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FINAL REPORT
 

FRESHWATER AQUACULTURE DEVELOPMENT IN COLOMBIA
 

February 1977 to June 1980
 

Ronald P. Phelps and Thomas J. Popma
 

I. HISTORY AND PROJECT OBJECTIVES
 

The International Center for Aquaculture of Auburn University was contracted
 

to provide technical assistance for aquacultural development to INDERENA (Insti­

tuto Nacional de los Recursos Naturales Renovables v d, Ambientet) through USAID 

Loan No. AIP-DLC/P-206. This loan supported a mtultifaceted program for the 

development of aquaculture and artisanal fisheries. It provided funds to assist 

in the development of research facilities, to train professional staff of those
 

facilities and to provide tochnical assistance. Allbul-n ii1l vers itv Cthrouth its 

two resident avisor!s and its on-campus academic provwran w.as involved in each of 

tl'ec, • a.rectF.
 

as other Latin Arnerican co'mtritos, doer, rt have a tradition in 

aquaculture, but there is much interest in its development throughout the coun­

try. The Government of Colombia recognized the valu,, of aquaculture and aqua­

culture is a high priority item in the National Food and N'utritional Plan of 

l975.
 

The t'SAID loan was implemented to assist INDERENA in upgrading its fishery 

research capabilitivs with the objective of dew loping economically and technii­

cally sound aqpinctilturo, systems sui table primarilv, bit not oxc ItsiwvtY, for 

st. all farmer isr . 

Colombia it a comitrv of mount aills 111d 'allvg,. Th, ,aidalena Riiv'r is the 

principle riv,,r in the country, originating in th,, mInont ain fotht illk at an 4,e,­

vatin of ,ver 3000 m a'love sea level and runs i 1601) km tcour e to tht, Caribban 



Sea 	 During th is projec t two new aquaL't ILure st a Li 0ns were uiI t to take int o 

account this climatic diversity. The Alto Magdalena Station in Cigante, Hluiia, 

is located near the headwaters of the Magdalena River. Tile moderate climate of 

the Gigante region is representative of the mountain foothills and tile upper
 

valleys of Colombia. 
 The Repelon Station is in tile lower Magdalena River flood­

plain, in a hot climate similar to most 
of the North Coast and the main Magda­

lena 	valley. The results from these two stations could have application to most 

areas 	of Colombia where warm water aquaculture is feasible.
 

Auburn University has been involved in Colombia aquaculture directly or in­

directly for several years. It trained 
its first Colombian student, Mr. Alonso
 

Ramos 	A., in 1968 and tile first in-country visit by a faculty member was in 1970
 

by Dr. It.S. Swingle. Between that time and tile beginning of this project six 

short-term trips were made 
to provide technical assistance. Assistance was Ziven 

in the site selection for tile proposed Repelon and Gigante research stati ons. 

Preliminary designs of the Repelon station were prepared and on-going construc­

tion was reviewed. The capture fishery in the M;1aanqLt, area wa.s brie flv surveyed 

s t.:t i s 	w''ere xi Ven for a fisherv nnaenen pro ram. A prTposd shrip 

... r............ . . .
 . . . e*. t i s ,r o Iso p..s,, fi'.,r re .lrch 

tri:'.c, '.A. ,c-:i?,.et as they relate to aquactiltural developrent . short­1h0se 

tern 	 trips helped to prepare the way for the projct as doscribed in this report. 

Thze ?,on,-term technical resident iisistance began in February of l177 and 

o n !t:,!ed in .1une 10e. in-country j 4 RonalId 1'. ! p , The 	 I.'iso ',re Or. 

fo. , a, : s i dent ad.v isor 4,0r the Repe,1,1 ,hplUl I lr, pro ict : 1lhom-i. 

J. 	 Popma, regid,,nt advisor for the Alto Magdalena projct, and R~ichard C. 

%cullv.r,,jidoh t advisor tor th, 1 Orint1io' l,.4 fld ,lori,,? 'jilo pr,, .ct 

lhis rport will confin,, itsotf to ampeet 4 rolut,'l toIqtailt'lll l'',.vl,,a­

nent, ,in- th,. ,,Iod
fhris4 hiolugy project iq liscu in a -4,-pir;at, report. 

http:c-:i?,.et


I I. GENERAL ASPECTS
 

A. Consultants
 

Provisions for short-term consultants were included in the project to per­

mit evaluation and additional expertise ill specific subject areas. ofA total 

157 days of short-term cor.sultant time were provided during the course of 
the
 

project.
 

The Director, Dr. E. W. Shell, or the Assistant Director, Dr. 
Donovan 1).
 

Moss, of the International Center for Aquaculture at 
Auburn Univers ity, were
 

in-country on three occasions to evaluate project progress and 
to discuss both 

administrative and technical aspects with USAID and Colombian government
 

officials.
 

Early in the project Auburn University macroeconomkit Dr. Donald Street 

was in-country to evaluate the possible implications of au1culture in the 

nationil economy. Dr. E. W. McCoy arrived during the final year of the project 

to make recor-endations on the appropriate experimental design to ,kflk att, 

specific manatement methods. 

During a 2-week visit, Dr. John Ramer' provided spec ial expertise in fish 

taxonomy and in the local ornamental fish trade. 

Dr. Leonard 1. l.ovshin was in-countrv courti-V of ,'AII raIi , and heild 

several short seoninars with Co lombian et ficial Ilnd I iol .'ilits colcl,,niv, the 

stituF 0,f ac--ac,,tur, i rari I and tht.v t. si l , implicat in.s in C'o I .o'i 

Fish.orv "Iiol', i t Dr-. Villian Va', , -n,! ','ill i In Sh i,t,,- .w. . ! i:­

for th'e ftsherv 'iol y pr ict in thle L anos reg ln ( des,-ribd in spi,rat, 

pub icIt ion.) Pr. Shelten li' 1i partic ipated in I-w,,,,,k " iar i, r.' .rv.i r 

pit\. r,.s i'le!, . a1f 1' 1,11-th,,ir , ,u t lr , lHic' ' ~ ,. ,":h,'l l,,u ,111 



Ramsey were provided courtesy of the U.S. Fish and Wildlife Service, Department 

of tile Interior with only travel expenses being charged to tile project. 

The instructors who participated in tile series of short courses offered 

in-country by Auburn University (described in greater detail in tile training 

section of this report) also made valuable contributions as consultants in the 

the areas of their expertise. 

B. Construction
 

One of tile significant results during the life of the project has been the 

congtruction of two excellent fishcul ture stations, one in Repolon, Department 

of Atlantico, and the other in Gigante, Department of luila. These two stations 

are equipped to provide the leadership in aquacultural development in Colombia 

for many%years to come. 

Auburn University was involved in the site selections and preliminary 

desions of the stations before the start of the present project. E.ach locat ion 

had sionif ican: limitations but also recomendable aspects. At Repel,en there is 

a favorable topographv, soil textur.e ant wate r supply, but its isolation is a 

hardship for its profess ional staff. In the ;oil toxt ur, has h.,,ni;igante isandv 

a -aI .r colt- ra int, butt the available water s.upply an.] fivora livin mi­1o ',, 

ri;:0 4'- Ia f:f wore po it ive factrs I'*1e tochni Cal a,vis rS wor ',,,,-1 lo v 

wit!, a o .t n': i.,, r ir , Co--p.1nv ( G',,:. id Cali ia,, on t hi f i nil ,I ens, of t ,. 

Gigante ;tat ion. Lat,,r te advisor. participati'd in th, o'er)fin,' , conntruc­

tion at both Rites, 

I. p on I 

in the r,artm,.nt of At lant ico on the north , otit ,ohiti, l ttit i 

ltn 1u1 'Id in .ii i t,!t. di t lit of , 11 V ' !r , 1 tI t v , itN ,\ t'11,
 

*Iie ~a, vltt, the ,,n Ir,ttr , into irrir.'t t'ol.l th' I l,.l eo its 'li.1,,, .1 

http:artm,.nt


fertile 16,000-ha lake. Water enters from the irrigation canal into a 6,300-m 2
 

reservoir by gravity, from which it continues 
to other parts of the station
 

also by gravity.
 

There is a total water surface area of 9.5 ha divided into 73 earthen ponds: 

one reservoir, three 2500-4 2 ponds, six 800-m2 ponds, five irregularly shaped 

ponds 400 to 1400-m 2 , twenty-six 200 m2 ponds, twenty 1000-m 2 ponds, nine 

3000-m 2 ponds and four 5000-m2 ponds. All ponds have an average depth of 

1-m. 

There was a total of 2,400-m 2 in buildings constructed divided between 

laboratories, offices, a shop and storago building, a fish hatchery building, a 

fish handling building, and living quarters. The main building consists of ele­

ven offices, six laboratories, a library, conference room, cafeteria, kitchen
 

and a living quarters wing containing eielht individual rooms along with a dor-

Mitory for 30 people. Tihe shop and storage building contains Mechanic's and 

carpenttr's workshops, a feed storage and preparation room, a lartmoso, and a 

small lab ratorv. The fish handlinp houst, has eoi hten concrote hol,li,: I ak . 

a *.et st'raio ara, an:i a c.all la!oratorv. Th,, fish hatcher. hmildini, contains­

aquaria, metal troughs and related facilities. In addition, there are, th resi­

dence for the station director, an auxiliary residence, an em,'rgencv electrical 

plant, and a water treatment plant. 

COntroct ion began at Repelon with the support of a 'SAII) Aricltllral 

Sector Peve lop,-.nt L?,-an which provided funds for .' n t hitI onrthI ponds were 

cor '! to3 in P , A,.!.it io.a1 pond .1'it .orvi ',. Il , ll w"?;4, c ru" ion in 

Septnber 1077 ,a a part of the Fisheri,, i Pvelopment lo.n * and Wa'g corip lotId 

in fiul 1Q78. A t ird llind i, of comstrtct ionm , which iicltile l:,,'ratori,. 1111,1 

o f' ic !,.' "0 "')~ll1!1o.1'. ,, l.' 'i'n will i ,i i: . 

http:lop,-.nt


2. Alto Magdalena
 

The Alto Magdalena station is 
 located at an altitude of 1000 m above sea
 

level in the south of Colombia, 4-km north 
 of the small town o Cigante in the 

Department of Huila where the water temperature averages 24 to 25°C.
 

There is a 40-50 I/min water 
 supply available to the station from an open 

diversion canal that takes the water from a stream i-kr, away. The 25-ha station 

consists of 51 
ponds with a total water surface area of 3.4 ha as well as 
a lab­

oratory-office-building, a fish handling house ant a workshop-storage builiin ,. 

The ponds consist of: a 4000-m 2 and a 8000-m 2 reservoir pond having combined
 

3
capacity of 15,000-m ; twenty-one 200-m 2 ponds; eighteen 500 m2 ponds; and
 

2
ten 1000 m ponds. In the laboratory-office building 
there are two laboratories, 

four offices, a library, a classroom, a cafeteria and a kitchen. Ti:, fish hand­

ling house contains eighteen concrete tanks, 24 aquaria, a small laboratory and 

a work area. The workshop-storage building consists of a mochanic 's an] carptn­

ter's shop, warehouse, feed preparation and stora rmo and a small labhoratorv. 

Pond construction began at the Alto Magdalena Station in April 1978 and was 

completed in March 1980. The laboratory construction began in May 978 and was 

completed in August 1979, 

Construct ,ion,hola'.vs were costlv both finaci allv and in th, tOch1,ica I 

re ,1t that c ',d 'e 'r,,,uc,,d by th. t ions. "his p riltil. lvv t ine lr 

able only in the last 7 months of the prjct. At Rtp.*I n thorshre will hv., b.n 
an approximat,, 2'. cost overrun from the ori .in.l contract . Th, i4,.p.*Ion f:w il­

iti,,4. wh.,n crpIete , will repr,'e .'nt an invt* t ,.nt , wr 'Is. (,Ol.W0( 1W H ,, 

or .1pr i'- I",7 do I I At the A 1.t t 

hilve b'e'n a cost overrlutl of approxirmait elv 4"". fiMft ilt*O: ig ll. cli1t1.1'I I.ho 

It 

14 
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Alto Magdalena station will represent -in investment of over 31,000,000 p01os or 

approximately $775,000. 

