiual Igitlecring. 

G.Special Topics Research 
Economic Analysis of Different Tilapia
Pond Culture Systems inEgypt 

Work Ilan, 7, hgypt ,Sludy IA 

I lusscin A. I lebicha and Abdel R. El Ganial 
Centlral Iahoratory for Aquacuiltlre Rescarch 
Agricultural Research Center 
Ablassa. I-oypt 

lartiholoew W. Cenln 
I)cpartnicnl tof IFisheries aiid Allied Atuatitltures 
Aulhtlrn Uniersitv. Alabama. USA 

Abstract 
Fi\e different tilapi:a lulil illanagei ntll strategies Nt' evallltd 
for ecoliollic plvlliial in (II-hat earlhell pmlids at tIme ,lletral 
I.all)orluolr, for .\llactiilture Research, khhassa, Egyt. Ioiid 

niiagnti stiriatgiets t', haseti uof chemical Itrili.eril isn, 
only, feed olil, coihination of orgilic fertilizer and feed, and 
cuiihiiiatiiiifllO Orgaiiic :and liteii'icAl fertilizers anid feed. Poiids 
were stocked \%ilh either ini\ed-sex or all-miale l ouiilatioims ifNile 

tilapia. Yield anl input data front l.r5-day pond trials were used to 
develo) full-cost budgets for each nanagemient s'stem. Net returns, 
values for priduclion for major inpuius,hreak-.il prices and yields. 
amid averag rates of return to capiltal %vter estinlated for each svs;temi 
based oi] a2.1 -ha production pond. 

Net reltlns ralged flrom lIgyptian pounds (I,..) I9. 102/2.1 ha 
for ponls stocked vith all-mnale tilapia aind rceihlog orgaLnic 
fertilier andifeed to I..I:. 985/2.1 ha foir ponds stocked with 
:1dil-1a1le tilapia and 'TCei ing chenlicial Iertilier (ill. The rates o)f 
return to capital for these two SS.ItmiS TrC 29.97', arnd 2..12%, 
respecliwly. Nel returns to land and mnatnageilelit for 
Iaaell. telnull syslems that 'olmhinlied fenrtili:ttion and feeding 
wfer(. (In aeraige. 1I0.1 tinies tie lnt relurns for the etelsive 
s' m itnlagenlent s,,tems that comhined fertilization and 
feeding als[o had the higlhest llargils heiweei a erage prices and 
hreak-even prices ti coer lill costs, , licl iild.icaled reduced 
risks to farmers in time e\tnt (if t ldCiIt in imuarkt price.. 
Sensitivit% ailalses indicated that colhined fertilizatimm-feeding 

systemis maintained positive net returns if fish yield de.creased by 
twvo stadlarl enrors and price decreased by 211... 

Effect of Stocking Rate on Growth and 
Yield of Nile Tilapia 

Bartholomew W. Greeni 
l)epartment of Fisheries and Allied Aquacultures 
Auburn LUniversity, Alabama, USA 

Kevin Hopkins 
College of, Agriculture 
University of lawaii at Ililo 
Hilo, Hawaii, LSA 

Zeinah HlNagdy and Abdel R. El1Ganal 
Central ILaboratory for Atluacultture RCsCarch 
Agricultural Research Center 
,,\hbassil. IHgylpt 

.Abstract 
Niletilpia are gIt'ntm ralstocked it 21,1)1)0 fish/hi ill seni­
iintmusi'elvI iil:geil u Nwrient lteseprduictiiin lloils. inlits ilio 

imnds include fertiiers and sullnitieilal feeds; bothual 
liOid lIriuulu''iltt1anid suippClltle tliite to fish growtll.tal feetd 

Oftenll.hlid taring capacity alld critical standiig crop art not 
itili duiniiing lte i-iioitilh grow-oul periud, %%iitlhindicat s 

iider-uitilii.atilln of availahle pioiid nriet rsoliUrct's. Ki(ledge 

http:hreak-.il
http:Itrili.er


of pond carrying capaitlyi and density-deperlent fish growth for 1 
particular matgement syslem provides the ability to man iplale 
prodtuction maalgement to !mprove efficiency and ecomlliic returins. 
The objective of this experiment w:as t(I( uanitify the growth and yield 
of Nile tilipia stockel tM30,0) tO and -0)0t fish/la inlpr(tduction 
ponds. 

This study%was Conducted at the ( entr'al la1lorattor for 
Aqualcuhture Reseatrch (CIUR), hblassa, Egypt. Three 
replicatiols of each tre:ttnelnt (stocking rates of 30,0)00 o -10,t00 
Nle tilapiia/ha) v\ere ranloinlv ;issigned to ;.lI-ha eirlhen ionds. 
Sex reversed Nile ((Creoclroinis niholtis) tilalpia fry (ltan 
weight: 0.5 g/fish ) %%ere stocked intooInlds oi 210 and 2- July 
I99-. (liit applied %veeklvatlitter \%+is 1,000 lkg drx litlter/ha 
for the1first eight weetks Of tle lodtCtiot cycle fOlhed hv feed 
25, prottin commercial fish feed) i1l'. Aveurage leittl indiv'ithal 

fish weights hased oil seile samples weire 09.9 and T).-I Lfish for 
the 30.t000tl and .lO,00) fislh/ha stocking rates, respectively. 
Lstimatel respectie lean fish biontasses. assillig 100'.'o 
sUrViial at the effective stocking riles, were 2,098 and 
. I-8 lg/hla. Ponds ire scheduled to be harvested after I 0 tlays 

(If grow-lttl. 

Mass Production ofMassProdctiooffeed 
Nile (Oreochronis niloticus) and 

Blue (0.aureus) Tilapia Fry 

Bartholomew W. Green 
l)epartment of Fisheries and Allied AquaculturesT 
Atbnht University,.,\hahaona. USA 

Fisam Ii. Ri,khla and Abdhel R. El (amal 
(entral .aIboratorv for Aquac+lture Research 
Agrictllural I.Researth'CentelIr 
Abassa. Fgy'pt 

Abstract 
AConsistet, reliabhle sUpplvIof fingerlings (IfIll desired ,;pecies, 
sex, a.t(l size is criticl tIotie suiccess oIfaily ai(IciltcttrIlll 
etlerprise. Of lietfooi. tiapli l species etndeinmic to Igpt), Nile aid 
blute tilapia are considered helter species for ilnll(il culture tlai 
.S'rtherodrnmitihie alltal 7 ia zilli. Iloritnlla sex reversal is 
the most efficient iteas of mass productiit of itnosex tilapia 
fingerlings at presei. New\ haltched firx f 9- tIoI I -iml Iotal 
length are give anu)nadrllgen-treated feed during :t 28-diy period. Fry 

for sex reversal c:tn be mass produced in etrlhen ponds, but water 
telnperal re can affect productivity. The objective of this research is 
to qIatlltify production of Nile and bhle tilalpia fry inrelation to water 
temperature inEgll. 

A total of 68 reprodction pond harests have been completed 
since trials were initiated on I- April 9.1. Io (latle, 88,301)0 fn 
have been han.ested: of these 6t)i00, or -'t)% %were sui tahle for 
sex reversal,. The contributions of Nile and blue tilapia to these 
totals was :proxoiately equal. The reprodctih'e perforIlnal'ce of 
Nile and hle til:piai aplpeared similar. Graling fiy through a 
3.2-mn square plastic mesh coInsistentl yieded fix of uniform 
size and weight; fi. passing the grader were wilhill tie size range 
(9-to I l-n11i TI,) desired for sex reversal. 

Fo'ty-inlle sex reversal trials h:ve heen completed and 
1I were inl progress it the tIllie of this report. The inean stocking raIte 
(If fix ill 2-i2 treatmeunt hlapas wis 1,200 fly/lnl 2 . 'tw%%ohundred si\ty­
nfine lhousand Nile tilapia fr id 2-i,600 blue tila',pia flx hae been 
stocked into treatment h.llils to dlate. After the 28-day androgen 
treatnlenlt period, fix ateraiged 23.8 min total length. ()\ieral I mean 
sunirvival has bem t i%to date. qiahitmityteretriitiol..' a primarily 
due to high Concentrations (Ifani1nonia cised h\ high feeding rates, 
wats probably responsihle for ltch (If the fri\ itiortality. Tlank 

tllallgetllellt \ias modi fied :1lm.l Stial ixivdroded. Itole.er. liomited 
ai~ailabilitv , watero, lectiuse of eluipmentell lillfictolln, Continued to 
restrict le hility tot manage \weater quality ill tanks, evei at moderate 

loadling rates. 

Growth of Control and Androgen-Treated
Nile Tilapia, Oreochroinis niloticus 

L(L.), duringa rn Treatment,I Nurseryusr and 
Grow-Out Phases inTropical Fish Ponds 

1.W. Green and PD.P. Tc ic iert -('odd olig tIn 
)epartmenmt of' Fisheries and Allied AqluactIltures 

Aubun University. Alabamia, USA 

Abstract (IPrinted as sublmiitted)
 
Malsculini/atioll of sexlily titidiffereitilled lilapia fry is lclieved
 
i.' ortl adininistration if the indrogel 17-(tInmethylteslosterolne
 
(M'I'). An aiaholic resp(ose to atllIrgen Ire:tentIof tilapia has
 
heeti replorted. Growth of tontrol iand NIT-trtled tilapia w%,as
 
evahialtd (htiriiig collisecutie treatineilt, itirsery tnl gro)\-oul
 
phlses un(er c(onditios ;approxitiat g coonitnercial, selmi­
intetsive tikapia firlits il Ceittral America. Orercllofl nitolis's
 



(L.) fry were fed a 0or 60 rug/kg NIT dlietfor 28 days. (rowtih crunes degree-days and number of ifrnot retained by the grader was
 
for control anldlNil-treated fish did not have significantly differemt observed hetween I-1) and 280 degree-days. Ilowever, prodtuction
 

weights were similar, averaging 0.I g/fn for 

b)th treatments. Fry w%ere 


slopes. Mean hanest in g appeared to peak at about 210 degree-da~s. 
subsequientlv stocked into 0.2-hat nursen' 

flonds for t)-tdlys of growth. Slopes of conlrol and Nl-treated fish Pulished inJounal of Applied lchlh ohry 9:230-236.
 
growti curnes w%'ere
significantly (lifferernt. Mean final idi uial
 
weights did rlot differ significantly betwen Ireatrill ts. (,ointrol fish
 

riot deviate froI 


%arid MT-treated male fingerlings were Phosphorus Fertilization Strategy in Fish
 
stocked fo r g row-ou r in to 0 .1 I-h rga ic a l l fert ilii ons.
 

d1idl the 1.1 rnale:lenlae ralio, bt MI-treated fish 

a /ed t arthnio n d 

No siignificant differeilce iil was obse,'ed btween control ar(l n Sn osphorus
gro%%th a 

as arn mlean filial 

individual weighis were similar for [rll Itreatmlents.
 

MIreated fish. Mean gross afterI i ,ieds Saturation Level 

25:613-62 1Puhlid inAqtr .culture anid hIheriw, Ntagem nta.'rrw Mladlav K. Shrestha and C. Kwei ILin 

Agricullrral and Food i girreering Program 

Asian IlrSlisLttTecloMlg)yut 

Production of Oreochromis niloticus Bangkok. Thailand 

Fry for Hormonal Sex Reversal Albtract (Printed as stubmitted) 

in Relation to Water Temperature T,,, ere cndti elrininie effective liislihorusexperimts \tit (let 
(1P)fertilizatin srategy ill lds iii r-elation to selinit Pfish 
saturationi EslmerltiIt I \%Is codctRced€ cerement tanks with fivrelei:. ill 

13.W. Green and I).R. Teclhicrt-C ddiigto le\ elCs (',,2-i-', and arndof P satlunratedl sedirierhis 0'('% and%) 
I)eplartient Of FiSheries arld Allied AqunactuItires with three IP-fertilization rates ().2, 10.1and ).06 g/i l/day, NTP ratio of 
Atnhou(ri Univ\ers ity.Alabania. USA 2:1, .:land 8:1, resiectih ely. Nile,tiiallia (Or'o Ihr on is 1 i/ol/jrx) 

Were clltred ilr those ceient tan ks for - (lays. RestIts shmo\, tl ihal 
Abstract (Printed as submitted) tie illeai colceltlation ofsoluble reaciw phosphoru s (SRP) iii Xlater 
IReceitly hatch ed tilapia )to II ruini total length (I) are coltun inct'reased with increirsingsediri ilitl P salrir-atihi and P 
preferred for hrmolinal se, reersal becautse they are niist likel\ fertilizaliorn n-ate. The inmo~iiun net fish eld (NIY) in._2±(0.g/10/ 
to be semially undifferentliatl. Thirl-tliree trials were condircted d1ay,\ias obtained l I colictnlaliol of03 I. and lig~ler 
in I luiidiras beelln Selteiber l)98 (sic) and March 190I to increase fish \ield. arid M)coleritratnlis did ilot Ihis leel of' SRI) 

qntif thile 1c.it( 1effect of It'itluera ilr()co#'I'o'miv niltia \%ere altainalble \\ith1Plertilii.alion ralte of (0., .1 and l.0- Wn O/lla 
fr\ lifr(duelion in earthen ploods for iorrmoral st,r-ewr-sil. Iwo pinds let'']adi( N:P ratio of 2: 1, -n:1 Mid 8:1 inll vt, tle f sediilie'nt P 
0.1 -ha llid,MTV sinOiitaritoiisl\ stocked \%ithibrood fish in saturation \as belo 10(%, above . and abll (0", iSectiv, . 

gernerall] icl(i after 2 \2%was eariteieachr tria , pornd was nlirested I - dlyS. tie Ipeririein cuinditd ini flirdrs to test arid ,erlif\ trelP 
after 20(tias (irange 21 I.Fixlroductioilr fertilizatioli elierilriental reslts. Threeollitr lI to :\s was ralt. based oilceient tailk 

cxlirated ill r'liorll ti nIl(gre,-dayxs frolli tile tlir,-eslold rie\ aid thirc old ponds with 81± I. ail 88±-'., Sediieit 1) 
teriieratrilre of I (L I :irwsls ak:r-agd 80,0)) fr\/lt.t16 lia.A sall'ltratnd ir till i-cutl ir wre ertilitd ita rate of' g/().2 aid 0.( 
total of .1,8),l0l fin prulrced., of xiirli -i,. 1 r i/d aild N:P ratio of 2:1 and 8:1, rcslecli .M. tilapia werl-ewre ,10Ofry\\were 2

of apl)priile Sit for" ]Iorllrioie trealililil. cultlured :itNo fl iirdlictimi 2/rn 2 for 
occurred at less lhan Iill dee-days: fix )rouictiomni inicreased 8i (Ils. 'lre nian NI (oblained ill litcand ohl looindsreii 
significantl \wil]h :l;ihO\ AbiC I.-3±0.t 8 andl 2.2.1±.-32 g/n'/di, r-espective,, which we riotincreasel degree-days this leve. 

195 degree-dis perCt Of lli i lb a significaitl]) > Results concludeilt, )tin rtin t, -iinii different (P 1.(1i). itlltlP fertilization 
vear-irresli "griaider large for treatiit n) railt should lit' base] oi P silrii'riolil h.tl ill Inud to owcrlre teiln to andr(ogeii increased 
significitly wit h intcreased degr- l-days.Fix : lariiid tile smll o}ilv fishby problem of under supply or mi- of P ini iound. 
grader a'eraged I*.2 t1inl 'I, while fi rio rtai,,ed %tilegiier
 
averagedl 9.i nui'IiL No significant liie~ir r0ti!;.Jhi) beltlwe Acceited lorpuilicioln h\ Agiculiurc.
 



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

Madhav K. Shrestha and C. Kwei Lin 
Agricultural and Food Lngineerin' lrograin 
Asian Inslitu eof Technology 
Bangkok, Thailand 

Abstract (Printed as subnlitted) 
kn experiment %,s(oldctedto determin lieLi ofitiOllt 

phospihorus (1P)ieletd in sallrate simulated fish pil selinlients 
,hich ,,ere to conlailhmade fip six hl'ws of clay at 0%., 30%, 

0I%,-3',,/., and 81%l%weighl. A series of cylindrical 
cement tanks ere depth wvith six sediment t.peS., filled to 20 cm 
anild triple superphosphate (TSP) solution wvaisadded to reach P 
saltiration ill stliI ilt. ResliIts showed Ihat all sediment types 
reached cons anlilnorganic- Pconcenit ration illupper i-cln after 
12 weeks of 'ISP application, and P adsorptioln capacily of 

sedimient increased \ith increasing cla conitenlt. S diclent P 
alsorption \%,isslower id not significant (P> (i) helow the 
5-cii depllh Illat i0da. Regression anal'sisexcept containetd 
slo)ed that rate and adsoIr[tioli capacil.i Of1P in S'diillili are 
prinarily gowtrned hN contell ;aiid its dominant minerals.'la, 

While organic-lI and loosel\ houuild- cmitniloil. inare deposited 
sedinient most inorganic P is athsorbd hy cations to form (ation-
P complex. The linear relationship hetmeen cation-I saltration 
leel andipercent cla, in sediment is highly significant (r-0.3., 
P < 0.001 ) and therefore, the niaxinluin adsorplion capacity of 
cation-P in p3on1d sediment cai hie Y=Calculated hb% ().t)l9 X 
(Y= I1)', saltiralinlevel mg-P1/g soil: X " clay in sci(nllll). Ilh = 


practice the level of P saturation /%(') caniii sedihen he Calculated 
bv the initial catiii-P and clay content (%)in top -cm of ponid 1iiud 
using the e(lulation: P1 ralioln (' (IIg/g Soil) Xsat )= initial caItioln-I 
10(/P adsorption calacit (Omn/g soil). 

AccepteKd forpuhlicalion hy Journal of AquatctuIiergierirng.
 



V. Public Service and Project 
Development 

I'lle Pond D%Ilaillics/A(IllacilIttire CISI'
 
relies oil its on-Au researchers to
 
I-CCOgfli/(.' 0I)I)0I'ILIIIiIiCS to S1111111011
[OCIIII 
research iII1,tiIIIliOIIS' 11-1611ill(I AlkitiC.". 
and to filid ul"ficicill %\it\,,to n1vild CRSII 
I-CS(',II'Cll ITSIIIIS to tilt' Iiii'llICI-S. 
researchers ill ill] cotill(rics 
Ilaw cilpitalin'd oil tllc c opportunities. 
ellahliII19 IIIe CUSI, to incrt-iisc it,, illipild 
at little or llo ilddiliollill co'.1, \1111oll"ll 
allcillal to ille Globill Fycrillicill and 
Sile-Spucitic mildic". Ilirw actik, ilics 
Coll1ribilic to Institution hilildill" itild 
iIICI'CiI',Cd (00d IWO(ItIL'tioll, tIlCI'Ch%. 
ftli-therilig illc Illaill strillt-ic approach. 
'I'llest. a-milics ilko IwIp to prolliolc 
ill(crililtiollid m-willific hill'aa." (III-olloll 
the cwhamw (11wdillical iliforlilalioll. 
As itrestill, re"citi-ch capahililie's him. 
ht-cil stibstillilialk "ll-cli-111clicd ill 
d(m.lopill" ('01111111 Ill \\Ili(.Il ille CR'SP 
IMS b(To Adi\C. SOHIC of 1hC',V 11111)01,13111 
Contributions are dt-scrillt-d 1)(.Io\\. 

