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Preface 

source in many of the developing countries.Tilapias are a major protein 
Although endemic to Africa, their distribution has been widened by artificial 

to include much of the tropics andintroductions, mainly since thde1950s, 
subtropics. Tilapias have many attributes that recommend them for culture. 

They show excellent growth rates on low protein diets, whether cropping 

natural aquatic production or receiving supplementary food. They tolerate 

wide ranges of environmental conditions, show little susceptibility to disease 

and are amenable to handling and captivity. They have a short generation 

time and breed in captivity. Most important of all, they enjoy wide accep

tance as food fish because of their high palatability and history of use from 

inland fisheries. With ll these advantages, tilapias could become prime 

domesticated species for fish culture. 
The culture of tilapias however, is still beset with problems of rearing and 

....general- husbandry. .,These, result, from an- inadequate research base-on- their ....... 

biology, particularly behavior and physiology, and insufficient cooperation 

between fish biologists and culturists. The former have often pursued limited, 
essentially academic studies within their specialist fields and the latter have 

paid inadequate attention to published information. In particular, there is a 

great deal of information gathered by field biologists which is relevant to 

the behavior, growth and reproduction of tilapias in culture systems. 
This conference was convened to bring biologists and culturists together 

to present reviews of existing information in their specialist fields; to discuss 
current research areas and culture methods; to define future research require
ments and to comment on any other measures which would help the future 
development of tilapia culture, 

It was seen as a unique opportunity to address some of the unresolved 
problems for researchers and culturists alike ranging from standardization of 

nomenclature and techniques for the development of known genetic strains 
and hybrids to optimization of growth. and feeding and control of repro
duction. 

When editing this volume we decided to accept the division of the tilapias 

into the genera Sarotherodon (mouthbrooders) and Tilapia (substrate 
spawners). However, as explained in the addendum to Dr. Trewavas' paper, 
the subgenus Oreochromis has been raised to generic status. The maternal 
mouthbrooding tilapias so far used in fish culture should now be referred to 
as Oreochromis (e.g., Oreochromis mosscmbicus, 0. niloticus, 0. aureus). 

The generic name Sarotherodon is now restricted to a West African group 
(which includes S. melanotheron)and to S. gatilaeus. 

ICLARM wishes to thank the Rockefeller Foundation, not only for pro
viding the superb facilities of the Bellagio Study and Conference Center, 
but also for their generous sponsorship of the conference participants. The 
administrator and staff of the Bellagio Center also deserve special thanks for 
their hard work and help in ensuring the success of this conference. Finally, 
we%wish to thank Dr. Roy Harden Jones for preparing the excellent indexes 

and Linda Temprosa for assembling the reference list. 

R. S. V. PULLIN 

R. H. LOWE-MCCONNELL 
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Introduction 

This conference brought together 19 tilapia biologists and experimental 
culturists from 10 countries. It was designed from the outset as a technical 
conference on the basic biology ol the tilapias and applications in culture 
systems. The con fer,,nce did not consider the commercial aspects of tilapia 
culture. A further ('onflerence will be held in Israel, 8-13 May 1983.* 

The conference consisted of fifteen major review papers grouped under 
three main session headings: 

Biology . taxonomy and speciation, ecology and distribution, tilapias 
in fish communities, and life histories. 

Phvsioloy - environmental, reproductive, feeding and digestion, metabo
lism and growth. 

Culture - ponds, cages, diseases, hybridization, genetic markers, con
trol of reproduction and mass fry production systems. 

The proceedings follow this arrangement with each session preceded by a 
chairman's ovrview. The culture session was split into two parts: culture 
syst,-ms and culture-related topics. About half the conference was devoted to 
discussion sessions and a summary of these follows the papers presented. The 
conference produced a consensus statement and a list of research require
ments, which may stimulate the, further development of tilapia culture. 

The references cited have been combined into a single bibliography to 
provide a useful information source on both cultured and wild tilapias. The 
indexing is designed for easy referencing on systematics, biology and culture. 

*Details from the Organizing Committee, International Symposium on Tilapia in Aqua

culture, P.O. Box 305,1, Tel Aviv, 61030, Israel. 
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SESSION I: BIOLOGY 

Chairman's Overview 

R. H. LOWE-MCCONNELL 

At the start of this first session of the Conference it is very important to 

stress the aims of the meeting, as set out in Roger Pullin's letter of invitation, 

"the urgent need to bring tilapia biologists and culturists together tonamely, 
exchange views and information and to define approaches and priorities for 

future work". We lived to keep this firmly in mind and aim to produce the 

most constructive guidelines for future research. 

The two groups of people mentioned, the tilapia biologists who have 

working mainly under field conditions or in laboratories (()r both)been 
and those with practical experience of aquaculture, have much to give 

one another of very di fferent experiences that can help to solve one another's 

problems. This is a two-way pro(cess. As a field worker myself, I know only 
waters in the 

too well the complexity of working Conlitions in natural 

tropics, where so many species interact and where, for example, it is often so 
to those who growdifficult to deternpine fish growth rates. We have to look 

in the field, in particular,tilapias in ponds to solve many problems posed 

those concerning the switch from growth to reproduction (nanism, dwarfing) 

which is suci a special feature of tilapia biology. I regard this as possibly the 

key problem for our attention. If we could really understand the mechanism 

which controls the switch from growth to reproduction, this would be one 

of the biggest steps towards im proving tilap ia Cul tore. 

This session is concern ed mainly with field studies, and ,hoUd provide a 

good back gr mid to oiur subsequ(nt consideration of the physiolony of 

tilapias fr;)m Im th field and laloratory work. For those who0 grow tilapia iil 

vast scale of the theatre for field studies. Theponds, we must stress the 
E,,ast Africa is over 6.5 million ha and the Kafueequatorial Lake Victoria in 

floodplain, another site for inucIh'1 tilapia research , around 121,000 ha. 

i)r(blenis, and errors arise inSampling such hUge areas p resents special 
ar, of very varialble reliabilityextrapolation of results. Catch statistics

weighing Furthermore.comlia'ed with emllty ing a po(d and all the fish. 

what is loosely re ferred to as 'fish production' from these vast ;rvas is really 

the fish catch and only a very small per(i'nage of the total biological pro

of the total p roduction may beduction (iinlik e ponds from which most 

channell(d into spawne rs). 

In this session we have four papers. 

Dr. Ethelwynn Trewavxs first introduces the taxonomy and speciation 
we areof tilapias, and says why it is so imr artant to know which species 

We all owe a great deht ofdealing with when making studies of any kind. 
who has toiled away for very many years puttinggratitutd to Dr. Trewavas 
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toget her a ,hfinit iv, monograph on the tilapias. I see her herculean efforts at 
first hand I share her habitat among the tiapia bottles at the Natural 
tHistory MUse1umin in L)ndvon--and I have seen (and have benefited from) the 
ever-ready he lp she has given so unstintingly to numerous hiologists from all 
over the world. 

Second, w(- hav,, the eontribution on ecology and distribution pre)ared 
by Dr. J-( I'll ilippart with Professor J-CI. Ruwet, who is unable to altend 
this meting. The'y have seleeted ,,ertain areas of ,ecology, believing that 
aspects such as growth and production would be treated in other papers.
They have considered the physico-chenical factors involved in tilapia distri
hution; feoeding behavior, e.g., trophic spectra, variations in feeding regimes 
and the ptrio(dlicity of feeding activity (subjects which lead onto our later 
discussions on physiological aspects of feeding): reproductive behavior, 
comments on practical implications and the choice of microhabitats and 
spatial segregation. They have then assessed the ecological consequences of 
introductions and transfers of tilapias in Africa and elsewhere. 

Dr. D.L.G. Noakes then presents a paper that he and Dr. E. Balon, who 
is also Mable to be here, have prepared on life histories of tilapias. This 
seems to he a rather theoretical paper but it leads up to a practical suggestion 
of culture, methods which might help to produce the large fish with late 
onset of oir(tding and fast growth rates that we al desire. 

Lastly, th, papetr which ! was asked to prepaie on tilapias in fish com
munities was originally aimed to look at the partitioning of resources among
sympatric tilapias and at some of the factors controlling tilapia numbers in 
nature (with sp,,cial attntion to the switch from growth to rel)roduction in 
Sarot/erodon niloti(us). It became clear, however, that much of what I had 
written had considerable overlap with other manuscripts, so I have attempted, 
at very short notice, to fill in some gaps by collating information on tilapia
grovth rates, production and yields under natural conditions. 
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two genera, Tilapia and Sarotherodon,The tilapias are here grouped into 
their feeding and their reproductive habits and struccharacterized by both 

is some in some generatures. There overlap feeding habits, species of both 

feeding on detritus and periphyton, but substrate-spawning and mouthbrood

ing respectively characterize the two genera. 
The mouthbrooding of the species of Sarotherodon is of two main types, 

biparental or parental in subgenus Sarotherodon (in the restricted sense) and 

mating of a lek pattern in the rest. The maternalmaternal brooding with 
been into (5 to 7) subgenera: Oreomouthbrooders have divided several 

chromis, Danakilia, Alcolapia, Nyasalapia and Neotilapia aie recognized here. 
of subgenus Sarotherodon hasSpeciation, 	 both allopatric and sympatric, 

in west Africa, and of the other subgenera mostly in east andtaken place 
central Africa. There is no doubt that the division between subgenus Saro

other subgenera the divisions within the latter.therodon and 	 is deeper than 

For this reason some authors (Thys, Peters) prefer a generic grouping that 

goes no lower than Tilapia, but the mouthbrooding subgenera have so much 

in common that they must have descended from one or a few closely related 
at the generic level seemssubstrate-spawning species, and grouping them all 

to have both theoretical and practical justification. 
is given of the importance of recognizing specific distinctions.An example 

Biology and Taxonomy 

in the broad sense, have in common a mainly herbivorousAll the tilapias, 
diet, in distinction to the majority of fishes which feed predcminantly on 

small invertebrates or on young or small-sized fishes. They are therefore only 

one step from the primary producers (plant life) and as they grow to a good 

size they are a valuable food source for man, the omnivore. 

Structural adaptations to this Jiet are the long, coiled intestine, which 

may be up to fourteen times the body length, the bicuspid and tricuspid 

teeth of the jaws and the small, sharp pharyngeal teeth used to prepare 

the food by shrodding the coarser materials and breaking some of the cell 

walls before passing it on to the stomach. Since the preferred diet of the 

3 



different species varies from coarse vegetation (grasses, young shoots and
leaves of water weeds) to unicellular algae and even bacteria, the teeth also 
vary in the degree of coarseness and movability. 

Tilapias all exhibit a high degree of parental care and in this function they 
are sharply divided into substrate-spawners and guarders of the brood on the 
one hand and mouthbrooders on the other (Lowe-McConnell 1959).

A division based on diet roughly coincides with one based on reproductive
habits. I say 'roughly' partly because tilapias are flexible and opportunistic in 
their feeding habits, but also because of two species that fail to conform. 

Tilapia mariae is a substrate-spawner, but its usual diet consists of epiphytic
algal growths and its jaw teeth are fine, slender-shafted and movable. Its 
pharyngeal teeth are fine, on a bone whose anterior blade may be as long as
the toothed area and its standard gill-raker count is 12-16: high for a Tilapin.

Sarotherodon niloticus niloticus is a maternal mouthbrooder, but its jawteeth are nearly as stout as those of Tilapiazillii and its pharyngeal teeth are 
.......... firm;oar ltfith isfti ng thantheength of the 

blade. But the gill-rakers are more numerous than in T. mariae, the standard 
count being 18-26. 

But this overlap is merely an inconvenience when we try to define the two 
groups and no one would doubt to which group each species is related. 

The substrate-spawners constitute the genus Tilapia Smith (1840), the 
mouthbrooders SarotherodonRippell (1852).

Tilapia was an effort by A. Smith, its author, to spell the Bushman word 
for 'fish', which began with a click, rendered 'Til'. Sarotherodon means 
'brush-toothed'. 

Examples of the two genera familiar to fish culturists are: Tilapia sparr
manii A. Smith, T. rendalli Boulenger, T. zilii (Gervais), T. cabraeBoulenger,
Sarotherodon melanotheron RIippell, S. galilaeus (Linnaeus), S. niloticus 
(Linnaeus), S. aureus (Steindachner), S. mossambicus (Peters), S. niger
(GOnther) and S. macrochir(Boulenger).


The four examples of Tilapia were 
named after persons who collected
the originals or (T. sparrinanii)had explored their region of origin. The 
word melanotheron means 'black-hinged' or 'black-chinned', galilaeus
and niloticus are self-explanatory, 'aureus' refers ,to the golden-yellow
color of the preserved fish (not the living) and 'macrochir, meaning 'big
hand', refers to the long pectoral fin, the homolog of the forelimb (arm and 
hand) of man. 

T. sparrmanii feeds on the coarser algae and grasses and also on the
small animal life among them. It is sometimes described as omnivorous. 
It is valued for pond use in South Africa because its wide temperature
tolerance enables it to withstand the winters of the High Veldt.T. rendalli and T. zillii have strong cusped teeth in jaws and pharynx
and are specialized feeders on vascular plants. Ruwet (1963a) has given a
vivid description of the voracious attack by T. rendallion the newly flooded 
grasses of the Mwadingusha dam on River Lufira, Zaire. 

These two species, which are not very easily distinguished at sight, have
largely complementary areas of distribution. T. zillii is a Soudanian form,
extending from west Africa through the Chad basin to the Nile, Lake Albert 
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a niLake Turkana into Israel and the Jordan Valley. 7'. rendalli, one of the 

forms formerly included in '7.melanopleura',has a wide distribution in the 

Upper Zai're and Kasai, Lakes Tanganyika and Malawi, the Zambezi basin 

and the Limpopo. At Yangambi, near Kisangani, where the River ZaTre turns 

westwards, the natural distributions of the two species overlap. In west 

Africa 7'. rLndalli is replaced by '.dageti, which appears to be less abundant 

than T. zillii. 
At Yanganibi T. zillii is in nature less abundant than T. r'widalli. Gosse 

(1963), who administered the fishponds at Yangambi, did not at first realize 

that his T.rendalli ponds included an admixture of T. zillii, but after a while 

the more robust T, zillii dominated the pond populations. The same thing 

evidently happened in the ponds at Yaounde, Cameroon, to which Gosse had 

inadvertently sent a mixture of the two species. 
In Lake Victoria 7'. zillii was introduced from Lake Albert and T.rendalli 

either from Shaba or Zambia. At first they were believed to have interbred, 

but later, when inltroducti ons. were made into many fam- i'i-U n 
and Kenya, the Tilapiawere named as 7'. zill. 

Gosse was emphatic that T.rendalli was by far superior as a food fish. It is 

therefore important for pisciculturists to know one from the other. The 

differences are: 
Color. 7'. zillii usually has two horizontal clark stripes, one mid-lateral, 

the other nearer the dorsal outline. These are crossed by vertical bars and 

the strongest marks are blotches at the intersections. The caudal fin is 

usually covered by a grey network with pale interstices. The eggs are 

green. 
7'. ,'endalliusually shows dark vertical bars only and the scales have 

each a (lark basal crescent. The cauclal fin has a spotted upper half and a 

red or yellow lower half. This red or yellow pigment may also color the 
anal fin. The eggs are yellow. 

Both species frequently have a carmine flush on the lower flanks, 

behind the pectoral fin, and this is not confined to one sex or to mature 
fishes. 

General shape. 7'. rendalli is typically more deep-bodied than 7'. zillii 

but this is an average difference and not suitable for individual identifica
tion. 

Meristic characters (counts). The number of gill-rakers is the same in 

both species: 8-10 below the joint. of the first arch. This distiniguishes 
them at once from Sarotherodon. The mean numbers of scales, vertebrae 

and dorsal fin-rays provide good distinctions and the modal numbers of 
dorsal spines are sufficiently well-marked to allow a quick field test on a 

number of specimens. 7'. zillii usually has 28 vertebrae, 7'. rendalli 29. 

In T. zillii the commonest number of dorsal spines is XV, in T. rendalli 
XVI (Table 1). For the whole dorsal fin, among 130 7'. rendalli I found 

26% with XVI 12, 66.9% with XVI 13; other combinations were found in 

only one or two fishes. Among 40 7'. zilii 18 (45%) had XV 12 and 10 

(25%) XV 13. 
There are about 29 species of 'ilapia and most of this speciation has taken 

place in the western rivers of Africa. The eurybhaline 7'. guineensis is found in 

lagoons and estuaries along the coast from Angola to Senegal. Other species 
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are little known beyond their native rivers, although T. tholloni has been 
much used inlabc 'orystudies. 

Tachih, 1. Il-r',.cy disc rihutiol()I' vertebrac cindorsal spines in Tilapia zilliiand T.
c,'ccclfllij 

7'.zillii T. rend lli 

Vertere27 5 
28 33 1 
29 2 31 
30 1 

Dorsal spines XII 2 
XIV 60 
XV 467 4 
XVI 63 124 
XVII 2 

In the eastern rivers, nortl of the Zambezi Tilupia was never reported 
before the widestr.acl introdw.ticons of the last three decades. But th1e fish 
fauna Of Mozanchiluc, anLWI Tanzania w., little known and we cannot now be 
sure that the presen' ,.)f 'hidal/i natural.fT. inthe rivers ,JTanzania is not 
W%'do kilow, hO)wcvcr, that Kenyan watcrs were ',void of this genus until 
the intro(luction (it7.7illii. 

Tlh tilapiac [)lst cultivated are species of ,'tarothic oo, the niouth-
I)rtcc cchbc-s 

It is llow well kil,)wi that the, detaiis (f the mouthlroodiiug habit are not 
the same ilcall mloithbr(coin g tilapias (Iteiinrich 1967: Peter.; and Berns 
1978). Ih. vyc-s I ,f "ar()the'Vmlo, claio thiroil, is, as it. happens,,(-ic,. S.in 
the mc ist ;itypic;ll. i :Ill .r it lives in bracckish water and it is a paternal 
mouthbroodf,,-. Maiv studis ccf its Ibcehavior show that in comparison with 
S. cnossanfica.s For (,XamIc, it has r,,tainod vestiVes of some of the repro
ductive habits anl vwi structures of the substrate-spawneli.. So has its 
relativ, iIr fresh wahcrs, S. falilacus. 'Nhnwe subcl ivi(h the monthbroders, 
itisdtih5, two scccci,,-s (S.mcclanothi'o and S. gAililaeu;) that typify Sarothe
rodhn in thi, strict s,.i-s, 1hat is,sRilcgc.ntis SUMl(,hmo0dnn. S. mossambicuts. S. 
nilotics, S,.aurcus mc c tlhcr cast aid cc-citlr;d African spcecies have a r-pro. 
ductiv scl-ia lit 1,xcltidfcs till,iniales from thecarc cclthe brood. They are 
inicrceding tim- a -. c fcnma,
:callv climo rplhic a( '.cd takts t1e,eggs as soon as 
tlhey ar fcrtiliz,-c to,special irsi,rvy ciraswhr slic holds [h-Im inher mouth 
until till, volk is!;uIfici,!Ily ,-clt!c, frelv. Even then, forIcr Ilcii( to swii 
several cays slc, iakis them hackt. int) hlr louth at night or when danger 
thrcatcns. lih iaslAfrican materia broccdhrs hav(, receivd a second sub
gencric ucmci., th,, -or hc.ilcc.ci,.ccing Orcochronmis (now raisc(d to gcntus;
 
siec,Acn tdu
ccII).
 

Th, iccccciiuc, ccf ()cricoli.s i-;'llucccntail cicllid'. I(Chroais was an 
early nani- giscc 'chlids acnd genus and isI,bh ,i c m'iric now rstricted 
to the atte.r). It wis first rivc'n toc(),',ochrccmis hunteri (G;ntlicr(1889), an 
inhabitat. cf ;asmall rock- crathr-la-, oi tc,' shcilis Of Mount Kilimanjaro. 
Litth- iskcnown ah,,:, the hbits cfc'his spwcies, b'at from its structure
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and geographic situation it is believed to 1w a maternal mouthbrooder 

like its neighbors S. panganiand S. mossam bicus. 
It is commonlyIbelievod that systematic conclusions are based on ana

tomica- consideratimis involving dissection and the us( of the microscope. 

Such evidence is iCheed most nilmi rtant, but thei-e isno aspect of an organ

ism's biology that a systeinati,;t 'an affid to ignore. In defining the sub

genera Sarot/ 'rodon ami ()rcochromnis the main evidence is behavioral, 
hacked by g o.ral ib fd.The gi( )graliical evit., aic( i.-- well set out by Thys 

1963). M any olbservers have contributed to the behavioral evidence briefly 

Stln(1il;aried I ve. 

I do not hnow o, any structural character that trenchantly separates 
the two sdibgenera. Some members of Oreochromis, including S.(0.) hunteri 
have four anal spines, either in all or in some individuals, but others have 

only thlee: all species , subgen. Sarotherodon have three. In no species of 
subgen. Sari Ilherodon are the jaws enlarged in sexually mature males. They 
are enlargedI in several Slpmcies of subgen. Oreochromis but not inlall. The 
vertelral 11111il ors range frmn 2G t,6ij2 in subgen. Sarotherdon, 27 to 34 in 

Oreochromnis. Parallel adaptations to various feeding regimes have developed 

in species of the two subgenera. If we do not know the breeding habits of 

a species we iaill place it in)a subgenus only if its overall characters add up to 

a general res mhlanc(, to a geograp)hicdly-close menber of one or other of 

the subgenera. 
The hvelqme,'nt o)f a t'issil oh the male genital papilla is a conspicuous 

feature that haracterizes a iniber o)f related spe'ies (S. macrochir, the 

Malawi flock Mtc.) and for these we may use a subgeneric name Nyasalapia 

Thys ( 19t ). 
In the casi (ofS. tanganicac, of whose breeding habits little is known, 

the, fact that its ventral scales are very small suggests relationship to Oreo

chronis. But it has vry Specialized teeth and it, been aas hi s given sub

generic namui()f its wn , I prolpoise to use it and to call it. Sarotherodon 
(Ncotilapia) tang(nicac. 

:\notlher 'ecoliar species in the same kind of limbo is the little S. fran

chettii o)f Id.: e Afri ra ( (;itilietti) in I)ancalia, eastern Ethiopia. Its outer 
teeth ;:; will as the inner are tricuspid and it has only 27 ye . ,brae and 10-12 
lower gill-rahers. It has lei n given its own subgeneric name by Thys (19681 

aind so I protpos to ha, it as 'arothcrodo'i (Danakilia franchettii. (Dana

kilia is nOw raised 1()genus: see( Addendum). 
l()r ziil(iisls wh an not. systematists idnI for fish culturists there 

is 11(0 110d to Li si l)geriiric names, and for these all the mouthbrooding 
tilapias may h, referred to hy the generic name Sarotherodon followed by 
the specifir nmel. 

lietirs (1979) and 'I' 'vs (1968, 1971a, 19711) would prefer to leave the 
tilapias umli ',,d for the general and applied zoologist and t.o lump substr, e
spawners andi mouthhroodflrs alike in a broad genus Tilapia. If I interpret 
thwm rightly their rasa, foir this is: 

S. In ll'aw lcrol ;1)( S. i1alialeus, the twi Imist known species of subgen. 
Sarothcrodon, hav, breeding habits distinct not only from those of 
()rvochr ,nishut also ill Sill,( ways from ,ach other. Specifically, S. 

mn/am)tho'ron hilrg yellow eg s hrooded normally by the father alone. 
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whereas S. galilaeus has small green eggs tDrooded by both parents. What 
further differences may exist among the species apparently related to 
these we do not know. Perhaps they even evolved from different species 
of Tilapia or from the same species at different times. Therefore we may 
eventually recognize different lines of evolution in these species and wish 
to call them by different generic names. Meanwhile let us be conservative 
and call them allTilapia. 
This is the position of Thys and Peters. My view (Trewavas 1973a, 1973b, 

1980 and in press) is, however, that the mouthbrooding species showing 
affinity to Tilapia are sufficiently alike in their feeding adaptations and cver 
in their breeding habits to show close interrelationship and that this justif J 
separating them from the substrate-spawning Tilapia under the one generic 
name. The substrate-spawners have themselves branched out into a -,umber 
(about 29) of species and I find it difficult to lump all the mothbro-ders 
together with them as Tilapia. In the last few years I notice that fish culta. 'sts 
and others have followed my proposal to call the mouthbrooder 
therodon. . 

Speciation 

The pattern of speciaticn in Sarotherodon and Tilapia leads to the con
clusion that it has occurred in two ways: 1) by geographical isolation; 
allopatric and 2) by ecological diversification in one area; sympatric (see 
Figures 1 and 2). 

1. Examples of allopatric speciation are: 
a. Tilapia zillii and T. rendalli, described above. Their coming together at 

Yangambi is probably secondary. A number of allopatric and geographically 
more restricted species related to these are present in west Africa. 

b. Sarotherodon melanotheron and its subspecies in areas along the 
coast, separated by steeper shores. (These have been ranked as species by 
Thys (1971b), a matter of policy). 

c. The tasselled tilapias surrounding the Rift Valley: S. variabilis, S. 
upembae and its related form in the Malagarasi, S. rukwaensis, S. inacrochir 
and the Malawi flock considered as a unit. 
c. S.mossambicus and related forms in the eastern rivers. 
2. Examples of sympatric speciation are: 
a. Tlhe species of the Malawi flock, S. squanipinnis,S. saka, S. lidole and 

S. karongae, whose ecological differences are described by Lowe (1952, 
1953). 

b. The two species of the Malagarasi swamps, S. karoino and the other 
species related to S. upembae. The highly specialized jaws and teeth of S. 
karomno must indicate a specialization in feeding on the epiphytic growths. 

c. "lhe species of the small lake Barombi Mbo in Cameroon, especially 
evident in S. lintnellii and S. caroli (Trewavas et al. 1972). 

When two species occur together but each has its nearest relatives else
where, this is regarded as allopatric speciation in two lines that have come 
together geographically, and not, of course, as sympatric speciation. Such 
are S. esculentus and S. variabilis in Lake Victoria related respectively 
to S. niloticus and the tasselled tilapias. Other examples are S. shiranus 
(r,k'ted to S. mossambicus) and the S. squatnipinnisgroup considered as a 
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anit (related to the tasselled group) all inhabiting Lake Malawi; S. andersonii 

and S. macrochir in the upper Zanihezi, Kafue and Okovango basins related 
respectively to S. omssambicus and the tasselled group. 

That the .arot herodons have not, formed such huge sptcies flocks as liavw 
the haplochronm in and other cichlids of' the Great Lakes I put down to the 
fact that as c(,lAnizers they wer. already highly sIwcializcd for feeding on 
iminute epiphytic and planktonic algae and had few or no rivals :.i that field. 

That they diversified at all within these limits is a miatter for wondler. 

other species 

_S.melonotheron 

Figure l. Natural (list ribution ol*the sulbgentis Sanuthvrodon of genus.Sarwttwrodon. =S. 

galilaeus, IIlI othr specis except, tm the brackish war S. nivlanoJthern.(Trewaws, in 

press) 
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Subgen. Orecchromis
 

Subgen Nyasalopia
 

o S schwebischi 

e S(Danakilia) franchetti 

hrirmis ( NyosnlcpiFigure 2, Natur;al d'iktrihution id'the subgenira Orvc ;////1)ni (\\\\). 
S. schwebtschi (Sauvage, (f uncerta in suhi-ti ric affinity and 0 ,. (Dnkilia) fran

chettii (Vinciguerra). (Trowavas, in press). 

SarothorIdon Species and Fish Culture 

5. galilatis is the mlv species of suihgemis Surotherodon that has been 
used for fish rulthure. It lns wlot Ieen favor, J for ponds, mainly. I think, 

becaus(. f its slower growth, but it is (or was) so used in Cameroon, the 

stock heci, miailv from Owe ('had has m, atalso froll It. Sanaga, the later 

poirh;ls- n scli-,n. ,.'. ,(liacu,, has done well man;]ihtio'c N~rover in 

f~i~l a'mill 0 Xt inc4'1O water. 

'I h(' i( ,,,lL-cc.w c -wiitird i., r(' n-i nihers o si hglln. Oreo

('/ro ulji. i) lei,Iil I[ ,z..\ ' A . su /a/i. 'Tie faniliacr i icns ;are '. nio

elus With siwic s('f ; i,, of ,, hic thr ahve bLen clll-ith experimentally 

by PrUginlli ,,t ;i. 1W-,5 ) ,' urois, which ccomani,,s n.,t lich.s through 



.... : :*:i . 

much of its area of distribution; S. mossambicus and S. hornorum well 
known for their hybridization and its effect on sex ratio (Chen 1969; Hick
ling 1960); S.s. spilurus and $.s. niger, which were studied in Kenya by Van 
Someren (1962) and Van Someren and Whitehead (1959a, 1959b, 1960a, 
1960b, 1961a, 1961b, 1961c); S. inacrochir,which was studied in Zambia 
and Shaba and transported to Ivoiry Coast where it was experimentally inter
bred with S. niloticus (Jalabert et al. 1971; Lessent 1968); and S. andersonii 
studied in Zambian ponds by Mortimer (1960) and in the Kafue floodplains 
by Dudley (1979) and Kapetsky (1974). 

The taxonomy of the species of Sarotherodon is dealt with fully in a new 
work (Trewavas, in press). 

Although the practical fish farmer cannot be expected to go into the 
niceties of specific distinctions, I suggest that key suppliers of stock should 
know whalt species they are using and whether these are pure. It is only 
necessary to recall that the sex-ratio may be affected by mixing the species, 
many of which interbreed easily. 

......seci~s;. d~ nbt "~ec ssarl?tl&-ffi 
There is also the possibility 'that one 
st'de iire._,fiaiy uis t hle 6ther-a-s-T.zzill ii ..... .......... 

did T. renda!li at Yangambi (Gosse 1963). 
Further I suggest that in Africa itself fisheries officers should look carefully 

at the native species before importing stock from other regions. If on due 
consideration they decide to import stock they should keep a careful record 
of it. 

Addendum: Alternative and Preferred Classification 

Since writing the above, I have had discussions with fish culturists in 
Kenya. They are using a brood tank whose design is based on the breeding 
habits of members of subgenera Oreochrornis and Nyasalapia, namely the 
'lek' system with migration of the brooding mother to a 'nursery' area. They 
refer to this as the system characteristic of Sarotherodon.It is not, however, 
the system practiced by species of Sarotherodonsensu stricto, exemplified 
by S. galilaeus, and I have advised them to refer to it as the Oreochromis 
system of breeding. This and other considerations now lead me to believe 
that we should place more emphasis on the gap between Sarotherodon and 
the other subgenera by placing the latter in a separate genus, the earliest 
available name for which is Oreochromis.Danakiliais also generically distinct. 

The mouthbrooding tilapias used for fish culture accordingly would be 
grouped in two genera, Sarotherodonand Oreochrornisthe latter comprising 
four subgenera as shown in the accompanying table. 
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Genus Subgenus Type species Other examples 

'l'dicr;'c A. Smith (three to six) 7' parrmamcrii A. Smith T rccalli Boulh'rcgcr 
T' :ilhfi Ge,'vais 

httlrnm R~ppell A aila,1'l, San)r mimr,i 16uppe'll S. mcl' S' (ILinnz.)
S. litim'11ii (l.i)nnbvrg) 

Orc',cf romis Gnther 0 iiuccf,'ri (Gunther 

Orvochromis Girfnther ) hi,'ctci Ginther )0 0)j ,ih,'ci, (Linn.) 
( 10 ) ncc,)'Ucclc 1, (Peters) 
() () w,,ir,' ('tindi-hner) 
() 10) ((iiinthcr)pihurnsc. 


Nyasalapin Thys 0. (N.) sqjacini icms ((;Ginthr) )(IV marcn',-hcir (Boulenger) 
0 (,'. I iilld- (B ul enger) 
) (.\ I .icc,,hci-; ('I rewavas) 

Alcolapia Thys 0. (A ) grchaic (Bouhenger) t) (, 1,cccillcalicuc, 

= 0 . l'alccccs grcchccpci (I ili endorf) 

Nvolilapia Regan () (N.) lagcmici' (Bouhlngcr) Nonfle 

0. (1.) fra'cc-h. ti(Vincigucrra) NoreD)aakilia Thys 

Discussion 

GUERRERO: Is it,lifficult to inter-breed Tilapia species or Sarotherodon species with 

Tilapia species such as 7'.zilii? 

TREWAVAS: llavc Vl ever tried tc intcrtl'crcd them? 

GUIJIiI{EI{O: Noc, hut the literature sugests incompatil);lity between Sarothcrodon anti 

Ti.pia. ()ne is a ncculhibrodc'r and the other a httom spawner. I was wondering if it is 

difficult to iicrbre d lihem. Do you think this is possible or that Tilapia species will 

Lyhridiz? 

TREWAVAS: T. illu acid ' rendIlli dc hybiridize or thcy ar believed to hybridize in 

Lake Victoria wlicre t b' havc both hecc intrcduced. 

GUERR.'RO: Wc have not trid it, but I want to find out if it is pcssible because of tie 

interlcrccd asdiffc'rcncis hetween the Iwoc tprciiups. Tilapicspecies seem more difficult to 

opposecd to rrcilM' 'clccn pec'ies. 

nature, nor freely 

if the'v arc' placed ccthcr icc on but 1';crids have becn obtaincil by artificial fer-
TIEAVAV.S: The1%w Qfq1'c'ri h;cve ucvcr hen known to interbreed inr 

lt tank, 

tilizatitn at 'l'micbincn. Scom ;ttcpted crcsscs wccc unsic'cssfili, bitt in one easc hybrids 

structurallv int,crnedit' I~r ihc-1n c,-,d to ciclt sizc. Thce wcc., allfemales. 

vi-cn Ws immunohovical tochnitues in ny laboratory for the 

diflercnt sp,.ci-s ,ct.r'tfh,'ccclhc. All cof hern arc crccssrcactirg ;int tenically. Wc coult 
•\V'TAII)N tW,- hav t nL nc 
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not find any antigenic differences with these species. In mammalians we know there is no 
antigenic crossreactivity between different species. Now, to what extent the species 
should be called subspecies, I do not know, but several tilapias cannot be termed different 
species per sc if we refer to immunological criteria. In this respect, we found some differ
ences between 7'. zilii and Sarothcrodonspecies, but no differences between S. galilaeus, 
S.' a1reus, and S. niloticus, Hlowvver, this matter needs to be studied in more detail. 

LOWE-McCONNELL: So the particular question is, do you think that the latter are truly 
separate species as you have been unable to find any immunological differences? 

ROBEITS: I think we will have to distinguish between antigenic characteristics (which 
means tissue matching) and serum and muscle enzymes, because there are certainly 
differences betwern all of the Sarotherodon species in terms of the numbers of enzyme 
loci. 

11iPHER : But you can also find such differences between sexes. 

ROBERTS: Yes, this has been reported, but not to anything like the same degree as the 
differences between species. 

HEPHER: But there are differences. 

ROBERTS: We did not find differences between sexes. I think the important point is 
that, while someone like Dr. Trewavas has devoted so much time to distinguishing mor
phologically between these different species, Dr. Avtalion, from his antigenic and immu
nological studies, finds that there is no difference. I think we have to be very careful with 
our definition of a species and recognize a problem here. 

LOWE-McCONNELL: This is a particular subject for people who are interested in 
speciation. 

PULLIN: Dr. Avtalion, you said that you found a large difference between T. zilii 
and Sarolherodonspecies which tends to support the generic split. 

AVTALION: Yes, there is quite a significant difference. 

TREWAVAS: It is interesting that you bracket both kinds of Sarotherodon, that is, 
S. (Sarotherodon) galilacus together with S. (Oreochromis) nilolicusand aureus. 

HEPHER: We have noticed that it is very easy to hybridize S. niloticus and S. aureus, 
but it is very difficult to cross S. galilaeus with S. aureus or S. niloticus. Maybe this has 
some significance. 

LOWE-McCONNELL: I think the important thing here is that there are "tilapias," there 
are 'sarotherodons' and there is a group in west Africa that are more difficult to define. 
We do not know much about these. 

TREWAVAS: Yes, I think that S. galilaeus i3 the only species thAt fish culturists have 
had anything to do with from :,iat group. 
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PIILIPPART, J-(I,. XN ,-C1.. W viT. 1982. Ecology and distribution of tila

pias, p. 15-59. In R..S.V. Pullin and R.11. Lowe-McConnell (eds.) The bio

logy and culture of tilapias. ICLARM Conference Proceedings 7,432 p. 

International Center for Living Aquatic Resources Management, Manila, 

Philippines 

This paper rieviews thre- aspoct-, of the iecology of tilapias: i) their geo

graphical distribuLtion, iit thi, physical I( lirrent velocity, depth, temperature) 

and chtmical (salinit :alkalinity, fill, oxyi'in and other dissolved gases) 

factors which influenice this ;1 iii) aspects o " their behavioral ecology 

namely feeding behavior, reproductivi behavior, selection of microhabitat, 

schooling heh:vior ail'd mintiii. Maps are given showing the natural 

distrihutionl of theV )rilliiluil substrati-spawning genus Tilapia and the month1 
brooding genus and history of their Irauisfers in Africami'ro~iiih( 
;itid introductions Io other cllntillilits are tab llaled. 

TheIn turil distribution of th, tilapia spocies delinds upon: i) historico

gilo ical 1"actors which hid to giiigraphical isolation and speciation, ii) 

ecological factors Which dlemonst rat the requirenments and prifi-rences of the 

species mainly with regard to temperAture and salinity and iii) behavioral 

mechanisms relating to 'tedinL mid --'productive strategies. Data on the 

nat ural distribution, ecological amplit ude and eco-ethological characteristics 

could hl-p in il seI-clion (f species for culture and introductions for fish

cries and in the preiintion of unfortluatv consequences, such as unwanted 

hybridization, comoet iti(o for food or spawning grounds, anil contamination 

of pure wild strains or failure of the introduced stocks (e.g., due to unsuitable 

temperature conditions, overpopulition and nanisyn, otc.t. The dangers of 

introductions made without sufficiet kniwlh-dge of hi biology of the 

species and ri-cipient ossl ems andIlhe niecissity for better control of fish 
trinsf-rs and futurt' resi-arch on the hasic and applied ctcologv itf tilapias are 
all st rsseil 

Introdihction 

In their recent review Balarin and tatton (1979) concentrated on the 
biology of tilapias in relation bi their uses in aquaCUltUre. lowever, apart 
from their considerahl ec((nomic imlplortance for aqtuaculture wad fisheries, 

tilapias are important eletents of hio -ntises, inwolved in the workings of 
tropical a(utiC t-tSystitls. As such the, raise a multitude of problems in 

basic ecology, the sttldy of which could hvi-. if it had htein done ill advance, 

IS 
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prevente'd the, large number of u nsuccessfulI attempts to culture or to intro
(Luce t ilapias. 

Tbhis paper is writen fromia hroad ecological perspectiwy, although prac
tical apiplicatiors ire shown wh enever these arise. Five aspects of tilapia 
ecology. are discusse -l: 

1. Geog.rahdical (list rihutiotis, with special emphasis on assessing the 
su-ciss of' t rintoductions and transffers. 

2. 	 Analysis of physical and chemical factors which influene( the naLural 
(list ribution of tilapias and charact-rizi' their ecological range. 

3. tcedin hehavior.
 
I1. Leproductive bhavior.
 
5. 	Select ion ,ofmicrohalitats and dynamics of spatial separation. 

Zoogeography and Distribution 

OIGINAL, )I.SIlIf-TIONSq OF TILAI'IAS 

The family ('ichlida, is wid,,ly distributed in Africa (including Madagascar) 
and Palestine, in South and Central America, in southern India and in Sri 
Lanka ( Lagler ot al. 1977 ). Th. tilapias, however, originated exclusively from 
the African 'm timent Ii.xcludtin g Madagascar) and from Palestine (Jo dan 
Valley and ctiastal rivers). In Africa they are absent only from the Northern 
Atlas and tr( m somth wi .st Africa. This is an old pan-Afri,.an group with a 
slow or av(,rag, rate of sp'elation, prniarily rivrine, second arilv lacustrine. 
About ,v-i 'ntv sjwci's an' nowadays distinguished as two genera: Tilapia 
(macrophaOus, sulistrat,'-spawu-rs) and Sarotherodon (microphagous 
nmouthbroodi'rs). Their original (list ributions ;ar .vxn in Figures la, b and 
2a, b , c and in Tabli. 1."l'h' data us5(1 for this r 'view stern from Thys (1963, 
1961, 1968. 1971a. 1971 b). Trewavas (19C 6. Fryer and Ils (1972), Rluwet 
and Voss (197.1), P uwit ,t al. (1975) and Balarin and Ilatton (1979), which 
re'late specifically t ilapias, and from othr works on African ichthyology, 
Ci;nther (1889), I'llegrin (1921), Poll (1957, 1973), Ruwet (1961, 1962), 
Gri .nwood (1965, 1966, 1971, 1976), Ju )1 and Farqdaharson (1965), 
Bell-Cross (1968, 1972, 1973), Daget (1)68): Gee (1968h), Petr (1968, 
1969, 1975), Low,,-McConnell t1969, 1975,1979),Juhbbant(I Gaigh,r(1971), 
Gai h,,r (1973), Glr(en,it al. (197:8, 1978), 'I'r('wavas (1973a, 1973b), ,Johnson 
(197.1), Eccli's (1975), Oittoho (1976), Landau (1979), and other studies 
cited below. 

TFhe natural (listrihlutilns Of the, speci's reflect two t'1 )'s of factors: 
1. 	thl()Sfliktoric(, Vc.ll wi;li;tll-, which led to geovi'alphical isolation and to spvei

atim ,nid,mi' i.i',c' , in h:l,s r st lrf-tch,s of' rivers): a kn ,whI-d 'gvof Ile past 
,
g'ioh y.:Ind h(d \ ,I Afri'a i nises y Ill unlher' and tin- sp.cies distribli

tills. whtil'., h llS..'.,. j kl',w s;[vi(-sl'l, 	()f ti"he distrihutions hilps in confirm
ii 	 v l . ('Ill '' i 1hv ,o basinsj lt lth' Il (ldihy rograrphi- and their former 
co(+llm "I' i )ll .' 

2 .	 'l'a '+ v' it'(l([ll)l + l, trni ts o)ft.h w)f,+ 	 l'l + list,l II I rfil1equ lnts m idl prv'fv;'etln 

till 'C i, it ''' ', l ',, t plr r'. s;linily+ t he civill'i al co;u oo- ',wc I siti<on of th , 
w,.lr, am th,. l,,h iI whi<ch ,''flilt fe'ldini4 ir11 repr"Itetive, llc',li';mlisnis 

1ialin g first with tllhi histoirical factors: for th v' affi'cting distribution, 

http:pan-Afri,.an
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our ideas are based essentially on the synthesis by Thys (1963) on the 
tilapias of Zafre and adjacent regions, and on Beadle (1974) for the paleo
geography. The maps (Figures 1 and 2) show that: 

a. 	 The genus Tilapia has a vry wide distribution except for the eastern 
slope of the eastern Rift valley and river basins facing the Indian 
Ocean. They are abundant in west and central Africa. Speciation is 
slow; they are 'stable', river-dwelling, close to the original stock. The 
species are separated not by geographical or hydrographic barriers, but 
rather by ecological or behavioral barriers. 

b. 	 The genus Sarotherodon is rare in west Africa, absent from the ZaIre 
basin, but abundant, diversified and specialized in small local popula
tions in the Rift lakes. The subgenus Oreochromis(S. mossambicus, S. 
mcrtimeri, S. andersonii and S. spilurus niger) occurs in the basins 
facing the Indian Ocean. The various Sarotherodon species are segre
gated by geographical and hydrographical barriers and generally have a 
small range of distribution, except for S. galilacus, S. niloticus and S. 
mzoss(Lm bicus. 

The examples discussed below show the relationship between past geol
ogical-hydrological events and the natural distribution of tilapias. 

DISTRIBUTION OF T ZILLII, S. (;ALILAEUS AND S. NILOTICUS 

These three 'soudanian' species have a very wide common range (Senegal, 
Niger, Chad, Nile, Jordan, Lake Turkana (Rudolf), Lake Albert) resulting 
from former interconnections of the Chad and Nile basins. 

S. niloticus, originating from the upper Nile in Uganda evidently moved 
southwards, colonizing all the western Rift lakes down to Lake Tanganyika. 
It also colonized central and western Africa, via the Chad and Niger basins. 
Its expansion is still taking place; it has not yet reached some of the tribu
taries of the upper Niger and it is rare in the coastal rivers of western Africa. 
Conversely, T. zillii and S. galilaeus have spread eastwards towards the Nile 
and the first Rift lakes. 

It seems likely that the Chad-Nile connection came into existence later 
than the southward push of S. nilolicus along the Rift lakes, and later than 
the separation of ILake Albert from Lake Edward, which could explain why 
S. ni/oticus Occurs in the latter lake though '. zilii and S. galilaeus(lid not 
reach it. 7'. ziliiian S. galilaruswere present in the Ubangi and Uele Rivers, 
now trihutluris of the ZaTre river, before these two rivers were captured by 
the ZaTre. This cap ture must have taken pia'e before the Chad-Nile con
nection since S. iloticus i absent. from the I.Ibagi-Uele system. The Ituri 
River (ZaTre, central Afrira) is a particular case: T. zillii evidently colonized 
it in an eastwardldirection, but not S. galilae'us, which found itself competing 
against S. ni/vticus already estahlished. Blefore its integration with the 
Zaire basin, the Ituri was link d with Lake ..\lhert,which was populated with 
S. niloticus. In the gr,,al Zatire basin, the expansion of T. zilii was prevented 
by the prese'c' ,f 7'. tolloni. 

'Ihe S. ga/ilacus ,(rining from the noIrth lid not manage to invade the ZaTre 
Ihsifl. wbhich seems to be an environment hostile to microphagous cichlids, 
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though S. galilacus reached, and was able to establish it:.alf in the Malebo
 

(Stanley) '00l upriver from Ki nshasa.
 

....... , ,U ,, .."" ' '".,,d, , ... . . . . , .......
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Introduction Nauri 0itibt 

, , ..'
zil"in 

,,'T. tholloni 

rendalli . o . .T. • ., 

A A A T. guineensis 20 

Fig~ure ] a Subs? nile-breeding tihipias (genus I ihzpia): natural (list rihutioii and introduc
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a i i. u ti -mire d after this divide was established
 
Fi"lte 111t. 'uiti'i lal ( Il( 7'/,niti the iafue Corges and
belo)w 


tiw F.fTnlki, ., , 'nd'smii.tldt'i( S. IIor mcri. lutsinceTeai7 is hny 



19 
construvltiol of the Kariha and (ah(ora Bassa dams, S'. andersonii has been 
recorded in the Middle Zambezi (Balon 1974; Jackson and Rogers 1976). 
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L)istrihutions of '. splrrunii and T. rendalli overlap markedly, hut the 

former is nre southern, while the lattvr reaches north to the edges of the 

equatorial hasin. 

;...........
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_;_-200 
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introductions of S. nilolicus
Figure 2a. Mouluihrooding tilapias: natural distribution and 


(genus Sarothurodon), S. macrochir.S..schwo bschi. S. lepidurusand S. u pemble.
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miov From ow, estuarY to the newxt, esp-cially during floods. 

It is p , rtiC1htrlyn oiwohthat thl( macrotphagous suhstrate-spawning 
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tilapias of the C(optodon subgenus ('. zill, 7'. endalli, 7'. tholloni, 7'. 
cepgtca, 7'. goiwn'elsis) all have a witt, dist rhution and exclude each tither 
geog'%Iphicdlly. 

Spocies If the ,or tdherwo un (,rutip with the exception of S. g lielc's, N. 
niloti'tus and S nII)";S11111 huus ;lirt, 4(4'cilizd io Inmre, hnializtiji MaLny% 
species mirlai I ('.,sc'u/tts :tl I,cari(bilis iii l i \Victoria;S. l't(stictus 
Mnd S. ilotict ii! l:ltk(,s Iwarl jul (r;,,(,ge; S. ti:aulchir ai S. andersonii 
in) the /ailltt/t:Z. l , lilits alitd . t lotliu.; in :i Nile: S. nilotltis,S. aorc s 
Alili S. ,4d/ifi,'u irmtli S uigt] to (hi Aviral ste'iiis inIlak Malawi). This 

+r]l;F>l~iais :tic,:-, i liil , litiu, ail requireents which guarantee 
olitic+ i'l i.',olation, ,'rmin this, it llow, that a k.InoJwledge of the natural 

geogI,-'hica list riliuit 11i is i ,cessarvto) ui.,rstand the origin of the present
 
sittial nih 1ii.xplailinlg it in rliitioli tohl gtcologicd-hydrohiological history
 
of I1-1t,coitili'iit, select intillig ,tlvliit stVciiW to !W cultured, and deduce
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....... •:• "200 

. * . %, .. , ., .. . ...+ - , . , . . . . . . .. . . .. . %. , .,,*, . . . . . . ... . . . . °.. o . ° ,:........ . ........
. '" . ..... . , ,....,................ !....7
; . ..it-....... : : : : : : ::..: .:.: ::. : :. . . . . . '.. . . . . ''t.....: 
..... .. . ........ .... . ' : :
•. .. .. . . . . . . . . . . ... .,.; . . :. + 

KEY~ ~~ ~ ~ ~ ~~~~....."::':1 :;':;': ..... .... 
.. ......... .. .!!:::
....... .... .. ......... :...r...
!'o~l5+)o_LrT . .................. . . .. • - , : . . .. .
__ . . .. ...... l.l..
... .....
 

.. . pangani
" S. 


S. S mossrnbicus S.urolepis 

SA oneluroheroni a 1 S ruvumae 

tI,11HU1S. morlimeri S . placidus 

S. spilurus spilurus 200 

"spilu us niger .S. 

Figlur'e 2h .Nat uiral t rIbSUh l inln irtlll n~liiu i islls i S lia u , S. mossumnbicus, S, mela
mzit'Ihi' ri n, S> unit. is iii, S. ii rtiiHor ri, S. s tilnts spilurtnS,, . spilu ,,sniger, S. pangani,S. 
iirolepis,S> rm tt ninc, S plu 'idus. 
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Table 1. Tilapia species with a relatively restricted or endemic geographical distribution 
(species not included in the maps of Figures 1 and 2). 

A. Lakes of eastern Africa 

S. leucoslictus L. Albert and Edward/George (ZaTre, Uganda) 
S. esculentus, S. variabilis L. Victoria, Kyoga, Nabugabo (Uganda, Kenya,
 

Tanzania)
 
S. alcalicusalcalicus L. Natron (Tanzania) 
S. alcalicusgrahami L. Magadi (Kenya) 
S. amphimelas L. Manyara, L. Kitangiri (Tanzania) 
S. karorno Malagarasi swamps (Tanzania) 
S. lidole, S. saka, S. squamnipinnis,

S. karongae L. Malawi (Malawi) 
S. shiranusshiranus L. Malawi, upper R. Shire (Malawi) 
S. shiranus chiivae L. Chilwa and L. Chiuta (Malawi/Moz.) 

. S.-rukwacnsis. L.-Rukwa (-Tanzania). . .. . 
S. tanganicae L. Tanganika 
S. hunteri L. Chala (Kenya) 
S. jipe, S. girigan L. Jipe (Kenya) 

B. Other lakes 

T.guinesana L. Guinas (SW. Africa) 
T. gefuensis L. Gefu (Angola) 
T. multiradiata(= T. zillii) L. Chad (Chad) 
T. bemini L. Bemin (Cameroon) 
T. dekerli L.Ejagham (Cameroon) 
T. ho lae L. Barombi ba Kotto (Cameroon) 
T. discolor,T. bosumana, 

S. galilaeusmultifasciatus L. Bosumtwi (Ghana) 
S. linnellii,S. lohbergeri,S. caroli, 

S. steinbachi L. Barombi Mbo (Cameroon) 

C.Rivers of the eastern coast 

S. urolepis R. Rufigi, Kingani, Mbemkuru (Tanzania) 
S. rvumae R. Ruvuma (Mozambique-Tanzania) 
S. pangani,S. korogwe R. Pangani (Tanzania) 

D.Rivers of the Guinea-Ghana coast 

T. brevimnanus, T. walleri, T. louka, T. coffea, 7'. joka, T. rheophila,S. caudomarginatus, 
S. tournieri 

E. Rivers of the Cameroon-Congo-Angola coast 

T. cainerunensis R. Meme (Cameroon) 
T. ogowensis R. Ogoou6 (Cameroon) 
S. rnvogoi, T. inarg~iritacca R. Nyong (Cameroon) 
T. cabrae Rs. Ogoout, Chiloango, Kwilu, Bengo, Quanza
 

(lower)
 
S. angolensis R. Quanza, Bengo (Angola) 
S. sanagaenesis R. Sanaga (Cameroon) 
T. cameronensis R. Sanaga (Cameroon) 
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INTRODUCTIONS AND TRANSFERS IN AFRICA 

The original distribution of the African tilapias has been modified by the 
deliberate or unplanned introduction of several species outside their distribu
tion area (within the same basin, or from one basin to the next). Figures 1 k 

and 	2 summarize the main data from the literature (Bardach et al. 1972; 
Fryer and Iles 1972; Beadle 1974; Lowe-McConnell 1975; George 1975; 
Vincke 1979; Coche 1978; Balarin and Hatton 1979;Moreau 1979a, 1979b), 
while Table 2 presents a synthesis of the best known examples of irtroduc
tions into natural habitats and into reservoirs. 

These transfers had different objectives: 
i. 	 Stocking natural lakes in which no tilapias occurred (S. alcalicus
 

grahami into Lake Nakuru, S. spilurus niger and T. zillii into Lake
 
.........Naiasha,.,S. spilurus. niger, .. , esculentus and._S,_ nilqticus into-many
 

lakes in Uganda and Ruwanda; S. macrochirand T. rendalliinto Lake 
Lusiwashi). 

ii. 	 Introduction into a natural habitat to fill an ecological niche not
 
occupied by any of the tilapias present (T. zllii and S. niloticus into
 
Lake Victoria and Lake Kyoga) in the hope of increasing fishery 
yields. 

iii. 	 Introduction into artificial water bodies to develop new fisheries based
 
on the introduced tilapias (S. mossanbicus and S. niloticus into the
 
reservoir of a southern Tunisian oasis), or to utilize the plankton
 
production of reservoirs (S. macrochir into Lakes Kariba and McI1
waine; S. placidus into Lake Kyle; S. mossambicus and S. mortimeri
 
into the lakes of the Zimbabwe eastern highlands).
 

iv. 	 Biological control of aquatic vegetation (T. rendalli into Sudanese
 
irrigation channels and some artificial lakes of Shaba), or for the
 
control of mosquitos (S. niloticus, see George 1975).
 

v. 	 Fish culture in rice fields (Vincke 1979; Khoo and Tan 1980), in
 
floating cages, and especially in ponds (Bardach et al. 1972; Coche
 
1978). Although at first confined to these aquaculture systems, the
 
tilapias have inevitably escaped into natural waters (during draining of
 
ponds, break-up of dykes, floods), For example, T. rendalli escaped
 
into the Pangani River in Tanzania (Trewavas 1966) and S. mossam
bicus into the middle Zambezi basin (Jubb 1974).
 

vi. 	 Involuntary introductions occurring during the deliberate introduction
 
of another species (S. leucostictus into Lake Naivasha, T. rendalliinto
 
Lakes Victoria and Kyoga), or because of the confusion between
 
sympatric species which have hardly begun to differentiate (S. nilo
ticus and S. aureus;S. mossambicus and S. placidus;S. mossambicus
 
and S. mortimeri, and the Sarotherodon species of the east coast rivers
 
in general).
 

The reasons for the success, or lack of it, in these introductions, their 
effects on the various ecosystems and the aquacultural aspects will be 
discussed in a later section in the light of information on the ecology of the 
various species. On the strictly biogeographical level, the older, unrecorded 
introductions, or those made in a doubtful manner (lacking present-day 
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taxonomic and hydrographic knowledge) all represent small catastrophes, 
In several cases it is indeed impossible to know if the presence of a given 
Species is a natural occurrence (which could have far-reaching consequences 
in biogeographical and paleographical terms) or simply the results of human 
activities. 

The 	following examples may be cited: 
i. Natural occurrence or old introduction: S. hornorurn in Zanzibar; 

S. hunte;',t in Lake Chala, Kenya (Trewavas 1966). 
ii.I 	 Endemicity of S. girigan and S. jipe in Lake Jipe (these two species 

were introduced into the Pangani River and now occur in the whole 
basin, Trewavas 1966). 

iii. 	 The biogeographical relevance of the presence of S. mossambicus in 
the Thalamakane River, Botswana (Jubb and Gaigher 1971), in small 
water bodies in the Namib desert (Dixon and Blom 1974), and in 

........ two.tribuitaries of the-,middle Zambezi(Jubb.1974).wherethis species 
was considered to be absent. Another similar case is the presence of S. 
macrochir in the middle course of the Buzi River, Mozambique 
(Bell-Cross 1973), completely ou )de the rest of its range. 

To add to the confusion, during the t!fties many aquaculturists called any 
macrophagous substrate-spawning tilapia 'melanopleura', whatever its 
geographical origin. Thus 'T. zillii, T. rendalli, T. tholloni and T. guineensis 
have often been spread around in Africa confused under the name "melano
pleura". 

INTRODUCTIONS OUTSIDE AFRICA 

The first, probably accidental, introduction of a tilapia outside Africa was 
that of S. mossambicus prior to 1939 in Java where a few individuals were
caught in the Serang River (Atz 1954; Riedel 1965). From then on, S. 

mossainbicus was introduced into various countries (see Riedel 1965). Then 
the practice spread to other species, and now tilapias occur in natural waters 
throughout the tropics, even in Australia (Queensland). Figure 3, drawn 
from data in Balarin and Hatton (1979), Welcomme (1979a, 1979b), Rosen
tha (1976), Courtenay and Robins (1973), Bardach et al. (1972), FAO 
(1977c) and some other authors, shows the worldwide pattern of introduc
tions of the species of major importance: S. mossambicus, S. niloticus, S. 
aureus, S. hornorum, T. rendalli and T. zillii. Other species introduced 
outside Africa are dealt with in Table 3. 

The 	objectives of these introductions were, as in the case of Africa, pond 
culture (see Bardach et al. 1972; Coche 1978; Vincke 1979), the stocking of 
natural habitats, of man-made lakes and water storage reservoirs, of mining 
pits, and the control of aquatic vegetation, For twenty years there have also 
been introductions to stock cooling waters and geothermally heated waters 
in temperate regions, in ,Japan, tie USA and in Europe (e.g. TVA 1978; 
Kuroda 1977; M61ard and lPhilippart 1980). 
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Table 2. Tilapia introductions in natural waters of Africa. 

Lake Wctoria (Lake Kyoga) (Uganda-Kenya-Tanzania) 

- two indigenous endemic species: S. esculentus and S. variabilis 
- four introduced species: S. leucostictus, S. niloticus, T. zilii and T. rendalli (acci

dentally with zillii) between 1951 and 1954. 
good acclimatization of introduced species favored by the existence of empty eco
logical niches, notably the niche for a macrophage herbivorous tilapia: T. zillii 
underwent a large development and became almost as abundant as S. variabilis 
which was one of the main exploited species (Welcomme 1967a). 

- but negative effects (see Fryer and Iles 1972; Fryer 1961a; Welcomme 1964, 1967a): 
i. 	in the first stages of its growth, T. zilliishared the same niche as the alevins 

of S. variabilis, then competed with them and supplanted them due to more 
rapid growth and greater aggression. 

ii. T. zilliicompeted with and also supplanted S. variabilis for the occupation 
.. of, breeding. nds- .. . ... 

iii. S, niloticus competed with S. esculentus and hybridized with S. variabilis. 
iv. T. zillii hybridized with T. rendalli, naturally allopatric. 

Koki lakes (Uganda) 

- no indigenous tilapias 
- complete failure with the introduction of S. spilurus niger and S. esculentus but 

satisfactory success with S. niloticus (see Lowe (McConnell) 1958) 

Lake Bunyoni-Lake Nkugute (Uganda) 

- no indigenous tilapias 
- complete failure of S. spilurus niger introduction (Lake Bunyoni) and S. esculentus 

(Lake Nkugute) (Lowe (McConnell) 1958) and success of S. niloticus in the two lakes 
- but hybridization S. niloticus x S. spilurus niger and S. niloticus x S. esculentus; 

excessive development of S. niloticus populations with, in consequence, retarded 
growth, nanism, infestation by parasites and finally a very poor result from the 
fishery point of view (Beadle 1974, p. 83). 

Lake Naivasha (Kenya) 

- no irdigenous tilapias 
- introduction of S. spilurus niger in 1925 and of T. zillii and S. leucostictus (acci

dental) in 1956 
- good initial acclimation in S. spilurus niger which formed the mainstay of the fishery 

during the years 1950-60; in 1961 appearance of hybrids of S, spilurus niger x S. 
leucostictus; increase in their number (57% of catches in 1962) followed by their 
regression particularly marked after 1971, date of the total disappearance of S. 
spilurus niger; after this date, great development of S. leucostictus which became 
the dominant species in the lake and of T. zillii (Elder et al. 1971; Siddiqui 1979b) 

Lake Lusiwashi (Zambia) 

- no indigenous tilapias 
- introduction of S. macrochir (1949) and T. rendalli (1959)successful (catches: 80 t, 

Fryer and Iles 1972) because ecologically complementary species (microphagous 
and macrophagous) transplanted close to their original area of distribution in a 
milieu offering vacant niches. 
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Figure 3. Introductions of tilapias (six principal species) outside Africa (see also Table 3). 
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Tahhi, 3. Results of introductions of tilapias outside the African continent. 

