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Proceedings of the 

Third Conference on the 

Culture ofTilapias 

at H igh Elevations in Africa 
EXECUTIVE SUMMARY 

T: is was the .th ird conference of its kind Lo be held for. 

Rwanda. Burundi and Ki vu prov i.ncc in the cast pan 

or Zai re. High elevation wa understood to be 

greater than 1,000 mete r ' , During t.he confe rence, count ry reports were 

pre c11ted d scribing the ex tension crvice and providi ng technical data 

foll wing a list of r ints included in the conference in itation. 

Tec hn ical paper on rict:Aish cu lture and cx Lcnsion · trategy were pre­

sented from Burundi . Papers on rabb i1-ri sh cullll re, comp<nj ng 

regimes. elcvt1Li on-rela1ecl ti lapia produ cti on and 1i lar ia-clarias poly­

cu lture were presemed from Rwanda. ]{jvu province I re ·ented a paper 

o n the Zai re Peace Co17J, fish culture sustainable extension service. 

Altendces included ministry personnel. uni versity professors, FAO 

personnel, uni cr- ity student. , Peace Corp vol unteers. stati n man­

agers, model fanners. ex tension ,md traini ng ·pecia lis ts. and some 

trai nee ·. 

The r0 an izati n and peration o r the extension services in 

a ll. thn: ' co unt ries were compared. Fi sh culture ex tension has b~en 

as ured mainly by Peace Corp~ vo lu nteer · in Zai re. with very few 

Zairian countcrpans on hand . In Rwanda, ali hough some Peace Corps 

vo lun teers ha ve recen tl y commenced a-: ti vities in fish cu lw re. 

Rwa ndese exknsion ag nt arc re. ponsi ble for all fi h culrurc exten­

sion. Buru ndi is in the midst of re-vampi ng it · fi . h cultu re ex tension 

EDITOR'S NOTE 
K AREN L. VE ERIC 

Although the conference. on high-elevation 1ilapi:i cu lture I ere 
in it ial l.y held with the inten ti on of ·onsolidaLing tec hnical in fonnation on 
production sy ·tcms. pru1 icipants a l the th ird confere nce were mon.: con~ 
erned with the consLanq and ·ustainabili ty of information ,y_1c111s for 

ti lapia cullll re. At the ti11 1e 1h co nforence w;1s held. there were hint. of 
what wa: to come but nobody would have sw,pec1ed the scale of UJ heaval. 
R wanJa, after an extended w:.ir Lim! hegan in l 990 and largc-sc:.i le mas ­
. acres of its popula1i on, is 011 very fo1ky grm1nds 10 re-:overy. Za ire has 

, ervice. Jt previously relied 0 11 Peace orps volulllee rs but now ha .­

ru nding to 1ra in iL m next n. ion agents. However. Burundi pre ently 

has a freeze on hiring [or government job and has opted to use exten­

sion agent~ already wo rking in other domai ns such as fore ·try. A very 

lively di . cussion of the advantages and disadvantages or each coun­

try's exten ion service took place . All three c unrri~. have a..: tive 

fmrner traini ng programs. 

F ish culw re technique adapted to the climatic and , oc ial 

cond itions of th e high-eleva ti on zo ne~ arc: a longer grow ing cycle . 

u e of larger finger! ings for stocking ponds. and . mailer pond size. 

Oreochru111is nilotirns remai ns the fi sh of choi-:e. given the lack o f 

acces l station-produced i'i ngerlings and the low qua lity inpu1 · 

available . Burundi reporL~ hi gher yield , from pond bclO\, 1.:00 

mete rc . compared t th ose over L.:lOO meters. but net yie lds do not 

ecm to steadil y dec rease \ ith ele ati n above 1300 min any or the 

countrie ·. However. ··best product inn" is muc h greater in th e lower 

eleva tion zo nes. Size o f fish at harvest is sornewhaL greater. and 

amount of reproduct ion is lcs ·a · e leva tion increases. Pond manage­

ment and input. level~ still seem to be the most import an t factor · 10 

increas ing pond productiv it 

Recommendati on made by lhe group of panicipant and a 

table or comparati ve data by ·ountry arc presented. 

encuunteri;:d much internal unrest, 1riplc-di gi t infl ation rate · and ovi;:ral l 
governrni;:n t dysfu nct i n. BurunJi ha had . c cral 111ajor change i.n guv­
crnmeut and i teetering on ;il l-ou t civ il war. The Pt·ace Corp programs 
wen.: 1ermi11a1ecl in all count ries; fi rst in Za ire. L11cn in Rwanda. fo llowed 
hy Buru n Ii . The fishc1ies office rs in Burundi and Rwanda have changed 
several times . ince 199 1. Some of the people whu auended 1his conference 
fe ll vic1im to the kill ing "" 

Cunently. Rwasave Fish Culture Station i li mpin° al ng, pr -
during s0111e li: h and lingecli ng . There are rcpons th~il farmers arc: till pr -
ducing fish in Rwanua . I! wou ld he i111ercsting 10 sec the level or l1~h culture 
cu1Tc111 ly practiced by rarmers in al l three countric~ and how their under-
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,ta11di ng oftji:lpi :1 production ha, !':ired in the absence orcx tensio11 programs. 
The initial i111cn1iun, of thi . rcpun were: ( I) to initiate the pub­

lication or <.:onferem.:t' proceeding. in the ho1 c th at fuwre conkrencc, \\'il l 
publi sh :i l,o: Lhi report can provide Lhe b,L~cline ur infor111a1i\ln upon 
which future con~ ren<.:es can build ; 121 IO co111ribute to the di eminati n 
uf infom1a1ion on 1edmique, and ex pectation · cleveluped for tilapia culture 
at high elevation · or in cooler envi ron me111 s an I when, input arc severely 
limi1 ing; and (3) to publi~h discu . ion~ on e ten ion program \ lrateg ie,. 

more cun-ent rca,on for publi shing this repon is w mai main a 
re<.:(1rd of fi~h culture acLivitie and experiences in light or the los. or 
tra ined and experienced perwnnel. Therefore. even though much of th" 
inl"ormation on ex tension programs i: no longer cu1Tent , i1 mny be the only 
existing record. 

1any pr<:: en1mi on, were made in French, which J translated to 
Engl ish. Cou111ry reports are incl uded in their entirely. Ab,1racts of the 
technica l prese111a1i ns and a. sociated graph and table fo llow the coun-
1r. repon . . Only one technical pre ·e111a1i n abstrnct was nut available 
(Ri ct-fi sh ulture by M. Todd Uhl ir). 

Secretarie~ Eugene Ru rangwa and a1Tic Henderson hel ped take 
note~ on the discus~ ions of ex tension str:negies and c ~nclu. ion . Yenanti e 
Mukasiknhwabo and /\ nackt Gatcra ass ist1::cl in orga ni zati on. The labora-

LOry staff of the R wa~ave , tation n1< nnged the refreshments and ,e l up the 
..:onferen ·e room. 1,11hanael Hishamunrla helped with some or the transla­
tion; . Robyn Hearn or Auburn and Danielle lair of OS as,i~tcd in l!d it ­
ing. This publicat ion wa - designed y Te1Ty RodrigucL. 

The third conferenc1.: \\'a, fi nanced in p::in by a special gran t from 
the Pond Dynamic,/AquaculLUre CRSP for programs llJ cnhan 'l' technolo­
gy transfer. The UNR kind ly provided housing and logi ' Lic supp rt as well 
a al lowing the Rwasave Fi ·h Culture Station to ho~t the conference. 

Explanation ofTerminology 
An .. arc" i, JOO , quare meter. or 0.0 I hectare. l1 is the u. ual 

measure ror pond suri'acc area. hccau ·e m,ist ponds are unc t > 

four are<, . Extensiouist reaLiied that peaking of yie lds in term, 
of kilugram, per heel.ire con fu sed fa rmers int.o th inking they 
would get tuns or fish fr m 1heLr small p nds. The term "produc­
Livit_ /production•· i u ed for m·l annualized fish yield . It is mea­
sured in kilograms per are per year or ki lograms per hectare per 
year. This usually includes any reprodu ·t ion. Because a produc­
tion cycle from tocking tu drai ning i. quite variable, ranging 
from four to 16 month ', ex tensioni , t~ in these zone~ di scuss 
yields ex1rapola1ed to one year a · a ba,b for c mpm·ison. 

Opening Remarks by the Rector 
of the National University of Rwanda 
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Ir. Vice-Rector. Mr. Dean r Agronorn .. and dele­

gates of the conf rcnce. it is a great honor and pri vilege to 

ha ve been invi ted to open the third conference on tila1 ia cul­

ture m high altitudes. I take thi s occus ion t thank you for 

having resp nded to our invitation and to w lcomc you and 

wi ·h you a good stay wi th us at the Butare campu ~ of the 

R. College of Agronomy. whose fi sh culture . tat ion of 

Rwa. ave is ho ' ting tJ1e conference. 

The R wasave Fish Cultu re Station is a re earch 

center for aquaculrure att a..:hed to the Co lJegc of Agricul ture 

of the UNR and wa. created in 1983 with the collaboration 

of an American uni versity. Oregon State ni ver:i ty. The 

objecti ves and mj s ion ass igned to this station are: first, carry 

out fundamemal and applied research in aquacu lt ure and par­

ti cul arly fi . h culwre in co llaborati on wi th other institutjons 

of leaming or c f re~earch interested in th is domain : ·ccond, 

facilitate teaching and u·a ining in aq uacu lt ure; third , extend 

approp1ia te ti h culture technique -: fourth . produce fin!lcr­

lj ng to meet the tatiLm·s neeus and to sati sfy demands of th t! 

farmers: fifth . demon trate th imegrat i n of fiJ1 cu lture with 

animal husbandry and agricu lture ex tendible to the rural sec­

tor: ixth. produce fi h fo r the market 10 ·ati . ry the nutrition­

al n eds of the population in tJ1e Btllare area. The re ·ult~ 

auained in meeting these ,bjectives are encouraging. 

ctuall , some of the pond~ at the tat.ion date back 

to 1950 and were used hy the agriculture sch ol of the 

Groupe o laire Officie l de Butare. formerly a iled the 

Groupe S olaire of Astrida. Al ab ut l 980. the stati n wa - in 

a ~tate of abandon. Ir wa renovated in 19 4 aft er having 

been ceded lO the UN R and with the finan cial in terverni on 

of the European Economic o mmunit y (61.100.923 

R wa nd<1 fra ncs) The sta ti n presentl y covers 20 hectare~. 

8.3 f which comprise 7 1 ponds conta ining nile tilapia r 

Cla rias ga riepi1111s . To opt imize ec nomk returns. tJ1e stat ion 

ha integrated the raising r farm animal. such a. wi ne. 

chicken. goats. beep and ducks with the rai ~i ng of Ji sh. 

The stati on ha had the privi.lege of receiving. 

r . earchcrs from m, ny Ami.:riean and Eu rop an uni versi tie . 

lt is honored today witJ1 the presence or researcher fr m the 

economic c mmunity of the Great Lakes c untrie . 

It is m ea rnes t wish that the cliscu sion you will 

have and tJ1c experience. you\ ill hare, the idea you devel­

op, the recommenda(ions and conclusions you reach, 1 ill 

c nuibutc to the re e lu tion f cert ain problem th ;i t our three 

coumric have in the arect of iish culture. And it is wi th thi 

\ ish thaL I declare lhe work of the th ird conference on tilapia 

cultu re al high al tit udes tn be open. 
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Summary of First and Second Confe rences 
KAREN L. V EVE:RICA ,\'-ID E UGENE R URANG\\'A 

T
,e first conference was ornanized wi th the inten­

tion of d iscu~s ing the differe nt technique~ 1L1r nus­

ng ti lapias a l high elevat ion~ developed by the 

technicians. ex ten, ion agents and farmers. The fingerling produc­

tion problem was the most important , fo llowetl by tht' lack of infor­

mation on the potential productivity in the high elevation zones . 

The first conference was he ld at Gihintlamuyaga. Rwanda. 

from Feb. 17-l9. 1986. and wa~ organised by the t\ational Fish 

Culture Project under financing from USA ID. The chief advisor for 

fisherie. and fish cu lwre from Burundi. Amoine Kiyuku and the 

coordinator for the Family Fish Cultun: projec t in Kivu, Citoyen 

Kivirnpi. and Peace Corps volunteers working in Burundi and Ki vu 

participated. Seventeen conclusions and recommend,Hion~ werc 

made :.it the end of the conference. 

The ~econd conference was held in Bujumhura from 

February 2 1-22, 1987. Much progress had been made during the year 

between conferences in the developme111 of fish culture in Burundi and 

Rwanda and in the gathering of data in all three ioncs. The fingerl ing 

supply problem no longer seemed :i major constraint. Some specific 

techniques for tilapi:1 production :it high e lev:i1ions had been refinetl 

and some good net yield~ were ob~crved in all three zone . However. 

there remaineJ some area~ in whid, information was lacking. 

During the four years th.11 have passcd since the last confer­

ence. all countries hu\c witnes,ed great changes in administratiun. pcr­

~onnel changes, the start of some projects anJ 1hc entl of othcrs and 

second phase~ or c.,tensions of ~omc. and a continuing collection nf 

penine111 technical data. The Rwasave fish culture stat ion has sough1 to 

answer ome of thi.! question posed during the lirst two conference~. 

This is our allempt 10 present som1.: of the information we have :ind 10 

c"<change ideas on tilapia production and on extcn, ion. 

DISCUSSION 
Q: What were some of the recommendations madc in Bujumbura? 
A: There wa noth ing published from ei ther of thc two conf..:rences. I 
have some notes from the lirst conference's conclmion~ but ha\ e noth­
ing in my files from the set.:ond conference ex1.:cpt an anicle from lhl'. 
CRSP Aquancws wri tten by Boyd Han on and Felicien Rwangano. A~ 
I recall. some time was taken by an FAO consullant try ing lll encour­
age /\lacmhrac/ii11111 ( frL~~h water ~hrimp) production trials. One very 
interes1ing rccornm..:ndation wa, to establish a regional research center. 
Rwasnve station was selected as the best site because it was already in 
operation as a research center. 

Q: What has been the impact of lhe research center on fish rulture. is 
the investment worth it and how can we get the funds? Will these pro­
ceeding, be publ ished and availablt: for worldwidc di5tribution? 
,\: It takes qu ite a while to g..: t a re, earch , tal ion going and to 1rain the 

lahora1ury anJ field s taff. We hope the European Economic 
Community. the Belgian govemmem and the USAID-funded Pond 
Dynamic. CRSP will be abk to make a igrti ficant cont ri but ion rn 
this end. IL will only be worth it if we can maintain contact with the 
extension service and with the ru ral sector and collaborate: wiL11 uther 
countries. This conference is an attempt to continue the outreach 
efforts of Rwasave station. We have a small al lotrnenl set aside for 
publication or these proceeding . 

CONCLUSIONS AND RECOMMENDATIONS 
MADE AT THE FIRST HIGH ELEVATION TILAPIA 

CONFERENCE, 1986 
Co11c/11sio11: Due to the unique condition of the three coun-

1ries participating in this conf'erence. record keeping sh()ulcl be . tan­
dan.I ized. 

Reco111111e11dalio11: ( I) Terminology should be compatihle: 
l2) Part icipants should immediately begin using agreed upon standards 
for temperature. water cherni try and pond area rn..:asurements: ('., J 

Efforts need to be in..:rea~ecl to establish a olid data base for such i1em~ 
as biological and climatic data. length/weight to age relationship~. :ind 
socio-economic e ffects. 

Co11cl11sio11: 7ilapia 11ilo1ica (Orcochro111 i~ nilurirns) should 
be our f'ish of culture. 

Reco111111e11datio11 : Organized swdies should be directed 
1owarcls gaining more information on: ( I) Effot.:t of fingerli ng . izc and 
age on production: (2) Effects o f sLocki ng density on production. har­
vest siL..: and age at maturi ty: (3 ) Best r..:produ..:tion system to maximize: 
and/or minimize fingerling production; (4) Compost applications and 
quali ty as it affects production; and (5 ) Pond configuration as it affects 
production and reprodu1.:tion. 

Co11cl11sio11: Fenilization is our major management tool. 
Recn111111e11datio11: Find out the bes1 kjntls or compost. 

Co11c/11.~io11: Supplementary feeding is secondary duc to 
limited availability of food. 

Recn111111e11datio11: ( I) Examine a\·ailablc agricultural by­
product,. new products explured by farmers. and ways 10 make these 
products available; and (2) Efforts need to be made lOI\ ard elicit ing a 
feeding response from fish rl·t.:civing low quality feeds. 

Co11c/11sio11: lmegration ol' aquaculture and othe r farm acti\­
i1ies is i111pm1am to maximjzc land and water u,e. 

Reco111111e11datio11: Elaborate on this idca as much as p11s~i­
bl) attainable. considering land restraints. 

Co11c/11sio11: Evidcnt.:c i, lacking that predation and disease 
arc major problems. 

Reco111111e11datio11: Continued obsen·ations need 10 be mack 
on the role of predation and di , ease in proJuction. 

Co11c/11sio11: When assess ing the impact of fish rn lture. eco­
nomic viabi lity , hould take precedencc over its dietary contribution. 

Recommendation: Due to insufficient data. more \1'11rk 
~hould he devoted to quant ifying and qual ifying the economic~ of li~h 
c.:ulture. 

3 
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Co11clmio11: A~ beneficiaries or fish culrure. f"::i rmer~ need to 
at1ai11 a cenain independent leve l or competence. 

Tleco111111e11datio11 : Continued ef~ n . need to be ma1.k for 
farmer training. 

Co11cl11sio11: 1odel ponds and/or demons1 ration cent er, are 
im porwn1 I I. fo r fa.rmtr. to <:'valuate and improve their ti~h cul ture 
prn tices. 

Rernm111e11datio11: Erf ns need to be implemented ancl/or 
111aint:1 ined 10 mobi ljze farmers Lo , isit such centers in an ex tension and 
sem inar c·ontex t. 

Co11cl11sio11: Regiona l Training enter uuld be benefic ial. 
Recom111e11dt1tio11: C nsideration should be given 10 make 

the ex isting Training enter at K.igembe inro an African Reg ional 
Training Center. 

Co11cl11sio,1: Hi. toricall y there lrnve been difficulties with 
institutional and/or publicly owned ponds due to prob lems in divi sion 
or responsibi lit y and profits. 

Recom111e11datio11: G vemmenl ad mini~trators f uch 
endeavors shou ld be well infonm:d of the drawback . or these pr >ject~. 
and the number of particip:.ints sh uld conform to th <'. antic ipated har­
,·esl. 

Co11clusio11: With pre~ent supply of fi sh fa lling below 
demanJ , pric.:ing may be art ificia lly low. 

Recn111111e11datio11: A · upplie~ become available. p1ices 

hould be adju:ted ·o that li ~h competes fovorah ly with Other anima l 
protein ·nurces. 

Co11clusio11: Fingerli ng - should be suld. not given free by 
governllll' lll stations. 

Reco111me11datio11: (I ) Fing ·rling sale · c:111 be punially . ub­
sidizcd 10 project formers umil fingerling . uppl meet demand: and 
(2) Allention needs to be given Lo fingerling. ak s from pri vate ponds 
10 insure the continued supply of quality (if]gerlings. 

Co11cl11sio11: Not all farmer. are ready to fo llow propo. eel 
techniqu . . 

