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Commercial
 
Fish Farming Project
 

in Nigeria
 
MALCOLM C. JOHNSON* 

INTRODUCTION :" ""K
 

MHE
INISTRY OF AGRICULTURE AND NATURAL RE-
SOURCES of'Nigeria's Bendel State (tbrnerly Mid-\est State) , .contracted Tiffany Industries Ame:ricas Corporation (itsub~sidiary of' .i ": . .. ..
 

Tiflhuy Industries, Inc., St. Louis, Missouri) to develop and nuan- ­
age a large-scale neclhan ized rmw crop fhrn and a conlmei cial fish .... 
 (

farti. Subsequently the International Center for Aquaculttre .. ... 
 " ' 
(ICA) at Aubtrn University was suhcontracted b Tiflanv Indus- WESTERN --'' '+ 
tries Ante ricas Corporation to develop and Inlaage the co nmmercial 
fish liant component, wihicli became known as "Aviara Fish Farn"" , 
of"Biendci Tiiavfi'arins." The term ofthe contract vitl, ICA wA.':E 7 
April 1, 1974, to December 31, 1979.<-

MIalcol 'u C. Jolt nson , ICA Associate Professor, ofFish cries, was 
assigned project leadler. I-e, wvith in Illa dealong specialists (It'-.
veloten t and agriel ttire, traveled to Nigir aoii June 19, 1974, to 
make preliminary evalhatioins of'pott itial whtich the finalsits fIrot 
fain sites wotl Id be selected. 

I'The project lead'r retur'd to ICA itt July 197-1 to olitl aI c 
ctotitnrcial fish production project plan. This icluded proict 
lesigi, sp'cificatioDs and soo ices of c iii od itiCs, and bUdget 

preparation. The plannig results are reported in d etail in ')e­
velopiient of a Commercial Fish Farm in*lid- \V(stern State, 
Nigeria", a 1975 publication by Johnson... 

Additional complemteittary itformation i Ib.av infound the 
following internal ICA reports: "Nig'rian Fish Farnning Project 
Report, April 1, 197-1, to Deceinlber 31, iand Fish197," "Nigerian
Farting Project Report, January 1, 1978, to l)ecemler 31, 1978." 
The proj'ct l'ader traveled with fitmily to Nigeria to establish 
residence oilJune 16, 1975. 

SITE SELECTION 
Land having pi)tential for a fisht farm site was identified between 

the village of Aviara inIsoko Division and the Ase River i the 197.1 
survey. However, (ln'ingJt(e and July 1975, aunelitbrt was toade to 
locate a site tiat was accessille by b('tter roads and nearer to,,tan center. anThoe citeria for site selection were (1)relatively
ecingpervious T it(' f'osi sl graehy; (3)onderlin, 

water-bearing sands: (4) good accessibility; and (5) availabil ity of 
lattd thtat pr( 's at l(' tate area totde'¢'ehtp a O fitrhi. 

Soil quality was surveyed inallarea of the Niger Delta south of a 
line extending east frontthe town (fSapele, figure 1. TheAse River 
formed the eastern botndary of the area surveyed; the Forcados 
River, a major Niger River tributary, formed the souther, bound-
ary; aid (lie city of Warri was oii the western bItdary. Tile site 
most nearly conflrming to the above criteria, with the exceptiono

aecessi itwas (~utilieuitaccessibility, was located 1I iniles south and east of Aviara Town i 
Isoko Local Government Area (formerly lsoko Division). 

Aviarai is (it) tul's east of the nearest conitercial town td 

*Associate Profcssor, Department of Fisieries and Allied Aquacultures. 
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FIG. 1. Map showing location of fish farm site In Isoko Local 
Government Area. 

seaport, Warri, which is reached via a poorly maintained, two-latie 
highway. Average travel time was 90 ininttes, but it varied with the 
season and road condition. Until suitable housing could he con­
structed at the site, the project leader resided in Vari and coin­
looted daily. 

Aviara is at assemblage of nine villages of'one clan inan area ofabout 10 square miles. Aviara Town is the home of the king and istile center ofclan atfilirs. Land under control of'the clan is as, igned 

to famnilics oila progetiitorship basis and is sibject to removal or 
redistribtion by the cotincil of chiefs and the king. Once the site 
was identified, the hlanwas advised andl it a ptlic mecting voted 
to contr'ihate the laud to the endel State for the developset of a 
commeieial fist tarm. Compensation for existing crops was to he 
mad", to eacl farmer by the Ministry of Agriculture, anod the 
dispossessed were to frther benefit through employment guarai­
tees, increased trade, and other benefits resulting front develop­

if coitliterce. It was agreedl that plroject jobls would first beflert oc a aed rsc wd ot toIf't hat d 
oflered to qualified cha members, and woul only be offered to 
outsiders when necessary to obtain qualified workers. On l)ecember 31, 1981, there were 38 fish far'n emiployees,
approximately 32 ofwhoi were recruited locally. Technical peoplewhose home villages lie outside of Aviara were required to move to 
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Aviara. The resulting cash flow ill the magnitude of 8,000 naira (N) 
(U.S. $12,000) per month has had an apparent impact on, the village 
economy. This impact should continue to grow as farm develop-
nient progresses. Additional skilled and unskilled workers will be 
required in the future. 

The site chosen, figures 2 and 3, was vegetated with tropical rain 
forest, except for a few small fam ily plots of cassava, yain, hauiailas, 
and cola nut trees. The (jimeniomis of the site are I nile wide b 1.7 
miles in length. The total area is 960 acres, with app.oximatelv 500 
acres targeted f*,," deelopnient into fish ponds. 

At the highest elevation ti e soils are a relatively coarse sand 
overlain by a dhinner layer of salidv loan I. The extcn(Ift this soil 
tye is approximatelv 80 acres. )ue to f ivorable topogripby and 
well drained soils, thisarea was readily adlptableas 1headquarters 
site fur shops, wareh(ouses, fihv l dmui11p, fish holding sied, and 
housing. It will also accolmodate an airstrip or executive type 
aircraft. 

This sandy ridge slopes to tile souit heast il,toi a low swainp of' 
alluvial clays. 'Te topograpllh is rough, bit it is Shlitacl Ior tilt' 
construction (If'coiierciaI fisli plnds of tit' tvpe 16nd in tile 
Mississippi River delta of thetUnited States. 

Floodwaters frloin the Niger River inil id;te this area during" 
unitl-September to ii-Novivtmer tacli y'ear. Thei hetighlt (If' t(lie 
flood varies f'i'om year to y'ear depending on tit' rainfall ill the upper 
Niger vailev' which extends hundreds of liles into Niger and Mali. 
local raitiiidlis also tclntri'ting factor. Siuit1969, fliooding has 
1lot beeii exce'ssive, perhaps duie in part to the stabilizing ilfiene 
of the Kaingi I)an ii teit' Niger River, which iwascompleted in that 
year. 

Official statistics oil local floods were not availablt finr past years. 
lnftormation was ol)taiied byi'interviews, I' examination Of"old 
v,aterria iiks, data ri'erand frtii for other lecations ill dlie same 
syste inade availal e Iby Sliell Oil Development (1ompaly, Ni­geria Limited. 

'Naira: U.S. dollar taxivi va'itd li'ou tult1:1.-15 t; 1:1.88 b(1'. JluIe 197-1 
and l)ccmin r 1981. All costs/irics Ieresiln th t'xc aiilgt rate curreit at 
the timeiof tltfransa'tlil. 

FIG. 2. Enlarged area of site: showing location of Aviara Town and 
the site for fish farm. 
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FIG. 3. Sketch of 960-acre site to be developed Into commercial fish 
farm. 

SITE DEVELOPMENT 

Land elcaring was scheduled to begin with the advent of the dry 
season iii January 1976. However, machinery was not available 
until February 6, 1976, at which time one l)-6 Caterpillar tractor 
began operations. Between Felb ruary 6 ail April 15, 1976 (the 
beginning of' the rainy season), several )-8 caterpillars became 

(::-:wtes of' land and piled oi 60 to 
ill tilt lpros('pd p(ond area, of w'iich about 30 acres were 

bund Til.. l,..~r wa clard pied raed bund 

l.ul gi'adedI. Laid l'arinug operatiols wverI ositlerally slowed 
due to int'rmittent earls' rains, andilv niid-May vere com)letelv 

tahed for lit' ur;ii of tilte 'aillv Wtasoli. By late Decemlber, 

had rt t'd pi itllIs of'tlie poid sitt' wee dry enough toieceded 
Sbegin final thearing, gtading, and preparation for poidconstrl ion. 

