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Abstract 

To help a.!~~viate the animal protein shertage in northeast Brazil, the National Depart­
ment of Works .Aga.inst Dro.ught (,wcs) is conducting research. in intensive fish culture to 
find fisl!~s suit~ble for eultur~, and to develop improved methods for their. culture in the 
northeast. Research has demons~rated that the .all male tilapia eybrid of male Tilapia 
hornoi,.un X female T. ni.lotica pQssesses many characteristfcs of a good culture fish. An 
eoonomic evaluation of the tilapia hybrid under commercial conditions within DWCS "coloni­
zation" programmes on irrigatedfagrioultural la,nd indicated that annual net profit/ha 
should reach B.cr. 4 66i> (u.s.s,1.00 = B.cr. 6.4) with a.n annual rate o.f .return before 
taxes of 27 percent on a total investment <;>f B.Or. 16 885. In addition, the average fanner · 
should enjoy B. Cr. 312 .in added: family labour income and. B. Cr. 800 in capital gain from 
increased equl ty in land. 

Erlracto 

Con objeto de aliYiar la• eaaasez de proteina animal en el nordeste de BrasH, el 
Departamento Naoional de Obraa contra las Sequ!as {DNOCS) e13tf. lle1lalldo a. cabo inveatiga,­
oiones en piscioultura. intensiva para identifioar espeoies adeouadas para ou.ltivo, y para 
deaarrollar mejorea m~todos para au cu.ltivo en el nordeste. Las investigaoiones h&n demo­
stra.do que las tilapias hibrido• todos machos, . de. Tilapia hornorum (macho) X .!!. nilotioa 
(hembra) poseen variaa de las. oaraoteristioas de un buen pez de oultivo.. Una evalu.acicSn 
econ6mioa del h!brido, en oondieiones comerciales. dentro del program& DNOOS de ••colonizaoi6n'* 
de tierras irrigadas, ueo agrioola, indio6. que el benefioio net.o anual: por h~:ctarea podr!a 
alcanzar B.Or. 4 668 oon una tasa anual de 27 por oiento sin d~sooniar tas~11, $0bre una 
inverai6n total de B.Cr. 16 . Ademls, el pisoioulim- medio goz~!a;~e B.~r. ·3l2,por 
ingreaos famili~:rea de traba.jo adioional, y B. Cr. 800 de ganano:!a del capital po'r ~nt.o 
de la. pluavalia del terreno. 

1. INTROIOCTION . 
Althoughbigh fisll yields "1ere .not eharaoteds-tic or the semi.;.arid not'theast region ot· 

Brazi 1 t almost. 70 years. of water.·· oonservatie>n e;tot't by t~e. Braztti;~. Oovemm~n't ~ esta~ 
lished freshwater fish as high yalue food proAucts. ·.·. Rising tisb. J>X-ioes refl.eot .• incr.e~i~ 
demand working against a nearly: 8ta.tic SU.fPlY•. One t,ctor in the illc~asing~~numd for .fish 
is a burgeoning 2.8 percent .rat.e of pop.ulation growth; another i• the inoreas;~1Jn<X>me of 
the Brazilian oitizen, particularly in small cities .and the suburbs of larger cities. 

With the above ·• factors ·in·. '1ind, the . Natlo'na.1 1:)~p~rtment •. ot Wc,r~s .t.gaillst ~u~t { D?«>.CS) , 
an agency of the Bradlian Federal ~vernment, ~~fJIJ'.l to. investi.~te v~s or alfe~f'ti11g this 
problem in 1969 through researohin intensive fish·•<culture with t~e~ims\of:•:•.,/•n 

(a) increasing the suppl.ytof .. aniaun prote;in .. available .to. the pt3<>ple,.t,:f• tJ:tei~brth;ast, 
(b) developing technology; to permit the establishment of OOm$.eTcia.l freali~~~er fif3h 

culture.. · 

Several years of reaearob. with hwnerous species· of. native and exotio flsh ... resulted i;.\~;, • .. 
, selection of an all male hybrid tila.pia (male TUapia llorno:t'Wll X.f.enMa.le T •. niloti~)~o~ 

culture in the northeast regionr This paper presents an eoonomi.o eva.luation
1 
of commere1:al, 

tila.pia hybrid culture by indi~4ual farmers, b$.sed on results obtained in ex,peri~ents oop.­
ducted a.t the DOOCS Intensive Fa.sh Culture Resea.rch Station in P~nteooste, Cea.ra, Brazil. 
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2.. BACKGROUND 