Reco111m e11datio11.: Those farmers who do sh ul d be recog­
nized. 

Co11cl1Hio11: A comm.on goal among 1J1e three panicipaling 
countri es is Lhal the qualit y of resu lts and depth of understanding of 
farmers take precedence uver quantity r ponds. 

Reco11111u:11datio11: Due t 1he ten uous ·1,uus or fi sh culture. 
qualit y of resulL needs to be maintained und uudcrscored. 

Co11cl11sio11: This c nference has functi oned as an exchange 
or techniques and ideas . 

Reco111111e11datio11: ( I) Another conference ~hould be held in 
1987 schedu led al a time when each coumry has accum ulnted enough 
data and/ r infom1ation to contri bute; and (_ repre. en tative fn m 
each pa11icipating country should meet in the host cou111ry :1 few 
month~ beforehand 10 plan an agenda. 

Burundi Country Report 
INLAND FISHERIES PROJECT 

ANTOINE Kt YUKU 

Fish culture wa r1rst 111trod uced 111 Burundi by the 

Bel!! ia ns wi th the ·onstruction o f a 13.3-hectare fi ·h 

station which we nt 11110 operation 111 1952. Jt operated 

umil 1959. initially with good results. With time. both in terest and 

producti on dropped, and the stati on wa aba ndone I after indepen­

dence . Between 1972 an I 1974 renovation. were initiated, bu t the 

projec t was ne ver completed du e lo lack of funds. The Belgians 

att ribu ted the fai lure of fish culture in Burundi to ina lequale funding . 

a lack- of traini ng fo r fish farmer· and failu re 10 con vince farm ers of 

the benefits of r:1ising fi . h. 

Other ponds dating from the Belgian period include some 

im poundmenl. of more than 20 ac res and nmnerous di version ponds of 

three to fi ve acre __ All have emenl drain:.ige struct.ure . ln general, 

these are deep (1.5 meter. or more) with steep, eroded levees. 

R en vaLion_ have begun recentl y on some r these p nds. 

The Burnndi Go ernment/Peace Corp ln l:.i nd Fisheries 

Project began in 1985. The first group included six volunteers. One 

volunteer was I laccd in !sale lo establi h a national finger ling suppl y 

fac ilit . This was neee~sary to upply the ex tension program wi th badly 

needed fish seed. The others worked as ex tension agents wi th pri vate 

farmers. 

II is unfonunate for Burundi and also the project th.it. with a 
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deteriorating poli tical lirnate, the project was temp rarily closi;d in 

1987. Thi~ ame a1 a particularly bad time because the first group of 

volunteers were just finishin g their serv ice and were about 10 see lh ir 

fi rst harve l and begin collecti.ng importan t h:.u-ve l data. 

Fortunately. one year later in 1988, the Burnndi govern men t 

allowed the proje L back- into the country. There are u1Ten1ly J 8 Pea ·e 

Corp olunteers. 17 workjng as exten~ion agents and one supervi. in!_' 

and m,magi ng th e national fingerling station. 

As farme rs began to harves t their ponds and statistics we re 

obtained. the fea ibilit of [j h culture at each . itc was re-evaluated. As 

a result. erwin posts were closed. while others were opened. IL wa, 

decided that fi sh cullure mu ·t be limi1ed to areas where: ( I the altitude 

is lower. becau_ e a wa nner climate leads Lo hi gher produ ti vi ty and is 

there fore more pr Jit ahle; in addition reproducti ve rate at lower alti­

lUdes ensure fin gerling avai lubili ly fur restocking: (2) the populati n 

dcn: ity i. lower. and Lhere i~ less cornpelition for land usage: and (3) 

there i. an existing market f r li sh. 

Present Activities 
Extension Strate~ies 

The pro ·ess of extension is tak-ing plact at an inten. ive direct 

volunteer- to-farmer leve l. Di . semi nat ion of info rmat ion and orga-
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nization of local contacts is also being accomplished through local 

agronomists and administrators. Overall uni ty within the country is 

aided by the Department of Water, Fisheries, and fish Culture, 

which falls under the jurisdi ction or the Ministry of Development, 
Tourism, and Environment. 

The number or farmers interested in fish culture far 

exceeds the number with wh ich a volunteer can effec tively work. 

For thi s reason, the focus of the project has been the transfer of 
qua lity fish pond construction and management ski lls to a select 

group of farmers who wi II serve as an example for thei r neighbors. 

With the Department of Water, Fisheries, and Fish Culture, the 

Peace Corps has es tablished a list of criteria fo r project ponds, the 

in tention of which is to maximize the quality of these examples. 

The early emphasis or the projec t is to instill the ideas of 

modern techniques of fish culture, while using locally avail able 

materia ls to minimize costs. For si mplic ity, the spec ies 

Oreochromis ni/01icus is used exclusively. The Inland Fisheries 

Project emphasizes the ro le of good managemem practices in 
increasing produc ti vity. Feni lization through composting is recog­

nized as the most important management tool. The project recom­

mends that I 0- 15% of the ponds' surface area be occupied by 
enclosures for compost ing material, and that this material be aug­

mented and mixed regularly to maintain an adequate plankton 

bloom. Feeding should be done twice dai ly at regular rimes . with 

available local materials such as various leaves, rice bran. brewery 

waste. termites, etc. Excessive '•fishing om·· should be avoided and 
the pond should be drained completely at least once each year. 

Throug hout the process, thorough records are kept of each pond's 

his tory and harvest results. These records have been used to create 

a nationwide da ta base, which has allowed the evaluation o r 
progress at each individual post. 

The extension program for Peace Corps volunteers varies 
with the indi vidual, but in general includes site visits to project farm­

ers, as well as meetings and demonstrations. Volunteers have estab­

lished a networking system of farmer-to-farmer exchange and regu­
lar communal meeti ngs. Peace Corps/Burnndi has developed a tech­

nical guide to fish culture and a fish cookbook. Both are written in 

K.irundi and French. The technical guide discusses all aspects of pond 

culturc from site se lection to harvesti ng and record-keeping, and it is 

used by many volunteers as a weekly lesson planning tool. The cook­

book explains c leaning and preservation techniques such as drying, 

salting, smoking, and preparing fish meal. and it includes simple and 

economical rec ipes. It is used as a guide for fi sh cleaning and prepa­

rntion demonstrations given after each harves t and also at communal 
meetings. 

Pond Statistics 

There are an estimated 4.000 fish ponds currently in Burundi . 
Unfort unately, the vast majority of these were bui lt without any tech­

nical guidance. and so are poorly constructed and, if stocked, poorly 

managed. These are in general privately or cooperatively owned. 

The project recognized that improvements in fi sh culture 

would involve improvements in constrnction techniques. Ponds having 

an average area of two to fouc ares are encouraged (with areas ranging 

from one to 15 ares). Ma.ximum water depth is one meter. but it is 

required that one region of the pond be significantly shallower (20-40 

cm) to provide an area of warmer, solar-heated water to promote 

spawning. Dikes are constructed with an inside slope of 3: l, again Lo 

provide more area for spawning, and wi1J1 a 2: I slope for the outside 
levee. The site rnust have a reliable water source. The pond must be 
completely drainable and dryable. 

The volunteers of the lnlancl Fisheries Project arc currently 

working with a total of 276 model ponds around the country. These 

compose a total of 600 ares of surface area. giving the average pond a 

surface area of just under 2.2 ares. The vast majority are private, sin­

gle-owner ponds, and there is a minimum rcquircme111 of at least one 

arc of surface area per owner for group-owned ponds. Privately owned, 

multi-pond systems are encouraged. Communal and cooperati ve ponds 

have been discouraged due to the poor management practices which 
persist in such situat ions. 

Volunteers have begun work with women and women's 

groups, and have insisted upon discussing pond managemem praCLices 

with the individua l farmer as well as his wife in an effort to encourage 

participation of the entire [amiJy. This has been met wi th limited suc­

cess because or the traditional roles in Burundi cul tu re. Animal hus­

bandry fa lls within the domain of the men, and the women are reluc­
tant 10 move into this territory. 

Production Systems 
Production systems in effect in Burundi include a general 

model lo r grow-out ponds, as well as polyculture and imegratccl agri­
culture. 

General Model - The Burundi Inland Fisheries Project 

chose Oreochromis 11 ilo1icus (Egypt ian St.rain) as an appropriate cul­

ture fi sh because of the fo llowing characteristics: ( I) High reproductive 

rate which ensures availabil.ity of fingerl ings and a diminishing depen­

dence on the fish station: (2) Omnivorous reeding habits - feeding 011 

plan~ton and other materials which are non-compet iLive with human 

needs and are cost-effective: (3) Fast growth rate: (-1) Disease resis­
tance: and (5) Tolerance to low oxygen levels. 

The project was started using a uniform stocking rate of one 

fingerling per square meter. After the first production cycle. volunteers 

assessed the harvest results and managcmem skills or each farmer as 

well as availability of inputs (compost and feed materials). Tn certain 

cases the stocking rate was increased to 1.5 to two fingerlings per 
square meter. 

The growth cycle varies with altitude and climate. Ponds 

in the plain al an altitude or less than 1.000 meters arc harvested 

every six months, while those nt altitudes or 1,800- 1.900 meters arc 

generally harvested after I 0- 12 months. The deciding factor is fin­
g:.rling avai labi li ty. 

In Burundi. there is ::i wide variety of comp0!,il and feed 
material avai !able. One of the cri teria for each pond is an enclosure 

occupying 10- !So/, of the pond's surface area. This is to be fi lled 
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before the pond is stocked. and augmented regu larly. to ensure an 

adequa te level of pl ankton . Materia ls frequentl y used include co,v. 

goat. sheep. chi cken , and duck manu re. dead frogs and rodents. 

slaughterho use was te. kitchen was te. and a large variety of grasses 

and leaves. Feed should be given twice daily and at regular times. 

This commonl y consists of various leave "· (sweet potato, wro, 

peanut. papaya. cabbage, man ioc_) . al'ocados, term ites , ri ce and 

wheat bran, kitchen waste, cotton seed oi l press cake, banana 

wastes, brewery wastes. and man ioc and sorghum mill sweepings . 

Pol_yculture - In reg ions of Burund i hav ing an altit ude 

of roug hl y less than 1.000 meters , where there is a common prob­

lem of ove r-reprod uction and overpopu lation in grow-o ut ponds 

and in cases where farme rs have a firm grasp of fi sh cult ure tec h­

niques and pond managemen t, polycu lture systems in vo lving 

Oreothro111is niloticus and Clarias spec ies have been introduced. 

The ca rni vorous Clnria.1· spec ies, a popular food fis h. feeds on and 

keeps Lhe Oreochro111i.1 population in check. At higher al titudes . 

where coo ler temperatures decrease growt h and reproducti on r:Hes. 

polyculture wit.h Claria.1· is seen to dep lete the Oreoc/1romis popu­

lat ion. 

lntcgra led Agriculture - As the Inl and Fisheries 

Project in Burundi ha s progressed. rel iab le fi ngerlin g sou rces have 

been establi shed in each active province. The demand for fin ger-

1 in gs from the national facili ty at Isale has dec reased. allow in g fo r 

the deve lopment of the station as a demons tratio n an d training cen­

ter, and as a produce r of food fish. During the pas t yea r. !sale ha . 

establi shed integra ted systems in volving chickens. r::ibb its. and 

pigs with Oreochro111.is nilorirus. In addition. plan s are curren tl y 

being formulated to develop a t.r:1 ining center !"or agro nomists and 

projec t farme rs at the si te. 

Present Constraints 
The number of fo rmers interested in fi sh cu lwre co ntin­

ues to exceed the number with which a volun tee r can e ffectively 

work. The project therefore foc uses on a se lect group o[ farmers in 

each province. There are large nu mbe rs of farmers who have con­

structed ponds and receive no technica l ass istance . These ponds 

are. for the mos t p:.irt. unprofita ble, and it is hoped that they wi ll 

learn from the exam pl e of the.ir more successfu l neighbo rs. In 

man y cases , these non-project fa rmers abandon their fish cultu re 

endeavors. 

Another constra int has been tbe lack of knowledge of fish 

preservati on and preparation. A cookbook bas recen tl y bee n deve l­

oped to add ress th is problem, and volunteers now demonstra te the 

c leaning and cooking of fi sh aft.er each harvest. as we ll a simple 

techniques for dry ing, sa iling. and srnok.ing. Use or prese rvation 

tech ni ques perm its increased protei n consumption for farmers and 

their fami lies duri ng periods between harvests. 

Vo lunteers work direct ly with loca l fa rmers, and whi"l e 

sk ill transfer ~t thi s leve l has been successfu l. the establishmen t or 

fo rmal coun terpart s and a gove rnment infras tructure of tra ine I 

Burundi an ex tension agents has yet to be realized. FAO has been 
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recently approved to begin impl ementa tion of an intensive train ing 

program to meeL these need~ . Two represen tatives of the 

Depart ment of Water. Fi~heries. and fi sh Cul ture ha ve completed 

a fou r month intensive training program at Aub urn Un ive rsity. 

Alaba ma. FAO has also appo inted a full -time technical ;1dvisor to 

tbe Burundi projec t. This advisor acts as coordinator and will be 

trai ning a th ird depa rtmen t representa ti ve as his counterpart during 

the next two to three yea rs. Regional training sites are bei ng devel­

oped and_se ·sion. for agro nomi sts will begi n in 1991. Trai ning for 

model farmers. selected by vol unteers, will begin in spring oJ 

1992. The mos t advanced farmers will be. chosen for trai ni ng as 

formal co L1nt erpan . for vuJunteers in the field . Thu . Lhe FAO pro­

jec t will establi sh the needed gove rnment in fras tructure within the 

nex t three years . 

Future Directions 
Mode l farme rs wil l continue to improve th eir manage­

ment skill s. resulting in hi gher produc tivity and increasing profits. 

F::mners are encouraged whenever possible to develop mu lti-pond 

systems. and more advanced aq u;1cul turists will contin ue to ex per­

iment wi th polyculture and in tegrn tecl sys tems. 

The FAO Project will provide the necessary guvcrnmen t 

infrastructure so that the Inland Fisheries Pro_ject in Burundi is 

se lf-sus taining. The projec t wil l also prov ide vo lunteers with for­

ma l co un terpa11s at each site. 

Wi th the di stribul'ion of the cookbook and con urrent prcpa­

ralion demonstrations. the populace is learning simple methods or 

preparation and conservation tech.niques. Vo lu nteers will begin work­

ing with rural health centers and dispensaries to promote fish as a 

health food. 

FISH PRODUCTION IN RELATION TO 
ELEVATION IN BURUNDI AND OTHER 

PRODUCTION RESULTS 
JOANNE L UND AND M.T. UHLIR 

Jn our attempt to select .s ites with high potentia l for placing 

volunteers and to understand and predict production fro rn [i sh ponds, 

we examined several factors in fish produc ti on. Figure I and Table I 

sbow how elevati on in fl uences yields fro m [i sh poncls. Jt is quite clear 

that net yields from the ponds at lowest elevations are generally hi gh­

er than at the hi ghest eleva tions. Figure 2 shows the average net yield 

by elevation zone dramalically decreases as we go above about 1.500 

meters. Unfortunately, fa rmer interest seems to be greatest at higher 

elevation zones. 

We also exami ned the leng th of the cycle and the number of 

fingerli ngs per arc produced at different eleva tions (Figu re 3). We did 

not have 111ucl1 data from the lowest elevations . No clear relati onships 

emerge. 

Peace Corps volunteers use a rating system to assess the 

overall management of a fi sh pond. \ \farer management, compo,·ting, 

feedi ng, and other variab les are used to assign a number from one to 
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Table I. Pond Production Statistics by Altitude in Burundi 

Alti tude (meters) 850-1 .060 

Net fi sh yie ld (kg/a re/yr) 
Fish size at harvest (grams) 
Pct. finge r lings (by number) 
Pct. fi nge r ling (by weight) 

Net fish yie ld (kg/are /yr) 

50 

40 

30 

20 

10 

A 
A 

A 

A 

1,060 1,480 

Elevation (m) 

28. 15 
93 
73.7 
29.5 

A 

1,690 

A 
A 

A A 

1,900 

Figure I. Relationship between net annualized fish 
yields and elevation from rural ponds in Burundi. 
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Figure 3. Relationship between fingerling produc­
tion (alevinslare) and elevation (meters above sea 
level for rural ponds in Burundi. Lenfth of cycle 
denotes time from stocl<in1 to draininf. 

1,270-1 ,480 

26.23 
104 
82 .9 
34. 1 

1.480- 1,690 

13 .7 
89 
67.2 
21 .9 

1,690- 1900 

12.38 
100 
76.4 
27 .8 

N e t fish yield (kg/are/yr) 

JO - kg/are/yr 

s 

850-
1,060 

1,060- 1,480-
1,480 1,690 

Elevation (m ) 

1,690-
1,900 

Figure 2. Average net annualized fish yields from 

Country average 

20.12 
94.3 
75 .5 
25 .7 

10. with IO being the bes t pos­

sible ma nagement. Al though 

::idmittedly subject ive. this i the 

best predictor we h::ive found for 

fis h yie ld _. (Figure ➔). 

Discussion 
Q: How many ponds were used 

for you r ·tatistics represen ted in 

the gra phs? 

A : We used harvest data frcim 

62, abou t one-quarter of the 

model fi sh ponds. 

Comment by M r. Kiyuku : 

With our new project startin g. 

we plan l.O get many more . t::i­

tistics. 

rural ponds in Burundi by elevation zone . Q: In Rwanda. \ e see similar 

Net fish yield (kg/are/yr) 
50 

40 A 
t:,. 

t:,. t:,. 
t:,. 

30 

20 

10 

0 
0 2 4 6 8 10 12 

Management ra ting ( 1- 1 0) 

Figure 4. Correlation between farmer management 
practices as evaluated by Peace Corps volunteers 
and pond productivity for rural ponds in Burundi, 
all elevations combined. 

resul ts by eleva tion. except that 

we do not have many pond 

below I ,➔00 metel-s elevation. 

Do your ne t yield fi gures 

include fingerl ings? 

A. Yes. 

Q: \,Vhy is the size at harvest and 

the perccm lingerl ings similar ::it 

all the elevations but thi..: net yield 

so much lower at higher ele a­

tions? 

A. : Some of the fin gcrl ings .from 

the fi rst reproduction of the cyc le 

get big r:nough to be counted in 

with the market-size lish at the 

lower ele vation . 
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Kivu (Zaire) Country Report 
AN OVERVIEW OF THE NATIONAL FAMILY FISH CULTURE PROGRAM 
AND THE PROGRAM SPECIFICS FOR THE PROVINCE OF SOUTH KIVU 

CAROLYN C AN FIELD H ENDERSO ' AND MI CHELLE LYNN YOUNG 

e people of Zai re ha:'e a long hi story of in formal fish­
nes work. Long bef ore fonnal pond fish culture was 

tntroduced by the Belgian colon ists, Zai1i ans used var­
ious techniques to max i.mi ze their yield from lakes and rivers. The 
colonial period brought many fish culture endeavors with varying 
degrees of success. Many large scale fi sh stations were built. but per­
haps the most ubiquitous endeavor was the dri ve for every Zaire fa m­
ily to di g 3 fi shpond. With no technical assistance, the result of the pro­
gram was the creation of thousa nds of mismanaged and unmanaged 
"ponds," largely partially dammed river vall eys witJ1 constant water 
fl ow. The fi sh raised were whate ve r happened to ge l caught in tJ1e 
pond. Slow growth and low reproduction discouraged the fa1mers and 
many ponds were abandoned over the years. Ponds which did not dry 
up were more successful at breeding mosquitoes than fi sh, and pond 
fish culture often got a bad name in rural areas. After independence in 
] 960 th e Belgian fi sh stations were also abandoned and fi sh cultu re all 
but stopped in Za ire. 