'lB' M, :31, 1977, 850 acres had been cleared of trees, 45(0 acres 
Iinu'med, "150 acrtes clented (1t,'li'is, 70 acres prepared aid slit'­

et for on lustruction, and 31.6 acres of'plonds coistructed. 
B\ the end of 1981, approxinmately 100 additional acres had been 

ltletely1"l y,-preparedciltpa-t'tif rm)npodconstruetion amndit total ifi 	 130 acres 
of' 	ponds c(i)h'ted and operational. 

\Vli'ci tit( land was acquired, the entire site was covereti by 
(L 'xcept for several small plots that had leen hand-cleared antIforest 

plattled iii local tropls. A siiall piercentage' fthe growth was giant 
trees with fluted or b,,ttressed bases. These trees had diameters of 

8 -oe0li't ii inl level anidt toiweredo well ahbove t 1 alopy of'a i 
the forest. No effort was iiade to identi tiree species. Tree height
:• 	""ia"ot iiiasoirodt thelibittiess tirets towered to 1(00 feet 

or.. more, and trecs of'the firest canoply ti'oi about 60 to 801, et, 
wih diameters at Ireast height of l to 3 f-et. Many large vines with 
tIiaimneters up to 6 or 8 incihes enitwiied tIiinsse'lves tirough the tops 
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of trees and through the heavy undercover of brush extending to 
the ground. 

The timbered story immediately below the main canopy was 
composed of smaller recruits of the same species. The underbrush 
was composcd ofa variety ofshrubby plants from knee height to 10, 
12, or 15 feet. The root system of all trees was near the surfitce. 

Track-type caterpillar tractors with whatever type blade they 
were equipped were used to tIlltrees. Dirt blades, root rakes, or 
Rome K/. tree cutting type Ilades were raised to the maximum 
travel of the tractor's C-frariie for leverage and the trees pushed 
over, carrying their shallow roots with them. Buttress trees wsere .: . 
cut at ground-level with K/G blades and the stupls dug up with 
dirt blades. Root rakes and K/B blades were then used to pile the 
trees into wiidrows IMr bIrning. It is estimated that piling and . - " 
burning in this irrarnnrer requilr s two or tlWe( tirrres the numiber of ' , , 

tractor lionurs per acre ats fellIinrg. \Xr rk-tune stuiiles we re noit adeb~eeause of, el'riltie lert'(n-'..nees of' tile poorly-liltainled ' ' :,' : " '';::, ¢'* ' 

machinles. 1~* 
The project leader oside rs the aboive deseribIed imethod of 

felling trees to be nore efficient in forests of this ty'pe than cutting 
M, M, 

the trees At ground level and then digging,tIe sturrps il iseparate 
operation. ThIie liime K/; blade appears Ibest suited to willd­
rowing, althouglh root rakes perform this flction weil. lhe root -
rake is iridispensil.. for sweeping the grourd (ofsmall logs, nuoots, 
and stilps, ::I,for repiling the lui'ing wiridirws. -i. 

Any remaining delbris was pi'kvd 1ip I)'hand. Collected into 
small piles, ald blririeod. Finally, a hea.y ground breaking disc wats 

i 
rP 

11-'d to p)w the relrliriing (rgarri( miaterial into the soil. It wi:s -"7 
discovtred that irore cohiplt, uiriing cild be (cc)nlmlisliedill t 
sholrtev tirire if the felled trees were left ill place until their tf)liaige -­
had dried befire wirdlrwiig. luilhrwiii this piriicedure, nt onl l 
(o tl'ivlea\es trn to tinder a"Ild nIun Ilnre ueailils al ) . 

igllitirg the cuoarser materials, but th( lrilbs, boles, auid iithrr . . . 
svouodv materiarls dry better ilid fiaster. )urrig the d1\ seasur.. 
felled green trees eooiI often ibe blrtied euurplelh ini2 to weeks. 

HEADQUARTERS

hieadqluartc~rs site is itpIvhisal s;,n(h ,idi.v i,,(va"'h1(v loctedt(( wcl] 1 

bore lltlooads.ateast is til.a its..ir t .Il i]!,r. "hio\ i. FIG. 4. TOP-fish holding and hatchery building; BOTTOM--clope­
up showing fish holding tanks In foreground and office Inback­

short arrur of the booiirerarig-shiapied ridc pairalluls di I(,;ist-west ground. 
trans-'illage road fio abo)ut I50;lt , t:tlii rhwrerur is it right 
angles titohe rouandriruls roorn ils nas rid wi-st a dist if 
rIile. I Ih,' u-isa\ s,ils suit;ih ,0 1 porids liit The 'nnistruttiurl (Ifthlia lower ihIvat iuI fish holding latcliirv building is that of 
within tielalihi' i1itii' h;orlroeirn Mid smitls' Ird and cort -nliri'l,pri-ilbricat'd Imetal lrildirigs, with rh6-inch crocrete;uoititliiii 

eastward for 7 tuo 10 mihis bhiurrrd tIhe hiedquhrters site. sl;l,f(lo.A\(.()(t(-smiririr-fiirt slab eorld be pued iloi piece ill 
ThIe liadullatcrs Eiiiitrcs cmrsist of at large' (50 x lM0 fiut) oneiac h\r ui\s.tiorl) iiinili'lit rl irtlods in til' "!lit(d

fish-holdii arid Irather\ Ilrildirlg. f44grri Tlhv builin, is (ii- \Vith (iulv,iri' l'.t-cliie-\;ad eurireuti mier as;tl ,!,lat.I. States. 
closed ,( rn'.it with illiuririirmirr This rireihusire lsseIs Ihe pro' evt site, it w;s rrssihh purv i'id sidlinl. uri th' t, urdn. strip 10 feet wide 
i)tct., thn we't-lIltu.aId strourm 11' Ilrrll] hifnrrLwlr i-.d .1upj1iVs thiat acroiss th,.5(-)1mt dimension(i 1t.t' hllddirr p'v (la\. This ritquirtd 
re ir sltilt(r, Ih;lsr)lir)iuses tirir uI(r.'h tklliks (3 \ :3 \ 25 feet) 15 " )ld-jo meusrall o'f;:ththt' Ini toil s" in tin' h of slab. norder 
that art' to Ire u d tllid iihuir l ",,iidrig'inlfix-ruari rig purl strengthn1, and i in'm IIn' itelgrityii (di the slab. tIh' norrmal 
arndotihTer speiilied l hilluiru fill ilitivs. irr(li idlital slabis b sliirth bltts was modified.intd irieilbatirr proedre urfj)uinlrin 

lihe rest ul this struetiuri isall irireri sltud in wshieh th're arev II \\'ood planks masrnirig 25 \ 2.5 irhivs :ilm srisperided -1.5 
fish holding tarks IirraiisriurlL I x 3 \ 15 lint. Iach t nk has in inlchs alrirv, th'.grrrrildwvr. irsed filr tdi' fl.ri Ili" the 7-inch tlick 
inliepiridert watir srippl\ antd drii, antd iwl\a\kw i aong eacih sll, rather thin, I \ (i inch plaiks resting i'dg 'visi riprl tile 
side to lirilitate fish scinirLr, treat irlrrt. size .rildirig, arid other grrund. lre ( x6-inlch rsh \itr' used to stirigthen the coici'(ete 
prncedures. slab was st(ridul r('iil ,irrld 10 irchlies I)(ti'ird tIe 2.5-inch Irm. 
The entire builinrg is supllierd wat.lr bi st -l ;illos Reinir \ cwc cii int 2-irrit h'rigtlis ad isertede'lnrtedthd ill Irirs ?:3,',-inlh 

the icnrete slab. \'Watti of roIhardu'ss is suilipid frm it btorre- At interva;ls ii 3 fi'et,I fil)tillttI' freshly piru red eOllcrete; the 
hole oiwell ata u8' .p . F",';p is otllcr loot of'rtildfwcila bilvxhelded ilt)the iln';ir.f0 g.1 'I.hl sulibirrsilhie \vc'l to he poured the 
powered oiv a 2-i0-volt verialor rated at162 K\A 12Y K\\) issir finllincii da . Irt slv prreit ciuicnte was theml allowed to 
outpvit. \;ter is disthargegd int i 5.)t0-Lalirn '\rated surge fl-w mnder ami ahrrrt Ii inches luevurinl ih(2.5 x 2.5-inch wooden 
tank, irr0)n whrT it firiws Iv gria\itv 10 tIl' r frm retsulting i iaslouped Ieading edg'. \V'ne the wooden fimrnhitits. Watr( hsel i:1 

rt 'MitIttllltictire takl icontrollim.in Irsw1s'itch. This s\sst(rr Wats ruiriv'd, th' r('Slllt was atIoek-jorint (ype irtemfircii f the set 
will also furish water to the hirsiig. slIps. arid \\)rk area. conricrete with corncret' pouro'(t oilthe fiutis\ilg day. The sha 
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interfaces were held tightly together by the reinforcing mesh and 
bars embedded in each slab. 