2.1 The Northeast Region 

The 110rthea.st of Brazil ;s composed. ot .nine ~ta.tes, •. represen'tlng abo\lt 19 \ percent 
of the total area of Brazil and .3Q;percf;nt of the co:unt:ry's total popu.tation. Sinoe.)940, 
the population has .more than. doul)l~d.1 . reaohi:ng 28. J m~llion in 1970. Approxi~tely1 60 pet'­
cent of. this population .is. l"U.l'al. and. the vast ma.Joiri1y are .ten(Ulit•< f~ers .• 

The. per oap'llt income in.the. nor-tllea~twa.su .. s.$ 127 ,1~J955~ .... By .. 1970, .-W.s ··••< 
increased to ai)proximately U.S.$ 2()0. <. The a'Verage annua.J.. per oaput i;o.oome tor. the .~rlll 
population is1 however, o.nly about. tJ.s.$ 60. 

The. northeast's s~m:i.~arid climate. l.ii plaigµeg. by prolonged, :frequent droughti, that 
almost totaHy destroy agricultural, crops. . During non•1 years, rain falls reeularl.T for 
only three. to four months •. Crop pro"-:uotio;11 in the otlier eight months is limited to iJrige.)!4 
land •. Even when suffioient rain falls during the rainy season (February to Z.ia3) to $Upport 
urops of cotton, corn, beans and ~oo, ~~µ.trition ~s a .oonst.a;nt .r~al~lYit '!'he daily per 
caput calorie intake i;11 the .riorth~"st !f'~s only J,,940>J.n 1971., and p;rol>ably tnllOh lower b 
:rural areas. World health a.uthori ties oonsidf3r .a daily calorie .i:ntake o:t 2 500 $hE:! .dil,ily 
minimum necessary to .support adults. 

2.2 ·.Nationa.l··Departm~nt of Work$Agaj;nst·.~ot.tpt· 

Even though the northeasr is a. semi-a:rid land,. ri.,h are linpqrtant i~ th~ dieis ot 
rural populations. . Since DNO.CS wa3 foniied in 1909 i~ oon(bat> the .P~f'e~ts of: d+-oughts, ,the 
orga.ni zatio.n has built 85G reservofI'S <&.nd assd.sted in P\P.lµing• tholl.sands. of ,small, private 
reservo.irs and. ponds. These reservoi:rsand pondittr-.p tl.tltl p.old~,(t wat~~ that•(al~a 
during the rainy 1:1eason. Sint:,~ 193.'.h DOOC~ has maintat~ed a PX'OB):'alDPle:<ot stoeki.ng fiab in 
these rese:rvoirsfor oommeroial fi~hing andfor<individuals to supplem~nt their food supply. 
Several species of. freshwater fish,are now widely lcnolftl and. highly regarded in most villa.get 
of the northeast. Every reservoir, has. a local oommereial fishery, . a.n.d even the smallest 
ones are fished regularly by basket traps and other traditional methods. · 

. To strengthen. this programme, USAID $i~ed all agreement. With m~cs and StmENE .. 
( Superintendency for .the Developme1rt of the Northeast) in 1966 to assist in the development 
of a fisheries research centre in fort~.leza,. Brazil •.. In 1968t USAlD ;opntrapte'd 11tth. Auburn 
University• s Int~rna.ttonal Center Jor Aquaoulture, A;µburn, Ala~ama, U.S.A., to prbyide 
technical assistance. At this point, interest was directed to resear¢h in intensiye fish 
culture as an adddi tional way of utiUzing impounded water to supply fish. 