The idea of a fami ly fish culture project in Zaire was born of 
a des ire to rei ntroduce fish culture to Zaire. A grassroots ::ipprnach was 
designed t ai.cl a large rnral population suffering a low standard of li v­
ing. low protein intake, and in many areas poor soi l. unsuitable for 
crops other than cassava. ln 1973, the British OXFAM studied the pos­
si bility of beginning a project Lo teach improved fis b culture methods 
to rural fa rmers in Banclundu province. As a resu lt , the first Peace 
Corps Zaire Fisheries volunteers were placed in Bandundu in l 974. lt 
was tJ1ought that volunteers Ji ving in villages alongside farmers would 
be an effecti ve means of in trod ucing the new techniques and a new 
style of pond building to a large number of people. Bandundu's poor 
cropland and Jack of animal protein sources assured the willingness of 
fa rmers to give fi sh culture another try. 

Oreochromis 11ilo1icus was chosen as the standard fi sh to be 
raised at production stat ions and in al l project ponds. This choice was 
based on the fo llowing characteri stics: fast growth rate; high reproduc­
tive rate. which allows a short growing cyc le: opportunistic feedi ng 
habits, including filter feeding ; tolerance to low oxygen leve ls and hi gh 
temperatures; and adaptabili ty to intensive pond culture. This fish was 
well rece ived , and the voluntee rs were soon unable to rneer the 
demands of all interested project candidates. 

Family Fish Culture Project 
The success of the volunteers inspired the Government of 

Zaire (GOZ) to adopt the project and install government technicians to 
complement the work of t11e volunteers. In 1978, the Famjly Fish 
Culture Project (Projet Pi ciculture F::imiliale [PPF]) was created with­
in the Department of Rural Development. Co-funded by the GOZ and 
USA1D. PPF's overall goal was to raise the level. avail abiLity, and qu::i l­

ity of nutrition of the rural population th rough pond production of food 
fish. Regional coordination centers were establi shed in the provinces of 
Bas Za ire, Bandundu , Kasa i Occidental. Kasai Oriental, and Ki vu. 
These five centers were staffed with technical experts and animators. 

B 

Fingerling produc tion stat ions were I uil1 in each or these prov inces to 
aid in th e di ssemination of quality seed to project fa rmers. 
Additiona ll y. the . talion in Kasai Oriental province was equipped as a 

resea rch fac ility and training center. 
PPF marured as a government project as regional organj w­

tion and technical kill s improved. Through trainjng by vol unteers and 
PPF agents, a broad base of experi enced fi sh fa rmers was created and 
PPF's spheres of act ivity in each province steadily increased . Whi le 
cl ay-to-day extension with individual farmers was the volunteers ' job. 
the coord ination staff was responsible fo r organizing peri od ic farmer 
training seminars and site technical vi sit · as deemed necessary by the 
volunteers at each post. A the technical skil l level of the fish farmers 
increased. two revisions were made in the services provided by PPF: 
first. each prov incial production station was to serve as a training cen­
ter and model pond system: and second . in two provinces i:l "mobi le 
team'· of technicians was organjzecl to fo llow up work al pos ts which 
had become independent. 
Current Pn~ject Status 

In 1988 . the project fundin g and organization were again 
revised. Now fully nationali zed, PPF took its present name of rhe 
Nati onal Family Fish Culture Program (Programme National de 
Pisc iculture Familiale [PNPF]). Thus, the 40 fi sheries volunteers cur­
rentl y working in Zaire now se rve as PNPF extension agents within the 
Zaire's Ministry of Agricu lrure, Rural Training, and Community 
Development. USAlD still provides fi nancial as is tance, but funding 
has been reduced and PNPF is working towards full Zairi an funding by 
1994. Working together, approximately 325 volunteers and 60 P PF 
agents have helped an est imated 10,000 fi sh f::irrn ers raise 250 tons of 
0. 11 ilorirns annuall y. The five producti on stations manage a total of 6.7 
hec tares of water and produce ao addi ti onal 30.5 tons annually. 

Extension Strategy: Structure 
The success of PNPF as ;m extension agency can be largely 

attributed to its collaborntive ex tensjon stra tegy. The provincial coor­
dinators and volunteers fulfill di stinct but complement ary extension 
roles, in a unique system which has become the model for fo heri es 
programs in many other African nati ons . The division of duties maxi-
1.nizes resource and personnel use and allows the most complete farn1 er 
training possible. While Peace Corps volunteers concentrate on rural , 
hands-on ex tension work, PNPF provides structure and organization at 
the national and regional levels. P PF's five main activities are: iden­
tiJication of potential sites . planning, follow-up and support of region­
al acti vities; provision of information and training to PNPF technical 
agents; assistance to fish farmer training with site vis it s and training 
seminars: maintenance of training and support infrastructure including 
training centers and prod uction stati ons; and evaluation of program 
activities via an extensive report system, visit s to each province, and an 
annual nation-wide planning and budgeting conference. 

At the regional leve l, collaboration is coordinated by ::i co­
managcmeni team consisting of the provincial coordinator and the 
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provincial Pt:ace Corps Vo lunteer Leader( PCVL). This team creates an 
annual activity plan and buJget. presented at the national conference, 
suited to meet the specific technical needs of the province. Each 
trimester. a calendar of ,;:vents is establisht:d 10 fulfi ll the needs cited in 
the annual plan. The regional coordinator tht:n oversees the work of the 
government agents. while thl' PCV L i:, responsible for technical and 
logistical suppon of the volunteers. 

Exte11!iio11 Strategy: Methods 
The most imponant extension tool for all volunteers is local 

language competence. As French is not spoken in rur:il ai_-ea , volun­
teers increase their effectiveness by gaining proficiency 111 the local 
language of their area at the twining facility in Bubvu. Additional 
extension tools employt:cl by volunteers include a colorful instruction­
al flip chan and a comprehensive fish culture manual publi. hed in 
French and fivt: local languages. 

Volunteer posts are cho en hy the PCVL and/or regional 
coordinator according ro a recognized need or a re4ues1 from the vil­
lage. Once establ i ·hed. each post hosts a series of three volunteers for 
a six-year cycle of volunteer acti vity. The volunteers consider the fish 
farmers to be their counterparts, and work soldy 10 improve the fish 
cultu re praclices in their area. Each of the three volunteer. may empha­
size different aspects of project work. but with a common goal to bring 
the post to technical self-sufliciency at tht: end of the six year cycle. 

The first volunteer locate,. areas of intert:st around the post 
and works with promis ing lish farmer candidate~. The emphasis is on 
site selection and construction of improved model fishponds. The vol­
unteer works wi th a small core of quality [armers IO assure that the post 
follows the stancl..1rds which "ill realize maximum production. 
Intensive management skills focu. on the importance of dai ly feeding 
and compo. ting 10 achieve a plankton bloom which wi ll serve a, the 
primary food source for the rish. Th.: ~ccond volunteer expands the 
pos t and sharpens the ski lls of the l'.Xisting farmers. Farmers are 
encouraged 10 construct second and third ponds. working towards the 
goal 0f ; three-pond system. The main emphasis is on the development 
of management skills. assuring that each fannt.:r understands thl'. impor­

tance of program methods. 
The third volunteer work~ 10 prepare the post fur his/ha own 

depanure. This job demands that each farmer become independent and 
proficient in all aspect, of fi sh culture: ,ite ,ek ction and construction: 
management: harve,ting; transport and ~tocking; and record-keeping. 
Ideally, the farmers should abo be traint:d to pass these ~kills on tooth­
ers. To assure th.: successful continuation of the post, the volunteer 
helps the farmers 10 establi h a comminee 10 can-y out the functions 
pe1formcd by the volu111eer. Regular meetings allow the farmer~ to 
gather to di cuss issues of concern at the post and quarterly reports 
retain contact with the provincial coordination. 

Th..: 2oal behind the establishment of a farmer ·· commiuee is 
1101 only the n~aintenance of a post and upkeep of standards. but the 
continued expansion or a post in terms or numbers of ponds and num­
bers of fa rmers. A successful commiuer relic~ on members wi lling lo 
tlonatc the ir time to aid 11..:w farmers. Commiuces are aided by the 
PNPF agents. who cont inue 10 do ~i tc visits and plan funner eminars 
at post. run b) committees. Though t)pically production at a po5t docs 
decrease after the volunteer lea\'es. thi~ fall-off tend, 10 ~tahilize at 
approx imately I 5o/t lnwcr proJuction. Succe~s of commi11ees ha~ al. o 
been shown through the gro\\'ing numbers of new fi~h ranners :H inJe-

pcndt:nt posts. Some of these fanncrs follow all program methods. 
becoming commi11ec members. Others, called --secondary adoptors" 
incorporate some aspects or improved construction or management 
into their non-program ponds. This "second generation" of fannt.:rs is 
understandably most evident in the region of Bandundu, where the pro­
ject and the .. mobile team" have been most active for the longest time. 

Program Sta11dard.1· 
ationwide standards assure th<! 4uali1y and consistency of 

work at all posts in all provinces. Thc~c standards govern both the con­
struction of fishponds and their management. The cun-ent standards 
have been developed over the years as the characteristics which 
achieve maximum production and program continui ty have been estab­

lished. They are as follows: 
Site Selection - ( l J room ro[ a minimum of six ares of pond 

surface area; and (2) slope allows gravi ty fed/ drained pond of mini­
mum one meter depth: 

Construction - ( 1) 1.75 to 3.5 ares surface area per pond: 
t2) no organic material in dike.: (3) 3: l inside slopes, 2: I minimum 
outer slopt:!s: (4) one meter minimum depth at deep end: (5) 30 cen­
timeters minimum freeboard; (6) screened inflow pipe; (7) screent:cl 
overllow pipes, one per are; and (8) grass covering all dikes: and 

Management- ( I) [ish fed twice per day: (2) compost cor­
rals l 0% of surface area reri lied weekly: (3) complete record of pro­
duction information kept by farmer: ( 4) eventual construction of three­
pond minimum system: (5) six-month production cycle; and (6) 1. 1 
fish pt:r square meter stocking rate or three- 10 four-centimeter fi nger­

lings. 

South Ki1111 Specifics 
The four ru ral Peace Corps volunteer extension agents cur­

rently located in Kivu work exclusively at the village level and con­
sider the farmers themselves 10 be the ir counterparts. Support is pro­
vided by a Peace Corps Volunteer Leader. A government support staff 
theoretica lly holds rr.:qucnt fanner seminars. Posts located in South 
Kivu are a l higher elevations than tho e in otht:r province - in Zaire. 
These higher elevations and resulting lower water tcmperawres affect 
reproduction and product ion levels in the culture of U. 11i/01ic11s there­
by affecting certain changes in PNPF's stand,u-ds and management 

stratcgit:s for this province. 
A comparison between fi ve posts in South Kivu was made 

10 examine trends and differences associated with varying eleva­
tions (Table 2). The. e posts were ·clec tt:d on the basis of their ele­
vations and on the re liability and accessibi lity of their data. The 
data were collected for rout ine quarterly reports by Peace Corps 
Volunteers serving as extension agents at each of these posts. The 
complett: da ta encompasses a time span betwet.:n 1988 to 1991: 
however. the data for any one post averages one year or four quar­
terly reports. Al I processed data can be found in tht.: tab le though 
this discussion wil l be limited 10 those data re levant to elevations. 

The five posts are Kabarc. Walungu. Kalehe. Mwenga and 
Bunyakiri . Kabare and Walungu have the highest elevations. each at 
l.7tl0 meters. These are followed by Kalche and Mwenga at 1.600 
meter and 1.500 meter, . respectively. Last i~ Bunyakiri located at 

1.160 meter~. Typical water 1empera1Ures of l 7-2QOC were reported for 
K<1barc. Walungu and Kale he. Mwt:nga was found to be honer at I 9-

9 
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22°c. and still yet hi gher temperatures of 20-23°( we re reported in 
Bunyakiri . 
Production lnjimnation 

Locally avai lable farm byproducts, such as manure. ash. 
leaves and kitchen wastes, are composted in comers of the ponds. 
Typical feed materials include ca sava. sweet potmo and taro lei:lves. 
termites and. occasionall y, ri ce bran and brewery wastes. Farmers 
make little di stincti on between feeds and compost ingredient s. 

The standard length of production expected by PNPF is six 
months. The cyc le in South Kivu is averaged at 7.6 months or a 1.5 
month extension onto the PNPF standard. The average length of pro­
ducti on apparent.ly varies in accordance with elevation, as can be seen 
when individu al pos1s are examined . Kabare and Walungu, the highest 
posts. also have the longest average cyc les, 7.8 and 8. J month respec-
1i vely. Kalehe drops in elevati on from these two posts by l 00 meters 
and al so has a shorter ave rage cyc le. 7.3 months. In Mwenga. another 
JOO-meter drop from Kalehe, the average cyc le dec reases to seven 
months. No distinction was made to accou nt for logistical delays in 
harvests versus required extensions clue to delayed reproducti on, and 
th is may accoum for why Bunyakiri had an exceptionall y high cycle 
recorded at 7.9 months. 

Those posts witJ1 the highest elevations and tJ1e longest aver­
age cycles were also fo und to have the lowest percentages of fin ger­
lings in total production. Again . both Kabare and Walungu had very 
si milar values , 9% and 10% fingerlings of the to tal harves t. Kalehe 
i11creases to 14%. and this fi gure again increases in the still lower 
Mwenga post to 38%. Bunyaki ri . although it also has a high percent­
age, 23%, remai ns an unexplainable anomaly by having a fi gure lower 
than Mwenga. 

Oddly, no relat ionship or pattern could be determ ined in 
average yearly production from one post to another with respect to alti­
tude. OverJII , the average production for South Ki vu was 2J .5 kilo­
grnms per are annuall y, and none of the indi vid ual values vatiecl far 
from thi s f"i gure. However, when Jooking at the production of the best 
harvests from each qua11erl y report. a pattern can be seen. Here it 
appears that with the excepti on of Kalehe, whose best net yield was 
25.4 kil ograms per are, the posts with th e higher elevations have Jower 
proclucLion. Kabare and Walungu ha ve very si milar net yields of 29.2 
and 28.4 kilograms per are, respec tively. Mwenga, whose elevation is 
200 meters lower than that of Kabare and Walungu, reports hi gher net 
yield. of 3 1 kilograms per are, while production in Bunyakiri was even 
higher at 43 kilograms per are. These production values of the best har­
vests may more accurately demonstrate the potential of a post rather 
than the average production but are sti ll inconclusive. 

lt i un fortunate that data for the possible size of harvest fi sh 

is incomplete fo r the posts Kahare and Bunyak.iri. The number for 
Kalehe is also only an estimate on the part. of the ex tension agent. Due 
lO insufficient data it is impossible 10 draw concl usions as to the effec t 
of elevation on size of harvest fi sh. However. a cursory inspection 
revea ls an apparent pallem that diminished re turns from fingerlings 
mny be compensated for by a larger harvest fish . Walungu had an aver­
age remrn size of 126 grams. Thi s - when compared to the estimat­
ed val ue for Kalche, Ill grams, and the val ue fo und for Mwenga, the 
lower of the two in elevation, 84.5 grams - shows that there is a good 
possibility for such an argument. Further study is required. 

With these find i.ngs it can be seen that a different manage­
ment strategy is required fo r high altitude fi sh culture of 0. niloricus in 
the province of South Kivu . Due tO a retarded reproductive cycle a 
delay in tl1e production cycle must be anti cipated. Harvests are there­
fore timed accord ing to both the fi rst sighting or fry and the size of the 
fingcrlin gs at the proposed harvest date. Likewise. a larger size fin ger­
li ng (fo ur ro six centimeters) is used to stock pond s. rather than the pro­
gram 's standard of three to four centimeters. This is done in the au empt 
to obtain an earli er reprod uction. Also, due to steep val leys and land 
scarc ity, both smaller ponds and pond systems will often be accepted 
where th ey wou ld not otherwise be encouraged. A !though it has been 
necessary to modi fy the P PF standards due to th e effects of higher 
elevations there is no evidence to suggest high altitude fi sh culture 
results in lower production rates as compared with other prov inces. 

Conclusion 
In spite of it s success - Peace Corps Zaire Fisheries is tout­

ed Js the most success ful project of its ki.nd in Africa - the future of 
PNPF is unclear. Congressional aid cuts to Zaire in 1990 drast ica lly 
reduced financial support of PNPF, fo ur years before its scheduled se lf 
sufficiency target elate. Cuts have mea nt decreased acti vity of PNPF 
agents at the provincial level. Fewer site visits and PNPF sponsored 
seminars ha ve increased volu nteer workloads and have diminished an 
important aspect of farmer Lraining, th at of Zairians teaching Zairians. 
Production stations have also suffered. AILhough all stations are work­
ing toward sel f financing, lack of funds fo r expansion. improvement , 
and pond management inputs makes it diffi cult Lo raise prod uction to a 
.l evel at which a sta ti on can be self-support ing. The currem political s it­
uation in Zaire is such that government funds are frozen for many 
•·non-essential" programs. Lt is hoped that these funds will resume 
Oowing and that the prov incial coordinators will resume normal oper­
ations. 

Discussion 
Q: Do the farmers really act as ex tension agents? 
A: Yes, but getti ng the farmers to operate th.i s wny is the most difficult 

task of the th ird volunteer. l think there 

Table 2. Production Results by Post in South Kivu Province 
have been 360 vo lunteers working in 
fish cu lture in Za ire since 1974 . 
Presentl y, about 250 tons of fi sh per 
year are produced from fi sh cu lture in 
all of Zaire. The average net yield for 
the country is about 25 kilograms per 
are per year. 

Zone Bunyakiri Mwenga 

Altitude (± I 00 m) I , 160 1,500 
Temp. 0 c 20-23 19-22 
Total ponds 31 20 
Active ponds 12 16 
Area (ares) 18. 1 33.7 
Avg. production (kg/are/yr) 22.1 20.9 
Avg. top I 0% (kg/are/yr) 43 .0 31 .0 
Cycle (months) 7.9 7.0 
Fish size (grams) 83 
Pct. fingerlings 23 38 
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Kalehe Ka bare 

1,600 1,700 
17-20 17-20 

30 33 
12 13 

24.3 17.1 
23.0 21.4 
25.4 29.2 
7.3 7.8 
111 139 
14 9 

Walungu 

1,700 
17-20 

31 
23 

39.9 
19.9 
28.4 
8.2 
126 
10 

Avg. 

1,532 
18-2 1 

29 
16 

26.6 
21 .5 
31.4 
7.6 
I 15 
19 

Q: What about the fa rmers who started 
in 1974: and who no longer have a vol­
umeer in the ar a? 

A: We do not get much information 
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from those farmers but they are occasionally visited by the ·'equipc 
mobile" or mobile team we mentioned previously. 

Q: ls there any large-scale commercial fish culture in Zaire? 
A: Not in Ki vu area. with which r am most familiar. The only big fish 
farms are the government stations. 