Concrete holding tanks were constructed on the finished slab. 
Holes 5/8 inch in diameter were drilled into the slab at the center-
line of the tank walls at 18-inch intervals. Steel reinforcing bars long 
enough to reach just short of the 3-foot high walls were inserted 
vertically into the holes and cemented in place. The tank walls were 
formed with prefabricated steel forms into which concrete was 
poured. 

In addition to the main building, there is a tool shed and work 
area for heavy e(iipment repairs, a fiel depot, a pipe yard, a 
60-ton-capacity feed storage silo, and a modern four-bedroom, 
air-conditioned house. 

POND CONSTRUCTION 

In 1977, trees were felled on the larger part of the fhrin site. One 
area ofapproximately 70 acres at the higaest level of suitable pond 
soils was selected as the site for constructing the first ponds. This 
acreage was then cleared, swept, burned, and thoroughly cleared 
of debris as described earlier. When all woody material had been 
reduced to ash, tractors equipped with dirt-blades leveled the land 
roughly. 

A permanent bench-tiark wvas establishbed to lprovidc vertical and 
liorizotal control for site developm e nt. This Icelh-imark was tied 
in to a marker positioned Ibyvtlie Nigerion Agip Oil Co. (N.A.O.C.) 
inAviara Town to provideo geographical coordinates fbr filture 
cairtographical putrposes. 

file principal soil type intlie p l ;,rca is alltuvial clay streaked 
with fie laterite. It lies beneath a sa ll loaiii topsil Ithat varies 

from about I to 18 inches in depth. The clay remains slightly moist 
ard plastic beneath the top-soil mulch, but when exposed to thc 
sun and air, dries to a dense hard crust. The clay is homogenous to a 
depth of about 3 fiet. At that depth the l:'terite becomes gravelly 
and more pervions. During construction, eflorts were made to 
minimize penetration into the gravelly clay. lHowever, where tile 
gravel was accidentally exposed the seepage rate was not great 
enough to be a problem. 

An arbitrary baseliue 1,600 feet in length was established at the 
upper elevation of the clay soil area. From this baseline a grid was 
established with deviations determined fbr 100-fbot intervals. 
From these data, levees and ponds were positioned and designed 

I the basis of economy and ease of construction. 
Levee height was designed to provide 2 feet of freeboard when 

the highest poiat in each pond was flooded with :30 inches of water. 
It was thought that this height was also adequate to keep out 
seasonal Niger River flood water for about a 15-year expectancy.
TL,. ,ide slopes of earthen daims ws'ere designed at :3:1 and the 
top-width 12 feet. Allowance was mnade for a.i estimated 20 percent 
shrinkage. 

All levees wei e built by Caterpillar tractors equipped with dirt 
blade-s. The soil was excavated as near to the levee base-line as 
possible and pushed into place. To avoid exc-ssi sc borrow pit 
depth and to maintain good interior drai ,:ige th'lwwvidth of the 
borrow areas varied wit the amount offillrequired at each station 
of, the levee under construction. 

I e\ece I'Str let lpo'cee(ld as flloss's: a1 estimate was made 
of the width ofthe interitor borrow-pit that wvould be necessary to 
yield en(ugh Soil tol build the levee to the desired height and width 
at a give: point. topsoil front this area vaS the Iipushed ontoTihfe 

one tot' (Iflihe levee base, leaving the clay substrate of the harrow-

FIG. 5. Avlhra fish farm showing individual ponds and acreages with related facilities. 
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LEVEE CONSTRUCTION DETAIL
 
AVIARA FISH FARM BENDEL STATE, NIGERIA
 

too ------ CL Y // /// L// ' ROUND LEVELS ZOO' 

R A SHROW\L CAVAIO 0O P7 T AL C 

If 0' 

IZ ' STEEL PIPE 

SOP-"MADE COUPLING-DI0P PI ITEEL SWIVEL. vc E. GROUND LEVEL 

STAT. 0+ 17.90 

FIG. 6. TOP-upper-cross-section of dam depicting cut (borrow area) and fill area; BOTTOM-lower-cross-secton of dam showing detail of
 
drain pipe design.
 

i t ' t'xi)t (seclalstoil dhepth l 

of alhut I hbtoItwas illaileietwt't' Itl(' oippo1site , 

ti itill IcenC iter per acre.
 

)it eXplosei Next, it u' ntrailithi x toti sai uii1it costs atstr I'old 1, Pond 11 was (.'(izStriltt()l" N622.0(0 
the (U.S. 8951I .6(6) 


ilt(' trlliilg a sh~lih~v ('tIre reilcit. "lIISs(ii v Tile averiige e)r o'r'i
tihlI)lSitd \with the it icril he t\V()I(l wI\as N 1,2-19.45 (U.S.
 
previoulsly d'ipo(sit(d tIsoil. Th i'('0 trllnliii %\'tsl t(I It Sioh)Il he.ilot(tI ilat '(lllal v)i til
IiCc('Ssidrv $1,911.66). illIlllost l arlrth
break Il1) soilStrilti til iaS A iii tI Next, moedi:, ])t)lidII is ill iolli 1, blt ill aiolit 40 percent less
ttioll SeClilt' t'lt.' C il\'. was ill 
clav stils hi llt rrolw alias ()iiibo1tih Si(' tif th' I'v\t'(' 'eiid'l tio tilile.,liliswas tii(' rt'slit f,trailill g tit(' r'liativ'e lexperielt ed 
cl'(lile](v(the A(\, (llic-hallt'(ik-,;a (_lily. l.tractor
. t'. h list h Icvv, waslo)]'g)()( Operatorl~lls. 

A\dil t(ysoiwas mi x -visa\ i int (ilt't vti, rIIts, lili (HiiIwere t'i t t The )il lio 1w titit' -(tat ll i r li' oI 

iihtiilte to i\' idtri
ne' a i ail I iz t iyls iinstriumen ill i atlll r t liintc Iihai a iltv t hawli tllil illli i tllrl,
 

AVhieth hl( ( alputciti i erlelt'isl'es , i ltV hive ie''t r 0\1 l' s. , r1t er trlilit'l that hts ilise dhurin
stilll'r mli 

tac IgtI!I ' iii aity olllh Iml h ill- 5 t il l ' ()it h iindslifictiii h i iit hilt lit\i d li ct' lhhi er i ht't iii I l t'tivirk ut ill h I11tii1t his of't" lr i d t.h lll Irclic di )SI te t'()l \i ru i ti in .lic ile1 op so);(il, to itshl (\\co n .l h ail i l;hSo il i( is - itill d t'lt i\ lc h trac 'ho sw o rlk ig a;rte lho th e r. 

c 1rilllhllnto tiilihi(. ti tv i ti S ii ils ' n t rlmati t lll rs l w heii l'l riill l ' ill t lill f oni paChtisth(, ilt lndt' is ill ilevh 
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WATER SUPPLY 
A wvell had been bored and tested by June 7, 1977. In the Aviara 

area, there are about 90 inches of rainfall per year. Pond draining 
and filling, however, will occur in the dry season during which 
there is practically no rainfall. Water requirements for this oper-
ation will thus be available from sells, 

Thc wvell is 250 feet dlp andI has a 13 3/8-inch easing and 52 feet 
of 10-inch stainless steel Johnson well screen. Water production is 
in excess of 40,000 gallons per hour (about 700-750 g.p.m.). The 
test pump was replaced in September 1977 by a 50 I.p. electric 
submersible pump.suppy.At thisheispowredtime the well became a functional waterK\')ellpum y ~144KVA(119 
Supply. The well pulmp ispowered ly 144 KVA (115 KW)

generator driven by a diesel engine, and can supply 100 acres of 
ponds with water.srought
pondswitwater , 

A water supply line was huried to a depth of 2 inches along the 
center line of the levees that paralleled the tipper (shallow) end of 
all ponds. Inlet pipes were provided from the main line so that each 
Poll(] Could le watered independently. Schedule 40 PVC pipte wa
used throughott the pond watering system. Thinner PVC is avail-
able (schedule 20), but it is too fragile and shold [ot be lised for 
this purpose. 