2 1 
• .J Tilapia Hybrid 

Research began in 1969 Of inten.si,ve fish cultv.re at the Intensive Fish Culture 
Research Station in Pente.ooste, Ce~ra, Brazil. . In the<. station• s .56 earthen pondst r1attve 
as well as exotic specie~ of fish ~ere tested an.d evalua;ted for the~r potential •.. Among the 
many species studied were two spec~es of tHa.piM, whi<ih,. when oro2sed. {ma.le Tilapia .hornorwn 
X female T. nilotica), result in 100 percent male .offspring (da Silva, et al •. , 1974}. ----- . ,' ' ' ' ~~ 

The tilapia. hybrid shows, excellent possibilities as a. culture :fish .. in northeast 
Brazil and can be raised by following simple instructions for feeding and fertilization. 
Fingerlings for stocking are easUy produced. The hybrids are resistant to poor wat.er, qualtty 
and disease, and have the ability to utilize a wide range of natural and inexpensive,agri-
cul tural waste products, efficiently converting them into fish flesh. Tilapia hybtids'. are 
not differentiated from other tilapieealready common to the marketplace, and are readily 
accepted by consumers. · 



2.4 q.ri~ tion Project~ 

Below most of the large res~rvoirs lru.iH. by mocs a.re ls.nda suitable tor irrigated 
a.gricul tural production. For several years DNOCS ha,s been eata.bliahing ''~oloni zation 
proJects" on these lands based on cooperative principles. To small farmers (colonists), 
D?l) CS leases at no cost a. small pa.reel ( 5 ha) of irrig~:ted land fot' ag:ricul tural production. 
Each farmer receives long-term t"inanoing and oontinuous technical asslsta.noe and basic edu­
cation from DWCS. Jt"armers are able to rent tractors, sprS3ers, and. other modem. agricul­
tural equipment from their DIDC&-sponsored cooperative to enha.noe the productivity of their 
labour and management. So1ne land in the irrigation projects, not suitable for. terrestrial 
crop farming because of soil quality or topography, is suitable for fish ou.lture. Fo:t 
example, heavy, tight soils, unsuitable for c..-ul ti vation, are highly desirable for pond 
oonstruo"tion. DID CS pl.ans to integrate fish culture with the other agricultural enterprises 
to fully utilize avails.bl e land~ 

This evaluation, analysing the economic feaeibi.li ty of tilapia hybrid culture by 
individual farmers in DNOCS irrigation projects, was considered a prerequisite to a firm.l 
DWCS decision to initiate devel.opmeu.t on a oommeroial soale. 

3. METHODS 

This analysis is based upon an e~eriment carried out in two 355-m2 
earthen ponds 

stocked with fingerlings averaging 20 g at 8 960/ha. • Actual oomrneroial oondi tionll were 
sirm:dated as closely as :possible. The e:x.perimental ponds were fertilized with cow manure 
at the rate of 1 .400 ha/week. . A ra-tion of 50 .peroen<t wheat oh.aft and 50 percent castor 
bean meal, formulated a.a .a iroiet feed ball, was fed at a daily rate of J percent of total 
body wei.ght, six d1\Ye a week. Feeding rates were recalculated each. month to reflect actual 
body weight as estimated from aampHng ( Lovshin and da. Silva, 1974). 

Monthly seine samples; i?ldioated a linear grow·th ra,te over 11 months with only a. 
slight decline in the 12th month. Because ot the decline in rate of growth i.n the 12th 
month, and because the individual fish size had alreacy exceeded the ma.ximutn market unit 
value, the e,:periment was tenninated. 

3. 2 Marketing 

Historic, empirical data concerning tb,e northeas·t•s freshwater fish market are 
almost non-existent. To estimate the oharacterietics of demand for the tilapia. hybrid, 
arrangements were made to test market fish in three public markets in Fortaleza and one 
market in Penteooste, Ceara. ~sh were tran.sported to Fortaleza. under probable oommercial 
conditions in containers without water. After a two-hour shipping period out of water, 
the fish arrived i?1 Fortaleza. alive and were sold fo1• prices ranging from B.Cr. 3.00-4.00/kg 
in conventional re-f;a.il booths in the fish and produce markets. Ea.oh dealer was given 30 kg 
of fish ranging in eize from 20~300 g. .In Fortaleza, where freshwater species were less 
familiar and oompeti Uve wi.th ~rine species, two days were needed to sell all the fish. 
In the interior town of Penteooste, however, where freshwater fish are commonly sold and 
readily accepted by the people, 30 kg of fish were sold within four hours at B.Cr. 4.o0/kg. 
Although market prices have sin,;:,e risen to the B.cr.5.00-6.00/kg range due to shortages of 
othe:r meats, this study was baaed on a more ooneervative B.Cr. 4.00/kg. 