These cost overruns coupled with inflation made it necessary to postpone 

the construction of two fishery biology stations scheduled as a part of th 

Fisheries Development Loan. 

C. Equipment 

The USAID Fisheries Loan included approxim.tely $500,000 US for equipment 

purchases. At the onset of tie project Auburn University identified th,, variou. 

types of equipment needed for the aquaculture facilities and fishery biology 

programs, Later the University was requested to purchase and deliver eqtipinent 

costing approximately $360,000 US. 

A wide range of equipment was purchased includeding tiuch field equipment 

as vehicles, small tractors, boats, motors, nets, etc. Equ iprnent for the hatch­

er" buildinvi included various chemicals, aeration equipr-,nt :nid ),ent'ral hatch­

ery equipment. 

7he workshops are very wo11 equipped for rmt tipe s of consitrtiction ,lld 

repair 'work. This will enble the sttioni to h1'ip reduce their riiintnanct 

4ri1 It'kiep cM s sinc, m t of the work ,,icnb,*1,w at tl.* stationi . 'lDito',ip­

rent for :wtiw, prk ,hopsitnclu!,t 'le , , , irill pr,s t , ',. ii , , iw ,.nr, ,, 

well 4 a variety of 11-'ll tools, 

4 etii Rep, 1on - ti to.4ed itqlit pt,lit Liatand : -,ant. ro . , -,, 'i th .' ll,. ir 

willi . v :i etv q quilt , l ll I "etitI, .07 .1 ilt, pVI'A ilt , lof 

7T I.i .r~a or '1 a' it 111 IpI'ad t,I ' Irnl I ft te 41 - t . t ' , 

t i'',0! l t'i 'ri t'i. a Ct loWh , 104Wv 'ft, -IA1 ,--n l l it . tlt! 00u I 

to **-t ~ i a r I 1o0 N ~,It l-x W tI t1i' it I 1 1 



D. 	Training 

Recognizing the value and long-term benefits of training, this component 

of the project was given high priority, and constit ttos a signiftcant portion 

of total expenditures of the loan ($412,000 [IS). Training was divided into 

three general categories: 1) graduate degree training, 2) Out-of-country non­

degree training, and 3) in-country training. 

1. Graduate degree trainin 

During the course of the loan, fifteen Colombian biologists were given 

scholarships to study for a 'Master of Science degree at Auburn University, Pro­

spective students were encouraged to enroll in various learning institut ions 

other than Auburn University. However, time limitations, stricter language 

requirements, and higher costs were prohibitive in the ca sc s where trans fer or 

direct enrollment was desired. 

four of the fifteen students concentrated their offorts in the field of 

fishery biology and management; and one of these four is g ivin, secial at ten­

tion 	 to taxonony. The remaining eleven studnts have fo used on aquacliltre, 

Although the acaderic traininj! was organized to , ivv, the participants ,I wll­

r.:nde~i training in ",'ner'l (Iu.ciulture,,each std'ont recei7v,I s1pc ial tra i int 

and practical texperionce in specific subject art0.ts, as followgs: 

re rodtict ion atuid tbeox r.nipt at ion ( -'tlidtnt . 

f10-h nt,'rition (2 stuldents) 

wattir 	 'pual ityv aniuv..'et (2st idet0 

ho;|c 11st' of thIte 1 .l',,it t rIplti i givell to d.gri.- t a3 ini i , hi t wi, new r,*si ,rh 

tf Tr 	 r r_ '!, ; , ! , l l ,! ., l t l ,' , ! t ,, tr - li tt l t fi ; lt , 



are involved at the tadministrative and organizational level of the tColombia 

aquaculture program. 

The present number of MS degree trained personnel is considered adequate, 

based on the present and expected level of funding, but it is suggested that a 

program of advanced-degree training be continued at a level consistent with a 

normal attrition rate to private enterprise and other agencies. 

2. In-country training 

Because of the interest in aquaculture and the number of universitv-trained 

biologists 	actively working in-country, a series of five 1-week short-courses
 

was offered hy Auburn University during 1979. Nine general subjects were empha­

sized, according t6 the following outline: 

Course 1 	 General principles of aquaculture (Drs. Gary Jensen and
 
Richard Pretto).
 

Course 2 	 Fish reproduction and hatchery management (Drs. Leonard
 
Lovshin and Gary Jensen).
 

Course 3 	 Water quality and fish nutrition (Drs. Luther Tucker and
 
l.eonard Lovshin).
 

Course *, 	Aquacultural economics an3 extension ro'thodi (Or. John
 
Jensen and Ms. Carol Engle).
 

Course 5 	 Fish diseases and pond cons truction (Drs. Peter 'raylor
 
and Cary Jensen).
 

tr..zt'r. 'ere, chosen o.ai~e l 

in t,',, vb;J,.ct ar,,as, a- ectndlv because .,f their ability to coi-,eruaic.tte in 

Spaniolh or ,u e . A:'A detai led study uitlin,' .1,1 i1 1-1.1.111,l 4e ,1 h hti. io't 

ar,,a wal preparel in Spanish and provided to I.,1h Ptidellt. Altto, aI .1futiire 

TheO i 	 first ,f their trainin*g an, ri,+c,­

t,'achinp aid, reprints of all photographic P'. itdt u,,d In the cour sw,were lI tt 

with the pre ,ect coordinator ,IA at th,, -erarcth stittior in te'l,, '' ,nd Ci ,.,,t 

All hort-couris , wor, 3tteild,- hy ,ipproYir. ely 0 hiolog i I111II1 NA% )I Itn 4 ,Ao 

ot Iti Cert if icati iother i t iont, , 	 were aw rdid t I t h,,e copI, tliw t h, ter i,,i, 

lie ir't thIree0 t t It n .er,' t fI,,r, . Oti 11.pe Ioilt , .m tlt. f 1ial t W I it.iI. t e 

http:vb;J,.ct


In-country training in tle field of fishery biology and reservoir manage­

ment was offered by Dr. William Shelton, Auburn University, who participated in 

a 1-week short-course during a visit as special consultant in fishery biology 

and sex manipulation of fish.
 

The Auburn advisor at Gigante participated in three short-courses. The 

first was a 10-day program on the practical aspects of warm-water aquaculture. 

This course was attended by 15 Colombian biologists actively working in aqua­

cultural projects. Another similar course was offered to personnel employed in 

aquaculture projects at the technician level. A thir short-course (7 days) was 

offered to 15 third-year students of the Universitv of Choco. The technical 

staff at Gigante was involved in weekly lectures to high school students at two 

local agricultural schools where ponds were available for practical as well as 

theoretical training in the general prirciples of rural aquaculture. Unfortu­

nately, additional responsibilities at the newly constructed research station 

and the lack of adequate transportation necessitated the tsuporary .spension of 

this program,
 

4. The third Nation:tl Aquacu ture Sympos itm held in Cali in 1974 wai.; pa:tiallv 

financed by the Fisheries Developrent Loan. At this sypo iuni approxi nat, lv 200 

biolozists had the opportunity to update their inforrnation on the presett state 

of knowledge of Colonbian aquaculture.
 

5. The newly trained Colombian biologists have organizotd and beg tiparticipa­

tion ion two separa series of short-coi4rte-. O.' st.'i os of four Ni* fiv, -woo 

Cc u I.s" si -e' .f ,I '.e, to and fi nk. , th r'.11,,on OI ,1..t .i.1tion I'n.lo 

Piscicol.a del Tol ira, and another aqualcult-tre short-oturge will bo dir,,ctvt.d to 

eWt.tnsion s .aent techici.In.s 1i,,_ ,'_ .luven i!_e', i11or'd .'Mpl.Y'.'I by !,.. 

I0
 



The facilities at the new research stations and the level of training of 

its 	staff will permit high quality in-country training at the professional,
 

technical and pond-owner level long after this project is terminated. 

3. 	Out-of-country non-degree training
 

This category included all non-degree training in countries other than
 

Colombia. This generally consisted of practical short-courses or experience in
 

the US or Latin American countries. The following programs were financed under
 

the loan.
 

1. 	Three INDERENA officials were sent to Mexico to participate in the
 

Second Symposium on Latin American Aquaculture.
 

2. 	One INDERENA biologist spent 1-month receiving information and practi­

cal -xperience at several Brazilian aquaculture stations. 

3. 	The aquacult,!re program in Argentina was reviewed by one INDERENA
 

biologist during a 1-week trip. 

S. 	 Four 'iolozists spent 1-week in Panam'a reviewing that countrv's propsram 

of sma11 scale commercial aquaculture and the integraLion of small-farm 

aquaculture among the indigenous communities. 

5. 	 One 1NDERENA engineer spent 4 weeks oserving smill- and largo-scale 

ponlc and reservoir construction torhni quoti in the t'S and Panama. 

I. 	Four Colomniall officials wor, i,'volve,! in a 2-week tour of I'S aitiacul­

t le Akt ivit ios inclkudin, re.search fie1 it i,'s, ee:w rcial tOMM0lfish 

operations, and organizations involved in the ornam.ntal fish industry. 

In 	suimmary, the omponent considered ono the im);ttraining co, iq aq of POsi­

tie, 1 won,l in th, proiect. It has roatlv un ific.d 11, frt ifi. I.it,' t ,, I 

dove lopont in Colomh i. 
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III. TECHNICAL ASPECTS 

The fol'lowing summaries of the technical activities carried out at the 

Repelon and Gigante aquaculture stations are intended only to highlight tile 

principal technical conclusions arrived at during the course of the project. 

A. Technical Summary - Repelon
 

The technical emphasis of the Repelon program was the evaluation of fish 

species native to Colombia for their potential in aquaculture and the develop­

ment of culture systems for the more promising species. 

This process began with a screening or preliminary evaluation study to 

select the more promising species, followed by other studies to evaluate such 

factors as optimum stocling densities, fertilizer and feeding regimes, finger­

ling production methods, etc. The ultimate goal was the development of a tech­

nicallv sound extension package. 

Several species were selected for study based on their commercial accepta­

bility, morphological characteristics suggesting a potential in aquaculture, and 

the availability of fingorlings. The species solicted for study were bocachico 

. ret iculat'.:s, barbul Pi,-.elod!u clarias and P. £rosskopfii, moiarra 

. - .'iT.":t'a :.':.- -. irra r,c.a ,,.',,hi,' ',ri :,ra, ,{,riia iBrvc~n 

. .. ,_ 
 .. .. s -. a a .1:ae, isa .nMucil in ilis and .. bra;:i leni s 

doncella A en,iousus caticanus, bagre pintado Pseudoplatystoma fasciatum, blan­

quillo Sorubim lima, sardina Curimata mivartii, cuatro ojos Let!orinus muvScorklm, 

a.'.. a. .roda.:,r- . alciiota Ctenolu ius hiiota, niencholo 1loplias rialabari cus ald 

pacora ?i.~icsion stirina-onsi s. 

In aidition to those specie. native to the Ma.2dalona iri l , Tilapia r.n­

d- IlI i , 1'. i I t i ca , ccha CO1 OSS :A a1"! ,I I v -.,a C21 OIa 1 . O 1 i', iti,,r. ;, ,,i t; I 

somi and tucunar, Cichla ocellaris wore also se'ectd toy sttdy. 
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I. Preliminary Evaluation Studies (Table 1)
 

Since very little was known regarding most of the native species' response 

to intensive aquaculture, an experiment was designed to measure that response. 

Each species was tested under three different levels of management: minimum 

(natural productivity), semi-intensive (the addition of organic fertilizer), and 

intensive (the addition of oyganic fertilizer and supplemental feed). 

A fish with potential for aquaculture should respond with a higher yield 

with each intensification in the level of management. The degree of response
 

would be an indication as to what management 
level might be optimum for the spe­

cies. The fish density was one per 
3-M 2 , and the duration of each experiment 

was 6-months. 