Institution Building
Theil(.Ii\it\Illchil"ill illiprown't-Ills lolk, research(if
of* Illiliorre"cill-chCRSPI-c"Illu'd illfrilsirlichlre 

collithorilling Ilo"I ('01111111 iiislittitioll". both dirt-t-th 311d 1AIICII)iII1' 10 :1111%10O(IRT 
addition, CISI' Scit-lilist" "(11V ASildki"ors ill tilt, rescarch prograllis of Sludclil" at llosl-(,otillll,\ tilikersilics 
and inak' L'Olill'ibUtiOll, 10 (IU\CI0I)IIICIll. 

Ill Holidtil-it", itCRIAI-Ird. pliblic-pl-nilic joilit will[Irc colilifilics to prodili.c ccolloillic N-11clits %\Ill](­
incl-casilit, Ow lilldcl-slalidl ill. Ill Illc %\;Hvrqllillil associmcd \%ilh ille shrillip indlisirk, Ill "olillit'l-11 
Honduras. I'll(- ('1611 \\oi-ks %k, \""()( ialloll of Iloildill-alltill Illc Milli"In of \iltilral lic"olln-cs. illc \illiollal 

N ) \11 Ow I'allilincricall k"ricillilln. School ( F \1' ). alld ille Icdcranoll ()I111-odilk-ri-S and 
F\I)ol.l(.I.s Ill llolldllnl ' (Ill'lliI\ i""lics that illiect "hi-illip 1)1.o(lll( [loll 111(1 (- IllarillcIA ) 14) 'ltldk [Ilk-
(.1101-olillicill "111'rotilidillo the 111-111" of ille lahol-alon ill 1.1I'lljosa, Iwal. ( hollilct A.%Us, I Ilk. I-clill-hislillicill 
Illadt. po""ihlr h\ Ilic Icliw p'll-licipalioll [it all 111cpal-Hicl." ill fill,, Joint wl)(111 c IIlk,Millisin. of \alllrill 
Rcsollrccs pro\ ldc" Illc labol'alloll and office "Imcc ill I'a hljoNil \\D \1 I 1)1.()\ till-', cyllpilicill 'Illd h1l. 
illc Llb. flilldcd 111% midc ponds anda "clf illipo"ed asw "'Illclll oil ,Ilrilly (-\])()I 1' N I \11 illclillicl." .11"o Im 
illpills to (.oll(lll( 1('161, v\1wrillit-Ill" I h v\lcll"iOlli"(" ;I""i"I ill ( ollcl, Illn.,, dMil 11oill dwil. IlIcIllht-l-N :Illd 
dis-w illi lial iIll, 1-c"cill-ch ilifol-111:11ioll 11Ild('I' IllC (1111-0 1011of 1. W ('0141110 1 11Ill 0111111-t­
aild kulcr (Ilialil,, all:lk"Is IIll. Libor;II(In \\;I" dudlc llcd ill Ill(- prill'-" 0 199'). mid 1111pol 1;1111 
contriblitioll" lo I-c"v;Ir('Il 1""llcs 11( It as c"llmrillc Illolliforillo. polld Icl nli/ Ilioll. mill All-11111)In-dill'. 
strilicgic". Illill %% lic"illikkc cnk. It(111111clilal Impactill illcrvasc LII-IIlt-I " ci olloillit. cliwiclit.\ alld 111111111II/C 

111)to Illc tillw of Ow f0I'CCd cuclialioll front lWall(LI, III(. labormor\ m l6usaw \%;I,, Illc prcllli- I' 
\%'Iter (111;llil\ k1bol-alon ill Fast \Iricil. depile Illc oll-oilig ( lilliil((' of ( i\ll thill "crioll"k dillim.-ed 
national ifill-&'11-twilli-v and illicl-Icn-d \\ilII trawl and coill IIIIIIIit-Mil ills Prior to Illc cuclialioll. Ille It.\ 



I)roduction oinl addition of' ia stationwas reniiiwat(l, itncliding tile catch hasin to imliproe the cap'it. of Ih, 

gelierate large io
ti) IIII 'hersoflu.liirf ii i .' ; .'..,,,ie.,.. ie t.'ldi,'ti'ow.ti MI ses-re\ersal )ollds to 

facilitate the use of" nhils \-ceatrt\nal process. lheloss Of this researt'h he felt mt oitlv illthe, .ilith %%ill 

IR\,,nd. hut throughoimut FaSt IeIItral AfriCa. %%Ihrelid ill'e fo
I th, ;or.itlr ate ilialit and "oil samlple 

is s,.s l IOf auitl ;to,:1d the e\perti:,Se Of the (1 res,an''hers for trainlji' ice. 
The (.RlSI' all tilhecoliilis h lie aatie pirtiter ill the etalhllishwlitll of resea'rch poilP, ;It ('hliisalliii 

Fisheries Stallioil illiorthli st I'hiailil :tiilanilt hi:ttit Statii inin rthern lhiailainid. 
Illlpth. Ii' r1oitdedtl for all fa'ilits 3iid rectirculatlingt C6 upiport ii'terx iiterlit (1 ttlledl ; secold 


s sltin. Itt i'ouii(f It ll-)t;arthtl pontls itiir [Or tihaia i)ri;i,dilctil. T'le ss
mc Iitel-d atr lilht and
 
iulet "tirtlure , uill\periiiiett:if Il t'cln cuintatiul ih \ihld
louids %wt iiiutlihified to fish. The 

CIuI[' re"tirchliers einlge rfessioinal 

asailahhel to stiuhiits, aid -trteuI]thtlel , l Xltiait h tilese iiternatioiial
 

ltsenc of ill lit ,inificatl lhe iinstittiliah ail land uttork 
llih'ersities thrun i'tereased 

linkages.
 

Education and Professional Development 
Foirial tr1ainii plri'iiha' beein iif'tqieitlsI(of' Il'iui(lt,(l h this CRSII.luritrteless. tilelis rartls 

llt l iiii 

(:IlIs , inittroatiuuiial uiiutreach. Infoirmuial shlirt are
 

iiii l i cit' of, stuIdiis 1(oist tlcounitriesail tl I ittled Stat's citullslilttites inimotii aniit lritt if lhe 
training aciities sL'h its coturses aid %iorkshlolus 


freluitlk cutioteul Sitce Oi eh of the prirai .t00i in hetefited froiti
ht'ielgiig . l tt+I ithals hla 

(CI, V tr+;ilion-
aitk ititcs 

Thailand and Philippines 
training ,nt 


to) farm liods throughoutl restearch :I Iall)tive
 

lTe CRSP is its ohed ill tsi cmoinelu of seeral studies that help extenl (;RSP research 
hailaid. The CRSI pr'uuides tile Cinuent for 

an'l.nagellent sstell. The onl-falnut' stuldies to tile athelp speetl the etensiol of' research faIlers, and 

the saie til,, use the, faru'ers' cn Trns' touhelp Create the teseaich agenda. Ilthe llilippilies, the
 
regionial serifiltion of til, fertilitr gilillites cuitities the Freshwater Auiactil ltitetr tt
lRSP at 
(e it ,l li/n Stite I nisersit\% t ( /CISL). 

Honduras 
l)a\id lchie.'htrt-C iiit tn ishoit iin'st,il ;is a longer Course oilciuuo-it'd S1 i Lter (jlalil part uof 

sluriit;i disetases orgaui d h. t itistrs of Natural lsoirces. Injllai')n,TO'icirt-Coddigtonll 
lai 1 a k(,% role ill orgali/iug a nuieldals 'c eitellon siustaiihle shrimIp falriing ill Ilhun'diras. Tlhe 

collnenc %\&,desigIied to0edateh lhe fartllliiulloillnilllit\oilsustaitaile shrinlp culttre. anthtou(licil 
Imuiling and Iatler qit,stiluiport for CRSP research reltiting to eslu'irile ia ithiert-lodincio was 

instrmniunital ilort+u;,i/ig lai ua regiouial cunfrellue',.Su\sluie-Ioi/d ui ++fliu'(I /u+oft -,' I)/uuIu'/ 
FWl.wc' wI, i ,W111(I. Thrce hundiuel laritllers antlreserchiersi'lfliil londuiras. icaraial, and 
IISaloahir attein(h(l. (I' rtsa'chulru, (itilht ll\tufill C.WIssei Lin \\ere ins ittd slial.w'is. auddressing the 
eii1ir iuituttillutgililujln m tiitt,:indhlls ilifuatus of iimtatsise, shtri ) IIill (I oasta ;ili ii, emi i iuittllal fillglli ill 

atalk o tht hssecun etitaU'iil,Thailand. tesclmutitJn tii eliit-I ohihituu lriesuuittth relaionu \ater• luality 
:[fill shrilly lililludischiarge illslttlutril ahitiuu. Ttichlet-(iu ulclimntgoIhuthnuras. Ill coimuiuctedt af\rksuhol 
(itl lilapi.a purouchitiiii itlehuiiUes toPeatce (;f ,ssuuhlli(,tlcers. 



Egypt 
' .tt 'i atlnCt'ltnt is the foicis Of the CISPS 

itof, ssi al t'\t'iiit'ilt activities ill E l . A total of ten 
sttdt ots are Sol)l)pOlttd h%the Eg 1)l1p)rojVtcl: SiX i.t, 
%%ioclkit ni ad\:ttCC([ egr('rs, vhile'iIc10r others CoIttIct 
research t the I niir'sitl :tM A ive'it.,01' INUaH\:ii. 	 .tiliurn l 
atd at Oregon State i ikerit. T'hefocal point of tht 
(:RSP, pIO(lt'S.Siolid lt'eIIVtl clilt adctie s ill E .l is the1 

.. d~~~"liolil% F~il:.\~sc'ientists p~articipa:tedt,\thlulit, ipr'(graml. 

illthislplograni dlitilhis ri ,i(rtinig period: four at 
\uh nmI lM .t'nSit\,mt,(ill the, Ini~t,rsitl ofl'' rillNlinl, (ic 

illt' NOimst FiMhtrit's cietnct' ( it r o11t't1ll Seattle, 

I likt',rsit ofiI a\Iaii, ont'atI likuersit\ of ()iailot la, atnd 

iv() at )re li State I oIil\ . 

( Insaddition Ito)lei Ilt' liii\'El\ihiliijl( lp rall tilth 
VtiIe C stS,,l tnitr tnt ,rlli r (iI.ilti i edI Rt ilstitl illtilt 

linl this rprtinip t'liiod. Ci,.Wttit' olCI ilt'htrt'ete 

toi k\l.t il thtiu noisito,,archlprotc ndtolnCatfishriml n 

ora+atcitIiis Stiidt'nt hil cl ttdegi(IlCs, t i i i ailt t1'' Kat t)('t'a lllhli, 0t 
"f thecoiahoratin livsitit' + tiirptillll ii ill BS.,katiill tttt'ilSt' rot t'Hidltl ,t. sitigr 

"eear.i~tets Inaddituoi ,it' lst i il (ift CRS l fish.S tit't'sta reletntted it ,tli tiitl , tt'seai 
t'tlSIt itgtitil ti'a t'ill:tr The Sp'onsoed i fieidt the l

stitittists~ iiklsai~~ ~ \iil~ ioi~ItiARt~ VHiiis itaitiit('11~ ~~~~~~~1 Ceo illil 	 ledn alu,ittl t Ithighlight prIojet'' 199i\%+ , 	.+ I99. o p~rog ress atnd rlt sll l lil n i, 

Al\t.l)dtclohillA, :[til 10111,1x\ (GrtCHt glllt td lill ill­: id trth1(11 ii 
. S C'+ x itqit ctntilre,/triCt, trilin,,.l, f(W fifl\ 60W)\11111cilt of Egl.' 

!! - , .! . "+.' fiShl'rit'S I,('i'01,,,,, .. ]i,,,tit'l IR01thlMI'd f,'<0,,, thet (;3i, 

F'ish l'til-CC(l i CC 

sciet'its' K(M\n Ihlp-kins.' and \illiali Shetoln A.tso)ipartic'ipa:ted inlthe' \%o)rkl- io(l). IBatrlh()l it.\\ (0l'tel andlt 

Sh11111tCl 'l ttnR IIt-ttl. :11nd(CISPtikilinlg 

fieling prodthtlion x\(o'ksho) %'its :lttelndted 

h\t fish faU'liters, tm\l,iiol p nlt+)ll,ii\ r aind slltdets . (nlri;mi ec!!, 

IEsam il illta con)lduteltd itI()nt-(da\ Illp~tilt 	 at (CIA\R, \%\hichI 

r l l il ofessor"t,,+()', /l l ttturvillind 

the~n dem tn lraited 1crto(diltiioli il) l i ,,i~ Ih O d iS l h f li\C01 h:illi li ll illd ihhiitltb , t1r] tlilhg. 0)i Ir'1uiSllirl, 

t\ t0 	 W:111dSC~ 	 0 . iil Irt-iitliit'nl, (iltil\, dC Cl it "i \\)'t:iR \\%)l'kl Olit tlhe'CIA\I? ol \xilltcr (lii',11il) 

ntl pond . M rlin IFil/pati 

oif fisheits, se~x lill'tCrtclitiaiiii ll ntillipial, itild induced~t breed~ting in fisllts. ni, allso C'ondte'td \(iirkshi+ oil 

lIl gllie4 ill alilclt'hurt lit,, ctk I)IrtSCtiCit SClilill:il',S Oll lite rT'lii'(ithlt'i\ tAh~ ioilm . 

itlt, ltifkilg Ililt ,stm of tilatpiai 1 11 Mtidll)1ioi(h)gitCill S11il)ill l 'hlli(Itlt'S.di 

IEnttlis iltl i ntrllr tedI h%such infoirimal training anidcb\v t, lpostii'-to :l(ti\ ilit,, allIlht (U;II<researcl'th sites 

lilts Ild , (lli sllI et tos puru, ' llttllii('l'Sil\ (th',t1"Ct lWirol lll, etlhe~r at initti nsill. tn heir oiX~l c')ili'it,, 

o)r t paiciat'iiling4 IF.. unkerto'.ilit,., Sltudts haw. pu~tllrsueld degreest,. aitWt\Ct, l si() inllilutlioii lls ill atll ls an 
o)f the' Coilllaboiratilh iliktersilic,. ite I,,S. Pior)i i'Xl))lir I II il'Cl''t. M%.S.,in Itothis tin~t %illVt, (B.., ;lllt 
IhI. ) \\tci't itilr-dt, duiI no~t t'l'tC'C( llll he'riKd hring!this peiod. llher fi%,%\(T ' l- t dirt,tlh~ll (ifC(RSP
 
i,,ires lchers. Ill ;Ritilil, <)\tr -8. Ilt,,es,, himlI,been coleh te d illt tIhe,dirt,;'lit~it Of (CII i't,.S~itlT l'.
 
'llTeses, Compiletedt (during this petriodt a:lt,
 



Alcivar, V.A. 1994. Crecimiiento de dos razs de tilapia (O 'o'hromis sp.) aiimentadas con tres diet:LS 
de diferente nivel proteico. Thesis, Ingeniero Agronomo. hscuCela Agricola PIminericilia eo El 
Zarnorano, Ilondol ,ni. 

Ilavaiiont, V. 199i. Effect of Controlled Dissolved Oxvgen Regimes oil Gro\\ih of Sea lkiss (I ales 
cah'rufi,/r). M.S. thesis. Asian instituteof lchnolog)'. 

Gonzalez, 11:.19-. Cuhivo de tilapia( Oroc'o.misniiloti 's), cTrla coffin (C''prinuAS (arpio),Y 
tallaqui(C(aIos.omi ma'ro/,pnm)eimn iats. Thesis, Ingenicro .\grononio, lIscucla Agricola 
Panamericana i I1Zalloranlo,ell IHond'uras.
 

KClwch nin, S. 1994. linlCt Of substrate anl c(mmne.rcial bacteria on th'growth performniice of
 
shrimp (I'enaeus Inluulnh initensive closed and open culture svsteins. M . thesis. Asian
) ill 
Institute
o)f'lechnllooy.
 

h)cclopment Ponds. M.S.L'I-ongual, T. 199. l of a Molel of Phll<oplaoktolii Pr(odluctivitv in Fertile 
thesis. Asian Instituteof Tccliinilog. 

Nguy'en, M.N. 99i. Cu rrent status, constraints, alid lotential of shrimp seed production in Central 
Vietnain. M.S. thesis. Asian Institute of Technology. 

Nviraliahinmana, 1P.I99. (Gunler I)ifferences and Tecinohgv Adoption: The Effect of lousehold 
Pressures oi [lie Practicc of Fish Farming in Rwanda. M.S. thesis. An horn i ni'ersitv. 

Shrestha, M. I99+. l)vmnics and recoverv of phoslplhorus in mud (If fertilized fish poInds. Ph~l). 
thesis. Asian I stittite If [ecimiogy. 

Wanlg, C.Y. 199. Preliminarn trials for nu rsin g (f (;hinese catfish (Silurun.s awlus) incages illtilapia 
culhre ponds. I.S.thesis. Asian Inostitulte of Technology. 

Yaliiva, Y.S. 199F.ltro(llication lrbem ill ilnds and [lie biologicalsh rimI (Pl','a.us ,nouwi) 

controIl using Nile ti lapia (()r','(ouhrm iih usticits).
INi.S. thesis. Asian Institute of Technolog. 

Th enlmber of intlVidlls ilvl%'led ill:all forms of training, from n(iOn-(legree activities through 
work ol advanccd degrees, has climbed to well over -i101)since the beginning of the prograiii. Most 
of the trainces hlme come from P )/A host counritries (lipg.pt, Ihdonesia, Panaiiia,CRSIP lHonduras, 
Philippines, Rwanda, Thai land, and U.S.A.); however, the benefils of ClSl)-related training have 
extended well Icond the bor(lers oIf the seven coIllaborating countries, as evidenced by the fact that 
particilpants itac heen drawii at least countries over tilelotlrsefroim 2"7 (If tile program. 
Flrthermore, the intcrlisciplinary nttre of :quacl Itural research attracts students fron aiwide 
range oIf acadlioic discillines. Many larticilplnts take positions ini agriculturatlschools, ban ks. 
research ilnstitutes, niational parks scrvices, l opm(jlient projects. and agricultural extenJsion 
scrices, where thec' awareness of aqIacult0ure's ipl(Irtane illfoodare able to increase luitlic 
5N'stelli
.
 