3 • .3 Operational Conoept 

The economic eve.lu&Uon was based upon a oonoept where each farmet',\W'odd b\lild and 
ot1ere.t€! a single· 1-ha pond on lp.nd that would be provided on a long-term lease or grant 
a.~rangement as pa.rt of an irrigation project. No cost would be inm1rred by· the >ta,~~r:'f'or 
the U!limproved. land itself. Altl other .ooata of improvements and operations to be in~rred 
by the farmer were budgeted, including oerta.in costs presently borne as subsidies· by DNOCS. 
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It is important that the actual e1conomic consequences of the project a.re recognized by .DNOCS 
and the farmer, whether or not DIDCS ultimately decides to transfer a.11 real costs directly 
to the farmer. 

Initially, it is assumed th.a;t ea.ch farmer will harvest and market his own fish. There 
a.re several sman Ci ties within a; 50 km. radius of most mx,cs irrigation projects under con­
sideration. All of these markets handle a.t least some quantity .of' wild fre$hwater fish six 
days a week and .all a.re open to ~ireot fisherman a.ales. In most markets, Satur~ accounts 
for the heaviest volume. It is assumed that farmer•s harvests could be scheduled over a 
two-week period, embracing three .Saturrucy markets, by seini.ng t-Wice before draining.the 
pond for the last harvest. It isf'llrthe.r .assumed that DNOCS wo111d be in a position to 
operate a hatchery, sell fingerUngs to f~rmers at cost, and assist them in acquiring feed­
stuffs •. The farmers 'Would be part of .a general.DWCS-supported a.gri,oulturftl coope~tive 
within their irrigation project •• DN)CS would also supply technical extension assistance 
directly to fa.nners. The cooperativ:e would endeavour to help £armers ESchedule their 
harvest so productio.n would be staggered over the yea.r. The non-seasonal climate and pre­
di ctabili ty .of the weather should make harvest scheduling relatively easy. 

4. EOOOOMI C ANALYSIS 

4~ 1 Investment 

Assuming that virgin la.pd is available to the farmer without cost, and that the 
pond unit could be located adjacent to an irrigation.lateral, an adequate operating unit 
oould be constructed for a total cost of about B. Cr. 17 000/ha. In.addition to pond a.nd 
water system construction, only a minimal amount of operating equipment is necessary~ A 
simple shelter to protect feed supplies from the weather; a seine, and a. few hand-tools are 
all that is required ( Table I). 

TABLE I 

Direct.··· Inv.estment 

~ 
Unimproved. land 

Pond and water system improvements 

Feed shelter 

~ 
Seine 

Miscellaneous tools and equipment 
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TAl3LE lI 

Costs 

I. Fixed 

A. DNOCS administrative surcharge 
B. Pond ~d eqU.ipment maintenance 
c. Amortization, ~al estate 
D. Amorti za.tion, personal property 

II. Variable 

A. St.art-up costs: 

( 1) Initial: ferlili ~tion, .• 60 •ltg triplesupel'- · 
phosphate a.t B.Cr. J.OO/kg 

Annual cost 
B .• Cr./ha 

111 
350 

1 514 
112 

( 4} Water oost, . initial filling 
(3) Fingerlings} 9<000at B.Cr. 0.06 (20 g ea9h) 

180 
212 
540 

B. Operatingoosts: 

( 1) Feed oost at 25.4 dJ\y:s .feeding per month a.t 
Yfo. of la.st month'e bo~weigllt with feed 
priced at B.Cr. O.J.2/kg 

~ Cc st/month 

1 45 
2 150 
3 ~1 
4 U2 
5 325 
6 434 
7 ~1 
a ~o 
9 758 

10 863 
11 1 009 
12 1 169 

( 2) Interest on working ca.pi ta.I 

Ou.mulati ve •· oo$t . 