It was possible to study the following species in the preliminary evaluation 

experiment: bocachico Prochilodus reticulatus, barbul Pimelodus clarias, mojarra 

anarilla Petenia kraussi, mojarra negra Petenia umbrifera, arenca Triportheus
 

.aalrna, O rvcon lisa Yugil,
.ra& -oorei, T. rendalli and T. nilotica.
 

The greatest response to more intensive management was given by three cich­

lids: T. nilotica, mojarra amarilla in
and T. rendalli. The net production 


organically fertilized 
ponds (dry chicken litter at a rate of 2500-kg/ha/mm)
 

were as follows: T. nilotica, 948 kg/ha; mojarra amarilla, 616 kg/hja; 
and T. 

rendalli, 329 k/ha. The net productions in fertilized ponds receiving supple­

mental feed were as follows: T. nilotica, 1,192 kg/ha; mojarra amarilla, 683 

kg/ha, and T. rendalli, 372 kg/ha. The production levels indicated uncontrolled
 

reproduction in the ponds. 
The relatively low production of T. renda lli w:4 duo­

to th lesser . n:: of fingerlings. M','nontrol d rpr,, ,iiitiona;';,'e r ,tI t o .1 

severe' limitation on the growth of T. nilotica, and T. rndalli, ant to a l,,s,,r 

extent of mojarra .marilla. The.refore, various mttldios were later initi ated to 

control the reprodiuct ion of theme species. 

H'
 



Of the remaining species tested, the barbul and bocachico had the greater 

net productions under intensive management. The net production in fertilized
 

ponds was 214 kg/ha for barbul and 181-kg/ha for bocachico. In response to the
 

addition of feed, the net production of barbul was 266-kg/ha and hocachico 264­

kg/ha. 

Although the production of barbul was low, the fish demonstrated a near 

linear growth rate throughout the culture. This, combined with the robust physi­

cal condition of the individual fish suggested that an increase in stocking den­

sity might yield a higher production without greatly affecting the final size. 

Although the net production of barbul and bocachico were similar the barbul 

had the distinct advantage of reaching an acceptable market size while the boca­

chico did not.
 

These results and other available information suggest that bocachico is not
 

suitable as a primary species in intensive aquaculture but may be appropriate
 

for extensive culture or in polyculture when stocked at low densities.
 

Dorada did not give a high net production under the three conditions tested
 

but the addition of feed to a fertilized pond produced a 135% increase in pro­

K"i'. V was o..bserved to be a vigorous feeder and in the process caused part
 

:f t'V feed " c los., resultin: in a 'or feel conversion, This ,caosted 

:h: a .elete. feed ,icht iprrove the production and conversion efficiency, 

The low produntion of lisa and arenca was partly caused by high mortality. 

The hich mortality of lisa (77% overall) did have a positive effect by reducing 

the density to a point 'where adequato growth could occur . This was not true lor 

arenca since growth was slow in all levels of manage.ment although mtrtalitv 

reduced the final dens itv to one fish per 14.7 W- (8O% mortality), 

The mojarra ngra gave the poorest growth and product ion of inv sp,,,i es 

testetd. Itms r'owth rate in fe rtilized ponds W o ly 0,17 / yly;id whe', fe l 
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was added, 0.22 g/day. Net production in response to fertilizer was 60 kg/ha 

and to feeding was 60 kg/ha. 

The preliminary evaluation of the species tested provided the basic infor­

mation needed to orient subsequent investigation. Based on these results fur­

ther studies were conducted with mojarra amarilla, barbul and dorada. 

2. Studies with mojarra amarilla
 

In the preliminary evaluation of mojarra amarilla the net production was 

relatively high but consisted in large part of fingerlings produced by the ini­

tial stock. Tshat effect this reproduction had on the growth rate of the initial 

stock was not clear. Several studies were made including control of tle mojarra 

reproduction and determining the effect of the fingerlings on the production of 

adults.
 

Mojarra amarilla fry were fed imthvl testosterono at rates of 30 and 

60 mg/kg of feed for periods of up to 60 days to product all male poptilations, 

but there was no significant change in the sex ratio. 

Attempts were made to hybridize moJarra amarilla and moejarra negra in 

ponds but no reproduction was observed.
 

Male mojarra were hand sexed and cultured in fertilized ponds for 6 molth.. 

The net production was 119-kg/ha. This was similar to the production of only 

the adults of the mojarra amarilla in the pre'liminary evaluation (137- kg/ha) 

without the additional 469-kg/ha of fingerlings that were also produced. It 

appears that in a 6-tronth culture the presence of fini.orlings had little offect 

on the ,,vera 11 pr,,u i ,on of a!ults, 

3. dator-prey studi-r ,, with moi.rra amr.iilI 

liv using, a predator-prey combination for the culture of cichlils, it mav 

b. 1,'q~1i hle t0 dt'Veliop a 1',1*a*n,'od ,Y'.4 t 'm t h t wi 1I t .ivI t.h' tiv,' 'Vr .1 I011, 

t ire mtI o va . h,.rt. arc r a11 sit Iat ion.t in (Cl0:0) i a whorkt i a1 s t ctm wo'l Ii 



be the preferred fish culture technique since it eliminates tile need of contin­

uous restocking and permits application by partial harvesting. This will be 

especially important where ponds cannot be drained frequently or where finger­

ling distribution channels are not well established. It was with this in mind 

that 	various native species were studied as prey or predator species.
 

The first prey species studied was mojarra amarilla. Six predators 
were
 

studied individually as a control of mojarra reproduction: pacora, moncholo,
 

2
 

agujeta, mojarra negra and tucunare. The predator was stocked at I fish/15m


and the mojarra amarilla at 1/3m 2 . The fish were stocked at same time in
 

ponds fertilized with chicken litter at a rate equal to 2,500 kg/ha/mon and
 

harvested after 6 months.
 

No predator studied gave adequate control of mojarra amarilla reproduction
 

but the amount of reproduction was reduced where moncholo were present and to a 

lesser extent where at,jeta were the predator. Moncholo and agujta did ropro­

duce ir. the ponds during the experiment. 

Predator-prey studies are continuing in order to determine predators and
 

stocking densities for T. rendalli and T. nilotica. It appears to be necessarv
 

to find an alternative predator for tucunare due to its c ntinued poor survival 

at Reoelon. Th.ose nw be ing studied are moncholo, aguieta and mojarra negra. 

- .	 t .u: s t k i nz d,,ns itv for barbul 

!n the pr,?i.-inarv evaluation of barbul the resultL; indicated it might be 

p...ole to cu:lture thi,; fish at a hizher density without siznificantlv reducing 

the 	 final average weights. Barbul were cultured at four stocking densities: 

2 fish/m 2 , 1/m2, 1/2m 2 and 1/3m 2 . The fish were not frd, but the ponds w.r, 

fertilized woekly at a rate equivalent to 2,500 kg/ha/mon of chiclen litt,,r. 

After a (-mont h cult ure the greatest tot dI product ion was (,O -k g/ha at den­

sities of 1 fish/m2 , and the final average wei ght was W)-gr. At tli, dotisityh 


Ih 



fish production was more than doubled and the individual fish still reached a 

marketable size duiring the culture period.
 

It would appear therefore, that the optimum stocking density for harbul 

culture in organically manured ponds is I fish/m 2 . 

5. Culture of dorada using pelleted chicken feed
 

Dorada appears to be the 
most promising commercial species tested froma the
 

Magdalena system. It was cultured 
for 6 months at a density of 1 fish/m 2 using 

a pelleted chicken feed. Dorada accepted a pelleted feed very well and net pro­

duction was equivalent to 1,596-kg/ha in 195 days with a feed conversion of 3.2 

to 1. 

Although dorada shows potential, considerable effort must be given to the 

production of fingerlings and to the development of an optimum feed before com­

mercial production of this 
species is practical.
 

6. Extensive culture of lisa under natural conditions
 

Lisa fingerlings are 
 abundant along the Caribbean Coast in certain seasons 

of the year. Studies were made to establish what production might ho e xpvct d 

uhen lisa are cultured extensively . The fish wore tested at dens ities of 1 

fjsh-&n and 1/10-r 2 in unfertilized ponds for 6 months. 

The r s"Its were discouraging. At the initial density of 2I f sh/5 th,, 

final average weight was 10 3 -g, the , ,n't product ion wan onlIy 74-k e ,'l, and the 

final fish density 1/I1,-nO. This wa similar to that seen in the preliminarv 

evalu.tion where the final fish density was O'o-:) with .'voir.i. weigJht.s of 

0'-z and rut rro.':: n w.as ! tS-kc hi. An\ ext :c'elv 44n oi : .i 00 wn-4. 

enrountprvd in the pond with an initial densitv of I fi sIi/lon-. At thi,; 

r,,dutc'd final ,h'ons itv of I fi.mh/14l n2 
, the ,rowt h i t,, wt: giot,, lv inriv,, , 

rish attain,,, the final avta v',woiht ,: 201-. 
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It appears that poor survival and density r.lated factors aro extremely 

important in the extensive culture of lisa. Stocking rates of I fish/3-5-m2 

will be required to give final densities of approximately 1/10-m 2 and a fish 

of 100 g. Although such a method would produce a fish of 100 g, the total pro­

duction obtained would be very low (80-120-kg/ha in 6 months). Other types of 

extensive cultures should be emphasized. 

7. Reproduction studies 

One of the primary limitations in the technical program was the inadequate 

supply of fingerlings for the majority of the species being studied. 

The cichlid species spawned in the ponds. Pacora, moncholo and agujeta also 

spawned in the ponds. Characids such as bocachico, sardina, cuatro ojos, dorada 

and arenca matured in the ponds but did not spawn. Cuatro ojos were inducted to 

spawn using tlCG and carp pituitary. Eggs from dorada were al so obtained using 

the same rl,!thods. ,N;o catfish such as barbul, blanquillo or bag r, pintado matinr,,d 

in the ponds during the years of the project. 

A. .!enosex culture of tilapias 

One rethod to control cichlid reproduction is tho culture- of only .xC 

This was done with T. nilotica and T. rendalli separatin: the -,xs by hand. 

male T. nilotica and T. rendalli and feom'l, T. rendalli wr., stoc .ed at lfi h/;-

M2 and cultured for 6 months in ponds tertilit,,d with chickn littr it .i rat,, 

of 2.500 k/hi, on. 

Vho male T. nilotica gave the grato, t n,t IrOdoLtii' on of .21-k ./Iaa i,' ­

month and had an averag-e weight of 222-v. !h,, p ild with r19. 1 . r,.a IIli wa­

crutrv'i ia~tt d with' f,'nil,, r,,sultint: in r.pr lu,t l,, . r. I :'t t, ,,t , t. 

1. hin th,, pvotd with Il,. ,oIq rr- tl.1 t hit 11 tho p".11i! .' itlh , (' , 

kg/ha, 



9. Culture of cachama using a pelleted feed 

The greatest net production in any experiment was obtained with the cachama 

(4,112-kg/ha in 6 months). This species was introduced from tile Orinoco River 

system in September 1979. It was cultured at a density of I fish/m2 , and fed a 

commercially available pelleted chicken feed. After 6 months the average weight 

was 443-g and the fod conv !rsiqon was 1.45:1. 

This species shows great promise for intensive aquaculture especially after 

methods can be developed to produce an adequate fingerling supply and culture 

procedures are refined. 

10. Culture of palomet a us ing a pelleted feed 

This species is also native to tile Orinoco system and is reported to he 

herbivorous . Because of the limited number of fish available they were fed 1 

pelleted feed with the hopes of bringing them to a sextially mature sii:e rapidly. 