S. 17lossambicus 

Africa 	 Mdagascar 

SE Asia 	 Java, Malaysia, 

Sri Lanka
 
Indonesia 


New (;uinia 

Philippines 

Ihailand, Batgladtesh 

I long Kong 

Taiwan 

North Vietnam 
China 

Japan 

America 	 Hai i, ,Jamaila, 

St. Lu{cia, (Grenadai, 
Puerto Rico 
NPearnuua 

Mexico, H!Slvadiir 

Ecuador 


Colombia 

U.S.A. 

S. niloticus 

Africa 	 Madagascar 

establislwd in nut nerous waters of' the country
 
(Lamarque et al. 1975)
 
established in natural waters (Atz 1954)
 

established in natural water hut often forming
 
very dense, showy-grtowing populations (Wel
cormm, I979b) 
,stablishid in nal ural walers at sane time as 21 
exotic Sloos (( ;ucksman et. at. 1976;;West and 
(lucksman I 197; 
e'stalished in brackish water b1t considered a 
pest ill the (Uhannspondts (Pillai 1972; Rahanal 
and tMsi!os 1957, cited bY Rosenthal 1976) 
initially wcl-is :591h, in natural waters then 
re,-essid s5I)oftalnouslty (W\telcomnw 19791)) 
esallished in (Cv, Resirvoir (Man andPtover o 
Ihodgkiss 1977a, 19771)) 
istablishedt thlrotuglhout the c(untry (rice fields) 
I}) jroihnis 1ti to too tow winter temper
atures, overpoplat~i1aoinl rt 2alisin (When 1976) 
aeclinlatiz,I ( Le et ad. 191 
established in tirack ish and marine coastal 
waters and in the rivers of the central and 
southern lprovincis, e.g, Ftukien (Borgstrom 
197S)
 
cultivated in 1l}(ts 1)ut transf rred in winter 
into hot springs ( l.Uhkusti 1968) 

istatlishd in natural waters (At z 195.1) 

,stablishia, at Ieast in Like MoyNa (Riedel 
1965) 
introducedt for fish culture (FAO 1977c) and 
probahly istalishet in nature
 
reared in fish cultare, with satisfactory results
 
ulp to altitudes of' 2.100 m t!)(FAO 1977c)
 
estatlishmtiinl in natural vaters of certain
 
regions (htower than I ,0 111) but di.semination
 
in the counlry from there interrupte(d until
 
thy have tatht ,r knowlete of the risks of
 
cOmpltit ion with hih-inditinlolls species (lAO
 
1977c)
 
introduceod 't11ii lorida by ;ituariophiles and
 
considered , lust ({iiurtnMy aid Rolins 
197:3); riari, commercially in geothermal 
water in Idaho tf?:lY HI7tf;tawaii (Neil 1966) 

establishlo- in nutirols Lakes fig., Lake Itasy, 
1,200 m altitud,) 	 ;n(t rivers (Lamarque et al. 
1975) 
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T:hble 3 (contd) 

SE Asia Indonesia establishe'd in natural waters where found to 
)e economic;iilv very interestin2 (Welcomme 

1979h ) 
Bangladesh,'1'ltailnd -AtihliSh, Illl i 1l i1:l \w tlI ,I hu tl C li ,1iull~t iOl 

dvhln -d i Vl' A til ! Ill, introdtuction'A' :Ii" 

( "ii,(.lolllllo. I 9i. ih 	 I 

>i 'ifI ;ili.i 8i't ,d i iidii st ril 
W all wktilt r ( k llfoid,, 19(i77 

A merica Me ico cu'lli;t l ill tll lll' l tl , I 'i ,11ii ll, ill ) 
JIapani p)ril ,ip:il ll-ic 

li ,lw d Ill lilllil 'l ltl irlil i ilil 1;11-vs ill ilh ,, rll terl 

aill~lM l ot Ill ci lntrV (lF \() 197 1c) 

Europe 	 Cyprus staildishivd ('.I ill r: sivt lir ( \9l']'iiuriie I t79b) 

Belgium clultivalud ittsivly il warni water ot a 
nulea,;r po(we'r ptit~l with tpos.<hilit ,y of surviving 

ill t lt-* oolill it 	 lil l i t l ir (.M l rd land 

l'liilrip I. 

S. (llr('Is 

SE Asia Philippines, Taiwan iltrodiicd for ll\ ridlizal ion 

Allirica El Salvador iltrodnud tlr re;triiig ii ponds ;and in rages 

w itil risks 41" it . s 
Piivrto Rico v, lahlislld 

tciw i hwai 
ill i;i;rry lkis 

oIII<ll19!77 ) 
tlcd Ir rearing in 

. ,.SliA.lntrlod c d wVitl ii viI' to hiululoical control f 

tll v 5i!ctit lull ill hil:,, i f 'ital Florida in 

19 I ;in i(ctill X , iuhuli hiul in at liast 20 
c. itics wliui' 
e'xiloiil;tiloll I 

itis hu 
.LJL~forid el 

i 
il. 

t tiilinr' Onli 'cil 
197,1) hut catih s 

it- small and it lr lti fihhu:iir t uludestruction 
of' 
the 

Ihe v 
water 

l!itltii 
l' 

and tloi'- !Jwcies of fish in 
old izvd ((lltlo-lwiv anld Rohilns 

1973); proliblly ti iihilusll ill ulrtti lakes in 

southi 
cootlinlg 

vlxi. , hit iuinimiil{
waiter of ll' hciric povw ,r 

artiticially in 
stations (Stick

i\ ainl lhush. r; 97 ); s.irvivill in a natural 
Like in A.laIInnA (nily wl-nithe wintur is 

vicitionallv Wi'rmi Ilibel 1975); reared in 
geothiermil r in9(lrudo I launstin 9781 

EIro) Cyprus vstahlisiet .')i i rserviurilh ;(lIn,, 1979b) 

S. mnacrochir 

Africa Madagascar 	 establishd :ill over the CoUtlt ry in certain 
mangrove lsw;itluhts i ,.. N eminl: Iai iarqui et 

al.1975) 

S. inclanolherotn 

America U.S.A. 	 reiproducintg in natural waters in Ilorida but. 
(hlos not. sevill destructive (oujrtenay aid 
Robins 1973; Wcomrnm 1979b) 

S. spiirus uiqul' 

Africa Madagascar 	 failed introdut ion hecause trrihurature too 
low at altitude (in lialarin ;ind lHtton 1979) 
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Table 3 (ori'd) 

Africa 

America 

Europe 

S. shiraiiulschihiv/at 

Madagascar 

S. hortiorunz 

Puerto Rico, Brazil, 
I .,S.A 

S. gu hu5S 

t.hrnlany 

Africa 

7'. rendalli 

Madagascar 

Mauritius 

Asia Sri Lanka 

Thailand 

America Brazil 

Colombia 

Peru 

Bolivia, Paraguay 
Mexico 

Africa 

SE Asia 

America 

T. zillii 

Madagascar 

Malacca, Fiji 
Taiwan 

U.S.A. 

only cultured experimentally (George 1976) 

introduced for 1 vhridization in numerous 
experimental fishwry and fish culture stations 

experiments for rearing in industrial thermal 
effluents (in Balarin and latton 1979) 

,stablished in numerous lakes and rivers but has 
serious!y ,urturhed tlie ecology of Lake Kin
kony ( l.anrnirqe 4i al.I975) 
introduced 0fr fish eulitttrein 1956, it escaped 
into rivers an(d rtstrvoirs where it occasionally 
has serious eftects oil tih,indigenous flora and 
fauna tCorl I976) 
well -estahlished in niatural waters whore a 
vaicant teol gical niht existed (Welcomme 
1979h) 
at first wtll-established in natural waters then 
progressively '4grt.ssinlg and dis'lpearing, prob
ably dei to t-omlwtition fromn local species 

(Welcomnli 197.9h) 
reared intewivily in Ilt northeast and the 
central-south if the e'ihntry and ,stafisliedc in 
natural waters, notalify Lake Pinheiro in 
Brazilia andI illnuim'rutus hydroelectric reservoirs 
in Sao Paulo Stat(' hut many rtports of over
populatitn and (hstruction of the, vegetation 
(Nomura 1976, 1977) 
cultivated in ponls and establishedl in natural 
waters il tl, Valt' dhl Caluca b tween 1,000 m 
and ,.100 rn;hut the dissemination into other 
retions is ftrbiddtin until more is known of the 
effects ln thit, ct)vsl em1s and tillenative 
species (Nitrna 1977 1 
cullivaltd in pnds and estallished in certain 
fakes ( lAO 19 77c) 
iltoy cult ivat ii in p()nds (FAO I977c) 
colt ivated in ponds up to an altitude of 1,500 
)i in the center and sout.h of the country (FAO 
1977c) 

established in numerous ponds, lakes an(I rivers
 

I Iamarque 'Iat. 1975)
 
introduiced but establishd (.)
 
little aplpreciatedf 1)- fish culiurists because of
 

it. a!trissivntss ( h('tl 19"7 ) 
intrt uctd it) l;m iii '.?):st;uhilis h d in uatural 
watirs l f tIhmid , rearl d c innimercially in 
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Tablh 3 (cont'd) 

geothermal water in Idaho (Ray 1978; TVA 
1978); experiments on biological control of 
vegetation in California hut progressively 
abandoned tIncause of mortalities and slow 
feeding activity due to low temperature (Ilauser 

1977;Platt and lauser 1978) 

Europe Great Britain introduced acciderually and considered accli
matized in a canal receiving, thermal effluents 
from an electricity station (Wheeler and Mait
land 1973) 

T. mariae 

America U.S.A. 	 established in natural waters in FIorda (Hogg 
1976) 

T. guineensis 

Europe Belgium 	 experiments (abandoned) for rearing in indus
trial thermal effluents (Mtlard and Philippart 
1980)
 

T. sparrmanii 

Asia Japan 	 experiments for rearing in industrial effluents 

Physical and Chemical Factors Affecting 
Tilapia Distribution 

IABITAT DIVERSITY 

Within their original areas of distribution, the tilapias have colonized 

widely different hahitats: p,)rmlanent and temporary rivers, rivers with 

rapids, large equatorial rivers IZaire), tropical and subtropical rivers (Senegal, 
Niy,'r, Nile, Zambezi, lim nopo), deep lakes (Albert, Kivu, Tanganyika, 

1W,lawi), swampy lakssi ( Ban gwPulu , Mweru, Victoria, Kyoga, Rukwa, Chad), 
highly alkaline, an( saline lakes OMagadi, Natron, Manvara, Mveru Wantipa, 
(Chilwa, (hittta, Turk:tna, Tana), other saline lakes ( Lake Quarttn)1hot 
sirings ( fl'or examle in Lake Magadi), volcanic crater lakes (Lakes Chala, 
B;rombi Mho, Baronmhi ha K ()to) or tlneorit ac crater lakes (Lakes Bosumtwi), 

lakes with low minrnil content (Iake Bangweulu, Lake Nahugaho), some

tines very acidic* wtlers (L ak e T tnhaI), pe rmanent water hodies in the 
Sahara P(telijegrin 192 1 in BeJlhe 1971 ) and in the Namiih desert (Dixon and 
Wom 197 1), l ,losed ari,()p r c) sl lag(oons and coastal hrack ish lakes that 
(often Ineom hYp.y ;'in, marine habitats with normal salinity of Atlantic 

wvat(r tn.l h'lrs tline1 in the Red Sea (Gulf (f Stez). 

.\1l th.so difftefrnt habitals retres(nt, (t)(Oh in terrms of absolute amtplitttute 
and in t tns (ot l, ,speed:it whiL, fluctuations lake l)la(e):in extraorldinary 
varied rlag (f 1bisi'il ) nrtm 'trs ((lelth. curretl \eloeit y. turbidity), of 

emle rature md(i)f chenicual '.l lposition, especially salitnity, 1)1t, dissolved 
uixygen I)()) nihrgas's.;11(1 

ltialarin and I1allmn ( 19719) Inivi iiilatid the extitnsivi, literature concrning 
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tolerance limits and the preferences of tilapias for the physico-chemical 
properties of their habitats. Here we shall recall some of these data and 
complement them with more recent results (post-1976), dealing mainly with 
data pertaining to ecological conditions actually encountered in the natural 

habitats and some semi-natural habitats (fish ponds). Data obtained under 
laboratory conditions are discussed only when this is necessary to define 
better the ecological amplitude of certain species. 

CURRENT VELOCITY AND DEPTH 

Several tilapias are perfectly adapted to fast-flowing rivers with rapids, for 
example, T. rheophila endemic to the Konkoure river, Liberia (Thys 1969) 
and T. busumana of Lake Bosumtwi, Ghana and the rivers flowing into it, 
especially the Ebo-river-wherc : busumana occurs in places where theslope 

ranges from 13 to 60%o (Lelek 1968). S. andersonii and T. sparrmnaniimay 
be found in the upper and middle reaches of the Kalomo river (a tributary 
of the Zambezi) where the slope has an average of 2.21%o (min. 0.9%o, max. 
10%7) and 5.73%o (min. 3%o, max. 19%o) respectively, but not in the lower 
reaches where the slope is very steep (average 6.63%o) (Balon 1974, p. 459). 
Even for such species well adapted to river life, rapids and falls are hostile 
zones which often represent ecological barriers (mechanical obstacles, 
excessive current velocities, oxygen and nitrogen supersaturations) which 
prevent the mixing of neighboring but different ichthyofaunas. 

Quite a number of tilapias, especially those with a wide area of distribution, 
may be encountered in both rivers and lakes where they tend to remain in 
shallow inshore waters (for reproduction and feeding) and in the pelagic 
epilimnion (for their nutrition in the case of plankton-feeders). This depth 
limitation of tilapia distribution (see Table 4) can be found even in the 
majority of species that are endemic in the African Great Lakes. 

According to Caulton and Hill (1973) for S. mossambicus, and Caulton 
(1975a, 1975b) for T. rendalli and T. sparrmanii,tilapias should be physiol
ogically unable to adapt to the increased pressure that goes with increasing 
depth. However, the depth distribution of lake-dwelling tilapias is also in
fluenced by temperature and oxygen gradients, as well as by concentration 
of dissolved toxic gases such as CO 2 , and especially H 2 S and NH 3 . The 
temporal dynamics of distributions with regard to habitats are examined 
below because it is obvious that these are the result of several factors, some of 
which are interacting, for example, the influence of temperature on the DO 
and other dissolved gases, on the toxicity of NH 3 and H2 S, on the innate 
abilities to compensate and on the speed of adaptation to depth/pressure; in 
S. mossambicus the maximum adaptation depth is 20 m at 30'C but only 
7 m at 15°C (Caulton and Hill 1975). . I, 

Whether a tilapia is rheophilic (current loving), limnophilic, or indifferent 
to current velocity, may be readily appreciated from the results of intro
ductions (deliberate or not) of typically riverine species into lakes, of typically 
lacustrine species into rivers, and from the evolution of tilapia populations 
after the transformation of habitats with a fast flow to ones with a slow flow 
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(e.g. man-made lakes). This transformation, however, affects not only 
current velocity but also the depth per se, the thermal regime, various 

physical and chemical factors and the structure of the whole ecosystem (see 

Balon 1974, for Lake Kariba on the Zambezi). 

Table 4. Data on depth distribution of tilapias, 

S. 	uariabilis and S. esculenlus maximum 35 to 40 m in Lake Victoria from bottom 
trawling (Bergstrand and Cordone 1970, in Fryer and 
lies 1972). 

* 	 S. varibilis present to 13 m in Lake Victoria (Gee 1968, in Fryer 
and Iles 1972). 

S. 	esculentus present to 30 m but most abundant at less than 13 m 
in Lake Victoria (Gee 1968, in Fryer and lies 1972). 

S. langanicae common in Lake Tanganyika but rarely captured at 
less than 10 m (Poll 1956). 

S:mossambicus.. adults- absent- in-less-than 12 m but:juveniles-(max..
15 m) and alevins capable of descending to a greater 
depth in Lake Sibaya, S. Africa (Bruton and Boltt 
1975). 

S. macrochir 	 observed by diving to 12-14 m in Lake McIlwaine, 
Zimbabwe and other akes in that area (Caulton, pers, 
comm.). 

S. niloticus, S. galilaeus and 	 captured in gillnets to 7 m in Lake Kainji, Nigeria (Ita 
T. zillii 	 1978). 
S. inullifas,ialus,7'.discolor and 	 maximum 30 m, 10 m and 7 m respectively in Lake 
T. busuimana 	 Bosumtwi, Ghana (Whyte 1975). 
T'.sparrinanii 	 observed in (living to 30 m in Lake Sibaya, S. Africa 

(Bruton and Boltt 1975) (but maximum depth 
compensation of 15 m at 220 C as experimentally 
leterminedl by Caulton (1975b), 

T. rendalli maximum 7.5 m in Lake Kariba (in Caulton 1975a, 
1975b) 

TEMPERATURE 

Tilapias are thermophilic fishes, and their geographical distributions are 
closely determined by temperature, particularly by low temperatures. Thus a 
natural population will be able to maintain itself if: 

a. 	 there is, during part of the year, a temperature high enough to allow 
for reproduction and for suffwient growth; 

b. 	 the temperature at no time drops below values that are lethal for all 
individuals. 

Figure 4 summarizes the main published data on the temperature ranges to 
which tilapias are exposed in nature and their thermal !olerance limits. It 
should be noted, however, that the latter are influenced by acclimation 
(thermal history) and were not determined under uniform conditions (see 
also Chervinski, this volume). 

The most northerly natural occurrence of tilapias is in Lake -tdleh, Israel, 
in which the T. zillii population has to withstand temperatures of 6 to 7C 
during the coldest nights (Kirk 1972). Observations reported by Hauser 
(1977) in California suggest that T. zillii can survive for two weeks at 130C, 
but some began to die at i1.2°C. Tflheir lower tolerance limit was 6.5'C, 
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which corresponds well to the naturally occurring minimum in Lake Huleh. 
Hauser (1977) also reports a minimum temperature for reproduction of 
200C in T. zillii. S. aureus, S. niloticus (introduced) and S. galilaeus, which 
occur with T. zillii in Lake Huleh and Lake Kinneret, Israel, are almost as 
resistant to low temperatures as this latter species. In ponds S. niloticusand 
S. galilaeus tolerate winter temperatures of 80C for several hours each night 
(Yashouv 1958), while S. aureus died at 8-90C during experiments (Sarig 
1969). It may be mentioned, however, that Chervinski and Lahav (1976) 
reported an improved low temperature resistance of the local Israeli S. 
aureus over that of S. niloticus imported from Africa. 

The southernmost natural occurrences of tilapia include S. mossambicus 
in coastal waters near Port Elizabeth (33°42'S). This has been attributed by 
Jubb (1967, in Beadle 1974) to the fact that the southeastern coast of Africa 
is swept by a warm current (the Agulhas) which maintains subtropical 
conditions at a latitude at which tilapias would not normally occur (cf. their 
absenfe itthsa' e1titude 6nithe t bast).IiFAfridT[ parrmann isthe 
species which occurs at the lowest latitude naturally, tolerating winter 
temperatures of 70C and needing a minimum of 160C for reproduction 
(Chimits 1957). As a result of introductions, T. sparrmranii and S. aureus 
have been established in the Cape region (Caulton pers. comm.). 

Table 5 lists the tilapias which occur naturally, or after having been 
introduced, in lakes of Africa and Madagascar at altitudes higher than 
1,000 m. In natural environments 2,000 m seems to represent the limiting 
altitude. The species which tolerate best the climates occurring at 1,500 to 
2,000 m are S. niloticus, S. leucostictus and T. zillii. In ponds T. zill has 
been reported from an altitude of 2,500 m in Uganda (Chimits 1957), T. 
rendalli from up to 1,400 to 1,500 m in Mexico and Colombia (FAO 1977c) 
and S. mossambicus from up to 2,400 m in Ecuador (FAO 1977c). For 
similar altitudes rivers tend to have minimum temperatures during the cold 
season that are lower than those in lakes, which explains why few tilapias 
occur in rivers above an altitude of 1,300 m. Studies by Gaigher (1973) have 
shown that T. sparrmaniioccurs in rivers above 1,220 m in the upper reaches 
of the rivers of the Limpopo basin, but that T. rendalliand S. mcssambicus 
are limited to warmer rivers, below 1,220 m. 

In addition to their temperature tolerance, the distributions of tilapias can 
be related to their maximum swimming performance, which occurs at 240C 
in T. sparrmanii, 280C in T. ziUli and S. macrochir,28 to 320C ir. S. niloticus 
and 320C in S. mossambicus and S. galilaeus(Fukusho 1968). 

A few tilapias have colonized hot springs. S. spilurus peici'alioccurs in 
the hot springs of the northern Uaso Nyiro system where the temperature 
reaches 42.40C (Trewavas 1966). S. alcalicus grahami is endemic in Lake 
Magadi where it can live close to the hot springs (35 to 400C) tolerating 
short periods at 40 to 440C (Coe 1966, 1967; Reite et al. 1074), and S. 
shiranus chilwae, endemic to Lake Chilwa (Malawi) can tolerate 40 to 
420C for short periods (Morgan 1972). It may be mentioned for comparison 
that North American species such as Notropis lutrensis and Barbus callensis 
occur in hot springs of 40°0 (Castenholz and Wickstrom 1975) and that 
species of desert pupfish (Cyprinodontidae) may be found at temperatures 
of 420C (Brown 1971.). 
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Table 5. Tilapias indigenous or introduced with success in high altitude lakes in Africa (C2 0 = conductivity at 20 0 C in pS/cm; * signifies an 
introduction which failed). ¢ 

Altitude Temperature

Lake Country Latitude (n) (C) C90
 

Bunvoni Uganda C16' S 1973 21-22 99-262 S. nihoticus* (S. spilurusniger*, S. 

esculentus*)
Naivasha Kenya 	 03-16, S 1890 - 316-100 	 S. iete ,stictus*, T. zillii* (S. spilu
rus nziger*)

1829 -us 	 niot*uTana Ethiopia 	 12 00' N -- S. niloticus 
Mutanda Ut'anda 1 12' S 1790 - 200-230 S.niloticus" 

Kivu ZaTre-Rwanda 1 30'-20 30' S 1463 24-25 124o--I0n0 5;. hiloticas 
Mohasi Rwanda 1450  - S. rziloticus* 
Itasy Madagascar 1200 18-29 	 T. rcndalli-. S. niloticus*
Banow.uula Zambia I0015'-12z30-1 N 1160 18-26 14-152 .S. macrochir,T. rendalli T. sparr

i anii . "3 t • 

o
Vic,.oria Kenya, Uganda, Tanzania 0'20'N-30 0' S 1136 23-28 91-98 S.csculntus. S. uariabilis,S. nilo

ti('5 .5. Ihucostictus*, T. zillii*'
Kyoga Uganda 	 0036'-2'0 N 1100 28 245-365 idem Lak- Victoria
Bosumtwi Ghana 	 6030' N 1070 27-28 - S. multifasciata, T. discolor
Manvara Tanzania 	 3 2.5'-3 90' S 1045 - 94 S. amphirnelas
Upemba Za-re 8025P-9 0' S 1000 22-33 145-255 S. niloticus T. rendalli.T. sparrmanii 
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Experimental studies, aquacultural and field observations (Balarin and 
Hotton 1979) demonstrate that many tilapias which; ire not especially 
adapted to warm waters can tolerate temporary temperatures of 35 to 

42°C. For T. zilii, mortality begins when the temperature exceeds 39,50C 
and the upper lethal temperature is 42.50C (Hauser 1977). For T. rendalli, 
there is a sublethal zone of tolerance between 37 and 40'C (Caulton 1977) 
and an tipper tolerance limit of 40.6 to 41.9'C after adaptation at 240C 

(Morgan 1972). For S. niloticus, there is an upper tolerance limit of 420C 

(Denzer 1968 cited by Aston and Brown 1978). S. niloticus also tolerates 

36°C for 6 hours (with peaks of 40°C during brief periods) in industrial 
cooling waters in Belgium (Mdlard and Philippart 1980). Lowe (McConnell) 

(1958) reports the capture of an S. niloticus individual from a hot spring 
o2 the Turkwel River, Kenya (40°C). 

On - the, basis -of their-thermal- preferences. and. their.-tolerances-. (both...._ 

determined experimentally and from their geographical distributions), three 
categories of tilapias emerge: 

1. 	 Eurythermal species which tolerate a wide range of temperatures-
T. zilii (6.5 to 42.50C), S. mossambicus and S. niloticus (8 to 420C), 
and also probably S. aureus and S. galilaeus. 

2. 	 Species that are eurythermal but seem less tolerant than 1. to high 
temperatures-T, sparrmanii (70C to ?)-or to low temperatures, S. 
spilurus niger (8 to 10C to ?), T. rendalli (11 to 41'C), S. macrochir 
(110C to ?) and S. alcalicusgrahami (10 to 410C). 

3. 	 More stenothermal species such as T. guineensis (14 to 33°C, M4lard, 
pers, comm.) and S. melanotheron which lives in a temperature range 
of 18 to 33°C in West African lagoons (Fagade 1974; Pauly 1975, 
1976) and is reported to die at 200C in aquaria (Sterba 1967, in 
Balarin and Hatton 1979). 

Within a species, the temperature preferences and tolerances depend on size, 
the young fish generally being more tolerant to higher, and often to lower 
temperatures than the adults. Thus Bruton and Boltt (1975) reported 16.5 

to 390C as the tolerated range, and 19 to 350C as preferred range for finger
lings (less than 15 cm) compared to 19 to 32 and 22 to 300C respectively, for 
adult S. inossambicus in Lake Sibaya, South Africa. These intraspecific 
variations in thermal tolerance have a physiological basis (see Whitfield and 

Blaber 1976 for 7'. rendalli) and play an important role in the spatial and 
dynamic aspects of the fish's distribution. 

Because of their adaptations to specific environmental conditions, different 
populations of the same species may display different characteristics with 
regard to temperature which can be used when selecting strains for aqua
culture or introductions. 

Finally, the relationships between the thermal resistance of tilapias and 
other ecological factors, especially salinity, must be discussed. Thus S. 
mossamnbicus (Allanson et al. 1971) and S. aure'us (Chervinski and Lalhav 
1976) tolerate low temperatures in salinie water (5% seawater) better than in 
freshwater. This phenomenon helps to explain how the limit of the range of 
S. mnossambicus (.an be so far south (to the estuary of the Kongie River, Port 
Alfred, South Africa) where, in spite of the influence of the sea, the winter 
temperature drops to 120C (Allanson et al. 1971). 
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SALINITY 

Several tilapias are euryhaline, able to live and reproduce at salinities 
higher than 30%o. These occur naturally in estuaries and coastal lagoons 
along the coast of west Africa (T. guineensis,S. melanotheron) or along the 
east coast of Africa (S. mossambicus and the related S. hornorurn and S. 
placidus). Tilapias also occur in hypersaline habitats such as the Bay of Suez 
(42 to 43%o) in the Red Sea where T. zilii is now established (Bayoumi 
1969, in Balarin and Hatton 1979), and in the Bardawil Lagoon in Israel (41 
to 45%o) where T. zilii and S. aureus occur (Chervinski and Yashouv 1971; 
Chervinski and Hering 1973). The high salinity of certain lakes is also tole
rated: Lake Magadi and Lake Natron (salinity 30 to 40%o) have endemic 
species S. alcalicus grahami and S.a. alcalicus (Coe 1966, 1967), and Lake 

...... 
Manyara, Tanzania (58%o), the endemic species S. amphimelas_.. 
Several species, though less euryhaline, are capable of maintaining popula

tions in habitats where the salinity reaches 30%o: S. niloticusand S. galilaeus 
in the Bitter Lakes of Egypt (13 to 29%o) (Kirk 1972), S. niloticus,S. aureus 
and T. zillii in Lake Qarun, Egypt (11 to 29%o) (Fryer and Iles 1972) and 
S. shiranuschilwae in Lake Chilwa (12 to 29%o). The last species, however, 
leaves the lake when the salinity becomes too high: conductivity at 20 0 C 
(C2 0 ) = 5,000 pS/cm (Morgan and Kalk 1970, in Beadle 1974). 

Other species are less euryhaline and do not tolerate salinities above 20%o, 
such as T. sparrinanii,S. andersonii, S. macrochir and T. rendalli. These 
species occur essentially in freshwater, although some populations prosper in 
saline habitats, notably S. macrochirwhich (as the result of an introduction) 
occurs in the Nemakia mangrove swamp in Madagascar, in places where the 
conductivity reaches 350 to 10,000 uS/cm (Lamarque et al. 1975), as well as 
in Lake Mweru Wantipa, Zambia (a natural population) wherc' the salinity
sometimes reaches 7%o and the electrical conductivity 60,000 pS/cm (Fryer 
and Iles 1972). However, S. macrochiroccurs in the lake during only part of 
the year, when the salinity is lower than the extreme value given above. 
During high salinity periods, the populations take refuge in the rivers flowing 
into the lakes (Fry-r and Iles 1972, in Beadle 1974). 

A similar phenomenon may be observed in Lake Chilwa, Malawi, where 
salinity fluctuations occur (0.3 to 16.7%o for the 1966 to 1970 period 
according to Morgan and Kalk 1970, cited by Beadle 1974). S. shiranus 
chilwae leaves the lake and takes refuge in the rivers and coastal pools when 
the salinity increases above 5%o (C20 = 5,000 pS/cm), at salinities which 
were unfortunately not recorded precisely. 

Also, it is well established that T. rendalli has colonized certain brackish 
habitats, Lake Poelela, Mozambique among others, where the salinity reaches 
87c (Whitfield and Blaber 1976). These author s have demonstrated exper
imentally that T. rendalli (isosmotic at 10%o), can tolerate a maximum of 
19%, the salinity tolerance being maximal at 20 to 28°C. Temperature and 
salinity are considered to be the determining factors for the distribution of 
this species. It is interesting, in this context, that T. rendallihas been intro
duced successfully into rivers and reservoirs south of the PongoloRiver, 
South Africa ( > 29°S), which marks the southern limit of the natural 
distribution of this species. Whitfield and Blaber (1976) suggested that it is 
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because of its inability to tolerate salinities above 19%, that T. rendalli never 
succeeded in colonizing, by way of estuaries, coastal lagoons and the sea, the 
more southern rivers where the temr'erature regime is still sufficient for its 
survival and reproduction. In this;','. rendalli differs from S. mossambicus 
(Jubb and Jubb 1967, in Beadle 1974). 

Other extreme situations with regard to salinity are represented by the 
rivers and lakes containing very low mineral contents in which tilapias 
occur: S. macrochir,T. sparrmaniiand T. rendalli in Lake Mweru (salinity, 
0.023%o; C2 0 = 14 to 35 pS/cm; Beadle 1974), S. variabilis,S. esculentus, T. 
zilhi and S. niloticus (the latter two species introduced) in Lake Nabugabo 
near Lake Victoria, Uganda (salinity, 0.015%o; C2 0 = 25 pS/cm) and T. 

= =congica in Lake Turnba, Zaire (salinity 0.016%r,; C2 0 24 to 32 pS/cm)
 
Dubois (1959).
 
. ..Several. species can adapt to a wide. range. of -salinities:T.zill (0.16 to.
 
44%o), S. mossambicus (0 to 120%o) (Whitfield and Blaber 1979), and S. 
amphirnelas, endemic in the hypersaline Lake Manyara (salinity 58%o; 
C20 = 94,000 pS/cm) and in Lake Kitangiri, Tanzania ,wherea normal C20
185 /iS/cm (Fryer and Iles 1.972; Beadle 1974). 

The different ranges of tolerance with regard to salinity of different 
tilapias often show when natural or man-made changes occur in certain 
habitats. Thus the construction of a dam across coastal rivers. has isolated 
freshwater populations from species which normally prefer brackishwaters: 
T. guineensis in Lake Ayeme on the Bia River (Ghana/Ivory Coast bolder), 
and in Lake Mount Coffee on the St. Paul River (Liberia) (Thys 1971a). 

The gradual increase of salinity in Lake Qarun (near Cairo, Egypt) 
(11% in 1920 and 22%o in 1932) had led to the gradual disappearance of 
species that were abundant (S. niloticus, S. aureus) and their replacement by 
T. zillii which is much more euryhaline (Fryer and Iles 1972). 

In the closed lagoons, lakes and coastal lagoons along the southeast coast 
of Africa, the irregular connections with the sea lead to a sequence of high 
and low salinities (Whitfield and Blaber 1979). The populations of S. mos
sambicus occurring in these habitats have thus to tolerate very wide ranges of 
salinity (0 to 120%0 in St Lucia Lake), the gradual character of which, 
however, allows the populations to adapt. This adaptation may be accom
panied by a reduction of the biomass (S. mossambicus formed 12.3% of the 
catch when the salinity was 10%c but only 1.2% when the salinity was 
80% ) or by a migration towards the upper parts of the estuaries where the 
salinity remains lower (Whitfield and Blaber 1979). 

Studies by these authors demonstrate the absence of S. mossambicus from 
most of the estuaries that are permanently open to the sea and which are 
characterized by rapid variations in salinity because of the tides. S. mossan
bicus thus seems incapable of tolerating rapid changes of salinity, but tole
rates seawater and/or slow changes in salinity very well. However, Lhe 
absence of S. mossambicus from the estuarine systems studied by Whitfield 
and Blaber (1979) may not be caused by rapidly changing salinities, but 
could be linked to other negative factors also operating in these systems: 
rapid currents, bad conditions for nest construction, competition with 
marine fishes, predation by piscivorous fishes, etc. 
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pH AND ALKALINITY 

S. alcalicus grahami in Lake Magadi tolerates a pH of 10.5 and an alkalinity 
of 80 g CaCO 3 /1 (Coe 1969; Reite et al. 1973). S.a. alcalicusof Lake Natron 
tolerates alkalinities that. are even higher: up to 161 g CaCO 3 /1 (Morgan 
1972). Reite et al. (1974) have shown experimentally that S.a. grahamican 
withstand a pH range of 5 to 11 for at least 24'h, but dies after 2 to 6 hours 
at pH's < 3.5 and >12. Morgan (1972) reported mortalities at alkalinities of 
1.1 to 6.2 g CaCO 3 /1 (at a pH"of 9.0 to 9.9 and 22.50C) in S. shiranus 
chilwae, and at 3.5 to 4.9 g CaCO 3 /1 in T. rendalli.In the Sudan, S. niloticus 
tolerates pl's of 8 to 11 in ponds (George 1975). In Lake Tumba (ZaTre), 
where T.congica lives, the pH is as low as 4.5 to 5.0 (Dubois 1959), 

OXYGEN AND OTHER DISSOLVED GASES 

The available observations in nature and in ponds, cages and tanks suggest 
that tilapias are very resistant to low levels of dissolved oxygen (DO) (see 
Balarin and Hatton 1979), DO's as low as 0.1 ppm are tolerated by S. 
mossambicus (Maruyama 1958) and S. niloticus (Magid and Babiker 1975; 
M6lard and Philippart 1980). This enables some tilapias to live and reproduce 
in swamps and shallow lakes where strong deoxygenations occur from time 
to time which are fatal to other fishes. The physiological basis for this 
tolerance to low oxygen may be one of several types: (1) using haemoglobins 
which bind oxygen at very low tensions,0.1 ppm in S. inacrochir(Dussart 
1963) and 0.17 ppm at 240C in S. esculentus (Fish 1956); (2) breathing just 
below the water surface, flushing the gills with oxygen-rich water (Dussart 
1963) and (3) withstanding anaerobiosis (Kutty 1972; Magid and Babiker 
1975). 

Tilapias can withstand not only low DO's, but also very high levels of 
COD, with maximum tolerance levels of 72.6 ppm in S. macrochir(Dussart 
196"3), and 50 ppm in S. esculentits (Fish 1956). Other gases (NH 3 , H2S) 
which originate from the decomposition of organic matter are also well 
tolerated. A recent experimental study by Redner and Stickney (1979) 
demonstrated that S. aureus can tolerate 2.4 ppm of un-ionized NH3 (LD 50, 
48 hr). 

Massive fish kills involving tilapias do occur, however, in deep lakes in 
cases where the seasonal turnover of water brings the deoxygenated deep 
water to the surface, and in shallow lakes where violent storms mix the 
well.oxygenated surface waters with deoxygenated bottom waters, and stir 
up anoxic and toxic bottom mud (containing H2 S, NH 3 and CO ) Such 
phenomena have affected the T. rendallipopulations in Lake Chilwa (Morgan
1972) in the Nampongue River, Zambia (Tait 1965), and have been reported
from Lake George, Uganda (with mortalities of 1.3 million fish, predo

minantly S. niloticus, in a few hours in 1957, Beadle 1974) and also from 
Tanganyika and Lake Victoria, near Entebbe in July, 1963 (Fryer and Iles 
1972). 

Finally it should be mentioned that life in lakes characterized by high 
phytoplankton production presumes a mirked tolerance of conditions of 
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oxygen supersaturation (up to 400% in Lake Chilwa, Morgan 1972). Super
saturation of dissolved gases (oxygen and also nitrogen) often poses problems 
in the intensive rearing of tilapias in industrial heated effluents (M6lard and 
Philippart 1980). 

OTHER FACTORS 

Tilapias tolerate high turbidities and are rather resistant to pollution by 
toxic substances, whether organic or inorganic, natural or artificial (e.g., 
pesticides, see Balarin and Hatton 1979). 

Feeding Behavior 

FOOD COMPONENTS 

Tilapias of the genus Tilapia, especially T. rendalli, T. zillii, T. sparrrnanii 
and T. tholloni are macrophyte-feeders in which tile adults feed preferentially 
on filamentous algae, aquatic macrophytes and vegetable matter of terrestrial 
origin (leaves, plants, etc.); but this specialization does not exclude certain 
stages of development (alevins) at certain times of year (winter), and in 
certain waters poor in aquatic vegetation, taking animal food (here including 
the alevins) as shown by Spataru (1978) for T. zillii in Lake Kinneret (Israel). 
In this lake, T. zillii also eats blue-green algae. 

In the genus Sarotherodon, certain species (often endemic lacustrine 
species) seem very specialized feeders, notably S. variabilisof Lake Victoria 
(fine benthic sediments, Fryer and Iles 1972), S. alcalicusgrahami of Lake 
Magadi (epilithic blue-green algae), S. esculentus (phytoplankton) and S. 
inacrochir (phytoplankton and epilithic algae). But many species have a 
much more diversified feeding regime with a dominant vegetable component 
(epilithic, epiphytic and filamentous algae, phytoplankton, vegetable debris 
and fine sediments rich in diatoms and bacteria) and an animal component 
(zooplankton and benthic organisms such as insect larvae, crustaceans, 
molluscs). S. aureus (Spataru and Zorn 1978), S. galilaeus (Lauzanne and 
Iltis 1975) and S. niloticus (Moriarty 1973) eat blue-green algae. Moriarty 
and Moriarty (1973a) have demonstrated that S. niloticus can assimilate 70 to 
80% of the carbon ingested in this form (Microcystis,Anabuena and Nitzchia). 
S. aureus (Spataru and Zorn 1978), S. shiranuschilwae (Bourn 1974) and S. 
mossambicus (Bruton and Boltt 1975; Man and Hodgkiss 1977b) are equally 
able to eat vegetable debris and macrophytes. In certain waters S. mossam
bicus even catches terrestrial insects floating on the water surface and fish 
(Lake Sibaya, Bruton and Boltt 1975). 

S. andersonii, S. aureus, S. mossambicus and S. niloticus appear to be 
omnivorous compared to S. galilaeus and S. macrochir which have a much 
more limited food spectrum. Studies made in Lake Kinneret, Israel (Spataru 
1976; Spataru and Zorn 1978) show that feeding is much more selective in 
S. galilaeus (Pyrrophytes, Peridinium sp.) than in S. aureus (zooplankton, 
while this is abundant; phytoplankton and vegetable debris, when the 
zooplankton is loss abundant). 
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In general a comparison of fe-ding in the same Species of tilapia in a large 
range of water bodies reveals a very great variability of feeding regime. This 
is Ln element of the remarkable plasticity and ecological adaptability of 
tilapias. The general qualitative characteristics of the feeding regime depend 
on tile following: 1) the type of organisms present, which depends on the 
limnological, physicochemical characteristics of the water body; 2) the 
accessibility of the food organisms according to their localization (for 
example, in certain lakes or reservoirs, some abundant types of food are 
situated too deep ainu are inaccessible to tilapias which are n&t able to 
descend to these depths (see Caulton and Hill 1973 for S. mossambicus) and 
3) tne presence of competing species (tilapias or others) which forces each 
species to restrict its food spectrum and to exploit its specializations, e.g., in 
many tropical waters where competition for food is intense, T. zilii is strictly 
a macrophytefeedcer, whereas it eats.plankton andbenthosin Lake-Kinneret,. .. 
Israel (Sparatu 1978) and in Lake Qarun, Egypt (Alkholy and Abdel Malek 
1972) where the competition is less. 

VARIATIONS IN FEEDING REGIME WITHIN POPULATIONS 

Within a given water body, the feeding regime of a species is extremely 
variable, depending on size and age, the microhabitats occupied by the fish 
and the time of year. 

The alevins (both of species which are strictly phytoplankton-feeders or 
macro phyte-feeders when adult) generally have a diversified feeding regime 
extracting small organic particles from the sediments, phytoplankton, 
diatoms, periphyton, zooplankton and benthic organisms (Bruton and Boltt 
1975 for S. mossambicus; Gophen 1980 for S. galilaeusand Whyte 1975 for 
the Lake Bosumtwi tilapias). 

In Lake Sibaya, S. Africa (Bruton and Boltt 1975), the S. mossanibicus 
adults captured in the marginal vegetation zones feed on diatoms, vegetable 
debris and mud, but those fish captured in open water (limnetic zone) feed 
on aerial insects (Coleoptera and Hemiptera). In Lake Kinneret, Israel 
(Spataru 1978), 7'. zillii captures prey from the surface in open water and 
rarely from the bottom except when breeding and guarding the young 
(April-May-June) when they feed equally on benthic organisms (chironomid 
larvae, ostracods, nematodes and sponge gemmules). 

The qualitative seasonal variations of feeding regime depend partly on the 
annual cycle of production and availability of prey, and partly on the degree 
of feeding selectivity of the species and their distribution in different habitats 
at different times of year. 

Seasonal changes in feeding have been studiedijn T. zillii, S. galilaeusand 
S. aureus in Lake Kinneret (Spataru 1976, 1978; Spataru and Zorn 1978),
 
and in S. mossambicus in Plover Cove Reservoir, Hong Kong (Man and
 
Hlodgkiss 1977b).
 

In spring, 8, aureus in Lake Kinneret feeds intensively and more or less
 
selectively on zOol)lankton which is very abundant. Beginning midsummer,
 

btfn 	 zooplankton production slows down and its availability diminishes due 
to competition from other species. S. aureus then feeds more on benthic 
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debris and phytoplankton, which seems oii the whole to be ingested passively 
rather than sought actively. S. galilaeus feeds much more selectively (phyto
plankton: Pyrrophytes, Peridinium ,p.) and its feeding regime has a less great 
seasonal variation, in accordance With the availability of its food. T. zill 
feeds mainly on Coleoptera and chlironomid pupae plus green, brown and 
above all red algae (Pcridiniumsp.) in winter and spring and on zooplankton 
(Cladocera) in summer and autumn (Spataru 1978). While breeding, T. zillii 
modifies its feeding habits and captures benthic prey normally not eaten at 
other times of year. 

In Plover Cove Reservoir, Hong Kong, S. mossambicus fecds almost 
exclusively .on mud and vegetable debris (more than 80% by volume) through
out the year, without appearing to have any seasonal cycle, 

FEEDING PERIODICITY 

According to Man and Hodgkiss (1977b), in Plover Cove Reservoir, Hong 
Kong, S. mossambicus feeds during the day. The feeding intensity (measured 
by an index of stomach fullness) is maximal between 12:00 P.M. and 3:00 P.M. 
and then slows progressively so that stomachs are completely empty between 
12:00 A.M, and 3:00 A.M. Diurnal feeding has also been observed in S. shi
ranus chilivae (Bourn 1974), S. alcalicus grahami (Coe 1966, 1967), S. 
niloticus in Lake George (Moriarty 1.973) and T. busumana in Lake Bosum
twi (Whyte 1975), but several other species are nocturnal feeders, notably 
T discolorand S. multifasciatusof Lake Bosumtwi (Whyte 1975). 

Tilapia feeding activity varies seasonally according to various factors: 
temperature, reproduction, interspecific competition. In Plover Cove Re
servoir, Hong Kong, the seasonal cycle of feeding activity follows the tem
perature cycle: minimum activity in January-February (16 to 17'C) and 
maximum in July-September (27 to 30'C). In Lake Kinneret, Israel (Spataru 
and Zorn 1978), the feeding activity of S. aureus (measured by index of 
stomach fullness) is maximal in summer and autumn (temperature maximal, 
30'C) whereas that of T.zillii is maximal in spring and relatively constant at 
other seasons (Spataru 1978). 

Feeding activity is not interrupted while guarding the young in substrate
spawners (for example 7'. ziUlii, Spataru 1978) but normally stops in mouth
brooding females, though not always, beceuse food has been found in the 
stomach of a mouthbrooding female of S. tlcalicus grahani(Coe 1966, in 
Fryer and Iles 1972, p. 124). 

Reproductive Behavior 

PUBLISHED INFORMATION 

Numerous authors have studied tilapia breeding behavior in the laboratory, 
in culture systems and in the field. The following notable references are not 
an exhaustive list: 
S. esculentus (Cridland 1961) 
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S. galilaeus (Fishelson and Heinrich 1963; Iles and Holden 1969) 
S. karorno (Lowe (McConnell) 1956a) 
S. 	leucostictus (Lowe (McConnell) 1957; Welcomme 1967a; Hyder 1970a, 

19701); Siddiqui 1977a, 1977b) 
S., macrochir (De Bont 1950; Ruwet 1962, 1963b; Carey 1965; Marshall 

1979a, 1979b; Voss and Ruwet 1966; Ruwet and Voss 1966) 
S. 	 melanotheron (Aronson 1949; Oppenheimer and Barlow 1968; Pauly 

1976) 
S. 	mossambicus (Baerends and Baerends-van Roon 1950; Neil 1966; Bruton 

and Boltt 1975; Russock and Schein 1977; Baerends and Blokzijul 1963) 
S. 	niloticus (Lowe (McConnell) 1958; EI-Zarka et al. 1970a; Babiker and 

Ibrahim 1979) 
S. variabilis (Lowe (McConnell) 1956a; Fryer 1961a) 

.T,-;guineensis (Voss and Ruwet 1966;.AVoss- 1969) 
T. 	 rendalli (De Bont 1950; Ruwet 1962, 1963a; Donnelly 1969; Kenmuir 

1973; Monfort and Ruwet 1968) 
T. sparrmanii(Voss 1972a, 1972b) 
T. tholloni (Monfort-Braham and Voss 1969) 
T. 	zil/ii (Daget 1952; El Zarka 1956; Voss 1969; Loiselle 1977; Siddiqui 

1979a) 
Papers concerning tilapias endemic to the African Great Lakes are syn

thesized in Fryer and Iles (1972) and more recently Balarin and Hatton 
(1979) have collated information in the literature up to 1976. 

PERIODICITY OF REPRODUCTION 

In order to breed, most tilapias need a water temperature of at least 20'C 
(Huet 1970; Bardach et al. 1972; Balarin and Hatton 1979), but certain species 
are able to reproduce at a much lower temperature (for example T. sparr
manii at 16'C, Chimits 1957). Other factors also seem to play a releasing 
role, notably photoperiodicity and light intensity (see Balarin and Hatton 
1979, p. 29) as well as the rainy season, via water temperature (temperature 
linked with rains), water level (accessibility of certain spawning grounds) or 
other mechanisms. Table 6 presents some data on the periodicity of tilapia 
reproduction at different latitudes and altitudes. 

In equatorial and tropical waters where the temperature is high through
out the year, one observes numerous cases of continuous reproduction (e.g., 
S. leucostictus and T. zillii in Lake Naivasha) but the intensity often varies 
seasonally (e.g., S. variabilis in Lake Victoria). The same occurs in waters 
relatively constant from the point of view of photoperiodicity and temper
ature, where certain species have a well-defined breeding season generally asso
ciated with the rainy season (e.g., S. esculentiu of Lake Victoria and S. 
squanipinnisof Lake Malawi) or the hot season which precedes it (S. saha of 
Lake Malawi). In this case, the length of the breeding season and the number 
of spawnings per female are very variable. S. lidole, S. saka and S. squamipin
nis of Lake Malawi represent al extreme case as they produce only one 
spawning a year (but see also Berns et al. 1978). 

In certain tropical and subtropical regions, low temperature inhibits 
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reproduction during part of the year, the length of time depending on the 
latitude and altitude of the place: the duration of the breeding season then 
conditions the number of spawnings ayear, and consequently the overall 
fecundity of the populations. The breeding seasons coincide with the hottest 
times of year (T. zillii of Lake Qarun, Egypt, S. mossambicus of Lake 
Sibaya) sometimes just before the rainy season (S. mortimeri in the Zambezi 
River and S. macrochirand T. rendalliin Shaba). 

Table 6. Data on the periodicity of reproduction of some tilapia species in natural waters 
at different latitudes and altitudes. 

Coastal Lake Sibaya (S. Africa) 27025'S 

Tie breeding season of S. mossambicus starts in September (20-260C) and is prolonged 
.until.March (durntiom-7 months) but the maximum activity is concentrated in September-
December; a complete cycle of reproduction lasts about 7 weeks (20 to 22 (lays for 
incubatiov of embryos and guarding the young and about 14 days for the maturation of 
ovules); the same female should therefore theoretically reproduce 3 to 4 times per year 
(Bruton and Boltt 1975). 

The man-made Lake McIlwaine (Zimbabwe) 180S 

The breerling season of S. macrochir (introduced) lasts principally from September to 
Decembvr, that is to say during the hottest months of the year, just before the rainy 
season; but a rise in lake level later in the year (January-March) is able to stimulate a 
second phase of reproduction (Marshall 1979b). 

Middle Zambezi 15-18 0 S 

The short breeding season (one or more spawnings) of S. mortimeri coincides with the 
rainy season (Fryer and lies 1972). 

The man-made Lake Lufira (Shaba, ZaTre) 110S, 1,100 m 

S. inacrochirand T. rcndalli reproduce throughout the year but there is a very slight 
slowing down of reproduction during the cold dry season (May-July) and an intense 
activity in the rainy season (Ruwet 1962); observations made in fish culture in the same 
region (Do Bont 1950), showed that the duration of the rainy season determines the 
number of spawnings (3 to 4 per year at intervals of 7 weeks in 7. renda i). 

Lake Malawi 9030-14040'S, 471 m 

S. saka. S. squanzipiunis and S. lidole produce only one spawning a year; S. saka breeds 
during the hot season (August-November) before the rainy season, S. squamipinnisduring 
the rainy season (December-April) and S. lidole in October-November, just before the 
rainy season (Lowe 1952; Fryer and Iles 1972). Apart from the rains, the temperature 
conditions and photoperiodicity vary relatively little through the year. 

Lake Naivasha (Kenya) 0046S, 1,890 m 

The photoperiod is practically constant (12 h) and the temperature favorable throughout 
the year. Reproduction of S. leucostictus (introduced) is continuous; (nonseasonal) and 
one cannot observe any correlation between its intensity and the ,easonal precipitations 
(Siddiqui 19771)). Previously another author (Hyder 1970a) had concluded that a seasonal 
reproduction was correlaten with certain conditions of temperature and light intensity. 
The observations of Siddiqui (1979a) indicated that T, zilli (introduced) reproduced 
equally throughout the year, with little seasonal variation in the intensity of reproduction. 
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Table 6 (cont'd) 

Lalke Victoria 0300'S-00 20'N, 1,136 m 

Fryer (1 961a) indicated that the reproduction of S, variabilisis continuous but there are 
seasonal variations in intensity which are not clearly correlated with climatic conditions 
(rains and temperature); there are at least three spawnings in a period of eight months. In 
S. escll,lols, there exists a correlation between the rainy andseason the periodicity of 
reproduction (Garrod 1959, cited by Fryer and Iles 1972); Welcomme (1967b) reported 
two reproductions or more a year, 

Lake Bosumtwi (Ghana) 06'30'N, 1,070 in 

The endemic tilapias of this lake breed throughout the year but the reproductive adtivity 
is maximal at a determined period of year: October-February (7. busuoiatia), November-
April (S. iul ifascialt s), December-May (T. discolor) (Whyte 1975). 

Liake Moyu a (Nicaragua) 12 0 35'N, 420 in 

S. mossambics (introduced) reproduces during 5-6 months corresponding to the rainy 
season (Reidel 1965). 

Plover Cove Reservoir(l long Kong) 

S. niosscanbicits (introduced) is here at the extreme northern limit of its rang, for reason 
of temperature conditions (less than 20 0 .,and practically without growth during 3 to 4 
winter months); the breeding season extends from May to October and the same female 
lays at least, twice per year (l-lodgkiss and Man 1978). 

Lake Qarun (Egypt) 29029'N, 45 m 

The breeding season of T. zilli coincides with the hottest months, May-November (El-
Zarka 1956, cited by Siddiqui I 979a). 

CHOICE OF SPAWNING GROUNDS, TERRITORIALITY,
 
SPAWNING AND GUARDING THE YOUNG
 

In the substrate-spawners the mature males first billet themselves for 
nesting along the shores where each delimits and defends a territory on the 
bottom; the females join them and after a fairly long courtship of several 
hours to some days, the couples are formed. The two partners participate 
in preparing a nest by digging holes of varying depth some of which may 
shelter an adult (De Bont 1950; Daget 1952; Ruwet 1962). In the Lufira 
reservoir (Ruwet 1962) 7'. rendalli established its territories at a depth of 
20 to 80 cm (especially 50 cm) preferentially on ground with a marked 
slope and near to the marginal fringe of vegetation; the territories, which 
attain one meter diameter, may be adjoining, giving the impression of true 
colonies. In Lake Kinneret, Israel, 7 zillii prefers bottoms with pebbles or 
sand with abundant vegetation (Phragmites); the territories are smaller 
(2.0 to 2.5 m2 ) in habitats with dense vegetation than in open water (5 to 
6 m2 ) (obstructing vision curbs aggression by restricting the sight of neigh
bors) (Fishelson 1966a, 1966b). 

Oviposition and fertilization are long operations: males and females 
alternately apply the genital papilla to the bottom, at the side of a hole, 
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the one depositing a batch of eggs, the other covering them with milt, and 
the application forms a plaque of spawn composed of several thousand eggs 
stuck to the bottom. 

Males and females then guard the eggs, and ventilate them with the aid 
of their fins. After hatching, they move the alevins frequently from one 
hole to another. As soon as they know how to swim, the alevins organize
themselves into a cloud which stays in the immediate neighborhood of the 
nest and retreats into a hole in time of danger. They, are constantly regrouped 
by the jolting movements, accentuated by contrasting colors, of one parent 
while the other mounts guard at the boundary of the territory (Voss and 
Ruwet 1966). After 2 to 3 weeks, the alevins leave the territory and the 
parents are able to recommence spawning. 

In mouthbrooders, the males remain in the nesting zones. Each carrying 
. anmarked, often -brilliant,.color,d elimits and defends, a territory. and..makes. 

a nest where he tries to attract and retain a female (Lowe-McConnell 1959). 
The organization of the breeding arenas varies. In Lake Victoria and the 
Malagarasi swamps the arenas of S. variabilis and S. karomo observed by 
Lowe-McConnell (1956a, 1959) were situated in open water, on a sandy 
bottom, at a depth of 0.15 to 1.0 m (S. variabilis) and 0.5 to 1.5 m (S. 
karomo). In the Lufira reservoir (Ruwet 1962) S. mracrochirnest at a depth 
of 0.8 m to 1.5 m (mode, 1.2 to 1.3 m) on a flat bottom, devoid of vegetable 
debris from the beaches, and on high alluvial banks situated towards the 
open water. In Lake Mcllwaine, the areas of S. macrochir are established in 
shallow water but certain nests are made exceptionally up to 5 m deep 
(Marshall 1979b). Bruton and Boltt (1975) have studied in detail (mainly 
by diving) the distribution and the characteristics of S. mossarnbicus nests 
in Lake Sibaya, according to type of habitat, depth and vegetation. Most of 
the nests are established at the edge of the littoral terrace, just before the 
steel) slope. The nests are situated at a depth of 0.4 to 8.5 m but with a 
maximum concentration between 0.5 and 5.0 m; the size of the nest in
creases with depth; they are associated with scattered vegetation of medium 
density, composed mainly of Scirpus sp. and Potarnogetonsp. 

The females make only brief visits onto the arenas. Passing from one 
territory to another, they are courted by several successive males, until the 
moment when, stopping in front of a nest basin, a female deposits a batch 
of eggs, the male fertilizes them immediately and the female takes them 
in her mouth to brood them. The operation is very brief (50 to 60 seconds) 
and may be repeated with the same male, or with another in a neighboring 
territory (successive polygyny and polyandry, Ruwet 1963b). Finally, the 
female leaves the arena, where the males stay billeted, and she carries several 
hundred eggs in her mouth (see Balarin and Hatton 1979) which she broods, 
staying in a zone sheltered with vegetation (brooding area) described by 
Bruton and Boltt (1975) for S. mossambicus. As soon as the yolk sac is 
resorbed (see Table 7) the female lets the alevins escape from her mouth. 
They form a cloud which orientates itself constantly in contact with the 
mother, following her slow movements and taking refuge in her mouth at the 
least sign of danger, warned by her movements (see Voss and Ruwet 1966).
When the alevins reach a certain size (9 to 10 mm in S. mossambicus, Bruton 
and Boltt, 1975) the females leave the brooding areas and sometimes gather 
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in schools of several hundred individuals, notably in S. variabilis (Fryer 
and lles (1972), S. lidolo (Lowe (McConnell) 1957) andS. mossambieus 
(Bruton and Boltt 1975). Finally, after a variable time according to the 
species (22 days in S. mossambicus, Bruton and Boltt 1975; Russock and 
Schein 1977), the young, totally independent, are liberated by the female 
in shallow water where they live in schools and continue their growth. 

In almost all mouthbrooders, guarding the young is undertaken by the 
female (uniparental maternal family) though the male may participate 
exceptionally, notably in S. mossambicus (Bruton and Boltt 1975). But in 
S. melanotheron, it is the male alone which incubates (uniparental paternal
 
family) (Oppenheimer and Barlow 1968). In S. galilaeus (lies and Holden
 
1969; Fishelson ai;<iileinrich-1963) and S. multifasciatus (Fryer and lies
 
1972) the two sexes form a stable couple and both practice mouthbrooding.
 
.Thissems,there fore, e -to, intermediate stage .bet thlebiparental. ..an .en 


family of substrate-spawners and the uniparental family of mouthbrooders
 
(Ruwet 1968).
 

Table 7. Principal characteristics of development of eggs and alevins in eight species of
 
tilapia (after Hanon 1975), (Temperature: 26 to 27 0C in aquarium).
 

Length Hatching First day of swiniming
 
of eggs age length age length
 

Species (amm) (days) (m) (days) (mm)
 

Tilapia 

7'. guineensis 2.7 2 5.0.5.5 7 7.5 
T,rendalli 1.8 2 3.9 6 6.0 
7'. sparrmanii 1.6 21/2 3,5 5-6 5.0 
T. 1holloni 1.6 2 3.6 6,16 2 


Sarotherodon 

S. galilaens 2.5 ,1 - 11 -

S. nclanotheron 3.5 6 6,5-6.8 12-13 11,0 
S. hilolious 2.8 4-5 1.5 11 8.0 
S. sak:a 2.7 5 ,1.7 11 9.2 

Guarding the young increases considerably the survival of the alevins and 
reproductive success, but mouthbrooding represents an even more remark
able specialization which confers on Sarotherodon great independence from 
the milieu. Mouthbrooders have a better capacity for adaptation (in cases 
of introduction) and resistance in water bodies subjected to rapid changes 
in water level (for exmnple, the advantage of S. macrochir over T. rendalli 
in the man-made Lake Mwadingusha, Shaba Zaire: Ruwet 1961-1962, 1963b, 
1968, and the success of the introduction of S. macrochir in the artificial 
Lake McIlwaine, Zimbabwe, Marshall 19791)). 

The territoriality of substrate-spawners is a regulatory eco-ethological 
mechanism which allrws a certain number of spawners-generally the largest, 
the best-motivated and the most aggressivc--to occupy the breeding space 



49 
offering optimal conditions for survival of the young (protection against 
predators and exploitation of the best physical sites for reproduction). The 
smaller and less motivated individuals occupy marginal zones of the spawn
ing grounds, where habitat conditions are suboptimal and the exposure to 
predators is greater. 

The social structure of the mouthbrooders, and their arenas comprise a 
system whereby those males with the strongest reproductive drive occupy 
the territories at a given time and attract the females. Less motivated and 
younger individuals are pushed to the edge of the spawning ground or out
side it. (marginal individuals)............................................ 