A pressure relief mechanisin was incorporated into the water 
supply system. A 12-inch steel pipe was welded to a 2--inch steel 

pipe ini such a way' that tileentire structmrt' was a telescope shapied
cliinev about 15 fet high when resting on tie larger pipe and 

standing upright. The top of this device was left open to allow the 

escape of air and tle overflow ofwater. The well discharges into tle 

lower 2-1-inch section of the s,andpipe. The water then flosw's under
itssuplywn eadintilistht th pods. areIllst e tken
its ows head into t ie ply Iires to tile ponds.s Care ,aust be taken 
to see that water is being d isehargd intolie pods ingreat emotgh 
aiiitimitsttitiliithelit'etintireIore-IhlrdmetinorthieStandli 
will overflow and waste water. 


ACUISITION OF FISH STOCKS 


There hit.ave bem negligible studies of life habits and suitability 
lbr cultivation of most indigenois west Afit'cain fishes. The motablle 
exceptiomi to this ar lit' '"ilapia and Clarias species.The fom'mer of' 
these is considered tiem most desiralbletod fish. Ctarias (catfish) 
cultivation ws'ill require additional rsearc before commercial-
scale production is possibt' iii Nigeria. The \w'elI known propensity
of the tilapias for over production resulting immlarge populations id' 
small fish preclhded their initia I use Illou- l)rojt'Ct bItie Ni-
gerians prefer large fish. Iherefi re, itssas decided to iimport tliat 
known and proven technology of' mirror carlp fbr commercial 
culture. 
The O'VO Statt Ministry of Agriculture has a small, 5-ace fish 

culture station iii lbadam. The principal sptcies with which thie' are 
concerned is the mirror carp. 'his station is fairly \\'(-I planmetd and 
constructed. ('arp tculture techniques and probal.'.y tilt'original 

broodfislh were obtained f''on tilt' Jis ini
Pan Yam Fish Farm'i Inei"ar 
Eastern Nigeria. Arrangements sere made to sectire 200tfingerling 
miirror carp frn thie Iiadami Statiii. Teste fish wsert' t grom ti 
a la;'ge size and suitabl' age for spawning ina :3-acre pond that ad 
been built for that purpose i t ltealreadv cleared ro''-crop fihrm 
near the s'illage of' Agenebodet ille norther part of' the state. 

It was anticipated that by tiletime land ss'as cleared and spawning 
ponds completed at Aviara, a ready stock of brooders would le oni 
hand. Ilowevcr, almost all of,the jtvnile brooders were lost to 
predation by crocodiles, which are rcvered by the animist residents 
of the Agenebode area and thus uncntrolled. The surviving brood 
fish, four iii numer,were suise itly transferred to Aviara, hut 
due to lack of isolation ponds, lost their identity wh u additional 
carp were imported. It had been hoped that t'o straims of'comliion 
carp could be kept separated and teir gm'wth compared. 

Early in1977, arranget'ents ws'ere made with Aulrn University 
for their fisheries staff to spawn and rear to a size suitalnle for air 

shipment, specimens of mirror earl), largemotth ;'. L.,s, chan­
nel catfish, and fathead minnows.These species were selected for tihe following reasons, carp as the 
most promising commercial species; channel catfish as a possible 
supplement to carp for the gourniet or carriage trade; largemouth
bass for biological control in future attempts at raising taiapia; and 
fathead minnows as forage fbr bass and channel catfish brooders. 
The last three applications would depend on the development of 
dependable methods of spawning bass, catfish, and minnows. 

The carp were shipped in sufficient numbers to constitute a 
semi-commercial crop when reared to marketable size. Fron these 
carpe l)i-ctheofoundationundti onro o s to w a kele and the sebrood stock was selected, and the remainder 
used fbr consumer acceptance and marketing studies. The other 
s
 

only in suffcient numbers (1,000 each) to
establish a population of brooders. Careful preparations were made
for the safe conduct of these fish from Auiburn University to the 
Aviara Fish Farm. TI' fish were packed in heavy-duty styrofbam 
packing boxes. The number and weight of fish per bag were based 
on 100 percent surviv.d for 48 hours in pre-shipment trials at 
Atibu University. l)ue to the mncrtainty of the filteof air freight 
insome international airports, the fish were transported ly ac­
coinpanik d luggage. A large number of styrolban boxes swere 
iivol'ed (ilomt 50), so two Aimurmi University personnel were 
invogved (,,bouriers 

The proer import permits ere obtained from the Nigerian
FederalPepartment ofrFisheries. Nigerian f'rstois and quar­
antiealieiart ierenleise N ierie e toiau andof]ar- i 

of te cotritrs, the ir It gage, aid the iye fishlat planeside.
 

Accorieg ti e wee ai
a and lie sfrm'edtoAccording to plan, thet fish were to bettransferred '-, two char­
tered tim-engimie aircraft, flwin to Warri, off-loaded either onto a 
flatb,-d truck still iii their own toitainers or, depending oi their 
condition, released to swint freeIs ina tank oi conventional 

live-ssh transport truck. Either ssayv the fi,. leg of their jou rney 
would be overland by truck from \Varri to A,iara. Total scheduiledtime enn tt' f'i'm Anmi'n Univeisity \'ias toil e less than -8hours. 

)eparture fmomiAiburn was at 6 a.m., Atgust 2, 1977.
 
I)ue to mechanical difficultits, the flight a,'riv
ed iii Lagos about 3 

hours late. This was past lit' final legal take-off'timetfor Warn 
Ibimd airc'aft. The fish, stilliii their boxes, Weert'ld overnight in 
Lagos inam air-conditioned workshop. The following morning, 
one-half of tilefish, still in boxes, were flo\ Warri IImto a 
chartert'd aircraft; tlme fish inthe remaining bxes wt're ieleased 
into a live-fish transport tank oi a truck that had Ibeen dispatched to 
IagSis bak-ifi case ii just such al emergency.Tie air-lifted 
fish arrived imiWari at 8)a.m., August .1. Iesere left imitheir 
containers, transf'c, id to a flat-bed truck, transported to Aviara, 
gmaduiall~' atlimatet to tie pond wssater ct'uditiOlis, aMd released IV 
12 noon,Aii gs -t,1977. Tlhese fish ss'ere iii t'ansit fiom Auiurn 56 
hours. 

hI'le a lis'e tank at 8 a.i.,remaining fish l'ft Lagos ly truck iii 
August .1. The'y arrivsed inWarri at 8 p.m. lit' samne day. One 
hmdred and tei-\olt agitators 't't' substituted lor tie 12-volt 
ones used ii transit and tl fishi held mernight iil Wari. By 11 
a. mIs.,August 5, these fish bad been transport d, te ipered, amid 
released ii tile podiat Aviara. T'it' fish had bieen iiitransit fiom 
Aubmn about 75 hours.This latter gromp offish was miuch stronger 
when released (ha those that w't're airlifted ilmplastic bags, despite 
th fact that their total time enroute was apprt.oximately 20 hou's 
longer. This emphasizes th lcetd f'r prperly desitgned transport 
uits and theconstruction ofa good live-fish holding and receiving
focility prior to handling fish fr ayipurpose at a Iit's' station. The 
existing on at A'iam'a had not yet Iceni con icted at that time. 

Although fish insome boxes siuffered 100 percent mimortality , 
overall m rtalits' did not seem excessive invies of tit'tmuex­
pectedly long time in transit. Approximately 60 percent of carp, 75 
percent of largemnouth bass, -TOpercent of' chanelcatfish,, and 95 
percent of fithiead minnow's survived thc trip. All survivors were 

a 



released into an 18-acre pond partially filled with rainwater. 
While still in the United States, the carp fingerlings had been 

found to be infested with Lernea sp. They were treated con-
ventionally for this parasite while being held fbr shipment. No 
parasite, nor symptoms of their development, has been observed 
during the 5 years the fish haee reiained in Nigeria. 

Samples were taken of the imported fish with seines at irregular
intervals. Saimples were examined for rate ofgrowth and symptoms 
of parasites or diseases. 