Q: What do you count as ''fingerling' · in your production data? 
A: The first fingerlings produced get to be food-size fi sh so are count­
ed as marketable. It is mostl y the second. third. etc. fingerling groups 
that make up th is percent. 
Comment: The duration of culture can be reduced to reduce rhe num­
ber of t.ilapia generations at draining. 
A: Yes, but the farmers still remember when fingerling supply was a 
problem, and they still have good revenues from the sale of fingerlings 
so such a change will be difficult to make at this time. 

Q: Do fanners do any kind of intermediate harvests? 
A: We discourage it but it is done anyway. 
Commentary: A discussion on the re lative advantages and disadvan­
tages fo llowed. The point was made that pond harvest results will 
never be realistic if' earlier partial harvests were done, and the record 
keeper/reporter was not aware or was afra id to report it. It is therefore 
not wise to oullight forbid partial harvests. Also, there is little infor­
mation from controlled e:'\periments evaluating pa11ial harvests avail­
able, and more work should be clone to come up with recommendations 
regarding partial harvests. 

Q: How do you get production data from farmers where there are no 
extensionists? 

A: There is a farmers' committee set up, and the president of the com­
mittee keeps records of pond productions and pond numbers. ft is not 
the best, but it works better than nothing. Our objective is to put in 
place a system that can work in the absence of Peace Corps and wi th­
oul any intervention of the Government of Zaire. 

Q: Does ii work in the posts already vacated by Peace Corps? 
A: So fat'. ii works much better than nothing. 

Q: Are the five different posts because the temperatures are different. 
or who chose these posts? 
A: The Ministry of Rural Development in Kinshasa and a Peace Corps 
representative based in Kinshasa get together to select the posts, usi ng 
potential and farmer interest as main criteria. 

Q: Are there other projects t.hat work with fish culture in Kivu and 
how is the collaboration? 
A: There are a few that started. For example, the French financed :.t 

station at 2,200 meters, but it was abandoned after two months. The 
stat ion people there say that they find enough fingerlings in the ponds 
after nine months, blll we have never verified thi s. 

Q: Is there a minimum yield that the farmers find to be acceptable'? 
A: Yes, but it depends on the place. There arc areas where nothing -
including fish-grows well. Kivu i~ the most difficult province for 
extending fish farming because the populat ion density is relatively 
high and agriculwre is quite profitable. 

Q: How is the fish market in the Kivu area? 
A: Jt is the best nearest Lake Kivu. People know fish there. and the 
price of tilapia is qu ite high. 

Rwanda Country Report 
HISTORICAL PERSPECTIVE AND START OF THE NATIONAL FISH CULTURE SERVICE 

PAUL MPAWENl~tANA A:--!D C HARLES K ARA MAGA 

Note: This article was wken from repons submitted bv N. Hishanumda. 

Fish culture was imroduc.t:~d in Rwanda during the I 950s 
with the construction of the fish culture station at 
Kigembe. Al the end of this period, a littk more than 

200 rural ponds produced an average of four kilogr:uns per arc per 
year (400 kilograms per hectare). In spite of these discouraging resul1s 
and contrary to what was observed in other African nations, fish cul­
ture was not completely abandoned by the farmers at the time of inde­
pendence in 1962. 

However. the !960s was a period in which fish culture did 
not develop clue mainly to the fo llowing: ( I) a lack of desire or con­
viction on the pan of the farmer resulting from fi sh culwrc hav ing 
been imposed upon the farmers and not extenclecl; (2) a lack of under­
standing of the basics of fish culture by the farmers; (J) a lack of 
trained technicians; and (4) fish culture was introduced at a ti me when 
fi sh consumption was litt le known. 

In summary, in 1966 it was reported that 448 ponds had been 
constructed since I 950 but that none were truly operational. S ince then. 
the government of Rwanda never ceased requesting :.iid from nations 
and friendly organizations to return the infrastructure to operation. 

It was thus that from 1967-1 970. the FAO furnished techni­
cal ass istance, but since there did not exist any formal fisheries or fo h 
culture service, very li ulc was done in terms of extension and in 
J 970, only 300 ponds were counted. From 1972-1973. the FAQ inter­
vened for a second time; productivities of 10 kilograms per arc per 
year were obtained. In 1975 . the FAO intervened for a lh ircl time. 
with the princ iple objective o r fi sheries clevelopmenL with fish cul­
ture playing a marginal role. Aft er this intervention. it must be noted 
that fi sh culture was not at all developed and that various results. 
sometimes deplorable ones. were registered. 

In 1978. under the project called ELADEP. lake stockjng 
and fisheries development began and was supposed to continue 
through L98 l. The projec t, financed by IDRC of Crnacla was sup­
pose...! to assun; the re-stocking of lakes in the country by aiding the 
t'1 , h culwre slat ions to produce fingerlings. A very minimal effort was 
given to fish culture extension. (Editor 's Note: Some fisheries offi­
cers were trained in fish culwre. as well as fi s~erics. but they were 
largely ill iterate prior to training and the three-month tra ining pro­
gram did litlle to change this.) Administrative problems caused the 
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projccl to be lerminated a_ ea r early ( 1980) and wi lhout any langih le 
resuhs. 

In 1980. lhe FAO senl a team lC examine lhe feas ibil ity of a 
small-. cale fi sh cu lt ure dcvelopmenl project (Editor"~ Note: requeslcd 
by the SA ID ). The team concluded that, in spite f lhe \'arious inter­
ve ntions and lhe interesl . hown by lhe farme r , thac had been a ·tag­
nation in lhe dc ve lopmenl of fi sh ullure a ·ti il ics becau e of the 
ab~cnce of an extension ~ervice l transfer to lhe fa rmers an appropri­
ale technology f r fi sh cult ure in Rwanda. 

onsequent to lhe reconuncndation of lhe FAO team. made 
in September l98 I. a projecl fin an eel by the USA TD was . igned by the 
governments of the USA and of Rwa nda. Thi fou r-year projccl 
(Rwanda Fi . h Culture Project) began in 19 3 and had the following 
objecti ve : ( I) renova te the fi sh culwre stalions req ui red t assure fin­
gerling producl i n: and ('.!.) levelop and consolid:lle an extcnsi n er­
vi e capable of di ~pen ing advi e on conslrnction of new ponds and 
renovati on. of previously abandoned ponds. and on pond managemen t 
to increa c producti on. At the end of the project in September 19 7 
ome "specrncular•· results were atLained. according to James 1 iller. 

who made an evaluat ion of the projecl. Since that Lime, the R wande e 
per onnel trai ned under the project took ver from the . . lechni al 
as. is ran1. , and the ac tivilies contin ue as su h. However. it is no longer 
called lhe national fish cul lure project. but lhe ational Fish Cu lture 
Service. The work melhod and organization remain fundamentally the 
same as fo r the project. 

ORGANIZATION OF THE NATIONAL FISH 
CULTURE SERVICE 

The service is compri ed of four sec1ion. . Fi.r ·[ i~ 1he 
Ad111i11isirt11i1•e Seuion, which includes the . ecretariaL ac ountjng aml 
overall coordinating responsibil ities. 

The hai11i11g Secrion idenlifi es 1raining needs, plans and 
organi zes training programs and conduct · training, all Lil coll aboration 
with the administra live and ex ten ion sections. All levels of personnel 
receive training r refresher course, . Training programs arc also held 
fo r farmers. 

The Research Src1io11 examines prospective new specie~ to 
cult ivate. 1 oks for solutions to problem identified by the extension 
sec tion and tests new technique for fi sh ulture . This section operate 
in oll aboration with the ad mini tr::it ive. training and ex ten. ion se ·­
tions. Only applied research is carTicd out. 

The Exte11sio11 Sec1io11 plans and a su res operat ion of the 
ex tension personnel (Editor's ·otc: and service such a~ fin gerling 
distributi on) in the field and compiles their reports. At the central offi ·e 
level (located in Kigcmbe), the ex tension upervi . or. the training 
supervi sor and th e director all work with the ex tension se rvice . There 
are three other lcvd - the zonal level. the communal level and the 
farmer leve l. 

At the zonal level. we huve di vided the oun try into eight 
zone ba. ed on location and fi sh culture acti Yity and potential. Each of 
the zones i. uppo. ed to have an (lg ro110111e (A-~ level) trained in fi . h 
culwre a igned tu it. The c1gro110111e's job i · lo supervise the ex tension 
agents who operate: at the ommu nc le el. to colle t and ompile the 
ex tension ugent ' report. . The zonal supervisor ,il so help in tervene 
with local authori ties and wi th the Directorate of lhe Service. Presently. 
only two f the eig ht zone. have agm110111 s and their utilit y is being 
questioned . 

At lhe communal level are lhe ex ten ·ion agents or ·'mo11i-
1e11rs piscicoles.' · They have lhree ear' po. L-primary education and 
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have received a th.ree-momh inl nsive lra 111rng in fi sh cultun: at 
Kigembe. They ar the direct link s wi th lhc fa rmer. and are re. pon­
sib le fo r tnmsmi lling in fo rm ation and for demonstraling all lcch­
niques for fis h culture in ·luding pond constructi on and renovat ion. 
pond manage ment. harvest, preparation and pre crva lion of fi sh and 
ringerling holding and lransrort. The monite11r must al ·u t:01lect data 
on pond sto ·king and har cs1.·. Th..:, . ubmit a quarterl y cc1 ort to the 
Direclora te of the Fish ullllre Service, wilh copies ~o ing lo the 
Communal authorities. 

Extension agcm. m Lhe ornmune level are cho. en based on 
lh c: followi ng criteri a: ( I) th al th y are native lo the onunune in whi h 
they wiJI work: ('.!. ) Lhal 1h y have at least lhree year~ p Sl-primary edu­
cation : and (3) that the pa,s the en lrance Le l fo r lhe trai ning program. 

0 1 all prospectiYe agent~ pass the training program . The communes to 
re ei e an ::ige nt are cho en based fir Lon availabiLi t_ of budget to pa_ 
lh ei r salary. fo llowed by lhe pond number (at lea. l '.!.5 ponds ex ist in the: 
cornmun..:) and by the polential for the expansi n of fi sh culture as 
demonstrn ted by imere t and by ava il abi lity of site . 

The next h::vel is the farmer. They receive the messages trn ns­
miued by the rnoni leur. put it into ac ti on and pr duce the langi ble 
re. ults. 

Nole: lhe admini slrative. traLning, exten, ion and research 
secti ons :tre coordina1ed by lhe Direclor f lhe , li onal Fi. h Cu lture 
Service (Edilor 's Noie: S •n ·ice Pis ic11/111re Nationale I SP j), who 
an ·wers directly 10 the Director Genera l or Animal Husbandry in the 
Min istry f Agri culture. Animal Hu bandry and F re. ts. 

SPN'S RESOURCES 
Human: The ervice employs r ur ·'A-0" . taff: lhe SP 

di rec tor. chi ef of the ex lension sec ti on and ass istanl to the direct r. 
chief of the training sect ion. and chief of the research section. They 
all are based at Ki gembe. Four "A~-· agro110111es upervi ·e fi . h farm­
ing aclivi tics in Bulare Sud. Gitarama, Ki gali. and Gisenyi zones. 
Fifty-nine ex ten ion agent prov ide upport to farmer in 62 com­
mu nes located in the country' s IO prefec tures. Bt: ' ide this technica l 
per ·onnel. the ervice has , support staff at IGgembe. These include 
one accountan t, one ecrelary-ca. hier, one lypi. l and lW dri ver . 
M reover. lhe service employs dail y perm::inent workers at the . ta-
ti n · of Ki gembc {'.~0), Runyinya (five) and ·ungu (fi ve). 

'Infrastructure: \\ e ha ve at Kigembe one administrati ve 
hall , one classroom, one dormiwry hall. and one apartmt!nt complex f 
seven rooms. The cl::i. sroom has a cap::ici ty of 18 people. lhe dormi t -
ry 20. whj le the apanmenl complex has a capacity of 28 pc pie . The 
l(jgembe station also has 32 producti on ponds (nine hecatares), '.!.5 
training p nds (approximately 25 ares), 21 holding pond~ (appr xi­
rnately 0.5 ;u·c each). and nine experimental ponds (approxjmately one 
are each). More than ha lf of the production pond have infra u11cture 
of inlegrated fi h culture. Our goa l is lo ex tend the integrated syst1;ms 
to 90% of those ponds. We also hav..: fi ve holding tanks, a hatchery for 
carps and Clarias sp., and one large warehouse. At each of the two 
other stali ns (Runyinya ::i nd Nkungu) we have a ·mall otlice, a small 
warehou e. two holding tank s, and pond . 

Finances: SP i first of all an ex ten ion ervice where even 
fingerlings, the farmer ' mosl importam input requ ired to l perate hi s 
fi sh pond, arc subsidized. Logically then. the govemmcm should 
emirel finance the ervice . ac ti itie . But thi s i not the case. Onl 
four A-O. 2 A2. and 46 or the 59) extension agents· alaries are paid 
for. Salaries of the remain ing per 'onnel. fees to purchase and mai ntain 
cars, insurance. ga . . offi ce . upplic~, ani.m:il and fi sh feed. ::ind o forth 
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arc: providc:d by the service using revenues from sales at different sta­
tions and erviccs rendered to other institutions such as agricultural 
projec t~ and NGo·s. 

EXTENSION STRATEGY 
Basic Principles 

The SPN"s c:xtcnsion ~trategy i5 b:isecl on four basic princi­
ples. First. before c:xtending a fish speci.:s to a region. SPN determines 
whether it i~ suit:1ble to the region. the iandard being the yield and 
input ava ilability. 

SPN"s extl'nsion strategy also requires its agents to work reg­
ularly with a group of fam1ers. When it is obvious that this group has 
ma tered fi h culture tcchniqui::s, agents work wi th anOLher group until 
the entire zone is reached. 

Exten. ion agents (111011i1e11rs piscicolesJ also must follow a 
rigid weekJy program. This approach aJJows fam1ers to still remember 
the theme previously introducc:d. 

In addi tion, agents first work in zones with higher fish cul­
ture pmential. Agents do nor neces arily fo llow administrative borders 
to establish the work zones. 

Extension System 
Our t·xtension system is built in such a way that it encour­

ages a c lose and regular contact between fam1ers and the fin level 
extension agent: the 111011i1eur. It is constrncted around three dements 
which con ·titu1e it. foundation: visits. training and follow-up-evalua­
tion. 

Visits: Every exten ·ion agent at any level visits fanncrs at 

1he pond ·, Hence. our fir t level cxten ion agent (11umi1e11r) i orgil­
nizcd in a way that he vi its all hi~ fa rmers (ponds) weekly. This means 
that every eight days the mo11ite11r re-visit each of his fanners. Visits 
are then regular and ·cheduled. and we in~ist on their non-changing 
characteri~tic if possible. Similarly, the A2 flg ro110111e visi ts each of his 
111011i1eurs at least three times a month. In that way he works out prob­
lems encountered by the 111011i1e11r. ln addition. the SPN di rectorship 
makes, whenever means allow. either ind ividual (especially) or group 
visits. Such visits arc a mean, to stimulate farmers. 

Training: In general. a retraining is organized every six 
months for the 111011i1e11rs and on<.:e a year for the ag1v 110111es. while the 
~tafT at the SPN headquarters occasiona lly get field trips in other coun­
tries. These lield trips arc not excluded for the agro110111cs. 1110 11i1eurs. 

and even fish farm.:rs. 
Followup/Evalualion and Feedback: The follow up is 

provided by the agro11m11es to 111011i1eur.1, and by the directorship per­
. onnel to the agro110111e.1 and 111011i1c11rs while visiting them. The ~ame 
is trne for the evaluation. 

An evaluation form is established by SPN 
directorsh ip. When visiting the 111011i1e11r. the agro110111e completes 
the form in the presence of the numiteur. Thus. given that pond dcl"i­
ciencies are heller detected when one is closer to the pond. complet­
ing the form wi ll allow the Agro110111e to clearly notice the pond inad­
equacies which he will tell the 111011i1e11r and inform him how to fix 
them and help him do so. A copy of the form is sent to SPN head­
quartt:rs. Ln wrn. during their rield visits, the personnel at SPN head­
quarters fill out the evaluation forms. making sure to evaluate one of 
the ponds previously evaluated by the ag ro110111e and at lea~t ,moth­
er pond cho~en at random. Thi is a quantitative evaluation. These 
field vis its are a meam or e,·aluating the overall quality of the extcn­
sionist"s job: and through interviews to farmer,. one can get an idea 

of the leve l at which farmers comprehend fish culture techniques. Data 
collection (repons) is another tool that al l()WS us to follow up and get 
feedback of the mes ·age extended to farmers. The report analysis allows 
the chief of extension to evaluate its author. the level of comprehension 
of the extended techniques, and hence. the fi h culture development 
level in the commune/zom:. Thu . our system of continuous follow-up 
and evaluation is not only a mean~ of contro l but also a way of detect­
ing and correcting deficiencies in the infom1mion extended to farmers in 
a timely manner. 

Scheduling Extension Agents' Activities 
Like visits, the followup is made easy and efficient by the 

111011i1e11r ~· regular schedule. Every mo11i1e11r has to work with farmers 
five days a week. Such a schedule has been established based on the 
fo llowing: (I ) number of ponds supervised by the: 111011i1e11r and their 
re lative distances: (2) fanners· work days in a given marais where 
ponds are located; and (3) transpol1ation means available to the exten­
sion agent (bicycle). 

According to our experience. an extension agent using a bicy­
cle can work in a 15 ki lometer radius distance. The 111011i1e11r \ work 
zone being thus determined, the next step will be to divide the zone into 
five: groups of ponds corresponding to fi ve days of work per week. 
Fish ponds in one group must be l0catcd in the same direction. 
Following the extension agcn1·s activities becomes easy because each 
day he visits the same group or ponds, the schedule remaining 
unchanged for the week. momh. and year: moreover. copies or the 
schedu le are avai lable 10 the direct supervisor (A2 ng ronome). the 
SPN directorship at Kigembe. and to the comrnunc's head4u:.1rters. 
Whoever wants to can get a copy of the schedule in order to check 
whe ther or not the 111011ite11r is actually working where he should be 
at a given time. Hence. the extension service organizes unexpected 
vis its anti evaluations of 11w11i1e11rs. 

Extension Methods 
Our extension methods arc derived from the fundamental ele­

ments of the system. They arc classified as individual methods, group 
methods and mass method. 

Individual Methods: These are the most used by our service. 
They include pond visits. as previously defined. Individual methods 
also inc lude informal conta<.:ts. Sometimes, actual or potential farmers 
stop by the office or unexpectedly stop us on our way to work and ask 
fish cul ture-related question . We answer their questions and promise 
to visit them. Indirect contacts is a third individual method: we answer 
farmers· questions and address their needs by mai l. 

Group Methods: Group methods include group pond visits 
and methods and results demonstrations. From time to time. we gather 
farmers to infonn rhem of new fish farming techniques. Such gather­
ings are followed hy pond visits. in which fanners give their comments 
and criticism on the ponds visited. Al o. de. pite problems associated 
with cooperative ponds, we try to work wi th them, whether they arc all 
men, all women, or men-women ponds. 

In a methods and results demonstration, we take advantage of 
good results achieved by farmers who followed our ad vice to teach 
other farmers. This approach allow~ us to better underline the impor­
tance of an extended technique. 