Both in the substrate-spawners and the mouthbrooders, territorial aggres
sion is shown mainly by displays and symbolic conflicts and rarely by true 
fights leading to wounds. However, the latter are known in nature, for exam
ple in S. mossambicus where, of a total of 323 territorial individuals, Bruton 
and Boltt (1975) recorded 10% carrying wounds. Individual aggression 
depends mainly on size of fish, the size of the territories (which varies with 
size of male, density of the population and the nature of the substratum) 
aitd the degree of visual isolation from the neighbors (influenced by the 
nature and the variety of the bottom). One can also see specific differences; 
certain species are considered aggressive (S. niloticus), others intermediate 
(S. macrochir) and others feebly aggressive (S. galilaeus). The degree of 
aggression is an important factor to consider in the intensive culture of 
tilapias in cages or in ponds (M61ard and Phiippart 1980). 

PRACTICAL IMPLICATIONS 

The methods of reproduction and the social organization of tilapias 
have practical implications for culture, which we will review in passing. 
Substrate-spawners form stable territorial pairs and one can only stock a 
spawning pond with the number of pairs corresponding to the space avail
able. Any surplus will not participate in breeding, and will disturb the 
spawners. For mouthbrooders, however, with breeding arenas, there is 
interest in planning a spawning pond comprising three zones with distinct 
uses: 1) a flat bottom, muddy or sandy, of medium depth (ca. I m) which 
one can stock with a number of males higher than the space available for 
nest making, in such a way that always the most motivated occupy the 
bottom territories and ensure continuous reproduction; 2) a vegetated zone 
to shelter the females separately from the males during the period of buccal 
incubation and 3) a shallow zone (10 to 20 cm) to harvest the alevins before 
sexing them and transferring them to growing ponds or floating cages (see 
Ruwet and Voss 1974). 

A precise knowledge of the breeding habitat (depth, nature of substrate, 
slope, vegetation) would allow the design for each species of a model grow
out pond limiting breeding as far as possible and, in consequence reducing 
overpopulation and dwarfing. One can also envisage the possibility of har
vesting the alevins by attracting them into traps by means of the sound 
emissions (Lanzing 1974) possibly used by the parents for reassembling the 
clouds of alevins, both in substrate-spawners and in mouthbrooders. 
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In taking into account the eco-ethology of reproduction, it is often possible 

to explain subsequently, or to foresee, the differential dynamics of sub
strate-spawning and mouthbrooding species in natural water bodies subject 
to fluctuations (for example changes in water level, development, of vegeta
tion) in man-made lakes or artificial reservoirs, or since tile introductions of 
species. The rapid falls in level in certain man-made lakes can be catastrophic 
for populations of substrate-spawning species (of which the breeding males 
and females as well as the eggs and alevins are strongly attached to the nest 
and, moreover, often situated in sites close to the shores) but have little or no 

. on mouthbrooding species .,in which,. only-.the-. males (which.stay... 
billeted on the arenas and always at greater depths than substrate-spawners) 
are eventually affected, for the females are capable of moving the alevins 
towards deeper water. In Lake Mwadingusha, ex-Katanga, Zaire (Ruwet 
1962, .968) the variations in level affected T. rendalli much more than S. 
macrochir, a species which also coped successfully with water level fluctua
tions in Lake Mcllwaine, Zimbabwe (Marshall 1979b). 

In Lake Naivasha, Kenya, the development of the (introduced) population 
of T. zilhi is associated with an evolution of the environment (rise in level 
and appearance of a six-year flood cycle) which has permitted the develop
ment of a fringe of riverine and marginal vegetation favorable for the repro
duction of this species; this evolution has also favored S. leucostictusto the 
detriment of S. spilurus niger, a fluviatile species unable to adapt to the 
disappearance of bottoms suitable for its reproduction (Siddiqui 1979a, 
1979b). 

In Lake Kainji, Nigeria created in 1969, the tilapias are represented by 
S. galilaeus, S. niloticus and 7'. zil ii, in the proportion 16:5:1. The pre
dominance of S. galilaeus is partly explained by its less specialized require
ments for breeding than those of S. niloticus and T. zillii, which need special 
bottoms and vegetation (Ita 1.978). One can see, however, evolution from 
the original riverine situation in tilapia populations in several other man
made lakes (Lake Nasser, Latif 1976) characterized by a progressive substitu
tion of S. galilaeusfor S. niloticus, initially the more abundant. 

Certain deceptive results in fish culture are explained largely by a modifica
tion of the frequency of spawning in species transplanted into an environ
ment climatically different from their original environment. Thus, the good 
results obtained with T. rendalli in fish culture in Shaba where the existence 
of a cold dry season limits the numbers of spawnings (and in consequence 
population of the ponds and dwarfing) are not also found in the Zaire 
basin at Yangambi, where reproduction is continuous (Gosse 1963). A com
parable phenomenon is probably responsible for the failure of the transfer of 
S. andersonii from Zambia (a single reproduction per year and maturity 
at 12 to 15 months old) to Tanzania (maturity at 3 to 5 months old and 
excessive breeding) (Lema and Ibrahim 1975). 

The relative aggression of the species at intraspecific (intensive mono
culture) and interspecific (introductions, polyculture) levels and its variations 
with sex, size, age and environmental factors such as temperature, must be 
taken into consideration by fish culturists. In Taiwan, T. ziUli is considered 
of little interest because it is too aggressive (Chen 1976); in ponds in ZaTire 
T. zillii competes with 7. rendalli (Gosse 1963) and in Lake Victoria it 
competed witlh,and supplanted, 8, variabilis (Table 2). 
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Microhabitats and the Dynamics of Spatial Separation 

SELECTION OF MICROHABITAT 

Information on spatial separation (horizontal, vertical) of numerous 
tilapias and their preferences for a habitat has been obtained either by 
analyzing statistics of commercial and artisanal fisheries, or by employing 
different sampling methods: trawling, gill nets, traps or rotenone (Ita 1978; 

.Bruton- and -,Boltt- 1975 ;-Balon -1974), ,echo.sounding- (Bruton- and Boltt 
1975; Capart 1955), direct underwater observations by diving (Bruton and 
Boltt 1975) and also by electric fishing in lakes and rivers (Lamarque et al. 
1975; Lamarque and Closset 1975 ; Pienaar 1968). 

The general characteristic of the spatial distribution of tilapias in lakes is 
their restriction to the shallow littoral zones (see Table 4). Thus in Lake 
Kainji, Nigeria (maximum depth ca. 50 m), S. galilaeus, S. niloticus and T. 
zillii are caught in the littoral zone, at a depth of 0 to 7 m. The biomass 
there attains 107 kg/ha (Ita 1978). 

The littoral distribution of lacustrine tilapias originates fundamentally 
from their physiological incapacity to descend to great depths (Caulton and 
Hill 1973, 1975), a characteristic which supports the riverine origin of 
tilapias. But ecological factors also affect this: 

- temperature, through on one hand the existence of tolerance limits and 
specific temperature preferences, and on the other hand a direct in
fluence on the physiological capacity of tilapias to adapt to depth 
(Caulton and Hill 1975), or to withstand certain unfavorable conditions 
of DO, toxic gases, etc.; 

- DO and the presence of dissolved toxic gases (H 2 S, NH 3 , CO 2 ) which 
restrict the depth penetration to varying cegrees according to the 
species and their tolerance and preferences; 

- demands and specific preferences for a habitat or determined biotope in 
accordance with feeding (feeding grounds), nesting (spawning grounds), 
guarding the young in mouthbrooders (brooding areas) and protection 
against predators (refuges and shelters: escape range, see Gerking 1959). 

On the whole, substrate-spawners with macrophyte feeding habits are 
more dependent on shoreline habitats (macrophytic vegetation has a maximum 
depth of 7 to 8 m) than are the mouthbrooders with their microphagous 
feeding and more pelagic habits, especially in waters rich in plankton (Lowe-
McConnell 1959). It is interesting to note that in certain shallow lakes very 
productive of plankton, for example, Lake George, Uganda (maximum depth 
2.5 m), the tilapias (S. niloticus and S. leucostictus) preferentially occupy a 
littoral band of 50 m even though the plankton food is abundant throughout 
the lake (Burgis et al. 1973; Gwahab- 1975). Caulton (1978a, 1978b, 1978c) 
has put forward a bioenergetic interpretation of this phenomenon. 

The microseparation of tilapis in rivers is, as in most species of fish, in
fluenced by current speed (in accordance with the swimming capacity) and 
by ecological factors which are closely associated with this: the depth, the 
nature of the substrate and the cover of vegetation (Hynes 1970; Brown 
1975; Huet 1959). Gaigher (1973) showed that S. mossambicus avoided the 
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rapids and fast-flowing water and preferred still water and pools. In the same 
way, electric fishing in the Shire River, Malawi (Lamarque and Closset 1975) 
showed the'absence of tilapias (mainly S. mossambicus) from the central 
part of the river where the current is rapid, and their concentration along the 
sheltered banks provided with vegetation. 

The habitat of a species is especially more difficult to characterize as it 
differs with size, age and stage of sexual maturity and it varies for each 
intraspecific group with the seasons and even the time of day (variations 
which lead to daily movements and seasonal cyclical migrations). 
.a. Influence-of-size, age'Land-stage-of.sexual-inaturityi.-The-size .of fish. . 

limits the physical accessibility of certain habitats (depth) in such a way that 
the alevins, juveniles and adults distribute themselves in depth zones from 
the shore towards open water; this spatial separation favors complementary 
exploitation of the feeding niches of different habitats, avoiding specific 
competition. The alevins and the juveniles generally have a much larger tem
perature tolerance range than the adults (16.5 to 39°C, with a preference for 
19 to 35°C in the alevins and juveniles of S. mossambicus, compared with a 
tolerance range of 19 to 32°C and a preference for 22 to 30'C in the adults, 
Bruton and Boltt 1975), which explains why they are able to live throughout 
the year in the littoral zone (warmer than open water in summer but ,2older 
in winter) while the adults only stay there during the summer breeding 
)eriod. 

b. Seasonal changes of habitat. Bruton and Boltt (1975) studied the sea
sonal changes in the distribution of S. mossambicus of Lake Sibaya. During 
the cold season (May to July, 20°C), the juveniles and adults live in the 
pelagic zone at a depth of generally less than 12 to 13 m. When the water 
warms up (August to September), first the juveniles, then the adults migrate 
towards the shallower littoral zone which forms the feeding and breeding 
grounds until the end of the hot season. In January, there is a return migra
tion towards deeper water. Seasonal migrations of the same type, between 
littoral and pelagic zones have been observed in S. lidole of Lake Malawi 
(Lowe 1953), S. variabilis of Lake Victoria (Fryer (1961a) and S. macrochir 
of Lake Mweru (Carey 1965). 

Changes (seasonal or more irregular) in the spatial distribution of tilapias 
are introduced by the variations of salinity in certain saline lakes (T. rendalli 
and S. shiranuschilhwae ofLake Chilwa;S. macrochirof Lake Mweru Wantipa) 
and by variations in the turbidity of certain river systems (Pienaar 1968). 

Whitefield and Blaber (1979) showed equally important displacements of 
S. mossambicus populations in estuaries which take into account their open 
and closed phases. S. mossambicus are abundant in the lower reaches during 
the closed phase (salinity stabilized and current weak) but retreat into the 
upper reaches when the estuary is open (strong daily variations in salinity 
and faster current). 

Finally, it is well known (Lowe-McConnell 1975) that important seasonal 
changes in habitat are produced in all rivers subject to alternating floods (colo
nization of the flood plain, partly for reproduction) and dry periods (with
drawn into the river bed and into the permanent pools of the intermittent 
streams). Whyte (1975) has studied the seasonal changes in the spatial distri



53
 
bution of T. busumana, T. discolor and S. multifasciatus in Lake Bosumtwi
 
and in the permanent and intermittent rivers flowing into it.
 

c. Daily changes of habitat. In Lake Magadi, Kenya, S, alcalicusgrahami
 
feeds mainly during the day in lake zones where the temperature is 25 to
 
28'C and where food is abundant; it then moves toward hotter zones (35 to
 
40C) which it occupies at night (Coe 1966, 1967 in Caulton 1978b)*
 

In tilapias living in lakes or lagoons (S. variabilis in Lake Victoria, Wel
comme 1964; S. mossambicus in Lake Sibaya, Bruton and Boltt 1975; T. 
rendalli in Lake Kariba, Donelly 1969; T. rendalli, Caulton 1978b), the 
juveniles,.but above-all the-alevins,- make-daily. cyclical movementsbetween-.......
the shallower littoral zones, occupied during the day, and the deeper zones 
towards the open water, occupied by night. The juveniles of S. mossambicus 
of Lake Sibaya move thus from 0.15-1.0 m to a depth of more than 1.0 m 
(alevins from less than 0.15 m to 0.15-1.50 m). In the course of these 
displacements the fishes undergo a large temperature difference (up to 
100C) between the shallow water heated up by day (sometimes to more 
than 35°C) and the deeper water which is colder during the night. The 
change of habitat occurs at nightfall when the littoral waters become cooler 
than the deeper water (Caulton 1978b for T. rendalli; Bruton and Boltt 
1975 for S. inossainbicus in Lake Sibaya). These daily movements are 
made possible because the little fish, unlike the adults, are capable of a 
very rapid adaptation to variations in pressure and depth (Caulton and Hill 
1973), a phenomenon further facilitated by the high temperatures (Caulton 
and Hill 1975). 

Concerning the ecological significance and the survival value of these 
daily changes in habitat, several interpretations have been proposed: 

1. 	 They are tactics for avoiding predators, present in deep water during 
the day (Fryer 1961a, 1965b; Donnelly 1969) or in shallower water 
during the night (case of Clariasgariepinus,preying on S. mossambicus 
alevins and juveniles of less than 15 cm in Lake Sibaya, Bruton and 
Boltt 1975) although such movements also exist in the absence of 
aquatic predators (Welcomme 1964; Caulton 1975a, 1975b), or in 
spite of very heavy predation by day in shallow water by birds (Bru
ton 	and Boltt 1975). 

2. 	 They reduce feeding competition by the successive exploitation in the
 
course of the day of abundant food in several habitats (Welcomme
 
1964).
 

3. 	 They are required by physiological adaptations to give the best growth 
of the juvenile population (Caulton 1978a). 

Caulton (op. cit.) has supported the last hypothesis by bioenergetic study of 
T. rendalli and has stressed its interest for the distribution (density and bio
mass) of the cichlid populations in lakes (i.e., their concentration in the lit
toral zones where temperature fluctuations are more marked, and this 
despite more abundant food in open water, for example, in Lake George) as 
well as certain natural examples of dwarfing apparently connected with a 
homothermal regime and due, for example, to water supply from a spring. 
On the practical level, it should be useful to find out if rearing tilapias would 
give better results if the temperatures were varied strongly during the course 
of the day (influence of pond depth). 

http:0.15-1.50
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SCHOOLING BEHAVIOR 

After 'their liberation by the female, the alevins of many mouthbrooding 

titjipias remain in schools until a stage of development more or less advanced 

according to the species (see Fryer and Iles 1972). In S. mossambicus (Bruton 

and Boltt 1975) the juveniles (less than 8 cm) form schools of some hur.
dreds of individuals (several thousands when they group together after an 

alr)which nmix closely and disperse during the night. Observations made 
on S. variabilis of Lake Victoria (Fryer 1961a) suggest that'the schools of 
alevins and juveniles keep a certain coherence for up to 6 to 8 months. It 
seeing, however, that the schools of juveniles finish by breaking up, except 
in some pelagic plankton-feeding species of Lake Malawi (S. saka, S. squa
mipinnis and above all S. lidole) where they are maintained throughout life 
(Fryer and Iles 1972; Berns et al. 1978). 

In the, breeding season, many types of extremely structured schc ls are 
to be found: migrating schools (with possible presence of a leadir) in S. 
macrochir of Lake Mweru (Carey 1965), schools of males (S. mossambicus, 
Bruton. and Boltt 1975) or of females (S. lidole, Lowe 1952) near the 
spawning grounds, schools of mouthbrooding females (S. variabilis, Fryer 4' 
1961a and ,.mossambicus, Bruton and Boltt 1975). 

It is also known that several Sarotherodon species (S. galilaeus of Lake 
Kinneret, rsrael, Fryer and Des 1972, and S. niloticus of Lake Edward) form 
very large schools of100 m 2 or more at the lake surface. These are probably 
for feeding. Echo-soundings made in Lake Kivu (Capart 1955) showed that 
schools of S. niloticus which had dispersed during the night reformed at dawn. 

Again, the existence is reported in certain species (e.g., S. esculentus of 
Lake, Victoria) of schools of small individuals (immature juveniles) living at 
the surface and of schools of large individuals (adults) living on the bottom 
(Fryer and Iles 1972). Finally, it is interesting that T. rendalliof Lake Malawi, 
a macrophyte-feeding littoral species, does not form schools, even though 
this is the rule among the plankton-feeding pelagic species like S. saka, S. 
squamipinnisand S. lidole. 

The ecological significance of schooling behavior in tilapias and cichlids 
in general has been discussed by Fryer and Iles (1972). These authors see it 
as a mechanism with multiple functions: protection against predators, 
facilitation of feeding and population regulation, i.e., information on the 
level of population density at the time of reproduction (see Wynne-Edwards 
1962). 

M6VEMENTS, HOME RANGE AND HOMING BEHAVIOR 

There arc relatively few studies on these aspects of tilapia ecology, even in 

lakes. We know with certainty that the reproductive migrations of S. macro
chir in Iake Mweru (Carey 1965) and of S. lidole in Lake Malawi (Lowe 
1952, cited by Fryer and Iles 1972) involve displacements of several kilo
meters. After the liberation of their young, the female schools of S. variabilis 
in Lake Victoria (Fryer 1961a) generally disperse a little way (less than 
eight km) from the place of capture and tagging on the brooding ground, 
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but certain individuals make much longer journeys (maximum: 100 km in 
30 days). Tags carried by S. mossambicus juveniles in Lake Sibaya (Bruton 
and Boltt 1975) showed that most of the returns found within two days 
were in a radius of 400 m from the tagging point; one individual was recaught 
400 m away from the tagging point after two hours and another at 3,100 m 
after 14 days. Lowe (McConnell) (1956b) recorded important movements in 
S. esculentus in Lake Victoria (56 km in 40 days; 10 km in 3 days) but most 
of the individuals were recaptured at the marking place after 228 to 700 days, 
which suggested well-circumscribed populations, fixed to a home range. 
Marking--experiments--made by- Holden (1963, cited by--Lowe-McConnell. 
1975) showed great spatial stability of S. niloticus and S. galilaeus in the 
pools of the Sokoto River, Nigeria. 

The first case of hrmng in the Cichlidae was reported by Fryer (1961a) 
in Lake Victoria, Jinja region. Eight S. variabilis, captured and marked on 
the brooding grounds, were recovered after 45 to 805 days on the same 
brooding ground or in its' immediate proximity. In Lake Sibaya (Bruton and 
Boltt 1975), three S. mossambicus marked during a breeding season were 
captured during the following season: two individual males exactly on the 
breeding site of the prievious year (homing) and one individual on another 
spawning ground three kilometers away. 

Ecological Effects of Introductions and Transfers 

AFRICA INCLUDING MADAGASCAR AND MAURITIUS 
(see Tables 2 and 3) 

Introductions into natural waters not containing any tilapias or offering a 
vacant ecological niche for tilapias are often crowned with success when one 
uses a species for which the natural distribution area is near: e.g., S. nilo
ticus in Uganda (Koki Lakes) and in Madagascar; S. spilurusniger in Kenya; 
S. macrochir and T. rendalli in Zambia (e.g., Lake Lusiwashi); S. macrochir 
in Lake McIlwaine; T. zilii in Lakes Naivasha, Kyoga and Victoria; S. alcali
cus grahamni in Lake Nakuru and T. rendalli in certain South African lakes. 

On the other hand, many long-distance introductions, to a different 
climatic zone or to a different altitude, have been considered complete 
failures: S. macrochir,S. andersonii,S. spilurus niger and T. rendalliin cer
tain regions too cold in South Africa; S. spilurus niger in Madagascar; S. mos
sambicus in the north of Egypt and in Malta and S. spilurus niger and S. 
esculentus in lakes at altitude in Uganda. This is explicable for the most part 
by the unsuitable temperature conditions. A certain number of other results 
disappointing for the control of vegetation (T. rendalli in the Sudan), for 
improving a fishery (S. niloticus in certain lakes at altitude in Uganda) or for 
fi.r' culture are explained by 1) poor survival (e.g., fish kills of S. mortimeri 
and S. mossambicus in man-made lakes of the Zimbabwe plateau, Jubb 
1974) and slow growth (for example in T. rendalliof Lake Itasy, 1,200 m 
altitudu, 'Madagascar, Moreau 1975) observed in the species transferred into 
regio:.6 characterized by a well-marked cold season and 2) excessive repro
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duction (leading to overpopulation of ponds and dwarfing) in the species 
transferred from highlands where the reproduction is seasonal to lower and 
warmer regions where reproduction becomes continuous (e.g., T. rendalli 
from Shaba to the Zaire basin and S. andersonii from Zambia to Tanzania). 

The introduction of tilapias into waters already containing indigenous 
tilapias have had rapid and unfortunate consequences on aquatic ecology 
(e.g., hybridization, competition for food and breeding sites) and on the 
fisheries: for example, ini Lake Victoria, hybridization of S. niloticuswith 
the indigenous S. esculentus, and of T. zilii with T. rendalli and compe
tition -of-S.- niloticus.(but-above.-all..of-T. zillii)-with theindigenous S. varia-.... 
bilis (Fryer 1961a; Welcomme 1967b; Fryer and Iles 1972). 

Alother interesting problem is posed by the failure of the introduction 
of S. macrochir into the man-made Lake Kariba, where S. mortimeri is indi
genous. Based on the existence of a flourishing fishery for S. macrochir in 
Lake Mweru, the new lake was stocked with this species, but the source of 
supply was not Lake Mweru in the ZaYre basin but the Kafue River, a Zam
bezi affluent. S. macrochir never prospered in Lake Kariba, perhaps because 
the supply source was wrong, perhaps because the conditions of life in the 
lake were very different from the water of origin, or perhaps again because it 
was subject to the concurrence of S. mortimeri, which, a little against all 
expectation, is very well adapted to withstand the transformation of the 
fluviatile environment to a lacustrine one (Balon 1974). However, the S. 
macrochir from the Kafue were transplanted successfully into Lake Mellwaine 
situated on the Hunyani River, an affluent of the middle Zambezi. 

Variations in the success of interspecific introductions are apparent 
from introductions made simultaneously or successively of tilapias capable 
of competing or presenting differential capacities of population resilience 
and eco.physiological adaptations to new environmental conditions (degree 
of eurycity). Thus S. spilurus niger, originally from Kenya rivers, was not 
able to acclimatize in the Koki Lakes in Uganda and in many other lakes at 
altitude in this region at a time when, on the contrary, the introduction of 
S. niloticus, a very euryoecious species, was crowned with success. S. spilurus 
niger, a fluviatile species, was at first very well adapted in Lake Naivasha 
until a change of environmental conditions (rise in water level plus cycles of 
littoral flooding plus the creation of lacustrine conditions) led to its dis
appearance and progressive replacement by S. leucostictus, a lacustrine 
species which had been accidentally introduced (Siddiqui 1979b). This 
accidental introduction also permitted the hybridization of the two species 
and the production of apparently all-male offspring (Fryer and Iles 1972, 
p. 168). Lamarque et al. (1975) showed an identical phenomenon in Lake 
Itasy, Madagascar, where S. macrochir (introduced in 1958) prospered for 
several years before disappearing and being replaced by S. niloticus (intro
duced in 1961-62); the hybridization of the two species produced slow
growing and sometimes deformed individuals. 

The introduction and proliferation of macrophyte-feeding tilapias and 
especially of 7. rendalli has seriously perturbed the ecology of certain 
water bodies, for example, Lake Kyle, Zimbabwe (in Jubb and Skelton 
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1974) and rivers of t!he island of Mauritius (George 1976). Also in Lake Kin
kony in Madagascar, T. rendalli, accidentally introduced, in three years 
devastated nearly 3,000 ha of Ceratophyllum and Nynphaea beds with in 
consequence the almost total disappearance of a valuable indigenous fish, 
Paretropuspetiti (Lamarque et al. 1975). 

OTHER REGIONS '(eeTable 3) 

In-environments .characterized by .suitable- temperature- conditions and . 
offering a vacant ecological niche, tilapias are able to establish themselves 
and form stable populations, contributing to the augmentation of the local 
fishery resources (e.g., S. niloticus in Indonesia, Bangladesh and Mexico; 
T. rendalli in Sri Lanka and S. mossarnbicus in Hong Kong). 

In most cases, however, the establishment of tilapias in natural waters 
has engendered, as in Africa, unfavorable consequences: 1) initial growth 
of the population followed by spontaneous regression with some of these 
failures (e.g., S. mossambicus in Thailand and Bangladesh and S. niloticus 
and T. rendalli in Thailand) resulting from competition from local species 
or the influence of unfavorable environmental conditions, which, even if 
they do not occur every year suffice to hamper the long-term survival of 
the populations; 2) disappointing practical results due to continuous repro
duction (overpopulation and dwarfing) in equatorial and tropical environ
ments (e.g., S. mossambicus in Indonesia and T. rendalli in certain Brazilian 
lakes) and to slow growth and winter mortalities in regions situated at the 
limit of the natural distribution of tilapias (e.g., S. mossambicus in the rice 
fields of Taiwan and T. zillii for the biological control of aquatic vegetation 
in California and 3) excessive destruction of aquatic vegetation by macro
phyte-feeding tilapias (T. rendalli in Brazil), damage to the indigenous fauna 
(S. mossambicus in Florida and in Colombia), competition for food and 
predation affecting other valuable species (S. mossambicus in the brackish 
Chanos chanos (milk fish) ponds in the Philippines). 

Introductions sometimes prove to be failures in an economic scale as the 
species introduced was not accepted by the local population because of its 
unfavored taste (S. mossanibicus in Thailand, Welcomme 1979b), small size, 
or because it was not the most judicious choice to fulfill its assigned role. Con
sidered as a 'miracle fish' at the time of its first introduction to Southeast 
Asia, S. mossambicus has given poor results which explains why this species 
is now being progressively abandoned for use in culture: S. niloticus, S. 
aureus (Bowman 1977) and various faster growing hybrids with a higher pro
portion of males are preferred. S. mossambicus is in Asia what S. macrochir 
is in Africa. 

Finally, the introduction of tilapias (and of exotic species in general) may 
assist the dispersal of diseases and undesirable parasites; thus the construc
tion of tilapia ponds in Puerto Rico has favored the habitat of the molluscan 
vectors of bilharzia and this malady may reach Florida (Courtenay and 
Robins 1973). 
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Conclusions 

Tilapias constitute a diversified and plastic group of great interest to 
ecologists. But until now most studies have been qualitative and limited to 
one particular aspect of their biology. Future ecological research should 
above all consist of quantitative overall studies of populations (cf. Bruton 
and Allanson 1974 and Bruton and Boltt 1975 for S. mossambicus) and 
studies of population dynamics: analyses of the causes of temporal fluc
tuations of the populations; demographic comparisons of several species 
in the same waterbody;, demographic comparisons on the same species in _ 
contrasting milieu; evolution of populations in water bodies subject to 
artificial modifications (cf. Dudley 1979), and interactions between indi
genous and introduced populations (cf. Noble et al. 1976). 

Another important objective is to show the precise geographical distri
bution of each species and the introductions and transfers with their effects 
in Africa and in the other regions (i.e., build up a data bank); this would 
provide a reference point for the easier evaluation of the evolution of future 
populations. 

It is equally necessary to develop quantitative research on the environ
ment in order to understand better the ecological factors which influence 
the distribution of different species and their absolute abundance, as well as 
their preferred habitats and microhabitats. This type of study should lead to 
preparation of an inventory of populations (ecophenotypes) adapted for 
particular conditions (temperature, salinity, etc.) and interesting to exploit 
for culture. But parallel to this research on the environment, it appears 
indispensable to undertake, in a more systematic manner, experiments on 
environmental tolerance limits and preferences. For this it is necessary to 
first define a standard methodology in order to eliminate the extreme vari
ability of the results which appear in the literature. A systematic study of 
preferences and tolerance limits in regard to temperature (McCauley 1980) 
is especially important. 

Finally, concerning introductions, the errors made and the past failures 
(notably with S. mossambicus) by stocking without sufficient knowledge 
of the biology of species and ecosystems, encourage very great prudence 
concerning introductions of new species (S. aureus,S. hornorun, S. niloticus) 
in all parts of the world. It iii good to report that many countries, without 
doubt because they are subject to the unpleasant consequences of ancient 
and uncontrolled introductions, are starting to take control measures on the 
spreading of tilapias (e.g., Colombia, U.S.A. and Papua New Guinea). The 
burden of decision in this matter ought to rest on an evaluation of the risks 

of perturbation of the native biocenoses and ecosystems. However, often in 
such ecological studies it is difficult to generalize one way or the other 
(total prohibition or total liberty). Numerous examples show that the same 
species introduced into different waters often reacts in an unpredictable 
and unequal manner depending on the milieu and the action of physico
chemical factors and biocenotic characteristics. Only intensive research on 
the particular case will permit the understanding of the mechanisms involved 
and the implications for the management or conservation of the aquatic 
milieu. 
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The early ontogenies of tilapias are shown to be of major importance in 
the evolution of life history styles. By applying hierarchical systems for 
classification of reproductive guilds, and a uniform system of categorization 
for developmental intervals, we show that the life history styles of tilapias fall 
into two clearly defined categories, altricial and precocial, and that a signifi
cant evolutionary mechanism exists for changes between these. The major 
evolutionary trend has been from a more altricial style, the nest-spawning 
guarders (equivalent to substrate-spawners), to the -nore precocial style, the 
mouthbrooding external bearing species (equivalent to mouthbrooders). The 
major distinction between these is largely a consequence of heterochronous 
shifts in ontogeny, particularly the lack of a larval period in the ontogeny of 
the bearers. Asurvey of published information shows the predicted differences 
between the two types of species, with some overlap. The overlap exists 
because individual species retain the ability to adapt somewhat more towards 
an altricial or a precocial life history style by ontogenetic shifts within their 
own reproductive guild (i.e., guarder or bearer). This predicts the adaptive 
responses expected of fish under varying ecological conditions, including 
aquacultural practices. Stunting, perhaps the most serious problem in aqua
culture, is not only interpreted in our theoretical framework, it is predicted 
by us. We make some tentative suggestions as to how stocks of tilapias might 
be manipulated to better purpose for aquaculture production. 

I ask the reader to remember that what is most obvious may be most 
worthy of analysis. Fertile vistas may open out when commonplace facts are 
examined from a fresh point of view. L. L. Whyte (in Koestler 1967) 

Introduction 

This review of the life histories of tilapiine cichlid species of the breeding 
morphs called Tilapia and Sarotherodon will focus in particular on early life 
history and developmental features. We believe this approach brings profit
able insights to the understanding of the biology of these fishes. We also 
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believe that mouthbrooding likely evolved several times among the tilapias 

as an adaptation to stable and competitive conditions (Balon 1980, 1981a). 
If there has been this polyphyletic origin, it must be questioned as to whether 
to separate the generic names on this basis. An outline of our theories and 
some essential terms formulated by Balon (1979a, 1979b, 1980, 1981a) and 
of the theoretical framework we propose to apply will be given first. We will 
then consider the tilapias with some comparisons to related taxa and con
clude with some practical consideration: 

Although most terms we will use are Lv now established, confusion still 
exists as to precise meanings of some, or how some may be applied in 
paI ticulIar -- i-rc iiin.s-tnIc66A eibrt:_r ,6.,vie~ t tb.- -nu -m e#~nw -o- l--66Ok g, in 
addition to those cited above, have more than adequately discussed the basic 
ecological and epigenetical framework used later, so we refer interested 
readers to those sources (e.g., MacArthur and Wilson 1967; Emlen 1973; 
Ricklefs 1973; Lovtrup 1974; May 1976; Gould 1977; Steams 1976, 1977; 
Krebrj 1978; Pianka 1978). 

Review of Terminology 

The life history of any species (more properly, of individuals) is the sum 
of a number of events and processes with ecological and evolutionary con
sequences. Recent usage has introduced the term "strategy" in such dis
cussions. While there is some confusion over both the etymology and appli
cation of this term, it can be a useful shorthand reference to evolutionary 
considerations. We do not propose to defend its uncritical acceptance or 
application, but find it a useful heuristic tool, at least in the early stages of 
discussing the evolution of life history patterns. For it is surely the evolution
ary questions that will be of greatest interest at the level of the comparative 
approach we use. We employ the term and assume the phrase "as if", i.e., 
animals would be expected to respond to natural selection "as if" they were 
attempting to maximize fecundity, oy minimize predation, or minimize 
energy expenditure, and so on. In all cases, the more formal argument could 
be made (Dawkins 1976) in a more orthodox fashion, to lead to the same 
conclusion. 

A conventional consideration of life histories would likely discuss the 
biology of these species in terms of fecundity, growth and development, age 
at maturity, l)arental care, and longevity (Emlen 1973; Ricklefs 1973). The 
assumption is that natural selection acts sD as to maximize the fitness of 
individual animals (but see Dawkins 1978) by adjusting some or all of these 
parameters in accordance with the ecological conditions faced, to produce an 
integrated whole, the life history strategy (= style). 

The Pitfalls of "r" and "K" 

A concept often applied to life histories, frequently uncritically or even 
inappropriately, is that of the so-called "r- and K-continuum" (MacArthur 
and Wilson 1967; Wilson and Bossert 1971; Emlen 1973; May 1976; Pianka 
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1978). These terms refer to the parameters of the widely-used logistic 
growth curve for populations, where "r" is the slope (growth rate of the 
population), and "K" the upper asymptote (sometimes referred to as the 
carrying capacity of the environment). We prefer the terms altricial and 
precocial life history style to "r-selected" and "K-selected", respectively, for 
reasons we explained earlier (Balon 1979b) and will elaborate below. First, 
some further implications of this general dichotomy in life histories are 
provided. 

Species are said to be "r-selected" if they have a life history pattern that 
includes a short growth interval and early maturation, high fecundity, 
reduced parental care and short life (generation) span. These features 
characterize animals in environments where rapid colonization is favored, 
where catastrophic mortality is liable to act in a density-independent manner, 
or where environmental disruptions are liable to be serious and unpredictable. 
Species are said to have a "K-selected" strategy if they have a prolonged 
growth interval and deferred maturation, reduced fecundity, increased 
parental care and an extended life (generation) span. They are favored in 
environments where conditions are more stable, where competition is 
liable to be a more serious factor, where mortality is likely to be density
dependent, and where conditions are likely to be stable over long periods of 
time (May 1976; Horn 1978; Krebs 1978;Green 1980). In a relatively stable 
(numerically) population, with limiting resources and severe intraspecific 
competition, variation in juvenile survival is likely to be greater than variation 
in adult survival. In a population going through a series of colonizing episodes, 
the reverse is likely to be the case (Steams 1977).

This is a simplification of what is clearly an idealization. But it is useful 
because it brings our attention to these aspects of life histories, and couches 
our considerations in evolutionary terms. It brings the important questions 
to our attention, even if it does not immediately provide the answers. And 
the consideration of "r- and K-selection" has its obvious limitations (Steams 
1976, 1977; Horn 1978; Green 1980). Certainly, the life history of any 
species, when considered in these terms may well be a compromise (i.e., a 
mixed rather than a pure strategy), and it may not even be correct to consider 
"" and "K" as being on the same continuum (Horn 1978; Green 1980). As 
this concept has obvious limitations, we will refer to it largely because 
it has been so widely used, and carries at least some grneral connotations 
(Fryer and Iles 1972; Lowe-McConnell 1975, this volumej . 

Guilds and Ontogeny: Hierarchical Systems 

Our consideration of life histories will focus on the ontogeny of individ
uals, especially early ontogeny. The reasons for believing that the early life 
history will be of critical importance and have the primary determining 
influence on the entire life history have been given elsewhere (Balon 1964, 
1971, 1978, 1979a, 1979b, 1980, 1981a; Noakes 1978a, 1978b, 1981), and 
so need not be elaborated here. In particular, we will stress eco-ethological 
guilds (reproductive guilds), and an approach based upon an hierarchical 
model of ontogeny with a uniform system of nomenclature for development 
intervals (Balon 1975a, 1975b, 1981h). 
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The proposal (Balon 1975a) to define the ontogeny of fishes by uniform, 

objectively-recognized intervals in an hierarchical system, has lead to increas
ingly widespread reassessments (Balon 1978, 1980; Bond 1979; Noakes 
1981), although the proposal itself has been considered by some as little 
more than a semantic exercise (Balon 1976; Richards 1976). 

The life history (ontogeny) of any fish is composed of a series of intervals. 
By now most would accept this concept, but disagreements continue agto 
the definition and nomenclature for these intervals. The proposal of a 
uniform terminology for these intervals, based on a hierarchical system from 
the smallest recognizable stages in development to the broadest periods in 
thelife history has significant and far-reaching implications (the fundamental 
implications of hierarchical systems in biology are well-established, Koestler 
1967). These intervals are arranged, in sequence from broadest to smallest, as 
periods, phases, steps and stages. Each interval is composed of one or more 
at the next lower level in the hierarchy. 

These terms overlap somewhat with previous usage, especially as they have 
been applied by some developmental biologists and ecologists, but they 
impose an order on otherwise ambiguous usage (e.g. Keenleyside 1979) and 
align with current theories of ontogeny. 

The life history of a fish can consist of a maximum of five periods; em
bryonic, larval, juvenile, adult and senescent. These encompass the entire life 
of an individual, from beginning to the end of its life. The embryonic period 
begins with activation (insemination) of the egg, and terminates with the 
transition to exogenous feeding. The larval period begins with the transition 
to exogenous feeding and terminates with metamorphosis, when most of the 
temporary embryonic structures are replaced by permanent "adult" organs 
(typically including differentiation of the median fin fold, and ossification of 
vertebral centra). The juvenile period extends from this point until the first 
maturation of the gonads. The first gonadal maturation marks the beginning 
of the adult period, which continues until the last reproduction. The 
senescent period includes that time after the fish has ceased reproduction (or 
gametes are very few and of inferior quality), and ends with death. 

At least some of these intervals may be greatly extended (e.g., larval period 
of several years in anguillid eels), or be entirely eliminated (as is the larval 
period in mouthbrooding cichlids (Fig. 1), the coelacanth, Latimeria cha
lumnae, and many cyprinodontids). Recognition of the alterations of life 
histories by the relative timing and duration of these intervals (usually 
referred to as heterochrony; Jones 1972; Gould 1979) leads to productive 
insights (Balon 1980). We must again emphasize that hatching (or paturition) 
plays no role in defining these intervals. This is perhaps the most common 
and persistent MisuInderstanding in considerations of ontogeny and life 
history features (Balon 1980, 1981a; Noakes 1981). We tend to date most 
things from birth (parturition) or hatching, and assume that the event has 
general significance in ontogeny, likely as a result of peculiarities of our own 
development (Noakes 1981). It does not. 

Our terminology provides a uniform scheme to apply to any organism for 
the sake of comparisons. Typically, authors attempting such comparisons 
have assumed (usually implicitly) that hatching (or birth) should be the 
"zero point" at which to adjust the scales of measurement for the species in 
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question, instead of activation, insemination, or fertilization. Our system 
allows us to recognize the comparable intervals for any species, and thus to 
make meaningful (biological) comparisons of life history styles across 
virtually all organisms (Balon 1975a, 1981a; Noakes 1981). 

Reproductive Guilds 

The second basic point for our discussion is the earlier (Balon 1975b, 

1975c, 1978; Balon et al. 1977) prc4.osal to define fishes according to 
reproductive guilds. Again, this has been described in detail elsewhere, and so 

-
u'lerei lq_, th6_asipti6n is 
that the reproductive style, or guild, of each species will be determined by 
factors relating to oxygen supply for the developing young, and predation 
upon them (Kryzhanovsky 1956; Soin 1968). The full set of proposed guilds 
will not be discussed here, only the major categories (again, this system is 
hierarchical). The most inclusive category, the section, contains a number 
of sub-sections, each of which contains the individual reproductive guilds. 
There are three sections; nonguarders, guarders and bearers. Within these 

are, respectively: open spawning nonguarders and brood-hiding nonguarders, 
substrate-choosing guarders and nest-spawning guarders, and external and 
internal bearers (Table 1). 

- will bol6utlinl bily-ifsfimaryfaishi6n.-asasi-h -

Table 1. Reproductive guilds of fishes (after Balon 19751)), with most guilds omitted :or 
the sake of brevity. 

Section Subsection 	 Guild 

A. Nonguarders A. I Open spawners A.1.1 Pelagophils 
A.1.6 Psammophils 

A.2 Brood-hiders A.2.1 Lithophils 
A.2.r Xerophils 

B. 	 Guaarders B.1 Substrate-choosers B. .1 Lithophils 
B.1A Pelagophils 

B.2 Nest-spawners B. 2,1 Lithophils* 
B.2.2 Phytophils* 
B.2.3 Psammophils* 
B.2.5 Speleophils* 
B.2.8 Actiniariophils* 

C. 	Bearers C.1 Extornal C.1.1 Transfer brooders 
C,1.3 Mouthhrooders* 
C.1,6 Pouch brooders 

C.2 Internal 	 C. 2.1 Ovi-ovoviviparous 
C.2.3 Viviparous 

lndicates guild known to contain ciehilid species. 
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Overview of Tilapia Life Histories 

The question of reproductive guilds is an obvious one to apply to tilapias. 
Several authors have proposed categorizations of these fishes on this basis 

(e.g., Baerends and Baerends-van Roon 1950; Wickler 1966a; Barlow 1974; 
Keenleyside 1979). The usual distinction has categorized the cichlids, 
including especially tilapias, as either substrate-spawning or mouthbrooding 
species (Lowe-McConnell 1975), The distinctions are obvious and clear, with 
few if any ambiguities assigning species to either category. The only problem

atic species are those few which behave initially as substrate-spawners (i.e., they 
. do nottake the-fertilized eggs into,the buccal-cavity but direct.custodial care 

towards embryos outside the body), but subsequently (up toas long as a few 
days later) take the embryos into the mouth and complete the cycle in a 
fashion essentially similar to that of a typical mouthbrooding species (Timms 
and Keenleyside 1975; Keenleyside 1979). 

Further elaborations of these schemes include considerations as to whether 
young are taken back into the parent's mouth after they are first released (in 
mouthbrooding species), and the precise location of spawning. These generally 
assume (usually implicitly) that release from the mouth or hatching from the 
egg envelope(s) is a significant event for interspecific comparisons in onto
geny. However, as we have shown, this is misleading, as these events are not 
involved in defining any of the developmental intervals. 

The distinction between mouthbrooding and substrate-spawning habits is 
also significant in taxonomic considerations of tilapiine fishes (Trewavas 
1.73a, 1978, this volume), consistent with the generic divisions of Saro
therodon and Tilapia, respectively. However, if mouthbrooding has evolved 
independently a number of times from nest-spawning guarders, it may not 
represent an evolutionary trend. 

In our scheme of reproductive guilds, the substrate-spawning species are 
categorized as nest.spawning guarders (guarders, for convenience). The 
mouthbrooders are mouthbrooding external bearers (bearers, for con
venience). There is little significant difference between the (usually) accepted 
classification of reproductive styles of these fish (Barlow 1974) and our 
guilds. The (apparently) intermediate species have been omitted at present, 
for lack of detailed information to decide on their guild. The utility of the 
guild concept extends beyond tilapias, however, so our adherence to it is 
more than just an attachment to our particular terminoloy. 

The life histories of the tilapias can be profitably reviewed from the 
combined model of ontogeny and reproductive guilds. The close association 
of these, and their apparent relationship to other ecological aspects of life 
histories have been described for a Labeotropheusspecies (Balon 1977) and 
charrs (Salvelinus species; Balon 1980). There is good reason, both empirical 
and theoretical, for believing that heterochronous shifts in early development 
have been of major importance in the evolution of not only life history 
styles, but also consequently of independent species (Balon 1980, 1981a). 
This could be a plausible mechanism for sympatric speciation, perhaps to 
account for some of the endemism in African cichlids (Fryer and Iles 1969, 
1972). We will return to this suggestion later. 

We have surveyed published life history data for tilapias, especially as 
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related to growth and development, age at maturity, fecundity, parental care 

and longevity (Lowe-McConnell 1959; Berns et a]. 1978; Gwahaba 1978; 
Hodgkiss and Man 1978; Babiker and Ibrahim 1979; Dudley 1979; Marshall 
1979a, 1979b; Vareschi 1979; and the more general works mentioned 
previously). At times we have had to paint with a broad brush to complete 
our picture, as necessary data were not always available, but the fit to our 
hypothesis has been gratifyingly close, as will be seen. 

We wanted to see if life histories fell into categories in our consideration, 
and whether they fit an evolutionary progression as proposed from our 
model, i.e., an evolutionary sequence, or back and forth alteration from 

-:.: . altricial- to-precocial in-life-history-styles- We propose that selection should 
act through heterochronous shifts of character anlagen in early ontogeny, to 
favor increasingly precocial forms (i.e., species adapt to conditions which 
tend to become more uniform and stable over time). However, the mech
anism exists for this trend to be reversed, so that species will not necessarily 
become "trapped" in an evolutionary "dead end" of a highly specialized 
(and therefore unadaptable) precocial form (Balon 1980, 1981a). 

We use the terms altricial (generalist) and precocial (specialist) in the 
general ecological sense, i.e., altricial young being those that are relatively 
small and incompletely developed, whereas precocial young are relatively 
larger and more completely developed, at a particular time in ontogeny (the 
term precocial is not to be confused with 'precocious'breeding at a small 
size in tilapias which can occur in both bearers and guarders, i.e., in associa
tion with either 'precocial' or 'altricial' young). 

So, for example, if we compare young tilapias at the onset of exogenous 
feeding (Figure 1), young of mouthbrooding species are clearly more ad
vanced and better developed, i.e., precocial. At the corresponding time in 
development (onset of exogenous feeding), young of guarding species are 
smaller and less well-developed, i.e., altricial. For this reason, we refer to the 
guarding species as having a more altricial life style, and the bearers a rmore 
precocial style. The same kind of comparison can be made between species 
within a guild, or between forms within a species, to determine which is 
more altricial or precocial (since the terms are relative). 

The relative position of a species (interms of its life history style) will be 
apparent in terms of the relative timing of the developmental intervals in 
ontogeny. Precocial forms will include a truncated larval period a'id delayed 
maturation, and a senescent period of some length. Altricial forms, on the 
other hand, will have the early periods (embryonic and/or larval) prolonged, 
an early maturation and a reduced senescent period. 

The only study of ontogeny in a species similar enough to tilapia to serve 
directly as a model (Balon 1977 on Labeotropheus species) will form the 
basis for much of what we will say regarding bearers. There have been several 
studies of guarding tilapias (e.g., Fishelson 1966a, 1966b; Peters 1963, 1965, 
1973) but most have focused on descriptions or compilations of stages of 
development (not corresponding to our saltatory steps of ontogeny, Balon 
1979a), and descriptions of certain important features (e.g., adhesive organs, 
1lg 1952) of interest in these species. Data on fecundity are available for a 
number of tilapias (although still surprisingly few species) and are 'by no 
means complete. Data on growth and development (including age at first 
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reproduction) are available for even fewer species, and information on 
longevity is sketchy at best. Ironically, behavioral data (i.e., reproductive and 
parental behavior) are perhaps most nearly complete, partly as a result of the 
popularity of these fish with aquarists, and for interest in them as represen

tative of some f the most specialized parental and social behavior among 
fishes (Balon 1D/5b; Maynard Smith 1977;Keenleyside 1979). Consequently, 
we summarize data for generalized guarders and bearers, as representative 
of the two alternative life history styles, altricial and precocial, while acknowl
edging that these data may at times be drawn from different species in a 
variety of circumstances, including non-tilapiine species in some cases (Balon 
-1959a,.-1959b; Noakes-and .Barlow.1973a, 1973b; Noakes.19.78a, .1978b, 
1979; Lowe-McConnell, this volume). 

Parental Roles and the Evolution of Parental Care Patterns 
in Tilapiine Fishes 

There is convincing evidence from different sources (e.g., Fishelson 1966a, 
1966b; Fryer and Iles 1972; Trewavas 1973a; Barlow 1974; Balon 1975b) 
that mouthbrooding tilapias (bearers) evolved from substrate-spawning 
(guarder) species (see Oppenheimer 1970 for a general discussion of mouth
brooding in fishes). As Keenleyside (1979) has noted, tilapias are remarkable, 
not so much for their well-developed parental care (which is in fact universal 
among the Cichlidae), but for the fact that uniparental custodial care (of 
whatever type) is almost invariably carried out by the female. This, paradox
ically, resembles the pattern commonly encountered in birds and mammals, 
but is opposite that found in most other fishes which show custodial (paren
tal) care. The typical pattern among teleosts is that the male is the 
responsible parent (Barlow 1974; Blumer 1979). In fact, this has given rise 
to a number of efforts (Dawkins and Carlisle 1976; Maynard Smith 1977; 
Baylis 1978, 1981; Barlow 1978; idley 1978; Perrone and Zaret 1979; 
Werren et al. 1980) to suggest why the male should so often be the respon
sible teleost parent. 

The tilapias clearly differ from this pattern, and so require either a differ
ent, or an extended explanation. All guarding tilapias are biparental, the 
pattern typical for cichlids in this guild (Barlow 1974, Keenleyside 1979). 
The bearers are remarkable. All bearing (mouthbrooding) species have been 
assigned to the genus Sarotherodon (Trewavas 1973a, 1978, this volume) a 
designation we might question, as we have already mentioned, although the 
generic status is not critical to our discussion, as will become apparent. A 
few bearer species (e.g., S. galilaeus) are biparental (i.e., both male and 
female parent carry developing young in their buccal cavities) (Iles and 
lHolden 1969; Fryer and Iles 1972). In a few others (e.g., S. melanotheron), 
the male is the sole custodial parent (Aronson 19,19; Barlow and Green 
1970; Ridley 1978). All other Sarotherodonforms are maternal bearers (i.e., 
only the female carries the developing young). 

Various proposals (e.g., Trewavas 1978) have been suggested as possible 
alternative evolutionary pathways for the different bearer strategies from the 
guarding ancestral condition. We do not propose to resolve that controversy, 
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nor suggest a possible explanation for the overwhelming incidence of mater. 
nal bearer species beyond the following comments, as this issue is not central 
to our discussion, 

All female-uniparental Sarotherodon forms are lek species in courtship and 
breeding (Fryer and Iles 1972; Lowe-McConnell 1975; Loiselle and Barlow 
1978). Field observations on reproductive behavior of male-uniparental 
Sarotherodon forms are insufficient to draw any firm conclusions from 
(Lowe-McConnell, Trewavas, pers. comm.). This by itself is not a remarkable 
correlation, since a number of other teleosts also have lek breeding systems, 
but with uniparental male custodial care (e.g. Centrarchidae, Belontiidae, 
Gasterosteidae; -Loiselle. and .-Barlow-.1978;- Keenleyside--1979),.Such- comrn.. 
munal mating displays (leks) have been noted (Southwood 1976) as typical 
of "K-strategists" but irrespective of whether this is a valid generalization, 
we shall see that it does not necessarily restrict these Sarotherodonforms to 
a strictly K-selected strategy. 

Nor is it mouthbrooding (bearing) which is responsible for the parental 
roles in Sarotherodon. The general pattern of parental roles in mouthbrood
ing (bearing) teleosts does not appear significantly different from that 
in parental teklosts in general (nonbearers) (Oppenheimer 1970), although 
the data are very sketchy (Breder and Rosen 1966). There must be some 
aspect of the ecology and/or life history of the Sarotherodon forms which 
predisposes them to, or necessitates, the predominant role for the female in 
parental care (see also Maynard Smith 1977). Neither their position as 
cichlids, nor as lek breeding species nor as bearers can account for the female 
parental role. The proposal by Barlow (1974) of al evolutionary progression 
from biparental care, to polygyny and uniparental female care certainly 
agrees with the major trend in tilapias, assuming selection favors parental 
care, 

If we assume that these species were likely adapted for riverine existence 
in their ancestral form(s) (Fryer and Iles 1972; Liem 1973; Greenwood 
1974), they would be better adapted (over an evolutionary time scale) as 
altricial rather than precocial forms. The evidence of such fluvial species is 
that they tend to be adapted to breed seasonally, often in flooded or inun
dated habitats with strong seasonal and/or yearly fluctuations (Lowe-McCon
nell 1975; Welcomme 1979a). But if conditions did not permit guarding (e.g., 
unsuitable substrate for a nest, with danger of exposure, etc.) and hence 
bearing were favored, maternal bearing (mouthbrooding) would most likely 
be the end result of an extended evolutionary progression (Barlow 1974; 
Loiselle and Barlow 1978; Balon 1981b; but see Timms and Keenleyside 
1975). Perrone and Zaret (1979) hypothesized that lake-dwelling cichlids, 
because of the rather constant environmental conditions, with extended or 
continuous breeding seasons, should be maternal mouthbrooders (bearers). 
They suggested that riverine cichlids should have a greater incidence of 
male parental care, including biparental guarding, because of stronger seasonal 
ch,2nges and more restricted breeding seasons. The correlation may be a 
general one, but may also be difficult to apply rigorously to all tilapias(e.g., 
Lowe-McConnell, this volume). 

Bearing and its attendant adaptations are clearly an advanced, precocial 
life style, seemingly ill-suited to the kind of habitat we have described for a 
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fluvial species invading a recently-inundated area (but see Philippart and 
Ruwet, this volume). The key point is the saltatory nature of development 

we have described. In a very real sense, these fish can have the best of two 

worlds and both life styles. Through heterochronous shifts in development 
during ontogeny they can quickly adapt towards a more altricial mode to 
take advantage of new habitats (e.g., seasonally flooded lagoons), or revert 
to a more precocial mode under other circumstances (e.g., more stable, long 
term conditions in large lakes, high competitive diversity of fish taxa) while 
remaining in the same reproductive guild. 

Tilapiine Life-Histories-and Ontogenetic-Inferences .. ... 

The relevant life history data for guarding and bearing tilapias under 
natural conditions are summarized in Table 2. There is clearly a correspon
dence between the reproductive guild (and, hence the genus; Trewavas 1973a, 
1973b, this volume) and other aspects of the'life history style. Guarders are 
generally more altricial, bearers more precocial. There can be little doubt 
that tile bearers are more specialized, and almost certainly derived from ances
tral guarding species (Fishelson 1966a; Peters 1965; Lowe-McConnell 1959; 
Trewava 1973a, this volume). The guarders are more primitive, also, as 
proposed in the system of reproductive guilds (Balon 1975b, 1981b). As 
already mentioned, bearing may have evolved several times independently 
among the tilapias (Trewavas, this volume), and if so it cannot likely be the 
basis for taxonomic distinctions. In any event, the multiple evolution of 
bearers is consistent with our hypothesis of altricial and precocial "twin 
forms". 

Comparisons between tilapias in the two different guilds are informative, 
with at least some confirmation of our predictions. There are some apparent 
exceptions however. These seem to be the result of adaptive shifts in life 
history features within each guild, causing the ranges of certain values to 
overlap between guilds. This will become more apparent when we discuss 

Table 2. Comparison of tilapiine species in natural populations*, according to reproductive 
guilds (modified from Fishelson 1966a; Fryer and Iles 1972; Peters 1973;Lowe-McCon
nell 1975;Balon 1975b, 1977;Balarin and latton 1979). 

Characteristic Guarders Bearers 

Fecundity (fertility) up to 7,000 eggs up to 1,000 eggs 
Egg diameter (mm) 1-1.5 up to 5 
Yolk-% lipid less than 25 up to 45 
Yolk color clear, pale yellow opaque orange 
Size at onsct of feeding (mm) 5-6 9-10 
Age at first reproduction (years) 0.5-2 1-4 
Total length at first, reproduction (cm) up to 20 up to 40 
Courtship prolonged, monogamous brief, polygamous 
Juvenile mortality relatively higher relatively lower 

Longevity (years) up to 7 up to 9 

*Extrem values associated with fish stocked in non-native conditions, held in intensive
 

rearing facilities, or other exceptional circumstances have been excluded.
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such ecological (rather than evolutionary) shifts in life history features. 

The bearing species have a relatively lower fecundity, larger ova (with 
higher yolk density), a longer growth interval, later age at maturity (with 
overlap between guilds), and possibly (the data are few) greater longevity 
than the guarding species (see also Lowe-McConnell, this volume). The 
bearers lack the larval period in their ontogeny (Balon 1977), an adaptation 
for increased protection of the young. The young are released in an advanced 
state of development (as juveniles), at a relatively large size (up to 15 per cent 
adult body size)"(Figure 1). The guarding species have'significantly higher 
fecundity, with correspondingly smaller, less energy-rich eggs (Fishelson 
1966a; Fryer.,and Iles.1972; Hanon 1975; Balon.1977)..Their development... . 
includes an abbreviated but distinct larval (alevin) period. Maturation (onset 
of the adult period) is relatively earlier, the growth interval shorter, and life 
span appears to be shorter (again, these data are not strong) (see also Shine 
1978). 

GUARDER BEARER
 
(ALTRICIAL) (PRECOCIAL) 

o 0 
W mm 

_J 

wrn 

-J 

7.. *L. 

Figure 1. Diagrammatic representation of developmental intervals in idealized guardling (altricial) and bearing (preco
cial) tilapilne fishes (adapted from Fishelson 1966a; Fryer and lies 1972; Axelrod and Burgess 1973; Peters 1973; 
Balon 1977, 1981Ia). Durations of intervals as indicated by vertical extent in the diagram, are not to scale. 
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This correspondence in life history features of the two groups of tilapiasis 

not surprising, and at least some of these features have been noted by almost 
all previous investigators who have studied more than a few species (e.g., 
Baerends and Baerends-van Roon 1950; Fryer and Iles 1972; Lowe-McConnell 
1975, this volume). We emphasize it since it agrees with our basic hypothesis, 
and leads to some interesting predictions. These are particularly relevant as 
they may apply to management of these fishes, and their responses to 
environmental perturbations over an ecological time frame (i.e., during the 
ontogeny of individual fish). 

Saltation of Ontogeny, and Altricial to Precocial Tilapias 

The hypothesis of saltatory development predicts that species should 
respond to environmental situations, both on the time scale of ontogeny and 
of phylogeny, by heterochronous rates in development. These rates will 
provide a more appropriate "match" to existing environmental conditions by 
moving the individual more towards the altricial or towards the precocial 
trend of the life history style. Since these conditions correspond, in the 
general way we have already described, to "r- and K-selection", respectively, 
they are of sonme considerable significance. 

I-leterochrony is the "shifting of gears" in development (Jones 1972; 
Gould 1977, 1979; Balon 1980), or change in ontogeny as a result of relative 
timing of developmental events and intervals. Since we have a uniform set of 
terminology to apply to ontogeny, we can ask whether heterochrony has 
occurred, and if so, at what point(s). The answers appear to be directly 
related to considerations of selective pressures acting on life history styles. 

lleterochrony provides the ability to adapt to a fluctuating environment 
tly shifting the timing of appearance of structures and functions. It likely 
varies among species, or even forms within a species, depending on previous 
evolutionary history. The trend in evolution will be from altricial to precocial 
(Balon 1980; Noakes 1981). This is based on the assumption that, other 
things being equal, communities will tend towards a more mature, com
petitive ("K-selected") condition through ecological succession, favoring a 
more precocial life style in the fishes. Buu juvenilization (paedomorphosis) 
remains as the process available for "retracing" phylogeny, and prolonging 
early ontogeny, with its concomitant flexibility and adaptability. By this 
mechanism, fish will retain some flexibility in ontogeny, and be able to shift 
back more towards an altricial life style. 