Both the largeniouth bass and the channel catfish grew at an 
extraordinary rate. ''lme catfish weighed about 6 pounds each and 
the bass about :3pounds each at the end of 13 months. No atteipts 
were miade to induce spawning in either species. As iew ponds 
became available, brood stock were isolated and furnished nesting 
opportunities that are conventional in U.S. hatcheries. There was 
no reproduction and most of'both species have since succuin bed to 
predation, theft, or natural iortality. Fathead miinnows were not 
seen again after the day oftlieir rel ase, although they were strong
'whenreleased, 

FEEDS AND FEEDING 
Liv'stiek "ecds (Nig. ld .isa cbsidiary of Pfizer 'hPam'-

inaccutical Conmpany, has a modern mill in lagos and another in 
Aba. This fhu'mln agreed that a ft'ed formullated b . L'ovell of).'. 
Auburn Universit' fir carp at diflerent levels ofcultivation was to 
be supplitcd by theili at our request. This arrangeminmt has proven 
alnlmost totally unsatisfilctory. Esven though fis', feed orders were 
iiade miiontIms in advance and oim a scheduled basis, the Aviara firm 
was without feed at timmes fbr periods; of 2 to :3 months. Th'rear, no 
other coimie'cial feed mills iii Nigeria with feed pelleting cala-
bilities with time exceptio Oma smiall capacity blelding and cpelletiig 
plant optrated b' the Nigerian Institute of Oceanography and 
.Marine esearch. 

i ,,. Lack of in-c'tmmtry infrastrcture for tIe p'roduction of feeds 
COm)mmdle(l by ditll'ltv il st'C'iring parts, smpplits, and other
commommdities is the imajor impediment to levc'llmm it of corn-

niercial auiuaclture in Nigeria. 


ivem a dependabl' flm ' mf'nnufiictur'cd feed, there arc certain 


other considerations. )ue to aidomestic deficit in thme prodluction of 
raw materials, emlbargoes, imlort quotas, and punitive chliesi o 
Imialny raw im:.curials, tlme Nigerian economy is greatly inflated. As of'February 15, !982, Pfizer quoted over N600. 00 (U.'S. $900. 00) per 
netric ton fur tie "int'nsive cultire" feed formulation. The firmmm-
ulations presented in the tabhle cmotained primarily whole roasted 
sobeans (ground), wis ich were as:uid to b'e asailable at imod-

tratecost img mora 2: 1sucm i
fish feeds. mse ivers ion factor, the 
cost of ,fe c alone per pound i' 'whole fish flesh would ic' Nt).5-
(U .S. $0.81). 

If other productiln costs w'ert added to the cost of' feed, tile 

pIroduct wumind lide priced bei'ondi tle pmmrchasinlig power of' time 
Nigteriai m:arket. It was apparent tlat acc'ptalie lwer-cost ft'ecds 
miist lit' utilized evenmmat a per acre production sacrifice to lower the 
price o f fish iii tle iarket. Life Flomior .Mills, a iiller of'wiit' wleat 
flo r, is located iii Sapele, midway between Beii mCity aid Warri. 
\Vheat bran, a b y-producl of their milliimng process, is pelleted into 
3/8-inch pellets for export. Thi;: material was miade available to 
Bendel Tifliny Far1mIs fir N70.00 (U.S. $119.00) per metric tol. 
The wheat bran andl tIme Pfizer concentrate, wheim available, were 
blended omi-farmil ill a ratiio of 3:1 as the basic ration fim fish being 
growi fir iiairket. Thouglh satisfactory data were not olntained 
becamlse oftli irrc,, dlar availability of the concentrate, this iixture 
ap)eared to be an adequate diet for carp. The costs per pound of 
whole fish flesh, assumiing a 2:1 conversion ratio, would tlen 
approximate NO.18 (U.S. $0.27). Thme daily rate of feeding was 
based on estimnated numnlers of fish, estimated biomass per acre, 
and periodic olnservations of rate of growth, general appearance, 
and feeding activity. 

There are two breweries in Benin City. Ihe blrewers by-products 
are discharged into natural drainage channels in a senmi-solid state. 
No attempt is made to process or utilize this material for coinl­
inercial purposes. It has been offered to the Bendel Tiffany Farms 
for the price of hauling. In the semi-solid condition, irewer's 
by-product would )robably he uitilized more is an organic fertilizer 
rather than a fleed. The high content of vitamin B conplexes and 
yeasts would, however, enhance its \lue as a feed if provided in a 
consumable fiorin. 

At one time, Nigeria was the world's largest producer ofpaln nut 
oil. Production is declining, possibly because of the migration of 
uriniworkers to the leveloping industrial areas. Ilowever, there is 

a large volme of residue from the oil extraction process that is 
largely exported to be used in the inanut leture of an imial feed, 
rather tman utilized in Nigeria. This iaterial is available locally 
wx'he rever pahin oil press flicilities exist. One is in Warri. Production 
is seasonal and relatively siall. Local prices have not been fixed, 
nor have available qua.tities benc projected. Protein content is 
reported to be 18 percent. The Wari plant, when operatinlg, dries 
and pellets this iattrial in 1/4-inch pt'llets for export. Its vallie ;is a 
fish f'ed should be investigated. 

A project owned and operated feed mill is to I' constructed at 
the Bendel l'itlfiu'mm- Farnms, Agenbode grain fau'in, to utilize 
growin grains as fish fbod. Other locally available ingredients, such 
as wheat bran, palin keniel menal, :-,l brewers b-pmroducts, may 
prove to be utritious and econmmmical :additions omrsulbstitutes fbr 
these graiis. 

With the exception of' wheat bran pellets and chicke'i manure, 
which is available fbr time price of' hailinig, none of time locally 
prmduced agricultural by-products has yet b een utilized Iby the fish 
farm. 

FiOMULAs..FO FEE.:DS FRiFIsHm 

Extemisive Ilitemlsive Cage
Igredivlt pod cultrt, poid culture culture 

- 25% proteii 30% protein 32% protein 

G rct. Pct. Pct. 
( m biomnd 60t6roasted t. 55soyeianms ............. . 1(1305 
(raiii rici. corn. or sorglhim ............... 28 20 2t0.5 
Rlice braim, wheat bran, 

or other filroms 
imgredient ................ .. 8 8 
ml iBemcalor dicalcimi
 
ihospliatc,................ 2 or 1.5 1 or .75 1 or 
.75

Iinclhr..................... 2 2 2
 
Fishl llli'al ................. -- 8.5 13 
Fish vitamin mmix . .75. .5 



REPRODUCTION 


By June 1978, the small fingerlings that had been imported from 
the United States in 1977 had reached an average size of3 pounds. 
Milt could be expressed from some of the males, and the abdomnens 
of some individuals were distended to a greater extent than others; 
these were thought to be females. On this basis, 100 individuals 
considered to he females were placed in a 1-acre pond and 100 fish 
accurately identified as males were placed in another pond of the 
same size. This sexing, process was reasonably accurate, but as 
sexual maturation advanced the fe iales cot id be inore easily 
idleltifled to tile point that tiht' separation of the sexes approached 
100 percent accuracy. Tihe Pfizer conceeitrate formulation was 
av ailable in sioall quantities aind was reserved as a ratio tfor the 
potential breeders. 

Attempts at spavnin1g fish were Ibegun in late May 1978. At this 
tinc the brooders were appoxiinately 12 months old. A I umbie"r of' 
tleiales andIal's vere inj 'ctd with dried whole pituitary' and 
released in a 1-acre pomd. Field grasses o ilit' pond banks had ibete 
allow'd to grow for spawining su bstrate, and tie potlds were 
flooded to a depth that covered these grasses jinst prior to intro-
dueing tihte brooders so that predators would nt hav'e had tiie to 
become estalislied. )iesel oil was spread on it'e sorilFev of t' 
water to control inseets. Neither a plankton net nor a 1/8-inch lesh 
nvli siie'c'apttre aiiv macro tirganistis that w ld be' con-
sidered predatorv or colpetitive grazers oii iiiicro rgallis is thtat 
are thnoight to be essential tii carp fi-y tltuing tihte post larval stage.

linjection of a soilution of' pwlt'dered carp pituitary and sterile 
water was Iliade at tltt' rate of3 milligrams pt'r feiale il tlt(' lat-' 
evening. 'hut' fbllowii g m ning this was repeated. At this tii', 
tite iiales were also givt-it :3milligrams per fish. Ill thtt' late vetlting 
ofcthese-oddave ale: w'e gi\ ei aiiilt-t iij(etit, blt at 
tit' r-ate o':3 milligrais pe, kili gram oif oty weight. Sperit could 
be freely express t'd 'illlItht' tIales at this tile andt( It(-\ were gi\t , 
no i'rth, - illijo--tiils. 'llis sa ie plro(hillt' w lls in allfili wed 
sullist'ql iii spawning atteimtpts. All of lit'hitodt'rs wet-r relased 
in tit' ponds and w\atlhtint with no previots knovlehdge ofspawii-
ing beihaviour of carp wert' posted as obsel-vrs. Tile fbllowi:ng
taiti'ing titt' describecd tw classic pattenl ii' spawning blt'la'ior 

common to these fish. Eggs could be finind lightly scattered among 
the grass. None of those found ever embryonated. 