They accepted a pelleted feed well but tile growth was slow, r,'sulting in a 

net production of only 4SO-kg/ha in 6 months, They did show signs of bity,ablo, 

to deat rol .ilqtt I' wt'L'1s, 

A vari,,tv of tutj wort, condtictd during th., pro lct inc Iudi nieconomic oos 

Focio-,econc!ni review of th Irarea, far- st rvtevs, a mar'et moitoriI ,ttIdv. .1n I 

Sis Ih .Irketin st ',dies Mo st I f the re ion i 4 votd t cI tt tItne 1h1, . 

pr tc i ie ro' crpi at, cot ten, r ce an d 4 irg t , The .,f,r at,, I.ir . j,vri I lv',, 


.r 11'A 100 hli a,,0 h ,ivea l aver.ioe o f . pon 4 tit o"' I .11 o no ' v i i 

I t0. 11It *-A" 4 No . 'ho IlI ,Ic I t -I 

con on ,it S 



retail prices for mojarra amarilla were $38.60 pesos/'kg, barbul $47.60/kg, 

arenca $65.60/kg and lisa $26.00/kg. 

The fish markets in Barrtngitilla and Cartagena were ,mo:nitored over a year's 

period (Table 3). The most valuable freshwater fish were bocachico ($92.20 

pesos/kg wholesale and $118.77/kg retail) and bagre pintado ($61.42/kg whole­

sale and $119.17/kg retail). The least expensive fish was mo jarra amarill 

($17.87/kg wholesale and $35.30/kg retail). 

12. 0n-going studies 

Studies have begun at the Repelon station to evaltiat, 1) the nvironmnental 

effect of T. nilotica ,n various native species; 2) tilt, use Of various fe.,d 

stuffs as feed for monosex cultures of T. nilotica; 3) a prelimilnary evalination 

of sardina as a ci,lttire fish and the relative valutes of inorganic and organic 

fertilizers for T. nilotica prodtction. In ,dilition, studies witi native prdoda­

tors to control c ichlid reprodtiction ito contit in):. 

turing the project it was possible to evaluate, a numher of ntive spec i,,s 

under uniforr. conditionq and to select those spcies that lfltV'it add itionaj l ;tuI,1v 

Ad] itional work is netded before reconmeondations shotild be ,lsd in an extilsion 

progr am. 

The rxs rlcin' isi . .,t . nil,,t ic. .1in cacl .un.l. I. ,lilotic l l ,pil'o 

th 1-* .1 f v 1 ot ., . ' til x il"O t 'l 

'Ih r I t II '1' s l p~ **1 Ivr t opI I I1 1 S I* i nte et 0emr . rt~ 
/h,,ir ,tx .l l,.t r,*p's .., to t;,1&',"*'nt ,1 f,',',li , n, ~ P,-int flic,. t,, ItI tWE,! e;. 

,:. I i , . ',' t#I ' t -e ' I t" I !I I' i 'lt 1 , ' . , 1 Ifll oh|U .to 

he .r~'Ihi r;,,u i, 'IP it v f ~ 'i dIt 1i. '11 1 t ha YV!0tIl ill. 



The immediate objectives, therefore, centered around the herbivorouis i 'ihlid T. 

rendalIi as the primary culture spec ies 

Previous in-country studies had demonstrated that high product ion of T. 

rendalli can be obtained through supplementary feeding with fresh leaves of bore 

(Alocasia macrorhiza). The biological control of excessive T. renthi -i repro­

duction had also beon previously substantiated with a native cichlid ttucnnare. 

Although these basic points had boon established, factors that complicated 

the immediate wide-scale implementation of this system were: 1) the number of 

sites suitable for the growth of hore are limited due to the sandy soil txturo 

and the general aridnoss of the region; 2) informiat ion on tho labor and land 

requirements for bore leaf production was lacking; and 3) the scar.citv of fin­

gerlings of C. ncellaris necesitated the tevaluation of an alternative and more 

abundant predator speci s. 

Consci ous of tie importance of extend ing only t'clliCa31v ad ,c,11,'iC.41lv 

proven methods, the initial emphasis was on the prompt Foliition of th,+se prob­

lem;. During the first 2.5 v'ears of the proje,,t ,ll act ivit it's w 'e carried ,,tt 

t-,e proiclt to '"1'1op~i 1 v'., .1 i vo roat i~ o 'I'i , V1'~ '1 1u 

1It -.,, i~arra t:r. t, .i t1at Ive cichlIa~1 c,,'"'n th, tter "',!cI Vita.

oyat em, wall ehtoAen aa the tm1ost plau site tut it utt for thel t I i- for tlit,+ 

bi, i cal1 1f ntlr.U',0 eC i %, lap a . r 't , .v 11 1,,I c v111%, 


and in,ler-,+plitd ielirm ponl!, 

tI1b %et'ineIt lt-,iv',nt 1 t'j+,+..iAt tItnt! le .,i t it, +lt I­ep jj 't~it 

le t t o flitI - Vh ,,$N l l aiti t ii lit' ,I i I'. I*1 ', t i4it)mi t t e t, 1 l.I in t a. t. i 



densiit es of 3,300 mojarra negra/ha wore required to limit T. renda 1i reprodue 

tLion to acceptable levels and, even at this density, the biological control wag
 

not always consistent. Further investigation revealed that mojarra ngra in com­

binntion with tuctinare was a very effective control of tilapia reproduction. 

Ihis was possible when the combination of 357 tucunare and 1071 mojarra nogra/h­

was used.
 

In the cooler coffee growing region it was oas ir to control tilapia reproa 

duc tLion. At average amhient temperatures of 20-210C the reproductive pootential 

of T. rendalli was apparently depreasted to the extent that nmjarra negra alon,,­

at densities of 2,000 per ha, were effective in the control of tilapia 

reproduction. 

Although the ahove re'sual ts could n,t 1e cons jder,,d .. fin itiV,, it ',a ,1,­

tided that the intonr.ttion ,ccumil ted provided reaonible a-iianco tht polpu­

lation control of T. r,.ndalli was practical in pooln% throughmut the regiom. 

There fore, further ettorts were concentrated in other problo, ,ara'.m. 

, : t Lit te er t re oi T. t,-p..11l i plouct on
 

A r ignificant portion of the tarm rods w.i I ocat.'d in tho local cothl-t1 

growing. :,.ne, but mill prviouh litratur,, ,n the vl , of hor,' '.IV,' a4 , feed 

for I. renali 'as ba , o ts It i 1i.c,,,lL cI: d in the w'11i1-t11 Ltptat 11r 4, :Oio 0,t 

the coisnt rv (1 a 0-f 0N ie WOi IC .1,'p| Ii'll'rI f ',*,e l'Ow' I *d l i 1 I1'10 

1O-- i'Int I It r, , 11 the" k i t,, 0e Whq,'t 0,,.av.'r.,, .tmi ,. i ,1 t-t, 1'i,.'I.tur 

.r ,,tY ), r ,.';' . , , l ,res-'clt l ,,,,.., .t , . t.,, , , ,' , . * ,,~ ',,,,. >. ,,*v*,,,'
 

pieptro,|ict in 1 - lit/,t v wa, I O t.''II ol w ti ot hOI ta , ,,.o. 

OOnlU" IIed .itI w,i -.-"I t't . . liiit, a, i4'.l *r',A *, ! It r,.. , 

lIt, A.i p ,- :, , , l ! , , ' ' , t ' t t l l, l ' t , t '
 , l : l t , 1 1 I l ' , t d, 




Although maximum production potential was not determined, it was concluded that 

nce'eptable production levels were feasible in the cooler temperature zone. 

3. Production of bore.
 

Although it had been shown that high fish production cculd be obtained when 

bore leaves were used as supplemental feed, the experience of the first year 

showed that few farmers would produce the quantities of forrage needed. In many 

cases this was because of the very limited information available on the labor 

and lInd i'-,qirements to produce bore. Therefore, three separate studies under 

distintly different physical conditions were conducted to determine the affects 

of soil m..is ture, fertilizer regimes, shade intensitv, plant density and crop­

ping technique ca bore production. Although additional research is needed to 

optimize production methods, sufficient information was accumulated to confi­

dently advise prospectivt farmers on the expected land and labor requirements of 

the planting, maintenance and cropping of bore under a varietv of conditions, In 

general the tilapia-bore technological package is appropriate' at snbsist ence and 

rtal-scale c ':-.erwial levels,. Because it is labor inte'nsive, the promotion of 

this technii'le cou ld have so:io-economic benefit in more' iso lated rogioni u f­

fer ig from hilh uner'ployment, 

S eO.o,f W ,-.su .ntn ,:en enta l fe e ls , 

Altheh supplermental feeding of I . rendalli with bore le ave.4 was con ir, ,,d 

a technically advinable, the climate and soil conliti, were net favorabie for 

be production at the majority if the 0 sits, Thero.f'ore, a prliminarv 

evaluation of more traditional ,ee,,t and feed invr'diei i was co icted T. 

r,*l!'i at !nWion of 20,uO i hiha wer, fd oe of three OX; ,: 'm':it al t10,U 

(rice millingm, a comm'rcial chickei concentrat,' or a.m iat'iito of coit! a .so.dmo.il 

and, the chiej kn coicontrate) for 200 davm, 
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Growth was generally slow (0.30-0.35 g/dav) and feed conversions deterior­

ated after fish reached average weights of 65 g. Nevertheless, these final 

weights are acceptable. A total of 1,260 kg of fish/ha were obtained in 100 and 

150 days for chicken concentrate and rice millings diets, respectively. An
 

economic evaluation suggested that chicken concentrate and rice milling diets
 

would be marginally acceptable in small existing ponds at the subsistence level
 

since the total production costs (fingerlings, feed, equipment, and labor) were
 

competitive with the retail price of beef. On a commercial scale where a pond
 

was constructed specifically for fish culture, the production costs were greater
 

than the wholesale price of beef.
 

Although the above-mentioned results were not very encouraging, the malwage­

ment method could be adopted by the government as part of a short-term program 

to improve conditions 
for the rural poor. However, to assure an attractive 

economic return, a government subsidy in the form of larger fingerlings was con­

sidered appropriate. At the Gigante research station it was shown that adequate 

nu.bers (at least 300,000-350,000/ha/yr) of T. rendalli fingerlings could he 

produ:ed with supplementary feedinz with a commercial chicken concentrate, at a 

feed Cost of less than S0.50 pesos/20-g fingerling. 

5. Less intensive manacement svstems. 

The ,.i 'ritv of existing ponds in the region were constructed for cattle 

w:aterin; -r irriz.ation. Because there wa no tradition of fish cult ur,' a'onl the 

e, -n'y the r-st innovat owne's . willing to invest'iveI.and ',:re .4ca re; 

recur:e s in an inten:ive m.nazee.rent svstern. Therefore,, for mo.st roenl Oenrq, 

the development of less intvnsiwye Lchn iqtioe of aqinaculture was u,'es'trv 

1, st,,Ck,,d don.Aitv t,'lv OO '. : ,,,,I i/ii.iIn five on,14 It . , of ,ip' ii' ', 

and chemicil1y fertilized every I weks with 10-30-10 at a rate ,f .10 ! lt 

fish productio, wiA 246-kv/ha in 4 monthi. Sevente,.I p'rk,'t of tl, product ion 

-.4 
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consisted of uncontrolled reproduction (these ponds were simultaneously used to 

determine optimum predator densities). The slow growth rate of only 9.5-g/mo 

indicated the stocking density was near the maximum recommendable for this 

management practi e. At present the costs of this rather modest fertilization 

regime represents an investment of approximately $3,000 pesos for fertilizer for 

the production of 246-kg of fish. Stomach analyses indicated that T. rendalli 

did not feed directly on plankton resulting from fertilization. In another study 

more intensive fertilization (50-kg/ha/wk) increased T. rendalli production only 

33% therefore, it was decided that until further experimentation indicated the 

contrary it was adv,isable to suspend the use of chemical fertilization in ponds 

located in pastures or receiving runoff from fertilized crops.
 

Two studies indicated that dried chicken manure administered two or three 

times weekly at a total rate of 1,330-1,500 kg/ha/mon increased T. rendalli pro­

duction by 40 to 42"'. Although production was only 410 kg/ha in 160 days, or­

ganic fertilizers, where available, art, an alternative' for low intensitv cllture 

of this species. 