Linkages 
(RISP linkages illHlonduIoras have been streiigthened and broadeed with ile inauguratllion of the 

brackish water site ill(;iolttca. The CSP w,IaS 1 add iicause r tileaiblc this site Iar1gelv 
etlh usiastic collaboration of private organ izations aid goveronmeln inlstitutions. Ai\n, the 
collahorators iretle Ministry. of Natural Resources, the National AssIciatiol (if llodroran 
AquaclIturists. fli laniiimerican Agricultuire School, aid the Feleration of Prld'lcrs aind Explrters 
of lhLinrus, all if whoim niake substantial coniitrilbtions to [he (n-going opIeration of tileproject. Ill 
addition, CRSP researchrs ser'e as consliltants for Peae Corps %ounteers, anidlPeace (orps 
volunteers Lave aissisted with hl)gistical arrangements for researchers invol\ved with tic social sciences 

project.
 

http:Pl','a.us


The CRSlP contimpis to strengthen its ties with intluItituios utl southeast Asia. In"Thailand, CRSP researchers 
hold long- and shot-term f:ctIlty appointmtents at the Asia Institulk of ]echiology (AIT), and teach i variely 
of courses aLnd semlinars. AlT seves as:i regional resource for technitology developmnt ald disseimination in 
Sotlheast Asia, so CSP researchers are able to f)'in liinkages with students and factilt\ froi l any cllocot] ntries. 
They also serl as advisors to tiltThai g,\el'lllllet and fisheries related projects.oil a(liacItitdttUC 

Ill the Philippines, (,RSP ties with the lt{.rialioiial Centelr for living Aquatic lesouirces Managelent 
(CIA(RN) contlinue to grow. Current \\ork plans call for the Ilse of ge ltically selected lilalpia fron ill 
IClI-spolnsored project for field testing at the IA(ICI.S1 as part o' the regional Prificatioii trials being 
t+'cnducted h\ the (CRSI ilt the Philippilnes. Another collaholrato., tle FA(/CIt '- utei\crsitx of Wales S\w.llsei 
Research Project of) Genetic Mlnlipulaitils for1']ntlprowd 'Tilapia ((,\IT). \will provide getmeticallv IImle ltilapit 
(GMI) proluced b\ breeding 1Y Slipllltles" \ith iuitreatel fimatles to proiile :ll Ill:e tilapia for Ise ill 
(le treItite{.til of Ite CRSII regional verification. 

The Research Associate ill lwatdll d ised the I SAII)/Kigali Mission atld the ItSil) atural 
Resources Mataellianelt Project oi ntlural resource iSStuS up1) tltltil tle tIine of eaciitioil. CRSP 
researciers AlsO advised ilhe Rwaidan Miiiistin of Agriculture's Auaculture Strateg. Coinomissiot llit 
establishitng research priorities and ii propisin suitaIl.hle research and evtension linilkages. Th CRSP 
Illade maijolr Colltrihutiois to tilt lRasa\e stalioll ill consi-tluting facilities and Supori)rtiiig extelsion 
Pcltsiltl+l andipublicationis. 

Linkages ttwN\ Egptin an1d .S. inlstitutiOis were stre gtltened, and ie\\ liinJkages were 
deelope(l. The I mii{,nsit\ of Marland and time Gain Sllnuel Fish Breeding Center ilt Israel collahorated 
with (,RSIresearch dio ung this period. 

Ratl Piedrahilta, Principal ImePstigator for the I CI)I)AST, tralIed to Scotland to participate it :i 
iteting ol Auuactture ;ul\'a t Resource MalilgenteIll. in ;i iteWater and \orkshop oi Econotics of 

Waster Wtter Managemitent ini Aquacutltr{. he \\orkshop was sponsored b%the EuropealihItlatd 
l:isheris Adison Commititissionll(II:AC). Il addition to tile CRISP's illltterolis formal colll,tions ithl 
host coultr' instiltuti'os through MlIlltorada of' I'tlderstatling, the CSP nmaintains ties \\ith tterius 
other organi/ations, including liailv conmmercial fish prolducers inl the U.S. aid inl host countries. A 
partial list of informal CRSP linkages follo\s: 

Al A/har I nli\ersit\, Egypt 
Aimericai lilapia Association. Iltiled Stales 
Btard for Inte.riliti tl Food and Agrictltural Developmlent attd Economic Coticerits (III:,AI)IDC), 

Washington, ).C.
 
l)Xo'Scboits. Rkaid
 
Cairo VrIi\ eOrsilt, Egpt
 
(ARE, homduiras
 
(atlholic Ilti\tsit\ of l.umell (QIr.), Ielgitl, Rwanida
 
(itral l.uollt Sale liiversitv, Freshwaci qutiacuture Center. Plhilippines
 
Conisilttli\P (romp oil hntermliotal Agricultural Research (CGI.\R), Washtiingtgo, ).C. 

l)epartment of \(lltacultIIre (M)IN.\At(), l illal 
)epartmttt of Fisheries, I'dorn Thiai, lhtailamd 
)epa.rtttent of' Rne ,ahle Natra'l R OUi s (1l)IIPESCA). nhdtturs
 

Eastern Fish Cultural labontl-Io, Mitrimol. Alabliitill
 
Esctiela Agricola lVaintiricant,. (hAP)lhonduras
 
EIilroipeall
Econmrlic. (]()lllltIilil
 

Iul')olpeatl Inland Fisheries so(is Comtmissioin (EII:AC) 
Fish IBreeding CtIIIIr, Israel 

http:IA(ICI.S1


Fish Culture Research Institute, Szarm'cs, Ihungary 
Food atnd Agricultunre Organ izaliov of the IniLed Nations (rFAo), Romie, Italy 
Freshwater Aquacatllure Center ('AC), Philippines 
(an Shliuuu Fish Ireeding (Center, Israt.I 
General Authority for Fish Resource I)evelopment,t. (air. E l 
Gordol Research Station., Insenala, ,mxico 
Ilonduran Iederation of' .Agri.ultt lal a( .gi IilhlsLrial IPrihcers and lxporters (FPX) 
INTSORI II. CRSP, Ihonduras 
Institut Perianian Iogor (I1ItI, lidloiisi-. 
International l)eop.titi l'R--,:'Jil Centre (II)() of (ain:da 
International Rice Research Institute (IRI, lPhilippines
 
Interinational Center for Aqucilure ((A), Atuburn I vlie(rnsit.,
llbmi 
Interntationa;tl (eitti for liing .\quatic Resources Management (I(IAICM), Philippines 
J.I:.I. Agriculturaul School, IHnduras 

iariit Fish larm, Egpt 
Mitistrv Of AgricutUre, AgrilIuhtiral Research ('iter. lgvpt
 

National Agriculturl lhbra,, Washington. ).C.
 
National Agricltrllal Research Projct (NARP, lEgypt
 
National Association of londluiian Aquacultolrists (ANI).I I)
 
National Inland Fisheries Institute (NiFI), Thailand
 
National Marine Fisleries St,ric, (NIFS). lIA.llla, California
 
National Technical inhlrunation Serx'ices, (NTIS) Springfield, Virginia
 
North Central Regional Aqutacultur , Center (NCRC), Michigan
 
Northwest Fisheries Sciences Ceitier, Seattle, \Washinugton
 
Peace Cor)rps: l nras. Thailanud, lBtiuundi, Rwanda 

Red Cross, lRtanda
 
Soil Mana emntIL Ilodtirs
"ICRSV, 

South Fast Asian e, (ph Philippines
lisheries 1ielit t (SEAIE) 

Sustainable Agriculture and Natural Resources Mainagemtent (SANREIM) CIS
 
Special Proigratm ho African .\Agriculural Research (SlAAR), Washington, I).C.
 
The I .'tiit\'If the, lhilippines in the isapas
 
Inlited States D)epartnieit of AgricultLre' (I SI)
 
Irlnited States Fish and Wildlife Senxice
 
rni\Crsitv Of Ari/.Ofr:t, I'ucsiii, A'i6oi
 
I'ili\'e(rsil of Vashingilon, Seattle, Washingt in
 
Western Regioinal A(ilac'llture Collsortllll (WRACI), Seattle, Washingtol
 
zagaiiz I 'i ' rsil\, Ep.Pt
 

Project Development 
With its e\teilsi\e iiternational nitm'ork of re,(archers, tlhe CIRSP' is \,II positioned to idetitif\ 

iteeded areas of research anil olportuiities fiiir .alliiltire, itlopleltl. EImerging Ihiis il 
de'vliuilenl and ill ailllacultiure are being adhhdresse'd \i the CR'S. With v\orhhwide attention ll),, 
licsed on sustailnble d(,\tehoilt, the (,RSI \\irk ill at'ural rtsoolce polic d hlopilent anil 
iimiplemenitatiin inl l aida and londuras assillies greater imluiortance. The CR' has taken ,ill 
active role ill encouiraging \muiciiill aticulture, reflectiig the recognition of ouii's l)i\lal role inl 
agricultural producitioinaiid famil\ nitrition. A\o\rkshop at the Atitil Meetig, focused oil inltgratiiig a 



gu'der dinslon'lsO into futture ailUacturt' research and dev'lopmtent. Th, pri'ate stctor inl many coulllri's
 
IIILSht'tn able to capitali o (il ,SPresearch. The.modlIs and gut liulls dhlhlptd by CRSP rest't'hc1he'rsa
 
being tlsiti inditecting on -lii trials, th, gnizing
"'acid-itst" tf li\ lte'l'hnitlus aind ttclhmologies. Fitl ly.,rec() 

thatnew lt'chiolo dhots 110l ill hot is part ol' a o'ltr sociot'ooo11ci sSlt+i,
operat' a%actiutl [ie ClRSP is
 

luing itiore resiotces to illt'kgratinlg thw sociatl Scitt'S into ti ' rtIst'am'lh. Alp jIt't'l inaugurated
 
diuring this rtporting pt'riod is imltstiatin; it'sot'oit't'oioll tii
dimittnsioniis of ailoaolltire(t,\elopilt,nt in 
lhondnias, Thiiland, and h(lit[-ilippimis.


Tlhe. PD)/A C'ISIis t'oillittild dc,\clhillent Tile
to) evLldlig llmlatilllttre to aplp1rop~riate, Site's.on­

going Egp projct't gi~ Cs hiltplograini an1oppnlirtltit toapplN [hit CRSI ttchnologies 'lnd
 

mIt.'tIllhlgits in n11rid t'liiiatt'. It'sligialtiOs liht 'gIlt s(' tile +CRSP silts to
iilt'rt'.ic iitiin)er of

include nt+'w l)ii't'ltm t, to imittiothn flrom(hl
agr'it'hoclgicatl lot'ls. l)tpiit. l'igilt, Gotl rston)lided an 

Mitiislr% il Agriculturt in Elirta t %isit tht111 t lllti 1 ' 1't,it,0 its ilIttltild as : CRSI silt'. Tht' CRSI
 
Rtequtst for Priiposals for the Continuation Plan atacttld t'ollahoi'atto's wih t'\,it'l'it'lt't' aid linkagts il
 
Soith \it'l'it'al t(tlltuntes. aid t nt'w silt's tin Ptrot is Itn latiiMtl hiig LOtIiinlg'll OHiilidiig.
aiiMIt'dl. , 
Ill lit' nt,'\t I't'li'tilg li'trlll., lirectoi' llillar' IEgl : ad Priicipal lltsligalr \\aye stimil "ill
 
tildtltakte a sit' %isit tlKiwa tl t'alnatt, its al)lli'iat'liltss as thit C' Africa silte.
,S\I 


Tlhe, planning 1,01'the hem\nld 19it) 199i.1,
(CIP(Continuation la],n hbgan ill .\tltlsl il colntinlll 
du~ring this rt, 1iot' rt,\ic.\sthel b% i 'enl]li)rting d. The, l)(sitl\ l, PDI)A (CI,'l1thelxt l.\,++;t+t+Ptull 

all-(CIl+it'w IA"'irllp)k:1 t'st'at'h LU lMtnti aw 'Rt'suilt',dill ;il
 
ilivilalioli flom I SAIl) i'il (liri iit't\ pt'riotl. Astl'at gi(
 

and hy tilt' ) rS't' '(itht'lt'd J adll),\t'h 
to submit a Contilito hop)sa lit rlepol'til 

doctlliltl is ht'ing. prt'd lm intludt's an t't'ologitcal pt'rsptttivlt liii atliactltirt' tlehop, elnt. 

Development of Sustainable 
Aquaculture Systems 

l'mironminlai concerns ar'e imtikating tit' crlatio (If llirt slstaiiiablt agricullural systems
 
le Sait) i'lulllclioll Ittil'
wolIth\ii, ill tilit' as alacttti't, is ht'ing r'tcognizl.ed as ilal world s food 

etonoino . )iminishig stocks of wil fish, cpledlt \ ith intreasing dltiand for fish worldwide, hat' 
trein ip tilt' alut' of at(ii'tiiultit pr'iidt'ts, t'spt'cial' fish aiid slitlfish, and aquactiltit' is l)rojetetd t' 
L'o)lilltt,fill aIll il)lpol'l:tl1t;tIS .S()ll1t+' cr'lop lg t r'm IPondIco )liL'hl.it fo)odl and c'ash l ill dct\loph on ieits. 

t'llpol(,ll in st't'l'allpr)dut'lioli of' alillials aiid plaiits is tle,\ of ilnlt'gi'at'd ag'it'iil'al syslems wa\s. 

Aqitlln''pillls pr01 ~lt all cliiit1 inlt'iis (If t'llst'mnig wati' itl ai'tas \ It'l-' ai'Supplit's art'\ue 

,.\(11Fu l ' siUrtI'dliti)\ill'silt' l '11he'usedit'cI t ' is1htitsil t thi'a'l iitlii,ll or s ral1w'at feil tl'lhot'llat all' lfitIt'lt All) l' lit' ' irrig\lilt' iatin, \ofsth \lt ' :ll't 

tnatiagit,' Pon lilihe gait' tict'r ill t'urich e , f t'al I rtlll mlild d 

ilitt'd. t'l' lpollutinoIim 
lmils.p'l'hig ll i tll it s,-- pl'tiill 

tseit't'aflal,' soillii, Ih landacroips.l . is i l oltmll <lliattltillc ta ttsd its]([.
;lgritI'IIttIrlll Such 11"chickeltl-fish anti thlic uct.,,mS~-~l)r<)dII'ti~ 'l,-ishllp rati ois. lI'lll1<t h :Is 

,
J ,
grl':ssts,
111+111ures,., inlt(lihh'phill parts, and~tcom pos~t.ts tClilhet tll-'Cd 3S 1111tl'it~ll\,,(IWl'eill ltIl11 Ill11T

sIi illlht l alt' otillu lilt' st's ilnri sl­
p~ro)ducts to) p~roduc'tin ilns, andt(to(tiut to>stlisaillhbditlvh\x fil)')lill1illcrial,'. 
pot' s. rP a l sils a s to paiasie difit ii itililzlatill aoft llt l ltlllt' h

enhancet l'Ct.t+'xtlng 
Inll.lpl, 1-'l-cilSt'r'tr[hc,l)Ssihilititcs ctro)ls l<toSke 1pondinl-stigatt of'+ tsiniomlogical 

f111:In1t1ellilll E licit ll 't cte~dc,\a the*;1hilit\ grass c'arp to ct'r l) lprobhhillls,rl., re cond to) ilittt ofI 


llii.llct' :I\%orachons is being te~sted to redtuce.
il(Ilatic' m-'dtS. Black ca:rp), snifil lpredat<)r, I' its 1p<telnlia11 
tile .Snail popIml',tt Snails are' hos+ts' prasitt, lh1at hilhar/ivi, ill ill(. si+.tilr1Aice't to Ilh, cautse~s a 1-t'dm'lioll 

pioplation ma' i't'dilt't' fish fai'rs' daigtr I t'lirat'ting hillialria. 'l'it'st' slinlies l-' dt'sig d' as 
hoilding hloks ill thte (Il't'loillpl'l o(fa pllt'llltt(' s.stlil litlt' ItlEgypt. lllt'Ilnr, slit'es \ill he 

http:r'tcognizl.ed
http:iilt'rt'.ic


contlucted dturing hlieset'conl %earof CRSIP restarch il Ig.lt. II a secontl line of inquiry, CRSP researchers 
are coniparing (lifferent man.tgemen i strategies (e.g. traditional lgEp)tian aquactuI ire practices) with CI, SP 
n aialltlge, attelm hiclih strategies might wiork btst t nlder the aridfnit guidelines in :111 mt toi(fet ,ri int, 
conditions found inEgp., thus guaranceing the most eff:ctit use of precious water antd nutrients. 

Biotechnology opens alterlatie awntues for the prodfuction of monllosex tilapia. Research is heing 
Conducted in hotli EIgpt and tlhe 1.S., focusing oi the safei'e of' steroids with :aspecial emphasis ol 
minimizing impacts oi fiilialls, fish, tit, dc.'and UlitOiillit'lit. 

In southern HIonduiras, CRSP resaichTrs art + making prouess in deloping efficient filrming 
practices for shriiiip farmers and in deterining lhe carrying ,apacitl of te (;tillf of'onllseca. ;\u 
understanding of the' (;tilf's carrniig Capacity will git (t'e'loMiieiit I)lainers information ietled to 
insure tile priit 'tiOl tie est.lileii ,niroimtinit surrounling tile gil. .Xlre dy, re.,arch results hle 
shown farmers that the,\ can r'duiei ti, perce,lltag, of protein ill thecir shrillp feed affectingiithow 

' vield, lowering hoth farinc r Ieed costs al lite ntriCiit load ill the estuar'. FuIrthe" research will 
Coltitilile to iltegrate cini'loinniital issits Mitl pro(liittion coiicerns. 

\\ater itlit., concerls a1rc1 oiI the research iii Expneriments (hterimilit'ieto atlsi agendt lhailamd. to 
most efficient Iewl of 1ntricnlt input help Thiai farntrs plan for optimmal resomirce use, %%ithoutpilluting 
ground andIfsitrface waters. C SP researchers at all sites demonstrate a t'omcern for (lie effects of 
aquacolItui ral produictio moil fie wider eim'runln.iil. 

Socioeconomic Studies 
CRSP hlas liig recognized that social atid ecimononic fattiirs play an 

deve'lopment and adihption if atmitactiltiirc techniiologies anl management strategies. Limited funding for 
this CRS has tonstraiitd research in th'st' areas, so that mlv sinall, site-specific studit's could he 
conduicted. Past socioccnimit' restarcfh was limited 1!)providing answers to specific qlestilns, ranging 
front economic analyses of feeitding strategies in londutras iio anialksis iof gender uariahles inl Rwanda. 
lhoweer, CRSlresearcht'ers recognize lie nced to provide hasic ecolnillic informmatiom to Unable 
farmers tii evaluate research ret'comnnllldtimils in the light of financial prfitahility. On-going 'foiirts are 
being nmade v) imclude socioictiinmiic variahles il (lre research. 

n ditl t intludes 

Ttine iimportant role in the 

" PONI), tIh' exp('rt sstln fur pli(I antll 'mlcl dtnt tby mtl S T, urno% d 

ecliminic data. 'ilit, miser-friendly program insin IIIM-coliipatihle personal computers, and 
suppirts pond intlager dfecisiiniis regarding variahles stIch as ft'rtilization and stiocking 
strategies. 

" In lhnduras, hrackishwalcr research has alread, had aln 'coli.ilii' iilpmtl'. Studies slowed that 
nii sigiificant 1!! 're it't'occirr'ed in shrimp pioduiction wht'i ita t2), prottit' feed was suhstituted 
for tii,',pmlut'in ft',d. This finding ailhis farmers tii tit their fed coists suhstantially withMit 
afft'cting prohductioi. 