The Project Director took 60 days leave beginning June 1, 1978, 
and was replaced by an advanced Auburn University student who 
had prior Peace Corps experience with mirror carp in Nepal. This 
worker repeated the procedure described above several times with 
similar results, lie also did chemical analysis of the pond water 
which had lben obtained from the 250-fbot-deep well. lie found 

1that the pAI was approximately 5.0 and that the hardness ap­
proachecd zero. 

Calcittii hydroxide (CaOll) and agricultural limestone 
(CACO3) vere added to raise the piland increase the hardness, It 
was t'ind through repeated trials that relatively sinall amounts of 
these materials catsed major changes in the chemistry of tile 
unbuffered water. 'Ile addition of 100 to 500 poi nds of limestone 
per acre increased tite pi Iioni 5.0 to around 8.0 or 9.0. At times it 
was necessary to inake one ori more additional applications. After a 
few days, the p1II usually stablized at 6.5 to 7.5. Hardness in ­
creased to at le'ast a quantity m('asurable with a basic field type 
If ach kit, listally approaching :30 pp.in. Front this date forward, 
p11 and hardness were monitored ii all ponds oil a regular basis and 
correctiois ittade by linting wlhen necessary. This procedure is also 
a ci in the production ponds.continuing process 

After these improvements in water quality were iiiade, suc­
c'essfuil ]iatelhing of carp fry resulted and ultimately 6(10 advanced 
fitngerligts w teotained. Most eggs, lowever, even those f'om 
heavy spawns tfhat appeared norinal, fliled to elimbryoiate. 

The Prj'c-t I)ii',-to returtned in earIv August. Beolre tlt­
departte of his relief, aiv fhours WL'I . dISc-uss:Ig tile 
dilemiiia. Vater i jiality which had been coirrected and brooder age 
were the(obvious 'onsideratiis except foi a hictiir thte Project 
.eader calls te "lpeachtl-cesyndromne." That is tdie lack of cyclic 

dhilii icy t ,iiigt(e 'viliteriiontlis ill tt'liperat' zones to which 
tit' carlp is liativ-. 

Tle spilwl ing pro(ce(ure -vas altered slightly. 'lit- fish receiving 
pituitary intjt'tions were relcasd into .1x .I x 10-Iiot tylon nets 
(lapas) stuspend,d ill ponds rather tian being rtleased free in it' 
pond. This \was done to t-iisl-'e proximity of Ilales and femitales 
iltiing spawning. "To fel'iales ani IiMir ales w'ere'plaetd in each 

FIG. 7. LEFT-harvesting fish fingerlings from "fish seed" pond; RIGHT-selecting fingerling fish from concrete holding tanks prior to 
stocking grow out ponds. 
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hapa. Abundant quantities of'fite, dried grass stems were placed in 
the hapas as substrate for the adhesive carp eggs. 

This procedure resulted in heavier spawns of' viable -eggs, al-
though all of the eggs in soite spawns w\ere still infer'tile. Some 
hatches were excellent both illthe hapas and in glass aquaria to 
which some of thc grass bearing eggs were transferred. The aquaria 
contained water from the spawniug ponds. The fh-v that could be 
easily observed in the aquaria were vigorous, and remained so for 
several days until they were tempered with pond water andi re-
leased in that pond.

The silrv ival of, the fry in ponds was poor. What at first appeared 
to be large nuinbers of'0.5-inch fry became progessively flewer until 
the survivors reached approximately 1.5 inches ill length, at which 
time mortality then seemed to cease. 

A total of 13,000 fingerlings representing tile F-I ge'ration of' 
A\siara carp was produced i t 1978. Although the i-esults of attempts 
to produce fingerling carp were pool-, confidence remained that 
this problem was a tei I poraiv one that culd be ove retui with well 
pIoid )rocedtres by specialists ina position to apply ft1ll time 
effori'ts utilizing well maintained brood fish and appropriate 
facilities. 

Tile sailte procedures ofspawitning the carp were fIlthwed itt 1979 
anid 1980, but with increased success. Production of' - to 6-ilith 
fingerlings titale' .19,0(0(0 in 1979 and 78,000 iii 1980. 

h'lte tadpole poiputtions ili tile breeding ponds werefrog atid 
iegligibl'. Air breathing insects werecont-olhldlIn diesel oil 
floated oiil e sorfktc o rby sC'leCti-c iiisecticide's wteit they were 
availall. TeIIiC were io scwater sitakes observed. There wa'is oni 
miior prtdation retsuilting fit-fish tating birds preying oi thIe 
larg er fingerlings and stoeker fishll to 1/2 pitnd. Poor survival of 
the fry and smiall fi ntigrlings ill1978, 1979, and M98() reiiains a 
iiiysstcrc. 

Bv carl 1981, fburadditital spaw-ing ptnds of'alpitixiatelh.2 
actrc's e-li Itad It'n cisretc (i-sc'ies); thle se an ticIo tif' 17. 1 
acrTs each Were Used dit-ing the 1981 spawning season. O)n Feb-
rUarv 10, 1982, :30,(00 -t-inc!h ish spawnied iii 1981 were captured 
fitimt tin, of, these ponds iv seilling only the Ibtr eor-ticis with a 
50-fbilt-hng net. ThI'efish w er- tralisf'red to a prodcIti pond to 
grow to a marketable size, figure 7. This pond, thereftre, was only-

partially harvested. Previous samples of'all of' te c'lroductiot 

ponds indicated that this pond contained the smallest number of 
fingerlings per unit area. 
The total pond area devoted in 1981 to spawning and rearing 

fingerlings was 8.4 acres. No fingerlings had been removed from 
any of the other ponds as of March 1, 1982. On the basis of the easy 
removal of the 30,000 fish mentioned above, sampling judgement, 
and experience, it was estimated that the 1981 crop was approxi­
itately 250,000 .- inch fingerling carp as of Fehruary 10, 1982. 

Possible reasons for increased success in spawning, hatching, 
and fry survival are listed below: 
1.Adjusting the pIl and hardness of the water within the Iinits 

prescribed for the Culture of It ost warmiiwatei fishes. 
2. I p1)rove(ltin in g in the floodii ig and f'rtilization of the hatch­

cry ponds to ensure an appropriate level of'lbod production for the 
fry. 

3. The use of degradable and selective insecticides and diesel 
fliel
to elifiiiate predators. 

.1. The use of aged brood fish, which had become increasingly 
adapted over timie to pond etnditions. 

5. The use of'brood fish that had fitlv matured sexually. 
6. Postponing spawning until about September 1, which had 

been the most successfilI tine in previous trials. 
7. Increased staff experietnce. 
'lit fbregoing statements are largely speculative, based on the 

observations of tie Projec-t Leader. 
The miriror carl) is a notoriously poor spawner with low fry

suirvivcal iclequatorial zones. Although this fish spawns and hatches 
fireely in the United States atnd other countries of'similar latitudes, 
srit-\cial oftlhe- low eompared to other cyprinids-oing is relativel' 
indigenouts tto tose areas. This is Comipensated for by production of 
large numbers of'fry. The probhlei then becoes ote ofproducing 
large itbers of eggs that are viable. The prolability of this 
cectrring is enhanced if' tile following conditions are provided: 
proper water quality and temperature, natural Iod organisms, 
conditioned Iirocldfish, atld timitg of' nattral ovulatitn using aged 
fetmales that are sexually mature. tlormone injections cai be 

iutilized to regulate ovulation within certain limits. l)e­
clhritization, ja-Iateting, a idtaik rearitg of'fry inloors iay I)e 
an improvement on thie use of hapas and straw substrates for the 
adherent eggs. 
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PRODUCTION 


In 1977, small mirror carp fingerlings were brought in by air from 
the United States. The number of fish that survived after release 
into an 18-acre pond is unknown; however, fish (lid survive in 
sufficient numbers to provide an adequate stock of foundation 
brooders when they reached about 3 pounds average weight. In 
addition, there were enough survivors to conduct preliminary 
consumer acceptance studies and to test the stability of the market 
in the face of a .'clatively high price. 

Except for roughly 200 fish sorted by sex and raised in separat' 
ponds as brooders, all survivors were reared in one 18-acre 1)o,(I. 
These fish were fed daily at a rate variously estimated to be 
between 0.01 and 0.03 of the total hionass, depending on rate of 
growth iand condition of the fish. Biomass was estimated C'O 
ass, in(d s rvi val anI periodic weighit saipl iug. Ph's ical condition 

was noted at the same time. 

To avoid miscalculation of fteed requirements dile to error in 
estimating survival, autoiiatic fteders miade frtom oil druis were 
placed at intervals arou id the pond. The fish fel readily frotm the 

feedrs nd ileassuptinws tat tey onsone tIlieproerfeeders aird the assitior was th t they coist,,ned the proper 
amount required for growth. 