In theory, at least, we can derive an altricial form (more or less equivalent 
to "r-selected"), or a precocial (more or less equivalent to "K-selected") 
form for a particular tilapiine species by altering the timing of ontogeny 
(heterochrony). A shortened (or absent) larval period would be related to a 
longer growth interval, to a later reproductive maturation, and consequent 
shifts in life history (and vice versa). Since size (a consequence of growth) 
and fecundity a':e typically positively correlated in fishes (bigger fish have 
bigger gonads with more gametes; Lowe-McConnell, this volume), fecundity 
would also be altered, as would longevity (Balon 19811). But the net effect 
of such shifts in ontogeny would depend on the details of each case, as an 
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earlier age of first reproduction will often dramatically increase "r" (Lewontin 
1965; Green 1980). Thus earlier age of first reproduction will likely be more 
significant than changes in fecundity. Ecologists have provided extensive 
discussions of these considerations, particularly the concept of reproductive 
value, i.e., the allocation of resources to growth or reproduction at a particular 
time (Southwood 1976; Hom 1978; Krebs 1978; Hirschfield 1980). More 
altricial forms would either occupy habitats with persistent, unpredictable 
fluctuations, or invade "new" habitats before they stabilize (e.g., Courtenay 
and Hensley 1979). More precocial forms would be better suited for stable 
conditions and resultant competition, or specialization, or both (Baker and 
Stebbins 19653-Southwood1976,; n 98a). InInr1978Bthis regard, 
it is worth noting the generalizations made by Philippart and Ruwet (this 
volume). They conclude that the macrophagous, substrate-spawning (guard ers) 
Tilapia species of the Coptodon group all have wide distributions, exclude 
each other geographically, have been slow to speciate and are closer to the 
original stock. The microphagous, mouthbrooding (bearers) Sarotherodon, 
on the other hand, are diversified and specialized into small local populations 
with restricted distributions in the Rift Lakes (with a few exceptions). The 
distinctions they draw correspond well to the separation we have suggested 
between the altricial life style of the guarders and precocial life style of the 
bearers, with attendant adaptations as "generalist" and "competitive" 
species, respectively, 

Also, the report by Lowe-McConnell (this volume) of the results of 
simultaneous stocking of 7'. zillii (a guarder) and S. leucostictus (a bearer) in 
the Teso dams of Uganda fits the same pattern. 7.zillii predominated at 
first, but was later overtaken in numbers by S. leucostictus,even though the 
fecundity of the latter was lower. As we would predict, the more altricial 
guarder would be better suited (ecologically) for the initial invasion, but 
with time (and presumably increasing ecological maturity of the system) the 
more precocial life style of the bearer would be increasingly favored. How
ever, not all such cases of apparent competition fit this pattern: see discussion 
of the advantage of S. macrorhir over T. rendalli in initial colonization 
of the man-made Lake Mwadingushu, Shaba (Philippart and Ruwet, this 
volume) and ousting of S. variabilisby T. zillii in L. Victoria (Lowe-McCon
nell, this volume). 

But the intrinsic appeal of our formulation is that it does not require 
dramatic or drastic alteration in a species to produce substantial evolutionary 
changes, i.e., a species would not necessarily require major new genetic
"mutations" to shift its life history style. Such shifts could be the result of 
relatively minor, genetically-determined changes in the timing of ontogenetic 
processes. In fact, a more precise formulation provides a mechanism for 
evolutionary change in either direction between altricial and precocial forms. 
The sympatric occurrence of two forms of a species, altricial and precocial, 
has been discussed at length elsewhere (Balon 1980, 1981a, 1981b). 

Such a heterochronous shift could make possible a kind of sympatric 
speciation (through allochronic speciation, perhaps), or only lead to adaptive 
changes in life histories. As an aside, however, as we mentioned previously, it 
is worth noting the possible significance of this as a mechanism for the 
proposed dichotomous splitting of taxa (Lchvtrup 1974; Balon 1981b). The 
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possibility that such a mechanism may have been responsible for at least
 
some of the adaptive radiation in African cichlids, as seen in the Great Lakes,
 
is obvious, and clearly warrants attention in the future.
 

The responses of tilapias during ontogeny to either natural or man-made 
changes in ecological conditions are perhaps the best evidence to support our 
hypothesis of heterochrony and saltatory development. Our hypothesis 
predicts, for example, that as environmental conditions change (or are 
changed by human intervention) towards either of the extremes described 
previously, the fish should alter their ontogenetic development accordingly. 
Sudden and marked alterations in environmental conditions (e.g., flooding of 

..	 river banks.or lake shore. lagoons, increases in adultmortalityand/ordecreases 
in juvenile mortality) should all favor a more altricial life style. Consequently, 
we would expect that any or a combination of these environmental features 
(or changes) should lead to one or more of: an earlier maturation, increased 
fecundity (clutch size), smaller eggs, faster growth and shorter life span in 
tile fish. Conversely any change(s) in the opposite direction in those environ
mental conditions would favor a more precocial ontogeny and life style. We 

would predict the fish should respond by showing some or all of: delayed 
maturation, decreased fecundity, with slower, larger eggs, and increased 
longevity. 

The data available, both from field and aquaculture observations, appear 
to support these predictions (see, in particular, extensive reports summarized 
in Fryer and lles 1972; Lowe-McConnell, this volume). The comparisons 
can be made in a number of ways. Fish living (native) in habitats differing in 
the above ways can be compared. Fish artificially stocked from one habitat to 
another can also provide data to test these predictions, especially since the 
introductions could take place either into a habitat the same as, or different 
from tile original one. The responses of tilapias to naturally-occurring 
environmental changes can also be used here. The responses of these fish in 
aqluaculture facilities, particularly to different types of management pro
cedures, can also be interpreted to test the predictions (Table 3). A brief 
summary of some examples will illustrate our case. 

Table 3. Size at sexual maturity (beginning of adult period), maximum size and longevity in different 
stocks of tilapiine species. A smaller size at first maturation (within a species, and Ioa lesser extent within 
a guild) indicates amore altricial life history style (see text for full discussion) (adapted from Worthington 
an(] Ricardo 1936; Ricardo 1939; Lowe (MeConnell) 19551, 1957, 1958; Lowe.McConnell 1975;Garrod 
1.959; Cridland 1961, 1962; PJ.P. Whitehead 1962; ILA. Whitehead 1962; lies and llolden 1969; Hyder 
1970a, 19701); lies 1971; Fryer and Iles 1972; Balon and Coche 1974; Ben-Tuvia 1978; Hlodgkiss and 
Man 1978; Silverman 1978a, 1978b; Bruton 1979; Siddiqui 1979a; Do Silva and Chandrasoma 1980). 
(All Tilapia spvcies are guarders, all Saro lherodon species are bearers). 

Typical (T) or Maturation Maximum Longevity 
Species Locality l)warfed (D)Stock Size (mim) Si-e (mm) (years) 

7'. mariw Nigeria, Osse River T 165 300 
7. mriae ,Jamieson River D 100 
T.r'ndalli Lake Kariba T - 450 5 
7 zilii L. Kinneret ' 1:35 270 7 
T zithi Egypt, pod(s T 130 250 
.zillii L.Nivasha 	 1) 90 

T" Mtlii aquaria 	 D) 70 

http:banks.or
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Table 3 (cont,) 

S. lidole L. Malawi T 285 390 5 
S. mossarnbicus Egypt T - 300 7 
S. mossambicus Hong Kong T 165 310 4 
S. rnossambicuts Sri Lanka T 150 340 -

S. mossambicus L. Sibaya D 100 
S. inossambicus South Africa T - 390 11 
S. mossambicus Buffalo Springs D , 100 
S. mossambicus aquaria D -7 45 
S. m. rnortimeri L. Kariba T 300 390 8 
S. in. mortirneri lower Malolo River T 180 
S. in. mortimeri 

-=S. n iloticus 
upper Malolo River 

.Egypt . . . . 
D 
1.T --

90 
1- 200 ......... 330 ... "... 9 

S. niloticus L. George T - 400 -
S. niloticus L. Rudolf T 390 640 -

S. niloticus L. Rudolf, 
Crater Lake A D 250 

S. niloticus L. Edward T 170 
S. niloticus L. Baringo T 260 360 
S.alcalicusgrahami L. Magadi D 25 100 
S. aureus L. Kinneret T 190 315 5 
S. esculentus L. Victoria T 230 375 10 
S. esculentus Kavirondo Gulf T 230 330 7 
S. esculentus Jinja T 225 340 7 
S. esculenlus Mwanza T 240 325 7 
S. esculentus aquaria D 105 
S. esculentus pond D 164 
S. galilaeus L,Kinneret T 220 345 7 
S. galilaeus Sokoto River D 110 
S. graharni L. Magarii D 25 100 -
S. leucosticlus L. Naivasha T 180 250 . 
S. leucostictus L. Edward T 210 240 
S. leucostictus L. George T 140 280 -
S. leucostictus L. Albert T 260 280 -
S. leucosticlus L. Albert, lagoon D 100 
S. leucostictus Uganda, pond D 120 
3. ieucostictus Kenya,pond D 70 
S. nilotieus L. Albert T 280 500 -
S. nilolicus L. Albert, lagoon D 100 
S. rukwaensis L,Rukwa, tributary D 280 
S. saka L. Malawi T 275 340 5 
S. shiranus L. Malawi T 220 290 5 
S. s. chilwac L. Chilwa T 200 290 5 
S. squamipinnis L. Malawi T 240 330 5 
S. variabilis L. Victoria T 220 300 7 

(Only the maturation size is given for Dwarfed stocks, since the evidence strongly suggests that these 
stocks are only phenotypically dwarfed, and so the maximum size remains that for the Typical stocks, in 
theory.) 

The situation of S. mossambicus in Lake Sibaya is a well-documented 
example of a shift in the life history of a species as an adaptive response to 
(native) environmental conditions (Bruton 1979; Bowen, this volume). It 
clearly fits into the category of "stunted" or "dwarfed" natural populations 
of tilapia, known from a number of regions (Fryer and Iles 1972; Bruton 
1979). 

Both juveniles and adults are dependent upon feeding on benthic detritus. 
Juveniles feed in shallower, more inshore water, adults in deeper offshore 
locations. There is a strong correlation between protein content of benthic 
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detritus and depth (and therefore, distance offshore), and consequently, 
between depth and quality of diet. Thus, juveniles obtain a diet adequate in 

protein for growth, but as they become larger and feed in deeper waters, 
they progressively encounter protein deficiency, and as a result adults in the 

lake are severely emaciated (Bowen 1979, this volume). 
The smallest juveniles are released by female S. mossambicus in the 

shallowest, inshore waters. Older (larger) fish are increasingly excluded from 

the richer (shallow) feeding areas, and so growth declines progressively with 

age, particularly in comparison with more typical S. mossambicus popula

*4ions in other, nearby areas. 
............ jWith-water, levels .at...or.. below-, norm al, -only the.arger adl mals are
 

higher than normal water levels, successivelyreproductively active. With 
smaller (younger) males are recruited into the breeding stock, indicative of a 

shift towards a more altricial mode (i.e., earlier age of first reproduction). 

These smaller males attempt to breed in the most marginal waters around the 

edge of the lake, including particularly any recently inundated by flooding. 

This shift in life history style, together with the typical food-restricted 

conditions in Lake Sibaya, is obviously the type of adaptive response we 

would predict in such circumstances. The generally harsh (i.e., food-restricted) 
environment, together with fluctuating lake levels, produces earlier matura

tion (onset of the adult period) in Lake Sibaya. S. mossarnbicus in this lake 

typically breed at about 0.43 (length at first breeding/maximum length), 

compared to the more typical value of about 0.70 for African cichlids (Iles 

1971; Table 3). Others (most notably Iles 1971; Fryer and Iles 1972; Lowe-

McConnell 1975) have also mentioned similar cases of dwarfed tilapia stocks, 

and have correctly interpreted them as representing adaptive responses to 

particular environmental conditions. Our proposed mechanism, saltatory 

development and heterochronous shifts in development (ontogeny), appears 

to be the mechanism involved in these cases. 
An earlier age of first reproduction (thus a shorter generation time) tends 

to have the greatest effect on net reproductive effort, and to greatly accel

erate population growth (Krebs 1978) (i.e.,it increases "r" very markedly). If 
fish were to delay onset of sexual maturation, more of their available re

sources would be channelled into somatic growth. Thus, they would be 

larger (in size) at the time of their (later) maturation, and likely have higher 

fecundity (more or less equivalent to fertility, but see Welcomme 1967b, 

1970). However, increased fecundity and longevity generally have much less 

significant effects on "r" than does an earlier age of first reproduction. Since 

food (and therefore potential for future survival, growth and maturation) is 
severely and progressively limited for S. mossambicus in Lake Sibaya, 
it is clearly adaptive for these fish to begin breeding when resources are still 

available to allow diversion into reproduction (and before adult mortality 
rate begins to increase because of protein deficiency) (ltorn 1978). 

Lowe-McConnell (1975, this volume) summarized number of studies ofa 
growth and maturation in tilapia species throughout their range. She reports 

that the same species delay their maturation when living in large, deep lakes, 
whereas in smaller water bodies (floodplain pools, fish ponds, etc.) the fish 
breed at smaller sizes and younger ages. The growth rates of fish in the latter 

cases do not suggest physical "stunting", i.e. they are not small because they 
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are slow-growing. For example, they may breed for the first time at an age of 
less than one year (compared to three or four years in a big lake); they 
produce smaller eggs in these situations, and they may spawn repeatedly at 
relatively short intervals. Inshore species in a lake tend to breed earlier (in 
age) than do offshore species (e.g., in Lake Malawi), and the same species 
living in smaller (and therefore more "harsh") lakes breeds at an earlier age 
(and smaller size) than when living in larger lakes. She also draws attention 
to an example we shall return to in some detail, that of tilapias ii fish 
culture ponds. Under these conditions the fish (e.g., S. mossambicus and S. 
niloticus) can breed when only a few months old, at about one-half the 
typical size..at..first reproduction-in the field,.and producerelatively more, 
but smaller eggs than fish of comparable size would if they bred at that size 
in the field. 

Fryer and Iles (1972) cite a number of examples, too numerous to repeat 
here in their entirety, but worth mentioning in a summary fashion. Again, 
they clearly drew attention to the adaptive nature of such responses in 
tilapias, for which we are proposing the mechanism. They reported the 
response of fish in "confined" conditions (i.e., dams, pools, ponds) to breed 
at smaller sizes (earlier ages), to breed more frequently, and to produce 
smaller eggs than normal (the extremes of these sometimes being reported 
from aquarium conditions). Under natural conditions, bigger species grow 
faster (but these data need to be extended), mature at a later age, and 
live longer (observations remarkably in accord with our description of the 
precocial life style) (see also Lowe-McConnell, this volume). From the 
evidence available, they concluded that these responses, especially the 
"stunting" of body size, were due to phenotypic (rather than genetic)a 

change in the fish (i.e.,reversible). They also concluded, quite correctly, that 
the phenomenon is not one of "stunting", but of relatively earlier breeding 
in the fish (they described the situation as "neoteny") (but see Balon 1981b 
for a discussion of this term). They defined neoteny as the ability to breed 
successfully while still in the juvenile interval of development, and elaborated 
on the potential survival value of this property for tilapias. They suggested 
that this property is at least in part responsible for the widespread distribution, 
plasticity and success as colonizers of tilapias, particularly in shallow lakes 
subject to fluctuations in water levels. Others have noted such "generalist", 
"colonizing" abilities of these fishes, and have also drawn attention to the 
Ppparent relationship between this and the relative lack of adaptive radiation 
in these species (only about 100 species of tilapia sensu lato), compared to 
the explosive speciation in genera adapted for stable, lake conditions (e.g., 
Haplochromis,sensu lato). 

Some Comments on Culture 

In a very real sense, the interests of fish culturists are working at odds 
with the biology of these fishes. The culturist wishes to raise the fish in a 
monoculture (or simple polyculture) system, with a high density of fish, high 
growth rate, and a harvest (yield) of large individuals in as short a time as 
possible. 

http:size..at
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As we have outlined, the biology of these fishes is such that under these 

conditions of rapid turnover, simple ecological community, and frequent 
environmental perturbations (e.g., draining ponds for stocking, harvest, e6.) 
they are forced strongly into a more altricial life style. This tends to result in 
fish showing earlier sexual maturation, and directing much of their resources 
into reproduction, with consequent lack of somatic growth (especially in 
females, in the bearers). In fact, these circumstances might well favor one of 
the guarding species over any of the bearers, since the former are, as a guild, 
more altricial. 

The task in this case would be to select a guarder species that would not 
mature (sexually) so rapidly as to cancel the inherent benefits of its life style 
(high fecundity, general ability as an "invader" species). Furthermore, there 
might ble disadvaintage wiss0.iat id\ith thegu r-difi guild (-ubst-rate fiequire
ments for breeding, decreased helihood of producing hybrids between 
species because of prolonged, mono Yamous courtship and pair formation) 
that would mitigate against them. h owever, some evidence (Caulton, this 
volume, pers. comm.) suggests that under appropriate circumstances, a 
guarder species (in his case T. rendalli) may have considerable potential for
aquaculture. 

"Stunting": A Misunderstood Phenomenon 

Perhaps the most striking aspect of the literature on the culture of tilapias 
is the so-called "stunting" problem (Balarin and Hatton 1979; Avtalion, this 
volume; Hepher, this volume; Jalabert and Zohar, this volume; Lowe-McCon
nell, this volume) encountered in many attempts at intensive aquaculture. In 
fact, as we and some others have indicated (e.g., Fryer and Iles 1972), 
the problem is not one of inhibited somatic growth but one of accelerated 
ontogeny (sexual maturation). 

Not only has the problem apparently been widely misintei;Jreted, and 
therefore misunderstood, it is also perhaps the clearest possible verification 
of the predictions of our hypothesis of altricial and precocial trends in 
ontogeny. Such early maturation is the classic response of an altricial form. 
There is little doubt that an earlier age of first reproduction will have the 
greatest effect on the rate of population increase (Lewontin 1965; Wilson 
and Bossert 1971; Emlen 1973; Southwood 1976; Horn 1978; Krebs 1978; 
Pianka 1978). It is clearly a heterochronous shift towards a more altricial 
form, as we would predict. 

Tilapiine fishes are almost certainly derived from fluvial ancestors and still 
retain (at least in some species) the ability to successfully invade newly
created marginal aquatic habitats (Welcomme 1970; 1979a; Lowe-McConnell 
1975, this volume). Stocking these fish in a pond or other aquaculture 
facility under the usual conditions (Balarin and Hatton 1979; Lovshin, this 
volume) is as close to a replication of those mvtural (ecological) phenomena 
as one could imagine. A relatively small number of adults or juveniles is 
introduced into a previously unpopulated pond, creating a low density, 
non-competitive situation. Often supplemental food is also provided for the 
fish (tlepher, this volume; Lovshin, this volume). A natural invasion into 

http:wiss0.ia
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a newly-created river floodplain pool or marginal lagoon (Welcomme 1970, 
1979a) would be the ecological equivalent of this man-made event. The 
response of the fish is identical in both situations. There is a shift towards a 
more altricial life style, with a shorter interval of somatic growth (inferred 
from smaller body size), an earlier onset of reproductive maturity (again 
inferred from smaller body size) (Table 3), as well as production of more 
numerous, smaller eggs (Lowe (McConnell) 1955b; Fryer and Iles 1972). 

The apparent misinterpretation of this response in aquaculture conditions 
as one of "stunting" has serious practical consequonces (beyond any theoret
ical implications). Tihe fish clearly are stunted, in that they are physically 
smaller than (large) adults known for the same species. But the real pheno
menon is of course as we have described it. The fish are not "small for their 
a... te"iy are "old for their size". The difference is not only semantic, and 
the consequences of the correct understanding are profound. 

This also requires an understanding of the distinction between ultimate 
and proximate factors regulating these responses of the fish. Our discussion 
has centered on ultimate (i.e., evolutionary) factors. These must not be 
confused with proximate (i.e., immediate) factors influencing the animals. 
The latter might include food supply, water temperature, chemical signals 
from conspecifics and so on (Guerrero, this volume; Mires, this volume). For 
example, one result of the misunderst:mding that the fish in ponds are 
"stunted" has been a misguided effort to provide ever food for themore 
animals. On the assumption that the fish are truly (somatically) stunted, 
from lack of sufficient food, the solution would appear to lie in providing 
more and more food. Ironically, this may worsen the problem. Not only may 
such attempts lead to serious problems of oxygen depletion (Balarin and 
Hatton 1979; Caulton, this volume; Hepher, this volume), but they may 
exacerbate the basic problem. If we assume that the fish are responding to 
what they perceive (by whatever means) as their invasion into a "vacant", 
low-competition habitat, then providing ever more food may simply add 
to that perception. Perhaps fish cu- urists should adopt the opposite strategy. 
Some evidence for the success of this exists in the literature, but it does not 
appear to have been fully appreciated or investigated (Hauser 1975; Balarin 
and Hatton 1979). 

We would predict that if one wanted to produce large fish, with late onset 
of breeding (in ontogeni), and with a long interval of somatic growth, one 
should do things to push the fish more towards a precocial life style. This 
would mean that conditions should favor high intraspecific competition, 
with relatively higher mortality (rate) for younger fish and a lower rate fo! 
older individuals (see our previous discussion of the environmental conditions 
associated with precocial life history styles). W2 predict, for example, 
conditions such as restricted food, stable conditions over relatively long time 
periods, and high population density should favor the precocial life style. 

Some'evidence from aquacultural practices supports this. For example, in 
some cases, intensive stocking in aquaculture facilities has practically elimin
ated reproduction and led to production of desirable (i.e., large body size) 
fish in a relatively short time (Balarin and Hatton 1979). In fact, Allison et 
a]. (1979) found an inverse relationship between stocking density and 
reproduction in S. aureus (but note the small tanks used by these authors 
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from which it is probably invalid to extrapolate to large culture ponds-
Editors). l'he so-called "paradoxical stunting" reported at lower or inter
mediate stocking densities, ascribed to the action of "living space on growth" 
seems at best a post hoc attempt to explain the situation. Our hypothesis not 
only predicts the supposedly anomalous responses at different densities, but 
makes specific predictions as to the manipulation of tilapias for management 
purposes. 

We feel our approach may be more rational than the great variety of 
attempts to produce monosex cultures of tilapias for pond culture, to 
produce all-male hybrid broods, to chemically or surgically castrate fish to 
inhibit reproduction, or the search for growth-inhibiting factors that operate 

........ differentially at differentdeln.sities,S.ince it is basedon the evolutionary (and 

ecological) features of the life histories of these fish, and manipulates their 
biology with a minimum of intervention requiring high technology or direct 
human action, it should also be the desired course of action for those with a 
solely practical interest in these fish, particularly in developing countries. 

It is rewarding to find that the activities of basic science, particularly 
taken from first principles and theory, may in the end yield something of 
value comparable to that normally expected only from so-called mission
oriented research. If our efforts have such an effect in this case, we would 
view them as a success. 
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ill v('111wrtiml v'[111 111hpitt" I (h) Il-)l think Ow'. liolp Inuch, Ind Ilw v cause coill'usioll as 
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shrink, and also in the dry season when the fish may be trapped in pools 
and riverbeds where there is very little aquatic vegetation to give cover 
from predators. 

Lacustrine tilapia populations include many of the same species found 
in the rivers, for example the nilotic species in many. East African lakes. 
Some, like the Luapula/Mweru populations of S. macrochir, may make 
regular movements between river and lake. But in some long-enough isolated 
lakes endemic tilapia species have evolved: for example the Sarotherodon 
species flocks of Lake Malawi, and tilapia species in small crater lakes in West 
Africa. 

As tilapias support the main commercial fisheries in most African lakes 
(except Lake Tanganyika) it was predicted that they would become the 
dominant--fish -in -the-new-man-made lakes,- such, as Lakes -Kariba and-Kafue ..........
 
on the Zambezi system, Lake Volta in Ghana, and Lake Kainji on the 
Niger. The speed with which the tilapia populations have built up from 
indigenous riverine populations has depended on factors such as the draw
down for hydroelectric needs (which can destroy tilapia nests in shallow 
water), and perhaps flow-through/storage ratio, a high flow-through militating 
against the buildup of planktonic food sources. Tilapias became predominant 
species within two years in Lake Volta and three years in Lake Kariba (Petr 
1969), but took longer to build up in Lake Kainji (Lewis 1974). 

Ecological Information from Particular Water Bodies 

The tilapias most studied in natural and semi-natural communities, and on
 
which this review is based, are listed in Table I.
 

1. NILOTIC TILAPIAS FROM RIVERS AND LAKES 

Fish communities in the soudanian region include three relatively common 
tilapias, Sarotherodongalilaeus and S. niloticus, and Tilapiazillii, plus the 
smaller less common S. aurews (syn. S. monodi), which is more abundant in 
the Nile delta and Israel. These fish communities also include many much 
larger fishes, some of which may compete for resources with tilapias, such as 
Labeo and Citharinuswhich share the bottom detritus used as food by S. 
galilaeus in Lake Chad (Lauzanne 1972). Others are large piscivores, such as 
Lates niloticus, iiydrocynus species and Gymnarchus niloticus, all known to 
include tilapias in their diets. The tilapias are generally restricted to pools, 
lagoons and edges of the river and floodplain, places where aquatic vegetation 
provides cover. Daget (1954) pointed out that in the Upper Niger S. galilacus 
predominates over sandy bottoms, S. niloticus over muddy ones (as Holden 
1963, also found in Sokoto river pools), while T. zillii, an ecologically 
tolerant species, lives over rock, sand or mud, in still or running water. A 
macrophyte-feeder, 7'. zillii is generally found near plant stands; riverine S. 
galilaeus are detritivores using bottom algae, and S. niloticus takes epiphytic 
algae, diatoms or plankton according to the conditions. 

In the lacustrine conditions of the huge but shallow Lake Chad, S. 
galildeus is the common species, except in the north and northeast. where S. 
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Table 1, Tilapio species forwhich ecological information is available from natural and semil-natural waters. These species may be 

Indigenous (I), Endemic (E), Stocked (S), or have just Appeared (A), probably escapes from dams or ponds. 
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niloticus predominates, and in the southern deltas of the inflowing rivers 
where T. zilli lives over varied types of bottom (Blache et al. 1964). The daily 
food consumption of S. galilaeus in Lake Chad, studied by Lauzanne (1978a, 
1978b), depends on the water temperature; the conversion of the detritus 
eaten is very low (only 3%). In the new man-made lakes of Volta (Ghana), 
Kainji on the Niger, and Nasser/Nubia on the Nile, S. galilaeus has become 
the dominant tilapia, though in the Volta lake S. niloticus also became fairly 
abundant on tile eastern side of tile lake, and T. zillii in certain western arms. 
In Lake Kainji the buildtLip of tilapia populations was delayed for some years, 
perhaps because the large annual drawdown (10m)affected potential spawning 
grounds; furthermore Citharinus became very abundant when Kainji first 
filled, the lake filling coinciding with, or stimulating, a good Citharinus 
sljwffiii yea-rh'd - &~diiditions for the were good-as 
predator populations had not yet built up, In Lakes Turkana (Rudolf) and 
Albert, which both have nilotic faunas, S. niloticus is the larger-growing and 
more abundant tilapia, feeding mainly on phytoplankton. Though here again 
S. galilaeus is found off sand banks; 7'.zillii is rarely seen in the main lake. 
Lake Albert also has another inshore-dwellingSaroiherodon,S. leucostictus. 
Inl Lakes George/Edward, which drain into Albert, S. nilolicusand S. leucos
tictus are abundant (the latter in the inshore zone), but S. galilaeus and 7'. 
zillii are absent from tle fauna. Both Albert and Turkana have populations 
of dwarf S. niloticus, living inlagoons along the Albert lake shore, and in 
crater lakes on Central Island in Lake Turkana. 

S. nilolicus was also stocked into many lakes and dams in Uganda. In 
some of these tile fish grew very large while the populations were small, but 
then multiplied rapidly and became dwarfed; in other lakes they apparently 
never grew large, which may have reflected tile paucity of suitable food. 
Data on S. niloticus from many of these lakes and dams, st,'nmarized by 
Lowe (McConnell) (1958), brought out tile following points: 

1. 	 The distribution of S. niloticus within awater body varied with tile 
ecological conditions. Phytoplankton, epiphytic diatoms or bottom 
algae were used as food according to whatever was available. 

2. 	 The size to which the fish grew, and at which they matured, varied 
greatly; fish from large lakes matured at, and grew to, a larger size 
than those from lagoons or ponds. (The largest up to 64 cm TL 
came from Lake Rudolf, Worthington and Ricardo 1936). (Figure 1) 

3. 	 In the lakes the males and females did not differ significantly in 
maturation size or final size, but in small bodies of water where 
the fish were dwarfed, males were larger than females, and also much 
more numerous than the females. 

4. 	 Fish in poor condition (low weight for length) matured at a much 
smaller size than fish in good condition (Figure 2). Tile growth rates 
and ages of large and small fish at maturation were not known, but in 
some newly stocked waters S. nilolicus grew to 350 g (equivalent to 
about 26 cm TL) in one year, whereas in ponds they grew to 17 cm 
TL (98 g) and started to breed when 7 to 8 months old. 

5. 	 In equatorial waters S. nilolicus inbreeding condition may be found 
at any time of year, but peak spawning coincides with the two rainy 
seasons (a finding later confirmed by Gwahaha 1973). At higher 
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Figure 1. Length frequency distributions of male (x .. x ) and female (0 -0) 
Sarot/I (rodron n ilo icus from various East African waters (after tA)we (McIConnell) 
1958). A, Lake Turkana, siflel fish, maturation size (m..) 39 cm Tl, both sexes; 
B, LakE (horqe, gillnetted fish, m.s. 28 cm both sexes; C, Lake ijanealola, gill
net ted fish, ms. 17 cm both sexes; D), Bhijbku lagoon, Lake Albert, seined fish, 
ms. 1.1 c malet, 12 cm temale; E,i ijansi pond, Uganda, fish examined alive 
when pond drained, males of 18 cm in breeding colors. 
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1)1 ring the iltensive International Biological Programme studies on 

the ecology and piroduction of S. nIlolCUS in the equatorial Lake George 
(Vgant!'i, ( wahaba 1973) found that the maturation size of these fish had 
diminished since earlier studies ( Figure 3). This he attributed to the effects 
of intensive fishing. Early ill the history of the fishery, 50% of tile females 
we'e mature at 27.5 cm '1L, by 1960 this had fallen to 24.5 cm, and in 1972 
was 20 vim. Data on S. leucostictus in Lakes George/Edward and Albert, 
where it is indigenous, and from numerous lakes, dams and ponds where it 
has been introduced, summarized by Lowe (McConnell) (1957), show that, 
in this speci's too, maturation size varies,greatly with the conditions (from 
26 cm inLake Ge orge to 7 (:Ili inponds), And about twenty yearsTl. T 4 

later Gwahaba (1973) found the maturation size in Lake George had declined 
LO14 (.1 'L'Li16mm M reaso6n for, this cecimmJ wa~s not cer ni c6iin 
wvaters nale . ellcosticltus matured at, and grew to a larger size than the 
femn1ales: in ponds thi.s s)ecies bIrrd when only three months old. In some 
Ponds immature males were knovow to have grown faster 1han tile femnales. 
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blue-green algae in the gut, whereas lish in the inshore regions had ingested 
detritus; since this species is more abundant inshore, it is essentially a 

detritivore (Moriarty et al, 1973). 
Introductions of S. leucostictus showed how ,apidly tilapias can he 

established ii new waters from very few fry. All the S. leucostictus in 
Kenya waters appear to have originated from six specimens between 6 and 
11 cm TL taken to Kisumu ponds from Uganda. In the Teso dams (Uganda) 
where 'I. zilhi and S. leucostictus were stocked simultaneously, T. zilii 
predominated in the first few years after stocking, but were gradually 
overtaken in numbers by S. leucostictus, although this species lays fewer 
eggs at a time (Lowe (McConnell) 19551)). Such changes may have been 
related to food supply; in one of the dams T. zillii predominated while dense K 

stands of-m acroph ytes existed1,-i)ut,-as- t cl eared these from the dami S,!eu.
costictus became the predominant species. 

S. leucostictus introduced into Lake Naivasha, Kenya, in 1956 hybridized 
with another introduced species S. spilurus niger. Hybrids were abundant 
in 1961, but had disappeared by 197-1 when Siddiqui (1977b) studied the 
lake. He found S. leucostictus then to be the dominant species, and to spawn 
throughout the year, though Hyder (1970a) had previously maintained they 
had a relatively quiescent period here from July to September. Males matured 
at 18 cm 'TL, females at, 16 cm. Fecundity ranged from 320 to 1,328 eggs in 
16 to 32 cm females. Males predominated in the catches. 

2. LAKE VICTORIA 

The nilotic S. niloticus and T. zillii, together with S. leucostictus, have 
been studied in Lake Victoria to see how they have fitted in with, and 
taken over from, the indigenous S. esculentus and S. variabilis. Earlier 
studies (Lowe (McConnell) 1956a; Fryer 1961a) had indicated that these two 
indigenous tilapias were ecologically complementary species with little or 
no competition between them; S. esculentus predominated in land-locked 
bays where the bottom was of soft flocculent mud from phytoplankton 
deposition, while S. variabilis was most abundant off more exposed shores, 
in water lily lagoons and in the outflowing River Nile. Both species occupied 
different biotorws according to the size and sexual condition of the fish. S. 
variabilis spawned in shallower water than S. esculentus (spawning behavior 
observed in a water lily swamp, Lowe (McConnell) 1956a), and juveniles 
occurred in different nursery zones. 

In an attempt to boost the tilapia fisheries, T. zillii from L. Albert was 
introduced to Lake Victoria in 1954, and along with it came S. niloticus 
and S. leucostictus, Tilapias in ponds draining the lake may also have gained 
access to the lake around this time. 7". zillii appeared in gillnet catches 
by 1956, S. nilolicus and S, leucostictus both appeared in comiertCial 
records for the first time in 1.960 (Welcomm, 1967a). Some suspected hybrids 
between (i) '. zilli and 7'. nilanopleura (from pond e scapes), and (ii) S. 
variabilisand S. niloticus, were described Iy Welcolnme (19671)). The spread 
of tle introduced species was dhseribed by 'Yekomnme (1966): '. zilii 
spread rapidly at the northern end of' the lake. appeared in the southern 
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and eastern parts in 1960, and was abundant by 1964; it later became 
the dominant species in the former S. variabilis areas. Meanwhile 2, nilo
ticus and S. leucostictus, both rarely seen in commercial catches before 
1962. became much more abundant from 1964 onwards, S. leucostictus 
becoming the dominant species in lagoons around the lake and near the 
papyrus and in the shallows of muddy bays, S. niloticus on the former 
S. csculcntus grounds, where they were caught both in surface and bottom 
set gillnets. S. niloticus from offshore areas grew much larger than the 
indigenous tilapias (personal observation c.1970). The T. zilli lived in 
shallow marginal waters all round the lake, fry and juveniles (to 5 cm TL) 
inhabiting sandy shelving rock shores in sheltered places, situations favored 
as S. variabilisnurseries. 

\Velcom me considered possible competition between juveniles, and also 
between adults for feeding and breeding places. There appeared to be little 

-. competition for.food between.adults: r. zillii taking higher plant material. 
S. esculentus planktonic diatoms, while S. niloticus and S. variabilis had 
more flexible diets, feeding either on the bottom or on epiphytic or plank
tonic diatoms depending on the habitat. S. leucostictus seemed to feed 
exclusively oh bottom material (Welcomme 1966, 1967b). Spatial segre
gation of feeding individuals helped to reduce any competition, S. leucos
tictus being confined to shal; )w margins of the lake near, and often behind 
the papyrus fringe (in water 30 cm to 5 m deep), a habitat shared with 
young S. esculentus (of 13 to 18 cm 'FL), while T. zillii and S. variabilis 
tended to spread into harder-bottomed habitats and more exposed waters. 
The larger S. esculenttus remained in mud-bottcmed bays 5 to 10 m deep. 
S. niloticus was found in most of the habitats. All the introduced species 
grew to a large size in the lake and were in good condition (high weight for 
length). 

Competition for breeding grounds was more apparent. The possible 
lack of' suitable areas for spawning, and of nursery grounds for the very 
young, appeared to be a factoi limiting population expansion. This view 
was supported by the dramatic increase in S. esculentus catches in 1964/65 
following the unprecedented increase in lake level (1.4 m above the previous 
highest recorded level) in 1961-62. This flooded lagoons behind the papyrus 
fringe, places then used as S. esculentus nurseries (Welcomme 1970). Clean, 
firmer substrates were needed on which to spawn by the guarder species 
T. zillii, and by the very small S. variabilis, and the ousting of S. varia
bilis by T. ziulii appeared to be due to competition between them for such 
places for breeding and nursery grounds. S. leucostictus spawned in shallow 
(30 cm deep) water in mud-bottomed areas at the edges of lagoons; here 
the males in breeding colors guarded their nests at sites not frequented by 
other species. S. esculentus evidently spawned deeper, where it could find 
firm enough bottom in the sheltered gulfs, but the juveniles lived in the 
lagoons at the lake edge. S. niloticus appeared more catholic in its habits and 
could be found in association with any of the other species; its preference 
for hard substrates was reflected in some hybridization with S. variabilis, but 
later it thrived in S. esculentus areas. 

Welcomme's (196.1) study of juveniles on nursery beaches showed that 
juvenile tilapia were abundant on gently sloping 'gradient' beaches, Haplo
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ing water temperature and/or light periodicity; there appears to be a correla
tion between onset of rains and breeding activity, in the river at least one 
brood of young is produced before the floods, and one or more during tile 
highwater season (in ponds four broods may be produced between September 
and Fehruary). The female mouthbroods the young. Once juveniles leave the 
floodplain, where they grow fast, they are restricted to lagoons and back
waters until they reach a size large enough to coexist with piscivorous 
IlydrocynUs. 

The Nlweru/Luapula system has a subspecies of S. macrochirwhich has a 
characteristic star-shaped nest; this undertakes seasonal migrations from the 
deeper north end of Lake Mweru to the shallower southern end and up the 
Luapula River during the period July to October (it breeds September to 
March), with a reverse movement northwards in February-May; kc appears to 
need shallow water in which to spawn, and cover for the young. Juvenile S. 
macrochirhave a higher tolerance of low DO than adults, and remain on the 
spawning gr'ounds up to a length of 18 to 20 cm. Marshall (1979b) gives egg 
numbers ranging from 1,000 to 1,500 in 16 to 27 cm SL female S. inacrochir. 

S, andersonii, a larger-growing species (males up to 3.2 kg) occurs widely 
except in small streams and is found in all types of habitat, but it is a shy 
fish which likes to hide in deep pools. Though it takes the same food as S. 
macrochir, it appears to he less specialized mid will also eat aquatic and 
terrestrial insects and small Crustacea. The female mouthbroods, and seems 
to produce only one brood a year, between November and January. The eggs 
are large (37.1 to 593 eggs in females of 17 to 25 cm TL; Mortimer 1960). 

T. rendalli, widely distributed and abundant throughout the Upper 
Zambezi, moves up tributary rivers and onto the floodplain, but spawns 
once in the dry season before leaving the river as well as on the flood
plain; juveniles in tributaries continue to move upstream. This species 
,.refers water with dense growths of aquatic plants. In addition to macro
phytes and detritus, it eats aquatic and terrestrial insects. It grows to 1.4 kg. 
A multiple spawner, it breeds during the rains between October and February; 
the nest is a series of small holes made in shallow water where both parents 
guard eggs and young. 

The smaller T. sparrinanii (growing to 0.25 kg in rivers-the largest, up to 
25 cm in Lake Young) is the commonest cichlid in the Upper Zambezi 
and distributed throughout the system; it prefers quiet water with good 
weed cover, in riverine, swamp and lake habitats. It is P fairly omnivorous 
species, feeding primarily on periphyton, aquatic plants, detritus and algae, 
but Crustacea, insects (terrestrial and aquatic) and even worms and fish may 
be eaten. A multiple spawner, batches of eggs are produced between October 
and February, both parents guarding the eggs and young. In Lake Young 
Ri(ardo-Bertram (19,13), .vho described the spawning behavior there in 
shallow water, considered that suitable breeding grounds with sandy bottom 
were very limited, and there was great intraspecific competition for nest 
sites, the nests almost touching one another. 

Predators on these Upper Zambezi cichlids include piscivorous cichlids, 
Serranochronis spp. (though these feed mainly on cyprinids and cyprino
donis). The characoid Ilydrocynus viittatus takes many cichlids and its 
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presence appears to be a factor limiting cichlid populations. Underwater 
observations have confirmed that cichlid distribution in the openwaters of 
the main rivers is limited to those tilapia which have managed to reach a size 
large enough (c.19 cm TL) to withstand predation by flydrocynus. In tile 
Kafue lepsetus odoe is the common openwater predator, but in the Upper 
Zambezi Hepsetus is apparently restricted by con.petition to habitats not 
frequented by Hydrocyn us, such as lagoons, backwaters and smaller tribu
taries. Bell-Cross (1974) commented that in years of poor rainfall, when the 
main river is confined between sandy banks for most of the year and the 
isolated floodplain pools, which serve as reservoirs for tilapia stocks, dry up, 
the predation on juvenile and small adult cichlids must be extremely severe. 
Preimpoundment studies on the Kafue floodplain suggested that predation is 
particularly high at two periods a year: for tilapia in the rivers in the dry 
season, and for juvenile fishes as the floodplains dry up, a time when pisci
vorous fishes (Hepsetus and Clarias) and the -numerous birds and other 
animals can catch them very easily (Williams 1971). 

The preimpoundment survey for Lake Kariba in the Middle Zambezi 
showed S. mortimeri (then called S. mossambicus) to be the commonest 
tilapia, but not nearly as abundant as Labeo, Distichodus, Hydrocynus and 
Alestes. The tilapia hugged the shore or lived in vegetation rather than in 
openwater, the juveniles in very shallow water. Some T. rendalli (then called 
T. melanopleura) lived in weedy shallows. In an attempt to provide a more 
openwater-living species the new Kariba lake was stocked with S. macrochir, 
known in Lake Mweru to live in openwater, but in the event stock was taken 
from the nearby Kafue, so was what was later known to be the 'volcano-nest' 
subspecies, not the 'star-nest' one used to ot)enwater conditions. In the four 
months after dam closure in 1959 over 11,000 fingerlings of S. macrochirand 
7'. rendalli were stocked. For many years these S. inacrochirwere not seen; 
many of the stocked fish were apparently consumed by Hydrocynus in tile 
new lake, a piscivore not previously encountered by the Kafue fishes (Van der 
Lingen 1973). It was the indigenous S. mortimeriwhich thrived and underwent 
a population explosion in the new lake, becoming very abundant within three 
years. Recently S. macrochir have reappeared and are slowly increasing in 
numbers (Bowmaker et al. 1978). In Lake Kariba, after the flooded terrestrial 
vegetation rotted (by 1963) there was a hiatus before the establishment of 
rooted macrophytes, and tilapia numbers then fell until these were established 
(Bowmaker et al. 1978). Perhaps these recently found S. niacrochircame 
from upstream, for S. andersonii also appeared for the first time (in 1971) 
when conditions had been altered by the new lake and there was cover for 
the fish. 

In Lake Kariba, Donnelly (1969) found that juveniles less than 10 cm TL 
of both 7'. rendalli and S. mortimeri lived in water less than 30 cm deep, 
the 'primary nurseries' ol gently sloping shorelines. Fish of 11 to 19 cm 
TL (age one year) tend to leave these for adult habitats, though they are 
not sexually mature till at least a year later. S. mortimeri over 20 cm TL 
live in a variety of habitats and in water up to 15 in deep. 7'. rendalli is 
confined to macrophyte beds, though adults reLum to shallows to breed, or 
during a rise in lake level to fe(d on decomposing grasses. These KtLriba 
tilaj ias breed throughout the year, but with spawning peaks fom October to 
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December. Their nesting sites are ecologically distinct. T. rendalli nests along 
the lake margins in water 60 to 100 cm deep, sometimes in colonies, the 
parents depositing the alevins in pits. The S. nortimerinests appear to be in 
water 4 m deep. The juveniles move from the nurseries into deeper water at 
night, but in Lake Kariba tilapia keep near weed cover till 17 to 19 cm TL 
(though in dams which lack 1-ydrocynus, tilapia schools of all sizes mingle at 
varying depths). The largest tilapia in Ilydrocynus stomachs were 18 cm TL. 
In Kariba Hydrocynus seldom enter water shallower than three times their 
own length; small Hydrocynus taken in the primary nursery areas were 
still feedina on invertebrates. Other piscivores here are the catfishes Clarias 
gariepinus and Eutropius depressirostris;Alormyrus deliciosus also forage 
in the deep nurseries. The combination of active predation (mainly by 
Hydrocyn us) and fluctuating water levels has enhanced the importance of 
submerged plants in providing cover for tilapias in Lake Kariba. 

The Lower Zambezi is the type habitat for S. mossambicus, now a circum
tropical pond fish. Bell-Cross (1976) described this species as an omni
vorous feeder, taking plankton, algae, aquatic and terrestrial insects, shrimps 
and vegetable matter. A polygamous mouthbrooder, several broods are 
produced during the summer (starting about September but varying with 
water temperature). Some move up tributaries to spawn. The most thorough 
ecological studies of this species in natural waters are those made in Lake 
Sibaya (Kwazulu, South Africa). 

4. LAKE SIBAYA 

S. mossambicus lives in Lake Sibaya with T. rendalli swierstrae and T. 
sparrmanii (see Bruton 1979). S. mossambicus nests on terraces in open, 
shallower water than that used by the other two species, whose nests are 
among macrophytes. Male S. mossambicus move in to establish territories in 
Septemher, when the water temperature first exceeds 20'C. There may be 

2
up to 13 nests per 1,000 m .There is intense intraspecific conflict between 
males prior to excavating nests. Small males (10 to 13 cm SL) are repulsed 
and returned to deeper water; they may establish nests if the lake level rises, 
but not at low lake level. After a brief active courtship the female leaves 
the nest and mouthbroods eggs and fry for 14 to 22 days in the macrophyte 
beds. The fry when about 9 mm SL are released in very shallow water (10 cm 
deep) along barren sandy shores or in marginal pools. They occupy pro
gressively deeper water by day as they grow larger, but all move into deeper, 
warmer water at night, where they lie motionless. The juveniles, which 
return to the shallows when the temperatures first exceed those of the 
main lake in the morning, form small schools (up to 20 fishes) on terraces by 
day for feeding; the composition and size of the feeding groups change 
constantly. 

Scale studies have shown that males grow faster than females after the 
first year, as discussed below. This Lake Sibaya S. mossambicus population 
is breeding preco(iously, then growth deceleration occurs and the final 
size is smaller than in other natural systems in southern Africa, for reasons 
discussed by Bowen (this volume). 
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The large adult catfish Clarias gariepinus feeds almost exclusively on 

S. mossambicus in this lake (as studied in some detail by Bruton), and 
both juveniles and adults are preyed on by the numerous birds: cormo
rants, darters, herons, kingfishers, fish eagles and ospreys. 

5. PANGANi RIVER SYSTEM 

Another east-flowing river, the Pangani in Tanzania, has two endemic 
tilapias, S. pangani with a subspecies S. panganigirigan in Lake Jipe where it 
is sympatric with S. jipe. In Lake Jipe S.p. girigan feeds on water weeds 
(Najas); the former pharyngeal teeth of S. jipe suggest it consumes smaller 
particles (Lowe (McConnell) 1955a). A new man-made lake on this Pangani 
system, Nyumba ya Mungu reservoir completed in 1965, studied by Bailey 
and Denny (1978) and Bailey et al. (1978) has three species of Sarotherodon 
(the indigenous S. panganiand S. jipe, introduced S. esculentus) and T. ren
dalli. These indigenous Sarotherodon grew to a large size, about 50 cm TL 
and 1.75 kg (much larger than previously recorded from Lake Jipe). They 
were found mainly in the littoral areas of the southern part of the lake, where 
S. jipe clearly predominated. The S. esculentus lived in the southern deeper 
offshore waters, where it consumed phytoplankton. 7. rendalli found in 
shallows close inshore to fringing reed swamp was surprisingly rare in the 
north of the lake which has marked development of macrophytes. S. jipe 
and S. pangani were chiefly browsers of periphyton and bottom deposits 
(phytobenthos). In both these species males grew to a much larger size than 
females (S. jipe males to 48 cm, females to 27.5 cm; S. panganimales to 47 cm, 
females 31.5 cm TL). In Lake Jipe and the Pangani River, where males were 
much more numerous than females in catches of these species, male matura
tion and maximum sizes were also larger than in females (Lowe (McConnell) 
1955a). 

6. MALAGARASI SWAMPS 

Two endemic species of Sarotherodon live sympatrically in the Malaga
rasi swamps (over 1,100 km 2 ) which drain westwards into Lake Tanganyika: 
S. karomo, whose breeding behavior in the swamps was studied by Lowe 
(McConnell) (1956a), and a new Lnecies (then referred to as a form of T. 
nilotica). These breed at different times of year. S. karorno's teeth appear 
beautifully adapted for rasping epiphytic algae off the abundant water lilies 
and other macrophytes. 

7. LAKE MALAWI 

Lake Malawi has a unique species flock of four endemic Sarotherodon 
species adapted for openwater life: S. squamipinnis, S. saka and S. lidole 
distributed round the lake where there are areas of water less than 40 m 
deep, and S. karongae apparently confined to the northeni end of the lake 
(Lowe 1952, 1953). These fish, often in mixed schools living in midwater, 
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feed on phytoplankton. S. lidole, the most openwater-living, may move 

turn to bottomconsiderable distances to do so (80+ kin), the others may 

feeding if phytoplankton is scarce. These tilapias have evolved relatively 

short annual breeding seasons at staggered times. Season and place of spawn

ing, reinforced by differences in colors of the breeding males, keep the 

s)ecies distinct. 3 saka, which has a black breeding male, spawns from 

August to November, the hot weather before the rains in relatively shal

low water (it in deep) near macrophyte beds, off weedy or sandy shores; 

brooding females move into weed or reed beds. S. squanzipinnis, the non

bretding fish of which are scarcely distinguishable from S. saka, spawns in 

the rainy season, December to February, in deeper water (about 1.6 m), gen

erally off more sandy, open shores; brooding females also retire into the weed 

and reed beds; the breeding male is sky blue with a white head which is clearly 

visible to the ripe females which swim above the nesting arenas (see Berns et 

al. 1978. S. lidole, like S. sakl, also has a black breeding male and breeds 

before the rains, but ill Much deeper water or off open sandy, clean weedless 
beaches. 

Fecundity appears to be much reduced in these Malawi Sarotherodon, 
by late maturation (not spawning till three years old), the production of 

but one brood a year (rarely two?), and of relatively few but large ova 

(370 to 549/fish in S. squanipinnis), the young being brooded to a larger 

size than in other tilapias (to 30 mm TL in S. squamipinnis, 52 mm in S. 

lidole). In l.,ake Malawi, S. sake and S. squamipinnis mature when about 

25 cm TL, S. lidole at 28 cm 'Ii, with no size difference between the sexes; 

in aquaria they can mature at a smaller size (1.0 cm SL-for details of aqua

rium behavior se'.: Berns et al. 1978). 

S. shiranus, of different stock, live3 in a more inshore zone of Lake 

Malawi and has a more extended breeding season, but mainly December
,January. T. rendalli appears to be confined to vegetated lagoons round the 
lake. 

Malawi tilapias show adaptations to inhabit increasingly openwater 
Conditions, from the inshore-dwelling S. shiranus to the most offshore 
living S. hdole, viz: (a) the food contains a higher proportion of phytoplank
ton rather than bottom diatoms and botton debris; (b) the tendency to 
collect in small, close schools increases; (c) the amount of movement increases, 
S. shiranus populations being very localized and S. lidole far-ranging fish; (d) 
ihe( young are brooded to an increasingly large size; (e) the rate of growth in 

length appears to increase, but growth in weight for length decreases, giving a 

more streamlined form in openwater species. Each species spawns in tile 
clearer water end of its range, but broods young in the richer, greener water. 
The brooding females carry the eggs and young inshore, from spawning to 

brooding or nursery grounds. It, is possible to tell from the characteristics of 
the water, such as clarity, color, and whether the shore is of mud, silt, sand 

or rock, shore vegetation, etc., which species are likely to predominate off 

a particilar beach, though mixed catches are often taken. S. shiranus pre
doninat-es in muddy swampy areas, S. sake off sandbanks near weedbeds 
cl(,so to swampy (Papyrus) and reedy (Phraginiies) shores, S. squarnipinnis 
off more o1n beaches with Phraginifes, and( S. lidole off open, clean, 

clearwater beaches or where the bottom shelves steeply, and out into open
wat! r. 
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8. LAKE CHIILWA 

Lake Chilwa, lying southeast of Lake Malawi, has a subspecies of S. 

shiranus, S. s. chilwae as a predominant member of its very small fish fauna 

(which includes 7'. sparrmanii,one species of Barbus, one of Haplochromis 
and two of Clarias). Mass mortalities of the fish occurred when this lake 
virtually dried out in 1965-68 (see Furse et al. 1979). Tilapia populations 
started to decline ahead of the main drying out-possibly due to sandy 
shallows used as spawning grounds being reduced in area (which seems to 
happen about every six years or so in this lake). Populations of dwarfed 
tilapia survived in the permanent streams of the basin and pools in the 
marshes; these fish were able to repopulate the lake when it refilled. But 
aidedl by stocking, it still took three years before tilapia numbers were high 
again. This subspecies is smaller in adult size than S. shiranus in Lake Malawi, 
matures earlier, produces smaller and more numerous eggs, and has two main 
spawning periods in an extended breeding season' It also matures more 
quickly in freshwater when rains come again. In Lake Rukwa in Tanzania, 
Ricardo (1939) had found S. ruhwaensis to have dwarf populations in river 
pools near the lake after it dried out. These appeared adapted to repopulate 
the lake after it refilled. 

9. WEST AFRICAN CRATEit LAKES 

Endemic lacustrine tilapias have also evolved in small crater lakes in west 
Africa. Lake Bosumtwi (Ghana), whose fish communities have been studied 
very comprehensively by Whyte (1975), has three tilapias, Sarotherodon 
gralilaeit multifasciatus (an endemic subspecies), Tilapia discolor (endemic 
an( very like 7'. zillii), and 7'. busutnana. The adult S. g. multifasciatus live in 
nidwater feeding on phytoplankton, here mainly blue-green algae and 

desmids. Unlike other tilapias (and S. galilaeus in Lake Chad) this species is 
saild to feed at night, between 6:00 P.M. and 5:00 A.M. undergoing a diurnal 
vertical migration to do so; sinking to 30 m by day and rising to surface 
waters at dusk to feed. Adults of both Tilapia species are bottom dwellers. T. 
busulflanca feeds rnainly on aufwuchs on stony and sandy substrates by day 
and moves into deeper water (3 to 7 m) by night. T. discolor feeds mainly on 
leriphyton on reeds (Typha) and water plants, and on aufwuchs, but feeds 
mostly by night, moving into deeper water (5 to 10 m) by day. The juveniles 
of all three species are surface dwellers round the lake edge, using different 
foods from their adults; they all share the allochthonous insects on the 
surface, eaten together with pli,. oplankton in juvenile S. g. multifasciatus 

and 7'. discolor, while 7'. busumana juveniles take aufwuchs instead of 
phytoplanktvm. There is thus separation in feeding habits between species, 
between juveniles and their adults, and also in vertical use of space, juveniles 
living in surface waters, S. g. multifasciatus in midwater, both Tilapiaspecies 
at the bottom, one feeding by day the other by night. 
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Other Cichlids in Lake Bosumntwi are Chromidotilapiaguet theri, a benthos 

feeder in which the juveniles take the same food source; as the adults, 
and tenicbromis fasciatus, the juveniles of which share the allochthonous 
fauna ai. the lake surface with juvenile tilapia, as do the juveniles of the 
catfish Ieterobranchasisopterus. Adult Hemichromis fasciatus and Hetero
branchus isopterms are both piscivorous, eating juvenile tilapias. Once the 
tilapias reach a certain size they are relatively safe from predation. 

The breeding places and habits of these three tilapias also segregate 
them. Most S. g. multifasciatusspawn between November and April (though 
' ome ripe fish may be found at any time of year). Nests are made at 1 to 3 m 
in the littoral zone over a sandy substrate, among reed beds (Typha australis) 
or in openwater; eggs are brooded by both parents and brooding fish may be 
found 5 to 20 m from shore. Of the two Tilapia species, T. discolor has a 
protracted breeding season from December to May, making nests with 
axillary pits at 1 to 7 in in the littoral zone over muddy bottoms (240 to 700 
eggs per nest). T. busumana peaks from October to February (though some 
are ripe at any time of year), making a bowl nest in permanent streams and 
the littoral zone over sandy or stony shores in 10 cm to 1 m water (60 to 
280 eggs per nest). The nests are of very different form: the T. busumana 
nest is a simple bowl; the T. discolor nest has axillary pits around the main 
nest. These tilapias do not seem to grow very large. 

In west Cameroons the oligotrophic Lake Barombi Mbo has four endemic 
species of Sarotherodon,of which two species, the galilaeus-likeS. steinbachi 
and S. lohbergcri share organic debris obtained in shallow water, from sandy 
areas by S. steinbachi and aufwuchs sucked off rocks by S. lohbergeri,Both 
species also probably take some food when skittering at the surface (Green 
et al. 1973). The other two species (S. linelli and S. caroli probably related 
to the S. tnelanotheron group) share phytoplankton-feeding a meter or so 
below the lake surface; possibly differences in breeding seasons help to keep 
these two species apart (Trewavas et al. 1972). Another Cameroon crater lake, 
Lake Kotto is eutrophic with a dense bloom of blue-green algae, food of three 
tilapias, S. galilaeus, T. inariae and the endemic T. hot/ae. The two Tilapia 
species both take some bottom food (invertebrates in T. kottae) as well. This 
lake lacks the aufwuchs-feeding niche found in the oligotrophic Barombi 
Mbo. Tile phytoplankton eaten by adults is so abundant in Lake Kotto that 
tilapia numbers are more likely to be limited by availability of food and 
feeding habitats for the young stages wh'ch live and feed inshore (Corbet et 
al. 1973). 

10. KEINYA RIFT SODA LAKES 

Lake Magadi in the Kenya rift, a very alkaline lake (pH 10.5), with hot 
springs (43 C), and a high specific gravity (1.01 to 1.03) is inhabited by a 
little Sarotherodon,S. alcalicusgrahami (formerly known asS.grahaini)whose 
ecology and behavior was studied by Coe (1966). These fish browse on 
blue-green algae on the stony bottom, together with small crustaceans 
(copepod.i., and dipteran larvae, in the warm shallows near the hot springs, 
moving into deeper water at night when the surface temperature begins to 
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fall. High temperatures (above 32°C) appear necessary for the males to 
assume breeding colors in these fish, and at high temperatures they breed 
almost continuously. Females move to brooding areas, and somehow manage 
to take some food while brooding; they release the brooded young in shallow 
nursery areas. Here tile young escape predation by'adult fish, but are open to 
attack from numerous kinds of birds, especially pelicas. There is also some 
cannibalism of eggs. 

This species was introduced into Lake Nakuru around 1960, where it is now 
one of the main herbivores and has altered the whole ecology of the lake 
(Vareschi 1979). Fish distribution here is very patchy. At noon they concen
trate near the shore, atnight offshore, a migration pattern probably reflecting 
preference for high temperatures. They feed primarily on the very dense 
cyanophyte Spirulinaplatensis, 80% of the tilapia living in the top 100 cm 
where they feed. The total ichthyomass of S. alcalicus in this lake was 
estimated to increase from 90 t (dry weight) -! 1972 to 400 t in 1973 
(2.1 g/m 2 to 10.2 g/m 2 ). The main impact of this introduction on this lake 
has been to increase diversity by extending food chains to fish-eating birds. 
Before the introduction such birds only occasionally visited the lake, now 
over 50 species are recorded there, of which the great white pelican (Pele
canus onocrotalusroseum) predominates. Adult pelicans are estimated to eat 
1,330 g (fresh weight) of tilapia a day, the young some 770 g/day from 
hatching to fledging. Calculations suggest pelicans remove 16 to 20,000 kg 
fresh weight of fish per day from the lake. Since they nest on a neighboring 
lake, taking fish there to feed their young, they have been calculated to 
export some 13 t phosphorus a year from the Nakuru system. 

11. WEST AFRICAN COASTAL LAGOONS 

In west African coastal lagoons Sarotherodon inelanotheron, a species 
which can withstand high and changing salinities, has been studied as a 
possible candidate for fish culture with mullet (Mugil sp.) by Pauly (1976). 
This tilapia only grows to 25 cm TL, the adults feeding on bottom mud 
(30% organic content, 1.2 Kcal/g calorific content). Daily food intake of a 
20 g fish was estimated to be 1.5 g (dry weight) and the calorific assimilation 
900 cal/day. Juveniles take zooplankton and phytoplankton. S. melano
theron is a male mouthbrooder (whose behavior has been much studied in 
aquaria under the name I'. nzacrocephala or T. heudelotii, e.g., papers by 
Aronson 1951). In the field this species breeds throughout the year with 
equinoxial peaks. Parasitism is low, attributed to the varying salinity in the 
lagoon. 

12. EXOTIC COMM UNITIES 

One of tht, best-studied examples of the role of a tilapia in an exotic 
fish conmunity is that of S. inossvmbicus in Plover Cove Reservoir, Hong 
Kong, where n arm of the sea has been turned into a freshwater storage 
reservoir (Hodgkiss and Man 1977a, 1977b; Man and Hlodgkiss 1977a, 1977b). 
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An initial twenty species in the reservoir fish fauna included marine species 
which survived but did not reproduce, rice paddy and riverine fish from the 
drainage basin, and Chinese carps stocked in 1967-71. The S. mossambicus 
were escaped pond fish which established themselves and soon became the 
dominant species in gillnet catches. Chiefly a detritus-feeder, the tilapia here 
had the most diverse food spectrum of any species studied, thus proving to 
be a good reservoir fish since almost all items were exploited, and when 
certain items were scarce a change to others was possible. Tilapia also helped 
to control algae and chironomids, and to remove nutrients and decaying 
organic detritus from the mud, thus indirectly helping to reduce algal growth. 
Earlier studies on S. mossambicus in Indonesia had provided much basic 
information about this species in Asian waters (Vaas and Hofstede 1952). 

In Lake Moyua in Nicaragua (Central America) the stocked S. mossain
bicus matures between 12 and 14 crrm (90 to 100 g) when 5 to 6 months old. 
This lake lacks piscivorous fishes, but numerous water birds feed on the 
tilapia fingerlings. 