" III Rwanda, tterprise hiidgtis for fish production and productim iif 12 different crops 
colnilium lx raised on Itdualan fariiis iidica tt' that fish faring affords the greatt'st ralte of retulrn 
to both lahur and capital. Aii uexpectet !,sillt of this stndy shiiwud that farmers entt'r 
aqitctilhtire imiifilv to generatt incime, nut atswas thought, to have fish as alladditional food 
it ,iii. 

" Ill Thailamd, fedinfg studies dtsignmed to dt'lerline til(' iptimia little for iiiitial applicatin of 
supp:hll('mt'ial feed ill feIrtilized pionds help farin,'rs make coteitmitnically sun d(ecisions 
regarding sit lplt'leinital feeding by idenltifinig tilt' critical stagt's whnti the natural food supply is 
inadequate tii support optimal fish prodU'tilm. 



Socioeconomic studies will soon iove from (lie periphery.of ie CRSP research agelid,' 
Soctoecoion icconcerns are identified as one of ile core themes ill tile new (ContinationProposal, alld 
will be firiilv integrated inlto tile CRSP research tagenda.The global social sciences project. 
"Socioecoinoniic Iinensions of .\(iAacoihillre )eeopnetlt: AComparative Assessment of Financial 
Returns, Adoption Barriers, anid Impacts of'Tilapit Production tReginles," idenlifies the leel a.lil tye of 
teclinology tvilable to tilapia farmiers illIHonduras, Thailand, and tie Philippines. The role played bv 
(:RSPItecbihloh)y ill the elllionlof ilalpia prodtlctioll practice. 3iid1the relatioslhi ) of these techlmilogies 
to lie nlrgr rese;lrch 'nId ltechliology dereloplienlit s'.st'nlis is rticutlated, alia the ecollonilic Context that 
shapes fatllers' decisioins Conicerinhg t'cliholog adoptiin isprofiled. The resutlts of tie study will have 
implications lot'iflutre research proposals, (emelopiontlll polic, and flim'ni-hel decision-nakiig about 
tilal)ia lechiiiilogy. Field wyork in lindurtas, 'Thailand, and the Plhiilipllines ws ctoi)ileted duriig this 
reporting period. 

I SAIt) Sl)posoreul a \ori'shop it the 1991 Aiiual helting on integrating gende dinmensions of 
demehpileiit into tile research atgeitl:l. The %orl.sh11) olerd CtRSP researchters tile opportmiiitv to 
rtlrame rescal'tt proiosals to 1re0ect social, econolitic, and cultural Nariables. il :tddition to physical, 
biological and clienlical vamiables, that affetl pond prodttciioii sstells. 

Participation inInternational Scientific 
Meetings and Conferences 

I)avid lteite'ert-(Cioddinglin presented a talk oi the 'Tlation hetween estuaminet water qimality aind 
shrinip tarot discharge ill soMh tin lIi1h iuras'' at tile Sw,laihl h'(i'u'h u'II n /' Gulf'r" 
F(ms,'a(1l 1/A : section andif's Wai-''/' lcnllllferece in Ihtondnias. Ie also was imilted to chiai 
I)tsen l pap1t'ITi Ie iegilntl Clniiference oil Aquaullie Iexwa'.\lh r in ('Central AImeric't ill CousIa 
Rica, amid pr'est'tt'd a1tlk oii lter qtuality inshrinip ioids at the ( am ron '94 ci'onfe'tice ill 

% PC 
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mazatlhin, Miexico. This confereice wz'1,organizel by R:lston Purina Feed Company for shrimp ftarmers and 
btlsiness people inMexico and1(1 America.(entral 

AliAh(lelghany, Ahd.el R.1:I(;rital, Ba'tlohie\\ (;reen, Ilseill l(;hohashy, Fatina llafez, IIralini 
Shaker and Y.Lsir Ava(l attenled the World Aquaculture Society Conference and Eixpo ')-iNew Orleans.in1 

Green )resenltel two papers at tileWater Qatit./Ferti lizati Oil session: "Water ludltlgets for Fish londs in the 
Dry rpit'cs" and "(hemical Pludgets forFish Polds ill the l)rt'lroilics.-

Ahtlegihanlv;also presel ted two at Sixth international Symposium o Fish Nutrition anlposters title 
Feeding illlohart, Tasmania: "Optinli i'latio of animal to plant protein ill formulated diets for Nile 
tilapia," and "Optimm proctein requirements for Nile tilapia." 

Jim )ialnla alttended tileannual American Fisheries Society nileeting lltliffx,ill Nova Scotia. 
Joiseph MotIlnar presented a paper hased ol the CRSP slre'y (ala to the :\Annual Meeting of 'he 

Rtmral Sociological Society illPortlanl Oregon. 
William Shleltoln atteiniel the Fifth International Syiiipo)sitllll oi Genetics ill illAquacutllure llalifax, 

Nova Scotia, auld presented atpaper ol "'loidy Mailiptulation illBlack Carp.­
llill:n-Egna, tBrigitte (Wt'e, anid tartin Fitzp itrick atlenlded tie tw(-lay -Drsill '
quctilttlre"
 

wvorkshop slitonsoredl h\ the Fmd and )rug .Adimiiistration (F)A) and linited Stales I)epartment of 
Agriculture (1Sl)DA)ill ).Washing ton. 

Marion MiNainara attended tile Associatitn of \onen ill)evelopment iniWashington, I)C. She and 
llillary lgna iarticipaltl ill tank's International Centers week.the Worhl 


RauIlPiedrah ita traweled tI Scotland to participate illa meeting ol
nAqUacuttiure and Water Resoturce 
Management. Ile also participated il a w\orkshop onlthe lconomics of WLste Waiter Management ill 
A(uactiliture, sponnsoirel hy the lturopeai Inl:tnd Fisheries Advisorn Commission (lIIFA). 
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VI. Program Management

and Technical Guidance
 

The (RSP is organized to facilitate collahoration. Believing that mutually beneficial developmenlt 
strategies have the hest chance of leing suistainal)le over ltle, the CRSP's organziational structtIre 
facilitales collahborationI among research, institutions, and countries. The Management l'ntitv, locatel at 
Oregon State University. adiinisters the program. The Management Entity subcontracts with Aubiurn 
University, the toniversitv of California at l)avis, and the Consortitin for International Fisheries and 
Aquactlture )evelopment (CIF;I)),)a five-minem her c(1sortitnm of universities. Menthers of (:IFAI) 
include: Michigan State hniversity, Oregon State [iniiversity, Uniiversity of Arkansas at Pine Bluff, 
Ii iversity of Illawaii, and Tlhe Iniver'sitv of Michigam. The t niversity of' Oklahona continued its 
association with tile RSI as part of the Egylpt project. A Mt'inorandt in of I'nderstal(li ng (NMOIt)is 
executed between tile host co ntrv institittion and the lead oniversity for each project (e.g., ll MOI is 
executed betweell the Asian tand tonsliltute of Technholoy The I'liiersity of Michigan). An exception 
this is the Eg.pl project where the Celtrall[araoratorv for Aquactlttire Research of the Agricultural 
Research (enter at Abhassa holds ait M(OF directly with the (:RS]) Management Entity. 

This organizational structure gives tie C(RSP fkxihilit' and tile (lepth of expertise to respond 
effectively to lew opportunities anod challeiges. CRSP efforts in londtras have been successful in 
institttionalizing aq aco tore research. Ilost country researchers it the frushwater site mnaintain dav-to­
l:tl station oper'ations. At the brackish water site, priute sector collaborators help to funid research 

activit s and take pairl in experiments. Linkages with these orgali/tlions, the restll of tell ears of 
research and triai ing in llonduras, are funrther evidence of the efficacy of the CItS in attracting local 
stpport for progranil atclMties. The londuras project collahorates informally with experts front non-
CRSI1 tini\''ersities to eCatltate \later flux and waste assimilatie capacity inlestuaries. 

The CRS11 drtw ot its mltti-disciplintar ci llalorative ntetuork to pioneer and refine a global project 
itt socioeconoinics. A stud' eititled 'Socioeconomicl)i ilensioris of AquaCultre l)eveh)lopient: A 
(oiml)arative Assesstent of Finauncial Returi'ns,, Adoption Barrkcrs, and illipacts of Tilapia Production 
Regileis," begatn ill litone. The slutdv will idetitif' tile level anmd type of teclnohogy availahle to tilapia 
fartllters in IHonduras, Thailand, atnd the Philippines. Furthermore, tihe stludx will idetntifv tie role that 
CRS letchnlogy hits plahed in the evoltion of tilalpia producliol practlics ill thtse countries. The 
relationship of CRSl technologies to the larger resi.arch and techiologv (ltvel\tlellt sntS will he 
articulated, and the ecollOllit conltext that shapes farners' decisions cotncerning technologv adoption 
will be profiled. The inplicatioms for research mtanagetlln (evelthpintint policy, and farll-leviel 
decision-makitg ahot lilapia tech iilogv will he usefu for platnn's. researchers, atld farmers. Field 
work oii this prtject has been completed, and a final report %%ill he fortlicoing in the next reporting 
periol. 

As a result of exhaustive revic%%s ct(hldilcled t [lie P )/,\ (;RSP Exteimal E-valuntionl Palnel and b1v 
the cotistilling firm Tropical Research & l)eveloptnett, tie Pl)/,\ CRS hts bemi invited to stnillit a 
proposal for continuation of the CRSIV frmu I99i to 2000. The (,RSP has used the ,strength iif its 
collahorative network t) plait for the niext five yeatsl. Thie proce'ss began at the 1993 .\nnual Meting, as 
areas of interest were identified atnd atinRT was issued. PIoposals fi'in linew and contintiing institutions 
were stnbinittcdl for consideration. At tihe I9)9.j Annual Meeting, tle process contitmed, as the Techmical 
(:ommittee identlified specific research thllees and chargel time Technical Coinltittee cti-chairis Bral: 
)uican anid Kevin Hopkins to work wilhi Program I)irectorIlill:an' Eigna to coordimiate and write time 

(ontititiatiol Plait. 



Management Entity 
Oregon State I'niversity is tile Managemnt Entity (NIE) for tlhe Pond l)ynantics/Altacoltttre (RSIP 

anl(d is the primnar grantee of I'SAtI). The Program Managelnt'nt Office (PM) is tle ol)erati)ntl 
Comtiponent of the ME. The I"N11Ois tie link hetween L'SAIt) and the (RS!' projects, which are 
subcontracted to Atnhorn ti'liversity. the I'n iersity of California at )avis, CFAt), and the Viniversity of 
Oklahoma. 

The Malnagemnlll Office is located in the Office of International Research alld I)evelopment 
(()IR1)) on (ie lain campus of Oregon State Lniversily,I in Corvallis, Oregon. ()IRI) provides 
accotunting, pillrchLsiug, an(d trael support. Tile CRS! reports directly to the Vice Provost for 
Research and Intertnatiotnal Programs through the )irector of the 0)ll1). Ties to the )epartment of 
Fisihries and \ildlife, anl to the I)epartnent of Iioresource Engineering, are maintained through 
facUlity appoi nlttents, ;acadeth ic interests, and(1research souhcontracts. 

l)uring this reporting period, evihers of the Program Management Office includetd: 

lHillary ligna, Director (I.0 TIE) 
Brigitte Goetze, t)ept l)irector and Egyt Coordinator 

(1.0 IT: - not funded on core CRSP flods)
 
Marion McYantiara, Assistant I)irector (0.0tIE - partially ftnded on corte CRSP funds)
 
Naomi Weidner, Secretary (0. 15 IVIE' - core foods)
partially funded on CRTS1 

The Management Entitv (NII) is responsihle for: 
* 	 Receiving fit ods committed h LUS:\I) to the CRSI and assuming accotntahility for their use; 
" 	 Providting fonds to the participatit g institutiots, and eim,,ring" compian'e with the terms of 

the grant; 
* 	 Providing a focal point for the interactiot of tile Technical Committee. Board of )irectors, 

lExternal EvAaluation Panel, tSAI) staff, and BIFADI),C/JCAII);
 
" Executing the decisions (If tite governing antd advisonr hodies;
 

• 	 Spearheading program dtevetlopmtent efforts: 
* 	 Facilitating interntal external utictionis;atnd commnnt 

* 	 Producting and distributing CR'P ptihlications; 
* 	 Implementing tile program: and
 

N liatisns d(lidomestic participants.
Nli otaininti vith tversLs and 

Specific accomplishttents this \ear include: 
" Preparation tof CRSP budgets atid siuhcontract modifications for extending funding uld 

performatce periods; 
" Coordination of tnew adtninistrative atd cotitractuatl details for colltaborative research projects 

in 'rtmailand, tilte and I tondtriLs;lmiiippines, Rwanda, Egypt, 
* 	 Site visit to Egypt to evalwtate prject prigress and negittiate extetsion of protject; 
* 	 Assistance with the Rwlanda evacuLationti ant projecl relocatioil: 

C(oordination of plainning and logistics for the review condutcted fitr UiSAII) hy Tropical 
Research & )evelopraent, inchttluding proviing hackgrotntl informattion and logistical support 
for travel and respondit g tt time draft copy of tlMeir final repot't; 

* 	 Organization of the twelfth annual C(RSI' toeetitg in tilo, H ,awaiifrom 28 to, 31 March 19,1; 
Ptrticipation at Annuatl Meeting inl Bottard atl 'lechnical COmlllittee tleetings; 
Dt)evelopment of ilestionnaires for vnaluating the Annual attd T'chnical Comtmittee meetings; 
A clearanices tersonn tlat approvatls forAssistatce it) processitg travel for all CRSP 

purclt:Lses of restricted goids ftr countn' projects;
 



" Coordination of trawl schtdules for I'.,S. researchers an(d Egptian cotntiars; 
" PItblication of research restilts ill tecihnical remort series: 
" Preparaiot , pil ication, and listributonin of detailhld quarterlv t.pots sunmmrizinog tIchnical 

and adninistraltit, progress' 
" Training and stipu isillg 1 grdihlluC slIutC1 intert %Iokinh on ill analsis of P[)/A (lIISP 

fortin! :1nd iniformoal training: 
* Aided with equipmntl uitchases for the (IAR: 
* lDevuoped shcut alut ti -p pra fact lg juct: 
Slittettance of the CRSIl mtiling list, Mhich reaches () iole ill300wropimt.le -12 

Co(untrites: 
SMlaintenantce of the (CIS' lirctorix. \\hi|ch lists particilpants' ;addrssS, tlU)ho.,, f-tx and 

elail ntnnmlber: 
• (oo'linatioi of [lie ILg.v ll arl.v cl;tht.lg, Pr( gramt. \hicli brings Egyptian 

collaborato's to .,. :tgitacttltuire r('1arch instititlions and ftcilities: 
" Organi/ation If :nd ptricilMatiol ill l(iarcl MiTutiogs atnd lutechnical Committee Ittetings: 
" Mnil'.ain('T., oll 1ttttaulltWillt ilforilitiiis s\stwtns it track projects: 
* (ldlt'ctiO 01 itifoltiliti :ltliit techtltlolt,. transfeir and ecottlltt1ic inliact oif various (,RS 

tcti\ itiCs: 
" (:ordination, \\ ith (lautde IB\d of,\uhrlbr I ti\(rIisiv. of Ih inew CI;I hook I).\,ai'c.' ofI" 

Thell)/A (RSIP main tins technical linkages \ilh lhc Tropsoils and the SAN\ll, CRSIs. 
Mt~ainten:mc, 1 iofrllgrittli. • liikages with all the CRSls, inurC::sus the %isihiltif the II)/A CRII 
and.I of :ijuiaultiirT in guttural. The cost of participation in (ISI' Council autiies is 
disproportiolatlIt high fIrt' i P)/\ C(?l, %Itich is fittldd at al ltch lo\%er luvul thtan oithtr CRSPs 
and 1%hich is thus mlore fiaild.till\ strainted h%Itarticillioil. TI', Maltagencunt Office pilicipaited in 
the following CRSP Coincil Council Conlrtic calls: 

10 S)ttitbu'r I99.i 
- October 1991). 
- N\il.ltbtT I993 
2 Ducembter 199 
3 )u l 'irv ta1I ).
 

1 March IP)i)
 
Three adisitr. gollps. the lhiard of lDirectors (1301)). the Tchitical Cimitttee ('IC(). and [te 

l:\trtla' l lualtiatiotl Paltl (III'), support [hl tata11,ngeltit Of 1hC CR I. ltse groups %%ork closely 
with the to <)1 decisions. llocaliois. rTse:rc'h stratug,P(I)O guide the CR 1though Jllpliuv Ilget 
l'ti itnd liaill.l 

The Board of Directors 
\s tite ipritiis i x- bd\I," tIltlc CI1'. It :ltla t, r'l(' illolwn-tttakill Board of I)irnclrs takcs 

rg ram guidatnte. The loilird is ('tttlIl(.,l (II ht ll tllutlh)ets:, (ilt' ((ofa l1ll1 i, ulet'ldc hlair..\utrn 
lniit'sit\, the' I I Citit\( alif rtnia 'at li)a~i', atlnd II \l) ai cauch rtelpresettdll lltht, l nri 
addition, the I S\l ) P'rogratm 1atagtr lIot wI'(R6I' atdII il ISI' Iiructor scric as t,\-Iolit'i( 
titlltihrs. All hoard illtilltber's fitcliotl in till olbi' lcstof regardless of thteirthe CHR,1
institutiol~affiliation. Dur'ing this, nl'tl-~lin- pctriodillc Boarlmndmemeriltns \\crt,: 

)r. Robert idlcidhI Itirlsiti\ If (alifornia at IL)ai, htir: 

I p tlhllrih, I ti)r. thil\ tsit\ of lla aii (CIIAI) inlstiltilin) 

http:cl;tht.lg
http:300wropimt.le


Dr. R.()neal Smithernman, Auburn [Universitv;
 

Mr. IIarry Rea,\,.IF,.
i(SS\ to fl&I)/AGR, ex-offcio imetmber;
 
Ms. Iillary Egna. Oregotn State t i ersity, (,l1 l)irector, ex-ollicio menber.
 

The Board of I)irectors is responsible for:
 
" Reviewv of program budgels and allhocation of funds toresearI and Mlnagemn1t;
 
* RcC(nnii, ndationts to the Malag_,leit lintit%oilhudget allocations;
 
" Evaluatiin of dile
.dinisrallive and technical accomplishments of overseas research projects and 

I'.S.- ltsed research activlitics: 
" Advice to the .Milnigentl. on p)oliCv guide!i ius: -.ndEulltit 


" Revie of the performntce of tile
Program l)iDrector anld Management IEntitv. 
The Board of I)irecti rs comvened once duilring this reportilng period, in al extetled meeting during tile 

Annual Meeting (2- and 31 March 199-)t0ii lilo, Ilawaii. Infornal discussions are held regularly with the 
Boar(l and appi'ivals for siome decisiojns .Iremade through corresponlence. 

Specific acconiplishlments alndreciimmlndalions miade during this reporting period include:
 
" ApprO\:ll of management andlresearch budgts:
 
" Annual eting agenda inpt and appri)\al'
 
" Inpul (il )irector and tile
proiect monitoring b%the Progran Bl)): 
* I)irectiloi d(velping tile continuation proposal ,ItIhe' Technitcal Colnmittee aid PMO ill i 

" Participation ilthe Twelfth Annuial Prograin Meetilig ill
March 199.ic
 
" Pailicipation in Ihe r,vit of jroposals fur tme clontinualion plan.
 