Mass Method: We often organize awareness messages on 
rad io. A fi sh culture manual (Manuel de Pisciculture a I' !mention des 
Vulgari, ateursJ. brochures and several anicles on fish culture in 
Rwanda have been made available to the public. 
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FISH CULTURE STATUS IN RURAL AREAS 
Technical Information 

In Rwanda. ponds are located at elevat i ns betw en J.000 
:rnd 2,000 meter . but mo ·t of the pond are situat d a1 beLween 1.500 
and 1.800 melers. The !owe" t elev:1tion of the country is round in the 
Bugarama reg ion (Cyangugu) and the highe ·t e le vated pond~ are in the 
Gisenyi prefecture (Karago). The elevati on dc1em1inc the waler Iem­

peralure in the pond s. vary ing from 20°C nt the hi gh elevations to 25-
260C at th lower elevat ion: . 

From 1he data reponed in P 1·s 1990 annual report (nOl yet 
published ), there are a total of 3.5 I_ rural p nds with 11.269 ares t tal 
. urface area, giving an average urfa e are::i of 3.2 ares. Of the e. 2.897 
ponds (82% of total) wi th toial area of 9.2, 8 ares are reached by the 
ex tension ·ervice and try 10 follow the methods ex tended by the ser­
vice. We call them "active'' pond · of the SP (Fig ures 5 and 6). 

These ponds h:Wl! an average of I.589 ki I grams per beet.ire 
per year net fi sh yie lds (Figure 7). We e. ti mate the 1op I 0% of the 
pond. 10 ha e 2.500 kilogram per hectare annual net yie lds. The pro­
ducti on cyc le is about seven Lo nine months. the average being eigh1 
months. 0 eral l. about 20 c of the total harve L weight is fingerlings. 

Compo,ting in the pond is the method of feniliza1ion. The 
ex tension service recommend. 1hat IO c or the pond surfa e area be 
occupied by compo t en losures in the corners . The serv.ice recom­
mend that manure make up at least 2oc,1 of the compost ingredients. 
with the rest composed of fresh or dried grass and other materi als. 

Feeding depends on what is avail able to the farmer and is 
most!. frc -h leaves of taro. sweet potat . cas ·ava. gal isonga. trip­
• acum, etc. A few people l"ced sorghum or banana beer was tes. The lack 
of input. for pond · is reso lved in part by the inte12ration of li ve~! ck 
wi th fi sh I ond . a technology whi h i being extended in the rural . ec­
tor. 

Socio-economic Information 
The pond . are constructed in the ··marai. _ .. which belong, to 

th state and ·omc und ·r the auth rity or the Minbtry of A0 ricul1ure 
bu t is al. o managed by the local authoritie. al the ommune leve l. The 
farmers exploit the lands and pond. as tenants. even though they were 
Lhe ones who constructed the pond . 

Pond '·belong .. to individuals / 2%): t groups of people. 
not exactly cooperati ves (67%): and to institutions such as prisons anJ 

hools ( 1%). There are 978 individual who ·'own" 1.152 ponds and 
1.950 groups wi th a total 
of 12.933 members wh 

Table 3. Comparative Summary of Fish Culture Practices in 1991 . own" 1110s1 of the re. t of 

Lhe ponds. The tota l num­
ber of people in\·olved in 
rural fi sh cu!tur is esti­
mated to be :23.909. 25% 
of whom are women. 
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Elevation (meters) 
Typical pond water 

temperature (OC) 
am: 
pm: 

Total ponds 
Active ponds 
Area (ares) 
Avg. nee yield, including 

fingerlings (kg/are/yr) 
Nee yields of 

cop I 0% ponds (kg/are/y1·) 
Production cylce 

length (months) 
Avg. weight of fish 

at harvest (grams) 
Pee. fingerlings (grams) 
Typical fertilizers used3 

Typical feeds used 

Pond ownership 

Ponds per owner: 
Pct. fema le owners 
Pct. female managers 
Pond bank price 

fo r fish (per kg)S 
Fish price at market 
No. extension agems 6 

1 Kivu is a province of Zaire. 
2 I 5% average. 

Buru ndi 

830-1,900 

20-22 
22-25 
4,000 
276 
600 

20 

35 

6-12 

94 
26 
compost over 
I 0- 15% surface 
rice bran, 
termites 
private. one 
family, few 
groups 
1-2 
NA4 

NA 

$1-2 
$1-2 
18 

3AII used the in-pond composting of fertilize rs in corrals . 
4NA = information not available . 

Kivu 1 Rwanda 

I. JOO - 1,700 1,300 - 2.200 

17 17-20 
23 20-25 
NA >3.000 
92 2,460 
160 1,130 

22 17 

30+ 25 

7-8 6-12 

110-140 100-200 
9-40 0-502 

manure, leaves, grasses , leaves, 
ashes manure , 5-1 0% of surface 
termites . rice sorghum, beer wastes. 
bran, beer wasces ashes 
private, one groups: 67% 
family private: 32% 

inst itutions: I% 
1.75 est. 0. 175 
0 25 
NA est. 40 

est. $ I $1-2 
est. $ I $2+ 
5 59 

5Conver ted co U.S. dolla1·s. Given the enormous race of inflation in Zaire, chis is a very approximate number. 
6Peace Corps fisheries volunteers located in Kiv u province alone. 

Fish p.ricc · vary by 
reg ion and demogra1 hy. 
bm are generally i.n the 
ra nge of 120 l 200 Frw 
per kil gram, a ernging 
150 Frw per kg. It mu t be 
noted that a price below 
150 Fn per kil ogram ren­
Jers fi sh culture les~ com­
petitive than other marai.,· 
use·. A more rca. onable 
price w uld be at least 
equal to the price oJ beef 
( 180 Frw per kilogram). 
Thi s problem of fi sh nnr­
kcting wil l be add ressed in 
a . wdy to be undertaken 
by the ationaJ Fi sh 
Culture Servi e. This 
study is budge11:d for thi. 
year in the 1atura l 
Resources Management 
projec t of USA JD. 
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Figure 5. Growth in number of ponds 
served by the Rwanda National Fish 
Culture Service . 

Figure 6. Expansion of the Rwanda 
National Fish Culture Extension Service. 

Figure 7. Recorded fish production from ponds 
served by the Rwanda National Fish Culture Service 
extensionists. 

Expanded Abstracts of Technical Presentations 
PRODUCTION OF OREOCHROMIS NILOTICUS IN FERTILIZED RURAL PONDS AT 

ELEVATIONS OF 1,370 TO 2,250 METERS 
K REN l. VEVERICA AND E UGE, E R RA GW.'\ 

W e Joe.ired rural ponds a1.1d cooperati v farmer. in 
five different el evation w nes for thi s study: 
zone I, at 1.370±30 meters: zone 2, at 1.570 ±JO 

me ters: zone J . at I, 770±30 meter. ; zone 4. ::it 1.970±30 meter : and 
zone 5. at 2.180±30 meters. Rwasavc station at l .625 

ized chact . Month I water ·am ples were taken by stat ion staff (except 
for October. due to war) and anal yzed fo r total alka lin ity, total hard ­
nt:ss. chl orophyll a and phytoplankton specie . . Fi ·h were sampled 
monthly and average weight for each ex mea ured. One pond per 

meters also condui.: ted the study. Five ponds in each 
z nc were hosen that ·atisfi ed criteria on pond con­
st111c1ion. water quality and farm er capacity. Farmers 
in a ' ·special zune" at 1.900 meters also panicipa1ed. 
but onl y three p nds wer found to ati sfy criteria. 

All ponds were stocked wi th 0. nilotic:u.1· 
fingerlings at one per square meter, avera) ng 22 to 
2c grams and orig inating from the Rwasavc f"i h ul­
lllrc station. Pond we n:: fertilized weekly wi th a 
l1brou · gra .. (Cvpems sp.) comm n to al l s ites at five 
kilograms 101al so lid s per are per week and suffic ient 
urea and triple super pho. pha1e Lo b1i ng_ total weekly 
ni troge n applica1i n 10 I JO gr:i m~ per arc and Iota! 
weekly phosphorus appli ation 10 -10 grams per arc. 
Fanncrs made \ eck.ly mea urements of ~ccchi di~k 
vis ibility :rnd noted water color based on a standard-

Table 4. Average Pond Water Quality Characteristics (± SD) by Zone 
During the Experiment on Production of Oreochromis ni/oticus in 

Fertilized Rural Ponds at Elevations of 1,370 to 2,250 Meters 1 

Zone Avg. pond Total Total Conductivity Uncorr, Secchi 
temp. Uan) alkalinity hard ness chi. a disk 

oc mg/L CoC03 mg/L CoC03 µmhoslcm2 mg/m3 cm 
Zone I 23 .8 65±26 195±33 732±4 1 58 ±33 28±7 
Zone 2 23.6 54±11 34±6 128± 16 100±34 24±5 
Rwasave 23 .8 41±4 40±3 143 ±6 340±207 20±5 
Zone 3 NA 19±5 17±2 59±7 229±104 25±5 
Special NA 71±10 72±13 171±21 41±29 33±3 
Zone 4 20.5 18±8 27±5 36±7 399± 138 17±2 
Zone 5 19.1 50±34 38±5 148±153 2 192±47 24±2 

1Zone I is 1,370±30 meters above sea level; Zone 2, 1,570±30; Rwasave Fishculcure 
Station . 1,625; Zone 3. 1.770±30; Special Zone , 1,900; Zone 4. 1,979±30; and Zone 5, 
2.200±30. 

2Caused by one pond with conductivity at 525 µmhos /cm. 
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Table 5. Average fish production statistics by zone on Production of Oreochromis nilo ticus in Fertilized Rural Ponds at 
Elevations of 1,370 to 2,250 Meters 1 

Zone Ponds Cycle Wt. gain WLgain Reproduc tion Pct. harv. Net fish yield Net fish yield Recovery 

harvested length males females we. as reprod. w/o reprod. wl reprod . rate 

no. doys gldoy gfday kg/are pct kg/are/yr kg/are/yr pet. 
Zone 2 6 185 0.76 0.36 3.3 1 27.9 I 1. 51 18.04 64.0 
Rwasave 5 185 0.71 0.29 1.85 13.7 16.45 20. 12 88.9 
Zone 3 4 236 0.47 0.24 3.40 31.4 7.03 12.48 67.9 
Spec ial 3 210 0.69 0.45 0.02 0.16 12.69 12.71 68.7 
Zone 4 7 192 0.50 0.29 0 0 8.61 8.61 70. 1 

Zone 5 8 245 0.58 0 .34 0 0 10. 15 10. 15 68.0 

1 Ponds with less than 50% fish recovery rate are not included. Zone I ponds are not included as explained in text. See Table 4 for information 
on the elevation of each zone. 

Average individual weight 
males/females 

2.2 Y=2.71 - .00056 X 

6. 6 R2 =45.4 
2 
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1.4 
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14 16 18 20 22 24 
Elevation (meters x 100) 

Figure 8 . Relationship between the male:female weight ratio at har­
vest and elevation of ponds all receiving some inputs. 

zone. except zone 3, had a recording therm meter placed at a depth 
of 15 centi meters. All ponds in a zone were dra ined when mo t of the 
ponds in that zo ne had male ti lapia averag ing at lea t l 50 gram . 

Table 4 presencs water qua lity data from the variou. zones. 

Pond s in zone I all had very low pruducti n. probably becau e of a 

water qual ity characteristic (high manganese) that wa not taken into 

account when ,ites were selected. Also farmers in zone I did not con­

trol wate r flow-through in th ponds as in tru tcd. Thus. zone I wa 

elimi nated from funher analyse . In the other zones. net yields dimin­

ished wi th elevation when rcproduCLi on was taken imo account (Table 

5) . There was n reproduc ti on in z ncs 4 and 5 over the seven months 

of cuhure. 1f only adult fi sh are cou n1ed. there was no difference in ner. 

yield · with elevation. Th ra tio of 111 :i le-to-femi.tle weigh t was signifi­

cant ly neguti ve ly correlated lo ele ati on (Figure 8). 

It seem. that the quant i1y r natu ral food pr duced by th is 

type f ferti lization remains the m st important limiting fact 1r to 

growth of 0. 11i!o1icus. A good ch ice of fin gerling~ and short pro­

duction cyc le seems to be the best technology 10 extend ai lo, er ele-
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ations. Fingerling availabil ity wi ll be a problem a l the high eleva­

titHL, but longer prod uction cydes and pos. ible higher stocki ng den­
si ti es may allevi ate the problem somewhat. 

Discussion 
Q: Why 1he specia l znne? 
A: This z ne bud hi gher total alkalinity and ha rdness than both zone 
3 and zone 4, but the elevation did not qu ite match our de_ ired zones. 
The vall ey in which the pond. were lo ated contained about 40 ponds: 
all of them but lhre were very leaky. So. we included the good ponds 
as a demon. Lration to the farmers of how weJJ the tilapia could grow 
.i f onstru tion and management were .Jdequatc. 

Q: Was there a significant difference betwee,n zone~ for average 
\ eight of the male fi sh? 
A: I thought there might be, 1 ut within-zone variar ion wa s I high that 
no signifi ca nt difference even at 90% wa detected. l would like LO ee 
wh nt would happen if male only were . tocked. 

THE INFLUENCE OF COMPOSTING REGIMES 
AND STOCKING DENSITY ON MIXED-SEX 

TILAPIA PRODUCTION 
A NACLET G ATERA 

Although it is generall y accepted that the applic:.ition rnt es of 
in rgan ic fe rtili zers should either incrca1,e or remain onsta nt over a 
production cycle. the possible ·low decomposi ti on time of organic fer­
tilizers such n composted gra ·ses suggest. that high initial :,pplicati on 
rates may be benefic.ial to fi sh production. This benefit may be espe­
cially great in mixed-sex tilapia culture, where an early hi gh grm th 
rate of fi h i to be encouraged to compunsate for later low grO\ th rate~ 
of females due to reproducti on. 

The first objllc ti ve f this expc1imen t was LO a ·~e -s the 
growth and prod uction or male and female Oreochromis ni/01icus ( 1ik 
til .ipia) fin gcrlings . tocked at different densi ties . . A econd objecti ve 
was tote t two organic feni lizer application reg ime : a large amount 
applied at the beginning of the production cycle. f llowed by smaller 
weekly application of 10% of the initi al amount (H l); and a on. rnn t 
weekly application (CO ST). The H.1 approa ·h i currenily recom­
mended by the Rwa n la Fi_ h Culrure Extension Service. 

Materials and Methods 
Each or nine seven-are (0.07 hec tare) p n Is wa. filled and 

ferti lized with 3A4 ki logram. per hecl:i re (dry weight) of a 4: I mix-
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turc of freshly c ul grasses from pond levees and chicken litter between 
October 10-13, 1989 . About I 0% of thi s a mount was added to each 
pond week ly the reafter (co mposting regime HI). N ine o ther seven­
are po nds each received the same grass/chicke n l.itter mix (-LL rat io) 
at a constant rate of 500 kil ograms per hec tare per week (dry we.i g ht) 
(composting regime CONST). Dry weigh ts of the inputs were mea­
sured each week to adj ust the input quantit ies fo r the nex t application. 
A tota l of about 700 kilograms (dry we ight) was added per pond for 
a ll treatme nts (10 tons per hectare over 20 weeks). Each fertili zer 
regime was te sted at stocki ng densit ies of 0.5 , one and two fi sh pe r 
square meter, using mixed-sex . advanced j uve nile 0. niloticus aver­
ag ing 45 grams. 

Fish were sampled monthl y, separa ted by sex , counted, and 
weighed . Morn ing and afternoo n di sso lved oxygen leve ls were mea­
sured dail y for three weeks fo llowi ng the first fe rtili zer application 
and weekly therea fter. Uncorrected c hlorophyll a was measured 
every two weeks; a ll o the r parame ters were measured as directed in 
the Pond Dynamics/Aquaculture CRSP Fou rth Work Plan. 

Results 
Ponds receivi ng the hig h initia l application o f compost had 

signifi ca ntly lower morni ng dissolved oxygen levels dur.ing the first 
three weeks of the ex periment (average l.7 mi ll igrams per liter) than 
did pond s receiv ing the constant compost applica tion (average 3.8 
milligram s per liter) . S ignifica nt differences in chlorophyl l a levels 
were observed among the three stocking rates but not be tween the 
two compostin g regimes. Ponds with stocking rates of one and two 
fish per square meters had the highest leve ls (57.7 and 51.3 milli grams 
per cubic meter, respectively), fo llowed by ponds stocked at the 0.5 fi sh 

square meter rate, which had a s ignificantly lower average chlorophyll 
a level (38 milligrams per cubic meter). The tilapias were frequently 
observed chewi ng on compost in the enclosures, so th ere may have 
been sli ghtl y better compost degradation at lhe higher stocking densi­
ties , which may explai n the highter chorophy ll a leve ls. 
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Figure 9. Mean weight of male and female tilap ia (Oreochromis 
niloticus) at harvest in relation to stocking density at both 
composting application regimes . 

There was little difference between the growth rates of fish 
of e ither sex in the two co mpost application reg imes during the first 
two mon th s. Howeve r, a fter the second mon th , the growth rate of fi sh 
stocked at two per square meter was notably lower in ponds receiv­
ing the hi gh initial co mpost input rate th an in ponds receiv ing the 
constant rate. The growth o f males decreased with tocking density at 
a rate greater than that of females (Figure 9). T he slopes of these li nes 
differed by a factor of two . At the highes t densities. many of the ad ult 
femal es were about the same s ize as the larger fin gerlings produced . 

Fingerling production was hi ghest (9.8 per fe male) at the 
low fi sh stocking density, probabl y because o f the hi gher average 
weight of the females at thi s low densi ty. The tota l number of finger­
lin gs produced averaged 1,541. 1,837 , and 1,4 l l fingerlings per pond 
for the 0.5-, one-. and two-fish per square meter densiti es, respec­
ti ve ly. However. no ponds yie lclecl enough large fingerlin gs (larger 
than five grams) to all ow for restocking at th e same density. Average 
ne t production , inc ludin g the weight of fi nge rlings, was highest fo r 
the stockin g dens ity of one fi sh per suqare me te r, fo ll owed by two 
fish and 0.5 fi sh per square meter. T he producti on difference between 
the one-fish and two-fish den siti es was mostly due to cl.ifferences in 
reproduction (F igure I 0) . 

Overall stocking de nsities, the average weight o f males and 
of fema les at harvest was sign.ificantly less in ponds receiving the 
high initi a l dose of ferti lizers (Table 6 and 7). probably as a result of 
reduced nutri ent inputs towards the encl of the experiment. Under 
both fertilizer re gimes, the average we ight of males from pond s 
stocked at two fi sh per square meter was unacceptable fo r the typi­
cal R wanclese market. 

Discussion 
Q: If less fi sh production res ult s, why does the exte nsion service 
then recommend this hi gh initial close of fe rti lizer a t the begi nn ing? 
A: It was thoug ht tha t farmers could be coerced into fe rtili zing the ir 
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Figure 10. Production of adult and fingerling tilapia (Oreochromis 
niloticus) under two pond fertilization regimes-high initial (HI) and 
constant (CONST)-and at three stocking densities. 
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Table 6. Mean Weight of Males at Harvest in Study 
of Influence of Composting Regimes and Stocking 

Density on Mixed-Sex Tilapia Production 1 

Compost Stecking rate (fish /m2) 
regime 0.5 I 2 Mean 

g g g g 
HI 16 1 150 100 137a 
CONST 183 155 112 150b 
Mean 172b 1s2a 106a 

1Superscript letters in a column or in a row denote means with sig­
nificant differences at 95%. 