45 
19; 
.406 
668 
993 

1 427 
1 968 
2 618 
1376 · 
4 239 
5 248 
6'417 

~ Cash outly Cumulative 
ca.sh outl& 

~onthly 
int ere.st 

Oumula.tiw · 
interest 

1 1 303 1 303 ·20 . 20 
2 594 1 897 28 48 
3 644 2 541 38 86 
4 696 3 237 49 135 
5 760 3 997 
6 870 4 867 

60 195 
73 268 

7 879 5 746 86 354 
8 989 6 735 101 455 
9 t 099 1 843 1 ·T8 573 

10 t 212 9 046 136 709 . 
11 1 370 10 416 156 865 
12 t 550 11 966 179 1 044 
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( Water, to rc•place eva.pora:t.1.o.n and. 
see-page ( rocnrthly) 

Pertiliz.er (monthly), 60 kg a:t 
B .. Cr. 3.00/kg 

(5) Opera:tor' e lt1'boµ1 .. (monthly) 

( 6) Miscellaneous and cor1"tingenoiea (monthly) 

( 7) Harvesting a.nd marketing oosta: 

Gasoline: 80 km/trip a"t j km/1 
at B.cr. 1.60, 3 'LJ::i.ps/ha.rveat, 
1 h~st/ yea:r· B., Oz•. Tl 

Added truok. maizrte:nanee 50 
Fa.nner's labour, 3 da.ys 

at B.cr. 10 30 
Hired harves'ting labour 42 
Hired pond bo-ttotn mai1rtena.CE:~ 

labour ~ 

'rota] l3r.C:r .. 234 

4.2 ~ 

35 

180 

26 
20 

Con.eervative estimates were made for a.11 oos·ta to be incurred by the farmer, both 
fixed and variable ( Table II). A:11 costing data w~re furnished by DWCS. 

The mK>CS surcharge presently is a function ( 1 percent) of gross revenue. The 
basis for chartr,Lng tamers for DN:)CS support services is subject to oonsidHra.ble revision 
and ma,y become a function of ao:reage. Since a.oreage is more oloeely associated with ac'tual 
mocs expenses than gross income,. it was arbitrarily assumed that this would become fa.ot. 
The surcharge, therefore, was treated as a fixed .ooat. Debt serviairig, both principle and 
interest, was treated as a fixed cost (Table Ilj. Labour :f\:trnished by the farmer and his 
family was treated as a variable boat at the prevailing rate for semi-skillecl agricultural 
labour.. Nt:t income or profi·t would then reflect cash income accruing -to the :fa.1"'mer as a 
return to his management and risk~ 

It would seem likely tha.t ca"ttle mal1ttre would be the lowest cost source of enrich­
ment for fish culture i.n irrigated. areas where li vestoe",k are part of the general farming 
scheme. Surprisingly, in the rare ins'ta:nces whe1•e ll\c\,nure is sold on the open market, it 
appt"?.a1~a t;o have a higher value i.n; crop agricmltur.e where its organic content is an important 
advantage. Chemical, inorganic fert:i.lizer ia budgeted :for thi.s project on a leas·t oost 
basis, acknowledging that individ:µ.al fi~rmers may choose to use ani.mal manure where its value 
irl other applications :le low ( Table Il). liaal::i.ng expense was based on the assumption that 
the farmer already has access tc> ~ vehicle, and that fish hauling is a ma.rgi.nal expense 
based on unused, &u11>lus vehicle time-. 

The total benefit to the farm&;r a:nd hi.a family will 'be the sum of hi.s net inC',0me 
(profit), his increase in NIUity ( capii.al ga.in) arising from payment of printdple on hls 
debt, and the operator• s ( f'a.mily) 1abou:r income. 

A E!~ fonna optimj. z,a.tfon a.ne.lysis wa.a pre:po.red from the actual. growth rates over 
12 rr~nthsf togethE:r with couse::rva,tiYe i:u3·tima:t(:;B ,.,f v1h.a't va.r:i.<>uu si zea C:>f fiBh would be 
worth on th~ open ma.rk<.:t ( ~'a.bl1:~ III and. F'ig. ·t). Somo r•f.:'drv:i:tfrn in -t1v: ratf~ of grow·th ia 
(,xpectt:·d tt': u<,c,~r dur:lng th) 1n'ri:od.. 