6. Studic with other spcies 

';ith tilt, exc,,ption of the linited nir'er Of Sit,'S :,'er, S, il c,,nd, ition .I 

land ise preferoncos of tho pond owner would permit adeqItalt, prodt tion of bor' 

leaves, the culture of T. rendal 1i se,.med to be econonicolIv iustified on.. in 

low-in put management practices where pond cons trtction costs wort, not ittribu­

table to fish ctultur, .ilono , These- rtt lts incroa ,od iusttitic tion f,, tIi 

itltr,.u,,: ion ' T. H l,, i*., an, , th i r It t 10," i ' Itoln- l t~ ­

t i c'u ii .,'I;,'+ , l' ? t . , t u~d i '. ;'e , ' i:' l .I ,I v , ,': ' ,,~ ,'l ,, tth., 1, .1' i + 

va lut of thli. two t ilapia . 

LA\ i'* lv,I!v, u!tut.'tu o1,1 I.ul Iti 1, ilot I , ' . t 'e ., or 2i I, I 

confirmd th it f-r Ii I t it, I;I t h ,r4.'t: I 1ot IIlli t, h l,,, .lat o 1,,,ii 



extent than for T. nilotica. Chemical and organic fertilization increased the 

production of T. rendalli by only 33 and 40%, while the production response of 

T. nilotica was an increase of 79 and 66%, respectively, after 100 days. T. 

rendalli attained average weights of only 37-40 g in the fertilized ponds, %hAile 

T. nilotica, under identical conditions, reached final average weights of 107-1
 

118 g. An analysis of the stomach content showed that T. rendalli, in contrast 

to T. nilotica, consumed little phytoplankton but relatively larger amounts of 

fibrous vascular plants. The principle food competition between tile two spevies 

was for filamentous algae but differences in their general feeding selectivity 

were distinct enough to suggest possible advantages in the polyculture of the 

two species. The stomach contents of both tilapias indicated that, in associa­

tion with insectivorous native fishes (Petenia umbrifera and Pimelodus), the 

tilapias consumed few insects.
 

Another preliminary comparison between the two species demonstrated that T. 

nilotica also accepted fresh bore leaves as a supplementary feed. In this trial 

both species were offered tile forrago ad libitum. T. rendalli daiily coanstmod tip 

to 27 of its bodyv weight and T. nilotica ingested a rinximmumr of 2tW dailv. The 

production lovel s (8-9-kg/ha/dav) and convvrsion officioncies for T'.nilotica 

and T. rendalIi in th i- exporiment just i fy sub.qquent detailed stud ie, onitit, 

feeding of r.nilotica with fresh bore leaves. 

Althouvh T. nilot ica is significantly less stiscept:ibl, to captur, than T. 

rcybilli. etL,,or ,mal , its i .ON11,x ,11ttirit v i­it i, includ ing lur,..r t l er,'ph 

'e,:irp.'rta:ao'e ,f a r,%pi.! ,ond etjv, e'vflu.lien oA 1.fl, t lossi­

ilo e cf'logica I impact oil the nat Ive captur.. l .fi91h,r6., 

, t rotrw iniIvat i t ho it *r. nil ot i ca woll d n,,t ave iu ii icmt n,'T;It icVt' 

,'cologic. I impalct in the I'ppor M1abrdalona ara wa, obt ailnod during, the tirt 

ronth of th. Au ovmluatitiri o( th, fill c .entu nitv ,trI'ct 11r. ill littl, 



exploited farm ponds in the Gigante area demonstrated the native mojarra negra 

effectively controls the recruitment of T. mossambica, and in tile long run, vir­

tually displaces this tilapia as well as another introduced species, CYprinus 

carp io. 

7. Economic data
 

Efforts were focused on the evaluation of T. rendalli as the primary spe­

cies in a rural aquacultural program. 
Certain economic aspects governing fish
 

culture potential on a limited commercial scale were also considered. 

The sale of fish and red meat was monitored in the local market from April
 

1978 to August 1979. Although fish constituted less than 27 of total sales vol­
ume, the 
relative price stability, in spite of great seasonal fluctuations in 

abundan,:e, suggests that the market is not saturated. During at least 10 months 

of the year fish can be sold at prices slightly below (5-10.) thle retail price 

of beef. Tilapia are presently being )rown at the research station for marketi ni" 

studies to evaluate the impact of price and size on the local market saturation. 

During the last rmnths of the project, a native catfish, Rhamdia was Suc­

cessfully reproduced by low dosage inje:tions of IICG. Colossoma and other native 

species are being collected for future research on fingerling production and 

their valut, in a fish-culture system. 

Although the lack of an e.tablished tradititoll in aqaculture is a cultal 

factor that will affect the rate of aquacultural development in this reo.,ion, tlh, 

Oxcellent research facilities, th, profssionail lov l of training o it staff. 

and the proven pt ent i al of the nevwlV introduco,, fish spec i,.s re pr,,:,iisin ..,e1­

rents in the futur. of tishi cultur . low.,ver, tor fisli ciiltlit'o o ro.ach its 

potentinl the .ovrnmenit neds to Cont inue to fIrni. the1 phys ical and fiflnc il 

up;.rt n..,.il until 'lture l','',,. ctiltlvr1liv'iqia IN.' . ,I ,1I 1 proft it'l!. 

a :riculturaI activity. 
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IV. CONCLUSIONS AND RECOMMENIDAT IONS
 

A. Recommendations on Administrative and Organization Aspects 

Auburn University was contracted to provide technical assistance in the 

development of Colombian aquaculture. Therefore our principal recommendations 

are of a technical nature. Nevertheless the technical success of a program is 

dependent on the organizational infrastructure and general administrative sup­

port available. Therefore, the following specific observations and recommenda­

tions are offered. 

1. Financial support for research stations
 

One of the major problems that has plagued the project has been insufficient 

funds available in the field. The budgets generally have been adequate but vari­

ous administrative delays have greatly restricted the cash flow to the stations. 

Several changes in the administrative procedures were attempted but none ade­

quately solv i the problem. 

Excellent facilities have been developed as a part of this project but have 

been underutilized because of financial problems. These problems will become 
.-.ore sever., a, the need to the at the incr-ases. vtationexpand proc~rams Sevral 

. ... iszn s. s for aquacu It nre have been ident if ied b,ut cannot b, broth t to 

:heir : 1 ,, ala Iqui,fundiV i, a'.ai II! ,, to strpI ort ne sarv r,­

r . : r t e Ir c tna::girc constriction will aIso occur as t14e teeI to increase 

extens ion effort, increaseo . One pos.sible solIt ion iA to :ive tilt, 4ations ,or., 

administrative frtedom, thus hlping to roduc the st ops in the administr.at iv,, 

proces of support in the stations. Thi. poss i!i lit v hat; ben di qcus'ed with 

the 1i rec t or of I NLl:" NA aI i t1y i rt' t 4t'0 PmItI t he i t 1 I rt iv' 

ind pndnc-,, ,f tI,l *t it ions hiav h,',n tkaen. 

:. Ira0nine 

,%s m,,nt ion,,d il tl , 41.1 I i ir di l f4i oillone tt . li il, , -ont im1 ,.ol t I i i i c1' it 

all loe ,, i r~e.'d.', i v ryi ortantt fr t ho~w ho, h O.,', t10a4i1! r t, , 
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receive adeqiuate incentive to remain in the field. This moans not onl V adoqua t e 

salaries, but also the necessary logistical support to conduct work programs. 

Efforts should be made to coordinate training of new personnel in accord 

with the growth of aquaculture and the governmental capacity to provide logist i­

cal support needed for any additional biologists. 

3. Construction 

Construction must be completed at the 
two research stations in order that
 

each component of tile facilities be utilized to its maximum. This is particu­

larly true at the Repelon Station where the main laboratory-office-living qiar­

ters complex was not completed at the end of this project. If this building is
 

not completed and suitable living and working conditions insured, the station 

will be so under-utilized that previous investments will have boon unjustified. 

No additional construction at these sites is recommended until it has been 

clearly demonstrated that tile economic and logistic support of the ,xisting sta­

tions will be provided. However, it is stiviostod that I NIYRFNA acquir, adjoinin,. 

land at tl',e epo ,on Statio. to permit possihio future expansion. 

Althiourh additional aquactulturo facilitio at other sittq will he dosirable 

from a technical point of view, the greatest concern at pr,,ent is the financial 

support of these f-icilitis. Therefore, no now coinstruction i ; reconrnu,,I l fr 

the near futuLre. !Txistinz financial resources should be Channlllled into the na;X­

imurn utilization of the existing facilitiKs in the count r . 

R. Genral Technical Coi: Iusione ind Rc,,r enda: ions 

On., of the r, s arch area. that 41ioulI orc ivt, hi ,h:,r prioritV in ,it, , 

diato ftutiire- i tho lovo, Iopmlnt of Inin nun r 1. V0,1,14 lit +tT, hi a on * i rpl,(v 

'dalter-pr,'v c! ionsl o1 . thatO pi.s p. 'i 1n. t t1i v it1 ,,p l, 



Such a system would help to meet the Ahort-term demands for extensionan 


package while introducing pond to the basictile owner concepts of aquaculture.
 

Tile simplicity of the method would 
 allow it to be incorporated by a greater
 

number of pond owners who, for lack of confidence or present pond use, do not
 

now accept more intensive management practices. 
 Because it is a minimum-input
 

system, the agencies involved in 
 extension could better provide the logistical 

support needed.
 

In a predator-prey system the basic 
 idea is to stock as prey, a highly pro­

ductive species that reproduces in the pond. A predator is added to prevent
 

overpopulation and stuntini of the prey species. To establish such a system 

studies are needed on the selection of both predator and prey species, the cal­

culation of correct stocking ratios and inital weights, and on the rates; and
 

techniques of exploitation required to effectively crop the population without.
 

adversely affecting the population structure. In addition, it is important to 

establish the t ime period the system would remain productive and hi lanced. 

After the pond owner's initial introduction to fish cultire throtgh a riin­

iruM input predator-prey system, many farmrs will be 
interested in greater
 

yields. This may be 
possible by the addition of fertilizers or feeds, or by the 

incorporation of other fish species into non-compet itive nichet. Sils-q1,1. ot 

%t :J.i. :ir. :',ref. re nooded to evaltiate these te,,hnique, to int ,usitv th,, cul­

ture once the hais ic prdator-pre systen has beon tucco-fYlv 14tahI ished.
 

Minim,,n i,ina ement stt'ms are rt'conmond'd b,,caise they wold put ,I 111* ',, 

-f ,ni,,xp cited ponds into fish produiction but the bon,'fit ,i I oi ­wi 

strictd tm rural ar,,as. In incroaqte fish availathiltv in tirh,in *r,'.a iutohiiv, 

I i 1 'th It 'ev,'ru'i'nt,'I , i t St adt . na , C )ori i, t I i w't n'I'ii hive t li t I. it 

,o",Iit-ionu t to'i r,1 i'ire,'1u the q,' litv 'o lite it the r''''," t *'m,,'ttIiI 

10' , t] IIk.I r !,.I| ,U', j I ,{h o, I ,I 1,{,d ,ItI,, N I I { fI ' I 



sector, the development of new agricultural techniques often cannot make signi­

ficant impact at tile subsistence level until they have been accepted at some 

commercial scale for the following reasons:
 

(1) The very scarce resources of the poor will normally not he invested in 

techniques yet unproven at the producer level.
 

(2) Psychologically, few land 
owners are willing to make monetary invest­

ment in practices that do not give proven monetary returns.
 

(3) A commercailly successful enterprise 
is perhaps the strongest incentive
 

to initiate a project on a smaller scale.
 