13. -IYBRIDIZATION 

Where several tilapia species share a water body, nesting areas are usually 
distinct in place (depth oir type of bottom) or time. In substrate-spawners 
the elaborate courtship behavior probably helps to prevent any hybridization. 
Courtship behavior is generally much briefer in the mouthbrooders. Cases of 
hybridization, or suspected hybridization in natural waters, due to introduc
tions include those of: 

S. 	niloticus x S. spilurus niger in Lake Bunyoni (both introduced)(Lowe-
McConell 1958) 

S. 	 nicticus x S. esculentus in Lake Nkugute (both introduced) (Lowe-
McConnell 1958) 

S. 	 niloticus (introduced) x S. variabilis (indigenous) in Lake Victoria 
(Welcomme 1966) 

T. zillii x T. rendalli (both introduced) in Lake Victoria (Welcomme 1966) 
S. 	amphimelas (indigenous) x S. esculentus (introduced) in Lake Kitangiri 

(Trewavas and Fryer 1965) 
S. 	 s. niger x S. leucostictus (both introduced) in Lake Naivasha (Elder 

et al. 1971, who considered how these hybrids fitted into the ecological 
zonation in the lake). These hybrids, abundant in 1961, following 
introductions in 1956, had disappeared by 1974 (Siddiqui 1977b). 

Tilapia Growth Rates in Natural Waters 

The most reliable growth rate data come from waters with marked seasonal 
changes which affect the biology of the fish, leaving marks on scales, bones, 
otoliths, etc., and where seasonal spawning allows length-frequency mode 
progressions to be traced in the young fish. Examples are given in Figure 4, 
based on data from nilotic tilapias by Blache et al. (1964), Ben-Tuvia (1959), 

1)aget (1956), Jensen (1957), Lauzanne (1978), Payne and Collinson (in 
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press), from Zambezi tilapias by Duerre (1969), Kapetsky (1974), Dudley 
(1974), for S. mossanbicus by Bruton and Allanson(1974), Hodgkiss and 
Man (1977b) and from the Great Lakes from Lowe (1952) and as summarized 
by Fryer and lie,;(1972, Table 14). Total lengths were calculated from 
standard length data for Lakes Chad and Sibaya, 

Growth data for the nilotic tilapias all indicate that within a water body S. 
niloticus grows to a larger size than S. galilaeus(though S. galilaeusis deeper 
bodied so weight differences are not so marked): both grow faster and larger 
than T. zillh. S. aurcus also grows faster and larger than 7.zillii, but not as 
large as S. galilaeus. Payne and Collinson (in press) have suggested that the 
extended breeding season of S. aureus in Lake Mariout (Egypt) slows somatic 
growth, for here S. niloticus and S. aureus grow at comparable rates until 
they mature at one year old, after which S. niloticus with its more restricted 
breeding,season grows faster and larger than S. aureus. 

In riverine populations S. niloticus males grow larger than females (Banks 
et -al; 1965).-Thi, also occurs -inlagoons and ponds as we-have alreadyseen 
(Figure 1), but in large lakes, where growth is good, males and females may 
mature at, and grow to, comparable sizes. This phenomenon has also been 
noted in S. esculentus, where growth of the two sexes was not significantly 
differen6 in lake populations (Lowe (McConnell) 1956b; Garrod 1959). Again, 
in T. zillii in Lake Kinneret, Israel, males and females were of comparable 
sizes (maturing at 13 to 14 cm) though in the Dor aquaculture station ponds, 
where they mature at a smaller size than in the lake, males grow faster than 
females, even though the pond fish grow faster than the lake fish, achieving 
18 to 20 cm in one year instead of two years as in the lake (Chervinski 
1971). 

All three Zambezi tilapias (S. andersonii, S. macrochir and T.rendalli) 
grow faster and to a larger size on the Barotse floodplain than on the Kafue 
floodplain (Figure f). But on both floodplains S. andersoniigrows fastest 
and to the largest size, followed by T. rendalli, while S. macrochirdoes not 
grow as fast or as large. It is interesting that in this case the Tilapia (T. 
rendalli) grows better than one of the accompanying Sarotherodon (S. 
macrochir), unlike the soudanian region where all the Sarotherodon grow 
better than the Tilapia (T. zillii). The Zambezi region does, however, have an 
additional smaller Tilapia (T. sparrmanii). 

In natural waters, S. andersonii rarely matures when less than three 
years old (at 27 cm TL); a few S. macrochir spawn at the end of their 
first year (when 13 to 16 cm TL). In T. rendalli some fish start to spawn 
in their second year (when 17 cm TL). In the Zambezi, Sarotherodon 
sexual differences in size become marked after maturation, female growth 
slowing down more than male growth, and all the large fish are males. 
T'. rendalli showed no sex differentiation in growth for the first two years. 
After the sixth year these tilapias grew very little. 

From the Kafue, tilapia scale rings permit growth to be backcalculated 
enabling variations in growth from year to year in the different age groups 
to be examined in relation to environmental factors such as water temper
atures and flood levels. Such data fur fifteen years examined by Dudley 
(1974, 1979) indicated that: a) there are significant variations in growth 
rate from year to year for most age groups of all three species and b) growth 
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of the young and extent of floodirg are positively correlated, suggesting 
that high flooding would increase growth and survival (Dudley 1974). t,ater 
studies, however (Dudley 1979), indicated that year-classes are larger follow
ing low-flood years. These Sarotherodon will not spawn if the water is too 
deep, but Dudley con~iidered that high year-classes following low-flood 
years might be due ,to the Sarotherodon entering a stressed condition and 
breeding at a smaller size in dry, low-flood years. In support of this view he 
found ripe females of S. andersonii of 18 cm TL in 'dry' years, compared 
with a minimum breeding size of 26 cm TL in high-flood years (Dudley 
1979). 

The relative growth rates of young and older fish may differ in different 
lakes. For example, T. rendalli's first year growth appeared to be slower in 
Lake Kariba than on the Kafue floodplain, but the Lake Kariba population 
nearly caught up in weight in the fourth year and in length in the fifth 
year (Kapetsky 1974). 

FOa"S. mossainbicus in-Lake Sibaya, South Africa, growth- rates were . 
lower and fell off more rapidly (Bruton and Allanson 1974) than for this 
species in Plover Cove Reservoir, Hong Kong (Hodgkiss and Man 1977b) 
(Figure 4). The precocious breeding in Lake Sibaya has been explained in 
terms of food quality (Bowen, this volume), the adults being in poor con
dition as the food available to the deeper-living adults is less nutritious than 
that available to the juveniles living in the warm shallows. Female growth 
rates fell off more rapidly than male growth rates in both places. In Lake 
Sibaya, females may breed at one year (8 to 10 cm SL), males when one or 
two years old (12 cm SL); maximum age was 7 to 8 years, the largest males 
23/29 cm SL/TL, the largest females 18/22 cm (Bruton 1979). 

Tilapia Production In, and Yield From, Natural Waters 

For natural waters we have to distinguish clearly between the biological 
production, i.e., the total elaboration of fish tissue during a given time 
interval (generally taken as a year), and the yield, i.e., the harvestable part of 
the production. The catch, sometimes loosely called 'fish production,' 
is really a yield. Ecologists considering energy transfers from one trophic 
level to another are concerned with total production (all the fish tissue 
produced in the time interval, whether or not it survives to the end of that 
time), whereas fishery biologists are more interested in the available produc
tion (the amo0unt of fish tissue surviving at the end of that time). In natural 
waters the yield (catch) is generally only a small proportion of the available 
production, depending on the selectivity and efficiency of the fishing method 
(both the gear used and how much the fish move about). Also, due to the 
many causes of mortality in natural waters, the available production may be 
much less than the total production (Table 2 and Figure 5 of data from the 
Kafue floodplain show this well). In ponds, where fish are cropped by 
draining the pond, the yield reflects the available production much more 
closely, and, if predation and diseases are controlled, available production 
may be much nearer to total production than it can be in natural waters. 

Analyses of catch statistics are used for determining whether a fishery 
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is declining, but for computations of production in natural waters growth 

rate and biomass data are essential. The relatively few co-aprehensive studies 

of tilapia production yet made in natural waters include those for the Kafue 

floodplain and Lake Kariba, both in the Zambezi system, and for the equa

torial Lake George in Uganda. For these sites the computed abundances 

of the fish, their biomasses, production, yield and turnover are indicated in 

Table 2. 

Table 2. Examples of tilapia (Tilapia and Sarotherodon) production, yield and turnover rates in 

natural waters. 

Production 

Biomass kg/ha/yr Yield 
Abundance kg/ha Total Available kg/ha/yr Turnover 

n/ha B A P YA Ye A/B 

1. Kafue eastern floodplain 

lagoons (31 spp.) 11,053 680 
channels (24 spp.) 3,894 333 
weighted mean (all spp.) 8,191 541 c. 1,000 

3 spp. tilapia lagoons 
3 spp. tilapia channels 
3 spp. tilapia mean 

2,282 
2,351 

364 
246 
317 

T.readalli(lagoons:channels) 
S. Inacrochir 
S. ,ndersonii 

706: 
737:
839: 

187 
1,327 

837 

125 
145 
147 

198 
145 
119 

110 
96 
92 

18 
39 
23 

8 
23 
15 

1.59 
1.0 
0.75 

2. Lake Kariba 

20 spp. (revised estimate) 827 1,224 720 400 202 
of these 'preferred' spp. 0.7 

,accompanying' 	spp. 2.3 
mean turnover ratio (revised) 1.48 

T. rendalli (revised estimate) 957 38 44 30 19 12 1.15 
S. mortimeri (revised estimate) 2,122 216 178 133 139 103 0.83 

3. Lake George (Uganda) 

All 	 (10+) spp. mean 220 catch 137 
(60-90v inshore) 

S. niloticus (offshore:inshore) 63:1,094 37(?) mean 	 catch 111 
S. 	 feucosticlus (offshore: 

inshore) 7: 649 5(?) mean 
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Figure 5. Kaftii floodph).in production of: 1, T. rendalli;2, S. n:rlcrochirand 3. S. ander
sonii. Total production ( - -), Biomass (XXXXX), Available production(- - - ), Yield 
(available) (0 0 0 0), Yield (production) (AAAAA): s.ev Table 2 and text (data from Kapet
sky 197.1). 

The Kafue eastern floodplain (38,880 ha) is part of the 6,000 km 2 

Kafue flocwtolain lying at 15 30'S, 900 m, which produices an annual crop of 
5,000 t of .-h over half of t l(catch (59 ) heing three tilupia specie,: S. 

andcrsonii, S. maro-,chir and 7'. rendalli. The building of the Kafue Gorge 
hydroelectric da , clOSd iln 197 1, stimulated ptre- and post-i m poundment 
studies. Here fish hiniass,,s were (l(,trmine(l hy chemofishing 25 sampll 
arets (Lagler 0 al. 1971" Kape sky 1907.1). First estimates ranged from 
6.1 kg/ha in ,rass m trsh. 337 kg/ha in open lagoons, 337 kg/ha in river 

http:floodph).in
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channels, to 2,682 kg/ha in vegetated waters. The areas of different types 
of habitat, at low and high water, were calculated from planimeter measure
ments on 1:50,000 maps. Meanwhile tilapia growth rates were determined 
by scale ring analyses (Chapman et al. 1971; Kapetsky 1974). S. macrochir 
and T. rendalh were considered harvestable at the end of the second year, 
S. andersonii end of third year. 

The resulting computed biomass, production (total and available), yields 
and turnover rates of the tilapia populations on the eastern floodplain' 
(Table 2) are shown in Figure 5. This brings out clearly that the total pro
duction is considerably greater than the biomass present in T. rendalli 
(turnover rate A/B, 1.59), equal to the biomass in S. macrochir(A/B, 1.0), 
and less than the biomass in S. andersonii(A/B, 0.75). 

Kapetsky then computed a yield for the whole Kafue floodplain (121,000 
ha), weighting for areas of lagoons and channels. This gave an estimated 
total tilapia production of 70,000 t/yr from the whole floodplain, total 
yield 13,000 t/yr and available yield 7,000 t/yr. Present catch is 5,000 t/yr 
of all species (Dudley and Scully 1980), so if computations are realistic 
it looks as though only about half the possible tilapia crop is being caught 
(my interpretation of the findings). 

The Kariba dam across the Zambezi was closed in December 1958. Here 
chemofishing in lake coves was used to determine fish biomasses (Balon 
1974). The calculations of production etc., for each species and the whole 
lake had, however, to be revised (Mahon and Balon 1977, whose revised 
estimates for total production, available production, total yield and available 
yield, all species, were 38%, 105%, 67% and 107% respectively of the original 
estimates). Tilapias were a much less important part of the catch (20 species 
considered) than on the Kafue floodplain. However, S. inortineri ( ien 
called S. mossambicus), though present at a 'low population density' (2,122 
fish per inhabited ha), had a mean biomass of 215.7 kg/ha nd was estimated 
to give the third highest total production (178.5 kg/ha/yr) (after a mormyrid 
and Alestcs sp.), and the highest total yield (139 kg/ha/yr) of the nine 
economically preferred species. T. rendalli was much less abundant, but had 
a higher turnover rate than S. mortimeri (1.15 compared with 0.83). 

Lake George (Uganda). In an attempt to determine how this shallow 
equatorial lake, mostly less than 3 m deep (250 kin 2 ) continues to produce 
such good catches of tilapia (S. niloticus, which forms 80% of the catch, 
and S. leucostictus) an International Biological Programme team spent six 
years studying production at different trophic levels (Dunn 1972; Burgis 
et al. 1973; Burgis and Dunn 1978; Burgis 1978; Gwahaba 1975, 1978). 
Fish hiomasses (of 10 species) were determined using openwater seines; they 
were computed to range from 60 kg/ha in openwater to 900 kg/ha inshore 
(mean 220 kg/ha). The determination of fish growth rates proved very 
difficult in this equatorial lake, but for S. niloticus was indicated by length 
frequency analysis, of a particular cohort of young fish, to be about 1.2 
cm/month (Gwahaba 1978). The fish yield based on catch statistics over 
twenty years fluctuated around a mean of 3,461 t/yr for all (10) species, 
2,790 t/yr for S. niloticus, equivalent to 137 kg/ha/yr for all species, 111 
kg/ha/yr for S. niloticus. The weight of fish landed had been maintained 
1,ul. as already discussed above, th, maturation size of S. niloticus had 
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declined (i.e., the numbers had risen). (This high, maintained catch suggests 
to me that the hiomasses to produce these fish must have been considerably 
higher than recorded here.) This yield is very high for a natural water body, 
comparable with unfertilized fish ponds. 

Lake George was found to have a very high gross primary production 
(82,400 k/m 2/yr) made up primarily of the bluegreen alga Microcystis, 
consumed and digested by the tilapia. (Net primary production proved very 
difficult to determine; respiration rates of microorganisms were very high 
at the prevailing high temperatures.) The production of the main herbivores 
(S. niloticus and S. leucostictuswhich also took some bottom debris, Haplo
chromis nigripinnis and the cyclopoid copepod Thermocylops hyalinus) 
was computed to be equivalent to 650 kJ/mn2/yr (Burgis and Dunn 1978; 
Burgis 1978), a mere 0.8% of the estimated net primary production. Burgis 
and Dunn compared this figure with Prowse's (1972) finding that fish produc
tion was 1.02 to 1.79% of net primary production in Malacca fish ponds 
containing tilapia and grass carl). Thus, despite the sustained high fish yield, 
the Lake George system appears to be inefficient as so little of the high 
initial primary production is passed on to fish flesh. The reason for this is 
not clear; it was suggested that perhaps the lake has too few herbivores; fish 
nU. bers do not seem to be limited by food here, but possibly they are by 
availability of suitable spawning grounds in this soft-bottomed lake. 

l)iscussion: Factors Controlling Tilapia Numbers 

in Natural Conditions 

1. PHYSIco.CItEMICAL FACTORS 

Physico-chenical events, such as drying up of lakes (as has occurred 
for Lake Rukwa, Lake Chilwa and much of Lake Chad) have decimated 
tilapia populations from time to time. The role of deoxygenation, silt stress, 
alkalinity stress, heat stress and effects of drying out the shallow spawning 
grounds in the decline of the Lake Chilwa fishes were studied by Furse et 
al. (1979). Deoxygenation when bottom water was brought to the surface 
sometimes causes massive fish kills (as in Lake George). Increased alkalinity 
may kill fishes in the soda lakes and lagoons. Winter temperature drops 
also kill or stress the fish at high latitudes (as in Ilong Kong, Israel). On 
floodplains, the variations in flooding from year to year affect tilapia survival 
and growth rates, as has become clear from scale studies backcalculating 
growth in previous years (Dudley for Kafue fish, Duerre for Barotse fish). 
But in large lakes biotic pressures may be relatively more important than 
physico-chemical ones in controlling tilapia numbers. 

2. GROWTH AND REPiOIDUCTION 

Tilapia numbers are greatly affected by their ability to switch from 
growth to reproduction in unfavorable conditions. Though there appear to 
he some limitations (presumably genetic) to growth possibilities (for instance 
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T. sparrinaniiis basically a small species, S. andersoniia large one), in all the 
tilapias investigated growth varies with the conditions. Certain 'stress factors' 
evidently switch the physiological state of the fish frcm growth to reproduc
tion at a smaller size ('dwarfing', 'nanism') and at a younger age than in 
normal populations, irrespective of 1he rate of growth to achieve this size. 
The mechanisms for this are not yet known, but are reflected in the condition 
(weight for length) of the fish. Pond experiments at Malacca (Chen and 
Prowse 1964) demonstrated that the size of the inhabited water body 
influences maturation size and final size in some as yet unexplained way. 

Is this ability more marked in species living in habitats likely to dry up? 
Even species endemic to the Great Lakes of Africa, such as S. esculentus, 
evidently have this ability. In Lake Victoria, S. esculentus only matures 
when two or three years old and at least 20 cm TL, but it can mature at five 
months old when only 10 cm TL in aquaria (Cridland 1961). The mechanisms 
for such a switch need investigation. In aquaria fast growth and precocious 
spawning in T. zilii was stimulated by keeping the fish at a high temperature 
(up to 31'C); changes in illumination had little effect (Cridland 1962). 

Field studies have presented a number of clues about the switch: (i) 
tilapia in poor condition (low weight for length) switch to reproduction 
at a smaller size than those in better condition (see Figure 2). (ii) In Lake 
George, Uganda, marked declines in maturation sizes both of S. niloticus and 
of S. lucostictus were recorded after twenty years intensive fishing had 
reduced the general size of fish caught. (i'i) In the Kafue, Dudley (1979) 
found some evidence that S. andersoniimatures at a smaller size in dry years 
than in years when the water level remains high at the end of the dry season. 
(iv) In Lake Sibaya precocious breeding in S. mossambicus is associated with 
decline in food value of the food available to the fishes as they grow and 
move into deeper water (as discussed by Bowen, this volume). But quite 
possibly the tilapias are responding to some factors that we are not yet 
considering. 

In addition to (1) the size and age at which the fish mature, tilapia popu
lations are also affected by: (2) the length of the breeding season and 
number of broods produced a year. This may vary from only one (rarely 
two) as in Malawi Sarotherodon of the S. squamipinnis flock (Lowe 1952; 
Berns et al. 1978) and S. andersonii (according to Mortimer 1960), to a 
succession of broods, as seems more usual. These may be produced either 
through a defined breeding season, where environmental conditions are more 
seasonal, or throughout the year as in some equatorial waters; (3) The 
number of eggs produced at a time ('fecundity') which increases with the 
size (weight) of the female fish; (4) The egg size which is species-specific, 
substrate-spawners producing smaller and more numerous eggs than mouth
brooders (Lowe 1955b listed increasing egg size in T. zillii, S. galilaeus, 
S. leucostictus, S. niloticus, S. variabilis,S. esculentus, S. karomo, S. lidole 
and S. saka). Egg size shows some latitude, however, as females of dwarf 
populations produce somewhat smaller eggs than normal sized populations 
(Lowe (McConnell) 1957, Peters 1963), which helps to counteract the 
effect of fewer .ggs per female in populations with dwarf females; (5) The 
number of young that can be mouthbrooded, which tends to increase to a 
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maximum then decrease with increasing size of fish. Thus the 'brooding 
efficiency' (number of young brooded/number of eggs produced) falls as 
females increase above a certain size: this aspect has been studied in most 
detail in S. leucostictusby Welcomme 1967a). 

The survival of the young depends on many factors. Great variations 
in survival from year to year have been found in the Kafue populations, 
which have obscured any effects due to the change from riverine to lacustrine 
conditions as the new lake filled (Dudley 1979). Under the more climatically 
stable conditions in the Great Lakes, biotic pressures including predation, 
competition for suitable spawning grounds, or nursery sites, or food among 
the juvenile fishes, may be particularly important. 

3. PREDATION 

Though there has been much discussion on the effects of predators on 
cichlid speciation (see Fryer 1965; Lowe-McConnell 1975), facts concerning 
differential predation are much needed. Tilapias, particularly juveniles, 
are known to be eaten by Prototopterus (lungfish), Lates, Hydrocynus, 
Hcpsetus, catfishes such as Clarias (see Bruton 1979), Bagrusand Eutropius 
and -also by piscivorous cichlids in the Great Lakes (e.g., Haplochromis 
squamipinnis in Lake George) and Serranochromis spp. in the Zambezi 
system. Some of these piscivores are diurnal feeders, but the catfishes are 
nocturnal, taking sleeping tilapias. The reversal of the feeding rhythm in 
Lake Bosumtwi tilapia was thought by Whyte (1975) to be an anti-predation 
measure. 

The numerous kinds of fish-eating birds that will take tilapias include 
pelicans, cormorants (though these 'prefer' cylindrical fish) darters, herons, 
kingfishers, gulls and waders in the shallows (see lists in Coe 1966; Vareschi 
1979 and JFRO reports). 

4. RIVERINE AND LACUSTRINE TILAPIA POPULATIONS
'r' AND 'K' STRATEGISTS? 

Ability to breed at a dwarf size is shown by all tilapias tested, but in 
natural waters we find a range of adaptations. Floodplain species tend 
to have seasonally fast growth, early maturity (1 or 2 yr), high fecundity 
producing numerous rather small eggs, several broods in succession; rather 
generalized bottom-feeding habits. Many of these characteristics are typical 
of 'r strategists' found in pioneer habitats (as indeed the floodplains are-new 
habitats opened up each year). Lacustrine species in large lakes (Malawi, 
Victoria), on the other hand, tend to grow more slowly, have delayed 
maturity (2 to 4 yr) so the maturity/final size ratio is higher (see Iles 1971; 
Fryer and Iles 1972), reduced fecundity, producing only one (rarely two) 
brood a year in Malawi species, with relatively few, large ova, and they brood 
the young to a correspondingly large size. They tend to be specialized 
phytoplankton-feeders. (Thus they appear to have many features of 'K-stra
tegists'). S. andersoniialso has some of these features, such as brooding only 
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one brood a year (which suggests that this species may have evolved under 
more lacustrine conditions). 

Substrate-spawners have smaller, more numerous eggs than mouthbrooders, 
and their populations can build tip very quickly in the comparative absence 
of predators, as, for example, did those of 7'. zillii in Lake Victoria, a species 
adapted for life with nilotic riverine piscivores, many of which are not found 
in the lake. The neotropical cichlids are nearly all substrate-spawners, includ
ing the Cichlasorna adapted for lacustrine life in Central American lakes 
(papers by McKaye 1977; Perrone 1978; Perrone and Zaret 1979). Lake 
Tanganyika is the only African lake to include numbers of both substrate
spawners and mouthbrooders among its endemic species (list in Lowe-
McConnell 1975); in all other African lakes most cichlids are mouthbrooders. 
Why should this be so? 

5. POLYCULTURE AND INTRODUCTIONS 

These field studies have shown that it is quite usual for several species 
of tilapia to share resources in a water body (see Table 1). The main riverine 
fish communities in the soudanian region and Upper Zambezi each have two 
Sarothcrodon species and one or two Tilapia species living together in most 
of the region. The lakes too, unless they dry up (like Lakes Rukwa and 
Chilwa, which each have one species) tend to have three or more tilapias 
sharing resources. The experimental addition of more species to the Lake 
Victoria fauna has led to the decline of the two indigenous species, but five 
tilapias are still present in this lake. In Lake Malawi the unique S. squa
inipinnis species flock (four species) appears to have evolved in response to 
the increasingly openwater conditions available in this lake, in one case by 
the splitting of early and late breeding populations into two species (S. saka 
and S. squainipinnis). In the Cameroon crater Lake Barombi Mbo, coloniza
tions from the river may have recurred at different times, and the resultant 
tilapias have managed to coexist (again possibly by differences in breeding 
seasons, but more information is needed on this). 

In Lake Victoria the coincidental phenomenal rise in lake level appears 
to have helped the introduced species to get established. In a number of 
lakes the indigenous tilapias have thrived better than introduced species, 
for example in Lake Kariba, where despite heavy stockings with S. macrochir 
(albeit from the Kafue, so a riverine form, not the Mweru, lacustrine sub
species intended) it was the indigenous S. mortineri which undlerwent 
a population explosion, while S. inacrochirvanished for many ycarss.low
ever, as ecological conditions change, so may the tilapias; S. macrochir is 
now said to be increasing in Lake Kariba, and S. andersonfi, previously 
unknown from the Middle Zambezi, has been recorded here. Again, in 
the Nyumba ya Mungu reservoir on the Pangani river, it has been the indi
genous tilapias, S. ,angani and S. jipe which have grown so well (to 50 cm 
'TL) and dominated catches, not the introduced S. esculentus or 7'' rendalli. 
And in multispecific stocking of Tanzanian clams, Payne (1974) found the 
indigenous S. esculentus to do better than the introduced S. macrochir; T. 
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established. 
'lhe establishment and dominance of S. mossambictis from pond escapes 

,in Plover Cove Reservoir, ]-long Kong, formerly an arm of the sea, stocked 
with Chirese carps, shows what hardy persistent fish these tilapias are; 
their ability to use many food sources was thought to have contributed 
to their success here. This also emphasizes how easily pond escapes occur, 
and how difficult it may l)e to eradicate a species once it has gained access to 
a water body. 

6. CONCLUSIONS I,'ROM GROWTH STUDIES 

Collated information on tilapia growth from many natural waters indicates: 
a. 	 That within a water body, the different species tend to grow at differ

ent rates, the faster-growing species reaching a larger size (see Figure 4). 
b. 	 The same species will grow at different rates in different water bodies, 

suggesting that environmental differences are more potent than 
genetic differences in determining maturation and maximum size. 

c. 	 Under natural conditions both maturation and maximum size of 
a species tend to be smaller in small bodies of water than in larger ones 
(see Figure 1). 

d. 	 Populations with low weight for length tend to have a lower maturation 
size than populations where the tilapia are in better condition (see 
Figure 2). 

e. 	 Maturation size of a species can change within a water body, e.g., rising 
as lagoon fish escape to the main lake, or falling after intensive fishing 
(as in Lake George), or in low-flood years (as on Kafue flats). 

f. 	 In riverine populations (also in lagoon and aquarium kept-fish) males 
grow larger than mature females, but in lakes males and females of the 
same species may mature at, and grow to, comparable sizes. 

g. 	 The relative growth rates of young and old fish may be different 
in different water bodies. 

h. 	 An extended reproductive season may slow somatic growth. 
i. 	 Both Kafue and Kariba studies indicate that T. rendalli has a higher 

prod uction/biomass ratio than the associated Sarotherodon species. 
Finally, the great plasticity of growth in natural waters shows that tilapia 

growth rates are very greatly affected by environmental and behavioral con
ditions. This suggests that concentrating research on the environmental and 
behavioral factors affecting growth and the switch to reproduction is likely 
to he more helpful for fish culture than a search for faster-growing genetic 
strains. 
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SESSION 2: PHYSIOLOGY 

Chairman's Overview 

D. J. W. MORIARTY 

Tilapias are mainly lacustrine fish and are well adapted to ernclosed waters. 
They produce high yields and thus are an important source of protein 
in many tropical countries. But what are the biological attributes which 
suit them for this role? What is known of the biology of tilapias that would 
improve cultural practices and what gaps are there in our knowledge which 
limit successful culture? The ability of tilapias to utilize blue-green algae has 
been cited-as a major reason for their high yields in shallow tropical lakes, . 
where blue-green algae are often abundant. I think that other factors are also 
involved, but food is obviously important. 

Dr. Bowen examines the nature aad quality of the food 'of tilapias and 
their digestive physiology. All large juveniles and adults feed on plant material 
or detritus. (Zooplankton feeding has been described for S. aureus in Lake 
Kinneret; Spataru and Zorn 1978-Editors.) Some species feed on macro
phytes, but many feed on phytoplankton of detritus. Most of the important, 
cultured tilapias feed on bacteria, especially the blue-green algae (or cyano
bacteria as they are now commonly called). These microorganisms are lysed 
by stomach acid and subsequently digested in the long intestine. Tilapia's 
which feed on macrophytes make use of their especially adapted pharyngeal 
teeth to break open cells, and then digest them by similar methods. 

Tilapias are generally slow moving, and do not need as much energy for 
movement as predatory fish. For rapid synthesis of body protein they 
require a relatively high protein content in their diet. They would get this 
from blue-green algae or bacteria, which have C:N ratios from about 4:1 to 
10:1. Tilapia fry feed on zooplankton and zoobenthos as well as algae and 
bacteria, which they collect around shallow lake margins. It is not known 
whether they can utilize animal protein more efficiently at this stage. As 
they grow larger, they move into deeper water and their preferred diet 
changes to phytoplankton (or macrophytes or detritus in some species). 

Dr. Bowen's work with Sarotherodon mossambicus shows that the fish 
select food with a high nitrogen content. The requirement for nitrogen 
and its supply in the diet is one aspect of feeding biology which needs to 
be investigated in more detail. Tilapias feed at or near the base of the food 
web in natural systems. This fact could be exploited in tilapia culture and it 
may be considered economically wasteful to supply manufactured food to 
tilapias. Many of the phytoplankton-feeding species may not be able to 
utilize readily other forms of food. 

In studying feeding, digestion and growth, temperature is an important 
factor to consider. Dr. Caulton has shown how Tilapia rendalli utilizes 
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temperature variations in its lake environment to maximize growth. By 
constructing careful energy budgets, he has demonstrated that faster growth 
rates were achieved when fish moved into warm inshore areas during the day 
(where feeding and digestion rates were faster) and then retreated to cool, 
deeper areas at night where energy demands were less, than if the fish 
remained at a constant temperature. The conclusion is that yields will be 
much higher in shallow waters where diel temperature changes are more pro
nounced. This temperature effect helps explain some of the distribution of 
tilapias in lakes, but it is probably not the only reason why the fish in Lake 
George, Uganda, are concentrated around the edge. This shallow lake stratifies 
thermally each day, so the fish could obtain more than a 0 C variation in 
temperature by varying their position in the water column. Other environ
mental factors may therefore be involved. 

Temperature also limitE the dirtributon of tilapias. Their inability to 
withstand temperatures much belowi 16'C confines them to tropical or warm 
temperate regions. For culturing tilapias near the limits of their range, 
an optimum water body size and depth is needed, which ideally allows the 
diurnal temperature variation that Caulton has shown and yet which does 
not cool down too much in winter. Many tilapias are euryhaline, which 
increases the potential areas of water available for their culture. Oxygen 
requirements are also important, but' we need more data relating oxygen 
levels and temperature to the energetics of metabolism and the switch from 
growth to retproduction. WI :re there are dense blooms of algae, oxygen may 
be depleted at night or below the photic zone, to the point where respiration 
of the fish is affected. Perhaps an effect of this nature might be part of 
the explanation for preference of tilapias in Lake George for the lake edges, 
where phytoplankton densities are much lower than in the middle of the 
lake. The combination of high temperature and low oxygen levels would be 
stressful and, as Caulton has shown with 7'ilapiarendalli, there is likely to be 
a fine balance between energy supply in the diet and energy losses for 
maintenance. If metabolic losses are too high, or low oxygen availability 
decreases assimilation efficiency and limits energy supply, then growth 
and reproduction will be affected. There is evidence that growth is rapid 
and the onset of sexual maturity is delayed in highly oxygenated water. 

In addition to food, the high reproductive potential of tilapia is an impor
tant factor governing their success in tropical lakes. This also leads to prob
lems, however, because stunting may occur, particularly in overcrowded 
conditions, with attainment of sexual maturity at an early age. Like other 
fish, gametogenesis in tilapias is regulated by the influence of external and 
internal events on the nervous system and by a complex interaction of 
hormones from the hypothalamus, pituitary and the gonads. We need to 
krow a lot more about the biochemistry of the hormones and the physiology 
of repic.duction before practical benefits can flow to culturists. An example 
of the influence of social factors on breeding may be seen in Lake George, 
Uganda. As fishing prr:ssure increased, the minimum size at which females 
reached sexual maturity decreased from 28 cm to 20 cm. As breeding sites 
are limited (becaUse most of the substrate is too soft and flocculent for 
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nest-building), there may be coil';petition for sites and the large fish would be 
dominant. rhus, it may be that occupancy of breeding sites by large fish 
inhibits the onset of sexual maturity, and as the large fish are removed by 
fishing, smaller fish become mature. 
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Tilapias in general do not grow at water temperatures below 160C and are 
not able to survive water temperatures below 10 0 C for than a few clays. Low 
water temperature tolerance limits are: Tilapia sparrinanii 70C, T. rendolli 
I I 0 C, Sarotherofon aureus 8-8.50C, S. vulcai 11-130C and S. mossambicus 
8-10*C. Hybrids between S. nilolicus, S. vulcani, S. hornorum and S. aurcus 
are simila "to S. aureus in their low temperature tolerance. Low temperature 
tolerance is affected by prior acclimation temperatures. Tilapias are tolerant 
to high water temperatures, e.g., 42 0 C for S. ahlalicus grahaoii and ,1llC for 
S. aureus. Tilapiasr are euryhaline and are able to survive, grow and some 
species even reproduce in sea water up to 4 0 %o salinity. The lowest dissolved 
oxygen concentrations survived for short periods by tilapias are 0.1 ppm for 
S. mossambicus and 0.2 ppm for S. aureus. Tilapias are able to tolerate a 
pll range of 5 to .11. S. aureus tolerates a maximum of 2.4 mg/I un-ionized 
ammonia but after exposure to sublethal concentrations can raise this limit 
to 3.,A mg/l. 

Introduction 

Fish of the genera Tilapia and Sarotherodon are native to Africa and 
Israel, the northern limit of their distribution. The tropical origin of tilapias 
is clearly expressed in their ecological physiology, especially in their tem
perature preference during their reproductive period. 

Tilapias become inactive at water temperatures below 16'C, which is the 
minimal temperature for normal growth. Reproduction occurs above 22°C. 
Their adaptation to stable ambient temperature regimes has limited their 
natural distribution to tropical areas. 

In recent years tilapias have been distributed all over the world where 
temperatures are suitable for their growth and reproduction. In many parts of 
the world tilapias have been introduced for vegetation control, pond culture 
and recreational fishing. They have become established in numerous lakes in 
Florida, California and Texas where winter temperatures are not limiting. 
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They also occur in other regions of the U.S.A. in water bodies which are 
warmed above normal ambient temperature during the winter by geothermal 
water sources or artificial heating in conjunction with the operation of 
power plants. Some tilapias have excellent aquaculture potential because of 
their fast growth, herbivorous or omnivorous feeding habits, high food 
conversion efficiency, high tolerance to low water quality, ease of spawning, 
ease of handling, resistance to disease and parasites and good consumer 
acceptance.
 

Temperature 

One of the problems of using tilapia for pond culture is their inability, in 
general, to survive water temperatures below 10'C for more than a few days. 
The influence of temperature on survival and growth has been studied 
through field observations, laboratory investigations and a few physiological 
experiments designed specifically to determine thermal effects,-oThere is- a ... 
large variation in tlhe reports of thermal tolerance in tilapias, stemming from 
a lack of standardized methods. Other variations in results might be attributed 
to differences in: 1) acclimation time, 2) water quality such as totalidissolved 
oxygen (DO), total dissolved solids and salinity, 3) age, size, sex and health 
of the fish, and 4) duration of the drop in temperature. 

Activity and feeding of tilapias become reduced below 200C and feeding 
stops completely around 16°C. Although tilapias may be able to resist short
term exposure (a few hours) to temperatures of 7 to 10'C,death can occur 
(in some species) at temperatures as high as 120C after long-term exposure. 

Some tilapias are more tolerant to low temperatures than others. Tilapia 
sparrmanii is a hardy fish, capable of withstanding much lower temperatures 
than those tolerated by other species. The lowest water temperature tolerance 
recorded for this species was 70C in Zambia (Maar et al. 1966) and the same 
temperature was recorded in South Africa (Hofstede 1955). T. rendalli was 
able to survive a temperature of 110C in Zambia (Sklower 1955). 

Of the mouthbrooding fish, Sarotherodon aureus seems to be the most 
resistant to low temperature. Yashouv (1960) found that at temperatures 
below 100C, S. aureus (reported as T. nilotica)ceases all motion, while at 6 to 
70 C it loses its ability to maintain body position. However, when exposed 
to low temperatures for only a few hours the fish recovers. Sarig (1969) 
found that local S. aureus in Israel was able to tolerate temperatures of 
8.0 to 8.50C. S. vulcani, which was introduced to Israel from Lake Rudolf, 
dies at temperatures of 11 to 13C. On the other hand, its hybrid with 
S. aureus had a lower temperature tolerance limit of 8.0 to 9.00C. Denzer 
(1968) recorded a temperature of 110C as the lower lethal limit of S. nilo
ticus. Chervinski and Lahav (1976) showed that the hybrids between S. 
niloticus - x S. aureus d and S. vulcani x S. aureus d have temperature 
limits similar to S. aureus. Similar experiments conducted by Lee (1979) 
showed that S. aureus is more tolerant to low temperature (6.70C) (criteria, 
50% of the fish lost equilibrium) than S. hornorum (10.0°C) and S. niloticus 
(7.8°C). The crosses between S. niloticus 9 x S. azureus d and S. hornoruln9 
x S. aureus d were similar to S. aureus in their low temperature tolerance. 
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Another factor that affect, low temperature tolerance of tilapias is the 
thermal history (acclimation) before exposure to low temperature. Chervinski 
and Lahav (1976) found that S. aureus acclimated to 28°C for two weeks 
began to die at 110C while those acclimated to 18'C (for two weeks) began 
to die only at 90C. 

S. mossambicus is killed between 8 and 10'C (Chimits 1957). The mini
mum temperature at which the fish ceases to feed is 15.6°C and 100% mor
tality occurs at 8.3 to 9.4°C (Kelly 1956), Lower temperature tolerance 
(5.5°C) was reported for S. mossambicus in Hanoi, Viet Nam (Li et al. 
1961). The influence of salinity on the lower temperature tolerance limits 
of S. mossambicus was investigated by Allanson et al. (1971). They found 
that S. mossambicus tolerated 11°C in 5%c saline water but when in fresh
water it could not survive at that temperature. It was suggested by Allan
son et al. (971) that the ability of S. mossambicus to withstand low tem
perature is correlated with the maintenance of high plasma sodium and 
chloride concentrations. 

In contrast to their limited low temperature tolerance, tilapias are very 
tolerant to high water temperatures. S. alcalicus grahami, which lives in the 
hot springs of Lake Magadi, Kenya, tolerated temperatures up to 42°C (Coe 
1966). A similar resistance to high temperatures (up to 420C) was found in 
S. shiranuschihvae (Morgan 1972). Gleastine (1974) reported a low level of 
mortality at 41'C for S. aureus.The upper lethal limit for S. niloticus was 
also determined to be 42'C (Denzer 1968), while the upper median lethal 
temperature was 38.2°C for S. mossambicus (Allanson and Noble 1964). 

Experiments conducted by Beamish (1970), using S. niloticus, showed 
that the temperature preferendum was 30'C when the fish was acclimated 
to temperatures between 15 and 30'C. A lower preferendum of 280C was 
found when the fish was acclimated to 35CC. 

Salinity 

It is assumed that tilapias evolved from a marine ancestor and that their 
penetration to fresh water is secondary (Myers 1938; Steinitz 1954). This 
may account for marked euryhalinity of certain species (Chervinski 1961a). 

S. aureus is able to survive direct transfer from freshwater to 60 to 70% 
sea water (20.2 to 25.0%o salinity) and through gradual adaptation is able to 
withstand up to 150% sea water (Lotan 1960). Tihe growth and survival of S. 
aureus and S. galilaeus in brackishwater have been studied in small-scale 
experiments in aquaria, concrete tanks and earth ponds (Chervinski 1961a, 
1961b, 1961c, 1966). The growth of S. aureus in seawater ponds investigated 
by Chervinski and Yashouv (1971) was found not to differ significantly from 
that in freshwater. Good growth of F1 hybrid offspring of the cross S. 
niloticus 9 x S, aureus 6 in brackishwater ponds was found by Fishelson and 
Popper (1968) and Loya and Fishelsi,, (1969). 

S. mossambicus is euryhaline and grows and reproduccs in fresh, brackish 
and seawater. According to Vaas and Hollfstede (1.952) reproduction does not 
occur in salinities between 30 and 40%r. lowever, -lora and Pillay (1962) 
found that rel)roduction occurred in seawater up to a salinity of 35%o. Recent 



122 
observtions by Popper and Lichatowich (1975) showed that in seawater 
ponds in Fiji. S. mnossambicus is able to reproduce at salinities of 49%o. Fry of 
S. mossambicus were found to live and be in good healthy condition at 
salinities of 69%o (Potts et al. 1967). These differences may be attributed to 
different races of S. mossambicus. 

Tilapia zilii was found to reproduce in Lake Qarun (Egypt) in salinities 
between 10 to 26% (El Zarka et al. 1970a). T,zillii was found in the Red Sea 
at salinities of 42.7%o (Bayouni 1969) and in the hypersaline Bardawil 
Lagoon at salinities of 41 to 45%o(Chervinski 1972). 

Neither S. aureus nor T. zillii reproduces in sea water. In addition no 
.lest building occurs and the gonadosomatic index dropped in S. aureus 
(Chervinski and Yashouv 1971; Chervinski and Zorn 1974). This fact can be 
used to control wild spawning of these species. The high tolerance of S. 
aureus, S. mossarnbicus, S. galilaeus and T.zilii for seawater was attributed 
by Morgan (1972) to their natural habitat in estuaries and the lower reaches 
of rivers. 

Other Water Quality Parameters 

D,1SOLVED OXYGEN 

Due to their tolerance to poor water quality, tilapias are found in habitats 
which most other fish genera are unable to inhabit. Even under conditions of 
heavy feeding, fertilization and manuring no mortality occurs. 

The lowest short-term DO limit recorded for a tilapia is 0.1 ppm DO for 
S. mossambicus(Maruyama 1958) and S. niloticus (Magid and Babiker 1975), 
S. niloticus 9 x S. hornorunm d hybrids tolerate 0.3 pp-1 DO (Lovshin et al. 
1974). Experiments conducted at Texas A&M University using fresh chicken 
manure to fertilize ponds at a rate of 2,760 hens per hectare of pond water 
showed DO's at dawn: 0.4 to 0.8 ppm. A correlation was found between the 
low DO measurements at dawn and reduced growth in S. aureus (McGeachin 
pers. comm.). 

Studies by Job (1969a, 1969b) showed that the respiration of S. mossain
bicus was indepenlent of DO at temperatures between 15 and 30'C until the 
partial pressure of oxygen dropped to 50 mm I-Ig, equivalent to 32%satura
tion. Below this level the metabolic rate became dependent on available 
oxygen. Similar results were shown by Rappaport et al. (1976) who found 
that the growth of tilapia and carp is reduced below 25% oxygen saturation. 
Mortality occurs when oxygen remains below 20% saturation for more tian 
2 to 3 days, 

It seems that tilapias are able to tolerate DO's as low as 1 ppm. Below this 
level they may utilize atmospheriv oxygen. Stickney e al. (1977) reported 
that S. aureus reared in ponds receiving swine wastes experienced heavy 
mortality when the pond surface became covered with duckweed, possibly 
because its ability to utilize atmospheric oxygen was restricted. A well
known phenonmenon in harvesting tilapia ponds is the fact that tilapias can 
survive for several days in small mud puddles with little ill effect. 
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pH 

Most pH values associated with tilapia growth come from pond observa
tions. Swingle (1961) summarized the relationship between pH and fish 
culture. He found that the lethal acidic limit is approximately pH 4 and the 
alkaline limit is pH 11. Huet (1971) recommended pH 7 to 8 for culture. 
Bardach et al. (1972) stated that tilapias did not grow in the acid waters of 
West Congo. S. alcalicus grahami in Lake Magadi, Kenya was found to 
tolerate pH 5 to 11 without any adverse effect. Lovshin et al. (1977) re
ported a pH range in culture ponds in Brazil from a minimum of pH 7.7 
in the morning to over pH 10 in the afternoon. Experiments conducted at 
the Aquaculture Research Center of Texas A&M University, showed that 
S. aureus tolerated a pH range of 7.5 to 10.2 in tanks receiving chicken 
manure (McGeachin pers. comm.). Also in ponds receiving chicken manure 
(100 kg/ha/day of dry matter) the pH ranged between 7.2 and 9.3 at 11:00 
A.M. (Burns and Stickney 1980). 

AMMONIA 

Fish excrete most of their nitrogenous waste through the gills in the form 
of ammonia, Excreted ammonia exists in water in equilibrium between the 
un-ionized NH 3 (toxic to fish) and ammonium ions NH4+ which are not 
toxic. The toxicity ofun-ionized ammonia depends on the DO. When the DO 
is low un-ionized ammonia is toxic at a lower concentration. The toxicity of 
NI-I3 also decreases with increasing C0 2 ; this depresses the pH which shifts 

+the NH 3 /NH equilibrium. 
The influence of un-ionized NI 3 on S. aureus was investigated by Fedner 

and Stickney (1979). The 48-hour median lethal concentration (LC 5 0 ) was 
2.4 ppm. When fish were acclimated to sublethal concentration3 (0.43 to 
0.53 ppm) for 35 days, a concentration as high as 3.4 mg/I caused no mortal
ity within 48 hours. This pattern is important when heavy feeding, fertiliZa
tion and manuring are being applied in intensive pond culture. The maxi
mum total ammonia tolerated by S. aureus in experimental ponds receiving 
fresh chicken manure from 2,760 hens per hectare was 11 ppm at pH 8 and 
27"C. The amount of the un-ionized ammonia present was 0.75 ppm (McGea
chin pers. comm.). Burns and Stickney (1980) reported the total ammonia 
level recorded with 4,000 hens per hectare to be 2.4 ppm, which appears low. 
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Tablh 1. Salinity tolerance of Sarolherodon and Tilapia species. 

Salinity
 
Comments 


S, aurvI(s 

6 Grew and reproduced in brackishwater 
ponds 

10 Growth was nearly equal to that in 
freshwater ponds; greater mortalities 
inl brackishwater 

18.9 	 Reproduced in brackishwater 
20-25 Survived direct transfer from freshwater 

36.6-4..6 Grew well; failed to reproduce 
53.5 	 Able to survive through gradual 


adaptation
 

S alilacus 

10-26 	 Thrived and bred naturally 
19.5 	 Thrived and grew after direct transfer 

from freshwater 

S. eossainbicus 

30 Grew well and reproduced in ponds 

30-10 No reproduction 


35 Reproduced 

•19 	 Reproduced 

7. zillii 

11-29 Thrived and reproduced ; survived 
better than S. aureus and S. nilolicus 

23.--27.3 Maximum salinity tolerated after 
direct transfer from freshwater 

39 Was able to tolerate this through 
gradual adaptation 

38.8- -3.7 	 Acclimated to this salinity; Grew 
better than S. aureus; Did not 
reproduce 

42.8 Found in the Red Sea 

.11-45 Found in the hypersaline Bardawil 


Lagoon 

Source 

Chervinski (1966) 

Chervinski (1961b)
 
Ltan (1960)
 
Chervinski and Yashouv (1971)
 
Lotan (1960)
 

EI-Zarka et al. (1970a)
 
Chervinski (1961c)
 

Chimits (1957)
 
Vaas and Hofstede (1952)
 
Hora and Pillay (1962)
 
Popper and Lichatowich (1975)
 

EI-Zarka et al, (1970a)
 

Chervinski 	 and Hering (1973)
 

Chervinski 	 and Zorn (1974)
 

Bayoumi (1969)
 
Chervinski and Hering (1973)
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Table 2. Lowe- temperature limits ('C) recorded for Sarotherodonspecies. 

Temperature 
(0C) Comments 

S. aureus 

5 

6-7 

8 

8-8.5 
9 

11 

11 

5.6 

Survived in ponds when temperature 
dropped for a short time 
Survived in ponds when temperature 
dropped for a short time 
Survived this temperature for a short 
time in laboratory 
Died under experimental conditions 
Began to die: previously acclimated 
at 18°C for two weeks 
Began to die: previously acclimated 
at 28 0 C for two weeks 
Higher survival when kept in 5%o 
salinity than in fresh water (0.4%() 
Died: previously acclimated to 21 0 C 
for 2 days. (Drop in temperature 
0.8 0 C/1 hour) 

S. galilaeus 

8 Survived in laboratory when exposed 
to this temperature for a short time, 
Lost equilibrium when exposed to 
7.50C for a short time. 

S. mossanmbicus 

5.5 
8-10 

8.3-9.4 
9-12 

Tolerated 
Total mortality 
Did not survive these temperatures 
in fresh water; at 110 C, disorienta
tion; survive] 11C in 5%,, salinity 

S. niloticus 

6.7 
11 

Determined experimentally 
Determined experimentally 

Discussion 

Source 

Yashouv (1960) 

Chervinski (unpublished) 

Yashouv (1960) 

Sarig (1969)
 
Chervinski and Lahav (1976)
 

Lee (1979)
 

Yashouv (1960)
 

Li et al. (1961)
 
Chimits (1957)
 
Kelly (1956)
 
Allanson et al. (1971)
 

Lee (1979)
 
Denzer (1968); Chervinski
 
and Lahav (1976)
 

LOVSHIN: My experience of tilapias is that they toi much better in waters with a high 
p1l. At, pll 5 to 6 or below, they hecome sick and lethargic and (1) not grow very well. 
Tihlpias are found in the Zaii'e Congo Basin anyway, where the p1l of some Iributairivs 
can get doWnl to around 5; tilapias can live in waters of low pit, and I would like to 
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know iC any one has anyv information on tilapias in ijow pi waters. My observations 
sliggest lha t ih' sarotherodons are alkaline water fish and if we attempt to raise tiem in 
acid waters they will not respond well, quite apart from the low productivity. Are there 
tilapias whiel do well and spawn in low 1) I situations? [Tilapias are generally absent from 
most of the Central basin of the Congo, the forested part (Trewavas, pers. comm.), but 
Dubois (1959) reported 'T'. congica living in Lake Tumba, ZaTre, where tile pH is 4.5 to 5.0 
(se' lhilippart, this volunile) I. 

LOWE-McCONNELL: I do not think they get into very low p1 i, but I have pl's for S. 
Sil, ticuS. Solnit' of tileIagoonis Itave Jpi's around 9. 

RO I'RTS: We keep our experimental populations in Scotland in tap water at pil's of 
6.4I to 6.8. 

IIElIER: What about higi pli's? F'or example, 10.2 was mentioned. What is the source 
of this high pi? Is it caused by a iuctuation in the hi-carbonate cycle or by deposits of 
sodium carbonate? A pli as high as 10.2 may aftfect tilapias. 

iEVINSKI: factCII E fI we are talking about fluctuations of pi1. 

IIEPIIEIR: That is all right. Most fish will tolerate those levels. The main question is, 
can you construct tilapia ponds ina swamIpy area which has acid soils? 

LOWE-McCONNEL: Dr. Prowse at Malacca had tilapia in ponds at very low pli's; I 
think around 2 to 4 ori smetiing of that or(er. It' you look in the Malacca reports, you 
will find all the datia. These were acid lands which were of little use for anything else but 
tiogrow fish lie was liming them. I don't know what the p1H was after he limed them. 

'AUiLION: I would like to comment ott an unusual aspect of environmental adaptation 
Shown by S. mussuot hicus. I have been informed by a reliable source of three reports of 
live S. ,ioss;nhicus leing dug Out of appatently dry river beds in Zimbabwe. These 
reports have never beet scientifically verified, but I am quite happy with their reliability. 
Il ill instaine's, t.,suIrface water was present yet the fish survived in the damp subsurface 
moisture as deep as 50 em below tile surface. The fish have obviously adapted Lo a 
severelv niodiried nicroenvironmentt an! appear t remain alive under extremely adverse 
conditions. All at tempts at recreating these conditions in the laboratory have, however, 
resulted intotal mortality. 

CIlE!RVINSKI: It is known by fish culturi:;ts that when you drain ponds, tilapias call 
withist and very low oxygen levels iti the mud. After otie ot two days. when you put, the 
watr back again, they will revive, 

IliEPlI ER: But that is not dry. 

CiHEi.VINSIKI: No, but still Ihe oxygen is still very low, and it may be that tilapias 
are able to tse atmoslherie oxygten. We see them in ponds going up to tilesurface and 
Swallrwing air. \V, have (lone some sriall experitnents and showed thfat when tilapias 
cannot reaclh the surfae, tiher is a lot of mortality. 

ROBIE'TS: I would liki' to eoinietit oti the pll toleranevs. In Momlhasa, Haller has 
stocks of Sa(Jrthe')dotn alc'lics grathami. They will niot survive inany p11 below 9 and 
live at pi I1() or 12 without any ditficulty. Also, I cannot agree with Dr. Chervinski that 
l'"r's of' (')2 :are11 ttirt t We, have a very Coinsiderahle problem in several places 
wilere high CCO,waiter sulp)plivs 'ttso nliliroeal'itiosis 

(HIlERVINSKI: I agree (O, ein be very important, but in the work I was discussing,hillt 

lowered (), is Ii'ir'' ilportlill.. '1hefil aillavii high CO 2 wate'rs. 

(;I.'l*IRI 1111: I would like to tgiv', s0ti10 il[ortntattill alout tiltpia Culture in the Plilip
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pines where people are working a great deal in brackishwater. At salinities between 15 
and 30%o, S. niloticus do not reproduce. They seem to grow better at 15/0. 

HEPHER: But S. ,aossambicuswill spawn in seawater. 

CHERVINSKI: Tilapia zilli, S. aureus and S. nilolicusare all very salt tolerant. 

TREWAVAS: It is interesting that T. zillii can tolerate high salinities in, for example. 
Lake Qarun (Egypt), but appears unable to do so in West Africa where it is replaced by 
T. guineensis. 

MIRES: North of Eilat in Israel, hybridization between S. niloticus females and S. aureus 
males is very difficult in salinities of 20%oand above. 

AVTALION: Is there any evidence that environmental parameters can affect the sex 

ratio of tile progeny? 

MIRES: Not to my knowledge. Temperature, at least, appears to have no influence. 

HENDERSON: I would be suspicious of drawing any general conclusions from the 
effects of varying salinity on reproduction. There are so many physiological factors 
involved. 

PULLIN: I was interested to hear you talk about oxygen tolerance. I believe you said 
that when a culturist who subjected his fish to low oxygen conditions such as early 
morning dissolved oxygen (DO) of around 0.1 ppm the fish suffered growth depression, 
and could not make this up even if the oxygen levels went back to normal during the day. 
We sometimes get DO's as low or lower than this for several hours in manured ponds in 
the Philippines. 

CHERVINSKI: With experiments conducted with Sarotherodon aureus it has been 
shown that there is a correlation between low oxygen in the early morning and growth. 

PULLIN: Twenty-four hour records of oxygen levels are essential in experimental 
work. 

MORIARTY: The important point to consider here is, I think, the interaction between 
temperature and oxygen. As the temperature goes up, the fish are going to have a higher 
oxygen demand and be much more stressed. We did have a fish kill some time ago in Lake 
George, Uganda, but it was in the center of the lake where the plankton densities were 
highest, not around the edges. It happened at night. The tilapias could have come to the 
surface and breathed air, None of the air breathing species died. In Lake George, the 
temperatures are very high. The lethal stress was therefore the high temperature and 
the high oxygen demand when the oxygen levels are already low. 

CAULTON: I would like to make one point which is not often considered. The oxygen 
stored in the swimbladder can, in S. mossambicus, sustain metabolism for some time. My 
estimates are that a fish of 400 g may survive for as long as 30 minutes using this oxygen 
at 25 0 C. Obviously, the greater the depth that the fish is found in, the greater the volume 
of oxygen available. Similarly, the lower the temperature and the larger the fish, the 
longer the supply could last. 

LOVSIIIN: I used to think that tilapias utilized atmospheric oxygen a lot but now I 
doubt it. I think rather that they come up to the surface film where the dissolved oxygen 
is high and flush their gills with this water to get enough oxygen to survive. If they do not 
have access to the surface or are crowded in cages, they die very quickly at low DO's. 
I think I have read somewhere that tilapia have the ability to lower their metabolism 
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when DO's go down to a certain level. I have seen this in the basic studies we have carried 
out in Brazil. The fish have the appearance of being dead, but they are not, and the 
amount of oxygen in the surface layers is enough to keep them going as long as they have 
contaci with it. 
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Works dealing with the external and internal factors which regulate repro
ductive efficiency in Tilapia and Sarotherodon are reviewed. Gametogenesis, 
although presenting the same general features as in most other teleosts is 
characterized by a low production of gametes related to the high efficiency 
of parental care: in substrate-spawners (Tilapia) the number of small sticky 
eggs is approximately related to the cube of body length, whereas in mouth
brooders (Sarotherodon), eggs are bigger, not sticky, and their number is 
related to the square of body length. 

Both groups seem to exhibit a capacity for precocious sexual maturation, 
the reason for which is not clear. There is also unlimited successive breeding 
through whole populations in equatorial areas and an increased tendency for 
seasonal breeding with increasing latitude, with maximum activity during 
maximum temperature and light intensity. When temperatures exhibit seasonal 
variations of large magnitude, low temperature (15 to 22 0 C) inhibits repro
duction during part of the year. Social factors have been shown to enhance 
spawning frequency and might also influence sexual precocity through mech
anisms which need further work. 

Despite some attempts, specific tilapia gonadotropins have not yet been 
satisfactorily purified; the ubiquity of specific prulactins in controlling both 
osmoregulation and parental care behavior must be confirmed, and their pos
sible inhibitory action on gametogenesis need investigation. The precise 
nature of steroids which mediate the pituitary action during different phases 
of the reproductive cycle also needs more research. 

Introduction 

The efficiency of reproduction in Tilapia and Sarotherodon has paradox
ical consequences: on one hand, this aptitude which allows easy and rapid 
propagation in various tropical and subtropical environments, partially 
explains the economic interest in these species for fish culture; on the other 
hand this reproductive efficiency can be a source of problems because 
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uncontrolled multiplication within a limited environment in situations of 
food competition is liable to produce dwarf fish populations, of little value. 

The behavioral patterns which occur after spawning and which charac
terize substrate-spawners (Tilapia) and mouthbrooders (Sarotherodon) have 
been described and discussed by numerous authors (Lowe-McConnell 1959; 
Perrone and Zaret 1979). Whatever the role of each sex in brood care, which 
differs among species, this care provides an efficient protection for eggs and 
fly against predators, and contributes greatly to the reproductive efficiency 
of these species. However, the physiological mechanisms which control 
parental care behaviour are poorly understood. 

Another aspect of the reproductive efficiency of tilapias is precocious 
sexual maturation which can occur as early as 3 months in some species 
(McBay 1961; Arrignon 1969) and depends probably, in addition to genetic 
factors, on environmental factors like temperature (Hyder 1970a; Siddiqui 
1979a), food availability, social factors, etc. Precise data based on exper
imentation are generally lacking. 

As soon as sexual maturity is attained, and provided temperature is 
suitable, most cichlid females are able to undergo successive breeding cycles, 
producing new broods at 4 to 6 week intervals. This usually results in a con
tinuous production of fry throughout a population, with the exception of 
certain environments subject to substantial seasonal variations (Moreau 
1979). But the relative asynchrony between the sexual cycles of individual 
females can be a problem when mass production of homogenous fry is 
required for intensive fish farming. 

Thus, for practical reasons dictated by fish farming conditions, it would 
often be advantageous either to inhibit or delay sexual maturation, or in 
some cases to favor synchronous spawning and breeding for mass production 
of fry. 

This paper reviews the external and internal factors which seem to be 
involved in the control of different stages of the reproductive cycles of 
cichlids, to suggest practical means for artificial control. As literature in the 
field of cichlid reproductive physiology is scattered, references will be made, 
when necessary, to the present state of knowledge in other teleosts. For 
more detailed information concerning reproductive physiology and endo
crinology in fish, see recent reviews by Dodd (1975), Fontaine (1976), 
Jalabert (1976), Olivereau (1977), Callard et al. (1978), Peter (1978), Billard 
et al. (1978) and Breton et al. (1980). 

General Characteristics of Gametogenesis 

Sexual differentiation of the gonad into a juvenile testis or ovary with a 
characteristic morphology occurs very early in Tilapia(Yoshikawa and Oguri 
1978) and in Sarotherodon (Nakamura and Takahashi 1973), around 15 to 
30 days after fertilization (at 23 to 25°C). Sexual maturity can be then 
completed after a few months. 