Based on. Adjusted 
Month original for 1o% 

stocking mortality 

Start 184 kg 166kg 

1 613 552 

2 865 719 

3 1 075 968 

4 1 332 1 199 

5 1 780 1 602 

6 2 219 1 991 

7 2 668 2 401 
( 

8 13 108 2 797 

9 I 3 539 J 185 
I 
i 

10 r 1~ 

3 722 

__ :~ ; ;: ::::J 

Optimiz~tion Analysis 
(per hectare) 

Unit 'Valu:e 
. Gros)/ ~rginaJ/ or prl)' 

perk incom ll'lCOffi 

B.Cr. B.Cr. B .• Gr. 

1.0 552 72 

1.5 

2 .•. 2 2 

3.Q 

3.3 

.3.5 6 990 703 

3.6 8 644 1 654 

3.8 10 629 1 985 

4.0 12 740 2 111 

4.0 14 888 2 148 

4.0 17 248 2 360 

3.e 18 514 1·266 

Fixed V~riable Total Ma.rgtw'l 
dost oost cost cos 

B.Cr. B.Cr. B.Cr. B.Cr. 

492 

522 ,2 441 

696 3 013 

870 3 659 4 529 

1 044 4 427 5 471 

1 218 5 315 .6 533 1 

1 392 6 327 7719 1 

.1 566 7·464 

1 740 

' ' :· ·:·/ .. ",::··)' ::, :? 

~j 11'he average size of fish. was obtained by dividing total weight per hectare w,,ti. 
stocking ra:·te. Ma1ice·t .value we.a estimat.ed from field observations of laoa! ,reta,11 
and wholesale markets · 

E/ Gross reverme is o'trtained bf nru.ltiplying total· weight by u11h value, 

21 The previou.s month's gros.s ~evenue was subtract:ed trom ,the ,current month's gJOss 
:revenue to obtain marginal.income ,; ;.,.,\ 

E;/ Marginal oost was obtained l;>y subtracting the previous month ts total oost 

2/ Net inoome, or profit, :i.s obtained by subtracting total cost f"r6m''gross inc,ome 

Net in-
oome oy 
profit~. 

B.Cr. 

!/ Ac:·tual production at ·the tem:i.nation of the .. experiment, at the .end of 19 ~s .etf: thEl 
last month, was 4 882 kg. .A,.otual morta.li ty was only 3 percent. These data. assume 
10 -percent roortali ty and ax-e extrapolated to .lll.. :full 30 cl.aU month 
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Gro as inoome and total (?OBt figu.r,'l''',;for''1!\1iflli month . were computed assuming that 
the crop was terminated, harvestil)g and marketing expenses incurred, and income tram ~ .. ~.~ 
realized at that point. Chsts are ou.mulative and income is based on the cumulative w~~ght 
of the fish and their value at tb4t size •. Marginal income and marginal oost for ee.ah.'month 
were computed as the added income and coat resulting from delaying harvest one more month. 

This analysis indicates :an optimunt grc:,wth period of about 11½ months. At this 
point, net income (or profit) is maximized (Fig~ 1) and marginal income is equal t<> marginal 
cost. 

4.4 Profit. &lld loss analysis 

The following budget was prepared ~o illustrate ~ ~rQ fo~ profit and loss state­
ment approximating. as closely as possible expected performance tor a .1 M farm PQ~d unit. 
It is clear that a fa.rm unit would break fZtVen just a.ftei- .. the end of the.fourth month of 
opera.ti.on (Fig. 2). Aseuming that the pond remain$ dry for the remainder of the<12t)l month, 
a new crop cycle could begi.n anntu~ll;y. The prQ forum, profit and loss statement ( Table IV) 
O.L#ILJ..L~,ca:, to a farmer growing. fish·Qn one ha on:-an~al·production cycle .• 

TABT..E IV 

Annua.1··Profit. and Lose .. Statement 

Fixed• cost 

DID CS . administrative surohar:ge 
Pond and gear mainte.na.noe 
Amortization, real estate 
Amortization, equi.pment 

Total fixed co st 

Variable cost 

Feed 
Fertilizer 
Water 
Fingerlings ~1 

Interest . on . wo:r-king oapi tal 
Operator's la"bo.ur 
Hired harvesting labour 

(per hectare) 

Hired pond "bo.ttom ~ntena.noe labour 
Hauling and marketing expense 
Miscellaneous and contingencies 

Total variable cost 

Total cost 

Total income (4 872 kg at B.cr:. 3.80/kg) 

Profit 

Annual 
prod."1,otion ~cle 

B.Cr. 