Technical Committee 
Researchers frim I.S. i'!versities and host ciu ntrv institutions cimlprise the Technical Committee, which 

advises the Management Entav on techniiical matters. The ninbershiIp of the lTechical Comttenile islisted in 
Table I inalphabetic 

- |i
TV; • , . order. with institutional 
affiliatiins and 

L ;~o hll
Collulllitce
lstbci lls.ting\11 


lriieges are acciorded 
+ -.7 teach inutiltttional" partne'r 

771 illeach Irlct rccewniilg 
(RSP funds. Inslitutions 
holding at%ot, oilthe 

Teclhical Coiiittlittt aire 
listed in Table 2 In 

I'ijectilManager s('r ;IsP t,~\-offic'io aild
illtmllItl' 


t-large nmnbers arc 
":, . "' appiointe~d hx thtBl lrd 

ofID)irectiors. I )r. Ted 

' smd a(smtIme At-large 



Table 1.
 
Membership of Technical Committee
 
Name Institution Subcommittees* 

lak-It\:i dkvr I 11%is 

Bobt butt gdrb 11u 11 of~biutii Iut uituiu 

john IIill (rut uutr."oiI.uruI~ uI I itr uL. ttliu uuuru 

dudv~ii Bm' (,ilu1i (ubr %e.lirsut i: uu1tIiliuI%'~r~ 

DaIia\(it. B ulrlid :uuurouilllturutirt brl lt~iuuu iut btut 

Od 11uu Irvibbttral Uh rm i fill,I uftutrar (u uh r 

1ub1 b.11tu'uuutlen t tttL lloron f iu muI'tltw r 

Imi i A~tta.l l Ct-rat l i I ir ill- k(I i.tiiutt Iliulith 

I ;11l1.i1t \IIljti tiitial I.Luiottu r' I~ iutiiuur b4-stmi, I 

%tiuuiid I ~IiuuvI I CvnirauI I ,u luuioiu for kiuli idwttiit a I~t'ui 

Iiviii 1..litiittl I utral Ii thuaonfor %ua~t tiuitet Ibt'tiuiuIt 

MIbilivi I lti luitI bib ui~ituuitfor (iitili R cwItrl 

Dou u~ I uuII u~l tt bibriiiutU Ic I umbuituil 

Vu'A -1' tur balilhtlu u iit I'ruIgru 'l Ulllmon for \uiui'clultu. 11'~tu~u I.u 

* I uutihlI a ibtu Ii01egolrbaltrIsuulisII 

Irg l S1.11.IusmuuII 



Name Institution Subcommittees 

NIo-la ilt -11 ~ Ce)1n j i: ri -%1,1lqa-111v1"mt 

Ilitut-i I uu uu tliugiu I11iuuurI tIlt-lit II 

kurt-ut itutt , titutti l lli t n hr kiim luvk w 

(ll ilt rl'll Cut-11ui.uut Io r l(t u-Nitit I I.tlile a 

RaIl iviltut t Nit iu~uh-u-tu 01llm kwuguu l It ITtrit 

Silltcttiu ch lii. i t lt ln Iuiivpt-r 



Table 2. 
InstitutionalVoting Privileges on the 
Technical Committee 

Projects 


I)AST 

I)ata MatSenliageelnlltna 

Egypt 

Hlondluras 

Philippines 

Rwanda 

Thailald 

Special Projects 

Social Sciences 

Voting Institutions 

Oregon Stale ( niversit' 
'iversitv of California at la)atis 

Iikersitv of IIwaii 

(:entral kahratt' f)r AI ltu.,reResearch 
Asian lnstitute molog.'/tniv'ersit'of 'I of Mlichigan 

Atibtun I'ikersit% 
Oregon Slate L'fiversil 
tihersit • of lawaii 
I'niversitv of ()klahomna 

I)I(EPIESCA 
At horn tn iwersitv 

Cenini! luzRIon Slat I iiersit r 

tniversitv of ll ,a ii 

National liersilv of R,anda 
Aubutlrl I i\hersiht 
Oregon State liversil 

University of Arkansas, Vine Iluff 

Asian Institulte of Ihtolog 
Roal Thti I)epirtmnt of Fisheries 
I'nikersitv of Ilt\ai 

t'niversitv of Michigan 

Ahurn I niersitv 



Technical C()mmitee miemher. The 'chnical C0i(mmittee h:as 1011r slanding solhcoinmittees: \Work Plats, 
Malterials aind Miethods, Budgets, and Techn'ical Progress. Special committees are coo ened as nee(led. 

External Evaluation Panel 
. conitmittee of exernal aqutactiltit re specitlists peniilicall\ Cvaltlldies Ihe accom(p lishmnents of the 

iOlivihidl r.se,:trch iVOjeCts 3i1d ih' On.'lII iWmg'lain to nlisiUre that research pIIjects and the program 
rentain foctsedl, i'elcualn. and .(st-eft.live. lhte lWternal Iialtati iin PanlIel (IP) is r'Sl)Olsihl dli recll'v to 
tSA,,ll) ;an1 IF.I)I frDltie, reie%and evaltmtion of the tech.nical )rogress nf the CRSP. I)tiriing this reporting 
period. I)i. Iloiner litick, Illinois \,tiii;d IlisIOr. S11n1(retir'ld), rotated offtt IElIP, lea1ing Richard Neal,
National Marie l:islhe.rits Seeti. (NFIS), and Rogeri lternationltl (eteflrlon liing AqutticPtllin t 
lesotrces Maitagni ICIR). Asetrcl is C'l'rrettlk utrlerL\w nniher..nt (l(cl. to li1l0a th ird panel 

The IP alt ttiateall (IlS' sites iii 1992-93. l)uring tht Current ntinl period. iie final repont Of the 
lxterinahl Eulmatioi laiel 'n\as pihlishied. 

'lhe fiial reltitn iiclutltrlt's prograili resltscs 10 iliC filtiinlgs 1id rIeciMtiiiidlatiIs OfIthe lterimtal
Elialitil P~ane~l. 

CRSP Publications 
CR'I puihlications are :ai important parl if the CRIISPtechnlogv dlisseiniaitin. Ahoad domestic and 

iiitionietr :tionlience reckics iii" tedmical and prograiin relirts. A)xiii till. 301 people in -I2 
Countries am)\\rceiv C l1'puhlications. lecthnical reports ;Ire issoed through t\\() sTies, (',l,,ulWir, 
Re ,we rc/ ltun Rplrl,'s and CR"11Re.''arn It ligal ioifC(RThemr/.. P ' ' r Repo,rr . is I(o 

. . ., .	 Illih all re ch produced In (RSPIt+li~ties. \\iih the' xceplion of 
rI'ese;Htri 3ittl direl to0 the (;hM lperieCint. 

Crlao/ratliv'e"Re l'.+Creh Ilt R1u orr, cot ,il Ihe restlls aind data 
[ .1ruitie GIhM 1:p)Timej+it, lollng ith iiterlretations of site-Spe-cific restlts. 
'TIe first %lln 1i9(orr/lahbo'rItire Rc'.war' I I)uIIrI Re'prort cotailns a 
( scIilitini O sites a11l e,,,lti'iiiitnal pr't xl)Ti'iieiit.()I" 'il.,, liSi' the (;IIhal 
Suhsequent \ruhits fi's (iii eC;h reSercth silte st'pu'tiil,lI IMeXpeniiiteial 

()ther rtsliit5 ptihlihet h\Ih C1' taIIageiint1 (Office iitclde .\nnual 
.\tininistralke(Rcp, l st.<,)t rt prlt,s. Plml i'(" ll Grlitll l'lop ,al.s. \\ rk 

Plats., and C(11' )iiet(lirie. A Ir" Cor .Smrll/lanrrro ,.li, rilv\', il 
IH'/o/liliu \%as alsoi li"ilid iliitg (Isk reirCItirig pe(iOl. TI11 ludbrrr 
roi:Il ieu/viol Ahr'i/irrls (iitt!e h\ Ili Mterials ;id Me\ic lds Ccmmiltte 
cf tho, tttliiiitd 'OAI)( /. ASSoU.'Gu i/' haw alsri(:iiiiilliitt, :iiiol tlie ,N, I 

4,htCC' IMhliSlt'ti u1gh the \1l11igettNiil Cll'tC. 
• ~P l w iplv'il/l Pl ipt 'it(c S, II o ild I.\p lac Idi rlln, olle of lth 

, ) l()t~1011t1ing docl'lillll+ll o)f Ilhi, (A',t . \1 lithtime' of it', produhction, (his, \ )h llt 
, 	 t1r1t' in tli\a st ;it ( f lil'airt ;cl1(fillrcI a n 'I l ilioh fildhi o tctacilt]u u .

,";Jl~since 98, ith hen ine ol ilt ilcl ti'"(Idf C , 1'its publication ill 
lllJitlilll,. Itll tultlne's ill pond lacluialll 	 tu1f idtlit'stlli , iiialh' h Ih' CR511irt'iirth1 tihis \thhrt'tsuiuc he updaltd. \ mmenl<wh atilli lmih(is
:aqualtillurt' lr()(hlcti{)ll as, iprl of1 Owlt I:11rl. ;l1'rOc't'om. ici'll Ji, ill p gi~')lt's, 

I)\llitllnicu '/ Plu/I t euulrirl/Illre . lh \ allgu itll ()fice has clIIitcIt'( 
,ilh l'n\i%,I'tihlicatliull, It)I ulblish the' hook. CR,1' researchers ti, 

4 



Colllrating inwriling the sixteen 
lchapters that make op the hook, andlthat 

*Ipl)ro;lcll a(lcullll'to productionl as part 
of lite larger agroecos.steln, 

Inaddition to P)/A ClLl)-produced 
pblications, the MallagetllItt Office 

contrilles to ISAII)s l'ograni reviews, 
publications, anrdpreselitatiols. 

Adtiniislratike and technical reports 
prepared and disseminated during this 
reportin ipriod re.Iariifl\y descrihed 

below and ma\ be ordered from the Management Office. Technical repo rts thai w\ere not processed 1y the 
Management Office are listed inthe Appendix. 

Administrative Reports 
Annual Administrative Report
 

and N.\eidner,eds. I)99-1 Annual lechnical Report 1993, Pond 
lynami cs/Aqtuactl htnrc (ollaborative Rtsearch Support Program. Office of Interntational Research and 

I)tvelopm'ent, Oregon State 'Ii%ersitv. Corvallis, Oregon. 178 pp. 

lgna, II...I.IBowitna, B.(;oet/ze, 'leventh 

i:gna, II. and M.Mc.Namara. I99-1. Eleventh Annia! Administrative Report, Pond l)ymunic,/\quicuhtre 
(:ollaboralive Research Support Program. Office of International Research and I)e'elopment, Oregon Ste 
Universilv. Coralli., Oregon 80 )pp. 

Quarterly Reports 
Poid I)vnaiics/Aqoacure CRSP, Program Management Office. Jantiary 199-. Quarterly Report. October-
I)ecCI iber 1993.Office of International Research and I)eelilient, Oregon Stale I'nivcrsity, (orvallis, 
Oregon. II I). 

Pond I)ai.xtnics/AiuIltlaictltire (RSP, Program Management ()ffice. April I)')-i.Q(arterly IReprt..l:nary-
March 199-. Office of International Research and l)cwelopment, Oregon Slate I 'nhersit, Conallis, ()regon. 
15 )P.
 

ldlldyIi ic5/,+\ :RS.I, Rel. April -.oneuictntre Program Management ()ffice..luy l1991. QuatrltReit. 1 

I99. Office of lteriational Research al l)evelopientCM, Oregon Stale Iii\:irsit., Corallis,.Oregon. IX 1p, 

Polnd l)ynam it.s/Aqunacolturie ( RSP, Progran Managemnllt (-)fice. ()ct iher 1991. Quarlrl+ Ilimi't..lul-
Sptelber I)9+-i. Office oif International Research aod I)eclopiniwn. Oregon Slate I ni\ursit\ . Cor'allis. 
)regon. I1)1). 

Directory 

'he(-CIS1 directllo ' comtainls am organiiationtal chart and the addresses of current CRSI members froi 
[SAII), I I SI)C,SAIl) Missio is, time CRSP Council, the 1,ternal valhation Ciommitee, the Techni:cal 
Committee, llit, tile Board of I)irector, and the Collaboratiwe Research Prijects. The'Mlagtnetnt E:ntil., 

chart isupdated ammnallv or semi -annually, as needed, 



CRSI l)irectov. October 1993. Pond I).iaiics/Aq ticihIIIre (;R,;I, Program Management Office. Orce of 
International Research and e)velopnment, Oregon Stalte Lniersi iv,Corvallis, Oregon 

(:RISP I)irectov. Mav 199-+. Pond l)vna.ics/.qn clthre 1( IPr graln Manageent( Office. Office of
 
International Research and )evelopient., Oregon Stale Vni'lsitv, Corvallis, Oregon.
 

Ne wsletters 

Aquanci., 1e N'wc.huer tlw Itod I)PnCoillab,,oraqo~,HI, ut(lr ivwieRese'arch 
,Supprt Pronam, ispublished (11narlterlv. Aq'uanmw. sunes to inform CISP participants and others of 
program aCi, tis that are iot of a.technical nattre. It contains inflormation i pioject ativilies. 
lleetings. trawel of CRSlI plrticiplatls. anl site %sits. The following issu were hli.shetllrili this 
reporting period: 

Aquileli\s, \ilter lI, \olune 9, Number I. MNallllara, M.. ed. ISSN 1(2-t9(. I)/A CRSP 
Program Managemnlt i ffice, Office of, Ilteratlitiional Resear'h & )evhllitl, Snell Ilall .Ol, 
OrTgill Stte Ili'ir.Sil, C01'6allis, Olegll. 

Aquanews, Spring 1991t,\olhni, ), Nmber 2. McNamnari, .\., ed. ISSN It062-i9)(6. PI)/ (ISP 
Progrtm Management Oi)t,, )ffice of' International esarc'h & I),lnllltll,SIlI I1lll-O, 
Oregon State I iersit\, Conallis. Oregoll. 

Aquaeli , Suillner I99. \oihlli, ). NMilliher 3. McNamlar'. M., ed. ISS\ IIt102--09h, PI)/. CSP 
Prograi Minagen, t Offe, Office of hitrnational Research & I)evethpillnt, Sl, I lIll .i00, 
Oregomn State rsiil,Ilimmh Corlallis, Oregon. 

Aqlllill\.s. Fall 991t,Whllll ). Nolliiher t. McNamnara. M., ed. ISSN 10062-09(. PD1/A CRSP 
Progralll Mallagellieill Oie. I)ffice of' International Research & I),, el opliet,ll Snell Ilall .00, 
Oregon State liii',r.wsit\., Corallis, Oregon. 

lhe I)atm Aalvsis and Sxitliesis eam tiilhlishes ainsilette ih the goal of impmlliing 
comonlicatioll betlni Ihe I)ASIT aid the Principal lim'sligaors ill the iheld. I)uring Iltis reporting 
period. I)AST .N,\%sltte Nos. Ii and lb were produced and distributel. 

Technical Reports 
CISI Re.scarch Reports 
Islltiml-Ialaisen, 1F T. C.. 1993. roe ohfchicken intilre in theT.. IR.Iaitrsoi., and MI)..lcNalb. The 

produtionl of \ile, til11)ia, ()rchm /rmli.% Iilolicu. (I.). CI5I' Research Report 93-i(o, PIonld IDvnalmics/
AqI 'tilltr, SP., I(fic, & I)ehilillme t. Oregon State,IR of Ilitrmlationllill Researclh I nitersitl, 
Corallis, Oregon, I S. II()riginaillx pllislid ill ,.qin-c/1co wIoiind +/ikhrit,\ AhmUmagenmeo 2 I:183­
*m93,1993. 

IT. anld 1). rticlmmt-I;(,olilgtoll. e l 
ml llr, ponds. Cl1'RSReseamrchl 
ItmmXmI, t9),1. Relatiolilsliip hmt \ilitl sp l amid reacrtit ll il small 

Report 93- i llmits/Ajiimitilr (SIIP, Offie of 
International Research & I)ehlilmment, itOregom State I iisersilv, Coniallis, Oregon, I S... I)rigilally 
pbilhlishel ill Ao'uicul'uralI'ngiiemrinit 11:12 1- 3.11,1992.1 

http:l)vna.ics/.qn


T'eichtert-Codtlington, I).R. and11 It993. Influence of da%light al inuhation interal ol ,,;IttB.W.Green. 
coltiin 	 respiration in Iropical fish pondis. CRtP Research Report i93-58, PonIl l)Cn6nc,/qu'ltir. ,l"P, 
}ffice & I)ewelopilne lu ikrsi.., C0or,al is,of Ihternational .aueaich .,Oregol State O.,, l,ISA.I1t)rigi'natl. 

piihlishecl in 1ll/raioao,,ia 25(: I59-1 i, 19-1 I 

Knud-lansen. (LF. anl A.X, Palto g. 1993. On the role of ura ilnpond fertili/ation. CRSl Research Report 
93-9, IollI).Ramics/A\tiirt (, 1 Office of' RsllilM 	 St'eP. 1rlitol arch &I),vhlpMtnt,'Orgonll 

l'li'ersit%, Conallis. Oregon,. I SA. I()rigilalk published ill,quat /i' I11
:23-28.-,, 1993.j 

Shrestlha, I.K. al CI.F. I99-. 	 hiuonass as a.'Kitlid-lhlulsetl. Increasintg aacliedl mi croorganlism m.anagcmecnt
 
strateg.,.fIor Nile tilapia W refwhrai.%itiloit/-i production. CRSIP Re.search RepoItl 9. -), Pond
 
l)\ tics/Aqt'Ctnr,eIIT (ffice of' ,escaich & l)e,-hlop1nIen. ()regonl Stat(' .l'nirsit\,
CRSP. Intenialiotial 

CO) tllis.l+O 'l'lhnI SA. I(Originally Imhlished il l tt
1'iiit''ii't/tiitt IA ,' 13:1(01-I ,I t).t. 

Sprilghornm I.R, .l..Icis, n. \.Y.. (han, adl(l . E IgI.[99i. O)ltimum ]LLr%'sltime' in 
aqacuhltre: An application of economtic lit'cirilh.s to aNile tilapia. (htm/mrtulli.%nillicu.s (I..), gro\wlh 
model. CRSP ReSeII.ch RVMr )-(l. PonId l)vnam nics/(piaculture CRSl, Office of International 
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VII. Financial Summary
 

This section summarizes non-federal, and host cotin funds for CRSPthe expenlitlres of USI.\ll), 
research activities and program management. This tiidaudited sutnmarI is intendedl to provide an 
overview of CRSP programi budgets and m:tching support. 

The expenditure of ISAII) foods by Collaborative Research Projects, Special Topics Research. and 
Program MIanagement is presented in Thable 3 for the period I September 1993 through 31 August 
199-1. 'This is the foirih .%bof the tiird CRSI' grant, which provides core funding of $92t)0,0()0 per year.ear 

The program was originally contracLed to end 31 Augst 995; tchanlge in I SAIID's :allocation pattern 
has resulted in changing the enl of project d:te to 10 April I995. 