Gametogenesis in cichlids appears to present the same general features 
as in most other teleosts and lower vertebrates, whether in males or in 
females (Barr 1968; Hoar 1969). Thus some stages in the following de
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scription are taken from noncichlids. All the available information suggests 
that this is valid (Dadzie 1969; Hyder 1970a, 1970b; Polder 1971; Von Kraft 

and Peters 1963; Hodgkiss and Man 1978; Babiker and Ibraliim 1979; Moreau 
1979b). 

In males, the testis possesses a stock of undifferentiated gonial cells 

(type A) which originates from the primordial germ cells of the embryo 

through mitotic divisions. Active spermatogenesis begins with the isolation 

of type A spermatogonia, each one surrounded by a few somatic cells, 

followed by successive synchronous mitotic divisions of spermatogonia (type 

B), while surrounding somatic cells divide to form a continuous layer of 

cells, called "Sertoli cells". This process results in numerous cylLts of cells 

throughout the testis. After an unknown number of spermatogonial mitotic 

divisions, meiosis occurs synchronously for each cyst, each spermatogonium 

then producing four spermatids which will differentiate into spermatozoa 

(spermiogenesis). Cyst evolution occurs along testicular lobules which are 
separated from each other by fibroblast cells and inILerstitial tissue. The latter 

is particularly well developed in cichlids in comparison with some other 
teleosts. Spermiation occurs when spermatozoa are released from cysts after 

separation of the Sertoli cells, first into the lobules and then into the vas 
deferens. 

In female teleosts, the ovaries contain a stock of undifferentiated oogonia 

which seems to be renewed by mitotic divisions throughout life unlike 

higher vertebrates. For example, unilateral ovariectomy stimulates oogonial 

mitosis in the remnant ovary of Sarotherodon aureus (Dadzie and Hyder 

1976). Some oogonia begin a meiotic division but remain at arrested pro

phase (primary oocytes). Each primary oocyte increases in size and is pro

gressively surrounded by layers of somatic cells: inner granulosa cells which 
form a monolayer directly in contact with the thickening outer oocyte 

envelope (the zona radiata, i.e., the future chorion) and an outer theca, made 

of several layers of fibroblasts penetrated by capillaries. The theca forms the 

external cellular envelope of the ovarian follicle. The morphology of ovarian 

follicles in Tilapia and Sarotherodon has been well described by Von Kraft 
and Peters (1963). 

Oocyte growth can be divided into two main phases: first, the previtel
logenic phase when si;'e increases (up to 0.6 to 0.9 mm diameter in S. 

niloticus) which is considered to be the result of synthesis occurring mainly 

within the oocytes (endogenous vitellogenesis) and second, the vitellogenic 

phase which results from the rapid accumulation, after minor biochemical 

modifications, of "vitellogenin": a lipophosphoprotein which is synthesized 
in the liver, released into the blood and incorporated into the oocytes by 

micropinocytosis (exogenous vitellogenesis or yolk deposition). At the end 
of vitellogenesis, meiosis resumes: a general process called oocyte matura
tion, characterized by completion of the first meiotic division, with first 

polar body emission, which is accompanied by important changes in the 
gross morphology of yolk and cytoplasm just before ovulation (expulsion 
of mature secondary oocyte from the follicle). Oocyte maturation ends only 

after sperm penetration with the second meiotic division and second polar 
body emission. 
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In contrast to the spherical shape of the mature egg in most teleosts, 

Tilapia and Sarotherodon eggs are ovoid. In substrate-spawners (Tilapia), 

ovulation is accompanied by the production of sticky material (probably 

mucopolysaccharides), which seems to be secreted by the granulosa, from 
light microscope evidence (Von Kraft and Peters 1953) and electron micro
scope observations (Nicholls and Maple 1972). This sticky substance is 

deposited around special threads emerging from the zona radiata of oocytes 
(Von Kraft and Peters 1963), and glues all the eggs into one mass which 
sticks to the substrate. In mouthbrooders (Sarotherodon) eggs are usually 
not embedded in these sticky threads, with the exception of S. galilaeus 
which leaves the eggs some minutes on the substrate before commencing 
mouthbrooding (Fishelson 1966b). 

As discussed by Perrone and Zaret (1979), egg size and fecundity in fish are 

strongly related to parental care patterns. In Tilapia and Sarotherodon, 
whose behavior provides a high level of parental care, production of gametes 
is rather low. In males, testis weight is very-low compared to that of other 
teleosts without parental care (Peters 1971), whereas in females the number 
of eggs per spawning is of the order of hundreds in Sarotherodon,and a few 
thousand in Tilapia (Peters 1963): very different from the millions of pelagic 
eggs produced by some species without parental care. In tilapias, as in other 
teleosts, fecundity, egg size and egg weight usually increase with female 
size: egg production increases approximatively in relation to the square of 
body length in Sarotherodon and in relation to the cube of the length in 
Tilapia zillii as discussed by Welcomme (1967b). 

The temporal patterns and rhythmicity of gametogenesis have been much 
studied in Tilapia and Sarotherodon. Individual females spawn succes
sively, either during a defined breeding season or year-round, with a few 
weeks interval between spawnings (Moreau 1979): this requires either 
rapid or continuous gametogenesis. In both sexes successive waves of gameto
genesis have been demonstrated (Von Kraft and Peters 1963; Peters 1963; 
Dadzie 1969; Moreau 1971, 1979; Hyder 1970a; Bruton and Boltt 1975; 
Siddiqui 1977b, 1979a; Babiker and Ibrahim 1979). 

In females some doubt remains as to the stage from which a new wave of 
oocytes develops to prepare for the next spawning. Some authors (Von Kraft 
and Peters 1963; Peters 1963; Hyder 1970a) have reported that the next 
wave of oocytes is already in the process of active vitellogenesis in spent fish 
just after spawning, but some other evidence suggests that each new batch 
arises from a stock of previtellogenic oocytes (Silverman 1978a, 1978b; 
Moreau 1979). This dubious point may be due to imprecisions in the exact 
definition of active vitellogenesis (or exogenous vitellogenesis, i.e., under 
pituitary control), to differences in species, and to enviromental differences. 
For example, Moreau (1979) showed that the mean interval which separates 
the last two successive waves of oocytes in Tilapia rendalli is different in two 
different lakes. This point, however, would need more precise observation 
and experimentation to understand the underlying endocrinological mech
anisms (see below), particularly in species where the female exhibits brood 
care behavior after spawning, during which ovarian growth might be in
hibited. 
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In males, spermatogenesis is reported to occur continuously, the testis 

containing cysts at a0,different stages, in both Sarotherodon (Dadzie 1969; 
Hyder 1970a, 1970b;"Moreau 1979) and Tilapia (Moreau 1979), but quan
tification reveals that substantial variations can occur in the intensity of 
spermatogenesis in marginal temperature conditions (Moreau 1979). Methods 
of quantification (Billard et a. 1974) should be used more extensively to 
assess spermatogenetic continuity. As in the case of females, this would 
tdlow investigation of the occurrence of any post-spawning inhibition in 
species where the male exhibits brood care behavior, 

The Role of Environmental Factors in the Regulation 
of Reproductive Activity 

In most teleosts, spawning periods appear to be adjusted to (and by) 
environmental factors (photoperiod,- temperature, salinity, rainfall, etc.) so 
that they are suitable for rearing offspring (de Vlaming 1974). Fish of 
temperate zones, where photoperiod and temperature variations are of great 
magnitude, spawn during a limited period of the year, and only once in most 
cases. In equatorial and tropical regions, where these variations are more 
limited, temperature is rarely a limiting factor, but considerable environ
mental changes can occur which might inhibit or favor offspring survival, 
favoring related adaptations (for example rainfall and cloud cover during the 
rainy season). 

Tilapia and Sarotherodon species are abundant in both equatorial regiors 
and subtropical regions as well as the mediterranean and have even been in
troduced into environments which can be considered as marginal, for at least 
a part of the year, especially with respect to low temperature tolerance. This 
is the case in lakes at high altitude in Madagascar (Moreau 1971, 1979). Here 
the low temperatures encountered are very different from those in the 
original habitats of tilapias and the response in breeding patterns may be 
considered ts the limit of a tendency. Sarotherodonand Tilapia extend their 
breeding seasons for as long as temperature is favorable. During the cold 
season spermatogenesis is greatly retarded but all its developmental stages 
remain present in the testis. In females, on the contrary, exogenous vitello
genesis seems to be completely inhibited by low temperatures and all yolk
laden oocytes disappear. 

In more appropriate environmental conditions, such as equatorial lakes 
and ponds, S. niloticus was found to breed throughout the year, though 
the number of breeding fish was slightly higher during the wet season (Lowe 
(McConnell) 1958). In areas distant from the equator, the same species exhib
its a well defined breeding season, spawning mainly during the warmest and 
most sunny season (Lowe (McConnell) 1958). Among Tilapia, 7'. zilli in 
equatorial lakes shows no rlprod uCtive seasonality ad individual fish 
spawn successively year-round (Siddiqui 1979a). On the other hand, the 
same sl)ecies in northern areas presents a definite seasonal breeding, spawning 
during the )(riod of inaximuin water temperature and maximum light (Ben 
Tuvia 1959; Fishelsoti 1966a, 1966b: Siddiqui 1977b). 
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However, the assumption that no reproductive seasonality occurs in 

equatorial areas might even be questioned in regard to the precision and 
the validity of the method of appreciation, if we consider the contradictions 
between Ilyder (1969, 1970a) and Siddiqui (1977b) concerning S. leuco
stictus in the same equatorial lake: the first studies show a seasonal variation 
in breeding activity, while the latter denies this finding and concludes that 
breeding is non-seasonal. 

It seems therefore that Tilapia and Sarotherodon have a capacity for 
unlimited successive breeding (at least when the whole population is con
sidered) in equatorial regions and an increased tendency for seasonality 
with increasing latitude, with maximum reproductive activity during periods 
of maximum temperature and clay light. The effects of seasonal rainfall 
cannot, however, be excluded (Aronson 1957; Lowe (McConnell) 1958; 
Lowe-McConnell 1959; Hyder 1969, 1970a; Marshall 1979a, 1979b; Moreau 
1979) but these remain controversial, probably because of differences 
between species. . 

It remains difficult to assess which are the key factors to stimulate, 
inhibit, or exert any regulation on the various stages of the breeding cycles 
of Tilapia and ',arotherodon.This uncertainty is due in part to the absences 
of any ex)erimental study to dissociate the role of separate environmental 
factors, and also part to the imprecise methods which have been used to 
determine the different parameters relative to the intensity of reproductive 
activity. 

The Role of Social Factors in the Regulation 
of Reproductive Activity 

Social interactions are known to influence some parameters of reproduc
tion, particuiarly the timing of first sexual maturation, spawning frequency 
and fecundity. In cichlids, spawning frequency is increased by different 
sensory stimulations coming from conspecific fishes, e.g., visual stimuli, 
sound production, lateral line contacts and probably chemical communication 
(.\ronson 1945, 1951; Polder 1971; Marshall 1972; Chien 1973). 

In some Sarotherodon species the female is able to spawn regularly even 
wh en isolated, but shows increased interspawning intervals compared to 
non-isolated females (Aronson 1945; Marshall 1972; Silverman 1978a, 
1979b). In S. mossambicus Silverman (1978a, 1978b) was able to dissociate 
the effects of different levels of social contact on separate parameters of the 
interspawning interval. He distinguished between unlimited contact (several 
fish in the same aquarium), medium contact (adjacent aquaria each contain
ing one fish so that each fish can see into the other tank) and low contact 
(visually isolated fish in different aquaria) and showed that visual stimuli 
hastened mainly ovulation with little influence on oogenesis but that other 
non-visual stimuli (e.g., tactile or chemical) in unlimited-contact females 
were able, in addition, to advance yolk deposition by about 7 days. Males 
and females were shown to he equally effective as stimulus animals. This 
may reflect some "general conspecific effect" related to gregariousness of S. 
mossambicus, a species where "prsence" within a social group is important, 
according to Silverman, He suggested that regular spawning in isolation 
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would most likely occur in species where males with ripe gonads are con
tinuously available waiting for new females to encounter their nests. Al
though very interesting, these experiments concerning S. mossam bicus should 
be performed on other species, and efforts should be made to look for the 
existence of pheromone-like substances which have been shown in other fish 
(Solomon 1977). 

The Role of Internal Factors in the Regulation 
of Reproductive Activity 

Numerous organs, endocrine glands, and hormones are involved, directly 
or indirectly, in the regulation of reproduction in fish as in other vertebrates 
(Fontaine 1976; Olivereau 1977). This complex control system is directed 
by the nervous system which integrates external stimuli together with 
ontogenetic mad physiological constraints, and exerts its control mainly 
thro ugh the hVpothalanfio-O)itUita -g6hid' axis. Tie--foll6oiing-sectiin Will"' 
deal essentially with the functional modalities of this axis. Points which are 
still very controversial in other teleosts, and which have not even been 
studied in cichlids to our knowledge will be omitted: for example, the role 
of the pieal organ. 

THE ROLE OF THE PITUITARY 

Many works reviewed by Pickford and Atz (1957) have demonstrated how 
important the role of tile pituitary is in the control of reproduction in fish. 
This role was confirmed in cichlids (Sarotherodon spilurus) by means of 
chemical hypophysectony using methallibure and replacement therapy 
(Hyder 1972; Hyder et al. 1974; Hyder et al. 1979), Methallibure, which was 
shown to inhibit gonadotropin secretion by the l)ituitary in fish (Breton et 
al, 1973) as it is known to do in mammals, induces an effective gonadal 
regression in both male and female S. spilurus after 4 to 5 weeks of treatment 
with daily doses of 1 mg/l of aquarium water (Hyder 1972). This treatment 
results in an extensive resorption of yolk-laden oocytes and a compl.?te 
inhibition of vitellogenesis in females and in the complete inhibition of two 
steps of spermatogenesis in males: the step between spermatogonia and 
spermatocytes (meiosis) and final spermiation. A similar effect ,€as con
firmed by Lanzing (1978). 

The present state of knowledge of teleost fish reproducticn tends to 
support the hypothesis that two different pituitary gonadotropins are 
involved in the control of gametogenesis. One purified at first from carp, 
Cyprinus carpio (l3urzawa-Gerard 1971), trout, Salno gairdncri (Breton 
et al. 1976) and in salmon of the genus Oncorhynchlius (Donaldson et al. 
1972) is characterized by its control over final intrafollicular oocyte matura
tion (Jalabert et al. 1974) and its effect upon spermatogenesis (Millard et al. 
1970). A second kind of gonadotropin which seems necessary for vitello
genesis was recently purified from carl) and salmon pituitaries (Idler and Bun 
Ng 1979). 
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In ciehlids, some attempts have been made to purify and characterize 

pituitary gonadotropins. Farmer and Papkoff (1977) obtained two prepa
rations trom S. mossambicus which exhibited some biochemical character
istics similar to luteinizing hormone (LH) and follicular stimulating hormone 
(FSYI) from higher vertebrates. The first preparation stimulated testosterone 
production in isolated rat testis Leydig cells, an assay which is considered 
highly sensitive and specific for mammalian LH. Neither of the two prepara
tions was assayed for its activity on Sarotherodon gonads. More recently, 

Ilyder et al, (1979) observed enhanced gonadotropic activity (as judged by 
testis stimulation in methallibure-treated S. spilurus) after chromatographic 
separation of a glycoprotein fraction from S. niloticus. The fraction was the 
same as that known to contain FSH when the same biochemical procedure is 
applied to pituitary preparations from higher vertebrates. Results are thus 
still confusing, and more work remains to be done in order to find specific 
bioassays for the gonadotropins of cichlids. 

Another pituitary hormone, characterized as a "prolactin-like" hormone, 
isbelieved to play an interesting role in the reproductwe physiology of 
cichlids, in relation to the regulation of breeding activity and parental care 
BIflnm and Fiedler (1964) found that injection of ovine prolactin induced 
behavioral and histiotropic effects in Symphysodon aequifasciataaxelrod'. 
The behavioral reactions were of fanning movements with the pectoral fins 
orientated to a dist;nct reference point (normally associated with parental 
c are towards the brood) and suppression of feeding and fighting tendencies. 
The histiotropic effect was an increase in mucous cell production on the 
body surface which normally serves to nourish the young in that species 
(lIildemann 1959), thus exhibiting a curious analogy with the secretion of 
crop-milk in pigeons and milk production in mammals. 

In other cichlids, e.g., Pterophyllum scalare, Acquidens latifrons, Cich
lasoma se'erumn and Astronotus ocellatus (Blfm and Fiedler 1965) ovine 
prolactin induces similar effects, including increase in mucous cell production 
although to a lesser extent than in Symphysodon and here this is not related 

to nursing of the young in that species. It is possible that mucus secretion 
can be related to the osmoregulatory properties of prolactin in fish (Blim 
1973; Bern 1975). Isolation and purification of Sarotherodon prolactin was 
successively reported by Blim (1973) using behavioral and histiotropic 
effects in Symphysodon and by Farmer et al. (1977) using specific assays fo, 
osmoregulation. Considering the pleiotropic action of prolactin, isolating the 
same molecule through different kinds of bioassays is not surprising, but a 
comparison of different preparations using the same tests would be of 
interest in assessing the reality of this peiotropic role for the same hormone. 
A\mong the alleged multiple actions of prolactin in fish, one could be of 
interest for Tilapia and Sarotherodon culture if its mechanism could be 
elucidated: the inhibition of gonad development (Blfim 1976). In natural 
conditions, gonadal development after spawning might be inhibited during 
parental care, which is precisely the period when prolactin is supposed to be 
acting. In addition, some antagonism between prolactin and gonadotropins 
was foUnd to occur regarding spawning behavior (Blilm and Fiedler 1965). 
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TiE ROLE OF THE GONADS 

In addition to the central role of gametogenesis the gonads possess com
plex endocrine properties which, under pituitary control, contribute to the 
regulation of reproductive cycles by direct action on gamete differen".f!tion, 
by controlling the activity of different organs and t!isues involved in repro
duction (such as tile liver, fat and bone mineral stores) and also by control
ling tile development of secondary sexual characteristics. Finally the endo
crine secretions of the gonads participate in tile regulation of pituitary 
activity (a feed-back mechanism) and also act on the central nervous system, 
allowing different kinds of behavioral patterns to occur during the successive 
periods of the sexual cycles. 

Sexual steroids are the main hormones produced by the gonads, but other 
compounds, the occurrence of which have not been investigated in cichlids, 
must certainly be secreted (Breton et al. 1980). Steroids are generally 
considered to be produced by specialzed cells presenting histochemical and 
morphological features common to all vertebrates (Hoar and Nagahaina 
1978). 

In males these cells form a typical interstitial tissue which has been 
characterized as steroidogenic by demonstration of 30-hydroxy-steroid
ogenase (Yaron 1966) and from ultrastructural evidence (Nicholls and 
Graham 1972). They exhibit increased activity (number, size, lipid concen
tration) during spermatogenetic progression, with maximum activity during 
sperniation, when there is also rapid development of sexual coloration, nest 
building activity and territoriality (Hyder 1970b), and when the testis 
contains high levels of testosterone (Hyder and Kirschner 1969). The fact 
that interstitial tissue activity is under pituitary control can be demonstrated 
by several methods. Treatment with human chorionic gonadotropin (HCG), 
which exhibits gonadotropic activity il 9"rne fishes, induces both stimulation 
of interstitial tissue and an increase in the testosterone content of the testes 
(Ilyder et al. 1970). Conversely, methallibure inhibition of pituitary gonad
otropin secretion lowers interstitial cell activity, an effect which can be over
come by administration of HCG or Sarotherodon pituitary extracts (Hyder 
1972; Hyder et al. 1974). But testosterone is probably neither tle only nor 
the main steroid mediator produced in the gonad, as testosterone propionate 
administered to methallibure-treated Sarotherodon failed to restore sperm
atogenesis, producing only some spermiation at high doses (Hyder et al. 
1974). As a range of androgenic steroids has already been found in fish, 
like ll-ketotestosterone in female S. aureus (Eckstein 1970), further studies 
would be of great interest in attempting to identify the major active steroids 
in Tilapia and Sarotherodon, and to understand their action on the different 
steps of spermatogenesis, sexual behavior and secondary sexual character
istics: for example, the genital tassel of male S. macrochirwhich seems to be 
an important signal in the spawning behavior of that species (Wickler 1965, 
1966b). 
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In female cichlids 1)oth histochemistry (Livni 1971; Yaron 1971) and 

ultrastructural morphology (Nicholls and .Maple 1972) show that most 
ovarian steroidogenesis is probably located in two kinds of follicular cells: 
the granulosa cells (although the ultrastrUctural evidence is here somewhat 
equivocal) and special theca cells, located mainly close to capillaries. 

Estradioml-17- (E21 seems to l)e of general occurrence in fish. It is mainly 
involved in the control of vitellogenin synthesis in the liver and of mobiliza
tion of mineral and fat stores (Olivereau and Olivereau 1979; Mugiya 1978). 
Tlis seems to be true also in S.aureus where estradiol-1.70 was identified in 
tie ovary by Katz et al. (1971). Later a positive correlation was found 
hetween plasma E2 concentration and ovarian weight, i.e., the stage of 
vitellogenesis ( Yaron et al. 1977; Terkatin-Shimony and Yaron 1978). In the 
same species, some ovarian steroidogenic pathways were investigated by 
Eckstein (1970) and Eckstein and Katz (1971), leading to the identification 
of new steroid metabolites like 11-ketotestosterone and 11 -hydroxytestos
terone among others which are more classical (testosterone and progesterone). 
Their exact function, although related to sexual activity (Katz and Eckstein 
19711 is unknown. Deoxycorticosterone, a corticosteroid which can be 
synthesized either in the interrenal tissue or in the teieost ovary (Colombo 
(,tal. 1973 was found to increase 38-fold in the blood of S. aureus between 
a sexual resting phase at 18 to 20 C and sexual activity at 30C As this 
steroid is assumed to be one of those mediating gonadotropin action on final 
maturation and ovulation in catfish, lhe eropneustes fossilis (Sundararaj and 
(oswami 1977 ),itis tempting to propose a similar model for final maturation 
control in Sarothrodon. Ilowever, the state of "sexual activity" (stage of 
ovarian development) at which the blood of female Sarotherodon was 
collected by Katz and Eckstein (1974) was not known precisely and further 
work is needed to find out Which steroids mediate pituitary gonadotropin 
control over final oocyte maturatioll and their mechanism: for reviews on 
this probhlem in other toleosts, see ,lalabert (19'i 6) and Sundararaj and 
Goswami (1977). 

Prolactin also has some control over ovarian steroidegenesis as can be 
inferred from the observation of ulim and Weber (1.968) that ovine prolactin 
greatly Stin ulato's the activity of 3ji-steroid dehydrogenase in ovaries of the 
cichlid . equidens pulc'her. This observation suggests that inhibition of 
ovarian growth by In'olactin ismediated through steroid action. An ulnder
standing of the I)recise mechanism for this action would hwof great interest. 

A'FITON OF' PITU.ITAI{Y \CTIVITY 

A\s in higher vertbrates, gonadotropin secretion by the )ituitary a)p)ears 

to he r(,gilatid hy the nervous system through the hypothalamus which 
s,.n-tis a releasing factor first indicated in fish (Cyprin us carpio)hy Breton 
et al. 1197 1)and Breton and Wecil (1973). '['his factor isprohahly not very 
(ifffrent from mammalian luteinizing hormone-releasing hormone i 1-HI 

Bretom ,tal. 1972, 1975a) at least as far as the hiologically active part of
 
he Inohcuh, is(.c'nrtd. Recent studios sh)w that IAI-RIl's from lower
 

vert(,lbrat(.., including S. iossamwhicus, (iffer Iro(n those of"higher verte

http:estradiol-1.70
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brates both in immunological and biochemical characteristics (King and 
Millar 1979). Other experimental data in fish support the hypothesis that 
factors inhibiting pituitary gonadotropin secretion could be present in the 
fish hypothalamus (Peter 1978). 

Ovarian endocrine secretions, particularly some steroids, seem to be able 
to exert positive or negative feed-back action upon the activity of the 
hypothalamo-pituitary complex in fish (Billard and Peter 1977; Breton et al. 
1971b; Billard 1978; Jalabert et al. 1980) as they do in mammals. 

A better understanding of all these controls over pituitary activity could 
provide practical means to manipulate some aspects of reproduction in 
cultured fish. 

Conclusion 

Some 'ilapia and Sarotherodon species are well-suited for experimental 
work in reproductive physiology. They perform gametogenesis and regular 
spawning in aquaria, where external factors (light, photoperiod, tempera
ture) can be easily controlled and they are of a convenient size for endo
crinological studies involving blood sampling on living cannulated fish at 
different stages of the sexual cycle. Experimental data are rather scarce, 
however, making it very difficult to propose any techniques immediately 
applicable in tilapia culture. Thus, experimental research is still greatly 
needed to determine the respective roles of internal and external factors on 
first sexual maturation in the different steps of gametogenesis and on spawn
ing frequency. Concerning the role of hormones, important results may 
come from work on other groups of fish and other vertebrates, concerning, 
for example, the hypothalamic regulation of gonadotropin secretion and 
non-specific means to control this activity. The development of specific 
methods to manipulate reproduction in tilapias requires better knowledge 
of their specific protein and steroid hormones involved in the control of 
sexual differentiation, gametogenesis and sexual and brooding behavior. 

Discussion 

NASH[: I agree with you on the importance of egg quality. For example, salmon hatch
eries tend to discard the first and last eggs available in a spawning season as they are 
invariably of poorer quality than those taken in the middle. Do you recommend for 
describing oogenesis in tilapias your six-part scale or Yamazaki's five-part scale? In your 
six-part scale, stages 3, 4 and 5 appear to be stages 111a, IlIb and Iic of the five-part scale. 
I assume that your stage 6 is atresia? 

JALABERT: The important point is that we find oocytes at all stages in just about every 
fish in the population. 

HEPHER: In tempe-ate regions, it is found that vitelogenesis in fish is affected very 
much by day length. You haven't mentioned this at all. Is this because tilapias are from 
the tropical regions where there is little change in clay length? 

JALABERT: Some people say that there is a daylength effect even in equatorial regions, 
others say there is none. In tilapiaw, there is no clear evidence for such an effect and it 
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woul need very precise criteria to assess small variations in the intensity of gametogenesis 
to investigate this. I revemh)er for instance the contradictions between lyder (1970a) 
and Sidd iqui (19771)) concerning the seasonality of S. leucostichis. Such contradictions 
probably indicat the lack of precise criteria. 

IIEPlIE: The works I-know show that, for fish in general, dJay length affects vitello
genesis more than the other stages of oogenesis, bul. since you didn't mention this effect 
at all, may I assume that ii. does not exist in tilapias? 

JALABERT: I don't know. We have to make controlled environment experiments to 
investigate this. The same is true for the effects of salinity o! reproduction and growth. 
The evidence seems to he that in tilapias, responses to environmental changes are very 
variable indeed and may differ even within the same species. We conducted some recent 
experiments with trout to try to select for early and late reproduction to spread avail
ahility ofI' eggs. We observed a shift. in the timing of reproduction after only one genera
t ion. For tilapias, therefore, we caan expect different responses for different speciesand 
st ram s. 

NASII: We cannot generalize about reactions to environmental stimuli with subtropical 
and tropical fish. In mullet it is the light stimulus that triggers oogenesis and then the 
teniperature takes control. And, although you cannot suppress development completely, 
you can delay it by temperature control even after triggering by light. There are groups of 
fish for which the opposite is the case. The temperature acts as the trigger and the light 
control acts as the monitor. 

MORIARTY: I would like to ask a question from the point of view of the fish culturist. 
Is it going t) he of any practical benefit to have a much more detailed knowledge of the 
riprotduttive hormones of these fish, or do you think that this is so complex that we 
would h bettert advised to study environmentil and social factors? 

,IALABERZT: Although the practical applications are not evident now, we do need more 
work onl the, reproductive hormones of fish and on their modes of action, in order to 
understand how environmental and social factors interact to modulate sexual activity. 
I helieve that management decisions could be more efficient if based on such basic 
knowledge. But, from a strategical point of view, I feel that some fundamental ques
tions are closer to application than some others; for example, are pheromones impor
fant ill tilapia reproduction? 

GUERIREIRO: In one experiment you described the separation of the two sexes of 
tilapia. You say that there was no pheromone action because the fish still spawned. 

,IALABERT: In this experiment the isolated females spawned anyway, or, more exactly, 
released their eggs, but the interval between successive spawnings was increased. When fish 
were together, this interval was reduced. We cannot rule out pheromones here, among the 
other factors. On the other hand, spawning, in artificial environments can he affected by 
many stress factors which are not necessarily specific. 
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Tilapias feed as herbivores anl detritivores. Food particle size is reduced 
in the pharyngeal mill which facilitates peristaltic mixing and increases 
surface area for e~xposure to digestive fluids inl the gut. Gastric acid secreted 
to p11 values < 2.0 lyses cell walls and cell membranes of bacteria and algae. 
Subsequent intestinal digestion occurs gradually as the food passes down the 
extremely long intestine. In addition to microorganisms, detritus is digested 
and is a major nutritional resource for detritivorous tilapias. Whole diet 
assimilation cf'Tciencies are lower for tilapias than for carnivorous fishes. 
Food quality appears to limit the growth of tilapias il natural populations. 
The limited data available indicate that within a given water body, tilapias 
select precisely the food that will maximize growth. The combined abilities 
for cell wall lysis and selective feeding suggest that tilapias hold considerable 
promise for low technology, protein efficient aquaculture. 

Introduction 

Animal growth rate is determined through the combined effects of food 
quantity and food quality. The quantity of food consumed is regulated 
through appetite to satisfy the animal's energy requirements (Rozin and 
Mayer 1961, 1964). Limited food availability that does not allow full 
appetite satisfaction results in growth rates below the maximum potential. 
Food quality depends on the composition of the diet, and the extent to 
which the components are digested and assimilated. Quality is rarely a 
limiting factor in the growth of carnivores since their diet is consistently of 
very high quality, but the quaflity of diets consumed by herbivores and 
detritivores is extremely variable and plays a major role in control of growth 
at these trophic"levels. This contribution reviews recent scientific research oil 
aspects of the diet, digestion, assimilation and growth of the tilapias (fanily 
Cichlidae; genera Tilapia and Sarotherodon), which are lherbivorous and 
detritivorous, to assess our current understanding of how food quality 
influences the growth of these animals in natural populations. 
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The Feeding Apparatus and Digestive Tract in Tilal)ias 

It is important to begin with consideration of the feeding apparatus and 
digestive tract since these structures limit the range of potential food items 
that can be consumed and digested efficiently. Compared to the haplo
chromis cichlids, the feeding apparatus of tilapias is simple and unspecialized 
(Fryer and lies 1972). Thejaw teeth are small unicuspid, bicuspid or tricuspid 
structures that occur in one to five rows (Plate 1). In those species for which 
descriptions are available, the jaw teeth are flattened distally to form blades 
that appear to be useful as scrapers (Fryer and lies 1972; Lanzing and 
Higginbothum 1976). Neither the gill rakers nor the buccal cavity appears to 
be specialized for feeding, but considerable specialization is evident in the 
dentition of the pharyngeal bones (Plate 2). These teeth range from fine, 
thin, hooked structures on the pharyngeal bones of Sarotherodonesculentus, 
a phytoplankton consumer, to the coarse, robust structures on the pharyn
geal bones of T. rendalli,a macrophyte consumer (Caulton 1976). Mechanical 
and myological details of the cichlid pharyngeal apparatus are described by 
Fryer and Iles (1972) and Liem (1973). 

The role of the pharyngeal apparatus is to prepare food for digestion. In 
many species this is done by breaking or cutting the food into smaller sized 
units. In S. esculentus, filamentous and large colonial phytoplankton may be 
broken into smaller units. In S. inossambicus and S. inelanotheron, detrital 
aggregate is broken into finer fragments (Bowen 1976a; Pauly 1976) and in T. 
sparrmanii long filamentous periphyton is shredded to short segments of 
uniform length. The advantages of reduced particle size include a greatly 
increased surface to volume ratio that facilitates enzymt-substrate interaction, 
and reduced resistance to peristaltic mixing. In addition, mechanical dis
ruption of macrophyte cell walls by the pharyngeal apparatus in 7'. rendalli 
increases the efficiency with which this food is digested (Caulton 1976). 

The esophagus is short with a small diameter and leads to a small sac-like 
stomach. Some investigators have questioned the identification of this latter 
structure (Kamal Pasha 1964; Man and Hodgkiss 1977b) but its separation 
from the intestine by a sphincter, the low pH of the fluid it contains (Moriarty 
1973; Bowen 1976b; Caulton 1976) and the pH optima of proteases ex
tracted from its mucosa (Fish 1960; Nagase 1964; Moriarty 1973) all attest 
to its gastric function. Immediately behind the pyloric sphincter, the intes
tine receives a common bile duct. The first, short intestinal segment is 
thin-walled and of greater diameter than the remainder. Perhaps the most 
striking feature of the digestive tract of tilapias is the exceptional length of 
the intestine, Quantitative data for 7" rendalli, S. tnelanotheron and S. 
mossambicus show that the ratio of intestinal length to fish standard length 
is between 7:1 and 10:1 (Caulton 1976; Pauly 1976; Bowen, unpublished). 
Other non-quantitative observations reported in the literature suggest these 
ratios are representative of the tilapias as a group. By comparison, Fryer and 
lles (1972, p. 11.) report that only three of 106 cichlids collected from Lake 
Tanganyika and its affluents had gut length: total length ratios greater 
than 6:1 and these three may have been tilapias. The intestine ends in an 
anal sphincter. 
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Plate I. Jaw teeth of an 8 cm standard length Sarotlherodon mossambicus from 
Lake Valencia, Venezuela. 

Plate 2. Teeth on the lower pharyngeal hone of an 8 cm standard length Saro
therodon rmiossueniicus from Lake Valencia, Venezuela. 
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The Diet of Tilapias 

In common with early developmental stages of nearly all fishes, the larvae, 
fry and early juvenile tilapias feed on small invertebrates, especially Crustacea 
(Le Roux 1956). The transition from an invertebrate diet to the typical 
adult diet is usually abrupt (Bowen 1976a; Moriarty et al. 1973) but in some 
cases it may occur gradually over the period of a year or more (Whitfield and 
Blaber 1978). 

The diets of adult tilapias have been reported for more than 17 species 
sampled on three continents and a number of island systems (Table 1). 
Practically every aquatic animal, vegetable and mineral small enough to pass 
through the esophagus has been found in the guts of these fish. Some of this 
variety must be attributed to items that are occasionally abundant in the diet 
,but are rare or absent most of the time and have no long-term significance in 
the fish's nutrition. For example, Bruton found that S. mossambicus in Lake 
Sibaya fed intensively on formicids for the few days when these were abun. 
dant at the lake surface during an annual swarming period, but they did not 
occur in the diet at other times of the year (Bruton pers. comm.). To describe 
the characteristic diet of a tilapia species, it is necessary to identify those 
food items that are consistently present in the diet over long periods of time. 

Tahe 1. Diets reported for adult tilapias in natural habitats. 

Species Diet 	 Authority 

srt ihercdoni 
shiranius macrophytes, algae, zooplankton Bourn 197,4 

S pangani periphyton Denny et al. 1978 
S. iipe periphyton 	 Denny et al. 1978 
S. 	,'scuhln tus phytolplankton Denny et al. 1978; 

Fish 1951, 1955 
T. rendali macrophytes, attached periphyton 	 Caulton 1976, 19771); 

Denny et al. 1978
 
IS"fO macrophytes, tnth ic algae, phyto- Bowen 1979, 19801),
11 Ib'hi~s 

plankton, periphyton, zooplankton, Man and Hodgkiss 19771; 
fish larvae, fish eggs, detritus Munro 1967; Naik 1973; 

Weatherley and Cogger 1977 
S. 	 Iur'us phyt oplankton, zooplankton Fish 1955; Spataru and Zorn 

1976, 1978 
S. nilolicus phytoplankton 	 Moriarty and Moriarty I 973a 
T./',Hae phytoplankton, detritus, invertel)rate; 	 Corbet et al. 1973 
T.marich' phytoplan kton, invertebrates 	 Corlbet et al.1973 
S. 	kgalaus phytoplankton Corbe! et al.1973; 

Spataru andI Zorn 1978 
7".zillii nacroplhytes, benthic invertebrates Abdel-Malek 1972; 

Buddington 1979 
I. guitnenslIs algar, detritus, sand, invr itebrates Fagade 1971 
S 111llaotoheron algae, detritus, Sand], inveilebrates Fagade 1971 
S. varibilis algae 	 Fish 1955 
S. h'tcost(clus phytoplankton, tetritus 	 Moriarty et al. 1973 
I. ,siJtrritman ii i)eriphltt (mi 	 Bow(t, unb)ulbished 
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The characteristic diet of adult tilapias is plant matter and/or detritus 

of plant origin. Blue-green and green algae, diatoms, macrophytes and 

amorphous detritus are all common constituents of adult tilapia diets (Plate 

3). Bacteria are also present and may le very important for some species. 

Although tilapias collect their diets from such diverse substrata as macro

phytes, lake bottoms, rock surfaces and from suspension, it is the uniformity 
of their diets that is especially noteworthy. Comparisons of diet composition 
for tilapias reveal extensive overlap. Tilapias that feed on macrophytes also 

ingest the attached algae, bacteria and detritus. This attached material is 

likely to be an important component of the diet. Although quantitative data 
are lacking for macrophytes consumed by tilapias per se, the dry weight of 
attached material was found in one study to exceed 25% of the total sup

porting macrophyte diy weight (Bowen 1980a) and could comprise an even 

greater percentage of the weight of leaves actually consumed by tilapias. 

Tilapias that feed on epiphytes also frequently ingest some of the supporting 
macrophyte (Munro 1967). Deposit feeders that feed in the littoral zone 

ingest a mixture of algae, detritus and bacteria that is essentially indis
tinguishable from the material attached to macrophytes. Deposit feeders that 

feed in deeper water ingest a mixture of sedimented phytoplankton and 
detritus essentially indistinguishable from the diets of suspension feeders. 

These Various sources provide diets that are so similar that tilapias may 
switch from one source to another with little change in diet composition 
(Moriarty e al. 1973; Bowen., unpublished). Thus, despite the diversity of 

food resources exploited by tilapias, their diets are qualitatively very similar 

mixtures of algae, bacteria and detritus with or without macrophytes. 

2V7 

A44 

0,'3. Sc(al ning voctrml mic rorap'; h 14f typical Stomacth ns f.oill San)
hlendon Inssmbicus ill [,al, \Valencia. \'e(zuva. 
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The role of animal found in the diets of tilapias is, at present, an enigma. 

In some studies, animal remains are rare or absent from gut contents even 
vhen hundreds of specimens were examined. In most cases animal remains 

are present in low numbers and investigators have concluded these were 
ingested incientally, either as whole invertebrates or as fragments of dead 
invertebrates, while the fish fed on other more typiral foods,. But in some 
cases, invertebrates clearly make up a significant, proportion of the diet and 
are probably ingested intentionally (Abdel-Malek 1972; Spataru and Zorn 
1978; Whitfield and Blaber 1978). Inclusion of invertebrates in the diet may 
be an imrortant variable in the feeding strategy of tilapias, but until more 
quanltitative data are available to describe circumstances under which animal 
prey are selected and the significance of such selection for nutrition, this 
aspect of the diet will remain an enigma. 

The Process of Digestion in Tilapias 

Digestion in tilapias is a two-step process with distinct gastric and intestinal 
components. The mechanism for gastric digestion found in tilapias appears 
to be unique among animals. In other animals, the pH of fluids in an actively 
digesting stomacn ranges from aboutl 2.0 to 2.2 (Barrington 1957). This is 
the p1-I at which vertebrate gastric digestive enzymes, including those of 
tilapias (Fish 1960; Nagase 1964; Moriarty 1973) show maximum activity. 
In co:trast, the p1I of stomach fluid in actively digesting tilapias is frequently 
as low as 1.25 (Moriarty 1973; Bowen 1976; Caulton 1976) and values as 
low as 1.0 have been recorded (Payne 1978). Moriarty (1973) was the first 
to describe the role of gastr',c acid in digestion by tilapias. He studied the 
population of S. niloticus in Lake George, Uganda, which feeds on phyto
:A)ankton dominate, by colonial and filamentous blue-green species. As 
the algae pass frdin the esophagus they may travel either of two routes 
through the stompech. Peristaltic movement carries the food in a posterior 
direction along th ventral wall, up the posterior wall and back along the top 
to the pyloric sphiicter. Algae that travel this route are exposed to progress
ively lower pH as LICI is secreted by the gastric mucosa. Exposure to acid at 
p1-I 1.8 or lower cle',.omposes the algal chlorophyll to phaeophytin and thus a 
gradual change in colr fom green to brown is seen as the algae move along 
the gut wall. Some algae take a shorter route passing across the anterior of 
the stomach from the esophagus directly to the pyloric sphincter and are not 
exposed to acid concentrations below pH 2.0. These cells remain green. 
Moriarty demonstrated that acid not only decomposes chlorophyll but 
actually lyses blue-green cell walls. This makes subsequent intestinal digestion 
possible by providing intestinal enzymes access to the algal cytoplasm. 
Following Moriarty's discovery, it was found that the same mechanism 
allows S. mossambicus to digest bacteria associated with detritus in its diet 
(Bowen 1976a). These observations are significant since vertebrates lack 
gastric enzymes capable of attacking the prokaryotic cell wall. Development 
of a special mechanism for lysis of blue-green algae and bacteria allows the 
tilapias special access to a relatively protein-rich (about 50%) food resource 
for which there is little, if any, vertebrate competition. 
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Gastric acid is similarly important in digestion of some eukaryotic cells. 
The efficiency of diatom digestion increases with lower p11 to pH 2,5 (Bowen 
1976b). Tilapias that consume macrophytes also have low gastric pH when 
feeding and there is some indication that gastric acid may facilitate digestion 
of their food as well (Caulton 1976). 

Details of gastric digestion have been studied for S. mossambicus in Lake 
Valencia, Venezuela (Bowen 1981). Comparison of food and stomach 
contents for juveniles fed periphytic detrital aggregate (PDA) in aquarium 
experiments showed that gastric acid decomposed much of the mineral 
component of the diet (Table 2). In effect, this increased the concentration 
of organic matter available for the fishes' nutrition by a factor of 1.5. 
Measurable protein values increased by a factor of 1.6. Although a small 
fraction of this increase may be gastric enzymes, in vitro simulation of 
gastric -acidification showed most of the increase was due-to the effect of........ 
acid in facilitating protein extraction for subsequent assay (Table 3). Exper
imental data indicate that about 20% of the dietary carbohydrate is decom
posed by gastric acid. 

Table 2. Results of aquarium experiments to assess effects of gastric digestion on periphy
tic detrital aggregate ingested by Sarolherodon mossambicus. Samples for which the coef
ficient of variation (CV ) is not given were pooled. Total organic values are % of sample 
weight; protein and carbohydrate values are %of organic weight. 

Food Experiment Food Stomach Stomach (1c)
 
Component number intake (%) contents (%) CV [%) food (%)
 

Total Organic 1 35.7 55.8 12.7 1.56 
2 32.1 61.2 12.4 1.91 
3 13.7 64.9 ,.1 1.49 
i 56.1 62.8 1.11 
5 4t1t.7 56.A 1.26 
6 .10.2 53.4I 	 1.33 
7 	 38.3 63.1 1.65 

.= 1..47 

Protein ,I l.12 1.97 	 1.39 
5 1.79 3.35 	 1.87 
6 0.81 1.19 	 1.12 
7 1.19 2.00 	 1.68 

x 1.59 

Carbohydrate* 4 17.,A 1.1.2 	 0.82 
5 16.7 13.1 	 0.79 
6 18.5 1.1.0 	 0.76 

x = 0.79 

*Mean of three determinations 
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Table 3. Eff'ct of gastric acid on the food of Saro/ herodon ,nossambicus in Lake Valencia, 
Venezuela simulated in vitro (a% sample weight, )%organic weight). 

pi1 Organica Proteinb Carbohydrate Carbonatea 

70 ,11.0 1.52 11.8 11,9 
3.0 .17.6 2.57 10.6 11.0 
2.5 18.5 2.63 10.6 10.1 
2.0 .19.7 2.,47 10.1 9.5 
1.5 -49.9 2.79 9.8 9.8 

The importance of gastric enzymes in digestion by tilapias is not clear and 
may vary with species or with diet for a single species. Although a protease 

-with p-I optimum around. 2.1. is present in-the gastric. mucosa-of S. mossain-. 
bicus (Fish 1960; Bowen 1976a) and S. niloticus (Moriarty 1973), it has not 
been detected in tho gastric fluids (Moriarty 1973; Bowen 1976a). This 
enzyme has a greatly reduced reaction rate at pH values below 1.5, and it is 
possible that it is not secreted when gastric acid is used to lyse cells. 

Secretion of gastric acid stops at the end of the daily feeding period and 
stomach fluids return to p1HI 5 to 7. In S. mossambicus (Bowen 1976b) and 
S. niloticus (Moriarty 1973) the stomach is completely empty during this 
resting phase but in T. rendalli a small amount of food remains (Caulton 
1976). At, the start of the next clay's feeding, acid secretion begins only as 
the stomach is filled with the result that the first food to pass into the 
intestine is not exposed to strong acid. In those species whose diet is rich in 
chlorophyll, the food ingested at the start of a feeding period remains green 
and undigested as it moves along the length of the intestine (Moriarty 1973; 
Caulton 1976). Similarly the first diatoms to be ingested by S. mossambicus 
remain undigested (Bowen 19761)). This explains why early workers who 
compared stomach and posterior intestine samples sometimes reported that 
algae were not digested. 

The second step in the digestive process occurs in the intestine. The 
common bile duct which opens into the intestine on the back of the pyloric 
sphincter adds bile salts that maintain the p1-I between 6.8 and 8.8 (Fish 
1960; Nagase 1964). Trypsin, chymotrypsin, amylase and esterase activity 
have all been identified in intestinal fluid (Fish 1960; Nagase 1964; Moriarty 
1973). 

Details of intestinal digestion have been studied for S. mossambicus in 
Lake Valencia, Venezuela. Contents of digestive tracts removed from freshly 
caught specimens were divided into five subsamples: stomach contents, and 
the contents of the first, second, third and fourth quarters of the intestine. 
Each ,;ubsample was analyzed for organic matter, carbohydrate, protein and 
total amino acids (Bowen 19801), 1981). Values from these analyses were 
expressed in units of veight per weight of hydrolysis resistant sample ash 
(RA). fThis indigenous component of the diet is used as an undigested 
reference compound relative to which digestion and assimilation are measured 
(Conover 1966; Bowen 1981). The results show total organic matter and 
carbohydrate are digested rapidly in the first and second quarters of the 
intestine with no evidence of digestion in the third and fourth quarters 
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(Figure 1). Digestion of protein is complete in the first quarter. This com
ponent of the diet is thought to be microbial protein present in living cells 
and protein that may be associated with detritus. The results indicate thlat 
microbial cells lysed in the stomach are digested immediately in the intestine 
while those not lysed are not digested at any point. Very different results 
were obtained for total amino acids (Figure 2). This class of compounds is 
comprised lof amino acids bound into the complex chemical milieu of 
the detritus in addition to amino acids that make up microbial proteins. 
Whether detrital amino acids are single amino acids, oligopeptides or poly
peptides is not yet known. As a group, the total amino acids are digested 
gradually as food passes down the intestine and maximum digestion is not 
achieved until the end of the digestive tract. 
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lFigure 1. Coniparisoiis of samples from the stomach (S) and the, four ilurhlrs of the 
ligestriv,, tractl li' rtlher'iiii nossuiuhbicts from Lake \"alnin, Ve z'ueia, to show the, 
course of d estion. Means - 95"r confi(hviice limits, n = 55 (al'tr Bhowen 1980). 
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1978), while others have utilized refractile indigenous components such as 
cellulose for macro)hyte grazers (Buddington 1979; Buddington 1980) 
and ash or HIRA for detritivores (Bowen 1979, 1980b, 1981 ). AE is cal
culated by comparison of' food:reference, and feces: re ference ratios using 
the forltha developed by Conover (1966). 'Ille advantage of the refractile 
reference technique is that it may be applied to analysis of tilapias taken 
directly from their feeding habitat. Since it appears there is no assimila
tion through the stomach, samples of stomach contents and posterior 
intestinal contents from freshly caught specimens may be compared for the 
purpose of estimating AE. This means determinations may he made for fish 
feeding under totally natural conditions and all handling effects are eliminated. 

The few data available for assimilation efficiency of tilapia feeding on 
natural diets are summarized in Table 41.Two important generalizations can 
be drawn. Firstly, AE values are high for blue-green algae and diatoms, but 
are low for green algae and macrophytes. This is not surprising since the 
gastric acid that lyses blue-green cell walls and denatures diatom cell mem
l)ranes would not be extpected to have a direct effect on the cellulose cell 
walls of green algae andi higher plants. Secondly, whole-diet Al, estimates for 
these four tilapias are low in comparison to the average of 85':; for a variety 
of carnivorous species (Winberg 1956). Again, this is not surprising when we 
consider that macrophytes and detritus contain abundant refracttile com
pounIs including cellulose and lignin that are not vulnerable to Vert ebrate 
digestive enzymes. A similarly low AE is reported for Ctenophawyngodon 
idella, a cyl)rinid macrophyte grazer (Hickling 1966). The low total AE for 
S. ifloticus fe~d suspended matter > 100 pm filtered from Lake George
 
appears to be the result of the long time interval between the start of feeding
 
and the point at which digestion reaches peak efficiency in this species
 
(Moriarty 1973).
 

Another interesting aspect of the data in Table .1 is that protein and lipid
 
are assimilated much more efficiently than total organic matter or food
 
energy. This same result was reported for tilapia fed pelleted algae that had 
been dried and ground to a powder such that all natural impediments to 
enzyme-substrate interaction had been removed (Kirilenko et al. 1975). 
Thus, the efficiency with which macromolecular groups are digested is
 
related not to selective disruption of cell walls or membranes, but rather
 
to basic characteristics of the digestive process itsel f.
 

Food Quality and Growth 

The food quality of a given diet is directly )rolportional to its ability to 
sulipport growth. The dietary component most important in limiting the 
growth of herbivorous and detritivoirous fishes isprotein. There are 10 to 1:3 
amino acids that are essential for building new tissues (Cowey and Sargent 
1972). Theuse amino acids cannot he synthesized hy fish and Inust Ihe obtained 
from the diet. Carnivorous fish consume prey that may he - 80% protein
by dry weight, but the diets of tilapias rallge 1f1roill 50'; -"14about to 
protein. Valus below 15'' are most conmnon (BoYd and Goodyear 1971; 
Caulton 1978a; Bowen 1979, 1980a, 19801). 
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To describe food quality, protein levels are frequently expressed as mg 
assimilable protein per k assimilable food energy. This reflects the fact that 
appetite controls protein intake indirectly through its response to food 
energy levels, and consequently the amount of protein assimilated depends 
on the amount associated with assimilable food energy (Harper 1967; 
Russell-Hunter 1970). A minimum of 4 mg protein per kJ is required for 
maintenance (Figure 2). Growth increases with increasing protein levels up 
to a maximum of about 25 mg/kJ. Protein at higher levels is in excess of the 
animal's ability to utilize it anabolically and thus growth decreases pre
sumably as a result.of the energetic cost of protein-catabolism. 

Protein-energy ratios have been used to assess food quality in two studies 
of the feeding of S. mossambicus. One study was conducted at Lake Sibaya, 
South Africa (Bowen 1979). The Lake Sibaya population was especially 
interesting because its juveniles grew well and were in good condition but the 
adults were stunted and showed extensive marasmas indicative of malnutrition 
(Bruton and Allanson 1974; Bruton and Boltt 1975). Although both juveniles 
and adults fed on benthic detrital aggregate, they collected their food from 
different parts of the lake. Juveniles fed near shore, frequently at depths less 
than 30 cm, while adults fed in water 3 to 5 in deep. Analyses of samples 
from the lake bottom showed that protein-energy ratios were high in shallow, 
near-shore waters, but dropped rapidly with increasing depth. Analyses of 
stomach contents confirmed that juvenile diets contained considerably more 
protein that adult diets. When the protein/energy criterion was applied, these 
results showed that juveniles have enough protein in their diets to produce 
good growth, but the adult diet lacks adequate protein for maintenance and 
the observed malnutrition would be expected (Figure 3). Reasons why 
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Fig ure 3. Relationship bltw (en i)rotein/enry ratios antd depth for Ientlhc (letrital aggrv
gate consuned by Sor)/o)dm mnossumbirus in lak, Sibaya, South Africa, showing x

peCted nutritional significanc, of feeding at diffrent depths. Curve Fitted by parabolic 
regression (after Bowen 1979). 
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adults do not feed in the shallows are discussed elsewhere (Bowen 1976b; 
Bruton 1979). With regard to the food quality problem, the important 
findings of the Lake Sibaya study are: 1) food quality varies significantly 
between and according to a predictable pattern and 2) juvenile S. mossam
bicus risk the perils of the near-shore shallows (predators, heavy-wave action) 
to utilize selectively food of the highest available quality. 

Similar results were obtained in a study of S. mossambicus adults in 
Lake Valencia, Venezuela (Bowen 1980a, 1980b, 1981). These fish fed on 
periphytic detrital aggregate attached to Potamogeton spp. The protein 
content of this food resource varied from site to site and was directly pro-, 
portional to the slope of the littoral zone bottom. Adult S. mossambicus fed 
selectively in the steeply sluped littoral zone (Figure 4). Some difficulty 
arose in interpretation of these results because assimilated protein:assimi
lated energy ratios indicated that protein levels were too low to support 
growth, but the fish were in excellent condition and reached a large maximum 
size. Further study revealed that in addition to protein, the diet contained 
detrital amino acids bound into the amorphous detritus. Detrital amino acids 
were most abundwit in the steeply sloped littoral zone where the fish feed 
(Figure 5) and were assimilated with an efficiency of 64%. With this source 
of amino acids taken into consideration, adult S. mossambicus in Lake 
Valencia assimilated the equivalent of 14.4 mg of protein per kJ of assimilated 
food energy: an amount expected to produce good growth. As with the Lake 
Sibaya study, these results show S. mossambicus in Lake Valencia selected 
high quality food that maximized growth. 
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Figure 4. Habitat partitioning by male and female Sarotherodon ,nossambicus in Lake 
Valencia, Venezuela. Males in breeding coloration build nests and defend territories in the 
giently sloped littoral while females and non-breeding males feed in steeply sloped littoral 
where food quality is highest. Lines fitted by least-squares. (Reproduced by permission of 
the Ecological Society of America.) 
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Summary and Conclusions 

The characteristic diet of adult tilapias is a mixture of algae, detritus, 

bacteria, and, in some cases, macrophytes. Tilapias possess morphological 
and physiological adaptations for utilization of this diet. Pharyngeal teeth 
break food components into smaller units for easier peristaltic mixing and 
increased exposure to digestive enzymes. Gastric acid secreted to an unusually 
low pH, frequently below pH 1.5, lyses prokaryotic cell walls and denatures 
prokaryotic and eukatyotic cell membranes to expose the cytoplasm therein 
to intestinal enzymes. The extreme length of the intestine is essential for 
efficient digestion and assimilation of some components of the diet. 

Food quality, quantified in terms of mg assimilable protein / kJ assimilable 
food energy, is potentially a limiting factor in the growth of tilapias. Studies 
of the detritivorous S. mossambicus show that the quality of available food 
resources varies widely, and that the fish utilize selectively the resource 
that produces maximum growth. Future studies of tilapia that feed on 
macrophytes and suspended matter are also likely to reveal selective feeding 
for growth maximization. 

These trophic abilities of tilapia make them ideally suited for aquaculture. 
Since they feed at the base of the food chain, they are energetically very 
efficient and ecosystem carrying capacity should be high for these organisms. 
Their uncommon ability to exploit prokaryotic algae and bacteria as sources 
of protein makes them unusually protein efficient since they do not rely on 
invertebrate intermediates. In addition, the ability to utilize prokaryotic 
protein may open new doors to cost-efficient aquaculture. A principal 
economic obstacle in culture of fish is the cost of protein in culture diets 
(Weatherley and Cogger 1977). It is likely that bacteria and blue-green algae 
can be grown either directly in culture ponds or in adjacent facilities using 
locally available agricultural waste products and low-technology manip
ulations (Schroeder 1978). The protein/energy criterion could be used to 
optimize the quality of the food produced. Although systematic evaluation 
of this approach has not yet been attempted, what we have learned about 
the feeding of tilapias in natural systems suggests that it is a very promising 
possibility for the future. 
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Discussion 

1.OVStHIN: Dr. Bowen, I have one question, just a yes or no will do. Did you study the 
density of fish per unit area or the predator populations within the two lakes? Was there 
some sort of control on the effects of tilapia density between the two lakes, because I 
think your rosults could he affected tremendously by differences in density. 

BOWEN: In Lake Sibaya the densitis of all fish were very hw and there were a lot of 
poi-da ors for ilapia. In Lake Valencia the tilapias were ver, dense, but. still in very good 
condition. (See Caulton, this volume, for further discussion-Editors.) 
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inshore molement of juvenile fish continues throughout the morning and 
eventually large schools of juveniles are found in shallow warm water at mid
day. A reverse movement is noted in tile late afternoon when the fish, again 
responding to temperature, leave the now cooling margins to return to the 
relatively warmer, homothermal deeper waters. 

Such diel movements are commonly encountered in shallow gradient 
shoreline areas, while fish habitually favoring deeper open waters may 
occasionally show a less spectacular l)ut nevertheless visible vertical move
ment for a similar reason. These patterns of diel movement can however 
be easily disrupted; for example, during periods of even moderate winds ... 
the wave wash along the shore is sufficient to restrict movement into very 
shallow water. Similarly, during exceptionally warm periods, or in areas 
where excessive shoreline vegetation assists in insulating the warm daytime 
water in the shallow margins, a nocturnal presence of juveniles is not uncom
mon. When in areas of food paucity, fish often have to remain in the shallows 
at night in order to feed. The presence of predators in deep water is also a 
strong factor which will seriously disrupt any set daily pattern of movement 
although avian predation along the margins during the day does not seem to 
ill ulence the mlovemients very strongly. 

Notwithstanding the possibility of such numerous disruptions, many 
young tilapias are often subjected to a daily thermal variance of between 
10 C and 15-'C and, since fish are poikilothermic, such thermal variations 
will understandably have an important bearing on almost all of the animals' 
physiological functions. Of these functions, metabolism would be expected 
to be most markedly affected. Ill broad theoretical terms, metabolic energy 
demands are expected to approximately double with every 100C rise in body 
temperature. Thus a tilapia moving into the warm shallows during the day 
must expend considerably more energy than it would during the night in the 
relatively cooler deeper water. It may be expected that as a consequence of 
thiS FluCtuating energy demand, fish living under these conditions of thermal 
fluctuation would show unnecessarily high expenditure of energy during the 
(ay, which could otherwise have contributed to either storage or growth. 

To investigate this, it is necessary first to look in some detail at the effect 
temperature has on metabolism. Metabolism, as a function of aerobic respi
ration, can be quantitatively equated to tile uptake of molecular oxygen 
which in turn is a simple measure that can be obtained in the laboratory. 
Many extrinsic variables can modify the basic metabolic rate or oxygen 
(consuml)tion of a fish ill nature, but, suppressing most of the variables, 
with the exception of tenperature, relationships demonstrating the influence 
that temperature has on metabolism can be investigated. Obviously, a labora
tory test animal out of its natural environment is stibjected to a number of 
unnatural stresses which are capable of either increasi'ng or suppressing 
normal oxygen consumption but, in general, laboratory acclimated juvenile 
tilapias are reasonably suited to respirometry and show few visible signs of 
the stress so often enxcountered in the apparently more nervous cyprinicls and 
other fish. 

Using a simple continuous flow, continuous recording respirometer as 
descrihed by Caulton (1975a), a satisfactory measure of routine metabolism 
in both T. rendalliand S. mossamibicus has been obtained. Routine metabolism 
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by definition can be described as the energy required by all unfed fish 

exhibiting spontaneous rather than directed movement. Such a measure of 
metabolism is particularly suited to tilapias, since movement even in their 
natural habitat is very seldom vigorously directed but can more often be 
described as spontaneous fin generated movements, Obviously, exceptions do 
occur, e.g., during intense feeding activity, migrations or predator avoidance. 
'[his suggestion is borne out to a: certain extent by the fact that schools 
ol juvenile S. mossambicus in a large communal respirometer all displaying 
normal swimming, schooling behavior and feeding movements (into sterile 
sand) showed an increased metabolic demand 25% greater than that required.... 
by the same fish at night, when they were almost stationary, or that obtained 
from the summation of individual oxygen requirements in a normal single 
chamber respirometer. This contrasts markedly with generally faster moving, 
continuously svim ming fish species, especially predators, which may require 
at least twice as much energy during normal active periods than during 
inactive l)eriods. 