These considerations, and the unfortunate fact that the poorest se,'tor does not
 

ovn ianv land, justify the recormmendation to emphasize the developm,,nt of .aqua­

culture techniques applicable at the medium-scale commercial level. Once a few 

successful examples exist in tile country, tile smaller farmers will be more in­

clined to accept and invest 
in similar management tochniqnes. In add ition the 

velune of fish produced by COMrerc 1ii operations will ,ilik, marketing in th, lar­

ger cities feasiblo, thus Making fish available to the urban poor. Operators of 

commercial enterprisos are also traditionally more vocal than the owners of sub­

i.1'"',,lcvo'l1 : ivi tes, ,,s a result . thev play a vorv', pgit ive r,,l," in ,ri­

.--. . .' -- .: . ,,' r:. , J r's,'arch! t,-w.ird t, o. t ion of theo'',' t .i 

rirohl[e-s.. 

3. 'ark.t stulieos
 

2n , "h t a.,nt.l rluireriont s for a ¢,t!irc ail].iqua4'ult i sv, e, is,

of i 

that it ,'cono-il v sond. I'et i. thujs i .c.s.1 .,hav,4 e. olm, ic 'I:ita on 

pro ,i'ti n c, ,t *m .r1 ,,t V.v li. ,of thv prohduct. Spo,' io g t.1hii r,o 1 t r,1h i­

t i. I v fotI' I il 1,11,, tlt , t a I v uilt ,, .'',I I .'l tho,itti, 'It p,'r i,',o 1 OW 

potential i ,;1pI ,l.'. d,'uiind 1',Ir tich ndio 10ich Cteri , , ,V1lw It thl'it ipact o l qh­

%t it'l to r,,,ct, Il the l.ist YOeaIr o th.. pro it."t I , iii ton 111 i lt (lir. I. 



W. McCoy) suggested an experimental design to obtain the needed economic data on 

the retail and wholesale value of the cultured species, the acceptability of 

various sizes of fish, and tile relative demand. Also incluided in his recomnendi­

tions was the determination of the socio-economic and nutritional impact of 

farm-raised fish on the townspeople. 

If properly conducted this study will furnish essential information needed 

for the economic evaluation of various technological packages tested at the 

research stations and will provide some basic information to evaluate the socia 

implications of aqtiactil tire in Colombia. 

It is therefore very important that all efforts be given to facilitate this 

study so that all the necessary information can be collected in a statistically 

proper manner. The needed support would not only inclide financial and staff 

requirements but also administrative modification of regulations governing salt­

of fish by INDERENA personnel.
 

4. Intensification of res.earch in cool temperature aqutactilttire.
 

The createst fract ion of the rural poplilationi in Colombia is located at or 

near .. ".', ,' ,Olt een"". :rowing ,'tw, 11800 and I r.0 TS!; -,1t,.'r,,1,1 . i'.',t.,i 

a.'-bi *: t,,e
r.'.r are zen,,ral!y b,,t-,,oen 1S and 22 C. 1i 

:'::'.r,' p,rai c: ed in this reg ion w.'r,, or will bo, ,unerat,.d in w r-,r 

clinates chirac..,,riitic of the lower elevations. Sine,, tilt,co.ol t,''piattr 

S', ar the "'i. i-", .ic:,,;tal, for r, , T'ro wh ,fk til 'vl, a 

*~ 
belt i reco rondd to co-ipar4 the effect of tempr,,tir, ,n th,, prduct iw ,T. 

pr'ra- c~itoI 'linvostipiti,-n inl Foe,c:d private poiids withini the cotfo. 

ren,!alli, T'. niloti:a, Br..coii h',nii and Cvl,rini" carpi,, ,\ !,''crilti,' 01 t,, 

f: iv . e. ,r' t ii jedtt J i i, l a l.1t , t o ! cp'tl 

wih iIn :'u2.' o .'a t i l It ot !I,, 1 .1i 1P0 I I I11 

!hirII .iq':',i' t ,vS opniolir olv. dti , hoti 1- b, c lo into'l it ,i- , g . l'" 

sible, with ,the'l f.,:rl activi i. , ,A Vk4'Ii kil t . r,, 1. 

ria1nti1r,' .i- : ', dji.,'c l lV t ' t i fIt, W.,t' ''iii INtt.0'tdhoj1l jt.-,I . I ,t ' ' 1 1)1 



irrigation. This close integration gonerally permits a more effic ient tist, of 

available resources, as well as increases productivity.
 

Commercial production of 
 tilapia and pigs may be a feasible ssteli in some, 

parts of Colombia. However, in many parts of the country geographic isolation 

may prevent commercialization of any excess production. U~nder these conditions, 

a mixed culture of tilapia without a predator may provide a landownor with all 

the fish needed for his family and the excess small fish can be used as a feed
 

supplement for the swine. 
 Although the biological and economic aspects of such 

an integrated system may be highly favorable, i,*could adversely afffect the 

social acceptability of tilapia for human consuimption. This aspect shonlId bo 

evaluated before this package is exLended.
 

Integrated systems imnply other problems such 
 as the spcial cart' required 

in the use of disinfectants and peSticidts and the possible problime f social 

acceptability of i fish produced in manured ponds. Novertholess, the increasin, 

costs of the inputs make the integratd svstens economicallv attract iv,, in th, 

short run 1n,1 i hi '.' essential in the long run. At pri,*,ent thev are nt 

aipre."r: lt, '.t uhb i.t.noe a.l s:"all s,'.l,, c,,r:ercial 1,'v,,ls. 

* 4~II .,, I *.,. ~FO S4 I V It's. 

. . .. .. .. . , e .i t . ",'r,. ,r ,;.. r0~1.~I .l]'l"'' 

ag,'.1,a fi h.'rv r," c'ur¢,. R,, ,r,.'oir r"1.1fa.l','e*1 proi.ra'. hive .',ei impr';,-! ic'ill 

tleir i o' v ,0v~1: ''," ,x i n;ti c,' l it t inl I tht, r OW, v., r i f AI .,.' n,1 

healIv)d%. .' t ab I [ l I! l Ii-f I f II -peill p ' I I ,j1t ', 1,' .l* 
w,1 t Iho I '11at ,hI1it V ,'0 1 1 
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technical support. Although it is generally accepted in Colombia that the 

reservoirs should be more intensively managed as a fishery resource, the 

biologists assigned to these projects have not received the support needed to 

achieve their objectives. It is suggested that international fiiancing he 

specifically requested to evaluate and manage the fishery potential of existing 

and planned reservoirs.
 

7. Watershed Nanagement
 

One area in which aquaculture can play a part is the restoration 
 of wt tor­

sheds. In many areas of Colombia there are very di-;'Linct rainy and dry seasons. 

Many streams to1mall cease flow and sriall ponds dry up during tit,, dry season. 

Agricultural practices have denuded much of the land thus contribut ing further 

to tile water shortage. During the rainy season much of the rainfall is lost bo­

cause of the absence of adequate vegetatiw, cover to retn in it, and accoe lerat ed 

sot I erosion. 

Thi% watr can be stored through the construct iom of 5-10-h1Ia r,.,rvir?. 

aloniz with smallor witer storage ponds oighor in the water dit.,. Th is sholiid ti. 

complemented with a re,,orestat ion program. 'heso reiiervoir s and ponAs wotild 

h1'lp redice the soil eros ion, raise the prounl water lev,.l as woll a provid,, 

sittin for fish culturo. This w )ild he i long r.gng,,e provrai with lon ':-tor bo,,­

fit P for the c,,' ntaitv a wl I am thle private 1.uO ,wn.t i, biv r,'' t irim, h, 

waterilldti, it w tild ,ike, water ,r .idi y av:gj V.'l,.,,r-,Luiv to !,1v --. 1l 1 1 It -.t 

towns perni t l in ,iI ""0ns,'rvat ion, Irrit.It irn lr,'.1.t .1111 &ill ,v,.,! till It .i 

th r1i", t in(tr.',al iP J I ;[ii I, "l-i "' 1 1 1r ! : * 4''%''<t 'ql' I ' V " ' ,, ' l I 


such .s .t.'' , fI, ,, , tt. .. . 
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8. Colombian Aquaculture Developmtont Plan. 

This projioct was on v o01e stage in tit development. of ;lIjIc icttur4 it 'olo,­

bia. To continue its development many ;ispects mriust he taken into considerat ion 

and a rational development plan must be followed. There are many agencites and 

institutions involved in aquiaculturaI development. If their retsourcos and of fort 

can lle guided as a part of a national development plan, it will greatly tilotod 

the developme nt of Colombian aquackl ttre. Stich a plan shotuld itclutid establish ­

inp the needs and priorities for investigation, extension, training and identi­

fying the a elc cies in vIved aId the ro, otrcoe, to b,,- made 4tvai Iah I-, As requ('.i td 

by INDERFNA, Auburn tni vera it v prepared and presented d,',Clirnit oult it led 'rpor,,d 

Plan for AuitacuIltkit,, N'V 1opI1 Tnt in tolombia INI)FRENA hais ho ' 11nl vaIlklatiol 

of t hoe t stiggos t ions and ot he r s of ?f red by ot Ito r agtnc ie s withi t it, coiitn try 

It is recol'"oehded that the Ov.1a1iation be co.ple.e.d an tlhat tho Aitli.sticttttre 

Pevel,-,pn.nt )l n h, f,",l e 

C, S' i : TOC ItIn i c iI tonc S'0ior5 -andlt<- A -tbl i, lI 

!.0 it;e P, Iria V 'T-O'es for i nt t-isive .: Ai~l t Aire 
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Brazil it was 
found that it took three or more y'ears for the species to mature 

in ponds. Future broodstock are presently available at both the Repelon ind
 

Gigante Stations, but 
it is important that cachama fingerlings continue to be
 

available during the 
next 3 years so that new management procedures can be
 

eva luated and that various age broodstock le availahle for the future.
 

One alternative for obtaining finggrlin.s may be :he in-situ r'prodmetion 

of wild adults as was shown to be feasible in 197c. It is suggested that this 

procedure be further investicated. Fing rlings can also b, purchased from orna­

mental fish collectors. This alternative also should be pursued to save valuahle 

time while waiting on the 1979 stock to mature. 

If sufficient finy:erlints are obtained during tho next 3 Years, several
 

Studits are ug.ested. PrirIit 
 iv, to al 


the s,,cies, (2) optinuim diets for its culture 


v shoi Id be en (1i ) env i r ontc (Iffcts f 

and (3) appropriat, stocking da'u-

S itieC, 

Iiopef tmlI by the t im,, the broodstock are m:t urt,, techu i lmeq wi 1I II,es t.ib­
lWiel ..! for larval re.ri,it, and io,,rli I . , ltbre of ,thor charm' ids that iav , , 

tc toapp ii '.e the caciar , 

h I i l.jvla !i1lit ic., 

tent Lii Vai t o , it i tIC~I)Vt in t'ii tl,.i .Iit .a,,.,titm~et,o . ,opo t.*.*, If 

hItI lr. 4t, e i' WI r al. 1a 1dit r ! I'itr n 0,11 .110 Iimrii i I,' ,htvj.r 

.....se i''-tam al tat . .. i ' ,t. g t! ' .1 ,1mo H ait i ,4 ,a 1 flit1. 

t i j!. ii'tifd i .. t ! , *,... il ,v. . ,-.' .'.'a ii a.P m.I , i* is I, ,,t li l/.|, 'aaa, ­

Fe.-it , l 1a0I l it , H,. , -.itli, :! li. , ..,a hI,,t i t vl, ,,, 
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concrete technological packages will 
be available for extension if this species 

is approved for distribution. The following specific recommendntions are given: 

i. predator-prey systems
 

Historically, population 
control of tilapia has been the greatest single.
 

research need with 
this group of fish. In Colombia predator-prey combinations
 

should be verified or 
 developed. Successful nystems would be suitable for exten­

sive and 
intensive managment and also would provide evidence concerning the
 

probable ecological impact of this introduced species,
 

Effective predator-prey relationships should be established 
for various
 

levels of management. Such factors as fish density tind pond fertility shouldhe
 

considered. Predator-prey systems 
should be compared to monosex predtiction ss­

tens in terms of production levels and east of management, 

ii. ?'C'l-'sex culture 

....
'". -is of th o,o . ic i .....
 