6 417 
2. 340 

632 
540 
044 
312 
42 
35 

157 
240 

11 75!) 

13 847 

18 514 

4 668 
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5. DISCUSSION 
' '·' ' ' \,::,:,·:(~/f,:(',,, 

There are alw~s. quesUons a.bout the a,pp.li (.)8.bility of e~eri:mental re~lts to. aot~c·N~1l'~tCflf 
field conditions. The, experiment on which th~s;ipape1; iisbased1 ll:9wever, was conduoted.~9-,r; 
circumstances very similar to actual field condition,. :Even J.Jni11,i,nwn. eq.~~,~~JJ.al e~7~sion 
effort by the cooperative .should insure that farmers feed and fertilize o~ a reaso~l>:lY 
regular schedule •. Dissolved o~gen level and. othe:x,:water cowiittons have been 8.fJ~dve~••r, 
and variable in the. expe:x,imental ponds as can be , expected ~de:r,, ttt3Jci con~ U~~r• .. ;A.l•st 
no further. ha.bi tat management is required of' , the fa:nner beyond ~ntenanoe ot .reasonable 
water levels. 

There appear to be relatively few areas of risk likely to beQOllle catastrophic in nat,u-e. 
With pr9per engineering, f'loow.ng flhould not be fa. problem. There ~e no ~Wll disease, 
parasite or predator problelllfl ~p&ble of beconQ;ng unoentroU~ble. There appe~:r• ~() be an 
appreciation of the potential danger to fish from erol) pestioi();E, use, .and it ts l~ly to 
be only a minor riai in areas waere fi:sheultUP:e wi,11 be encou~d. 

Some varfa.tfon might be introd.uoed wijen PQrtds a.re scaled up to . a. full he ct.a.re in size. 
Feed and . fertilizer. ~IJX)st cert~niy lfill lle IesJJ\ evenly··. d.istri btited t~ in the ex_perimen­
ta.l ponds. Security oenditions 1a.re also likeJ.y>t~<'be lel3S .stringent and theft inia.y· beCOlllEt.a 
major area of' loss .•. Both problems len.d themsel~s to solution, bt,wever, thro~ .<ltl.leftll 
management and training •. · Neither p;robleJJt inwlvef.l .~ diff:ieult. concepts and it should be 
re la.ti vely easy to ma.lee farmers :oc;mscious of thes~ potenti.El-1 problems .. 

The impact .of' this kind of jt .. i sh oulture e?l.terp:ci.se on tht!\ ~arni.ng eapa.oi ty ~f' th~ 
farmer is profound •. In a.dditiol} .to a substantial operating profit of .B.(}r.4, 668,,.tae ta.~er 
also receives a small ca.sh income of l3.CI'. 312 <fo:r his own labour. In addition, ~e benefit.I • 
frQm a oa.pi tal gain averaging a~roost <B.Cr. 800/yec1tr f'r<lm payment qt prinQipal:on real esta.,e 
debt. Cash income and Qa.pital gain total about :a.er. 5 8007year (Table V}. · < · •.··· y 

Profit 

Total oash income 

Capital gain 

TABLE·V 

Potential Impact on the Farmer's Income 

labour 

Average annual increase in real estate equity 

Total income 

4 980 

"' 797 
5 777 

Excluding labour income, the enterprise produces a total, return to· ca.pi tal and manage­
ment of about B. Cr. 5 400. Thier is an annual rate of return of about 32 percent on a total 
investment in plant and eCN,ipmetit of B.Cr. 16 855. 

It appears that intensive cto.lture of the tilapia hybrid presents an attraotive method 
of increasing the earning ca.pa.city of famers .while presenting a low cost source of protein 
to the people of northea.s·t Brazil. D:OOCS is presently moving rapidly toward implementation 
of the concept. 
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