Table 7. Mean Weight of Females at Harvest in Study 
of Influence of Composting Regimes and Stocking 

Density on Mixed-Sex Tilapia Production 1 

Compost Stocking rate (fis h/m2) 
regime 0.5 I 2 Mean 

g g g g 
HI 89 79 58 75a 
CONST 103 84 67 8sb 
Mean 96b 82b 62a 

1Superscript letters in a column or in a row denote means with sig­
nificant differences at 95%. 

pond. only if the fingerlings were withheld unti l sufficient compost 
was added to the pond. Unfo nunately. fingerlings were usually deli v­
ered with in one to two weeks after the farmer qualified to get them, 
that is, after they paid 1heir money and had their compos l enclo ures 
fi lled up. This ex periment shows that fingerli ng · were deli vered 
when the mornjng di ssolved oxygen level were at their lowest. 

EFFECT OF OREOCHROMIS N/LOTICUS­
CLARIAS GARIEPINUS POLYCULTURE 

ON PRODUCTION 
EUGENE R URANGWA 

Oreochromis niloricus has for many year · been the onl y 
species popularly cultured by Rwandese fish farmers. Clarias gariepi-
111,s, a species wide ly di stributed in much of Africa has received much 
attention fo r culture, especially for its potential as a polyculture species 
with 0. 11 iloricus to benefit from an unex ploi ted ecological niche in t11e 
pond and to reduce the overpopulation of til apias. 

The production of these two species in polyculture was ·tud­
icd in two different experiment s. The fi rst was conducted in six pond . . 
of seven ares each, over 175 days. All ponds were tocked with finger-

lings of 0. 11iloric1.1.1· averagi ng 25 grams at one per square meter. Two 
months later. C. gariepi11us fingerli ng. averaging 3.6 grams were 
added to three or 1he pond. at one per three square meter. (treatment 
0 -CG). The other three ponds were left as they were (treatment ON ). 

The second experiment was conducted as the first. the only 
differenc being the ponds used (3.3 ares each), the duration (2 I 0 
days). the inilial weight of the 0 . niloticus (5 1.2 grams) and the C. 
gariepi11 11s (3.43 grams). J\ 11 pond. in both experiments were fertili zed 
with a mi xture of freshl y cut grasses and chicken litter added weekly 
10 com po t enclosures in the pond. Fish were fed rice bran at I 0% body 
weight per day, up to a maximum of fi ve grams per fish per day. 

In each of the two experiment . no significant difference 
were ob erved in net annualized Ii h yields between the two treat­
ments: (Ex periment I) 3.23 1 ki lograms per hectare per year for ON­
CG. and 3.432 kilogram: per hectare per year for O : and 
(Experiment 2) 4.127 kilograms per hectare per year for O -CG. and 
3.360 kilograms per hectare per year for ON . 

However. the yield of marketable fi ·h was ignifica111ly 
greater in the ON-CG tre:11ment 1han in the ON treatment in each of the 
experimen1 s: (Experimenl I) 2,899 ki lograms per hectare per year for 
ON-CG. v . . 2,130 kilogram. per hectare per year fo r O : (Experiment 
2) 3,610 kilograms per hectare per ye;:ir for O -CG, vs . 2,033 kjlo­
grams per hectare per year for ON. 

A simple economic analysis based on the alue of 1hc fi nger­
lings used and 1he sale of market-size fis h (a ll other fa tors being 
equal) demonstra ted that the comparati ve benelit of polyculture was 
25% greater than monoculture in the first experiment and 6 1 % greater 
th an monoculture in the second expe1i men1. 

If considering the ales of excess fi ngerlings fo ur grams and 
over, after providing for re-stocking the ponds at the same rate. the 
compara li ve benefi t of polycultu re over monoculture falls to a -
16.5% in Experiment I and to+ 16 % in Experiment 2. The negative 
benefi t in Ex periment I cou ld come from excess ive predation on the 
young ti lapia . 

lt is concluded that polyculture i. preferable in zones where 
pr duct ion of food- ize fish is more imponant lhan production of fin­
gerlings, for example at lower elevations where excessive fingerling 
production predominates. 

RAISING RABBITS OVER FISH PONDS 
JAMES VAN Y LEET 

Raising rabbit over lish pond i · a recent practice at the 
ational Fish Cullurc Center of Rwanda. located at Kigembe. The first 

rabbit barn: with 142 cages over a 0.5-hectare pond were construc1ed 
in 1988. Over the next three years, a 30-cage rabbit barn wa built over 
a 0.2-hect.a re pond , and a 48-cage barn was just completed over an th­
er 0.5-hectare pond. 

Table 8. Mean Yield Data for Study on Effect of Oreochromis Niloticus­
C/arias Gariepinus Polyculture on Production 1 

Experiment Treatment Cycle Net yield- Net yield- Net yield- Yield - Yield-ON Pct. of yield 
adults ON CG market-size fish fingerlings as reprod. 

days kg/ore kg/ore kg/ore kg/ore kg/ore 
I ON-CG 175 32.3 10.2 3.7 13.9~ 4.2 23a 
I ON 175 34.3 10.2 0.0 10.2 8.7 46b 
2 ON-CG 210 41 .3 15.0 5.5 20.5~ 8.0 28a 
2 ON 210 33 .6 I 1.7 0.0 11.7 12.6 51b 

1 For each experiment, superscript letters denote significant differences at the 95% confidence level. ON is Oreochromis niloticus and CG is Clorios 
gariepinus. 
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The fish used in integration with the rabbits at Kigembe bave 
been mainly Oreorlzro111is niloticns. Tn the p.1st year some clarias have 
been added but onl y experiences with 0. niloticus wi ll be d i.scussecl 
here. Oreocl11mnis nilotic11s (mixed sex) stocked in i.ntegr:uecl ponds 
are about 50 grams in weight and are stocked at two per sq uare metec 
Average individual weig ht gain is over one gra1u per day during the 
four- month cycle. A complete harvest is clone and the pond is restocked 
a few clays later. The net yield is about 6.1 tons per hectare per year of 
Oreochromis nilotirns with the market fish averaging 180-220 gram . . 
Reproducti on accounts for about I 0-15% of the total yie.l cl. 

In comparison wi th chickens, pigs, and clucks. fi h produc­
tion with rabbits is sli ghtly less th an with chickens bm well ahead that 
of pigs and clucks (Table 9). One poss ible reason that the rabbit- and 
chicken- integ rated sys tems continually deri ve better resu lts than the 
pigs and ducks i. that the rabbits and chickens are housed over the 
respecti ve ponds instead of beside the ponds like the pigs and ducks. 
Thi s resu lLs in any sp illed feed by the rabbits or chickens being direc t­
ly consumed by the fi sh. 

Table 9. Annual Net Fish Yield from Integrated 
Fish-animal Systems at Kigembe 

Animal sys tem 1988 1989 1990 

kg/ha kg/ho kg/ho 
Chickens 6,200 6,500 
Rabb its 6,000 6, 100 
Pigs 4,955 5,000 5,100 
Ducks 4,500 4,500 4,500 

Loading Rates 
Rabbits at the Kigembc Station have varied in size rrom I 0 

grams to 6.5 ki log rams. Loading rates were therefore based on weight 
rather than number. However, rapid growth of rabbits and varyi ng lit­
ter size compli cated U1 is :ippn ach . The breedi ng pro-

potassium_ oft.he total manure. Al so. rhe nutrients in the urine are more 
readily available lo the pond phytoplankton rban the nutrients in the 
solid excremen t. These fac tors are irnponant in lookj ng at the value or 
placing rabbi.ts over fis h ponds because if the rabbits were placed on 
land , most of the from the urine would be los t. 

Using six ki lograms of breeding does per are will supply 
about 120 lilograms of man ure per are from the does and their off­
spring in one year. This 120 ki lograms of manure wi ll provide almost 
2.88 kilograms of nitroge n, 1.68 kilograms of phosphoric acid and 0.72 
kilograms of potassium. To supply the same amount of N + P, one 
would need almosL twice as much chicken manure or over four limes 
more pig manure (Table 10). 

Housing for Rabbits over Fish Ponds 
A breeding doe shou ld have at least one squ::ire merer of cage 

0oor area for her and offspring. Young does or bucks should have at 
leas t half of a square meter of cage tloor space per indi vidual. If a per­
son can afford it, it is adv isable 10 increase these recommendations by 
another 50%. Rabbits in larger cages seem 10 maintain better health. 

At Kigembe, only wire floo rs have been used until now. so 
that is what wi ll be discussed here. The wire found .in Rwanda that ha 
worked best for cage ilooring has been half-inch square welded wire. 
Two yearn ago it cost ahout 3,000 Frw pe r square meter of fl oor space 
10 build these cages along with the barn that housed them or the sup­
porr and wa lkways that held them. At present it will cost about 7,000-
8.000 Frw per square meter of fl oor space. The biggest expense is the 
wi re needed for long- lasting, we ll-ventilated, ca y- to-clean cages. With 
the expense being so hi gh for these cages it becomes impo11ant for th e 
farmer to use them to their full potential. 

There are several important factors in cage constnrction. 
Fi rst, one shou ld allow at least '180-200 cent imeters between the cage 
botlom and the wnter surface. Thi s dis tance wi ll permit proper moist 
air disbursement from the pond and not cause respira tory problems in 

gram at Kigembe allows for each brood doe to produce 
youn g fou r ti mes pe r year and raise Lheir offspr ing (aver­
age eight young per ijtter) lo two ki lograms apiece with­
in two 1110 □ 1hs . The recommended ra te [or a pond using 
breedi ng adu!L rabbi ts or the me.di urn size breeds (aver­
age we ight about four ki lograms). h,1vi ng breeding does 
produc ing fou r liners per yea r of six to 10 babies per bt­
ler and rais ing tJ1em to 1.5 to two kil ograms witl1 in two 
mou ths is six kj !og rams of breed ing does per are (1. 5 
breeding doe of fo ur ki lograms average weight). This 
formul :1 wi ll supply another three to five kil ograms of 
youn g rabbits pe r are. and the total of nine ro I I kj!o-

Table I 0. Manure Output and Nutrient Content of So me Domestic 
Animals Used in Integrated Fish-animal Systems at Kigembe 

grams per arc should suppl y sufficie nt manure fo r a 
excel lent pond bloom. 

lf non-breed ing or semi-intensive hreed ing 
does are used. the recommended loading rate is eight 10 

12 ki lograms of rabb its per :.ire (two four-kilogram semi­
intensive hroocl or three to four non-prod ucing does or 
bucks with average weight of three to fo ur ki lograms). 
The main point 10 ob erve is th:.i l the total weight or rab­
bit stocked will be reduced the more intensive ly they 
wi ll be bred and/or the b ltc r producers they are. 

Even though nly i.lbout 20o/c or th e weight of 
rabb.i l manu re is urine. the urine comai ns about 50% of 
th e nitrogen . 6% of the phosphoric acid. and 60% of the 

Animal Tons of manure I 

Rabbit 
Chicken 
Sheep or goat 
Swine 
Dairy Cow 
Duck 

9.24 
9.90 
13 .20 
35.20 
26.40 

Pee. nitrogen 

2.40 
1. 10 
1.44 
0.49 
0.57 
0.60 

I Tons of manu re per I ,000 pounds of liveweigh c. 

Pct. P20 5 Pee. potash 

1.40 0.60 
0.80 0.39 
0.50 1.21 
0.34 0.47 
0.23 0.62 
1.40 0.50 

Table I I. Summary Recommendations to Sfart a 
Four-are Pond with Fish-rabbit System 

(I) Build 12 cages over the pond, allowing six square meters of floor space for 60 
kilograms of rabbits. 
(2) Buy 60 young ra bbits - one kilogram each - and put them into cages as fami­
ly groups. if possi ble. 
(3) Stock the pond wich 880 Oreochromis nilotiCHS of about 20-50 grams (two per 
square meter plus a I 0% loss factor) . 
(4) Weigh rab bits weekly and identify future breeders . 
(5) As the yo ung rabbits near two kilograms, start selling off the smaller ones. 
(6) As the rabbits near three kilograms, separate males from fem ales and choose the 
best male for che herd buck. Sell ch e rest. 

1 Ed itor's note: The pond can be harvested after four months. 
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the rabbits. The cage should also be wide 
and sha ll ow, rather than narrow and deep. 
This will pennit easy access as rabbits 
wi II in variab ly go 10 the back of a cage 
when the fron t door is opened. It was 
f und that an 80 centimeter front-to-lx1ck 
measurement for cages was ab ut the 
maximum dis1ance. Also, even 1hough 
wire is very expensive. it should be used 
to ·upply good ai r ci rcu lation inside the 
cage. See Table 11 fo r a summary of re­
commendmions 10 tart a four-arc pond 
u. ing the fish-rabbit system. 

Table 12. Comparative Costs of Rabbit Feeds Used in the Integrated Fish-ani m al 
Systems at Kige mbe Before and After Devaluation in Nove mber 1990 

Ingredient Pct. protein Before Nov. I 990 After Nov. 1990 

Feeding Rabbits over Fish 
Ponds at Kigembe 

The feed ing program started 
with local feedswffs (sorghum. maize 

Sorghum 
Maize 
Ground soybeans 
Fish meal 
Salt 
Half total above 
Rice bran 
Mixture w/ 

rice bran 
Wheat bran 
Mixture w/ 

wheat bran 

pct. 
I I.I 
9.5 

37.9 
60.0 
0.0 

16.74 
13.5 

I 5.12 
16.0 

16.37 

Unit cost Pct. of ratio n Cost 

Frwlkg pct.. Frw 
22 29 6.38 
35 10 3.5 
43 9.5 4. 1 

300 1.0 3.0 
35 0.5 0.1 8 

34.3 so 17. 15 
7 so 3.5 

100 20.65 
10 so 5.0 

100 22. 15 

Unit cos t Pct. of ration Cost 

Frwlkg pct.. Frw 
55 29 14. 15 
55 10 5.5 
63 9.5 6.0 

450 1.0 4.5 
60 .5 0.3 

so 30.45 
10 50 5 

100 35.45 
12.5 50 5.25 

100 36.70 

and soybeans). rice hran and free choice 
plants. Different problem· arose with this pro­
gram. mainly periodic una vai labili ty of . omc 
ingredien ts. resulti ng in incomplete feed mixrnre 
(usuall y much lower in pr tcin than requ ired). low 

Tabl e 13 . Cost of Feed Ration Composed of Chicken Feed 
and Ei ther Rice Bran or Wheat Bran Used in the 

Integrated Fish-a nimal Systems at Kigembe 
Before and After Devaluation in November 1990 

Before Nov. 1990 After Nov. 1990 
conception rates. ma ll liuers, slow gain , and 
overall poor hea lt h. Another maj r prob] 111 was 
that the cost of loca lly grown ingredients ac tual I_ 
became greater than premixed chicken feed from a 
loca l cl istri_butor. Table 12 demonstrates how the 
price differences for feed . wffs evolved in a feed 
mixture u. ing local ingredients as 50% of the nli x­
LUre and ri e bran r wheat bran a the other 50%. 

Chicken feed (20% protei n) 38 Frw/kg x 50% = 19 Frw 43 Frw/kg x 50% = 21 .S Frw 
10 Frw/kg x 50% = 5 Frw 
26 .S Frw/kg 

Rice bran ( 13.5% protein) 7 Frw/kg x 50% = 3.5 Frw 
Total mix ( 16.75% protein) 22.5 Frw/kg 

Ch icken feed (20% protein) 38 Frw/kg x 50% = 19 Frw 
Wheat bran ( I 6.0% protein) IO Frw/kg x 50% = S Frw 

43 Frw/kg x 50% = 2 1.S Frw 
12.S Frw/kg x 50.0% = 6.25 Frw 
27.75 Frw Total mix ( 18% protein) 24 Frw 

Table 13 show the c I of chicken feed as 50o/- of a feed formul a u ·ing 
ri e bran or wheat bran LO satisfy the other 50%. By comparing the bot­
tom line of Table 12 and 13. ne can then i<.:e how it not only 
become, more economica l to use ch i ke n feed in the formul a, but also 
it prov ides a higher protein for the rabbi ts than the locally grown feed. 

The 50t;'r chicken feed/50% wheal bran mi xture being fed at 
Kigembe provides about a 16-] 8% protein feed. which fa ll s well wi th­
in the l 5-20% protein feed recommended for rabbits depending un 
what stage of growth or condition they are .in . I prefe r to use wheat bran 
in ·1ead of ri ce bran as a diet compuncrn fo r the fo llowing reasons: ( I) 
wheat bran is more ex pen ·ivc. bu t the fina l cost of the diet i~ cheap r 
- th is is because the amount of cost I ch.icken feed can be reduced due 
to the higher protein content of the wheat bran: (2) rabbits eem to pre­
fer the wheat bran mixes more: (3) tbe rabbits ga in weight fa~ ter on 
wheat bran mixwre. ; (4) rice bran has a higher fat content and ten Is 10 
spoil more quick ly than whea t bran; (5) bec.:iuse of the much hj gher fat 
content of rice brnn, procc. ed rabbi ts ha e shown a hi2hcr bod fat 
content than those feel on wheat bran form ul as; and (6) rabbits f'ecl 
wheat bran formulas h:1ve beller overall hea lth. 

With fre, h plant and fres h wa ter also given daily. th i r r­
mula seem · to be supplying all stages of rabbit production with suffi­
cient protein and other feed requirement s needed for excellent growth 
and mai ntenance. Plants are imponan1 in the feed ing progr. m as they 
supply many vitamins and mineral s not otherwise available and al o 
gi e the rabbits something to chew on other tha n thei r ag . 

The amount of feed needed for a brood doe with IO babic 
un til the babies are of market ~ize is about 40 ki lograms. In the fir. 1 
month , a gestating doe will em three ki lograms of the feed nlix ture. 
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During the second month. a doe and IO babies , ill cal 4.5 ki lograms; 
babies should each weigh half a kilogram by the end of the month . In 
the 111.ird mon th. the rabbits will consume I 9. - ki lograms: babic · 
should w igh l.5 kilograms ea h by the end of the month. The doe 
sh uld be removed from the cage and bred again at tJ1i s poi nt. Ten 
weaned babies wiU consume 13 kilograms during the fourth momh: 
each baby . hould weigh I . kilograms and shoul I be marketed by the 
encl of the tllird week of the fourth month . Al 28 Frw per kil gram. the 
-10 kilograms of feed , ould cost I, J 28 Frw. 

The pn::v ious numbers onl y refer 10 the 50/50 mi xture of 
ch ic ken feed and wheat bran and do not include the plan ts that al o 
need Lo be fed. Th plan!, heing feel may not enter into the feed fi g­
ures as nutrients, but they do become important when ca lculating the 
ost of feedi ng the rabbit . Labor 10 collect one to two kilog rnms of 

wild plants per day over a LI O-day period is e timatcd to cost 370 
Frw. Thu , total f eel costs would equal approxima tely 1.500 Frw 10 
produce 10 baby rabbits . 

Marketing Rabbits 
1 market price f 250 Frw each. IO baby rabbit sold after 

l 1-12 we ks, would earn the farmer 2,500 Frv . Taking into account the 
Wt al feed costs, the nel profit for ne doe producing IO babies for three 
m nlhs would equal 1 .000 Frw. Net profi t per doe per year oulcl equal 
4,000 Frw; thi s fi gure docs not include the cost of hou ing. 