and practical applicability of the follo,,'ing techniq,.ws: hand sexing, massive" 

rearin, of uiiform size fry to size where skparatln of sexes is possibit' with 

izra2 crs , aine hemical nex reversal. A lotw rance progrx, of ut ili-iivn, 

"x-'.re rf.r ! ~i .ivi, aials as brodstoce. in the proluctior of fvonose x offspri nv 

,e i: t .i:.*,, . In l-Year the ilcss of ,oso proknction prok!Vm.;ti, mn x 

" ' r ,. .,, a! the deirability of T. r'rt:m X',,x T'. nili t a lI­

-r ybri.!1 61 , reev.i luta ed. he lrol,,,x 0 d iv i ,All11I oN a in,1 ill 010 a ',,, 

r.-:n io,,-',inv,,otic.ations should 1,e utili,-.ed in the followingi prod vt ion itudt,'1.4 

"l,o r, '!,ti'., N'il '.v. an! ecinow, ic ,",rit% if int,,i ivo Oert i ,t ion Cch,,­

ri .11 ai W-1 1 1% Cl '..'iic ) in corp;Ari %en with ,irv hI, ( in l 1. .t : ,vi I 

enj I ( ,, ) ild rc,.iv,, hi phosit pr I it v in or, , 1c t iol hr li,, . '0 11411" 10, 

o .thor A t coipariflOnpi 'jth 1. v10 ;111 1t k.%I r~ t~1j yv ~ 


r.~et ' ~ i''r Itif. 'ill 
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the suggested experimental design detailed the sectionis in on sabalota Brvcon__ 

henni. 

iii. minimum management systems 

T. nilotica has great potential as the primary species in minimum manage­

ment polyculture systems where intensive culture is impractical or undesirable 

to the pond owner. Where large experimental ponds are available, studies aimed 

at determining optimum stocking donsities and species composition should be coi­

ducted. The choice of species should be based on its ability to complete its 

life cycle in ponds and 
to take advantage of unexploited niches. Methods and 

rates of harvest should be established for harvesting the production without 

adversely affecting the species interaction. 

c. Tilapia rendalli
 

All comparative studies to date indicate that T. nilotica may 
completely
 

displace T. rendalli as a principle culture species provided negative ecological 

impact on native species is not demonstrated. Therefore, inv.stigat ion efforts 

with T. rend.111i should be restricted to th,set 1.n111 'e nt t ractw t whi 'h ceild 

be applied i1r-,iately to the private sector. The high p.robab,ilit that this 

species will eventually be replaced by others as a primary culture* speci,,s ma<,,j 

investigation on the solution of long-range problems impractical. EFriph-a is is 

sugest#'d in the following areas: 

(1) Pe:ermination of 'ether or not 'I. rcti:.lli reqiuir.. dv f.oods ii pl-

I.' ,..l f,-t'.. I f .'¢,.n ,'," al r 'h tt s .1ti c' tv.. 'Cti'n , 10iiqih.Ikp. ? , 

with i . i 1'l fI "' 0:o. "" 10,tricilur. l v-p ct,' ' s ,,lt A ,' , vII t 

If, however, i pl letted feed iF requird (i.- i4 thiio Wi t1 d,.Yr .:) , Iil I. '. 

f,.ed in st td ieq wit I dry fevds'A o111,tIj 1 jiii',' to "L,101-l' vI v I, l,,[, 

I k.t ,J fe'eds! 



(2) Studies on the culture of T. rendalli, using fresh bore leaves as a 

supplementary feed, have shown that this practice is biologically and economic­

ally sound where climatic conditions permit high production levels of the plant. 

However, because of soil conditions and low rainfall in many parts of Colombia, 

the tilapia-bore combination has limited application. The economic ovaltation of 

other forrage crops as a supplemental feed should be continued. Plant species 

which grow uder less humid conditions than bore shotild be emphasized. 

(3) Tile advantages of a polvcuilture of both tilapia species should he 

evaluated, and comparative studies under fertili..,or and fei'ding practices shotild 

be eTphasi:,' This is important th~it, if T. niloticaso is approved for distri­

bution, the information will be available to decidi, whthor T. rendaIlli shotild 

be included in extension packages. 

(4) ,Monosox cutI ure of r. renda Ii should b invest i gated to dot ,rvii ne it s 

va lt, ais a primary ciltiure spocies and .l11o1 .1'!.1 Si'C'tlljd.'V S1pct'it"4 for w'edk cOnl­

tro,, in the in :.nsive culture of othto r fish s pci ,s . In it i a I ef forts shou 1A ,1 

raced on hand sexing an] th, evaluation ')f high d,.nsitv re,1,ring of ,,ntifrm si' , 

fry to a rsiz, ''hert. mchanical separ1tion of ixts with aiad',rs is pr 'ctt cal, 

Av.ii l -,,leliteratir, - vit'est% ch,'i'iical ,ox r.v,,rsal ,,f T. veh All i %,olid t.e 

.. .. V - ti 1 " .11"A ti ! I" 

i , i h iln 1 1 f ,( lt ',, f,, f I f,I t , i , 1j I" 

, 1 1 t ' . ' ­

,
 

t~ h,'an;t~ttild I I taj ,, at1 fl t'.nii{ttt ,t- j'n , a! I 1, nl( 



,1lso include other fish species. The suggested experimental design is described 

under specific rocommendations for the sabaleta (Brvcon honni). 

d. Dorada
 

The excellent response by dorada to a pelletized feed justif ies further re­

search with this species. Although cachama gave twice the production of do:'ada 

under similar conditions, dorada may have several advantages over cachama that 

need to be investigated: cachama is not native to tile Magdalena river system 

and its environmental hazard is not known, while dorada is native to the 'Magda­

lena; Aecondly, although the methods for reproduction of cnehama or dorada are 

not vet established in Colombia, dorada may have somo advantages such as it 

.attures at a snaller size, thus facilitating the handling of the broodstock. 

Another ben,,fit is that because of certain similarities hetween the two specis, 

technology devesloped for dorada may be directly applicable to cachana. 

First priority with dorada should be reproduction of the species, including. 

pawnin.Q prcdures and larval culture methods l'hn finrigorlings are available, 

st:dies to deternien, ptimun diets and appropriate stocking dhensit ies will be 

neede,| 

' i s ," .' 'a ,, W sihjljti I .s . prirlirv tiltit,, sp,,,i, l,.t c r­

lit i,,ui wir,, fin,'! rl in s and ,r-.anic (,,rt i l izr ,r, avai lablo iatmininr o t s. 

let,It 11v ' ir liti throt ,i tit- -# , 1 , i pe!ll, .I .od hut 

11.! |! i " , Ctit II tq t I, I ltiI' , I I',l, , t j,',it tr,h!I ., i it 0 , t ; ,; , 

IOL I t 111tot, !10 

iti 



2. Suggested secondary species for polyculture systems
 

Several species were studied during the project, but many were unsuitable 

as primary culture species due to their slow growth or other native characteris­

tics. Although not acceptable as primary species some of them may be useful as
 

secondary species to utilize the diverse niches in in aquaculture system. 

a. Predators
 

An essential factor in an effective predator-prey system is a predator that 

effectively controls the reproduction of the prey without seriously competing 

with the prey for food. It is believed that predator-prey svtems with ti lapia 

will be an important method in Colombia especially during the early rases of 

aquacultural dove loprent. 

i. Tucunar:. 

This ,pecies has been shown to be an effective prdator for T. rendalli and 

in other countries has b,,en slccessfu lv used to control T. nilotica. Pr i or it v 

should be ivon to deve lopment of methods to rmass produce fing r I i np. , ince the 

shor ,, f r d!at or f i n er I ings, is oft en a major con st r a int in tho fomnt o'f -I 

pre .':itr-pre%. ':ltr. The lack of suffici.'nt tucunar, finrorlinvsfis, systom. 

was a chronic prob lem at Gigante throughout the project. 

Tuctunar, exist on tht, North Coast and has boen introlucd tin ,,v,,ral1 occa­

siont t, the Replon Station hut a gradua.l mortalitv of the stock; has pr,.ventd 

it from bein o,valuat,,d. 1h, caulse of this rortal itv should ho e,"t. lish d,l 

AR this sipecioe will b, us,, in minimum mavn',ment svst,,m,,, research ,t lfrt% 

41ol beo aime,,d at ,'taihl i hi g mi niritum iu,, e,. ttcke d to tintri, tho 

C i4,nt i ! t .,r, 1 iv,, pr, d. t ,iz,.I rei) 



ii. .ojarra negra
 

The slow growth of this species eliminated it as a promising primary fish 

for culture but efforts should be continued to define its usefulness s ,a preda­

tor. Research at Gigante has shown that in warm climates (24-25'C) imjarra nogra 

alone was not highly effective in the control of T. rendalli reproduction, but 

that at cooler climates (20-21"C) it was effective. If the culture period was
 

over 6 months in the warmer 
climates, the mojarra population became stunted.
 

When used in combination with of 
tucunare at low density (\400-ha), there was
 

reproduction control of 
both the tilapia and the mojarra.
 

Studies should be conducted to determine the minimum stocking density of 

mojarra negra, alone or in combination with tucunare needed to control T. nilo­

t ica. Opt imum stocki ng rates should be estahl i shed for diff terent temperat tre 

regimes and various intensities of management. 

iii. Mo arra amarilla
 

Although the mojarra amarilla was 
the most product ive of ti nativ,, spcies 

tes ted in the preliminary evaluation, its xlow growth and tende'ncv to reproduce 

at smill si., eliminated it am a hiehly prm: ising primarv .pcio . It inuu h.v, 

s-:- ':l,., a r,, to r if it reproluctoen can t' contrr lt d, hv .noth,,r prodi­. in 


tr or Ny ., of -'nyo'x populations.
 

Th.' N ilit of iarra .i-.arill , to tolerate vrv low ,,y\'," cmditi,,s ,'q.' , it 

dep irat'l, in P r ui. in association with T. ni lotica that a.1':1tso viv ol,,riit
 

to" low ox','o,, , Therefore, the, lpracti,',litv of iviinomox 'ovliarlti alm~rilla t ',I­co" 


trol ,"f t i ai.!r,'2r i ion in intens iv,, proc on sytem% shu l, toe vilt it , 

txperioner ha. bdhow"i N.paration of tot l
th.' soxo halA ori m ;li l , .iilI 

di m'r,'; i', i oli' iv,,lv MAuli *il'ilti ic .'l ,hi ii,oxv, W ,dot, iu~iw,ti .1tI,., Ii' 

rlt i, nituaral mirtal it v rates ain tv v ixiii owt hl,, cii ltul, p iod ,lhot, 

li,,! '" l~ l~l< i;l° 
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ojarra amarilla may be most useful in combination with another predator to 

control tilapia in intensive and minimum management systems. Although moJarra 

amarilla may be a productive secondary species and an effective control over 

tilapia, another predator would have to be used to control mojarra production, 

iv. Moncholo 

This species has been studied as a predator in this pro ject aud in others 

with inconclusive results, During the project moncholo showed some control of 

mojarra amarilla and T. rendalli but was not completely effective. Additional
 

studies are needed to determine moncholo s suitability as a predator.
 

V. Agujieta
 

Little work 
has been done with this species to establish its effectivene s 

as a predator. Preliriinary studies indicated that it aclieved partial control 

over reproduction. fish not amo.arra .marailla This does reaCh Commerciallv 

acceptable si,,e; this factor ma' reduce the prohilem of excessive harvest .f tho 

predator species wh ich cormmonlv allows the uncnt rill led rpri,,itction ot the p ,v 

species. 