Programt Maageniet t Office expe(nlitures include two mtil categories: Operations and 
Administratio ant Communnications. This CRSI' is unique in including the research-orie tled functions 
Of tcnlicatl cOln ll lli.llicatiosin the Office. Litil atIreporting period, thePrograil Mianagenltt the 
Program Nianagnet (Office wa";LslsoI) for Base Mianagetil; this function wasresponsihle )ata 
transferrel tocthe LUniversitv if lia\vaii. l)uring this reporting period, expenditures for tle Dlata Base 
Management were assumed colmpIeIIbt lite '.S. Research CoplIonlent hudget. The U.S.of tile 
Research Comi ponen t also incltudes expenditures to support thte Data Aoallsis and Sv thesis Teatm's 
activities itthe t niversit\f(oCaliforno ia at i)avis and atIOregon Stalte niversit. 

(;ost-shariing cootribtlions from the I.S. institutions and contributions from host countries are 
Table 3. 'l'h- cei 

fulfills the ISAIl) reiuirenent. Although host collntr\ cost-sharing is not reituired, these contribtutions 
reflect a continuing cllniituntellt toparticipation inthe CR1' h%our coll onst-,ut-r. were 

presenltel itl average pel'tage o f fntding horne hy I S. ioliversities is 25., which 

These dala 
I)rovidled by the Principal In,estigiato's of tileprojects. 

A different fotl 1"of tihe f'inancial stitinilrv is given for' the Eg~ppt project. tnecessitatel hy impol'tant 
recent del,,opments. The Egypt project was slated to end by 31 Septeiher I99-t. An extension wais 
granted, but all research activitis. ,e tet,rinaul onl31 I)eceb er 199-t. Therefore, this financial 
SitlUtIarv covers the petriol flrion I Septemit her I91) throttgh 3 t) September I91 the origital project 
end date. Financial information concerln m the maining pe'riod will he presented in the fintal report.rte 

(;Cmtribttiions of V.S. i ustituttions, though not reqhuirel under the terms of this gl';at, are also included il 
Table -I. 



Table 3. 
Expenditure of funds 

Research Program 
Honduras 

Auburn 


Rwanda 
Auburn 

OSL 
IAPB 

OSL/\ II) 

Thailand 
M S U 
LUI* 
IM 


Global Social Science Project 
Auburn 


Subtotal 

U.S. 	 Research Program 
DAST/UCI) 
DAST/OSL" 
Soils/OSL 

Subtotal 


Management Entitv. 

(includes some rese-orch funds) 
External Evaluation funds 

TOTAL 

* includt' fint, for (cnnd Data Ba.W Ianagtnicnt. 
* Includt, Technical Publicationj, 

USAID Funds U.S. Cost Sharing Total, all U.S. funds Host Country Contribution 

1993-9-i Cumulative 

S50,000 S192,000 

S12.359 S99.880 

26.000 S138.000 

S103.9-' S3-il,521 

1993-9-1 

S102,633 

S66,-C3 

S92.59-


S;.5-8 
SO 

S26.361 
S13-.609 

S168,-+13 


S36.897 

S636.621 

S-45.109 

S59,612 


SO 


S10-.721 

$215,166 

S1.236 

S95-.7-i 

Cumulative 

S5"9,269 


S3-4-i.239 

S33-.322 
S11,831 

S5,9-i2 

S2-8.993 
S3-2,33-

S615.-t I 

S-i0,230 

$2.552.90-

S195.9-12 
S165.2-16 
S 16.06-

S37.252 

S1.115.3-0 

S96,236 

St-.ll.822 

1993-9-3 

$25.658 

S 16.018 


S23.14-

SI.38-

SO 

S0,59O 


S3-.-I-
S-i2.111 

S9.22-i 

S159.155 

SI I.2--
S1-1.903 

S0 

S26.180 

$185,336 

Cumulative 

SI-4 ,81-


S86.060 


S83,580 
-S5.13 

Sl-i8O 

S09.-i8 


S85.58i 
5153.936 

SI0.05-

S640.-06 

S-8,985 
S-i 1,312 

S-4.010 

S9-.4313 

S73-i.720 
 $103.977 53-11.521 

1993-9i 

S128.291 

S83,091 

SI 15.7-i 
S6.935 

SO 


S32,951 
SF12.086 
S210.55-i 

S-16.121 

S-95,-76 

S56,386 
5--.515 

SO 


S130.901 

S215.166 


S1.236 

SI.1-3.080 

Cumulative 

$72-.086 

S-30.299 


S-1.902
 
$16.968 

S,-428 

S348.741 

S1-.921
 
S-69.6-7 

S50.287 

S3.193.310 

S2-14.927
 
S206,558
 
$20.080 

Sq"1365 

S1.115,30 

S96,236 

Si.876.5-i2 
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Table 4.
 
Egypt Project expenditure from 10/1/93 through 9/31/94
 

'SAII) Foods IS Contribution Total 
934 1 ~ ('1Ull11ulaIi\e 9}3-94- Cll] itilativt, 93-9-1 (',IIIIula11iVe' 

Researcl in[-"1)t 
Aulurn $228,737 $+16,989 $25,559 $80,122 $25q,296 $527,111 
I'niv. of Okla $60,-107 $95,9i0 $12,000 $20,883 $72,-107 S116,823 
Subtotal $289, 1-t $5,t2,929 $37,559 $160,2+i $326,703 $703,173 

Research in Thailaml 
tI/AlT $0 $ 15,.173 $0 $0 $0 $15,473 
StIblotal $0 $15,,173 $0 $0 $) $15,473 

Research in U.S. 
Vniv. of Hawaii $55,-i68 $56,906 $13,155 $13,515 $68,623 $7(,12 1 
(S1' $60,026 $8-4,002 $19,503 $25,-Itt7 $79,529 S109,i99 
Stihmotal 15,.19- S$0,908 $32,658 S3 ,()12 8iX,152 $179,920 

1g%)1. lstitution 112,4-) 1 $122,271 $9, 18-1 S12,3.i6 $121,675 S13-i,617 
Iuilding 

Managemnt Office $179,788 S248,0il) $13,822 $26,558 $193,610 $27-,598 

TOTAL $696,917 S1,069,621 $93,223 $238,160 $790,140 $1,307,781 
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VIII. Staff Summary
 

The Pond l).,,cnic ,I\Xuuc.'uhure(Sl"Prepresents the joint efforts of more than 45 professional and 
support personnel from 'S. iniversi ties. Italso represents the coilahoraive efforts of over 75 scientists, 
technicians, and graduate students from project sites in five host countries. The expertise of host comnlr 
and U.S. personnel is broad-1ased anl enicompasses the major fields of speciali ation inchlded in this 
CRSP: Iinc nologv anl Watler Quality; Fisheries and Aqtictiltiire; Soil Science: Sociology'; I)alta 
Management, Analysis. and Modeling: Sociology: Biotechnologv: Agricultura liconomics; and Research 
Administration. 

The major U'nitel States-Ibased research activity, Data Analysis and Synthesis, icivolves eight 
researchers from the l ccikersi tv ocfCalifornia at l)avis and Oregon State University. Scientists from 
Atburn tFniversily, the I niversitv of' Arkansas at Pine Blu1ff. Oregon State t'niversitv, and the University 
of IIawaii also participate in additional .S.-kbased research activilies. 

The CRSIP regucrlav collabrates with other groups and institutions in the d(_elopilent of host 
country projects. For example, in northettst Thailand, the CRSI supports the otilreach efforts of the 
Asian Institute of technology hl providing the research component for an adaptive nanagement system. 
In l 19t, researchers frol institutions Such as the Institite of National Planning and AI Azhar l'niversity 
are interested in tiche implicaticos of CRSP research for plannincg tile futctre direction of lIg.ptiac 
aqluacti itre development. Ii Rw,actda, the CRSP researcher reguIarlv met with the Miii istry of 
Agriculture's Aquactilture Stralegy (ommission to advise oil tablishing research priorities aitd in 
proposing suitable researclc-extension linkages. Researchers also meett \\ith tle tSAII)/Kigali Mission 
aind personnel from the Nattii'al Resoturces Managemen t Project to advise oc natural resource issues. 
Numerous private v lunitar' organizations take advantage of the trainincg offered by the CRSP. Peace 
Corps voluteers in Rwanda anid IHnduls consut wiCRSP researcherswith ciI project design acd 
impllemenitation. Private sectccr faricers inI oinduras take advanctage of (CRSP expertise throtugh 
seminlars conducted by resident acid visiting researchers. While these traiccees are not forniallv part of 
the CRSP staff. they enhance the otilreach ability of the CRSP b transmitting CILP technolocgies and 
information. 
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MANAGEMENT ENTITY* 

Marllion NIt'IIIIIiara .\ssistat [)ircctl r x Conailli.s. OregonH 

\alli \\ tidlil. +\dniill Assistatill x Collkli. ()l' 1il 

Bigjillte (Got/c't Depl\~ iretol(r x x Conallis. Orego,n 

(Coo(rdinll;tl)r 

Durlling this Iupt' i ngilflptriotl, (I S kI'/1) Globdal Billl'call fundits lllll%paid for' 2.11 I"1T1of Inllgll icllill salarie., 

ADVISORY PANELS 

BOARD OF DIRECTORS 

Ie'r'l Iridhc% Chairman x x x IMS, Ca lifornia 

I'hiliip IHelfric'h M , lnbl r x hallcllht. I I-,l\;ii 

I?.{onctal Smlitlcllnan Mlllhelr x x Autlllnl.Alalhatlia 

EXTERNAL EVALUATION PANEL 

Ihli llrr Ilit'ik Nlii , r x xN cill'llin.oims 

RIchard NcIC a(ihirman x x Ii1l.i3 la, Califrnii 

Roe V,inrhillilMember, x hii(alli Phiippnes 

AT-LARGE TECHNICAL COMMITTEE 

Te'ld Ilaltt, soln ,%llltr x x EIast LasingSi, Mic'higanll 

IIgIDe iiots prilal\ \%crk lcaion aid) , vplitii sil, isils a nd frc aillidgig lit-lils. (i'all. 
1)PersIinnlit'. niman in N Nllipla' irftr. 



U
 
FIELD(S) OF SPECIALIZATION 

. !' N. 

DATA BASE MANAGEMENT 

DATA BASE MANAGEMENT- UNIVERSITY OF HAWAII 

Ktoin Hoplkinls (2) M|alltell x x x iloh. Ilkm\aii 

Johnl \\ : ell \,i~sltin x iloh), IHaw ii 

DATA ANALYSIS AND SYNTHESIS TEAM 

DATA ANALYSIS AND SYNTHESIS TEAM - OREGON STATE UNIVERSITY 

1111lt'. I,1.111111i (C,,-Pr'ili'pal x x x No t'x)ll ()'Orego 

II1\ 'sligalorll 
.l ill IB d tc (Co-Il'i tic ip a l x x X x (Co na llis , ()'t 'o ll 

II1\ tsligalor,shrt.t \:IIh G;raldua~te' , id x X (o llis. }rt-4oll 

lDougiErnst (Gradutet Studhvtil x x (onallis. ()rton 

DATA ANALYSIS AND SYNTHESIS TEAM- UNIVERSITY OF ALIFORNIA AT DAVIS 

rn' csI:I iII r
Ivtill I'itedrlit'l I(2rilicial: x x x I)h is. Califorii 

II1et."lig'.t()l'ili k\Srilp .Xt,it.:irc x I s.lilCal iia 

A.sislailll 
sliii\tl Iiiiiaii,SirTII x X Dais.,(l x (Cliforniia 

.\ssi..taHilllhillI ()utannim l'rsncalh x x x lis. (lifornia 

SIlewi l'h(Ias Riecparl N N I): iis. Calihorlil 

,\ssislaill 

(;rislialni) (los Saios New Visiling X xis,N I)xN Califolrnii 
Scholar 

(eorge \,,t\ Fiscal Officer X I)ai is, California 

( I ) iioites pri airi\a%o k locationi nid idets host tfllliltr, site %isils ili ra 'l fur ilti'nding nietiigs.lll tni 
(2) I'ersinliel imi cd III iliulhiipl t jets 
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EGYPT 

EGYPT - AUBURN UNIVERSITY 

( IIIIidt IB)o((2) 1 s. 01(I Piplal AIIhII~III. Alabamia 

IBiullj D)uncain (2) I .5. (.PinipaI tluii .Xhihaiul 

Ba~rtliiuluiiic% GreLII I.5. (:I-PrijIcipaI x x x N AbI)bassd. Lppt 

11. Ilarks Fiscal C)Iiccr- x AIIhIIIII-. hlai 

EGYPT - CENTRAL LABORATORY FOR AOVAICULTURE RESEARCH 

\]I E, \b)ldv-gIaII Rcst-l-itl( x x flb[11,"sa. I' p[ 

111"i]1 (.IIo(II),\ IHcscar(II( x x \IIIs%. Fm I 

( Iia1 \atIia (ldic (I1chr IxI)IbdssI. IE I)I 

\hdl IiFt Iii' Re(S-lJ(IIr x .AIbh;ss:. Ip I) I1 

Odd;I~ \toa \agtd Res~crcr x kIhhassa. 1:'.'p 

\IIIIII Ic I\,st iHvscrchcr N AhhImsNI. ip 11i 
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EGYPT - CENTRAL LABORATORY FOR AQUACULTURE RESEARCH (continued) 

AlthnC(l Mhk l;AItl Reseca rch 

Assistant 
x All Mssa. EgjpI) 

Safat Xdidl (Ilii,i 

Khdil IISSCin 

NaiI hrahiim 

Di)hiaXI :\hclit-ilh isca 

NlnMllCd .NICI SIIilani111 

.ac il SIia int's 

Naiiat Ahdl Fllh 

AssistantlIRcscatrc l 

,,\siShll~lRCSCiLrch 
Assistant 
Research 
Assisla t1 

rc Iti 
.ss iStan I 
Research 
.ssi stallt 
Resea rchItx 
Assistant 
Chemist 

X 

X 

X 

IX 

x 

AIhl):issa.Eg I V~ 

Ahl)assa, I.gyp 

Ah)asSa, Eplpt 

AhbassI.Ilgyl 

AIl)l)Lss.i I g J)t 

Alhassa. EQ pt 

AI)bhLss, !g pl 

Sanir Said Chetmist x All)ssa. IEgVJl 

.%o(11 INaitl Biologist x Ah)ass, IIgy)t 

Mlhstatfit Abdul ,lhls.n Biologist X AhIlcssa, Egypt 

Samir Z.in Itlabchin Techni dcal X AlhIssa, IgyJ)t 

'Ilolmamnl Ismail 

AlmeI .\,ISSn'dhi 

.\shrl'f Soilill 

EnigineerAieArhha 
lechinical 
EnIgineer 
I:a:hrait 
hIglinver 
I:T.e'hni(';ll 

x 

X 

X 

Ahhassa, 

Ahbassa, 

Albliassa, 

EgYpt 

Egy'pt 

ERlyll 

Mohamedli,( W,'afik 

Schamll Ahl, d 

.%lMAiMnidni\ Xou :1Noir 

1: edlnica;l 

IEllgillcer 
I.1llhorallor\ 

A.Ss ista II 
Accttilnit 

x 

x 

A\Ib)assa., Egt~v) 

A 1)1) as s a, EgyptI 

Alihhissa, Eg1 

( I ) iotes prilmaln' "ork location uld cci, ',s ios roiiutry site 0isits and !ravl for illltuldiing mtings. 
(2)Persoinnel imnolsed in iliiulilpl iproject.s. 
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EGYPT 
Cr crc .. CoPilia 

William.~, V..Rserhxc.alsOeo 
- OREGON STATE UNIVERSITY 

Ga-

x .x ,oa s Orego 

6,ldrtin Fitzldrrik 

(:arl Schi-eck 

\\illiani (ale 

1.S. (-rincipal 

rIS. C -IP'incil~il 

Invesmtigator 
I'.,IS.Researcl 

N 

N 

N 

N 

X 

(:n:dlis, Or)on., 

(Cnrvallis. O)reg(n 

(r 'allis, O)reg)n 

Aoh.t Ilahorsen (2) Fiscal Officel.r ( coallis, O)rron 

EGYPT - UNIVERSITY OF HAWAII 

(;() in a( 2) 

KeCn I lokins (2) 

I ID Ric mn mli(r 

Steve+ Mhi 0(11ht 

Assistant 
As."sisl aIllII S. PIrincipal 
hi%esliletil( r 
1.5. Princial 

Investig:lr 
I .5. hIeserh 

.Assistain
1'. S. l~ese, ic,Ii'l 

X 

X X 

N 

N 

N 

N 

,i 

Kan orhe.IIMicgl 

Iglilo, IIhala n 

Kan'ol,. Ila aji 

kineolhe, lla\\.aii 

Ito) A\h\allher 

.'. (;hallg 

I.,5,. IReserch 

.\s.sislanll 
I:isc'al Officer 

N 

XKalneohde. 

Kane)lie,, Ilawxaii 

IIlaii 

EGYPT - UNIVERSITY OF MICHIGAN 

.lalntes IDiana (2) 1.% IPrinmlpul ,\nAnn\rhor, MicKhigan 

P. Stei'leh Iisc'al Officer N Aili ,\rhor, Michigan 

EGYPT - UNIVERSITY OF MICHIGAN/ASIAN INSTITUTE OF TECHNOLOGY 

C. l,:\\ei Iiii (2) IPrincilpal 

IIIn(etigalbi r 

N N Iangko)k. Thailaml 

( ) I)t'nmt, itts rimlIn \\rk iiicailionl alnd c'\(illltS iIot cmjlilll' sile \isil.s alld trawl fo~r:att'lluinu Ill('t-lillgs. 

(2) IPtrsolt, inx ltd l in} niuhipt lIiraitts. 
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EGYPT - UNIVERSITY OF OKLAHOMA 

\\illiafn SheltonH 

\enilkllwsh \\:mning~haml 

11. (,tilIll 

I.S. IPrincip.al 

Rese.arc'h 

IFisca'l ()fficetr 

x Norm'lanl, 

Norman, 

,NormanI, 

()klaho(mal 

()klahoma 

()klalhomla; 

HONDURAS 

HONDURAS - AUBURN UNIVERSITY 

lIPnl I)In1call (.2) 

(']laudc lIo,(d (;) 

I);a'i(d T'cict'l.1-(Coddingtonl 

Karc'tn \c'\crnica (2) 

(6crallld ., 

I .,. P'rincipal 

I S. I,4-sc'ar'chter 

I .s". IRewa.;rd'h 
A\,s,)cia.tet 

1 S. Resea,;.rch 

\.I,. forl 

x 

X 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Auhurn, A\laba:ma 

AuburII, n).lbam.a 

(COII}ay.'glul andl 

Choluteca'., Ilon(hira|s 

A\uburn, A\labama; 

AtibI)uI', A\labama~:. 