In real ity, rabbit s :i t Ki gcmbe a.re old for 150 Frw per kil -
gram of Ii e weight or 260 Frw per ki logram cl res cd weight. But. di ·­
tance from major urban centers ha, made it necessary to develop mar­
kets in Bu tare and Ki gal i. Onl y I 0% of the rabbit · produced at the sta­
ti n are k.e pl for breeding purpose . The r ma ining 90'7 are marketed. 
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80% in Butare and 10% in Kigali. Jn 1990. 660 rabbits were sold for 
180.000 Frw, equivalent to 270 Frw per rabbit sold. This year's ( 199 1) 
sales have almost doubled with anticipated results being 1,000 rabbits 
sold at 360 Frw per rabbit. This increase in price per rabbit is due to 
higher selling weights of the rabbits and some higher paying markets 
in Kigali 

STUDIES ON THE ECOLOGICAL 
IMPACT OF FISH CULTURE 

WILLIAM G. DEUTSCH 

From Aug. 6-1 7, 1990, an environme.ntal assessment was 
conducted at IO potential sites (in seven prefectures) for cooperative­
ly managed, integrated aquaculture farms in the marais (wetland val­
leys) of Rwanda. Sites were evaluated for existing pond construction 
and management practices. and recommendations were made to min­
imize the risk of waterborne disease and other negative environmen­
tal impacts. 

Snail hosts for schistosomiasis and sheep and cattle liver 
fluke occurred at more than half of the IO ponds sampled. Mosquito 
larvae were less common, and anopbel ine mosquitoes (vectors of 
malaria) were found at only one site. Most snails and mosquitoes 
occuned at poorly bui lt and managed ponds. The presence of a well-

trained extension agent at a site was a cri tical fac tor to ensure well­
managed ponds and thus reduce risk of waterborne disease. 

Two supply canals and three discharge canals were sampled 
for macroinvcrtebrates to determine possible downstream impacts of 
fish ponds. Benthic communities were characterized by low biodiver­
sity and high tolerance to organic enrichment, probably because of fre­
quent dredging of canals, intermittent. water flows and organic runoff 
from human and livestock activity. No negative environmental impact 
directly attributable to fish culture act ivity was detected. 

At the scale and management intensity of the proposed aqua­
culture centers. fish ponds would have re lative ly low volume and infre­
quent discharges that should not cause undue environmental. degrada­
tion downstream. 

Four su·eams with a wide range of organic pollution were 
sampled for macroinvertebrates to evaluate methods for a biomonitor­
ing program. Use of a biotic index proved appropriate and practical for 
assess ing stream water quality in Rwanda. Protocols with fie ld meth­
ods, data interpretation tables, and a cumulative list of macroinverte­
brate taxa in Rwanda are provided in the final report. 

Risks of ind iscriminate introduction of non-native species to 
Rwanda are discussed, and a review and decision model for evaluating 
proposed exotic fi sh introduct.ions is presented in the fi nal report. 

Summary of Workshop Subjects 
THE IMPORTANCE OF DISTINGUISHING BETWEEN STUNTED ADULTS 

AND FINGERLINGS WHEN RESTOCKING RURAL PONDS 
K AREN l. VEVERtCA 

Prob lem: the first production cycle is often quite 
encouraging for new !'armers. lf the srockfog density 
1s low enough to allow good growth given the rnputs 

used (usually one fish per square meter or even two fi sh per three 
square meters). the fish are large enough for market before they have 
produced very many fingerl ings. This is the basis of the stocking rate­
production cycle recommendations; we want fi sh to reach market 
size before they produce so many fingerlings th ;it overcrowd ing 
occurs and inhibits growth. 

However. the Canners often think that instead or say, 400 
large fish. they can get 800 large lish out of their pond just by putting 
in more fi ngerlings and not increasing the inputs. Extension agents 
often explain that this is not how it works but the farmers agree witl1 
them so they will go away and then the former acids fingerlings to the 
pond. Another problem is that ponds may not drain and dry totally, 
leaving many fry in the pond. or the farmers do not want to kill the poor 
little fi sh left on the pond bottom and they close up the levee before the 
pond bottorn has had the chi.Ince to dry. Thus. even if the farmers re­
stock at a low rate, the remaining f1y result in a much higher stockjng 
density. The second production cycle will therefore result in very many 
fish, some of which are large and others which are quite small 

It is at this point. or possibly in the third cycle that things real­
ly start to go awry. The fingerlings used to re-stock the ponds are often 
much older than they should be. I I. for example, you want a IO gram 
fingerling, you may choose an old fish . usually female that hasn't 

grown. We have gotten females that are two years old and are only l O 
to 12 grams. They do spawn, almost immediately. This causes an 
almost immediate over-population in ponds and the old problem of 
tilapia culture appears even here at the higher elevations where we 
have the advantage of low reproduction rates. Farmers who select their 
own fingerlings or uninfonned extension agents who help them often 
choose these small females as fingerlings. One way to overcome this is 
through monoscx culture but it looks like farmers are not qu ite ready 
for that. As the next step, we must teach the farmers to either sex their 
fi sh or to at least cull out small, mature females. To identify fish to cull. 
here 's what to look for: 

Large Head to Rody Ratio: lt seems that the head and 
especially the eyes of (ish continue to grow even though the rest of the 
fish has ceased growing. Some farmers have remarked that small old 
females have big eyes. 

Spawning Colors: For the mature females here, we see a 
darkening of the body wh ich can be picked out if the water color is 
right (not too muddy) and if the fish are not held in a shiny new 
bucket. 

Easy to Sex: We usually have trouble hand-sexing fish of 
15 grams or less, but if there are smal I old females, they can be quite 
readily distinguished. Eggs may even pop out of their vent under 
slight pressure 

Even though it may be beyond our present capabi li ty to sup­
ply monosex lingerlings. we must show farmers how to cull out these 
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old females. We have enrnuntered severa l , ituati ns in which the fi sh 
would not grow and upon sampling the pond. we round it 10 be ~t eked 
wit h almost 100% small female . Once th<.: fam1cr, are shown ho\ to 

distinguish these fish. they can readily iden1il'y them. It is qui te realis­
ti c to th ink tha1 fam 1ers can. th rough hand-, cxi ng, g t an almusL all ­
male ti lapia culture going. The few females tJ1e farm ers may put in by 
mistake shoul d give them enough finger ling. for re-stock ing. 

Edi/or'.~ nore: the fo llml'i11g yem: we did some 011 -ji1r111 !rials 
wi1h 11wnose. cilapias selec1ed by hand sexing. Dllri11g rhe sw11pli11gs. 
11·e 1w1iced a fe ll' female fish in !lie pond.1 1/tm ll'ere s11ppused to lrm ·e 
all males. 0111' hand sexing 1t·a. alww 9, % correo, bw 1hose 2% 
fe111al~s gm·e e11011gh.fi11gerlin ,s 10 restock the /JOiie/ lll t1 vo to 1hreefish 
per q11are mete,: Some fa 1111ers /Jeca111e verv good ti/ sexing 1ilapia. 
lmr ir is hard ro predi 'T 11·ho 1l'ilf b , good ar ii 1vi1ho11t check i11g 1he111. 
S0111 e of the .farmer expen1· 11·ere old. others ve1)' yo1111g: some 11 •0 111e11 

and some men. E,•en smne uf 1he young c/1ildrt'11 bea111ie good a1 sex­
ing 1ilapia. 

PONDCLA.SS PROGRAM 
Thi. computer program wa. devel ped a!> an expen . . tern 

meaning that ii' there is no expert around. thi s should do. TI th ere are 
expert. , the prog r::i m can st ill he lp them in :ire:i where they lack in l'or­
mat i n. But a good ex pert can probably do as good ur better than the 
pro!! rnm as it st.ands now. Plea e 1ry ou t the program and fi ll in the 
evaluations. 

There are three options for increasing production or fish in 
pond~: ( 1) po lyculture of two or m re non- ompetiti ve . pecies to more 
efTi cientl y ,uti lize the pond's natural food; (2 ) chemi-:al or org:rn ic fer­
tili zer. 10 enhance primary product ion: and (3) feeds. 

Th · present P ndcla -s program foc use: on the ~ccond 
opti n. Some bas ic assumption - arc madl.: : ( I) im.: reasi ng primary 
producti on will increase fi. h y ield. (often the case wi th tilapia but not 
always): l2 ) externa l fo :tors limi ti ng primary product.i on are o lar 
raclia1io11 and temperature: we can·t do much about the c and they are 
ta ken as '' uncon tro llab le" fo r the location: . nd (3) int rnal facwrs are 
nutrients - therefore. the object is L c ·ti mate the concen tra ti ns of 
nutrie111s tJrnt permit the maxi mu m or optimum prima ry production ; 
and (4) ra ti o of 40C:7N: l P are used a. ideal, even th ough this ha 
been d.isputed - the carbon comes from the alkalinity system . 

T he u_ ers found the lisL f fe rt iliz r type. and thei r con-e­
sponding nutr ie nt concentrati ons t be or va lue. Also the climate darn 
from nearby reporti ng Station wa impre sive . Many conference par­
ticipants noted that the extension . ervice in their oumry is far from 
being able to use such Laois . Not onl y are compu ters very rare but 
many ex tension agen ts have tro uble using a calc ul aLor. not t speak 
of a computer. However as a teachi ng aid in univer.it y las e~ and a 
an aid in resea rch, the program was perceived as quite inter ti ng. 

Ediwr'.1- 1101e: Po11 dclass has been s1 1perseded bv a much 
imprm '('(/ version coiled POND. II is available ji-0111 Jol,11 Bo//e or 
Slrree Nath of 1he Depan111e111 of Bior . 011 rce E11gi11eering. 104 
Gi/111ore Hall, Oregon Slate University, C rvallis, OR 97331 , USA. 

POND COLOR AND ASSOCIATED 
PHYTOPLA.NKTON BLOOMS 

AT RWASAVE STATION 
We have cont inually fo llowed ph ytoplankton composi t.ion in 

produc tion ponds and in ex perimental ponds for several years, n w at 
Rwasavc. Ba. ed on the -e ob ·ervat ions. we can pred ict phytoplankton 
composilion based on pond color in some instance . 
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Bright Red Color al. Surface : JJ the c-olor turns green :H 

dusk' or in the shade and back 10 brigh t red/rust. it is at, p r euglcna. 
£11glt'11c1 sc111g11i11 nsis. It does 1101 . eem 10 po. e ,lily immediate pr b­
l cm lO the l'i h. and we have observed them feeding on it. ince il stay. 
on I.be surface , th ough, it. can inhibit sunlight pen trali on th .:ll woul d, in 
tum . . in !'Lase primary production if nutrienLs were a ailahle. If you 
th ink thi . i.- a prob'Jcm _ you can , ai t fo r the wind to blow it in a comer 
and take it off with ba. ket . Thi s bloom is a. s ciated wi th mudd y 
po nds that arc a li ttle hit fertile. That·~ because the nn ly place where the 
ph top.lankto n can get light is at the surface . We alway · g t , ome t pc 

f eoglcni cl as a surface bloom immed iately fo ll owi ng p nd Idling. 
agai n becau. e the water is a Jin le muddy as it rushes in 10 the pond and 
mi xes up the bollo111 and al. a because resting stages of euglena c:in ur­
vi e in the mu d of a drainc I pond. Thi. usua ll y is rep laced by other 
types o f phytoplankton as lhe clay tu rbidi ty decrease" 

Reddish-brown, Very Light Film : . ually Tm che/0111011a.1 
pp., another euglenicl and ac tive ly fed upon by tj iapia. 

Ver)' Thick Pea-green Bloom al the Surface, Floating in 
Gobs Sometimes: Thi- i, almost alway som,;: t pe of 1Hirrocys1i.L 
a blue-gr..:cn algae. We neve r had thick bloom. of th.i. un til we start-

cl using urea and TSP. It ha d 11 01 been a pro blem on tbe stati on anJ 
was even a. soc iated with good tilapia growth until recently. when 
:ome cry thick bloom. cau_ ed oxygen deple ti n in all but the la L 

fe w cenli mc ters f su rface water. We often have one pond per Lrea1-
men1 develop a nui ~a nce blo m of Microcys1is that is very thick and 
in which more th.in 50~ fish mortality occu rs and very low gro\ th 
ra tes are observed. 

Bright Green, Almost Chartreuse: Th i. co lor is associated 
wi th -mall green algae. oft en the type \ it.h indig . tible mu il :iginou~ 
heaths tenedesmis sp .. fo r 1example). Ponds with thi s color ofte n 

look great.. haven secchi di~k reading of about 20 centimeter . nice 
green color and decen t wa ter quali ty. Howeve r. the fi h don ·1 grow. 
We have hnd thi problem in one pond on the station tF6). The onl y 
thing we ca n do is try to change Lhe blo m by fertiliz ing with ,moth­
er type of manure_ We can aL·o reed Lh fis h more or Lry 10 perturb the 
bloom by . eining. 

Azolla 
AzoUa (t he water fe rn ) was p inted out to tho. e r articipants 

who bav never set n it b fore . The e· per.i ence of the R wa. :we Fi . h 
Culture Station wit h azol la have been mixed. Jt wa, fll'S t br ught on tht.: 
station by researcher. in about l 986 . .Jfter the heard wh:H remarkab le 
ni troge n fixin g and phosphorus concentrati ng qualities it had . 
However. iL became apparent 1hat the equalities were cl ue to the sym­
biotic blue-green algae of 1hc Genu Anabae11a. This ame genus 
appear free- living in the pond, and indeed its presence i~ alway a 
sign of good Litapia grow th. On the other hand. when Anabae11a is pre­
sent in the form of aznlla , it is more di lfi cul t -to btain its advamages. 
Azolla is not consumed by young Lilap ia. nor by clari as. lL i consumed 
("bothered"' is a belier word) by tilapias ove r 50 grams. but it can 
quickly get out of hand in understocked ponds or in fry grow-out 
ponds. 

There have been th ick bloom_ of Azo ll a in stati on pond . . 
which have led to cooling of the wat r by more than 2°c and oxygen 
cleplet.ion, due to the complete . hading of the p nd . IJ the tilapia are 
large en ugh. Lhe azoll a can be pushed back to a corner\ ith long bam­
boo rods and penne I up. This allows !he under- layers to die back and 
pr vicle · :111 open sp I on the p nd for the nonna l t pe of phy toplank­
ton bloom to develop. The larger Lilapias can then usually take care or 
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the escapee :1zol la and someti mes crop bac k the corrnllecl azolla. There 
is some inf"ornwtion on the different specie of azolln and it is knov. n 
that certain specie are more palawble LO ti lapia · than ocher ·pccies of 
azo ll a. Also. some of the more herbi vorous rilapia. ma y mor • readily 
consume az lla than 0. niL01irns. However. T have wi tne. sect ponds 
stocked \ ilh grass carp (C1e11oplrary11godo11 idella) get so full of azol­
la that oxygen dep leti 11 occurred aml k.i lle I all or the fi ·h. 

At this po int the participants from the at.i onal Fi ·h Culture 
Center in Kigembe began to detai l their bad experiences with azolla in 
gra carp ponds. 

Azolla in Animal Feed: The N coment or dried azolla is rel­
ati\'ely high (almo t s ao). Howeve r, it mu. t be removed from the pond 
in wet state. zolla is more th nn 90% water. It therefore lakes much 
lab r to remove a few kil ograms f nitrogen. At R was ave, when f'resh 
azolla was given to pigs at level. of l0% or more. the quickly devel­
oped diarrhea. Chicken do consume mall amounts f azolla. and we 
often will Lry to put s me in with th eir feed. However, we he it.ate to 

do this for ponds with chickens in pens above the water because we 
then risk spreading ii. all over the talion again. 

Azolla in agriculture: Since we needed to remove the azol­
la fr 111 cenai n ponds, and we hated to waste all of the nitroge n and 
pho:phom. it comaincd. we began u ing it a a , il amendment. It 
seems to work quite well Lo impr ve so il texlUre and ferti lity. We arc 
now ab le to grow a ni ce crop of carrots in ·ome prev iously unproduc­
ti ve heavy clay oi l. s an amendment. it works about a~ well a., com­
post t.aken from rhe ponds afler drain ing. But we have done no real 
research on the qua liti es of azo lla as soil amendmen t. 

The recommendation we an give to fanncrs is: (I) if you 
ha ve uzolla completely covering your fi h pond. you should try to 

remove it wi th baske ts or corra l it: (2 removed azo ll a shou ld be 
applied to 11earh garden plots and turned in10 the oil but beware, large 
amoLm b of pure azolla wil l gei: ve1_ h t when decompo. ing; (3) do not 
allow y ur anima ls to eat only azo lla ; (4) lf you are growing only cl ar­
ia.- or on ly ti lapia lry. azolla an cause big problems - it will have to 
be removed every rew day . 

nalyse. made at R was ave station ~ und that I 00 kilograms 
or fre:h weight azo lla ha th..: fo llowing proximate composition: 93 
kilogram o( \ atcr: . evc:n kilogram · of dry matter; 2.3 ki logram of 
a h, or t ta l rninernls (33% or dry mailer weigh t): 336 grams of nitro­
gen (-1 . % of dry matter, which mean. it is abou t 30% prote in when 
dry); 2 1:,ram phn. phoru s (0.4% of dry mauer): and 28 grams of ca l­
ci um (0.4 % o[ dry matter) 

At higher elevations, we ol sc:rve more duckweed than azo l­
la in pond but it can be treated in prctly much the same way. 

Editor :~ note: Thi · discussion was initimed by K.L. Ve verica, 
il' ith contrib111ions ji-0111. co1ifere11ce a1te11dees. Much of 1/Jis ivorkshop 
1vas co11d11cred d11 ri11g 1/J e pond row : 

VISUAL AIDS USED BY EXTENSIONISTS 
Conference participant brought examples or their ex tension 

manuab and posters. Burundi ha. the be t ollcction of in. tmctiona l 
poster· . Some puge. o [ the books arc reproduced in Figure 11 . The 
page on compos ting is also enlarged to make a poster. J.P. Marquct 
showed :ome " lichcs 1echn iques" from Congo. for feed ing fish. The 
extensi n age111 trai ning manual for Rwanda is much rn re technical 
in natu re than th e manua ls used l"or fa rmer tra ini ng in Burundi and 
Zaire. 

Zaire v lunteers showed hO\ they describe the pond to farm­
ers using ideas they I-mow. 
The '·restaurant," or reed ­

SIPM" t •l~tOl.:l~lpbrl .. dN~10.~>l~"'"~• ~Jdil'iU 
DJ'°'"lol!Uet1,11D11L1~~ •-l"ln~~ $1~tntl.-1.Ml'tp,li, "11\ll'Ol.i latm1 
0'• 11 "1)ll U'Op pw,IM, ll n\ilb nt ... p.u beri Sol ~IC~)tr, Di1n au COrtfiart, 11!1 ip1 W'ltlr1 

~ ~ll. II In ti;t di ~ma pout 1H PQluorts S,I .o.lS , n m111u tn:>p, 'l(kJS cora.1a11 ru . a t;a niall1, 
q.ii ■ n· ■utorl ~ be~ grird. 

ing/co mpost area: the ·'bed­
room ," or banks of the pond 
whe r the Ii h nes t; and the 
living area. The ex ten ·ion 
project in Zaire has pro­
duced a flipeh arl to aid in 
explaining fi sh cu lture . 
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Figure I I. Selected pages in the bilingual (Kirundi and French) Burundi fish cult ure booklet demonstrating com­
post ing and stocking density vs. growth. 