No meaningful growth rates, food coiie,'sion rates, or per acre 
production rates we'ie obtained due to iluistial ciicumstances: (1)
the actual nun her of fishIbeing reared was unknown, and (2) 
survivors were held beyond a normal growiig period to ensure 
adequate nimbers of' brnders in the event massive mortalities 
occurred in the brood fish cinditioning ponds, ail to h Lised to 
explore consui'r acceptance and marketing potential. 

The fish grtew well; miiie individuials attained weights as gr'eat as 

9 lfoonds by the end of 1978. Those removed fbr sale or other 
purposes averaged about 4 pounds after all 18-month period.
Ultimately, 4,344 fish, with a total weight of 18,316 pounds, were 
removed. 

Fingerlings from both the 1978 and 1979 spawning seasons were 
stocked into grow-out ponds to he reared to a merchantable size. 
These fish were stocked at the rate of 1,250 per acr-e, anticipating a 
pioduction of 1,000 2-pound car l, (2,000 pounds per acre) in 6 
mouths with heavy feeding, figure 8. 

Unfortunately, lperiodic shortages of money, inability to secure 
fish rations, an 18-month gap in supervision by fully trained expa­
triate aquaculturists resulting in some mismanagement, and sig­
nificant losses of fish (fie to theft and brutalization of fry and 
fingerlings by untrained personael during pond to pond transfer 
meade adequate neasurements of growth rate, feed conversion, and 

iproduction imp ossible. In filirness to both the Nigerian senior and 

junior statl'involved, it should he made Clear that inexperience, not 
neglect nor lack of dedication, was the p 'incipal reason. 

Al experienced expatriate st fi'iieiberwas employed in 1981,
which allowed resumption of sophisticated managemnt and re­

'ordl keeping. Fingerlings of' tile 1980 spawn were available for
rearing. 

Ill tile prf'oriia presenitatioin to tile' Bendel State Ministry of 

Agriculture ai id Natural Resources (MANR). it had been projected 
at the beginling of the projct in 1977 that two crops of 1,00 
2-poutnd carp could be produced pvir acre per year (0,000 pounds 
pt'r acre ptr year). The o1l' field tests ill Support of' these pro­
jectious to date are tabillat d Ielow. There ire other ponds that 
replicate the one cited, but they had not beeniharvestcd to sub­
stantiate o' at I'asi yield further (liata oii avt'rage peror'mance whe 
tile report \was written. 

FIG. 8. LEFT-seining operation In production fishpond lo obtain fish for market; RIGHT-net of harveitable size fish being prepared for 
market. 
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Actual fish production data 
Pond water surface area ........................... 7.0 acres
 
Date stocked ............................. April 25-30, 1981 

Stocking rate per acre .................. .......... 1,078 

Feeding schedule .............................. -reg',lar

Date of complete harvest .................. January 30, 198!L 

Average size at harve:t ........................ J.68 pounds

Total harvest ............................... 11,900 pomids 

Production per acre .......................... 1,700 pounds

Total feed ... .............................. 37,900 pounds 

Total feed per acre .............. ............ 5,114 pounds

Feed conversion ratio ................................ 3.2:1 

Survival ....................................... 93 percent 


The above data include a 9-month, rather than a 6-month, 
growing peiod. Also, the fish were harvested over a period of 
weeks to conform to a sales schedule. For 2 months of the 9-month 
period, feed was not available. For at least 2 additional months, the
feed that was available was in the form of hash rather than pellets;
17 percent of the total feed fed was mash. Mash is not readily
consumable by large fish and, therefbre, an tinkn own portion was 
not uitilized dlirectly as food, but entered the nutrient chain as 
organic fertilizer. In fact, the waste was great enouigh to caise 
O2/CO.imbalance, and corrective Ieasulres, such iasliming and 
in echan ized aerationi, Iecame necessary. In view of tie overall 
inputs and lack of inputs, this experience does support the pro-
jectioiis of 2,000 pounds per ac'e per crop of carp each 6 months, 
given the proper infrastructure on a consistent basis. 

INDIGENOUS SPECIES 

The Nigerian participants in developing Bendel Tifflany Farms 
expressed interest in rearing species indigenous to southern 
Nigeria. 

Tilapia and Native Catfish 

Such fish itstilapia and some of the native catfish 're already
fainiiiar to thic Nigerian palate and if'growvn to an acceptable size 
could be nre easil marketed than carp. During one growing 
season, a 2.3-acre pond was de'oted to the cultivation of' tilapia, 
Tilapia nilotica brooders were sc'ured from the Oyo State fish 
station. These fish were stocked a: about 50 per acre in one 2-acre 

pond fbr multiplication purposes. Tle pond became con a inated 

with '. zillii fuisciatats.
and Jl'iici,'oiis 

WVhen feed was available, it was added to the pond at daily rates 
estimated to be appropriate to tilie biomass. 

Both species of tilapia reproduced heavily. I. fasciatas also 
reproduced, but in f'ewer numbers. l)ue to the press of lrobleims 
encountered in carp reproduction and production, tilapia man-
agement was neglected. I losveser, in spite of the presence of large
numbers of II. fisciatas, a predator, the pond became over-
crowded with stunted tilapia. 
These small fish were sold to market women, but in small 

qtantities and at ai maximum price of NO.35 (U.S. $0.52) per
pound. This price was considered bhelow cost of production and
harvest. Tilapia of approximately 1/2 pound or more would find a 
ready market at a price equal to or higlher than that of carp. 

Eventually 30 American channel catfish, the only surviving
imports, were added to the tilapia pond iii erder for thelm to have 
live food and at the same tine exercise some control over tilapia
reproduction. All species in the pond will be stored in this manner 
until such time as a more systematic approach an be made to their 
culture. 

Heterotis nilotica 

Heterotis nilotica evidently spawns during floods, and large
numbers of 2- to 3-inch fingerlings can be found schooling at the 
surface. These fish are easily caught by surrounding the schools 
with a small seine. Securing fingerling !Ieterotis regularly from 
wild stocks appeared to hold promise. One major advantage of this 
5,ould be to release holding, spawning, and rearing ponds to he 
us,-d for the production of market size fish. Furthermore, although
Ileterotis is kiovn to spawn in ponds, the levels and cost of 
production are not know. 

Between October 10 and 23, 1978, 9,783 leterotisfingerlings 
were caught and stocked in an 8-acre pond (987 per acre). Total 
weight was 114.0 pouinds and average weight per fish was 0.01
pound. An 1I-acre pond was stocked with 6,445 fingerling carp (586 
per acre) between November 27 and )ecember 12, 1978. Total 
weight of these fish was 7.13.8 pounds and average weight per fish 
was 0.12 potnId.

The 2,298 fingerling carl) that were remnants of the 1978 spawn­
ing exercise had been previously stocked in this same pond on 
variou sdates. Total ,numberof all fisli stocked was 8,743 (795 per
acre). The total weight of all fish at the time they were stocked was 
877.(I pounds; average weight per fish was 0.10 poun(d.

The number of' l'ierotis and the ,inber of carp stocked per 
acre ws'ere comparable, and rearing teclini(ues were simih'. Bio­
mass was 'stimated in each pond every'2 weeks on the basis ofseine 
samples. The fceding rate was adjusted a'.each interval to 3 percent 
of' the total fish weight i4 each poll( 

1By inid-Mav tile carp had i,',vif'ed for 5.5 mon ths and averaged
1.58 po mds eu-, lh'tcrotishad been in th,' ponds approximately 
6.5 montlhs and averaged 0.35 polund cld. These weights were 
calcu lated oi the basis of samples fm-om each pond takeni withi a 
200-foot seine. 

On this basis, and assuming 100 percent survival, carp pro­
duction was 1,256 pounds per acre. Complete draining records are 
not available to support ties, data. lowever, the average size of 
the IleterotisremaineI the same over a period of several additional 
miionths. 

It is thought that Ileterotis consumed little of the feed directly. 
The pond developed a dense bloom of' brown microorganisms, but 
problems with low oxygen levels were not encountered. 

Some local market w'omen purchased the small lleterotis, but at 
lows prices and illsmall quantities. Eventuoally the pond was 
drained. ''lie fish that could not b sold were discarded or given to 
the fi rn' workers. 

I/eterotis is not highly prized by Nigerians. I lowever, those few 
fish that did grow to 1 pound or inmoi'e were readily sold at Nt.50 
(U.S. $0.75) per lound. Onc hundred Ileterotis per acre were 
stocked in the 1981 carp production ponds iii an attempt to judge
their potential in polyculture. These ponds have yet to be 
harvested. 