HONDURAS - HOST COUNTRY PERSONNEL 

Ri' rdo Siolc/ 

sagrI'a'i( Ca;lk{ 

NeQlson C[roCl:Ic 

.I;lim Iollt,/ 

MiueesyKiarca' \ veclic (2 

1I.(.PrincipailI 
ImHst.igatlor 

Stctrlar\ 

irsl 

I.()1 'Tehncial 

Lah Tdnci aId S'.,Hvlcairic 

x 

X 

x 

x 

X 

,Om"Id l, Ihhin'durs 

(COIIIa.y.gu.', IHonduhrats 

Chontea. Hondras 

(Chollm 'a, nId)ua s 

Choltitca, Ilolidilfas( iihon.t; Alhbmalrt 

Del.ian Matinc/ Chit,nlil 

1In}('id;a Ramire/z A\sl. Cht'mi.t 

Mlarct Pol M'hel 1lvi'ST.giXiXa 

Iferburt RamsrB;OdIiologist 

x 

x 

x 

X x 

C:OIIla\-.,llua, Ho(ndhuras 

('holi -ca. IHonldura;s 

lllm;X.lhnura 

(:mna ilaIhndia.s 

and IrAubl( I ) De'll llhomlin, irildP \irk and rhlde mv NIm ibaains. Al, unrtAldaaisits 
(2') Petrsolnnel inm hcd in l tilple' Iroiccirs 
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RWANDA
 

RWANDA - OREGON STATE UNIVERSITY 

\ e ,,cil I..( -r i x 	 C:orvallis.()re
 

hlve'sligaitol"
 

inmB i l iln I .s. Rehsea:rch] X (Corallis, O regol)
 
(fromt8/9)-0) .ssociile,
 

lFeliciell R;II-alIII() (;l+dtlillicll Co)rvallis, ()rego,(
stillth 	 x 


Robcor IIil\Iirstr(2) IFis'cill 	 corvallis,()fficu'r 	 ( Ore,:,wn
 

RWANDA - AUBURN UNIVERSITY 

'l' l1opiirt I.,.lPrincipal x ,.\ubtli'l, .\lialm
 

In\tstigatol'
 

.Jc , 1 . \ tw liM s . ;ch X Bl n a re , lI\,:tdl
o wx 	 ,, I R e l-t 

(11hr,1 A\ssoiciate,
./9)i) 


Kalirtn (2)
\t'ctrica; 1.s. Retsearichi x x Autirn, Alaibauma 

.\ssoctilli, 
Brl'ili (2) I.s. IRtst,:rchetr xAulburn-, \ltllm~lIhliicai 


Donld lIarp,(2-) Fiscal Oflfic'tr xAlihurnI-, 	 .\lailliitl 

RWANDA - UNIVERSITY OF ARKANSAS AT PINE BLUFF 

I 	 .
(C:u'olh11plt I., IPrilicilm~l x x 	 .\rkaunsas.
Pint, Ilh1ff, 


PIe
lr Pturshbhlcher I+s. Retst,:ll't'ht. x 	 .\lArkanlsas.
x 	 Pint, I11hl1, 


Harolld P'hillipls 	 warl'thI.s. IHt, x Pint' IMillf , Arlkanl~ls 

\s,illfallll 

RWANDA - HOST COUNTRY PERSONNEL 

inl.Xl\ I1.('. l 	 hll111rt,,c
J ilh ndi IPrinipal x 	 IN 11tllda, 

•
higentIll RuallilRes llch 

" 

h a~iloll l 

+ 


2) ll'l",llllvtl ii kedl(l plll.


II)Dlllols l x%rillll+l m and c'm liI ho1 1 illll0,i fs anld IrI'm-1' fllallendling!filli g,l 

ill IIII11hilets 



FIELD(S) OF SPECIALIZATION
 

RWANDA -HOST COUNTRY PERSONNEL (continued) 

A.\na'lt l rRerearc'';lth A.ssoc'. & xBtlrt', Rwalndat
 
Asst. StaItionl nigr
 

Matiric, Mtahoibari Rector of IAI x lutare, Rwxanlda 

J. Nshillvumntlrt, nvi Vice' Rector X lButtare, lRwanda~l 

A\.Milutmulliniala Duaan, lFactilty x Butare, Rw\andalt 

Vcnlltiiv ,\ukasiktilm~abho Station Mmage'r x X Iitlare, Itxwatnd 

liew l %etrhe, st t M? Rese.archer x x IButaire, Rwanda 

\go% hasoingo La:b Technician X IButare', R~wanda~ 

G;.\dlhilisalla Assl. I.;11 x Ilnre, R~wanda 
"lTethnii'iall 

L, l'ntIgiranc'ia Stec.IComliuter IBtttre, Rw\andat 

F. Siindiktlmahbi I'alh .\ssistalit X Iutitre., l\waUdtt 

l'ixslt Ndlalh,/i Lab .Assistant x Blatre', Rwanmda 

111Inlle:It.' .Npihenll Stllion ,\grolnolme x lButare, Rwandal(:, 

.l.I1. Milm n.lidege_' lt'lsiol Aget'l/ x NgOlIIa, r\%'-tld-,I 

S. ,NXiralkallnwla l\ltulls{ioll Agetnt/ x shyalidta, Rwan+llda+ 

T. I~ihiuli/aI ,tallion Fo(remal~n x IBlltart,Rwandalt
 

1¢ill'it I \\i/texiniia l l x1illtirt,,Storekeeperl/ RIIili&li 
Ca:shier 

1'. \Stihlilll',ll3l ,Sciilt (Crt'\ x I~tl irt, Iiwa.'nda; 

IF.Kai~iblnlmi IIalltht, r x 11ultarte, I\:l, 

A. IDUllilllhatrt'ln i I+1ond mamailger' x IBulart', Rwa\+nda~ 

11.Ni~xili/i Coilmilltr ()jlwrallor x IBllare', IRw',lllh 

SI) 1hleil" lprilllain %,%rkIwtlionl anld umlhlh"r, hosil tminlr "Ifet%is and1Irmiutl for aml-nldingl illvutlillgs 

2.) lh-'lsmilnd, imi-td inlillilhpich lprojis~. 
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THAILAND 

THAILAND - UNIVERSITY OF MICHIGAN 

.James Diana (2) 

C.Kwi Lin (2) 

Barlara I)iama 

T'rac'. \\,ilh1lg'hv 

I'.S. CIo-lrinciipal 

I11%estigato r 

F.S. (oo-PIrinl'ipal x 
1\(.stigatol" 
ResearIch X 

Assistant 
Fiscal Officer X 

X 

X 

X 

X 

X 

x 

Ann Arbor, Michigan 

Banlgkok, Thailand 

Ann Arhr', Michigan 

AilmArbor, Michigam 

THAILAND - HOST COUNTRY PERSONNEL 

claminldhorn Sriomngstmk 

Petlr Il(hards 

\\,llala I,.'laplt'ra 

I1.I. (,o-i'rintilal 
Imlestigallo) 

I1.C.Co-Pricipal 
Imn estigal " 
Research 
.\ssociallc. 

X X 

"N 

X 

I)OF. aThailand 

All, Thailand 

I)OF, lmiaild 

Kii Researmch 
Aso1c iate 

(uhii:mla mBoolthalmichimla Rtsea cl' 
Adimin. 

Stinil shres ia Research 
Assistant 

Somnchai :iploka Resea;rch 

Assislaill 
I)astj\wi%\a:tllnl s-ll n.esarc.s'.t'h 

AssistantII 

Malmlij Yiljiflda Research 
\ssislali 

x 

, x 

x 

x 

)01, lhailn:d 

AT,Thailanl 

AIT, almiland 

Avitlllhia.ma, Thailamd 

A\1'1,Thailanld 

Al'.,Thailand 

THAILAND/PHILIPPINES - UNIVERSITY OF HAWAII 

K\eiII IlopkinIs (2) 

Jallos Si'sptr 

1.s. C -I'-iIcilal 

Ill t'sligatlor 
IS, CI-lm-imicipal 
Ilm-'sligator 

X 

x x 

X 

x 

X Iflh1.IIa 'aLii 

Kmitalle. Hawaii 
anmdAIT'IThailammd 

(I ) Illnics pIriall %%r'k hof'alillm and cm'\Ihtdh"t'lml trmatl fr aIlltlemlilng ntctings.hl ,l mlnsilt. %isilsatll1 
(2)Persmm imI'.J dinmi piI iit ,.li(ItI 
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PHILIPPINES - HOST COUNTRY PERSONNEL 

Iidu:ardo I~ol'..z IIC. P'rinlcipa)l 

Invecstigator 
X X Milioi,' . 

ilhi li pl ies 

_,l Edija, 

SOCIOECONOMIC DIMENSIONS 

SOCIOECONOMIC DIMENSIONS - AUBURN UNIVERSITY 

Levon arxdILovshill 

.Jose'ph M\l i:an" 

(o-IPrincip al 

Investigator 
Co-IPrillcipad X 

A unburn , A hlab a m a 

Aulburn, A]:laama 

TercryT HanLIson 

(Germanll (Cerezo 

J am s fIh lchiu 

Resea.rch 

A\ssockiCtl 
Gjraldute/ 
slude.t 

(Graduha~te 

Stundent 

X 

, 

x 

,\tlburn, A\ldaa 

IHondura s 

Auibrn, AlaLb amal 
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Brune, D.E., CAI. Drdiu, and ItH. Iiedrahiia. ay '192. ge iPond d 
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,Ciulherson, S.I).. andtr.11. I'hedraihita. I19)92.%tlificaionofstratified temlperature 
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Atitultltre12 International Corference. 21-2i .\iair 199 Florida.'.(rlando. 
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likeIhrokk. It..RAI.ietdrahita. ard Y.I ]gnts. 199 1.Rllestf fish \ast prrodrction 
and efflutnt discharge fron a recirculillin 11101srsten, IS111 unIr 
contercial ctnditiorns. Presetlted Itthe 1tit'hg .\tll we20:-till jAtcultre and \lcr 
tesource Manlagerrrent. 

Pliedrahita, RIAI.Noti ther26-2'. I9). ,lanaging tinirtinet ial in :lp'ctsin 

Universaiy of M ic gan 

Publications and Reports 

l'989. Integrated litke farminig fisi 
rttlirge shallow :iaod Manageml.enit 

Chanlg, \\illiam. to manage ard enriroinreit ill 
lakes in China. .quaucttlir, Fisheries 

I-i'. 
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aquacilltire. Presetld at I nitled Stais-1lalan Natural t1stir'es (l.'.l.\)C.h;ang.\%..mid II. (luang. 198. lhianics of dissiolted o\\gr, aindtertical 
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Iloge, Iltitisia1a. 

Iliedrahimt, 1.ii. ,g' 1.sIrens tf\%arnimltrlatclthen design1991. IF -leerin 
l'rioct'dilngs,\.AS/AS\ essions \trld Aitact;lliu tSallat 11o,, Soit-l 

Jioin. ltrltiit. Anerict,;Soiut of \gigrit'lltural Enginteers, ,tlll 
loseplh Michigan. 
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Preseentdl at ' orkslrp oii Mill,fishI'rtdrltcitti lttltrgL . lali,Fr; 

Iltitsia. Oceanit Iistitet. Ilat\mii. 
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itt hiifio'i.stters (( inns¢totltrn 
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Manuscripts 

leiethnr 198. '.t.:ntr quality req uiirenttsnain,'I.\in hotlditg s~sltlns. Antnal Me'etilg o 
LosAngtles. 

Carin tinide rtnital for 
mittciulture. 'aper presetnteld [te WorkshopI Recirculatig AlUatilttre 

lietdrali R II.,1111it! Gract, G.1991. 	 inilnsi,,e 
at ot 

.SwiIst,, Ilatln Roulrge.Lnnisiania, Septetblher, 19(lt Ili review. 

University of Hawaii 

Publications and Reports 

J.1'.. Rosetnfeh. liedralhita, It)9.. t.ls 
ofplaniktonlic respiratinir ratls ililriefly-fitre itier satples frolm 

St,)ir, I..Z. R.I. arid 11 ';1,\'atnnitti. Diel 

aI 
fertle tar11ei and Ovea.c-+,;thlrtl. lininholg) In[ress. 

Presentations 

, J.P.,
RII. IPitedrahita ant P.(iouanini. 1993. IRetquirements for
 
intxinli/ing bliii stabilit aundiet mttgen prodiclttiin ii earthn ponds Poster
 
Iper presenrted al Wonrld A.l.utilt'ulureSrcet'I liietlii g, Trorremitlitnos, Spin, 

May. 
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Central Laboratory for Aquaculture Research 

Publications and Reports 

Green. It., Z. Eltigl. 11.Ilhtinla. and .I. i:l(;amtl. Itl. Pond :Malagellenl 

'lapia itt Egpt. NARl'Ilaest Ni.Strategies ftrr Prouction of Nil,, 	 2. 

Presentations 

,lrnkIghan. . it).3. Optinmum ratito o anil tollant fornulated diets ftirprotin ili 
Nile tilaliri. 'resenttd to ;SithInterniational Symrsiunm o1 l.FislNutritin ani 
Feeding, Ilbart,'lasi ania. 

Ahilclhal, A.i1'9. l993rlilluiriproteinreltrirertenttts for Nile lilairia. Presentedl i Sixth 
Interniatiotnal Ssitlilsini ot1Fish Nutrition mid Feeding, IHoban. 'I'snr nia. 
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Presentations 
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slitl, N\ 199. inltliltioill inblack carp. Pres'ted IoFifth Intertatitonal 
Ai actiltre, Ilialifax, No I S . 
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Presentations 
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Presetnttd Io\ irtl .\liil'llilllrt,ilt 'i i (:itinferenct't,, V.% Orltans. 

Uirili, It.and C I h. Il it) i.. (19tCniat l ltlidgets for fish lit s illil lilit's.teii 
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iriiilicli if rid liltuta Ii ureciritulnd %%;lirs.%slu'ui.\Xi~tilndre groimlul pttuns. Nl Kusailkt I,uiirsil I iltiloen, liarugkotu.

lhigii-iig 1I 1-22, insakil. V , I. Sa [.(lI"il 
 F.Si. iuii. Ills- luiii\ muidi effect iftl Irealnuii 

Snrtsh. VAX. uildC:K .l11(1 92, Iilajit ciluIiuc Aiii %uhuu \airriiiin .furnaluin nIvitrl in-il liraiius 01 l ohniiIuium li'.iinbeu-ji IdclMaulI 
X(Itjiciillll1 I.((00,20122(i Pill) t. arl I jinerIsn~iliifertiic Bimagkiik

Siluir. l.~,iul C K. lIii. 1990. licluiflis for ussestuuiu (if slcifciliiui ituu 
it-Ifcls if uuucluuuuical Ili Imicutl fish ilitis \(uluueullni Ihighiiiiiiigiiiuiili 
1).13- 1(3. Manuscripts 

S/qn r.1. K Iliupkins. midl C K liii 19011Inliliclil611 if O(( 111,116%illiloii If% 
(L)1 anldicuisismuin d11;1it unauunu-cilitunnlsif Ililite ulellls.nuill 

Aluiactilluirvim Inulslucries Xaiiaugemuinili 22:38i-306(, Vll.iCK. K. iim XI. NMuullutmin19901(.
IuulrgraliI cultuire of ileuse midl 

Tlilsikuil. V. T. Sae-Lci. antI I. Site Iuuu - 198-AtVuit( lirilu%mid Iriulnuenl seuuui-illruulsie mpuiiculliri~: Comuuciihll cuiuule. I lii Fisllenries Gauill 
effet oflfuuinalinl if)t-url\ trit i, uti/lt hijiiii cii.iiihul iuj il ii Iunit Wl WvWretiuM 

Mlii . l1roiteuliugs (if thei25111Kastlsarl I litersili Ctileriu-i i Su~per, mnd 
 C.K. liii. 199i(((Slralifi-luuu (if linuleralilni aodt iisnltiu 
Iisiuerit!,. ii\igtlI ill muitd anld1nnuuuimiuIItitunh.jolim alAquatitliu Ilugiiieiring. [il 

Iuktituaiuegit, 1P.midu[K Limi.198S. Itreeiiug aridlrealiug tuftut gobli lints. 
( ()t%-huoii mi ii ii B11k)[nAI-\. ite il 11(15 



Other 	 88-12 lirtiIs, , I. EIetrs of frliliersV I.. .rr, dIi.PIjiladerava. and feeds 
Ls nulrient i -I'hrI Pilippiinesurces (J-i'' iij., liuui,i priodictioniill 
brickislih\ tlr punds. (12/88) 

Linl. 	1990(. 'sofilma shrimpl cill I:lI ill upe'r Fat,. Carpte''l%j.. lo,( .. l usd o~fC.A. 	 Effet, nskeL 'ulIoru'MUN t'llironlltl 89-13* A\.. IK.E. r, ILsli].and I.Co', .IEffets 


(;(IliIll Ihailald.Semliinalr TlhatGl iviria'n Ili de'pIh an'ificial miligl ' ofI'hlilipll
atI{o)iil ( Deairtmtfff \\%alr anid ()It(I unlics ts 

IFishtri s :id Shrimp Farmers Ass itionii ,.I--Ii lh-hrunr iq9i linckishneitir s,riiii lipinids. (1/8'9)
 
lin,(Gk 19l). f Iresli,,alr praii i nd mairine-shrimilp cultire ii 89-) 1 * (hin. \I .I. II. Oiling. of iiissiilirid o\%tgci
(:urrelnt sl~itls. 	 Iand Iii:Liit", aild 

Thlitilillnd."C Ail L.ikes Reuar'h lihor lorn, \wrticad v'in'olatiolnfish plMlskillinir6ii.C( F'isheries \Oil 	 in) (6/89) 

\rhiir. %itig;in. 	 S -1I* (ree-n. Il.\\, Phelps. II.I{ ih ofmianireslIP. nid Alrenriiia. eliui 


lin,(LK 19,89 sit nd tlllr. of Ir,h lr lr .,lsadmlril ld chemiai:lt'iNlirsi heallrli ) wif ii li ill
li.ii u l shrip,ill 8'- ll I lln il ilii0i 1 l.t% 

Illilidsiii illii furiini rn i- i ri. . 2:; ii) ' l',plaindsl( /8 1lIli \ii,uh Il;miui ALI\l , ar-heInl 

liii. lXK 'll n l ;irin' ii li'r ni iilr 8')- 1W-( Ini an. u 'r n i cai'I risticsiI ).Me pri i,oil hrim ll illia n Sri i k.ld . M, lSne lpidin. A lb li lchactli eil 

oiN. .liitili F'i irinir W iii ('p/r'))\iilidili ll iu vk il.l niiv ' an) 	 i rliiiiiiii' land .d ii id e Iiiiiini 

CAk l ,";9. f Iin I ,\ 80-1- (h~lg.\ ..Ll!,linililgl,,i il defiitsu, (8l/.89')Lin. ( ~ivt' cultur.ilh- and lite ,mi irit[ i iiiiinglit.I ulrr ;iqu O)rietl r ns. ,(if inlig 

" nilD ,whip ikoik, 1 ia lI..aind VA. isk. art rls\ air a iiii riateni1filled. Ula'\forhilltrnii nBa g 28.luh 9)))-I, 1hil.d..na, ,"if ( if d 