The conversion for equating oxygen consumption to the amount of 
metabolic energy liberated by herbivorous tilapias was calculated as 13.68 
J/rg 0., (Caulton 1977a), and thus with the availability of such a conversion 
factor, it is possible to obtain more quantitatively meaningful information 
from respirometry. The routine metabolic energy demand by S. mossan
bicus can be satisfactorily described by the equation: 

M 0.652Rr = 0.0086 t2.0783 

where Rr is the energy of metabolism expressed in J/hr, 't' the temperature 
in 7C and M the fresh mass of the fish in grams (restricted to fish less than 
150 g, the maximum size used in the trials). The full details of the derivation 
of this formula are given in Caulton (1978c). 

A similar relationship between temperature and metabolism, but for a 
single size range of fish, is shown graphically in Figure 3, where the metabolism 
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Fiur, 3. Tht, influnce of tenlhirature on Metaholic energy (emand in a) Tilapia rendalli 
and h)Sart'herndon mnosl.sambicus (modified after Caulton 1977a, 1978c). 
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of 71'.rendalli and S. mossambicus is compared. Unlike S. mossambicus, T. 
reidalli shows an unexpected three-phase energy demand in which the 
distinctive plateau phase, extending from approximately 28 0 C to 370C, is an 
unusual characteristic. Over this temperature range the metabolic demand of 
S. mossambicus increases by 62% whereas the metabolic energy demand by 
7'I.rendalli over the same temperature range increases by only 22%. Similarly 
structured, unusual metabolic curves have been reported for other fish 
species (Schmein-Engberding 19506; Sullivan 1954; Job 1969a, 1969b and 
Fry 1971 for S. mossambicus). Denzc'r (1968) reports a similar function in 
S.-niloticus. Exactly how important, or in fact how ..real, such ,thermal .... 
homeostasis is, is difficult to determine and respirometry technique (static 
versus flowing systems) must be considered when appraising results. Obviously 
any function that can appreciably depress an expected rise in energy demand 
must also benefit the overall energy balance in consequence. 

The metabolic energy required to sustain routine maintenance by a 50 g 
7. rendalli at, for example, 28°C is approximately 175 J/hr (Figure 3) but to 
aplreCiate thif, requirenent in terms of the utilization of storage tissue, it 
may be pertinent to consider which catabolic fuels are responsible for the 
supply of energy. Glycogen or the major carbohydrate fraction is an energy 
source usually stored in the liver but, in T. rendalli at least, is not of great 
siglficance as a sustained catabolic energy source. A 50 g 7'. rendalli in good 
condition has a maximum glycogen content of 0.46% by mass (about 230 
Ing) and of this amount 144 mg are stored in the liver while the remainder is 
)resent in the muscle, On starvation approximately 100 mg of glycogen is 

utilized within the first few clays, thereafter the level remains relatively 
constant even to the state of near death from starvation. This 100 mg could 
supply sufficient energy to maintain a 50 g fish at 280C for less than 12 
hours and thus cannot be elassified as of great importance as a storage fuel to 
a starving fish, which is thus reliant mainly on lipids and protein as a source 
of catabolic energy. The importance of condition is immediately evident and 
a close relationship does exist between condition and the type of catabolic 
fuel mobilized during routine maintenance. The mobilization of lipids is 
always associated with some protein mobilization (and vice versa) and 
follows a pattern closely linked with condition, 

Condition in the present context is described as a morphometric inter
pretation of a fish's plumpness as compared to the population mean. As 
such, condition is an extremely useful measure of assessing the physiological 
state of a fish and more cognizance of this measure should be taken by the 
fish farmer. The classical measurement of relative condition as described by 

)Lo Cren (1951) using the formula Kn = 100 W/L where Kn is the relative 
condition, W the fresh mass in grams, L the standard length in cm and 'b' the 
lentth/nass regressior, exponent, provides an adequate quantitative assess
ment of condition if the basic measurements are made carefully. In T. 
rendalli close relationships do exist between condition and the proportionate 
mobilization of fat/protein during metabolism but extreme care must be 
exercised when interpreting these relationships (see Caulton and Bursell, 
1977, for a discussion of these )roblems, especially the use of percentages 
when n(nasuring or interpreting results). 
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Table I. Cmnparison of measured and estimated changet in mass during starvation of 
Tilpia renidulli at six ex 1wrimentl temperatures (after Caulton 1977c). 

l'tem1prature ( 18 20 21 2.1 30 34 
Time ot' stt'rvat imi (d) 10 G.25 6.75 6 12 8 
Mean condition 

factor Ik[) 2.2: 2.12 2.51 2.68 2.58 2.60 
Number of fish 19 19 19 8 14 18 

'[T'la Imiastard mitaiss 
host (Ing) 2020 1260 19,10 3282 3641 4196 

Estimated mass o f 
tisSUe ust'd ( 111) -109 268 373 607 779 802 

Estinat d mass (f 
wat or 4.,1 (Ing 1759 11-10 1563 2398 3101 3272 

Totill i.timat ed Illass 
i,,stfm!) 21 tH 1.108 1936 3005 :3880 4074 

Feeding and Growth 

StLII-alitlt and adult 7' rindalliare essentially macrolhagotus plant feders 
in areas of ahtnttdant a(Luati(' Veg at io)lt alhat uire wh il lenlds this species 
most favorahly to qttantitativi f'Ce(litg expe'iIint is. 'I'] tiltiiti5us 1l:t 
Ceratophv/IuI (II'Id 'rsium heads( a list oif lri(it-r'(l Fid tytes ealen Ny7'. 
rendalli whtn availal)h. ,aId it was for this reait.of that this Plant. was ilto0s(,n 
for the wirk to hi d,scriled. Like almoistall slpeiesof I ilatia. 7'. rendalli 
genlerally rest rits its heding to daylight hours l"igur, 7 ) :utl(l thus to maintainl 
S(M hvel of simtulated natural conilitinat+ lah)or'ttory feitlitng trials wer 
condttctei ov-,t th te tine period. 

C. (i'lterstlut griwing sho)ts (terminal 1-7 -,) wero tl.se th rO _'dhout 
the trials and th, fillowittg neiessary faisct a u! tihi, lilant wire i stl)fishld. 
To convert fresh imass Ilinited centrifugation tii remove surfac', ttoisture) of 
C. deti'tci t to (Ir mass cIFi"n 0It.s tIivahth,, folhwit relaltotshil)'i was uIsed' 

1)n 0.08,9 W 0.78.15 (n. 0.98G, i - 50. SE1 'h' (.00)ttl fur 
I'otIv1,i tI iy tttass t( freIsh mass. WV : 11.59111) + .7257 Ir (.98G, 

= n 50. SE 'h' - 0.178) whetre W is the f'rsh tnass and I) thedry mass 
both extpressed in milligrams. The average energy valun. iof the dry 
shoots was de(eritt il as 17.9-177 kJ g I (n 20. 1*: : 0.023(6). 

Lahoratory ttiitait itd fish f(d to satiation during a preirihid davlight 
lriod (if 12 ictirs showed a linear relati onshil) lhteveIIi ood t)1;t ttlid 
anl fish mtas,, ilali 2). a featut, also reli rtel for wild fish (Moriarty 
and loriart 197ka; ('miltott 1977a) hut in reality, oiver the range juvenih, 
to large adull. may 1w 'x ecteel that as growth rates ilelitl so) less foodit hi' 
per unit ma,.,oi' fish woitld hi consumied. I 'sing the data liresittltI in) Tabh 
2 1'0r uitinct i)itl ri'tts Itv;irious tonilieratue'Ps, the t,'latiutshilul)twtt 
fiiiiodut(skitiil ;IIiI ltitllirattir, fo Ia giveti size fish. is founl toi he c'urvi
linear shiuwin. in,'ru;isim fuiiil ititake with increa;ing tetnluperattir, ( ligure 8). 
This Ihititus:; lii lds iuvir tHie ratnge 18 C' lo 80 C.'.but l)i(,t,.en 30C and 
35 (' n..umtttioi iff.t' i hy tt.mnwratutr, tutnlprattirs ini i-5litt i 1d whilo at 
exci,ss iif 85 +. i itaki. <hlitt's attd eeases ahout 373 UiiiI at 0t 88 T. 
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It is well known that many species of fish, especially the tilapias, will 

regulate their food intake in confined captivity. Thus, it is extremely dif
ficult to relate quantitatively the patterns of food intake shown in Figure 
8 and Table 2 to wild populations. Estimates of food ingestion in some wild 
populations have, however, been calculated using a most useful technique 
initiated by Moriarty and Moriarty (1973a). This particular technique is suited 
for use in some algal feeding tilapias, but it is a technique possibly even more 
suited to macrophagous feeders, such as T. rendalli when feeding on C. 
demersum: a food with a characteristic green color. Moriarty and Moriarty 
(1973a) estimated, for example, that a 200 g S. niloticus in Lake George 
would consume just less than 3 g (dry mass equivalent) of algae per day 
while a T. rendalliof equal proportion in Lake Kariba would consume about 
3.3 g (dry mass equivalent) of Panicum repens per day (Caulton 1977b). 

Similarly, a 100 g T. rendalliin Lake Kariba would consume about 2.2 g (dry 

mass) of food per day, yet a laboratory maintained fish of 100 g at 28 0 C 
(roughly equal temperatures) consumes 12 g of fresh C. demersurn per day 

(Table 2) or an equivalent of 1 g dry mass of food. Thus, it would appear that 
laboratory satiation is equivalent to about half the daily food intake of wild, 

free-living fish. A similar observation published by Moriarty and Moriarty 
(1973b) shows that this function is not restricted to macrophagous tilapias, 
but is also a feature of phytoplankton-feeding species. 

Table 2. Linear regressions describing the amount of Ceratophyllum demersum growing 
shoots ingested by young Tilapia rendalli at various temperatures when fed ad lib in 
laboratory. (Feeding period = 12 hours; C is the fresh mass of food ingested and M the 
mass of the fish) (both measured in grams: after Caulton 1978b). 

C18"C=0.0667M 1.061 (n = 37, r = 0.975, S. E. 'b' 0.002) 

C22C= 0.0709M- 0,261 (n = 28, r = 0.9,16, S. E. 'b' = 0.001) 

= C2 6 OC = 0.1097M + 0.278 (n = 30, r 0.974, S. E. 'b' = 0.004) 

C3 00C = 0.1169M + 0.683 (n= 23, r =0.970, S. E. 'b'= 0.003) 

= ('3.lcC= 0.1 205M + 0.868 (n 19, 5 = 0.986, S. E. 'b' = 0.005) 

Quantitative and accurate measurements of the assimilatory potential 
of T. rendalli fed ol C. demersum in the laboratory are possible (Caulton 
1978a). Table 3 summarizes the results obtained for such experiments over a 
temperature range 180 C to 340 C. A definite relationship between assimilation 
efficiency and temperature indicates an increased efficiency of assimilation 
with increasing temperature. A relative increase in efficiency of 18.6% 
between 18'C and 34°C is a feature that may be expected to have some 
favorable effect on the energy balance resulting in better growth. Not only is 
more nutrient mass being extracted from the food at higher temperatures 
but also more energy per unit mass of food is being assimilated. This feature 
is reflected in the relativ decline in the energy content of the feces with 
increasing temperature. It is also noted that the inorganic mineral content of 
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the feces recovered from a given meal of C. demersum varies from 4% to 15% 
less than that consumed, but this removal of minerals snows no relationship 
to, or definite pattern with, either assimilatory efficiencies, meal size or 
temperature. In the results presented in this paper cognizance is taken of this 
fact and the results given are corrected accordingly. A further feature of note 
is that the relative energy content of the feces is greater (gram for gram, 
mineral corrected) than the food. This is a common feature, but such differ
ences are often misinterpreted when investigating assimilation. 

Tahle 3. The effect of temperature on assimilation by juvenile Tilapia rendafli when fed 
ad lib on C.demersumo (17.96 kJ/g). (Number of determinations (n) = 28 per temperature). 

Mass (mg) of Energy (J) of 
feces recovered feces recovered Mean energy (J) 
per 1,000 mg per kJ C. assimilated per Mean energy (kJ/g) 

'T'emperature dry C.demersuit demersum k C. demersion content of feces 
OC consumed consumed consumed (2 x SE) 

3, 399.2 113.0 587.9 18.6 (0.29) 
30 394,.6 '117.8 582.2 18.9 (0.32) 
26 113.5 1418.5 551.6 19.,12 (0.21) 
22 449.8 470.0 530.0 19.31 (0., 1) 
18 470.5 522.1 ,177.6 19.92 (0.30) 

An assimilation efficiency ranging from 47.8% to 58.7% may be regarded 
as being very good for a primary macrophagous herbivdhe. This efficient 
utilization of food can be attributed largely to successful primary food 
trituration and efficient pre-assimilatory processing of the food (Caulton 
1976). The breakdown of resilient cell wall structures is the key factor and 
as such, assimilatory capabilities will vary considerably,depending on the 
species and composition of the plants eaten. 

The mechanical trituration of the food, like digestion, absorption and 
transportation of primary nutrients, also requires an energy input by the 
fish. Such energy-demanding functions can be collectively termed 'apparent 
specific dynamic action' (S.D.A.) or the calorigenic cost of food processing. 
The additional collective energy required for these processes can be measured 
by feeding fish in a respirometer and measuring the post-feeding increase in 
oxygen consumption and equating any increase in oxygen uptake to the level 
of energy input through feeding. The energy costs of feeding C. demersum to 
T. rendalli in a respirometer are shown in Figure 9 and Table 4. 

From the data presented it is apparent that meal size and processing 
costs are related in a linear fashion with greater processing costs (relative per 
unit food consumed) being required to synthesize larger meals. A linear 
trend of increasing processing costs with increasing meal size may be expected 
and has been described for a varity of fish (mainly predatory species-
Edwards et al. 1972 ; HIamada and Ida 1973; Beamish 1974), but exponential 
relationships have also been described for some species (Tandler and Beamish 
1.979) so there appears to be no standard function to describe this relation
ship. A second noticeable fIeature of the results presented in Table 4 is that 
in T. rendalli food processing costs also increase with increasing temperature 
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Excretory products, predominantly in the form of ammonia, are largely 
derived as a by-product of protein deamination and as such will reflect the 
effect of temperature on assimilation. Ammonia has an energy content of 

20.4 k g 1 (Elliott and Davison 1975) and thus by determining the rate of 
either protein catabolism or protein assimilation, an estimate of the loss of 
excretory energy can be calculated. Table 5 gives an estimate of the rate of 

excretory energy loss when 7'. rendalli is feeding on C. demersum. 

'ahlh, A. Linear rgressiolsts descriing tlhe effect of temperature on the calorigenie cost of 
Food proc'ossilg, (Certhihhi/iIll deicrsum hiyTilapia rendalli (R cost of food pro

vx pitrvss(tl demeiiSut expressed in-joulcs 
'nd S'1. '' is the standard error of regression slope. (After Caulton 19781). 
'v'iinm t iljoules, C..= the energy of ,', m consunme 

Wet'rtl ore Regression 

= 
IS'C IR,v 0.063C 1 .3.-11 (r = 0,9, S. E. 'h' 0.010) 

22C' lI, 0.074 C 26.69 (r=0.96, S. E. 'h'= 0.008) 

= 

s
24 C It 0.082C 16.95 (r 0.98, S. E. h' = 0.006) 

= 
26 C IR 0.09.1C 7.99s 


:W C Us 0.1 19C 10.10 (r = 0.99, S. E. '[)' = 0.00.1) 

= 
3.1C It 0. 1.12C 10.75 (r 0.99. S. E. 'b' =0.007) 

T;ble 5. An estimate of tihe exlpectlid loss of an rn iacal energy per unit energy of food 
consut tor tilil a n' dulli feetting on Cora Iop/ l i i t dentersniln. 

TInl pe'a it 
c 31 30 26 22 18 

,Jtules tof NI14 
excreqted per joule 

C' deimersum consumed 0.028 0.028 0.027 0.026 0.023 

The collective data already provided, in various forms of energy gains or 

losses, can now he integrated to )rovide some information pertaining to the 

growth and optimization of produc(tivity by tilapias. For examl)le, a simplified 
model of physiological growth can he derived from the use of so-called 
balanced energy equation (Davis and Warren 1971). this equation isderived 

from the balance between energy inputs and energy outputs and from such 
an equation one can determine, for examtple, growth potential as well as 

some of the ways in which teml)erature can, affett growth. The input Of 
energy in the form of the anou iitof ftood energy consumed (C) (a,,n be 

=
 balanced against th, various energy losses through egesta (F= feces plus U 
excretory l)rodIuc'ts), as heat by ruI ti',m etahol ism tRr), through the cost of 

food )rc'ssing; (Its), by mmvmn I nl) as well as that energy stored as fat,m 
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protein or glycogen, which fog''ther represents the energy of growth or 
productivity 1.".1B). l)isit'ilti all given as:Tu s,ilit' ('(c ,il lie 

C F + (2 + I t f f R± s + In A Ii. 

or on re-arrangement, gmiwth it(,nt ial 'a: lie derived from 

A , C(' + t f- hr + Its + [til). 

Substitution of tlih ',silts g i the,appropriate figures and tables into theivtini 


(( 1 tionltill rVstIth> it) lit' (hrivatino f a simpili for'imula that Ian describe 
grovti in T. r'mil l"r 'xhiiii', it 1 S C a fish ()if M grams consuming C 
jiiuhls (of '. <his'nu I r day wmlil hapv a daily growth potential of: 

_.x .... ).522(C + 0()(21 	 13.4i1)( 	 + 27.531M + 0.0(6:3C 

or o)il re-arranging the equationl 

Ali ,= 0.392C2 + .13.11 27.5 3M 
18 C 

Similar f<)rmulae can he dhrived for the other exlierinmental tenhlperatures 
anld the resultait equations obtained are listed inTahle .( Energy of move-
IenWt isnot i ll in these formulae Sin('e its muissioin dlos not.affect the 
fofllwin discussiii I. 

I'tilizinV [P(,iquations an estilMt Of tHIP ',)d illtak( I,(.tuir'(l for Iiiain
tenallc,,, i.e'., 'ln._X,-:0, (.;In Iw ( )hllw<. At IS U. fo~r exalniple', Imainl

teinanc i',n',rgy for a 50 g '.rc(i</l1i w\inhl aplplr{lxinate 3.1. ki/d ('Table 6) 
whic'h, in terms of C'. donicrSun intae. would be e(luivaleint to 189 mg(lrv 

mass ()r2.2 of' frch plant material. When c(ml arel ti tlie aiiount of food 
ailllestel ad /ib (overa 12-hour alnIratory fe,ling periodl at 18'C (lable 2, 
Fi(_ure 8). th,, l,vel of so-call'd satialtioll is almo)st exactly the same as the 
'stiiiat'd 1'iirgvy reluired 'or mainte naici'. Ti, :similarity in the, level iif 

f')<td intake and mlintenance eniergy rquiremcnt not (oilv applies toi low 
th, e 

menttn illustrates the Iprolenms assc(iat(l with att,'lnliting ti determine 
L'r<vtli rat'., inI'r restricted lalhtratorv' 'nlijti ,is, hlt lhioilglh field 
related gritwth liattrns cannot biP siiuilait(,d nl(,r rstri'teil c'oind(itions, 
SOiMPi (is,,fu! Inrii'iililis t'{iit'i'rnng gotwtih ni.V still Ite (lerived from laliiirat (ry 

t' mjierttir(,s but tt all temltratulr',s iii'.'estigatt'il Talh,7 ).This tiheno-

T. i'nu/i fr'. lke maniiy i)tl(,ir tilapia fry. will grow in80-liter aquaria to 
;lto)ut 	 :0 ()r1(,gwhen gro)wth genrally dehrates and then almost stops at 
ih)Wit 8( V 'vYn Ine(r ('ii(oitions )fabliiiilat anld lintrii ions fit>d avail
ahilil . Iii atu;ri;i, 10 ,(7'.reuh/h f'r :lfmid18v in iti it C shvtw I n(egligilhi 
gro)wth, hut a.()IllIar; - n' I m intai I(I at ' I aI (, r, '0 ( sI()w f;iirlv go(Il 
rat, (Jt" r'wlh with th lhtter fry raliing 10}g illsix to 'ight we'ks. 
.l lI', log'ilning of tIlis tni) tr, it was sug'est ed that many marinal 

viiliasI are, ill tli'ir natural e ivuir'oilt -lit, si'hhin r'strihed to a 
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Table 6. Theoretical giawth (AB) equations to describe the growth potential of young 
Tilapia rendalli at various temperatures. AB is expressed in joules per day, Cis the energy 
(J) of food consumed per day and Mthe fresh mass of the fish, weighing between 40 and 
60 g. 

AB180C = 0.392C + 43.41 - 27.53M 

AB 2 2 0C = 0.428C +-26.69 - 39.66M 

AB26°C = 0.430C + 7.99 - 69.87M 

.B 3 0 0C = 0.437C + 10.10 - 88,70M 

AB340C = 0.422C + 10.75 - 91.34M 

Table 7. A comparison of the energy required for satiation in the laboratory (see Table 2) 
and the estimated energy required for maintenance as derived from Table 6 when AB = 0, 
for Tilapiarendalli feeding on Ceralophyllumdenersuin. 

Maintenance energy 
Temperature Laboratory sftiation requirenent

OC (kJd-) (kJ d- ) 

18 3.43 3.40 
22 4.95 4.57 
26 8.70 8.11 
30 9.84 10.13 
34 10.42 10.80 

constant temperature but are usually subjected to varying degrees of daily 

thermal fluctuations. If fiy (10 g) restricted in aquaria, were subjected to a 

thermal oscillation (180C night, 30'C day), then their growth rate was found 

to be very similar to that shown by a control group of fry maintained at 

300C. The major difference between the two groups was found, however, in 

their feeding, with those fry maintained at a constant temperature of 30°C 

consuming up to twice as much food as those fry subjected to daily temper

ature changes. Both groups of fry grew from a mean standard length of 

about 6.5 cm to a maximum of 10 cm over a 45 day period. This growth 

represents an increase from 10 g to about 40 g in mass. Although the two 

groups showed very similar growth, their food intake was very different. An 

explanation for this difference can be obtained using the growth equations 

of Table 6. For example, a 50 g fish maintained at a constant temperature of 

30'C and having a growth rate of 1,000 J/d (196 mg fresh mass per day) 

would be expected to consume: 

((88.7 x 50) --10.1 + 1000 ) /0.437 = 12414 J/d 
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A similar fish subjected to a 12-hour daytime temperature of 300C and 
with a nocturnal non-feeding temperature of 18'C would, in order to grow 
by the same 1,000 J/d, have to consume: 

(88.7 x 50 x 0.5) 10.1 4 1000/0.437 ) + (27.53 x 50 x 0.5) = 8028 J/d 

Thus, for individuals from either of the two groups to grow by equal amounts, 
those fish maintained at a constant temperature require 1.6 times more food 
than the group subjected to a thermal oscillation of 30'C to 18'C. On 
testing a variety of combinations in a similar manner, it becomes evident that 
as tle temperature ocscilations ecome less marked, so the ratio between the 
energy of growth and the energy of food consumed (A B/C, Odum's ecol
ogical growth efficiency) decreases, resulting in a decline in the efficiency of 
production. 

Estimates of food consumption conducted in (optimal?) T. rendalli 
habitats at Lake Kariba during summer indicate that a 50 g fish consumed 
an average of 12.6 kJ/d of food, which is equivalent to about 8.2 g/d of fresh 
food (maximum measured was 10 g/d). Growth estimates obtained from the 
same wild population by tagging indicate an instantaneous growth capability 
of 690 mg/d or 3.6 kJ/d. Calculating the ecological growth efficiency (using 
energy values) of this population, a value of 0.29 is obtained. If the same size 
fish consumed the same amount of food energy but was maintained at 28°C 
(mean maximum and minimum of midsummer Kariba temperature oscilla
tion) then growth would be calculated to be 1.3 kJ/d (derived graphically 
from Table 6) with an ecological growth efficiency of 0.10 or approximately 
half that calculated for the wild population. 

The key factor in this change of growth efficiency is the metabolic energy 
demand, since, if food is not limiting, the other parameters of the energy 
balance do not vary in sufficient magnitude to seriously affect the balance at 
any given temperature. The relationship between food intake and temperature 
has, in the laboratory, been shown to be strongly temperature related but 
indications are that in the field, a less marked influence is found, although 
fish do feed more actively at higher temperatures. This being the case, then, 
some influence will be reflected in the growth efficiency, but it still remains 
more likely that metabolism is the governing factor. The pattern of change in 
metabolic demand with changing temperature may be a complicating factor, 
but, on the whole, relationships of the type shown for 7. rendalli or S. mos
sambicus (Figure 3) result in only very subtle variations in the final result. 

lore important is the effect of fish size on metabolism. The smaller the fish 
the greater the benefit of thermal oscillations may be since the metabolic 
demand by small fish is greater, per unit mass, than larger fish. Thus, there 
may well be a limit whereby larger fish no longer benefit from diel migrations 
to warm shaliow water and this, combined with food distribution, may be a 
reason why juvenile fish are far more abundant in shallow marginal areas of 
gradient shorelines. 

One is able to draw on limited examples from wild populations to support 
the theory that thermal oscillations are beneficial to the growth of juvenile 
cichlids. The work of Coe (1966, 1967) showed that the resident population 
of S. alcaliciis (T. grahami) in the thermal springs of Lake Magadi (Kenya) 
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showed stunting and poor growth. These fish were generally located close to 
thte 'eye' of the s)ring (35: C) at night (response to thermophilia) l)ut d uring 
the (lay fed in the cooler (28'C) periphery-the only source of food. This 

movement is a complete reversal of the d ielmigrations previously discussed 
and it may be expected that as a consequence growth efficiency would be 

extremely low. Notwithstanding tile possibility of poor food quality or 
abundance or possible problems associated with water quality in this envi
ronment, all indications are that the tfi rnal peculiarities of the systen are 
themselves resp)onsible to some degree for the poor growth. These fish do 
not show any genetic malfunction since on transference to a more 'normal' 
habitat, growth resumes a normal pattem (Fryer and lles 1972). 

Similarly, an early record by van Someren and Whiteheadt (1959b), who 
reported that the growth rates of S. spilurus niger (T. nira) in ponds was 
better in shallow, 30-cim deep ponds than in 60-cm deep ponds, may indicate 
another example of growth enhancement, due to thermal oscillation, Ponds 
of 30-cm deep would be expected to exhibit a larger diel variation in tem
perature and tilapia that are restricted to such an environment would be 
expeted to show growth superiority or, at le:ast a better growth efficiency, 
if food was not limiting. Thus it,may not be surprising that the shallow 
ponds (caused by sedimentation) from which van Someren and Wkhitehead 
made the o)bservations showed a good prod uction. My own observations on 
pond trials tend to confirm this observation but, the elimination of the 
numerous variables intrials of this type is extremely difficult. 
A number Of documente'd examl)ies from various African lakes show dbat 

tilaj)ias, esl)ecially juveniles, have a preference for shallow inshore waters. 
Recent examples of this distribution l)referenda include the tilapias present 
in Lake Sibaya (lBruton and BoIltt 1975), Lake Kariba (Donnelly 1969; 
Caulton 1977h) and Lake George (Burgis et al. 1973; Moriarty et al. 1973; 
Gwdaba 1975). In the two former examples food listribution and/or 
predator pressure may W0l in fluenCe the inshore distribuLion of young 
tilapias hut in the Lake George example food is more abundant in the deeper 
areas of the lake yet tilapias arv far moen, abundant in the inshore areas 
(Gwahaba 1975). 

There are obviously a variety of factors contributing to the distribution of 
tilapia in any particular water body, but indications are that a diet thermal 
fluctualion may be an im )(rtanl I'actor to consider. With the exception of 
the dIep rift valley tales, natural inland waters in Africa are generally 
composed of shallow river floodplains, seasonal l)ans, lagoons and marshes 
as well as large areas of permanent swamip. Tbese areas are sites of tilapia 
radiation and, Iprio r to the atI vent o fman-r aol e im)ound ments, ConstitLu ted 
the major tilapia habitat. All these areas are subjected to daily temperature 
fluctuations often in excess of 10 C and thus it stands to reason that the 
tilalpias would have evo(ved various I)lhysiological functions suited to ot)tinliz
ing such conditions. 

In concluding this pr(,siitation. it is cl(ear that more a)plied physiological 
work is urgently required in order to determine the functioning ol' the 
Various species of' tilapia intheir natural environment and only after deter
mining the ol)timum levels of physiologival effivie'cy can we begin to 
ot ili ize o l)rodtuctivity both innatural water fisheries an(l inpond culture 
cond itions. 
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Discussion 

NOAKES: A comment more than a question. One of your points is that temperature is 

very significant for these fish. Their thermal preferanda should therefore change with 

changing conditions, for example, fed vs. unfed. Is this so? 

not as far as I know. Ir you reed tile fish in a gradient tank, it makesCAULTON: No, 

no difference where the food is, they still go to the same temperature.
 

NOAKES: Dr. Caulton, you were saying though that different physiological functions 

have different optima. If this is tile case, then it would be reasonable to assume that the 

fish, when it is undergoing certain physiological functions, would choose the correspond

.. ing optim um tem peratire. . . . ..... . . ... 

Although this is a reasonable assumption, I do feel that certain physiologicalCAULTON: 
optima, are sacrificed for others. Certain physiological processes do certainly function 

most efficiently at a prescribed temperature, yet metabolism, for example, is efficient, in 

terms of energy saving, at low temperatures yet the overall physiological optimum for a 
feeding tilapia is at a temperature or about 300 C. 

NOAKES: It has been suggested in some temperate regions where there are thermoclines 

in the summertime that some of the large predator species move above the thermocline in 

the evenings to feed at a higher temperature where they call move around more efficiently. 

Then they will go down into colder water where they can digest their food and grow very 

efficiently. 

BOWEN: The thermal preferendum of Sarolherodon mossainbicus does change with age. 

It gets lower as tile animal gets larger. But even the thermal preferanda of the largest fish 

are well above any temperatures normally achieved in the natural environment. So, in 

many cases, they would be expected to migrate back and forth between the thermal 

gradients along tile shores. 

lIEPHER : Dr. Caulton, what was the average weight of your fish? 

CAULTON: We worked with juvenile fish from about 20 to 50 g, but for a lot of the pre

ferenda work, we used fish up to 300 or 100 g. For respirometry work we used a large 

range of sizes, up to 200 or 300 g. Basically, however, we were concerned with modelling 
on juvenile fish. 

MIRES: Dr. Caulton, from what part of the fish did you take the fat content tissue 
sample? From muscle? 

CAULTON: We used the whole fish. 

GUERRERO: Can tilapias get their essential amino acids from blue-green algae and 
bacterial protein as they can from animal protein? 

BOWEN: Yes, it is good quality protein. 

MORIARTY: In Lake George, the diet of Sarotherodon nitoticus consists of about 70% 

Microcyslis with a few other blue-greens and diatoms and a few percent, bacteria. This was 
obviously a good food. 

(IUERRE RO: Dr. Bowen, have you studied the amino acid make-up? 

BOWEN: Yes I have wnd it. is not significantly different front the amino acid composition 
of plant proteins in general, including those from macrophytes. 

(iEI{ERO: Ilow does it coimpare with fish meal? 
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BOWEN: I have not compared it with fish meal, but I have compared it with the essential 
amino acid requirements of warmwater fish given in the literature and it is more than 
adequate to meet these. 

MORIARTY: Another point on that of course is that the protein content of microalgae 
and bacteria is very high compared with that of other plant material. It is around 50 to 
60% of the dry weight. This varies of course. 

BOWEN: Yes, there are very few storage compounds, such as carbohydrates, in blue
green algae and bacteria and instead of storing energy, these cells continue to reproduce, 
making more protein. 

HENDERSON: You mentioned that there are data for assimilation efficiencies of grass 

BOWEN: Yes, these are around 50%.I
 
JALABERT: Is there any evidence of feeding rhythms? 

MORIARTY: My experience of the Lake George fish is that they feed during daylight 
hours only. They start feeding at (lawn or ji.st before. (Editor's note: Whyte (1975) 
reported that Sarotherodon galilacus inulifascia!us and Tilapia busuimana in Lake Bosum
twi, Ghana, both feed at night. The water of this lake is very clear.) 

JALABERT: Does the efficiency of the food utilization vary according to the time at 
which it is eaten (luring the day? For example it has been shown in some fish, particularly 
catfish, that the efficiency of food utilization is not the same in the morning as in the 
afternoon, 

CAULTON: Yes, we have shown that with the acid secretion cycle in the tilapia. Until 
you have acid production in the stomach sufficicnt to lyse the food items, you will not 
get any release of nutrients. So the first portion of the meal ingested in the morning is 
hardly digested at all, and there is a large increase in efficiency as the day progresses. 

BOWEN: I have actually worked that out by counting the number of empty diatom 
frustules at different locations in the gut. There is a group of undigested diatoms which is 
derived from the first part of the daily meal but this is not a very significant portion of 
the diet and the digestive system becomes efficient very rapidly. So that there is 10% or 
less of the food that is not fully digested and the remainder is very effectively digested. 

NASH: In this detritus, is there any gelatinous material? There seems to be a nice parallel 

between this freshwater situation and that sometimes found in saline waters. For example, 
there are some excellent feeding grounds for marine shrimp in Brazil in the Caho Frio 
area, and excellent feeding grounds for milkfish in many of the Pacific low atolls where 
the substrate is a deposit of blue-green algae and detritus, but both are characterized by 
being very gelatinous. The substrate is similar to the lab-lab prepared in the Philippine 
milkfish ponds which again has a very high protein level. 

BOWEN: Is this gelatinous appearance the result of a large mass of blue-green algae? 

NASH : I don't know what it is. 

LOVSIIIN: There are some bflue-greens which form gelatinous masses. 

BOWEN: I know that. some diatoms secrete gelatinous strands which tend to bind thern 
together into a fine substrate, but I don't know if blue-greens do that. 

MORIARTY: Many benthic and planktonic blue-green algae secrete large amounts of 
slime. Its nutritive value for fish has not been assessed, but it may well be utilized. 
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ElrIThere is one 'actor which has nut been mentioted from the fish culture point

of view. !s he anloulnt ot food available affecting growth efficimcy? It is well known in 
fish culttu:. for instance, that if you'Uevdtilapia ad libition their assimilation efficiency 
will decrasi'. That is why the rat ion hc'oles so important for i culturist. 

I I'1ER: Theri is another point which we should stress more and that is the effect 
4)1"tctttp~wat ur, particilarlty at night, on rowth rate. I do not know if you hold a fish for 
iot, periods it I (' witet hir it will grow as well as if you hold it at higher temperatures. 

toche's and 
anilmals, illhe lliv\orl's aiid ditritivores that I am aware of do not in the natural environ

nnt el'" (oiftr4ontt a slortage of food. So quantily to ny knowledge is never a limiting
I'iator. It is quali v and it I undersland )r. Caultoo's contributiol correctly, what he has 
done is to lhok at how Ill( fish interact withIthe variables in their environment and try to 
... .max tht., aoinit of food in the absence of any 

(AIVN:WWith regard to Dr. ( comment, unlike carnivorous oinnivorous 

miz that they arecapable of consuming 
limtoilt Ivailahilit. So this (100S not aply immediately to the culture pond situation 
whi-re yol arervIni llto ilaxirnoi, ih t, fficiency of food conversion. 

LtVSHIIN: Thi.s is Just a comment on the, iigrations to diflerent temperatures. At 
Auuirn we, hav a ilot ot small ))ol units from which we pick small fry. There are very 
difillit' ikgrit 1i.o- lowards til' surface when til, fish are in small schools. The fry are 
ittic :,h.to colleui betwet I 1:00 AM and 2:00 PM when the temperatures are high.
l0'ht,. i, a i',i, defiinite tinef, of dil when tli'w schools are mtich imore visible and highnr up
ItI tihl' wvat, r. 

C'.\ I.TON: Theinral lwrfvranda cul he responsible for both a horiz.ontal and a vertical 
ttil&'it lO s-:; text of Illy paptr. In natural tilapia systems, juveniles invariably show a 
horizontal nliluration since they are predominantly marginal in habit while adults, present
,Vill, df'(l,'r walir, often show it vvrtial movemtelit. Both environments are affected by 

dmil, t lltptriltir inversilont;, hele, til inovenlent of fish. 

M)tIt \'Tl Y: DV Cit'aullon. did yoi do any te'mperature preference studies at night as 
w,,ll ;I,,;h dav? 

'.\'l'ITON. Ye,, The results of lOhse experiments demonstrated that there was no 
swni ficant diff'lenci bitwevn flay/nighgt thermal preferenda. It also made ' , difference if 
the fish wire I'.d or (ll'ed males or females or introduced singly or in shoals. 

PU,1.l.IN I would it- it) coimnit oil the questions raised by Dr. Coche. The amount of 
tIlqm! L'ivell in I culttir situathiion is ohiviously very important. I rind l)r. Bowen's view that 
litrbivores and (.. "itivores in their natural environment are never likely to encounter 
t'l:Drit!¢ofill '( -Id titU:itity Vvery Significant as some of the (letritivores we are trying to 
rm'v ill i'4ri iliz~d ponnd.,av be Itvncountering a shortage( of food. There may well be ways 

which ,'. va(' Inllipulato,aitd iitprove tlhis kind iif culture environment. this may not be 
'. ;I., rl ,llill etlvnttil food, but has anyone aly ideas on howv det rital feeding,;v ng stptl 


'nhti I itmp 'oveil iii pond culture?
 

II'.Nl)EI'.Cs)N: IIt'h, i ialitv Oi 111', fIitd is rnost imlp)rtant Icause ingestion by thi' fish 
is partly related to how much time they spend for the process. If they are processing poor 
1411'it is inld isiM a4 lt of t and tinv it) the process, they are going to get a lot lessviry 
h) 'tlltt tll f'om I'(tdin ott bhlt-t'rl'i'tls. But then again, a high quality detritus system 
Illi.i Il It till)rIIVI'titl'lt. 

t';.l.IN : 5' .ilts, ;111(1a l'rliliziid pond itl tlur', s'stt'iil u,;iitlg lrgnic Itianulres weuld have a 
hl( t,ad 1' (l've" oille Ilin"ill rt"IL;llitc f'vr ilizimr 

.\It)RIARTY:' Th' Irlm in '.''hiih I 10111A5 o('irs is also inportalt. We havr11 hi'arl mainly 
;lw''-,, ill trllltylo l-t(,lr, iid 1h1 rlus Itf s lor" thd doi ry much oil the 4hy(olplaiktont,,, .rhirl ;li ,.' i u st-(] -, ponl~~d systemils, For Ihc dhelrifus Iftvdhrs thivir f'ood nmust be 

http:t';.l.IN
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in a form which they can pick up eLasily: ifit is more or less soluble or in the form of 
free swimming bacteria then it may he of little use to tilt,fish. It has to he precipitated it) 
a detrital aggregate or has to ho taken u) Ilvn icronrganisms which themselves grow in 
clumps and form larger aggrcgat,,s Cor the fish to ingestr. Whether this is in fact detritus 
per se. i.e., non-living material, or wh0h i' it is aggregations of living microoranisins is 
another matter. Detrital foods in ponds must be of the right consistency to be available to 
fish as well as having the right protein and carbohydrate makeu p. 

BOWEN: In this regard, it is interesting that a sttudy of manured ponrl culture oftilapia 
published recently Iby Schrocder in Israel looked at microbhial production and estimated 
it. lie found that even when lie considered that sour ,of nutrition for the tilapia, he 
could not account for all the production (offish, It reinains a g'.eat mystery how those 
fish grew so well, hcaise even if they were cropl)ping 100% o rtile microbial production, 
lie could not account for all the growth of the fish. lie suspects that there must have been 
a non-living source of nutrients, i.e., organic matter derived from the mrn-ure. 

MORIARTY: 'I'lhre are a lot, of prohems in relating microbial production to fish growth. 

LOVSHIN: We have talked about various forms of detritus, and I am interested in 
knowing whether dhtrital matter has to slay in thre water and he worked (in hy bacteria 
for some time efore it is usable or whether the tilapias can tse it ;rush, like fresh cut 
grass? 

BOWEN. There ar, two main categories of organic compounds to consider here with 
respect to macrophyte material such as alahi ](;Ives, grass clippings etc. : structural com
poinents that are inscilulie in water, and non-struttural components which are largely 
solutlh,. It is the soluhe complounds which are valuable for tilenutrition of fish. Cellulose 
an(ilignin are not use-d directly by fisih, tint sot ubhhIf))rteins, soluble carbohydrates, and 
lipids, which will go in solution soon after waste plant material is put into the )ondwill 
all have a real ;m pact on tile fish's nutrition. 
LOVSIiN : What type of detrital matter are you talking about here 

BOWEN: I distinguish Ibtween morphous detritus and amo rphous detritus Amorphous 
detritus is the material which has bcn formed from dissolved organic matter. Its formation 

is niot by fragmentatiotn of h..aves for exarnpe, but it is vin the dissolved organic cm
ponenti is. Therc ae imny wiys i.which y on get from dissolved organic to particulate 
amorphous orgianic matter. Microbial action is one. Interface reactions either at the 
air-wa ter inte'face or tile water-mineral interface- are others. Simple chemical poly terizi
tion in solution is another. [IV light also has a physical effect on polymerization. All 
these factors play :I rol, but the importance of each of them is riot understood. The 
material which I hay,: found in my studies which plays an importanlt role in the nutrition 
of S. tiosisatitbicusis Lto amorphous oirgatir' inattr-t atmirplhous detritus. 

LOVSIIIN: I think it would he a very irnportant and very interesting line of study to see 
what mattrial we ctiul throw in tfit' fish pind, or what combinatiuins ot naxrials, 

to get from these protcesses tilentainim aioun tf del rital imattir whitch coulld thten i)e 
oit ized )ythe fish 

MOI{h\IATI'Y: 'l'hat is asubhij'lc that r'ally dots itied to it exalintkl in ichll more idtii 
icmii,e dtt ritus is used as sot101hN blti( term that in ditf'rtnt situations you call nav 

dtiffereont p~roce'sse~s happv)ning. 

BOWEN: Silopdtr's work Sh)ws (tor sI niigly siiggests) that ;iil apIprocmh to mprov,. 
detrital 'eling would it' a very inductive tione. 'i'her is ;ttii' h tovry tflitvrairt-, now 
(il dhecomipotsition pircesses ill ieiivIrlmnt'nl'S, %ttvhiCh t'iwvs soit), vtry giiiid idtas of1' 

wher' tot blgin ,,earchintg for fit' inanIltiltitiii which %viild iMulatv ettritus formatttit 

andtgive a prodtlct tltatha',a high 1titiiionAt value. 
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N10 1HIAC'TY 4, 1bli:k to DIr. ('Irinski's paper, on, thought which occurred to r4 is 
Ohlitth tlIlllc)' ItnptraitUre at the limits of distribution of lilapias, particlarly 
whir' 444 t14np'ral 4''s wti'r, I., IAiuni to he ;ffected hy the surface area and volumlev 

of ti, cultur,' wat,." bAni,. [')rC;tlollon's work suggests tihe use of ssh;llow pond whtch 
A;ill Itv,' hu i ,ii r, t or.> dili'il 11[hI' (]li\, anld low t 1'l l ii' lit night, uIlto'xtrc1me'
 
[how l'i[qr~ r" lllkl';t dd.j[. t Transv'a;d, dam .; are stocked with
i)':I.%M ditolr' ,not, 

Vh11. urt hwy fill.s t ,, li , ti , ll. i ,v \witiltr fros)ts oly i' l (,til I(i irv to9 a purt of 

dam li t i,i , '. , ] 11411mbhard 5ll l rizi0i iii',work of' DIrs. CMulton' I 1959). ] !itsu 
m ll'i i,,. 414 ''tllt(; q44144 'ti: n'ri d to bv. c(nsidhi'.I ,i u l fo d that '4hpiasf e red it] 

rlati'm t' , \ i'44 )1;'lim ' sIl h ;1tllt' a d l4: 1['44. aI)s teiiptcra4tlr olx(i .t4l fiil r, tllioi
l , )hew ld , , tllh l .r') is t,tri,t,,rrVd ds F1lititritiitr(ls.
()11(, iriiin 

AA! AIA ' II . II, I T 4) -Ct'S ' i I |i. - - iI ! i c.r( I-tIt' . .- is (IIIvi()lisiN)i A. , iI'ilI 'r( ntitj)I; t, , I)u l I I It 1, nls~ 

A,,4' 4Iillii): I' l ill li, ',415 ( At' m at '.it'l sl h s 4 ) .1 i T v 11:51 l. :I , 'Il 1pii ' Ih it .1)1r' i 

Ill ht-, ,,4t",:I islt h',h,,4vtry,r4,i4h :nd Dlr, ,,''l'i h,,wi lit.',mutr i' ',w' w%,I.11:1 (1 th 
iS dt,to, nttrlepvi n is in(rt ut,olli ioll 

Hli,,iri it l, thfr-'4 rv, hals to he, ill ;i f'Ir' lt|ia is (111!1,stibh, hy" i~,,s ,,i. , pro)

pol Amino r'.i i il ill s o Wti 'd,to-itl I I l.'h 1Ug11itnd M-id., sli111- l114,' i s I lili
huttf'lirt I A.r r to studv digestibility.,,o' is ne, i-s.sary, 


"Ih, l'it 1,"., Ili,ir"..,,,t0.nzu , ,.-triills. ( m'ilenI,
1,4,,1 d i iv.'. v w .ic( ig,,Sl The )phl e'l, (~ : 

l 'it I.ikl'.h 14 - l.';'.''Ii e 
il r'1111,1 t,,,lh Ad t, ' I'lliro 4 p 1 s4 44 '1l 'l lh''t4' k4 

S % r :''A tw t " h v ' Ill iei l i.id , !1.1tr,1 1 t) lwhrefIu ll'4 
, ' ii( r'ml W e, ai 1111 t4tll l 4 

I ll '1 \ h t W I It ish llhat rc a.e'd lt' I'ii4d )n nl il;14. wi h art.1A.44d11 A ]W ll. i )r culturel blu ,-lrl'
the, 111-1 ',miliml fh,;w, IllLikes Illthe. tropics Th,, work thiatwe did litLake:(;iorp, 

, itl,'hill'. 121,"'HI; w ,'l' i %\,'ry [ilt f 'H'. 01)11 fhP ' I-it iouls soulrce, of l for tll, fish "Ille fish 
il~ld',!pid 'I'l , .1clual io and G.5,;r,,.,l.;t1A,,, ass im ilation efficien 'i.,.Ver,, l,.,'~ 
.1h),ll1 1 -1 AI . ,11,t!. ''h,A, IIn itIl assiIitiI it f, 1,,1y %%.I.,0(' .'I'lh,'N 1)1i,,z,I Illl I ic 1: 4 ria I.v 
i.SdUe' to Itilths(~ 4) digesionan not ecuethlere art, re'fract-ry' compounds 
pr,,:ent Illt]h,1,-,dlIll,f'ih him-, 1() s.ecrete ga;striv licid, :in( tlb,pll has I() fall to iii)(1i 
! ,5')I, , &LC,,,tion tA(',five to) six half-wity thr,II,+t',., to (occur. This, hours through 

jj~j yti ll._1jlL accou,nts Hic I,v,% tii;alim 1,fficiericy ;jvv m v,j-,riml, wvhich 1f()r ;I,. ral','d r 
;1 2 1 hr p,.rlm,, !'F ,.l ' imniJ;te (itIay , outr w ork ()FI t(, lill tt d l,,.v rhilw tht(-as.s .5-', til!mnoun 
lishl ;l,' p,r d];i', tnd th,,j"Lr iw th slhimw ed thilt thPil :1 l th1W ;iS.Silnil;It4',r-ill,,; 1111 thill ' W,,its 

II,, IA I I~llIA!.'(ItI;! A.tA t ;)i iA. I a o i titd it t(I thI I- re ) d~u . ,) )( r It ltl I hri ,s I ita ttitn iin;diyN 

.A~mild 1'', ,l~d,ir.impo)(rtanci' of1Dr. Caullltonl's work illdiurnal Inivration.s lw
n-l' ll riim I sP1:'>All ionlt d'i' Ii'" , , Iliffi(l-lIl i -lnpl-raturc~s. A tnl~nl to) this ;in(] toi tt'lm

jwr;tllrr,Ini'l p-Ll I uhtld.01' dil*OCIt CUlturists.k tlill' hb bV'lft til ilpiai 



SESSION 3: CULTURE 

Chairma's Overview 

11. F. I I'NPERSON 

One of the major difficulties in comparing different culture systems is 
the lack of an appropriate yardstick for performanie. One of the more 
obvious ex aiuples is the (Nl)rSSiOn 0f the productivity of a system as the 
liomass per uni ()f time 1",ronit area. In extensive aquaculture in large 
lacustrine svst ems, this unit w(1ht seem tc have the same sort of validity 
as in compirait ye studies of the ccohcgv of aatttic ecosystems in general. 
In pond systems it still seenIs ; hi!tgure forjudging the most economicala usefl 
use of spa('e', hut has soMCwhat (1011)tful validity in comparing biological 
,,ficiencies unless detth is lrught into thi,' icttir'. 

As soon :.a; .vr n1(ovi' into ragie and! pen sstenS. however, on(e hardly 
)ctheS to calculate such figurs. Irmi the point Of view Of the CUlturist, 
input-outtput inforimnation is of mon inte rst. Tnfortunately the, ommonly 
(1uinted feed conv,,rsiorl ratio is nt a very satisfactory biological index 
unless the water (ontlll of tin hel'e, is taken into considerationi. Growth 
rate and produticion ar f direct interest to bhoth the scientists and the 
culturists, but are difficult to c.tnp ar fomr different lengths of growing 
season. Dr. (.'he gives spjccial attention to these probh'ms, providing 
several dlifficrent ineisurcs ()f crf(orimance to comi;e cage culture systemils. 
Recognizing that it,iay nomt ver i.ll coniltare the cfficiency1w us to of the 
use(of spa;ce, say, .,n cnld pun culture, seemnbetwe, PW( itdos nevertheless 
worthwhile to define standarlml tcrfr c,.criteria h;(r culture systems. 
These criteria sloull o)vio(sly ,:cxtend to ,conic a> well as biological 
fact, crs. 

The reviews prepared 1 lr. (orh and )rs. Ilephri :in Pruginin suggest 
that pen and cage cultun, of lilapias have l(lvanlage.s for the deveioping 
countries whih, IMId uIturi secns toirequiir tather comlplex managelent 

for success, and may be liteter suited to the clcvelojwcd countri(,s. It isclear, 
however, that the niain technical :cn(l inan;cg-,rial c(maplexities lie in the 
production of seed rather than in the, grmvmct phase, particularly the hybrid 
seed which seems to he requin.dr)r lr< fitahdle procduttion in temperate 
climates. 'The question| of suitabh 1(8t MICtc'age ulture systems should 
also he considered in both hiufh and lmw techu1h1logy 'tnexts. Offland 
itwould seem to mce that cage dhesign and coustmc ticc would offer more 
l)rollems in developing counlri.s than !,omnl c'istru'tic. Ilowevr, in
expensive pre-fahcricated cages cml conceivably be developed. 

l)r. (Coch rmnarks that keepcing cage fl(ors well ahove the bt(tolm ()f the 
water lncdy sems to re.duce the incidence of disease. lIe alsoc states, how
ever, that caged fish may he undcr great r stress than pond fish from crowd-

I8I
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ing and suggests that they may be more readily attacked by disease and 
parasites. 

Manures and lertiiizers seem to (e more effectively utilized in pond 
culture systems. In tropical ('000n t'ies til-Ipia CUlture is particularly attractive 
w1hen it is combined with pig or duck faniing. Drs. -iepher and Pruginin 
point out illtheir paper that organic manures, by direCtJly stimulating hetero
trophic foodchains, Lre better than inorganic fertilizers for the microphagous
tilapias. 

Only )ond and cage culture systems have been reviewed. It is also valuabli' 
to refer to two other systems. One is the very intensve cultute of tilapias i'A 
tanks and illraceways, systems which are particularly appropriate in utiliza
tion o fwaste. thermal waters. The other is extensive culture in small reservoirs, 
nat 't'a:l:-,.s and ponds. The highly intensive culture systems pose special 
proh!,ns o" providing complete diets as well as removal of wastes from the 
systen. Management of extensive systems, on the other hand, should be of 
interest in relation to the extent to which cage or pen culture can or should 
he comlined with harvest of the more free-living stocks. This is an important 
(luestiOn in, for example, the improvement of the fisheries of the 10,000 or 
so small reservoirs of Sri Lanka. In small reservoirs, there are some interest
ing possibilities for the control of reproduction of tilapias through water 
level control: for examt)le, by exlosing nests at critical periods. 

Where (age culture has prosl)ered, local administrators have often been 
Unp1reip:ir(d for the resulting legal and environmental problems. Dr. Coche 
('''As several cases in the Philippines where this has happened and I have 
been told 1'similar sorts of iroblems in Polish trout culture. It is, however, 
not only admiinistrators who have been ('aught unprepared. There is very 

little information available on the effects of cage culture in lakes, ponds or 
bays upon lwhich to )ase predictions of permissible levels of occupancy. At 
high levels of occupancy, reduced production in each cage unit becomes 
obvious to the operators. As in cap)ture fisheries, however, the overutiliza
tioln of waler bodies for oa.e culture is not likely to be reduced to optimal 
levels v(luntarily. Unfortunately, we know little about predicting permis
sibih' levels of occup)anicy' before prodcItion begins to drop, nor, to my 
kn wlhde, has there been any attempt to define effluent standards for cage 
culture, analogous to those which have been adopted in some places for 
pond culture. 

SpIaking of environmental matters, Dr. Coche also notes that cage cult
uorists nd should take care that are excluded11others inapproIriate species 
from waters t( be,used for ('age ctUlttlre. Competition for food between S. 
(W (('11s :11(1 wild S. inosstmbicus in cages in Puerto Rico has been cited as an 
ex amdle of this problem. There, the wild mnossamnbicus were also thought to 
lhe a sorce of parasites and diseIse for the cultured autreus. 

'Ihe( is a polorI(ni not mentioned explicitly in any of the papers, but 
hilh will ,'nie'rge as tilal)ia culture becomes more intensive and more highly 

5,l(,I'(,lI strains are used for ('titure. This is the increased movemient of both 
hroo(dt(,(.k and se(Istock across nati onal bundaries and the attendant risks 
0oftralnsfer of al'asites and disease, and of contamination of stocks with 
genes of related species. In m(ost countries, there is as yet very !ittle control 
on eithiir thespniies, Or(imore importantly, the health (f the fish transported. 
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Rcoberts anti Sommerville note that the (liseasts 01 * ilaptias Ii lvi nt t heIn as 

well studied as those of other cultured species. hoth h ,w'ausitheir 'ulture has 

only recently heeni heviloiw to an intensiv, levid where disease iro lems 

are more evident, mil hecatise' di:iii,,ti' ]tilities ir,, ii ,t.trai, porly 

developed in arias whit tilpki cultnr is 1m) ';1 Imni . 

liLqa Inly\'tht ire inIIIiis,,mt hy I,'plnp r midUIItriiis ilisU.ssl 
t O+ + ,i ill . s 

and T. _-illii be+ingz cl+llur-,'l h t,, wr il 't.', mi t,, in.,tance+s OIfS. n~il<ticnus 
lP r u gmi i , ;In d ( : + t 'hn , Im .1 1 1,l > u :mw' 1,;ik , , \ ic t o r Ki , 1" c.<u hco tils 

itini c'ulturi d with ,',millm n t'irp . It wt lid stil ltlt there is lIss reason for 

p( l t nit u r int ;IuIIg V tt Ins thin ii I ,t1 ., t Il,II I th maI r ' -tonizetthe 

%ihliilitytif (listil't I-IntIsI ags.I. Ih in I h I Prngi iI suggestiicts i 
,,m lt.1tIII ill lsrai" Itodyc(Ill t ro i,- (-;,,1(' l~tdly ;I(I i ll~t.,> :s w , v,,) It> II m t r te 

ymmtiil-t -ytuai art, At..\high kinigsti'kui.:il disities tif ,tt tiltim us. .t/, 
de+nsities:-, whlich an., limn>r, tyfpic'n] )1' I eiis+,-iv(, !Pr+duc'timl ,,stellis w ith 

hvhridl fishi, tilt. niat i tl' tt("c allp+(tli t Is iwgliiilth(. 11t htnt'i tit ' f1eeii ig 
sy in rgisis art less iunl iii t. 'lh ii ,, Ol't i il)r.+ ii tiht1 jut culture is 

itrihips a sltt'uial tuist ais stuch it is primarilv 'i)r i troll iij irriii int. 

Iltp'llhr anti lt rnginin l i tarit -ty thi tlittersugestl~f that til ~univ wtit 

Iut'ttion t( some degree, ais wtll as that Of increasing thit itiliiatiii of 

iit urai C'ttd. 
lI)r. l.t)hirts draws atlenti nlo i t (In,rett'lt dIf'Iistr itit-tal ( ;l hitn l l ia 

i'+tt t ilid ill watr in whi'lh S. nt.ssambi'US hM l )',1t1 iiltVII isivtiy culiuriid, 

whic'h pro'duces a kinil ot "shock syndrouw in this atid otitr tilualas. The 

trtiliit i+On ft suhll SlItstailcts by Fish has ben 'risitlitly riftirrtd tot else

whr-, hut scoMS niut to Ilav 1een givtrn nth at tt.tioz ity culturists. There 

is st tille eidnit tlhat such substancesa iay ht imlitrtant in spmwiilg Ihehavior. 
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ings 7, -132 1. 1tt er'mltioal; (i'enl t r Lr 1,ivini4 Aquatii' Resources Manjiag 

nmerit, Nanila, Phili]pis. 

Tilapi;s at v aluihh ilured fish. Tluv ;tic appr'ciated bV vorlstliers in 
rnany OMtmlii- mill call produice hlivt.+hyiId;, (m redltively hmw inlputs, tl,,w

ever, tilalpias pIose a plvcial mian io-rn t r llY.t hey hrecd in triuctionl 

ponIds wht- still ,'()uIV and snmal!, otratlIv iul'riisinw 0he, l puliihjm. This r.

silts in compititin nl suttitin thu, to hak tl) oud. tillv hy -oiut rolling re
z

iroduction in pouou tion poinds call ish] l't flla'rk,,rl i t ;ilia high *v i lds 

per unit potwil ii w Tv) niut liutl ll]d
. 
t vIrvlu'l ue thisIo- lit ll.d, TIlle 

o %)rohihni are reviewed: (at reiril a rnixd i]alh- ld', population u 'ymui g 

of the y ' Ill,l' r- thIey attain sextial nimaturit and I ) rlrin! : all Imali 

iollul ion. I(lOis affli tihi flitchoic- of mr , it'l" .s metlhl s irf- dis-

CUssOI :s well as fil, teclililm5.s inlVIvetd inle-ach nIutllhl. Tie elflcts oft 

c(herical t'i-rtilization, orl-anic niamirin anld t din., oin the production (of 
milapia pmnds a:sto discussed.in re 

Introduction
 

Tilalpias have hecom e increasingly impO rtant, in fish culture, (specially in 
warm climates. According to FAO (1978), the total world production of 
tilapias (hoth I'ihlaia and Saroth Cto(11?1 SIt-'ies, ibu t excud ilng ot h-r cichlids) 
reached 197,000 t in 1977. On lv a part of this pro(duc'tion is o)tain d 
through a(atiN(lt ore, hit that portin is io'reiising steadily. 

The lltllerhtq" (if tilapia species Rtlturcd in pond.,, Itoth exterimentally 
and on a cmimercial scale, is (Itite large. I hut I(1970) mentios 16 species. 
Balarin and IHltti (1979) give a lis, of 22 sli.- which have hin cultured 
at some stag]-. ()f t11s4, hrwever, (mitly two Tilapia (', remndalli :ndI7'.zilhi)
and thr,,w Sart hill,,ro~drm slwies l l mw.,sam ticlis, .1".niloticl's anld S. (1111-us) 

have sr-i-n wi,li-sireal :;i-. 'l' rImt f,,tir 7'. rendalli is culture-d to so0me 
' eXl(t-, in lh .MtlipdiU~av It,,ututl u ( I su LttilIat in Amrican countries, r,.g., 

Brazil andl ul 11]Llt 9 lilota Zillii is ('tilt ured in)rikw aI-nd u 1979). 

P EVID PGWL1
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some east African countries. It seems that there is considerable variation in 
the performance of cultured T. zillii since this species can reach a good 
marketable size in certain east African countries, while in other countries, 
such as Israel, it is considered a pest due to its small size at maLuration. The 
major production of tilapias in ponds is derived from the three Sarotherodon 
Species and most of the references in this paper will deal with these. 

Tilapias, though valuable pond fish, pose a special problem when grown in 
ponds, whether in polyculture or in monocuiture. Their early maturation 
and prolific "wild" spawning produce such large numbers of small fry as to 
cause stunting of the entire tilapia population mad often of other species 
present in the pond. In some regions it is customary to harvest tilapias a 
numbr of times during the growing season, Each harvest removes the larger 
fish, leaving the smaller ones. When this practice is employed with fish that 
do not spawn freely in ponds, it usually results in a larger cumulative yield 
by providing more food for the remaining fish (Van der Lingen 1959a). With 
tilapia, however, this practice usually lengthens the culture period and results 
in heavy "wild" sp)awning. The longer the culture pe-riod, the more fry are 
produced and the population becomes stunted. The number of market-sized 
fish and the yield at cach harvest becomes progressively smaller. In commer
cial farms, which have to supply relatively large quantities of market-sized fish 
regularly, such sequential harvesting is not practical and reduces profitability. 
Silliman (1975) points to another disadvantage of this practice in that 
the remaining fish which spawn in the pond and from which fry are usually 
taken for further rearing, are actually selected for slower growth, and this 
trait, may be inherited by their offspring. 