MARKETING 

Initially, imported carp were given free to selected people at all 
strata of Nigerian society: villagers, fishermen, fiarmers, skilled 
workers such as mechanics and heavy equipment operators, 
policeieii, civil servants of all ranks, bankers, and tipper echelon 
military persomnil. A number of these fisi svere served to expatri­
ates of many nationalities at a large fish fry held on the fari site. 
While organoleptic tests were not conducted, the general reaction 
to the fish was highly fsavorable. 
IllMay 1978, the surplus imported fish svere made available for 

purchase. The price was arbitrarily pegged at a level thought to be 
well above production costs. This price was NI.00 (U.S. $1.70) per 
pound ofswhole fish in wholesale qtuantities, and N 1.25 (U.S. $2.12) 
per potind at retail. There was some initial reluctance oil the part of 
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the h bver tlqaity of'the l)prompted siales o '12,T7'i FIG. 9. LEFT-fish arehut the high sh sold live In Nigeria because of higher price 
plounds at an a erage price of N i. 15 per pound X. S. $1.95 per and greater demand; RIGHT-fish are maintained In live-holding 
pool(). host fish wert' sold it p)nd ink. Ib towr.\\'t st \tfiica facilities for retail sales at the fish farm. 
Siri,ps (Nigeria) Itd., t iarge olisliore trawlintg, ptc'essing,and 
siales irIIIi, ullt'hs,,dIlapproximittely 2 n,t,'ic tons of tht'se carp for 
resale. 'Ievto a goodtl dhosed fittites,ish Ir-zel loring AN ASSESSMENT OF COMMERCIAL 
Ieriods o1' lo' slpplies of thet clheaper "trish fish'" capt.i)(1l itsit FISH FARMING IN NIGERIA 
by-)rodulct l'slrinlop tidhi1. 

B.oth thivll h'sall 11d retil lrices of thc carp fro11ubslequent lHit' itohi'olhld production (tI'ofish in pond, in signiftic quan ­
crops were allowed to kep pace with the rapidly ijillatiino, Nigerian folle the Nig riai ellort towardstitus could Iave itI illilact oil 


tcC1o1itv. i'BYthe ('i( of 19S. wholesale price)(t self-slifliciencv ill the lrodluction '
til. per p<oznd had Il'l1'. mnalor lportion of tile 
hbee1n il'ic,,astl to N 1.25 U.S. $I.87) ifllots greatter than 500 Nigerian land (lmass is g'ologically and topographically unsuited to 
ioundls and N1.50 U.S. $2.25) in !Usser amounts. T'I'retail price' thel colnstrui'tiotn of fish filos oila itlrge stal,. Thse' areas with 
wits uniiifrm ait N 1.75 U.S. $2.62). Ihere was tmarlvt rcsistalc(' at suitale topography, such itstile- vast skll)-Salharall ilortlh and the 
thIese levels a.l]d (t.w]wmar'd aujIstlIletsSt'rt'n11(11rtonsidhratioil. sa\illa Mid Coastal plai'' iols to tht'south, are composed 

lish were sold live, ill both rtil and wholesal qualltitit's at prinlarily tif tsallilsoils. 
pond bank, a l later at thitli lure 1i4st ..\lthooih rainfall is heavy in th ain aieas ofth soth, the 
9. (Cartain bulk cuslmlners. stich tsr<storaits, catrtinuriices., north is trid. Solbsolcilee ws'ater is not ialbiidaiit ill the borth. With 
andl (necat retailurs, estalislchf stlin ileorders for sletledti tlt- Stil]( exceptions, e\ent thel latrter streilns are intermllittebnt ill terns 
liv'ry. \ ooiinal live-tl clhargt. was addud to tht prict' lItilt oI'slpplying ad(,itte water fi" lrge irrigation sclie'les or fish 
fish. All fish wet' priced :1ldh llivl rdead.,.-it- - .fan Complexes. '- tile latitodestof hiavy riblial, tilere is an 

'ht' stlrj)l)S illl)0i'tel fish hld I'llil'd ilat\ lraig weiglt of OV('ithtld)(llllict' o155 r (Ilrib g till' aibly st'a5isol, 111ch of wlich is 
alout 5ponds wb'hten they were marketed. 'These fislh lost it rtlioll'. dry seaisoll it is not ll(coi1ll(Illol' (\VwSwere ill high l)n'ing til' 
del'illt it!nsol readils'. I-I, -2, -3, itnl -.1geleratioll .\vilrit fish and villages to hlave dilliclltvY in maintainillg aii l~l tlte s I)ly of' 

etre stoclked at ahont 1(100per acre. ilnticipati ng 2-poinid- water f rdoillestit, ultrposts. 
ia'eriagt-sizet, market fish. Sonic gt'o.Ilgllhicll arielas ill Nigeria Ill h(111d th<mfflSeVeS to tile 

l)ue to ilctors itiollld abotve, tl'(c'ess,r to plt these physical dtlv'eloillelnt I'iih oi i lliigfillil't. it was ofi ponls I c'lillielrcial 
fish oil thil mtiket at i smaller size. ()nv-iponntl carp w''r not scile. Tile flood ilaills 1ti11 rivers, prinicipally tilelddeltas ofthe llla.ji 
filvorally receivedt. ()It( c-lilllblilnd carp we're bllrt' f wi'- thelt'wut11, Irte. extlsive ellligh ill plhces to accoillillo­anIll Niger antd1 
abl' r'ceivt-i, and Car ) weighing 2 l2lliilts (approximately I kih- dIte large aclrages (f d 5. lecaust' o(f lhe\of'111 their allnivial ilatlre, 
glalil) ol illr' SolItd readily. are reliely flat and art' Ijoitid ofl iIlllt'rvilllls clmposed of'Silts 

As inland aquacolture is expanded ill Nigeria. the size at whicl and i(lc class. Slitace wiater is readily available, and waterlearing 
lish art' "(grown Ibe ca,'lidhv cons id'ri'(d ill pro- sands frl'owhich orgalnislll-firet water Canl be drawn in (IlIaltittfor market sihould .
ductioll planning. 1Ioligh hol'-lhoes are tsiliy 'lose to ill' srllfite, figure It0. 
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Imiensc areas oftidal mangrove swamps lie between the beadhiu commodities or some of their components must be imported. 
ridges of the .tlu tic Coa!t and the rain brest ailld coastal plain soils Tractors, trucks, spares, fiedsttffs, special fish flarm equipment, 
of' the inaiuiland These swamps extend foi' almost the iltire length and many other it( is are iinshort supply due to the rapidly 
of the Nignian seaboard. The surtice w'ater is nostlv of low expanding Nigerian economy and industrialization. 
Salinities, e'xept close to tile sea. Tidal variation is great e oigl h to Skilled workers are rapidlv absorbed by tile oil exploration and 
PC rIit niaiiaged flooding and draining of ponds, whose banks can production cmipanics, otheriiidistries, and coiicree. There is a 
be built of, the sed iii len tarv soil. The tropical and sub-Saharar need fir 11iore bighly trai'ied aod e.-perienced aquacultural scien­
climates of'Nigeria af,oid a 1--month growin.L, season for both crops tists, althogli there has been some improveement iii this area 
and fish. during the lastdecade. 

secotor risk capital available fiorFroin the precedOig discussioni of' the Aviara expericlice, it is "''here is a shortage of Private 

apparentt that there art Certain biological problemis aiid )iroblt.lilslI1pro\'elvvelltll'es, ecell thouigh certaili government progranls 
encol'iige p:'ivitt' investments in agrieultiic.associated with Nvti'r quality that must lie overoille to aft.'ct av aiia.i;I , Tate o'veraA issessilent bv the Projelct Leader as to tile Potential 

\'heisumntal OCedmll'e .(rioNigt'iia. Thse a thought k of'coiiiiiercia! aquaciilturc in Niger: .is optimistic. The Aviara Fish 
tihs'iiitahlt', 0 e'ei serius probltiis. 'The assbe: ptioli is Fiariii t'olipares fiivorally with sii',lar firiis iii the United States, 

Israel, and cisewhe rte. Inspite ofillilijor short-fialIs :ith inputs, the 
Tle Miajor lonstraint N. Iildii - tehhcliiiiiliiy fish prodtictioi iu prodlictioi record is good. The chronic shortages ili logistics and 

Nigeria is the lack if an internal infrastruetire to supply the Supplv should become less and less severe as Nigeria's industrial 
requirements of tit'e industry. Almost all of' both ,lrd and Soft and agricultural base videnis. 

FIG. 10. Photograph of Avlara Fish Farm showing smaller hatchery ponds on right with adjacent, larger production ponds on left. 
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