1989 Ism),. ):.K.,oildh oiflh and ctfiih.k :ri,,/itlliiiiinlieailiiiriigeii hxaiiim18a)N.aniiokkiil.%ddi C. AlilIlialidileli %iIi%.(9/8 )lensit, v \%li;kin. 

ili, i. ii;lICullua,llai ldt bldad IT",Program.l alCliliis/ miii 1 fj-r n Lin. s he/en
,ill i I ilt iinmr ,80-19* l i, I.".. ;iilii r. d C Reltioini hips, 

l inhlt n k le , (if il nllpord.a;idor,, B ngo l ilil . c,, 	 llMiiand. li,i lisiiiiiirohi icfilionkii in fr (9/89)ii e 
* 


81i-.( Lin. r V riie ul. Iis iCAi., lr,iidiiiiitii(n ohlgiai;Il(.\ inhiill-lh nitroge 
it sunrcal (tl inputl fi' (ds.l i ,lll I I l/M ) 

89-21* 1-N 1,ii i, lihelps,' ' ii l .rr'.id ,l Cdinln, ).i..l dil. oif niuillaz 	 si aieoa 
quItil[ doctk'l.tinorgaink ll.Irfilimild tropicail (121,89l)aind lpro ofl a]Z pond, 

i i -2iu 	i i iliA. 1.(, n d riii h and IIlilli I 	graitae ir I forlis i.i 

( 88 Re ea-.ch rtu1 10I 'upo1 ii . \11. Hopkins. aI ind). l . i ulli reiti iniidalof
Hopkini, 

likiuiIrm8.l. s. 'C )I;l'tiuiBurlli.tKtlauuil..11seliN , Nil'ill 1/9) 

The follow in pl1l1 U 1)r II II i i a Ho i lil . Rel1. fish poud .idls t,l r ( i/'))1-2 * ns, rting iirmic liilsl ;l 'h.i iSuIul-

iAquactillell-si dia, Riiesear Su/ po) 	 '(I - li-h"l ili!1llS/latelu-rsl11ll.10111Olihno I.Ickuiill iII llIIIa. (/ii) 
l':i (i)lf 	 iudiiinu, l i.ir ;[ill fi.r\.I Ili\lrsil.\.(iO illis, )l 1.. 3.. 1-i1i . COl~iiiill. l hililgi ' fl 9l-2 * idt K, uir-u 1 Iii., . iriin, f. 

ns l driilha. ii 'uckelitr for [ic ,IGaileaisk indidn es lhe cont I. ir I hliululbs Isidt Ic"))dill i nnmrcialthu'PD 	\CR ,I il'- .A u (1 /8 )iih li,m id ,,hrimllhndtu'aslprodtuctio~nofl tIn .( It~m) 
uik n.I I piiil til 


ifl I 'IIIIl l lil iiu gldI using r '),
 

88IlIP l . .. 	 9iii-2- Gre and 11%. lop./liai ing thelr ,ruile11r(1ucpliun Or 
i u liio- if iis il iii,--i71iit li(i lil 


uI .III hiiiiii mid(1?2a88.1.a \ d'l l'Nliari ,,uras.(i/0)i
llprinlui, 

IIIimae eII;s~slt'l i'-wafrh nd (~Iamt S.( 10/8-) 1: , . K..\cw'a F il). anld
II' fo~r i lip ' 90l-2,8, Sll~tI.,.I.F. \lOCI'h..Ir-., I, un.;O\l 

8,-.2* \all, G;. id( M3,,l;,;1 JlOIN Illtrl'Ois, ,.\ v' lpv of li];Illill :1highS.Chil~hltl. C l.111i 1 IM 111hi I'V( inl %;Ull'tbr P nd cu'llltr. inl6%;Iuldal.illiludc 

lh-Nlit, lilv,[ leNi,vl(.r l.Alm iii,/n/i1- d i -i dheuiii ii eu-alluriu-l 	 i'))). ii irm tmll r lliurul iiiii.\liilali i-lu kuIII/S-) kiud-Illulicil, C.F:.,I'.R.BMWl(.SIoll. C [). 
8--P' lF.turtiol~li1'..mild 1.11lBree and r.earing OfI ,141% .ti d in) olr ( "/',hlmlmh him'(l.illlll('ll). 

"I'h'.ild. 	 90i-29* anld Mt \ahh. ll;ilcll.% eh'iltti es 
r'4l. (A ding sanud Il['ir pol l 411 b (ll0)90) 

(O riiii i mim,,5a11Ii i1/8 -) 	 ' 12-I* . .H. leiklu'l. Ullli'iip . esponsei liluis I 	 Grenr. II C ddil lli. Ri / pii
C N \atidili(:;iiio ;Idl slillir,,(il 	 ' ni ngIrallLs orlgia 'hv'lliutlllanldSs88- 1 	 Lin, K an tI'LIumnoiIOit( li',llporlds .iul anld t'(onlmlllit oIf onliv( iIn 	 l ill
 

IhImilanld, 	 mo'u Wwlim )
(I/,N) 	 Cetlral K;lcootlrw,.( 1/1)l 
88. , 	 \.r.I I , ;it l Im~dd l l'i)1 a 1l*,"ty :liIt[hl.'lloa'htl.) ii (if ';lionlL 1I dI \ 11111 I .hletIo d(.( ;la i rsll IItiI11MOIOIl)1-3 erj ..I.' C'.A.I.11 1(uci aisss n.ll stritlifitanld 

mlild,rhbon( rilmu ili , c ' ) 	 tlf('o)I ( huhlli-uluiiirl in ul uii llfish (i/91r liii.u mde',ii' inlll pond 'lll s, 
886-h CaLrlpe.nte.r.hl, I;L',..C \\\ anld "32' K~nid-lln. lilersoln Mc\;Ihh, [.S.\A\. 1 ' ,,nc'. IIL.l icIlhv' 91 ,,CT.. H?11 C.I) lIlmlllm,,l](.t'is\%=llcrdeptih anldi(1'il'on (li' 41llil\.;lllprlidutliollof[ l;Il~ I idilnmwl ilInplut. pr'odll((11 11olll~ ;'ulc(r K Si lmllln .midtILI, \1-vil' llilnU ' 

h l cu%/'l',iml t i olln anld[l \ilehd pilld,, C-/9I)momrn ilhp.ld, ill Ivrlilin(d It ,hlm .r in 111donel(.iii. 
(2/88);)q 1-3* ]i'drlhi(;l.1?11 Ca.;ihratlionl%;iillit looflaLp,ii(jImlu;ell'and1( :111 ir'l pondII\\;llvr 

88--" Samiren". I I \k\lit,[. quitdil 'lI Iom I)IJ. S.\ ,aic,. mindK1: (llvllr \\;Il,.i ilil 
(IIIIi(llllil,% a ",i,hratkiimh ,,hrimpi u iiillinail ;lwr'it:l0l 9}]-3, II. ,llcr i llla t'llholw \,lellli,alvi %%lldailt 1* lViedrlhim~.I1 Modeling tollll t't'co 


anidot'liini (IOMiI )
a t (2/88) 
NS-8.F 	 IIilcrs,r CA i lild-II~llown,. l a d K l1-ji*lld* Iia'hIhl.I.11:gillveri l\\;rnlvlll 

Stiilil;;llilli1.It of(alikeni ;iddlilionii lisli n )-jI0 HA ;ild Ic'rlilim!d li \Nliins. 1 

l.T.H.GO1 \t" i;ihh, I \.ii(n il,li h Il.Ltli oll H i.I al'inclso''l . hImi'tln design 110l/0lt 
lil t mn r v (lli lprodulioll _ I1., iinil-Ip,'(I (10l/4li ic'draihil;i,IlGimallniln 

pollidlinlAvN'1 Ili I i/88i - ,CI1)T. li..I'illo.I: Ilalil'll.LM idilimil,.I;i;I,olitiji. 1)l Nit'\;ltih. ICIRalllrsut. (C,W ilid I.1 
88,-1V 1)11. ,iliv(. 1? . IPhelpsl of[ Ch, iLin,h (,,IT1 ;id IfC',lilolililgdv, forrv(iclri.Cloddilitliol,H V minid Ih'rlog%4Ii'li .laii IlkillOli, \Mmlliagiilef'rili/e~rs 

a plidsllil~i'iPUliilim1 i;188) %~iddh pllk ini\sili'lililre inf (I ]li ill IrlinicA ( 12"91l 
8 1,.11Sikolki. 1: ,mi1 it(CtlrlP m l , llls 91-3s"' If\\ lll . Mihe of dillur'l'nla';liolllatisi l , q l'i(if , 	 apllllD)..H II II)rnh . H sw 	 |Glrvtll, and 11 elle'tt I'lawsand W flit-ll!g,1. 


inhih llii(if glthlrl'Uli ;l'ioniiiiof lihasedulringii ld thik i'ifilter oliilip t'liol.
IIli, li'islv(rois. t i ,14 I)[ iimiluh (12191) 
I1limll'ili()ilin 1i rpl( t_2i88) a It .m11id .W-l'lPi'dil ;ilvll o' litcIl('lilllifill 	 1)l1-.it)* kluiru'il HI\ l U lilllic l,ofr1, oll 

88-11 i i,GL., andl( !hlilli, sl(c rlA,.'selc'olie oll illi rdlli(lilltr(11ml IN (A l ,ecdi 	 lilkiliacirllliliioll hull 219l1 .)il 	 llllIc'rili )
* 
in h iriiil s. 12/88) 	 9-2- S/%llt'r,.ll11, ili(C] P~rolduio h #lcliili,ll flill k l lillflo I ~ 	 ill kI.IHopkin h ,,iii. n (1 i 'm ommir 

Pil ,/li ct' likl1il, ilin pondis ofl &.i1l1l,It (I ) \lid'N vl,l liiai illllrt,11 Ihi'vv 

(3J/42
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92 1 	 I'iedrathia, R.11.Simulttiin of shlort-t.erm mtanagemntl actions to preent 
0Xel ifehtiion it flon s. (192)


92-'2 'ieitl'trt-(ddngtt, .), W\. n.nt Parkmut. Sustitution of
l ) Itr%% and 1i0%. 

for ft'tdchickin litter ill priiilion of ptnacid shrimp in Ihiiduti,. 
(1/3)) 

')2-.13* Kttd-llansen, C.F.,( l.D). M ihh,a ) 'I'. ICIlt,rso)n.A]plication of 
linoiliig for tfiit nuiitrinitt ltlili/illu()i ill tropical pold aquIatriiltlr.'. 
(t/11
-2) 


)2-1* 	 Iopkins, K.,aid .A. kIlpiltkl svim samnling of ( u/92)t'.isIlin i 
92-,i :gk'.h .l. id M,.Sklidlan%. The 'contitc benclit of chicken Immure 

tilifimlion Iinfish irodoction ill Thmiland. {'i!()2) 

')2-i)0* rtt l,I\\. Suhslitttintt if irgti, ittmotluri, It'd illfor pllhtel til:apia 
prodUetin1. (H/921 

92-.1 Grelo. K\. and 1)I . Tl'ictht-il-t( ddingtlo . Comtlparison ofI\\i) 
s;unilh'rs ustd \\ilh uiolintad data acytltilion s~sh'ti in iholh-pond,an 
Colillitllil l Icuhlol'i studies:. ( 5/92 1 

'92-is"i h.,K.W. mitid\k.)It. (hang. Ihiiiltrtgeli t i lt'(ing (i elfets (if 
fertili,alioi. slockinig (litl,,il.pm Iittg on griillt1 llt' ltilapia,atd th 

hrolli% (L.),Olrv',( Wil+ling'If (9192)
 
93- 0.1* T'ichrht-C1ddingloni. I)R..IB\\ 6r('t'n rt.l,. ps. ofand Illht, Inluence't 

siltemld w.;lsolln\\;ii(. ila])ia lioz ll anld(pll %a nd fllt plo~dli Palillla 

9+--6-* 	 SIringhorn. IT,1A.. Jensen, and W.Y.B.Chalng.Auariable growth rale 
nmolifilation o on ]|ertalltt.''s iltihre. ( 1219)'qtion for 

-t08* Ilian, IS.. ei'r, (XK.(in. Iffei omNile til:pia (Ori'i'o'homi.I).J. )lell\ andt 

nitili'iil oilo aqiaculluire piids, andlits signilicance toltei'e4sIt'Ill oaf 

hlivtroIlhie cascade li ptoltsis. (121)/)
 

--'-) A%th M.. (.l. Blo)d, a:lI I). '. lti'rt-oddtt liin. of ireaI tfets 
;lpplitalioh;ttii carbot lrnaitonsl, an d d i g11 httal n conculitt illpontd

bh)lloil soils. ( 1219).t1 

CF.tand 1).iiit'rt-ddinn. fml 
duringfallioiiati c[ulture pinds, 

9 1-0 i. .ilapia. 	 h soil respiratit 
pterioids itt ItVail$-ftrliied tropical fisht 

(I2/19.0
 

') -- 1* lHiokins, of lit' h (IN.l).lReporting fish grotli: A oft'e jsirS.1/1) 

and .l)l.imiti\research integrated
:tgrictillltre-a unactItltrt' fariting tstynis. (l1/1)l) 

1()mj I* l iana. (.S., slpplemtntal (iflilapia illfertili/ 

)1--2- lHopkins. N.D., 	 lthoto(itloIg "r 

and K..ait'n. ft-eding

floodm
s, ( 11-)I) 

1)1-.1*Knil-(Iansun. C.F.(liol listli'a ,itrit't of i'rror illfish.as cuhtur' 
t'\pt'rt'illls: \ (n t assiessne'nt isiig ollariate anal.sis. (12/9-iilliwta 


Iloiitilras. ( 1/93)I1
lh i''L O .trtsh\\.:i('i 	 by CRSP ResearchersVA..i/([ l~i "Dz)hculH''is~lt.\at~,,\t.it\R.eportsC LiData 

(i/9)3)
 

93-iI* 	 K ill l tnei. ;AI it/iit g staldarrd it'ithe ilis i't-4)fnalers ust
 
for :i(liiitlllrt.
(i/ )31 


93J-i2-,Si)ptei IZ. Iltl)dli 14.1. mioll Did 

* 	 . 


J 	. 1 d, Ihedtraliila,1.IGiou;limiii. 

(if plaitklinit rale, inctiict'il 
froin a herlile, i)lod. (1/9,il 
t.thls r'lpiraliin ilhrittlh %alter saiipts 

t'ilt-

13-i. 'l'Ihiripott is i tdolicalfitt earlier nilinher.
;1f 


i ' ket, iull, \i\ltlhi ll Itegratioii lt' 
illl-it ,il oter mplt,\ Ii ('ishtiutius 

-i i93 It ;int i (ifii si uaid st'lloli 
ellilt:In i( nid tuln i/l 


'I,) S/%'lt'r. ).1'.I11 h)lii i iillllllllii
liii Hidhting c-httis -,t' i 
rIp(inirati() a i-mi-ti.ha.5)1 pe , o. durin iod t, hih.llilitt(ti 

Ili; I i'iiitiiir ,tlihqtt .ilhll iul-l (9/9 ) 


'Ia-I,!' udii , C. Itul . adiCii 1) \1l\:6li ) TI'tl ro
I n 
1 

. I riihrlni, i 
tii'kt'n ',i ih tilg it'tilitr i ti-hapia ' 12/10 I-litii tt ih 

(IL1 1 hlhr.(t rI 


)j-i* Ihli'. t.It h ddililltn,ltliiii i l \iild
IL.,.ide )ii a ifl 
sli)t'da iuiitriinamuloniu ;ilit it ifIAtiandaani;i ui iit lood, 


J-iS* f it'hteri- 1)H,ail lI n hil~lii daigihl
hhitloin, A\IGrtv +ilt mllid
illlliiillc'\ i'i,,i)il'AillUll
lilit loni\ itrololllill III1i'olm-alishi)olldk 


(3-il)* hillid-llili.I I. old \ h.PilnoniiOinlicilehill urv",inpll(]i 

felilili/aliloii.
( I ill 

l*lrl C.I vto, ili'tdlit'91-00-	 Nll l.%IK. auid Kniid-IIuhn itruiii l (h l irooriD4tlsml 


hiillixsji,a inll ell ill f il h i~i t1w uV
ivl sIr;lit'tlvg
\I llll~ fc(++ l)lt] 
mlim, 'uIf%Iprohilttion. i)I g/il 

9 i-()l*,%lrilighblirn.R I?,\1, I('lim-l1.\\ (1,hI Opimumllll.)ItC~lungl;1till vl. Iimile(>l 
,,lilillt \illplllitcailion prllinttlh hpinllluillllr,: (I[ tvt'onniicll( I( itli~lli. 

hionlllil 1 i)'llmllhIlilodd()!1) 
* 

9 t+(02 IHopkins,, P lilirlaihlitc, 

O n/'/n ,11dol f , 1) 

h IY, id 1) iiI\h'liilLilicoii, ,llldlliiuricl( 
\lilllicmilltsililm, Ill \%;it(,l'
Illtodds: tIll tcilliirt.'aliiwt (-2/9) 


11\\. anld .i( IPrlodlt of O ( l lptt(()i-1i*I1irll. 1).II h l i(tid illglill lilli 

(-)/It) 


C.H.,M1.Biit-%% anid 	 aliisof fislh9(-6(1* Fiillgt+, sltr. I,Ilal,u Wnctco)lliiit' 

P~ro)htioni 	 Ilhi tifl(
ill 1%ll)tik'it';'i'rioc tet(ilill.%: am.t 
W M~al 

t
9 1l-(liKnlld (CF, oildH'.1Ni)llhvrsl,oItt'of1hfllil/uliloll )

Hansen(*li .H frtlll(,lt
o)nlheplro~dotlionillMihlilia (Ope, ,m/ im-Itllm//<mhl), (4I/90i 


1) -00)(*TDi'tr-1.Kllll(lI ., KI IHo)(rigiv'/ Caill\s(,and \\. Tb)i'%lukl. of1 
t'xtdit"u:rialioiln o dlrain piolllionl.Ihli shrimplI ( 11/90t 

N.I 	 C.F.Knud-lasiIalt irstt.'.1., C.D. C.tl)l), ,l.I . /iidttati, and K,
slonlaillil l1989. IlIl Th i d: lokl pinlla. h1dllsne: C%lel't fl l riinvInl. 

Cllab(raliwt,Ret'searth Iala I(t-lorts \illnti Thr'e DI1/Ane, Stintir 'hree. 

CANI, C:l lis, (),igoitt. I3ii pp.
 

Carpenter, K.L. A Last,.I.(Carre(ttl. and IR.juliattio. 19)9). P'hililppines: (:ii-,i III
 
fTh. l s I.;i llaioralit,, i. i '(liilulS 


AFolr, iiIlnl tt ,'I\ her 'i -,-.( it/ ItllS'. ui.) ((legp.
 
Car leitlitsr. tc . 1. l I . anlid 1'. 19(9 1.
 

t i li l l(rit Iistu iartch(l I \tiilnt, 

,,1. \ tliet-, o(A'I ,/ IIt-lfrii 
llaiI'i'ah.lip i[Thto ifu eguut, allta:It-it, loi W l Iwll' Cutuallis.l, t 
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traininlg of i pirofessionill clre. 

Joinl Comnnittee oln Agriculurill Research mi:,d l)elopinlent (forierl'Joini
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