The aim of 1he visual 
aids is best summarized by 
the justifica ti vn for the 
po tas produced in 
Burun di: th ey arc reminders 
of what the farmers have 
seen and done during 
elem nsrrations conducted 
by a well -train<!d indi vidu al. 
The posters are espec inll 
effective because the farm­
ers like lo hang them in 
their homes. othing can 
substit ute for a live demon-
stra ti on. 
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P ROCEE D N G S 

Discussions on Extension Service 
Organization and Critiques 

ZAIRE'S EXTENSION PROGRAM 
C. H ENDERSON 

e objecti ve of the Peace Corps is to get the farmers 
o understand all they can about fi sh fam1ing so they 

can be self suffi cient. This is because the Zaire gov-
ernmem rarely pays their personnel and cannot be relied upon to pro­
vide any services. The technical ass istant s and anima1eurs do not 
work often with the volunteers , usual ly because they m·e spending 
most of their time trying to locate their monthl y sa lary. The Peace 
Corps volunteers (trave ling by motorcycle usuall y but sometime on 
foot) work with the farmers directl y. The regiona.1 coordinators have a 
vehicle at their disposal. Note that the PCVL and technical ass istant s 
are counterpans. They co-sign cheques and perfo nn other respon i­
bilities cooperati vely. Training is prov ided to the tech ni cal assistants 
and the animateurs every year. 

All Zai1ian extension personnel stay at the reg ional capital. 
The PCVs are assigned to villages; they work within a 40-1.Jlorneter 
radius. Their Zairi an counterparts there fore have lo trave l greater dis­
tances to visi t farmers. 

Discussion 
Remark: There are very few Zairian counterpart s and thi s is not sus­
tainable. 
Answer: For Zaire, anything that relies on a functjonal government is 
not sustainable. Thi s is the bes t th at we can think of to do wj th the sit­
uation as it is. Also, communicat ion problems are common: PCVs 
speak poor French but communicate mostly in local .l anguages. The 
Technical Assi stants are usually out of their nat ive reg ion al so and 
must learn the local language. The PCVs view the farmers as thei r real 
counterpart. When PC closes down a post. they hope to have a com­
millee of fa rmers formed who can help others to get started and pass 
on in formation. The fa.imers even send in repons on product.i on. 

BURUNDI'S EXTENSION SERVICE 
A. KJ YUKU 

There are two main constraints to thi s system. F.irst is the 
l..ick of trai ned personnel. Pro vi ncial agronomes say they do not have 
enough time to spend on fish cul ture and they are not trained. 
Therefore there is a lack of counterpan personnel for the PCV 's. The 
fi sh culture program started after a large-scale reforestati on program 
was begun . 

Also, there i. a hiring freeze at aU gove rnmen t agencies 
except for health and educat ion, so no nev., ex tension personnel can 
be hired . We are therefore forced LO u:y to use the people currently on 
hand. even though they work under a different ministry and are not 
evaluated on their effons to he lp fi sh culture. We do not think the 
Peace Corps can make a long-term contribution unless they leave 
behind trained counterpans. 

Discussion 
Rwanda is bes t organi zed in terms of govern mental nss is­

tance. There are several donor agencies \Vho help out , but the major­
ity of the perso nnel working in fi sh culture has been pa.id (reli ably) 
by the government. Fish cu lt.ure ex tension in Zaire has developed in 
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National Di rector of PNPF 

Regional Coord inator 
(5 regions) of PNPF 

Technical Assistants (7) 

"Animateurs" ( 12) 

Peace Corps 
Volunteer Leader 

(PCVL) (5) 

Fish fa rming agents 
(PCVs) (40) 

I 
I Mobile team (8)11------1•► .--Fa_r_m_e_r_s_,, Zaire 

a way to be autonomous of the government. 
Burundi is somewhere in-between. The DEPP wo uld like to 

have a prog ram like Rwanda·s. but there are no fund s ava ilable. Even 
donor agencies will not pay extens ionists unles. the government agrees 
to hi re them on. The partnershi p of the Mininstry of Agricu lture and 
their rural development programs that cover fi sh culture and the 
Ministry of the Envi ronment is an uncomfonab.le one. The only reason 
fi sh culture has developed so far is due to the Peace Corps vol unteers. 

In terms of government organization :rnd in tervention, the 
countJi es are ranked in thi s order: Rwanda>Burundi>Zaire. However, 
the quality of fis h cu lture that is practiced (management. etc .) goes in 
the reverse di rection. 

Q: Can we propose a shon.- term strategy to get people trained? 
Comment: It is impossible lo train everyone well. Espec iall y in pond 

Dept. of Water, Fisheries and 

Fish Culture (DEPP) Dept. of Forests 

Fish Culture Service 
(3 advisors) Regional Inspectors 

PC Volunteers ( 18) Provincial Agronomes ( 15) 

Burundi 

Communal Agronome (44) 
(evaluated by Fo restry Dept. ) 
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constmcti n. We need t have some very well-trained people in this. 
ft is a bit easier to train many people wel l in pond managcment. 

Q: Can we thi nk of sh n.-tenn deve lopment differently from long­
tenn development. Perhaps propose an intensive projec t t train peo­
ple and farmers, after which the extension program is organized to 
give le instruction but just a sma ll amoun t off II w-up·. 
Comment: Tn Burundi. if a per ·on i trained and then leaves the ·er­
vice. they take their knowledge with them. 
Comment: There can aLo be a prob lem in tennjnating po ition ·. 
People think that to have a government job mean. it is for life. 
Comment: In Rwanda, I th.ink we will have to come to that. The 
farmer · are ge uing to !mow as much or m re than the exten~ion agen t 
n w. especially where the extension agent has been good enough to 
transfer everything they know about fi sh culture to the farme rs. The 
farmers 110 \ kn \ how 10 seek out information n their own. But it 
seems un fa ir to lay off an cxtensi n agent becau ·c they have done 
such a good job, and it i. not possible to transfer them uL of thei r 
h me commune t tart in a new area; they wou ld not be a ·cepted by 
the fam1ers if they are from a different commune. 
Comment: Rwanda ha. decided on a long-tenn training program 
funded by USAlD and ther projects. (Editor's note: These go ern­
ment agents use the ph.ra ·c "long-term' ' to refer lo hi gher educati n. 
MS and PhD.) 

omment.: Zaire does n t receive enough aid in thi s area. 
Comment: However. Rwanda i paying 90% or its exlen ion agent . . 
Other project · pay for their Lrruning. though. 
Comment: In Burundi. the Peace Corps program was interrupted in 
1987. and we u-cd the agronomcs. They still do some fi sh culture 
ex tension work. Pre ently. the vol umeer consider themselve. to be a 
I roject separate fr 111 the agronumcs. 

omment: The agronomes say that they do not have the time Lo work 
\ ith LI S. 

Comment: There i a lack of planning LO 0 e1 the working relation­
ships going. The gove rnment must include fish cu lture ex ten ion into 
an age nt". n:spon. ibilitie. if they are exp'-' Led LO cl 1his w rk. 
Comment: Fish culture in Burundi is n t so well deve loped as in 
Rwanda because the government authorities do not accord it u!Ticient 
importance. Wear in the proce f making them aware of fish cul­
ture . ,i\l so, people who are untrained in a domain arc very he i1 a11L to 
go out into the li., lcl am! demonstrate their lack of knowledge. 
Comment : We had such problems in Rwanda bcf re. 
Comment: In Bu ru ndi 's case, we ha e limited rneans and \ e 11111 ·1 

learn 10 live within them. 
Comment: Yes. but Lhen you should not ex pect the same: results as a 
coumry \ ith more means. 
Comment: What we shou ld stri v for i. rea 'hing as many farmers as 
th y do in R w,rnda and gelling the quaLity or production as is done in 
Zaire. 

RWANDA'S EXTENSION SERVICE 
P L I PA\ E 'lM /\ . r\ 

There ar eight zones , each supervised by an agro110111e. The 
field agen t is the 11 w 11ite11r piscicole. acting at the commune level. 
They travel by bic_ ·le and are supposed to: (1 ) make the popu lation 
aware of fi sh culture; (2) help in pond constructi on and renovation: (l ) 

veri fy if p nd · are ready LO be tocked: (4) write to the SP to reque ·1 
li nge rlings: (5 help in tocking and pond management ; and (6) help 
in harve: Ling and record keeping. 

,-\ll but a few extension agent. arc paid by the . linistr of 
Agricultu re. Two an.: paid by U1 R through Rwasave Station, and one 

Minagri, Division Peche, Pisciculture 

National Fish Culture Service, based at Kigembe 

Agronome (A-2) (8 posts; 2 filled) 

Farmers Rwanda 

is pnid by a development project. Al l of them repon to the SP in 
Kigembe. though. The rnoniteurs also send reports to the agro110111e. 
who consolidates them into a repon fo r the zone, which is ·ent to SP . 
But there are very few agmnomes and the ones we have are not very 
active. We rea ll y nly have two. so moniteur repori. are co llated mo. L­
ly at the SP . These agro11omes arc a maj r con tra int to our program. 
They are the A-2 leve l. wi th special training in fi sh cul ture from 
Bouake, lvory oast. They do not want L go in10 the fi eld and help 
the 111011 i1e11r. They are always looking around to be posted a a Project 
Manager somewhere. We woul d prefer the A-0 level. 

Discussion 
Q: I there no A- I leve l? 
A: Not yet. but there was a special training institute set up recently. 
The lack of activity of the A-2 mean that we have a problem super­
vising the 1110niteu.rs. Their supervision is left to us at the SPN but we 
are somewhat ou tside the normal ·tructurcs of the government and we 
ha,·c problems coorclinaLing , ith communal authorities and other pro­
jects. (Edi tor's note: A-:2 le vel is educa ted at a secondary school for 
agriculwre: A- I i funha trainin g: somewhat like a bachelor's le vel 
bu t not as broad in ontent. A-0 is some what between bachelor's and 
master's-level uni ve rsity trai ning.) 

omment : Another major cons1rai 11L is th<! lack of a policy n the LI. e 
or the ··111amis." 
Comment: Tn Rwnncla there are too many farmer · per acre. 
A: But they say the nrc happy. H we\'er. we do requ ire they have one 
acre pond area p r member. 
A: This rule is not fo ll owed and we cannot obligate people to fo ll ow 
i1 ; we can onl_ make the recommendation. 
Comment: BUL thi s is 1idicu lous - 50 people on eight acres. Why 
11 I have them constru<.:t more pond ? 
A: They always say they will bu t they can rarely get more land allo­
·med LO them be ause of local jealousies, etc:. We have po li cies ::rnd 
rec mmcndations but ther are sever land consLraints in Rwanda . We 
know that privately managed ponds produce more than group-man­
aged ponds, and tilaL in titLJlional p ncls arc the w rst. We do not pro­
mote the c nstruction of I ands which arc constructed by forced labor 
and managed by forced labor onl y 10 have the proceeds go to some 
government offi cia l or schoo l supervisor. However. this still happens. 

More di~ u ·sions folio\ ed, and a general consensus was 
reached 10 concentrate effons oo the farmers who :u·e most serious and 
who want to produ..:c larg quanti ties of fish. The e fam1er · would be 
the most upen to learning good p nd management techniques. This 
loc~ nol always wurk as envisaged. though because there will always 

be imitator fa rmer~ \ ho do not J111;rit the c ffons of a electi e exten­
sion ervicc and I ho dig h les in the grou nd and ca ll them fish ponds. 
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COUNTRY CONSTRAINTS AND RECOMMENDATIONS OF CONFERENCE PARTICIPANTS 

Constraints as Described by Representatives 
of Each Country 

Rwanda: ( I ) higher level personnel (A-0 and AI ) trained in fi sh 
culture and fisheries are assigned elsewhere: (2) supervision by prefectoral 
coordinators is lacking; (3) NGOs intervening in fish cull.lire are noi coor­
dinated and depend on other administrati ve structures; (4) lack of a land 
use and management strategy - cutTent policy inhibits development of 
fish culture: and (5) only in formal collaboration between extension and 
research services. no fo rma lized links. 

Burundi: (1) lack of trai ned personnel: (2) administrative structure 
unfavorable to fish culture (lish culture extension covered by General 
Direction of Waters and Forests and tJ1e personnel and funds required receive 
last priority) - specialists in fish culture assigned to a different ministry: 
and (3) government policy for re-structuring has stopped all rccruitmem in 
sectors judged to be non-priority (foh culture falls irno this category.) 

Zaire: {L) lack of administrati ve structure to manage lish culture 
extension: (2) insufficient or total lack of coll aboration between Peace 
Corps voluntcers. other fore ign technical assistants, and the fish culture 
agents; (3) few Zairian counterparts available to interact di rectly with fish 
farmers; (4) logistical problems in extension work given the long distances 
to travel: (5) l:tck of data (pond statistics); and (6) lack of tr:iining for 
Zairian personnel. (Zaire wa, represented at th.is conference only by Peace 
Corps volunteers, the Regional Coordinator having been called to 
Kinshasa.) 

Recommendations of Conference Participants 
( I) !'vlaintain a program in fish culture u·aining at all leveb. ind uding 

primary and secondary schools. 
(2) Encourage development of land use and land tenure pol icic~ for 

each COllntty. 
(J) Mainta in concetllrati on on 0. 11i/01irns. The nex t m.ost interesting 

species is Clarias gariepi1111s. 
(4) Base stocking rates on the management intensity. Use ~tocking 

rate of about one fish per square meter when ponds arc fertil ized we ll and 
fed some. Use two fish per three square meters if ponds are only fertilized 
or if the farmer just started. For fish production integrated with animal hus­
bandry, stock up to two or 2.5 fi sh per square meter. 

(5) Do not give free equipment such as wheelbarrows. It att racts less 
serious individuals. 

(6) Promote sel[-sufficiency of f,mners in fingerling production. This 
can cause problems for fingerling quality blll there is no guarantee that 
government stat ions have high quality [ingerlings either. Try to get some 
type of fingerling ceni!ication program going. 

(7) Pursue research on new species. 
(SJ Encourage the exchange of stocks of tish be tween the coumries. 
(9) Try to conduct more trials with farrners. with parallel trials at sta-

tions if possible. 
(I 0) Standardize collection of data and readily exchange data. 
(11) Try to get a sect.ion for fish cultun: in the Economic Community 

of the Great Lakes Countries, much like the fisheries section that is already 
there. This can he the organizing vehicle for fut ure conferences. 

CONFERENCE PARTICIPANTS 
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Development, Touri sm and Environment: B.P. 631. B ujumbura. 
Burundi. 
Cornett, Todd: U.S. Peace Corps Volunteer. Burundi: B.P. I 720. 
Bjumbura, Burundi. 
Deutsch, William: Associate to JCAAE. on Consultation ro the 
National Fishculture Service of Rwanda; International Center for 
Aquaculture :ind Aquat ic Environments, Auburn Univers ity. AL. 
36849. USA. 
Donelan, Kate: U.S. Peace Corps Volunieer, Burundi; B.P. 17:20, 
Bjumbura. Burundi. 
Garretson, Sean: U.S. Pea<.:e Coqis Volunteer, Burundi: B.P. I 720, 
Bjumbura. Burundi. 
Gasarabwe, Ernest: Professor in the Dept. Of Animal Sciences. 
Faculty of Agronomy. UNR; B.P. J 17. Butare. Rwanda. 
Gatcra, Anaclct: Ass istalll Researcher, Pond 
Dynamics/Aquaculture CRSP, Rwasavc Fishculture Station; B.P. 
1 17, Butare, Rwanda. 
Henderson, Carrie: Peace Corps Volunteer Leader and Advisor to 
the National Family Fishculture Project: B.P. 63 1. Bujumbura, 
Burundi. 
Karakura, Charles: National Counterpart to the Rural Fishculture 
Assistance Project. UNDP/FAO/BDI 89/019; B.P. 631. Bujum bura. 
Burundi. 
Karamaga, Charles: Researcher at the National Fishculture 
Service: B.P. 132, Butare, Rwanda. 
Kasongo, Ngoy: Chief Laboratory Technician, Rwasave 
Fishculture Station. UNR: B.P. ll 7. Butare. Rwanda. 
Kiyuku, Antoine: Director. Depart ment of Water, Fisheries and 
Fishculture; B.P. 631, Bujumbura, Burundi . 
Lund, Joanne: U.S. Peace Corps Volunteer. Burund i; B.P. 1720. 
Bjumbura. Burundi. 
Marquet, Jean-Pierre: Technical Assistance Leader. to the Rural 
Fishcultllre Assistance Project. UNDP/FAO/BDI 890 19; B.P. 1250. 
FAO, Buj umbura. Burundi. 
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Marx, George: Professor of Anirnal Sciences. 0 11 Consul tat ion at 
the UNR; UnivcrsiLy of Minnesota, Crookston. MN 56 I J 6. USA. 
Mpawcnimana, Paul: Assi,rant Director of National Fishculture 
Service: B.P. J32, Butare, Rwanda. 
Mukas ikubwabo, Vcnantie: Researcher at National University of 
Rwanda: B.P. 117, Butare. Rwanda. 
Munyandege, .lean-Baptiste: Fishculture Extension Agenl Based 
at Rwasave Fishculture Station: B.P. JI 7. Butarc. Rwanda. 
Murangira, Janvier: Student Tra inee in Animal Science&, at the 
Rwasave Fish Culture St:llion; B.P. 117, Butare, Rwanda. 
Ndikurnwami, Remy: Student in Animal Sciences Dept.. Facul ty 
of Agronomy: B. P. 117, Butare. Rwanda. 
Niyitegeka, Domitille: Professor at the Agrn-,·cterinary School of 
Kabutare; B.P. 119, Butare, Rwanda. 
Ntakimanzi, Gaspard: Director of Research in Aquaculture. 
University of Burundi: B.P. 2700 Bjumbura. Burundi. 
Parker, Amy: U.S. Peace Corp, Volunteer. Zaire: B. P. I 720, 
Bujumbura, c/o ISP Bukavu. 
Rubayiza. Aloys: Student in Biology at the UNR; B.P. I 17. 
Butare, Rwanda. 
Rurangwa, Eugene: Researcher at National Universi ty of 
Rwanda: B.P. L17. Butare, Rwanda. 
Rutikanga, Pascal: Student Trainee in Agronomy. at the Rwa;ave 
f ish Culture St.at.ion: B.P. 117. Butare, Rwanda. 
Rwandarushya, Rahah: Student at Lhc Higher lnstitllt.e for 
Agricu lture and Ani111al Husbandry: B.P. 210, Ruhengeri, Rwanda. 
Uhlir, Mary Todd: U.S. Peace Corps Volunteer, Burumli: B.P. 
l 720. Bjurnbura, Burundi. 
Uwayezu, Laurence: Fishcu lt.ure Extension Agent, Cygand 
Project, Nyan11ovu; B. P. 16, Ruhengeri. Rwanda. 
Van Vleet. James: U.S. Peace Corps Volunteer. Rwanda; B.P. 132, 
Butare, Rwanda. 
Vcverica, Karen: Reseilrcher. Pond Dynamics/Aquaculture CRSP. 
Rwasave Fishculturc Station; B.P. 117. Butare. Rwanda. 
Young. Michelle Lynn: U.S. Peace Corps Vo lunteer. Zaire; B.P. 
I 720, Bujumbura. c/o ISP Bukavu. Zaire. 