I. lLow t r oph i c le v e l tec on da r y.uj joi{,o .9 

Sevral pcios wore studtied during the pro-jct w1hose food hah1its Ilr, low 

in the food clain. They were found unsuitahle for int,,ns i ,'aq'iictultiir,, 1,ocisll, 

If the ir poor r, o:,Ie toto j nt0I'll,-, i,,'e '.rti h t hev rl.v - lVv' *IN ' 0,0t,.gle 

Spci.- in a pclvctlltIr,,, 1he+., spci,,s ihoi!.1 h,. riv',,n J,i low priiitv :in] 

1tu4,+ b,*cun itt.l',. t11, ciii t,,,. It,,L,,,t ir,+., fti tliu, pi'r i i l 'j', &, " 

t or 1 t ' I I 
WI itb ~ ' nh~ "i~vr lh'h 1 .~!Ij~ 
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This species should be given first priority over other native species that might 

be included as a secondary species in a polyculture. 

Bocachico can induced spawn several butbe to using methods additional work 

is needed in fry and fingerling production. Studies will be needed to determine
 

stocking rates for its use as a secondary species. 

iH. Lisa
 

This species is not suitable for intensive culture due to its slow 

growth at high densities and its susceptabilitv to handling and low oxygen. 

Althouch the growth rate is acceptable at densities of I fish/lO m2 its low, 

resistance to handling and reduced oxygen levels make 
it of questionable value
 

even as a secondary species in highly 
intensified management. It may be used in 

less intensified systems where bocachico fingerlings are not available. 

iii. Arenca 

The lack of response by arenca to rnre intensive minaoment practices com­

bined with poor resistance to handling make it of questionabl va!,t, even as a 

seconJarv species in polvculture. 

3. Other pe-is not evaluated 

Pue to lack of exp,,rimntal facilities or insuffivient inmher of fintr
 

lineg, Aeveral s!p,'ies previously considered a4 potential caididat,, in th,, 

d,,volopment ,of Colombia *iqrar"uiture wore not ,valiitu, luring this proict. 

Althou h o.Aervationms wer.'e mde a gon, , of, these s,,.cie,,, the poi, ih,, role in 

aouazulture has vet to be d fineji. 1h,, lollowing irercom,,n.ati,ons offered
 

or this grop. 

a, Sahal,,ta Prvon hWnn 

Thi4 ehiaracid i normaliv found in ,l wadrt,, ani lmg benIhAn 


suvvs',, td a ,a fish for .qnwil"clt .' in th ,i', colfm . of,'I oi.m,.,' '
 

AA nthor firk~ Of* IhOt -AM", V'OUllq P, MOOIVlI- l~ P0 0 1 11 4~h,, 011l,10 l i"I 1111ll .1,111U11 

siipplo talt f ol,' . 

9 , 



Although sabaleta apparently do not normally' reproduce in ponds, matur 

wild fish have been artificially spawned, and during this project several adults 

responded to synthetic hormone injections.
 

A limited number of broodfish are available at the Alto Magdalena Research 

Station; it is recommended that this number he increased to a minimum of 100.
 

Until these fish reach sexual maturity it is suggested that personnel be trained
 

to spawn these fish and that artificial reproduction be attempted nt the RI San
 

Carlos Station and/or the new DRI Station in the Department of Cauca.
 

When the fingerlings are available it is strongly recommended that they be 

utilized to determine the effect of temperature on production levels, and these 

results be compared to those obtained with Cvprinus carpio, Tilapi a renda lli and 

T. nilotica. The basic objective is to determine the most appropriate species
 

fo, the cool coffee growing region.
 

The followin; ,xperimental design is suggested: total number of pouds, 12
 

(K at an elevation of 900-1,000 m, 4 at 1,400-1,500 m and 4 at 1,600-1,7010 m);
 

fish density 5,000/ha; organic fertiliz-+ation at 700 ky,/ha evtery 2-weks; duri­

tion of experi rent . months. To reduce the effects of betw,,n-polid variation, 

each pond should. event tally receive all four troatr'onts (fisth species . It will 

be nec,Prsarv to "tse privately owne, ponds and rreat care should to tak"tt intth,, 

1
se lect ion ef these pond s. Thi. studv n ,,Id to carried ,it in tho ki; nt, .ira, 

and the ponds shoud bo activolv m.naged by the station poronnl 

A suhmoqus,'nt stidv usin Y+tn pollt ,| fo,,od ho tditl.dpplmrontal oiu,,ild c it 

tt,, ree,.irch statiolen .ith the fe"r species ,4ino A.ily foo ,i , Astthe PI'vito 

rondo i, l'vioti,'1 tV ik"r iwl,', 

b , I' ".rC_,rp 

This introlucod speci,.q ha. lote boo" plos i" t',, , Ki -idtol,t 1 hia i i V v 
,
,Ai~tribut,+, it"V,1+i te|,ro,,,4, Ohnoi-,' on1 Itin ibl , ,t,+ picf
v~t im|1 por', eco k ii ,
 

ra 'o. ?r ' 't"ori,i c to 1 i y with "i ti tIh, but ~,. 4 I IV,v i , a 

q (toi+ !tw : O,, i l, th ,t,' ,1A 11 + ,.io,+.t 01 l l "o,J . I, 1, 1 "",'it 



production studies have demonstrated it is the most appropriate cuilt ure speciets 

under certain conditions. It is poossible that carp ire desirable in the upper 

coffee zones where the average temperatures are below the optimum temperatures 

for tilapias. A comparative study under various temperature regimes was suggested 

for carp, sabaleta, T. rendalli and T. nilotica to determine which of these spo­

cies is most appropriate in the coffee zone. It was rocommended that this study 

be conducted in Gigante since the carp is already distributed in the area and 

since mojarra negr;a has been shown to effectively control carp recr iitmont. The 

suggested experimental design was described in detail under the previous sect ion 

on sabalota. 

If reti lts iidiate carp is the most appropriate species for the cool cof­

fee zone, the ecologica1 studios should be emphasized to determine if this te-ch­

nolozical package is recommendable for other similar zones in the countrv. 

c. Cuitro ios 

Production experiments were not conducted during the projv.ct with this 

: .''Wver that at rapid andpce . it was observed its gro'"'th low dnsities wa 

t' redii y a:ceptd a pe leted fed under aqua i ', ,nt it ions. IuII t dt' a'4Inin. 

v f ti v ,. - a !e,,,.-n ps i'Ie usin- orr.,,os, This itcis -hwl , 

at,'i , a p,,tntial cltr, sp cie . ,n Inan t,',,11 ,1 %tii'lplv of finl',- rl I l,"i i 

This m'tCi,, . k," nillv &at ti h, is I101,i!. .i ,',pt.d t, M til' 0'1,Aen ," 

of intr,'"',p&,1.r b,,, , . rviui ,,prim,.nts h !wil,,n * 'ict, I in .... I.a ,,III 

11101, l ot iIill lll" " ,o tt li w.ti ,1 AIIA Ofl l, kid i , '411"' r,.1-111. .,, . 1101 l11l'Ill 

?r: '"~! i t h t l~ h mW .1ai ' l ,,nnk li l ,1 ! .' u ltll -,,,%,' lu .i ihl , 
Ofr, '.*s ri. 1ie s m a .Plsti It,,em~!ut,epiI. 1 v 0,C li 'I ' ,°,. otAwin:iI lex> 

art fitt Iii holl 'iih. * h~d I V'Y ir I l I lhii l '<ll i l' , uII,'', to It', I'II" I'.r 

.-I!' 
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lBecause of lirited research faci lit ies it is recommended that Ixper imenta'l 

production studis he postponed until productive and economically acceptable
 

technological packages have been developed for mire
the promising qpcies. 

c. Doncella 

This catfish has a favorable body conformation and reportedly may reproduce 

in ponds. Although it has good flavor and texture qualities, it rceivo a reola­

tively low retail price in the markets of the North Coast. The mist serious dis­

advantage of this species is its extremely low tolrainco to transport and hand-

I ing. Limited research facilities shotld he used to determine if it will eccept 

a pelleted feed and if it will reproduce naturally in ponds. S ince doncell i 

completes it-; life cvc le in Prado Reservoir in the Departmnt of 'lo lima , it may 

have potential in rtservoir manaement and in minintum manag,mont svstem,. 

f. Ilac ora 

Thi is spocies good I,)caust, acceptanI, 0 it 9 d I ict, fl.vr,Ihms consumer 

and it reproducos naturally in pondi. A preliminary ovali.ition of this; spcit. 

Was not po.;siblho bocau.soof its extremno' intole rance to hand Iing, hut piodu:tion 

st,i, i carrie,! ou:t in .ra_ il woe disc,,iral-in . Studi-s . t'p, li.iv,, sh, 

that it wa , not Lin e f fo c t i ve prda t or for no jar ra ama r i I I . II i s f ish riav li'.,. 

some potefntiil in ro,,,rvoir mangemont o'r it% mi nintm r'1.ungr'. . t', biut forvs(t *ri. 

the i- e,-i.i1,, 1,ittir,' very littlo t1'l 1,,,,n, ,' ,,, t ., 011o t .lu1houl!. 

aI- I'i| Im -11l.1 , II tI t'isc lill I tI l t i n 41111 lm Wil, L,t po !111f.11 '.-I 4,1 f II- I [,'l, '. Al,
 

',-.,, 1 lv n ,t .iv t .l t . u I1d,s ! h iv . Id lII i ,' I ll I,, . I, ,, ... l , 
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h. Ornamental and food fish of the lanos 

Research efforts should be concentrated on the most promising food fish 

presently avai lable at the research stations. However because of the diversity 

of the fish fauna of the Llanos it is recommended that the fishery biologists 

assigned to that region make observations on the feeding habits and reproduction 

behavior of potential culture species. 

Undoubtedly many valuable ornamental species can be profitably cultured 

under pond conditions. It is recommended that the development of the appropriate 

technology be carried out with financial and technological support from private 

enterprise. 

i. I--acrobrachium ros erzi 

This species has recently boon introduced into Coloembia. Although to date, 

its culture has not been economically feasible in many parts of the world, great 

worl wide ,efforts are being and to develop appropriat, technolo ,v. MauS. ,, 

the limited research facilities in Colombia and the urgency to dvolop cultur', 

techniques for non-luxury species, it is recommended that eilv lI ited uvseirch 

be dedicated to the evaluation of product ion met hods for this spec Ies. iHwv,.r, 

stocks need to be developed and r.aintain,ed so t hat when ,,nomnical lv wo",dt ,' ­

tar, n.thol.o .r' d,evelsp,, in other part, of th. world, th, e ptv,v, to',h iu' 

can to evalua:,, for the'ir o,,, '.rw'ial f,,- iiilitv , i,,r t',,l,,.jWli ,'u it ij'i , 



Table 1. Prelimimiry evaluation of variotis spocoi s of fish midr throt 
different conditions: naturaIl cond it ioIs Ci ) . add it ion of organic 
fert ili Zer (T2) and; addi t ion of fert ilizer and feed ('r3). 

Averago 	 MNet Product ion 	 tWight Hortality 

(kg/ha/o mon) (g) 

Bocachico 	 TI 155* 48 3.1
 
T2 181 58 6,5

T3 .64 68 19.5
 

Barbul 	 T1 I18 
 45 	 3.0
 
T2 21$ 82 8.0
 
T; 266 99 8.6
 

Hojarra amarilla 	 T1 301** 45 
 25.0
 
T2 616** 54 15.7
 
T3 683** 80 16.2
 

ojarra negra 
 TI 32 29 31.4
 
T2 60 32 38.8
 
T3 60 51 43.3
 

Arenca 
 T1 39 58 88.7
 
T2 23 65 88.9
 
T3 70 57 ('1.4
 

Porada 	 Tj 59 
 48 28.6
 
Ti 64 72 3QS
 
T3 149 98 32.8
 

Lisa 	 103 t0
T1 67.6 
Ti 114 177 80.0 
T3 70 133 83.2 

Ttlaia rendalli 	 TI 104** 74 S4.9
 

T3 37** 135 	 64.4 

Tl_.pi. nilotica 	 T1 "306*4 S2 1.0Ti ';, ' 71 5 , 

T3 
 73 	 41.
 

* 7 molit h cilitJr, 

A&IIdt And (i 14r iga 
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