There is no doubt that early and prolific breeding under tropical pond 
conditions is perhaps the greatest disadvantage in the use of indigenous 
cichlid species for aquaculture in many parts of the world (Okorie 1975; 
Pillay 1979). It is obvious that Iluet (1970) was correct in recommending 
the culture of tilapia during a definite period, with complete draining of the 
pond between cycles to control populations. Even then, special measures 
must he taken to overcome "wild" spawning. The two most common ways 
to overcome this problem are: culturing a mixed sex population and harvest
ing hefore they attain sexual maturity or culturing an all-male population. 
Two main factors should be taken into account when deciding which method 
to employ: the size preference of the market and the species used. 

If the market accepts small fish (up to 150 to 300 g) and if these can be 
obtained before they reach sexual maturity, the first method is usually 
preferred since it saves effort, fingerlings and space. If, however, the market 
accepts only large fish which reach maturity before marketing, it will be 
better to use o11y nMale fry and thus avoid "wild" spawning and stunted 
pol)ulations. 

In some cases the market Iccepts both sizes but prices are higher for the 
larger fish. Careful economic calcUlations should then be made, weighing the 
higher income( for producing larger fish against the extra costs of obtaining 
male fry and wastage of fenales. 'lhe calculations should also take into 
account the higher yield expcc't fron an all-male pond as com t-ared to a 
mixed sex one, since in most tilapia species the males grow faster than the 
fernales (Fryir and llvs-.t472 . 
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Some species, such as Tilapia zilii or Sarotherodon mossamnbieus, breed 
when they are young and small and cannot reach market-size before matura
tion. Monosex populations have been obtained, mainiy by manual sexing, 
but this can only be done reliably when tile fish have reached a size of 20 to 
50 g, so they must first be nursed to at least this size. In many cases these 
species will breed at an even smallier size. Pruginin and Arad (1977) repor; 
that in Malawi, S. mossambicus bred and growth stopped due to stunting 
when the fish reached 30 g. As a consequence the yield after 100 to 150 days 
culture did not exceed 300 kg/ha. It may be advisable, therefore, to choose 
species which spawn at an older age, such as S. niloticus, S. aureus or others. 
Pruginin (1965) found that. while S. hornorum in Uganda reached not more 
than 150 g in about one year, S. nilolicus usually reached 250 g in 5 to 6 
m onths by the time they-reached sexual m aturation . -... .. .. .......... ........ ....... .. . 

Culture techniques, such as pre-nursing, choice of size at stocking, stock
ing density, fertilization, feeding, etc., are affected to a large extent by 
the choice of management approach: mixed sex or all male. However, 
other factors such as climate and the type of culture system (monoculture 
or I)olycUlture) have also to be considered. 

Young-of-the-Year Culture 

For onsexed young-of-the-year populations, the period before they reach 
sexual maturity is short: about 3 to 6 months, Thus the management method 
is based on having 2 or 3 cycles/yr, with complete dr-ainage between cycles. 
In order to ensure rapid growth to the desired market weight during this 
short period, the stocking density is usuafly relatively low and depends on 
the inputs used, e.g., fertilization, manuring and feeding. 

Van der Lingen (1959a) has found that with increasing levels of manage
ment, the maximum standing crop (carrying capacity) which can be sustained 
in the pond increases. fie gives the following c:.rTying capacities for S. 
mossambicus: natural feeding (no fertilization), 841) kg/ha; high level fertil
ization, 2,466 kg/ha and high level supplementary feeding with fertilization, 
6,165 kg!ha. Van der Lingen (1959a) further states that over the same 
culture period and under tile same conditions the yield per unit area at any 
level of nutrition is dependent upon tile initial stocking biomass per unit area 
andi not on the number of fish per unit area. He therefore recommends 
stocking by weight according to the expected carrying capacity. However, 
this statement is based on only a few experimental observations. Since tile 
relative growth rate (i.e., relative to unit body weight) of small fish is higher 
than that of larger fish (Ghosh 1974; Hepher 1978), it is usually found in 
practice that for a given biomass of fish, the higher the density the higher the 
yield, provided enough food is available. Moreover, the )ractice of stocking 
by weight may lead to stunting of the population if the average weight of the 
stocked fry is low, since the number of fry per unit of sto(ked weight will be 
large and they will reach the carrying capacity while still small. Van der 
Lingen (1959a, 19591)) stocked fingerlings of 21 to 56 g average weight. Ilis 
recommended stocking weights and densities relative to the carrying capa
cities for different inputs are given in Tabhl, 1. 'T'lu' number of fish stowked 
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Tahh I ,O;twkingli6 luns ,',.~l-n~ hd 1v V'aztnW IUngv (19 % h) ro.- t~iapia cultured 

ill p4m41d with ,tflttZil l inlmpt s and tilt valcula(n' d1lish do:] ,,,iit's (assu lingl anl avera i, 

Siockinp (alculatld
hionlass (Wh'dy 

Inputs (W:ehatI(f.,/a 

Nonr, (nat ural ,vii ,, no fertilization) 56-112 1,.175-2,950 
"ertilizd(potls 112-22.1 2,950-5,900 

Fertilizvd ponds with SUlI)p(lmi trvy fleding 5 0-I ,GS 1.I,750-.1,200 

were calculated, taking into account an average w(ight of 38 g. If all the 
fingerlings stocked acorling to thes, re('oim n(tati(Is survive by the Lime 
carrying capacity is attained and Iti "Vild" spawning otccurs, the average 
individual weight at harvest (c i'rying 'apltacity,(l nsity) will ho 139 to .117 g, 
which is a gool market weight. Ilowv.r, if' fry of I to 2 g are stocked, as is 
Utom ttll(n iIllI' colltris, th,' averap weight at harvest tinder the salme 
conditions will he (,ily 7 tIo 22 g. Itl \'m dler Ilgins I1959h) experimenlts 
only 15 to W; "o t lh, vst(l fish r.;irl'h(l a niarkt size of over 22.1 g. 
The densities givei in ldfl,, I ;pIn thirtlrer, to he to) high ,ince they will 
not prmit rapid groIwth. In Isrchj pi)(ds, where rot ein-rich pellets are fed, 
tilalia are stockel at (lnsitit's oft 8,0l)(-5,000iha. 

l\lison et al. f1979 ) exl(rilno,,tillv cultUrii( I tinsex(.l .. a0(rc, in concrete 
tanks (surfac(, ar'a 0(1002 ha) at ve,'y high d ensiti,,s: 50,000, 100,000,
20l,()(J0,'ha. MW'' spawning decrease(l with in 'reasiiit degnsity (from 

2229,0;hla in tho hw,,st to 3,,,80/ha in the highe~st density) a1 yield was 
high I 'rom I tha in the lo,,,;t to 17.1 t/hi ,1 tl highest detsity). Allison 
et al. (19791 do not give the ratt, of growth htt tl('nliting from the yield 
and the d(lnsity, it sems. tIo he very low. 'h(, xtralptt):ttimi of such lata for 
application in ('omnlilcial fish ponds is very (Ititstionaleh,. 

"ash(om' (1,969) has d'ilitm strated that in a p((lyculture (If S. aurc'0s. 
(tIoMlin ('arp ( ('ypritls ('urJi(o) nIdI gor,' Intilet ( hlugil c'lp/alls), the 
tilapia (if' stioked be(low 5,000/ha) do not affect the growth (If the carp 
hilt inl many cases even stimulate it. Tlh growt ( tofIl tilapia is also not 
affected hIV thi(, prsee tf tht(' tollinii carp (Ii' mull(t at densities till 
to 2,500 to :2 000/ha. These synergistic tff,,cts may he explained by the 
incra.,s(l ttniot ,its ttf dtrittis tIllttugh th( ttrtslceoftcI c nheo n c'lpllnd 
its ( iinsumpttion Iy the tilhipi;t. 'IT dttritus carries dItti+e potlulations of 
hactria ;and i~r() );I ()dutin 1968 I an l ,It stittcts itn tritious food 
1'()r tllw tilalpia. ()it 1hp (tipr,) 11:11d, th(, con)Isum pltionI of1 Ih(. dotlritls hy the, 

t 
intr:a.,t(l yit'l i to the Il-'(till tire pond explains why llttt t, if' not ;l. younig
(tf-thp,-y,.ar tilaim 'ult ur , in l>t';tl is d l , in ptlyculture systemrls. 

' 

I llapia imlrt)',s thp, :t'gt r'ginie fotr the henetfit (If the (ctnmn car). Tihe 

'( ty 'tltur0' m yi :Itvi an atllitional at val gl e . Sinte ('IIii t ll vIl(' ) and 
grass I';irlt (('/'l,i' ' large ,catll, Ittl)vgo o(Iu itd('l(), whtti tit tatry tl( 

,xtt',nt on tilai)ia fry sltawnt'd in the ptnd (Spataru and Ileplir 1977), th(y 
can, therefore, h(,l1 t( alleviate the Itrollhtm of' "wild" slpawning that may 

http:tf-thp,-y,.ar
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develop towards tile end of the culture period. This problem can, however, 
be solved much more effectively by including a predator in the polyculture, 
such as the Nile perch (Lates nilolicus) in Africa (Pruginin 1965, 1967; 
Meschkat 1967), the mud fish (Channa striata) in the Philippines (E.M. 
Cruz, pers. comm.) and Thailand (Chimits 1957), Cichlasoma managuense 
in Central and South America (Dunseth and Baynie 1978); and the sea 
bass (Dicentrarchus labrax or D. punctatus) in Israel (Chervinski 1974, 
1975). The last two species are marine fish which can adapt to freshwater. 
The predators are in most cases stocked at about 10% of the tilapia popula
tion, The use of l)relators in tilapia ponds, despite its l)romise, has not 
received wide application and has been practiced mainly on an experimenal 
scale, partly because of the difficulty in obtaining predator fry. This is true 

.for both the Nile perch and- the sea bass. Their inbility to breei sl)on
taneously in the pond can be considered an advantage but a source of fry 
must be found for commercial application. 

In the subtropics the winter is usually too cold for growth of tilapia 
and the growing season is restricted to the summer. Balarin and Hatton 
(1.979) quote Bishai (1965) who gives the range of 17.2 to 19.6°C, below 
which the growth rate of most tilapias decreases. For spawning to take place, 
temperatures must also be higher than this. The lowest temperature for 
spawning is 20 to 23°C (HLuet 1970; Uchida and King 1962). This restricts 
the length of the season for culture of young-of.the-year even more. In 
Israel spawning starts only in May, and fry of approximately 1 g for stocking 
growout ponds are not available before June. This limits the season for 
rearing young-of-the-year from June to October so that only one cycle can 
be carried out. The fry are transferred from the spawning pond into the 
growout ponds when they are over I g. The culture period is sufficient to 
bring them to a market size of 200 to 300 g. 

Since tilapias grow well above 18'C, the early part of the summer (March 
to June) can also be utilized for culture but the only fry then available are 
those hatched the )revious year. If a mixed sex population is cultured they 
will spawn in the ponds when the teml)erature reaches 20 to 21'C in May. 
Since this occurs shortly before harvesting, the fry thus produced do not 
reach a size which can cause Inuch harm in the pond and the stocked tilapia 
reach market size unaffected. flalevy (1979) reported that unsexel fry 
hatched in the previous year could be cultured during the first cycle and 
young-of-the-year during the second. A typical example of one growing 
season during 1977 is giver. in Table 2. In this case it can be seen that the 
cool spring weather is an advantage and high yields of market-sized tilapia 
can be obtained. 

It is obvious that fish size, the time of stocking and especially the time of 
harvesting may he crucial to the success of culturing the previous year's fry 
in sl)ring. The later the stocking and the smaller the fry, the smaller the fish 
at harvest time and the later the harvesting, and the more troublesome is the 
"wild" spawning. This is a)considrable drawback in large farms where, due 
to market demand, the stocking and harvesting times are usually l)hasel so 
that some iponds are stocked in late spring and harvested in mid-summer. 
These cannot, therefore, he used for early spring stocking and growout. 
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lah, 2. PolvutIIture o t ilapi:) ~.Is I I ,d au,-j's) with oI n ,silvI- aIIl grass carp i a .-I-Iia I mnd at Dor. israel (after IlahIvy 1979).(I t-z( 


Species 

Tilapi: 


(.Scr, 'Ihcrodont (ireols) 

Common carp 

I( ".-prinuscarpio) 

Silver carp 
tfylpophthalnzichthys ,nolitrix) 

Species 

Tilapia 
(Sarotherodonaureus) 

Common carp 

(('yprius carpio) 

Silver car 
!ltyvphthaln ich thvs inolitrix) 

Grass carp 

f tnopharyngodonidella) 

St ock -d 

Awerag' 
Densitv weight 
fish1ha (.. 

5,000 6 

3,000 5 


930 378 

Stocked 

Average 

Density weight 
(fish/ha) (g) 


5,000 0.5 

7,170 125 

1,070 750 

1,430 10 

First culture period: February Gito May :30 
I larv-st ed (;ain 

Average Average daily Average daily 

)ensIt v weight weight gain,'fish yield 
( fish ha I () (L ) (kg/ha) 

2.1 10 200 1.3 2.8 

2,960 6,12 4.4 13.0 


890 2,000 11.3 10.2 

Second culture period: July 3 to November 22 
Harvested Gain 

Average Average daily Average daily 
Density weight weight gain/fish yield Total yield 
(fish/ha) (g) (g) (g) (kg/ha) 


4,560 22-1 1.6 7.3 1,018 

4,450 533 2.9 12.9 1,776 


1,070 2,220 10.3 11.0 1,572 

1,290 150 1.0 1.3 180 


Grand total annual yield 


Total yield 
(kg/ha) 

398 

1,885
 

1,428 

Annual
 
total yield
 
(kg/ha)
 

1,416 

3,661
 

3,000 

7,957
 

180 
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TIlere is ,nother serious ilrawlhack to ni,,e >, ptrit, cullr which 

is t'(ol) illit• ill llit ll'. 'The, (OSt of . 4\'r i t r tilapm fingerlings Ihigh 

and the rate (t grtovth ()f ui-xl Iiitgi'rllsping is lwixr Mtalli thal ()f 

all-m ali fitlgirlilngs. 'T i-, i>; ll ltfl 14'> t;istt',,i.r id~ i t'atisi' l irgi. fish 

grow ii'Ittir .St l m ,i''; lttin \t lltlth Ht sam uthiI4 I i pltm ki. 

tlwnke lrti l rtilsi V it d fitiii ,erlj g, wlich L vi, 'fl,Il.ca . nr' r al-
hrm cutlturetniursed to, ;I t'ill-gil i,,," t , ,ilht. 'I hli:- is tilt, rw ,. ly m w i. til~ilpi:i 

Ill. t-n lrIti(, ll tl t ! l lii'liillr i(i.t m1ilHt.lI lt f jit u I- fin'1,ii I sl 0 Nt 
IIiltlt(I rilI v . ttiiL l I Iry c.tlllm t Ii. <tiltt1 1-td It.(clttlI iw the)(l w ilI t) t',t (lt Hr y 

il th114 t) tmt I t " ! I I I ,Irl'lIt IhI ' ,1t, t ( 1- nit',litl hiot 'hi d I'r\. I t i.- : I I- s 

inil fish , o , 'llh( fn')n11tilII l .+rl li _ Ift, 1tw ssaryihv t t)<is( iln1 . I 1trtl ,ion l tFish 

't l til w atIl- ' ititsid ,t th (l p ( i) l d st+( )IhI( I I ,, I-( 'liti )Y S,,' - flnt+ tt i1 In t) . 

All-Mat, ('Illtuie 

A no lei',x mIle ioliilat.i('ll a i cI h)tainid ill three ways: manual 

sexing; crossing two spe'ies of ,S/roth'rodn/t(i proulti'i, all-mali or a high 

pr''eltage (90'; and oiver) (if male hvlirids and s'x-ri'v4'rsal at an erail all 

by inrcolrporating hrntones i. the feed. 
While lituh(. X iriinltal work is being carried o()it on lhirlization 

and six-reversal and these rlli'ilods ap)t'ar promising t'(ir titi' lIrO(lLCtionl 

o)f all-mali populations, it is tnlyvvry recently that imiimner'ial isit has hen 

tiie (If monosex hyiisrl(ls and no( .omni)(rcial aptliiatiim has yet tien illade 

Ill"si'x-re .irs:l. '1k, ill odil ,vl\" ainliv, an all-nadl' Iliuilhitiolnillm tll :d44 tis to, 

is still manual sexing. 'his i a re4laitivcly siltlli' irmi'dtirf'. Ill llan+y tilalna 
+lp(-44s the sex's i'Ill i' listiinguisilt l v thi' i'nit:i1l !,lpillh which has one 

1(4 ilt Ihi 
oIften also has a slialler genital plaiilla. 

It i: illi ant Iil Six tilt fish 'aitl'u l . lii ..s 0rrorS tl h ', ilig. thi, 

orifiiti il tih, mali' :isc('44411ian d tw() f ilit'c- tih' fn Tali'. felmale 

uir 
less "wild" sliawil ii i'ctlirs. The arl'wr Hit, Si'>. is dnei thi' l ettlr since 

the females are Own, ilis'arii'4l . F'arly Sex hi lius savi's S t which+call the 

Used for rearing o)f Hill mies and Illillillli's l'i',lt \vtstag. 44ti(MLtllW:ttiHIi 

fe li'les. 'lhiri' is hi,,vi'v r, a c'erttinoillntil Size (if f'isit fr' ,,ilng with ttl 

:accl it albI i' ' ' f ii infid 4 ',. Ill filil t m ditions Hhi (jitillluln si/i, Ilr 

Sexing iinlmli ,l tilaliia spi ,'iis 5>0 to 7 (i l, This n1 tailS th;tt ill fry have, 1,) 
he nursid :o ii t last this sizei Ilf4't'il igrmolt. 'Ih'e Ityhlrid cro4sss' that 

prodtl' high pnirentigi's (if llllf's an.' ad(Ivarit .eu(ls evell if thly (iil not 
product, 1)0'; all-male l ioptluatio4n. ,sing such Iylirids, ftwier fvimali's -re 

l4e it irgi' fintri'rlings with 

greatrn (Igri'i'ot' iiin fid',nc. 
1 e(re again. c'liilim1te is lilt il4li 11nit ii 454li'l iin. \\hiri' i1r idil wiln+

discariled, spla'e is savi'i atnll si.hll" ('ill Iw, 41 44' a 

,r44I4' ulsuilly 

to the 'ldli,wing v'ear. Thw final Nv,'ighlt (if lt,, iitirsi'd fin rill..igs w ill dtie'ld 

to a lirgt ixt'ilt (ill piil'siilg hatched 

ter exists. nnrsi g is iiiwlii in li' stinI illd g i wiiut is l1(st liiin4'd 

the, l'nllh (if the, iriod. 'I'ose which 
early ;lilt l' swteii''cked in the nursingIipltils early ill til sasin elnld iif 
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",v I lit'' ' I A') w itlt t I I I I I'h1 1 Xi' 'I10 tnl t InI. Ill] ,. l I lM -1- It ' t IIt "ilI 

Il IIw i A.irt i I I IAIt'Ill II-kk I t tX :'ti i rX' I sl .t Ar ill 'II,I il I III l> ill l l ti,',I l ilt 

'(illl Ft.,,I.,1IIVIi Il.Ftl 1 I t'ill A(lt t ' IIh 1-. 
I , tt IA I I tt Iy '+Au I i I I FT~ i IIIl,PI I i'; ,.I Itj'L 

ony ( Gi' 11it ll X'AI," or ( )hFIll 
tt 'r r't Il, t .i oltl1'. it t I 
i I )RIIIt i i ,,,'t'~'t l il ~tIt FIA'Il li II l it,' It. lil I't ll " It' I tI t t I I .'it ( 

F r y ( df l', t t~r. l a ' li. \ h i ch ! ill) -a c h it fi nl w . ofI 5 0! .L: h+ ' f'- +,fn't , i 'L ' +! 

Ii lt ' ' l alntl' I' - ItAi,.d aItt ;I t' illt 1 00'i ll t. 
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Table 3. Nursing tilapia Fingerlings in a 5.7-ha polyculture pond with other species grown to market weight at Hama'apil, Israel. 

Average 
Culture Average Densitv weight at 

Stocking Harvesting period stocking at harvest harvest Yield 
Species date date (days)* .veight (g) (fish!ha) (g) (kg/ha) 

Common carp Mar. 12 Dec. 29 245 29 4,540 1,106 4,889 
ICyprinus carpio) 

Mullet Mar. 17 Dec. 29 244 156 1,750 500 563 
(Mu1il cephalus) 

Silver carp Mar. 7 Dec. 29 245 195 1,400 2,268 2,980 
I!ypoph thain ichthys molitrix) 

Tilapia Aug. 9 Dec. 29 98 13 9,120 100 835 
(Sarotherodonuurcus) 

Annual yield (245 days) 9,267 

*Taken as within the period March 15 to November 15, when the temperature is suitable for fish growth. 



Table .1. Culture of all-niale tilapi: lhyhrids (Sartfhcorionniloticus x S. (ulrcIs i aa1.2-ha jxil'cult llr0ep,1d at (an-Shmuel, Israel, over two culture
periods. 

Stocking 
Species date 

Comnion carp 
f ".y rillas carp

Feb. 
io) I 

24 

unllioll Carp Apr. 6 
'%'rirmis carpio) II 

Filapi:t Apr. 5 

Silvvr carp 

!ttyp,uhtha, 

Feb. 2-1 

ich thyvs niolitrix) 

tinmon carp Aug. 8 
( 'ypriluscar;'i,) I 

Common carp Aug. 11 
(C.\ prinus carpio) II 

Tilapia Aug. 8 

Mullet Aug. 22 
.'hi/Celphalus) 

Silver carp Aug. 22 

t ttyp,,phithlcliichf/hys ,nolitrix) 

-Taken as within the period March 15 to November 15, 

('ult ure Avrage 
I larvest ilg period st oc ki'g, 

date (das)* weight (g) 

AU.l. 1-13 50 

Augl. 6 122 15 

Aug. 6 123 148 

Aug. 6 143 200 

Totals for first culture period 

Dec. 12 99 387 

Dec. 12 96 10 

Dec. 12 99 48 

Dec. 12 85 160 

Dec. 12 85 416 

Totals for second culture period 

Total annual yie!d (212 days) 

when the temperature is suitable for fish growth. 

\)eijt. 
ait harvest 
(fish: ha) 

3,000 

3,444 

2,020 

1,720 

10,184 

3,230 

3,120 

2,30 

1,180 

1,600 

11,980 

Average 
weight, at 
harvest Yield 

g) (kg./ha) 

9-12 2,670 

2:3(0 730 

487 680 

1,311 1,910 

5,990 

1,018 2,040 

235 700 

288 680 

-430 320 

1,000 930 

1,670 

10,660 
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ratio (FCR) was 2.31. 

In Israel the stocking densities for all-male tilapias in polyculture systems 
are usually 3,000 to 5,000/ha, when the fish are fed supplementary feed (25% 
protein pellets). Table 4 presents results obtained from a well-managed 
polyculture pond in Israel which included sexed all-male tilapia hybrids (S. 
niloticus x S. aureus). The tilapia stocked in spring were nursed the previous 

year and then overwintered. Those stocked in the second cycle in August 

were young-of-the-year, which were nursed to 48 g and then sexed. The total 

annual yield of tilapia was 1.36 t/ha: over 10% of the total pond yield. 

The most economic stocking density is not necessarily that which results 

in the highest average growth rate,but rather that which results in the highest 

yield per unit area. Up to a certain density, an increase in stocking density 

does not depress growth rates proportionally and the yield per unit area 

increases, This effect is quite pronounced with tilapia. At densities of 3,000 
to 4,000/ha, when fed protein-rich pellets, each fish can gain 3 to 5 g/day. 
The daily weight gain drops when the stocking density is increased, but at

20,000/ha it is still 1.5 to 2 g/day, which results in a high yield. The stand
ing crop of such densely stocked ponds can reach 25 t/ha. This is only 

possible, however, when no restrictions are imposed on the length of the 

culture Period and the fish can be given longer period to reach market weight: 
as in all-male culture. 

Lovshin et al. (1977) cultured all-male S. niloticusand all-male hybrids of 

S. niloticus x S. hornorurn at densities of 10,000/ha. The tilapia were stocked 
at 60 to 63 g and harvested at an average weight of about 240 g. The yields 

after a 180-day culture period were 2.8 and 3.2 t/ha for the S. niloticus and 
hybrids, respectively. 

Sanchez (1974, cited by Lovshin and Da Silva 1975) stocked male S. 

aureus at 40,000/ha with an average weight of 113 g. After 60 days he 

harvested the fish at an average weight of 143 g. Though the yield was high 

(2.1 t /lia), the growth was very low (0.5 g/fish/day). This may have been 
due to the feed which contained 30% coffee pulp. 

Sarig and Marek (1974) stocked male S. aureus at even higher densities: 

tIp to 60,000/ha. The fish were fed a pelleted diet containing 25% protein 
and in spite of the high density gained 2.39 g/day. The mean feed conversion 
ratio (FCR) was somewhat high (3.4) but the total yield during the 67-day 
culture period was 15,6 t/ha. 

When the stocking rate is so high, the existing natural food resources of 
the pond are divided between a great number of fish, and the role of natural 
food and productivity in the overall nutrition of the fish decreases. The 
advantages of polyculture are then very limited and the extra work involved 
in sorting the different species of fish at harvest becomes a burden. Mono
culture is therefore more rational at high stocking densities. This can, how
ever, be modified by environmenta. factors. In Israel filamentous algae 

develop early in the growing season and becomne a nuisance when the fish 
are harvested. In order to control this a number of common carp are intro
duced into the ponds (stocked at up to 20% of the tilapia density). By 
burrowing in the mud, the common carp prevent the development of the 

filamentous algae. The monoculture thus becomes a duoculture, with the 
tilapia as the dominant member. 
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Table 5. Yields of all-male tilapia hybrids (Sarotherodonnilotictis x S. aureus) cultured alone and with common carp (Cyprinus carpio) in two Israeli
 
fish farms.
 

1. 	Monoculture at the Ginossar technological experiments station (U. Rappaport, pers. comm.) 
Pond area: 0.02 ha 

Rearing Density Average Average weight I)ailvStocking Harvesting period at harvest stocking at harvest Yield weight gain
Species date date (d) (fish/ha) weight (g) (g) (kg/ha) (kg/ha)
 

Tilapia hybrid Aug. 20 Nov. 11 76 30,000 217 	 380 .1,890 64.3 

2. 	Duoculture at a farm at Nir David. 

Rearing Density Average Average weight 	 DailyStocking Harvesting period at harvest stocking at harvest Yield weight gainSpecies date date (d) (fish/ha) weight (g) (g) (kg/ha) (kg/ha) 

Tilapia hybrid duly 1 Sept. 1 62 18,400 250 450 3,680Common carp July 1 Sept. 1 62 1,000 250 	 600 350 

4.030 65.0 
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Lovshin et al. (1977) experimented with a duoculture of 8,960/ha all

male hybrid tilapia (S. niloticus x S. hornorum) and 1,785/ha common carp. 
They found that the total yield was somewhat lower than that for tilapia 
hybrid monoculture. However, the feed added to the duoculture pond was 
much lower than that added to the tilapia monoculture pond. 

In ponds with very high stocking densities, oxygen usually becomes a 
limiting factor. Aeration is therefore mandatory, at least during the night. 
Other drawbacks of the system are the accumulation of metabolites in the 
water and organic matter in the bottom mud. The latter causes a reduction 
in the redox potential and the appearance of 1-12S which is toxic to fish and 
fish food organisms. These two factors curtail the growing season to about 
100 days, after which the water has to be changed. 

In densely-stocked ponds, fish are fed protein-rich pellets which seem to 
be sufficient to sustain their growth at 1.5 to 2 g/d. In spite c:f the high 
density, the FCR usually remains relatively low. Table 5 presents the yield in 
two ponds under such a culture system. 

Inorganic Fertilization and Manuring 

The tilapia species dealt with here are all microphagous: feeding either on 
plankton or detritus. When reared at low densities they can obtain a major 
part of their nutritional requirements from natural sources. Increasing the 
production of this natural food by inorganic fertilization and/or manuring,
when coupled with increased stocking density, usually results in a con
siderable increase in yield. Van der Lingen (1959a) found that the yield of S. 
mossambicus could be increased 2.5 times over that from natural production 
alone by means of inorganic fertilization. George (1975) conducted an 
experiment on the effect of fertilizers on the yield of S. niloticus in ponds of 
0.02 and 0.15 ha. Although no replications were carried out for treatments, 
the effect of both inorganic fertilizers (triple superphosphate) and organic 
manures (cow and chicken) were clearly demonstrated. Superphosphate 
increased production 3.4-fold, cow manure 1.7-fold and poultry manure 
3.3-fold over natural production. The highest yield was obtained using a 
combination of superphosphate and cow manure, which increased the yield 
5-fold. 

Organic manures stimulate food production in a different way to inorganic 
fertilizers. They add detritus which stimulates the heterotrophic food chains, 
producing more bacteria and zooplankton (Schroeder 1978). The micro
phagous tilapias are very responsive to such treatment and yields can be 
increased considerably. Chimits (1955) describes a method of rearing of S. 
mossambicus in Thailand where considerable amounts of manure (pig, 
cow and :hicken) were added to ponds. The annual yield reported from 
these pords was about 4 t/ha. Moav et al. (1977) experimented with the 
effect of liquid cow manure on fish in polycultures which included tilapia. 
They found that high yields of tilapia could be obtained by manuring, even 
at high stocking densities, thus replacing supplementary feed to a large 
extent. Feeding tilapia under theso conditions did not have much additional 
effect on their growth rate. Table ti gives the relevant results. 
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Table 6. Yields of tilapia (Sarotherodon aurcus) from ponds receiving cow manure with 
and wifhout supplementary feeding with grains (after Moav et al. 1977). 

Stocking Average Average Daily Daily 
density initial weight final weight weight gain Survival yield 

(fish/ha) (g) (g) (g/fish) (%) (kg/ha) 

Ponds receiving only cow manure 

Tilapia 1 3,320 97* ,130 2.6 91.5 8.9 
Tilapia 2 1,680 21 221 1. 

Ponds receiving cow manure + supplementary feed 

Tilapia 1 3,320 97* 416 2.5 88.5 8.5 
Tilapia 2 1,680 21 220 1.6 

* land-sexed, all-male 

report that ponds stocked with all-maleLovshin and Da Silva (1975) 
hybrid tilapia at a density of 8,000/ha (average weight 25 g), when manured 

with 500 kg/ha/wk chicken marnure gave an average yield of 1.35 t/ha after 

189 days and an average weight at harvest of 186 g. 

Fresh manure disintegrates in water into colloidal particles which are 

attacked by bacteria and readily incorporated in the food web. Integrated 

farming systems where animals are kept over fish ponds and their wastes fall 

directly into the pond usually result in high fish yields. Here again, tilapias 

art! very responsive. Van der Lingen (1959c) cultured ducks (1 duck/8.3m 2 ) 

on a pond stocked with tilapias (S. mossambicus, S. macrochir and T. 

rendalli). He obtained a yield of 3.48 t/ha, of which more than 40% were 

over 225 g. Culture experiments carried out in Israel also showed increased 

yields of S. aureus in a polyculture (H. Barash pers. comm.). 

The integration of tila'nia culture and pig fattening has also given good 

results. Lovshin and Da Silva (1975) constructed pigsties on the borders of 

0.01 ha ponds to give manure loadings of 70 pigs/ha of pond. The pig 

manure was washed daily into the ponds. The ponds were stocked with 

8,000/ha tilapia (all-male hybrids of 25 g) and were harvested after 189 days 

at an average weight of 205 g. The fish yield was 1.5 t/ha. The only supple

mentary feed was that supp'ied to the pigs. 

Feeding 

Tilapias larger than 4 to 5 cm tak2 supplementary feed readily (Le Roux 

1956; Bishai 1962; Huet 1970). Meschkat (1967) lists many feedstuffs 

used in tilapia culture such as plants, copra wastes, cotton seeds, etc. No 

information is given, however, on the effectiveness of these feedstuffs. It 

seems that some feeds are less effective than others. Experience in Israel has 

shown that whole sorghum grain does not affect the growth of S. aurcus 

much, either because they are not eaten or have a low nutritional value. A 

http:duck/8.3m
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possible explanation is that the tilapia cannot crush the hard grain of sorghum 
as well as can the common carp. The latter have molar-like pharyngeal teeth 

suitable for such a task. 
Stickney and Simmons (1977) incorporated dried poultry waste into 

pelleted trout feed and fed this to S. aureus. At levels of incorporation of 20 

and 30%, a considerable negative effect on the growth rate of the fish 

4va, noticed. Supplementary feeding with a proper diet can however increase 

yields very considerably. Huct (1970) suggests that yields of tilapias with 

supplementary feeding can be increased 2- to 10-fold over yields from non-fed 

ponds. The effect of supplementary feed is emphasized at higher stocking 
densities. Lovshin et al. (1977) conducted a feeding experiment at two 

stocking densities (5,600 and 8,960/ha) with all-male hybrid tilapia (S. 

niloticus x S. hornorum). They fed a mixture of 50% wheat chaff and 50% 

castor bean meal. The diet contained 25% protein and was fed at 3% of body 

weight. Taking the net yield in the control ponds as 100% (= 288 kg/ha at 

5,600 fish/ha and 179 kg/ha at 8,960 fish/ha) the following increased yields 

were found: at 5,600/hawith organic fertilizer, 265% and with supplementary 

feeding, 326%; at 8,960/ha with organic fertilizer, 518% and with supple

mentaly feeding, 938%. 
The FCR can serve, to a certain extent, as an indicator of the nutritional 

value of a feed, although feed conversion is also affected by other factors 

such as the physiological state of the fish, environmental conditions, the 

amount of available natural food and the amount of feed consumed. Balarin 

and Hatton (1979) give a feed conversion table for various supplementary 

feed. tuffs. The following FCR values for S. niloticus will illustrate their wide 

variability with different feeds: groundnut cake, 3.6; cottonseed cake, 4.8; 

pelleted chicken feed + 10% fresh fish equivalent, 1.8 to 6.5; brewery waste, 
12.6; cottonseed crush, 18.9. 

Natural food in ponds contains about 55% protein on a dry weight basis 
and can therefore be supplemented, to a certain extent, by carbohydrate-rich 
feeds such as rice bran. Tilapias seem to utilize such carbohydrates well. E.M. 

Cruz (pers. comm.) conducted experiments in the Philippines to determine 
the effect of feeding rice bran and copra meal on the production of S. 

niloticus and common carp. The addition of these feedstuffs increased the 
yield of the tilapia by about 50% over that of fertilized ponds with no 
supplementary feeding. 

With increased standing crops, the quality and quantity of dietary protein 

become more important. Inclusion of protein in diet of S. niloticusreduced 
feed conversion considerably (do Kimpe 1971). In Israel it has been observed 
that feeding pellets of 25% protein, which include 10 to 15% fishmeal, has 
a pronounced effect on the growth of tilapia hybrids (S. niloticus x S. 
aureus), especially at high densities (Piperno 1970a, 1970h; Marek 1970). 

Not many systematic studies have been done on rates of feeding. Since 
natural food constitutes an important part of the nutrition of tilapias, 

the amount of supplementary feed given is usually lower than that for 
common carp. Shell (1967) shows that the best FCR for protein-rich pellets 

(Auburn No. 2) by S. mossambicus was when fed at a rate of about 2% of its 
body weight per day. For S. niloticus the best was obtained at 4% of body 

weight per day. Marek (1975) developed a feeding chart for tilapias in Israel 



200 
Table 7. A feeding chart for the culture of tilapias in Israel (after Marek 1975). The daily feeding 
ratcs are expressed in g/ fish and hodyb weight. 

Daily 1'eeding rat ns )aily feeding rates 
Fish Folr pilycutlture For nionoculture Flsh For polyculture For monoculture 

weight with carp %eight with carp
Wg Wg '; (g) W% (Wg C;) Wg % 

5-10 0.. 5.3 0.5 6.7 100-150 2.2 1.8 2.7 2.2 
10-20 0.6 .1.0 0.8 5.3 150-200 2.5 1 .1 3.0 1.7 
20-50 1.3 3.7 1.6 4.6 200-300 3.0 1.2 3.7 1.5 
50-70 1.6 2.7 2.0 3.3 300-400 3.6 1.0 4.5 1.3 

70-100 1.9 2.2 2.4 2.8 -100-500 -1.2 0.9 5.2 1.2 
500-600 ,1.8 0.9 6.0 1.1 

(I'able 7). He considers that tilapia in polyculture gain some natural food 
from association with common carp and other fish species and therefore the 
amounts of supplementary food he recommends are somewhat lower than 
for monoculture. In both cases higher rations are given when the tilapia are 
small and the ration decreases with increase in body weight. Differences in 
response of tilapia to supplementary food in polyculture and monoculture 
were also found by Lovshin et al. (i977). In a polyculture pond the FCR 
for tilapia and carp combined was lower than that for tilapia alone in a 
monoculture. It was concluded that less feed was required to raise a given 
biomass of hybrid tilapia and common carp than was needed to raise the 
same biomass of hybrids cultured alone. 

Conclusion 

From this review it can be seen that very high yields of tilapia can be 
obtained with relatively low inputS. This, however, requires complete control 
of reproduction and the choice of proper methods according to existing 
conditions. It is doubltful wh ,ther this can be done in small homestead 
ponds, but with sufficient know-how it can be achieved in small or large 
commercial ponds. 

Discussion 

HENDERSON: Can you giv is some idea of the relative price structure for fish sold 
from these polrld culture systems? What percentage of the profit of the farm comes from 
farming tilapi.s and what pvrcintage from the other species? 

HIEPIIER: I in' ifraid I cannot. Mayln Mr. Mir;(-:in help? 

MIRES: On a national ba.sis, we prldue per year about 7,000 to 8,000 t of common 
carp, about 1,000 t of silver carp and :ibout :2,(00 t of lilapias. Thv, prices are: common 
carp, about. $2ikg; tihapias also about $2;k R a ,;l!ilvr carp about $1.50/kg. We also produce 
about 700 0 which fetvltes abou $4/kg and miscellaneous species-grassto SOf of ntulht 



201 
carp, big headed carp, etc. totalling about 200 t. There is a price differential between 
small and large tilapia. A 200 g fish costs about $1.20 and the bigger ones about $2. 

NASH: Dr. Hepher, can I ask if you tried the same stocking formula for polyculture in 
different sized ponds, and do you get the same results operating at say, 1 ha and 1h an 
acre. 

HEPHER: Yes, we do. Once you have prevented wild spawning or uncontrolled repro
duction, the results are the same irrespective of pond size. 

LOVSHIN: I would like to suggest another method which I think is valid for raising 
tilapias. Dr. Hepher has been talking largely about the Israeli situation, but elsewhere, a 
predator to control unwanted recruitment can be very useful if a good native species is 
available. In Israel, they do not have a predator but there are many places in the tropics 
where native predators are available and can be reared easily. This is a good system. 

HEPHER: I agree. The only problem is that most information on the use of such pre
dators is from experimental work not commercial culture. I think the main reason is the 
great difficulty in obtaining the fry of some of these predators. Take for instance the Nile 
perch which when grown in combination with tilapias will prey on the small tilapia, 
You cannot get large quantities of Nile perch fry very easily. It will not spawn readily 
in ponds. I think though that you have used predators successfully. 

LOVSHIN: We have used Cichla ocellaris, but mostly for experimental work. The mass 
rearing of this species is no problem. I do know also of small scale commercial use of a 
Cichlasoma sp. in El Salvador. 

MIRES: What is its native name? 

LOVSHIN: It is a cichlid. Cichlasorna managuense. 

HEPHER: Although it has not been used commercially, I can give you another example 
of a good predator-the seabass species, Dicentrarchus labrax, or D. punctatus. Again, you 
face the same problem. They are wonderful fish, but you cannot get the fry. 

LOVSHIN: In Taiwan, I know that the snakehead Channa striata is used commercially. 
They reproduce it and they put it in the tilapia ponds, and it works well as acontrolling 
predator. What I am saying is that there are some commercial examples; not as much as 
the use of monosex culture, but still enough to indicate a valid system. I think as tilapia 
culture expands, we are going to see more and more use made of predators. 

HEPHER: I agree. 

PULLIN: In the Philippines, the ICLARM and Central Luzon State University cooperative 
project on integrated animal-fish culture uses snakehead as a controlling predator for 
tilapia culture in manured ponds. We have found, however, that simple predator:prey 
ratios are not adequate as management guidelines for different lengths of culture period. 
You have to adjust to the different recruitment loads. 

LOWE-MCCONNELL- Dr. Hepher, is sexing done by eye, because I know that some 
tilapias are much more difficult to sex than Sarotherodon mossambicus? 

HEPHER: We do not sex Sarotherodon mossambicus, but we do sex S. aureus and 
hybrids. It is quite easy. At. Dor, all we have is about a 3 to 4%error. It should be done 
when the fish are over 50 g because then the differences are more marked. 

GUERRERO: In the Philippines, we are experimenting with polyculture of tilapias with 
invertebrates, with freshwater shrimps and prawns. We think there is commercial potential 
for these systems, particularly in developing countries. 
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COCHE: In relation to the two previous questions, the prey-predator relationship and 
sexing, at the pilot commercial fish farm in the Ivory Coast sexing of S. niloticus i. clone 
by hand on 25 g fish with about 10% error. Then to control this error, a small predator 
(Hernichrom.s fasciatus) is used in the ponds without any calculation of prey:predator 
ratio. One kilogram of predators is used per 1,000 m 2 ponid. They remain verysmall and 
can be reused several times, When the pond is drained, the predators are taken out and 
transferred to another pond. When some tilapia recruitment is needed, the predators ean 
h- removed and tilapias can be bred in the ponds. This combination of predators and 
early hand sexing seems to work well, 

HEPHER: May I comment on the response of tilapiag to pond fertilization? Fertilization 
may be organic or inorganic. Tilapias are much more responsive than other fish to organic 
fertilization. This may be because of their feeding habits, for example, consumption of 
detritus. A wide variety of different manures are readily divided into small colloidal 
particles, for instance, liquid cattle or chicken manure, and even the sludge remaining 
after processing manure for bio-gas. Tilapias are very responsive to all of these. We manure 
ponds every day, in some cases in very big quantities, up to 150 to 180 kg dry matter/hal 
day. With respect to feeding, we have found that the feeding rate of tilapias is almost half 
that of carps. Using feeding charts, we can feed half the amount of supplemental feed for 
the same ,;tanding crop of tilapias as for carps. 

MORIARTY: You are using S. aureus and a niloticus x aureus hybrid. Presumably, S. 
aureus feeds on phytoplankton in nature. Are you encouraging blooms of algae in the 
ponds? 

HEPHER: No, more detrital feeding. 

MORIARTY: Are they really feeding on detritus? Has anyone actually looked at the 
contents of the stomach? 

HEPHER: Yes, Spataru has analyzed the stomach contents of S. aureus and S. gatilaeus 
from Lake Kinneret. The majority of the contents is detritus. This is probably why they 
are so responsive to manures. 

MORIARTY: The manures will also encourage the algal blooms as well, 

IIEPHER: Yes. 

MIRES: Our carp ponds always suffered very much from blue-green -ilgae blooms in the 
past. Then, with the production of tilapias and with a combination of tilapia and silver 
carp, this problem has been totally eliminated. Although what is found today in the 
stomach of tilapias may not suggest that they consume much blue-green algae, we have 
had the impression in the past that they can clear these algae from the pond. 

CHERVINSKI: We experimented at Texas A&M University growing Macrobrachiurn 
rosenbergii by itself or in combination with S. aureus. They don't suffer from blooms 
of blue-green algae in the tilapia pond, but they do suffer from these when cultured 
alone. We also tried culturing S. galilacus in dirt ponds, but they did not perform well 
because they are almost exclusively plankton feeders whereas S. aureus, S. niloticus and 
hybrids will bottom-feed as well. 

BOWEN: There appear to be two feeding catcgories amongst the tilapias and sarothero
dons. Those adapted to feeding on coarse material, like macrophytes, and the micro. 
phagous group. The comments made here emphasize the fact that the microphagous 
group is highly l1eible in its feeding mode They can feed from suspension or they can 
feed from substrates, depending entirely on food availability. Certainly, there are some 
species which tend to feed eithcr aiways from suspension or always from the bottom in 
the natural environment, but even ir the natural environment, some species are flexible. 
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There is a good example from Lake George where one species (S. leucostictus) is a filter 
feeder in the open water, but feeds on the bottom near shore. From my own experiments, 
I know that S. rnossambicus, which almost always feeds from a substrate in tile natural 
environment, when confined in al aquarium and excluded from any substrate will filter 
feed on plankton and suspended detritus. So, they are highly flexible and I do not think 
an absolute distinction between filter feeders versus substrate feeders is valid, especially 
when we are talking about aquarium or aquaculture situations. 
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This study presents a world-review of tilapia cage culture which is today 
practiced in an increasing number of countries, mostly in tropical freshwaters. 
Most culture systems are on an experimental scale, and use Sarotherodonnilo
ticus, S. mossambicus or S. aureus. Among the technological aspects of tilapia 
cage culture, construction and design of cages, site selection criteria, and man
agement of tilapia stocks are discussed briefly before presenting the various 
technologies used for the production of either juveniles or food-fish in cages. 
On the basis of feeding practices, adult tilapia may be raised in extensive, semi
intensive or intensive cultural systems. Extensive systems based on natural 
fneding are described from eutrophic lakes and fertilized water bodies. Semi
intensive systems (where low-cost and low-protein diets are fed) have been 
successfully developed on an experimental scale either combining phytopha
gous tilapia and a vegetable diet or utilizing agricultural byproducts in the 
presence of algal blooms. As feed quality improves, the cultural system grad
ually intensifies and feeding aspects become more important from the eco
nomic viewpoint. These aspects are therefore discussed thoroughly before 
reviewing the available data pertinent to intensive tilapia cage culture. Finally, 
the advantages, constraints, research needs and prospects of this particular 
technology are discussed. It is concluded that some tilapias present good pro
duction potentials, particularly in cultural systems with low energy inputs. 

Introduction 

Fish cage culture has been defined as the rearing of fish stocks, gen
erally from juvenile to market size, in a totally enclosed water volume 
through which a free water circulation is maintained. 

General reviews of fish cage culture as practiced in inland waters have 
been published earlier (Coche 1978, 1979). The objective of the present 
review is to present a synthesis of the information available on the application 
of this culture technique to the production of tilapias. 

Tilapia cage culture has a relatively short history. The first scientific 
experimentation started around 1970 at Aublim University, Alabama with 
the rearing of Sarotherodon aureus in cages placed in fish ponds (Armbrester 
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1972; Suwanasart 1972). Since then, the technique has spread progressively 
to several other regions of the world (Table 1). 

Because of some of its inherent advantages, such as the possibility of us3ng 

existing tropical water bodies to produce a fast growing and well accepted 

food fish, tilapia cage culture is raising more and more interest, particularly 

in tropical, developing countries. It is hoped that this review will contribute 
not only to the justification of such interest but also to an improved tech
nology and its wise application. 

The Present Status of Tilapia Cage Culture 

Although a relatively new development, tilapia cage culture is now found 

in several tropical countries of Africa, Asia and Latin America (Table 1). 

In North America it remains confined to the state of Alabama, where it has 

been studied for about 10 years. In Europe, tilapia cage culture is practiced 
only in Belgium in the thermal effluent of a nuclear power station (Philippart 
et al. 1979). 

Most tilapia cage culture is done on an experimental scale and in fresh 
waters. The few exceptions are as follows: experimental/hrackishwater in the 
Ivory Coast, Costa Rica and Puerto Rico; commercial/freshwater in the 
Philippines and El Salvador and commercial/brackishwater in the Ivory 
Coast. 

The tilapias most commonly used are S. mossambicus (in Asia and Latin 
America), S. nilolicus (especially ii Africa) and S. aulreuls (especially in 
North and Latin America). Six other species are also listed (Table 1), but of 
these only Tilapia rendalli, as a phytophagous fish in Latin America and S. 
melanotheron (formerly T. heudelotii) as a brackishwater species in the Ivory 
Coast are likely to become important. The hybrid S. niloticus x S. mossam
bicus is being tried in a few Asian countries where it may have better qualities 
than S. mossambicus for cage culture. 

There is a definite potential for tilapia cage culture in the rivers and lakes 
of many Latin American countries (ADCP 1978) and Africa (Coche 1.979; 
ADCP 1980), both on a commercial scale and as subsistence fish culture for 
local people. Plans for expansion of cage culture are contemplated ill several 
Asian countries including China (Song pers. comm.) and the Philippines 
(Guerrero 1979a and Castro pers. comm.). It looks, therefore, as if tilapia 
cage culture has a bright future, particularly in tropical, developing countries. 
In colder climates, the utilizatioll of thermal effluents may also lead to the 
development of tilapia cage culture (Philippart t al. 1979). 

Technological Aspects of Tilapia Cage Culture 

The general technological aspects of cage culture have been discussed 
elsewhere (Coche 1978, 1979). The purpose here therefore is to stress 
those aspects which are particularly relevant to tilapia cage culture, although 
some repetition appears unavoidable. 
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1. TYPE AND SIZE OF CAGES 

Surface standing cages, resting on the bottom, are 'used in shallow water 
bodies such as ponds and streams. Floating cages are preferable, however, 
wherever the water depth permits such as in lakes and rivers. In all such 
cases, the floor of the cage should be kept at least 0.5 to 1.0 m above the 
bottom sediment, where wastes may accumulate and dissolved oxygen (DO) 
is lowered. A water depth of 5 to 10 m is recommended to reduce parasitism 
and disease outbreaks. 

The size of cages varies for different operations. Breeding cages and 
fingerling production cages are smaller than growout cages. Experimental 
cages do not generally exceed a few cubic metres until the pilot-scale stage is 
reached. At the subsistence level relatively small cages are also preferred. 
For commercial exploitation, medium-sized cages (6 to 20 m 3) should first 

3
be used at the artisanal level while larger cages (50 to 100 m may be 
envisaged for the industrial level. Very large cages (1,000 m 3 , or ore) 
have also been used (Table 2). 

Table 2. Construction costs for tilapia cages in the Philippines and Ivory Coast, 1976 to 
1978. 

(a) Philippines, 1978 (Guerrero 1979a): US$ 

1) Experimental cage, capacity 1 m 3 ,wooden frame with poly

2) 
ethylene netting of 25 mm mesh using styrofoam floats 
Commercial cage, capacity 6,250 m 3 (50 x 25 x 5 m),bamboo 

10 

and wood with nylon netting bag of 12.7 mm mesh 2,000 

(b) Ivory Coast, 1976 (De Kimpe 1978): 

3
1) Experimental cage, capacity 20 m ,wooden surface structure 
with nylon netting bag of 14 mm mesh and 200 I metal drums 
as floats 185 

(c) Ivory Coast, 1978 (Campbell 1978a): 

1) Experimental cage, capacity 1 m 3 , wooden frame with plastic 
netting of 8 mm mesh and styrofoam floats 

2) Experimental cage, capacity 6 m 3 ,floating wooden frame with 
plastic netting bag of 25 mm mesh and 20 I plastic barrels as 
floats 100 

3) Experimental cage, capacity 20 m 3 ,floating wooden frame with 
nylon netting bag of 14 mm mL..ii in 210/18 twine mounted 
33 per hundred meshes and 60 1plastic barrels as floats 

The size chosen for cages should reflect the level of technology available. 
In principle very large cages can result in the loss of several inherent advan
tages of cage culture, mainly flexibility and maneuverability. With tilapias
however, a relatively large cage environment results in better growth rates, in 
reduced feed losses and in improved survival at very low DO's (Campbell 
1978a). It seems that there is also a minimum cage size for guaranteeing a 
good feed conversion ratio (FCR). Cages have to be sufficiently large to 

55 

170 
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C, II 

reduce feed losses through the walls from the turbulence created as the 
tilapias feed voraciously. 

The water depth in the cages has been shown to influence growth and 
reproduction (Maruyama and Ishida 1976). When comparing the growth of 
S. mossambicus in water depths ranging from 0.5 to 1.5 m in square cages 
of 6 m side, the best growth and the highest fry prduction were observed 
in the deepest cage. A depth of at least 0.75 m was recomm.rided. 

For S. niloticus in the Ivory Coast, Campbell (1978a) recommends the 
simultaneous use of various sizes of floating cage. For fingerling production, 
0.5 and 1.0 m 3 cages should be successively used as the fish grow. For 
market fish production at the artisanal level 20 m 3 cages (3 x 3 x 2.5 m) are 
the most suitable. He believes that the maximum cage sizes above which 
handling becomes a problem without special equipment are 22.5 m 3 (3 x 3 x 
2.5 m) for plastic netting and 30 m 3 (3.5 x 3.5 x 2.5 m) for synthetic-fibre 
netting. 

2. CAGE CONSTRUCTION 

Standing cages have a supporting frame extending 0.2 to 0.3 m below the 
cage floor to keep it away from th., bottom sediment. The mesh walls are 
attached to the upper part of this frame. Floating cages are made of two 
components. The surface structure consists of a floating rigid frame and the 
subsurface structure of either a rigid frame with mesh walls or a flexible 
mesh bag designed to retain a rectangular shape. Tn the presence of strong 

water currents (above 20 to 30 cm/sec), a rigid construction is preferred over 
a flexible bag with heavy corner anchors. The choice of materials is important 
(see below), but the mesh size of the walls remains the most important 
factor. This should be as large as possible, according to the size of the fish 
being raised, to allow a free circulation of water through the cage at all 
times. 

Accessory items are used according to each particular situation. For S. 
niloticus culture, Campbell (1978a) observed no advantage in using cages 
with either a solid bottom or an opaque top cover. A feuding ring is also 
unnecessary under normal circumstances. Against bird predation, a light 
covering net should be used. If the subsurface structure includes fibre 
netting (rather than more resistant plastic or metal netting), additional 
protection against aquatic predators may be required either as a second 
stronger fibre net with larger meshes added to each cage or a larger anti
predator net around the culture site. 

There are definite advantages in grouping several cages (e.g., four to six) 
together with a stable working platform, to form a raft. When poaching is 
a major problem, a watchman can be housed on this, as is commonly aone 
in Asia. As the structure increases in size, however, more attention should be') 

paid to the design of an effective anchoring system, adapted to the local 
water conditions. 
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3. MATERIALS AND THE WORKING LIFE OF CAGES 

The choice of materials for the construction of cages varies greatly from 
country to country. Local materials such as wood and bamboo may be 
used, but generally their working life is short when continuously submerged. 
Boring insects such as Povilla adusta in the Ivory Coast (Coche 1979) readily 
attack light wooden frames. Mahogany frames are more resistant but rather 
heavy. Some bamboos are more resistant to attack than others. 

For the subsurface structure, there is a tendency to eliminate supports and 
to use a net bag either of synthetic fibre or plastic. 

Fibre netting with a nylon twine size R 470 tex (e.g., 210/18) has been 
successfully used in the Ivory Coast, mounted on nylon ropes at 33 per 
hundred meshes and spread at the bottom by a steel frame (Campbell 
1978a). Knotless netting with square rather than diamond-shape meshes is 
preferred. In brackishwater, considerable damage may be experienced due 
to crabs. Chua and Teng (1977) recommend in such a case an R 1150 to 
1300 tex polyethylene netting (21 to 24-ply threads). Compared to nylon 
netting such material is not only much cheaper but it also appears to be 
able to better withstand the tropical sun for a considerable period of time. 
Treating the netting with tar may also increase its resistance and reduce 
fouling (Coche 1979). 

Plastic netting combines the advantages of being light and durable with 
some extra rigidity. It should, however, contain ultra-violet stabilizers for 
longer-lasting performance, Its only drawback might be its price, especially 
in countries where it has to be imported. Even then, careful consideration 
should be given to plastic netting because of its inherent advantages, partic
ularly durability. 

The working life of cages and their depreciation period vary greatly 
with the materials used for their construction and the local conditions, e.g., 
climate, limnology, handling, maintenance, etc. Under careful management 
the components of floating cages used in Lake Kossou (Ivory Coast) had the 
following estimated working life (Campbell 1978a): surface floating frame, 
(ordinary wood, 6 x 6 cm) 5 years; floats, (empty plastic barrels, 20 to 60 1) 
3 years; subsurface wooden frames (mahogany, 5 x 5 cm) 3 years; subsurface 
wooden frames (ordinary wood) 1 year; nylon fibre netting (210/18 twine, 
141 mm mesh) 3 to 5 years and plastic netting (8 and 25 mm mesh, Netlon) 5 
to 10 years. 

4. CAGE PRICES 

The prices of some cages being used for tilapia culture illustrate the mag
nitude of the initial investment to be made (Table 2). The average cost/m 3 

varies from US$55 to US$8.50 according to the size of the cage and the 
material used. The larger the size, the cheaper the unit volume cost but 
also the lower the recommended (see below) fish density. The average fish 
production/m 3 therefore decreases as the cage volume increases. 

Campbell (1978a) therefore recommends the following cage dimensions 
for artisanal tilapia culture in the Ivory Coast: for 15 to 30 g fingerlings 
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3successively use (a) small cylindrical 0.5 m cages made entirely of 4 mm

3 
mesh plastic netting hanging from a small, rigid, floating frame; (b) 1 m 

cubic cages of the same design with 8 mm mesh plastic netting; for 200 to 

300 g growout, use medium size cages of about 20 m 3 with either nylon 
fibre netting (20 mm mesh; R470 tex twine) or plastic netting (18 to 25 mm 
mesh) as in Table 2. 

Cage Culture: General Considerations 

1. SITE SELECTION 

Good water circulation and adequate protection against floating debris 
and wave action are normally the two essential requirements for a culture 
site. Other factors, e.g., water quality, site accessibility, security and distance 
to markets, are also important. A water depth sufficient to place the cages at 
least 2 to 5 m above tile bottom sediments is preferred. .... .... ... ........ .. ........ 

In lake environments, wind-induced surface currents and fish movements 
should provide a continuous exchange of the water in the cages, keeping the 
DO high and removing wastes. Knowledge of seasonal limnological cycles 
will hell) to identify any critical periods during which cage culture might 
have to be discontinued. Such periods correspond to the seasonal turnover 
of the water mass, when the thermal stratification breaks down. Deep 
deoxygenated water is suddenly brought to the surface where it may cause 
heavy fish mortalities in the cages. A period follows during which very low 
DO's may persist for several days. 

Tilapias are relatively tolerant of low DO. Caged S. niloticus in the Ivory 
Coast have survived concentrations as ,ow as 0.7 mg/I or 9% saturation for 
several days (Coche 1977). In 1976, however, 64% of the adult fish and all 
the fingerlings suddenly died within 3 days, when the DO dropped below 0.5 
ing/1 (Traore and Campbell 1976). From recent observations during similar 
periods, it would appear that a DO of 3 mg/1 should be considered the limit 
in cage culture below which adverse effects begin to appear: feed digestion 
stops, the growth rate decreases sharply and stress intensifies. 

In the presence of such critical periods, it might be advisable to suspend 
culture if no adequate artificial aeration can be supplied to the caged fish. If 
such a suspension is not feasible, the following practices are suggested to 
minimize the mortality risks: space the cages further apart, several meters 
away from each other; use larger cages providing a relatively larger air/water 
interface; use lower fish stocking rates, never exceeding 15 to 20 kg/m 3 and 
low densities not exceeding 200 to 250 fish/m 3 ; stop feeding the fish (Coche 
1977, Traore and Campbell 1976). 

2. MANAGEMENT OF CAGED TILAPIA STOCKS 

The management of caged fish stocks encompasses the stocking of juvenile 
fish, feeding dhiring growout and ('age maintenance. i)uring a cage production 
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cycle, several interacting factors have to be optimized to give maximum 
production efficiency. 

The supply of seed (fry and/or fingerlings); must be adequate both in 
quantity and in quality and available as and when required. There should 
be -as little as possible variation in size. This remains the major limitation to 
the, further development of tilapia cage culture. Existing breeding practices 
are inadequate and a new technology should be developed for selected 
tilapias (Coche 1977, 1979). 

Adequate feeding is essential for growth and survival. In some cases, 
natural food (plankton, aufwuchs or benthos) may be sufficient and no 
supplementary feeding is required. When natural food is insufficient but still 
an important part of the diet, supplementary feeding is practiced with 
relatively low-cost ingredients. Under intensive rearing conditions at high 
stocking densities, the natural food available for the caged fish becomes 
insignificant and a complete artificial food is required. 

Tne choice of the daily feed ration which will optimize the utilization 
efficiency particularly for costly food is of crucial importance: much more 
so in cages than in earth pond culture. Very little information exists on the 
relationship between feeding rate and FCR for a particular type of feed as a 
function of interacting factors such as species, fish size, fish density and 
water quality. 

Cage maintenance should be regular and geared towards increasing the 
working life of equipment, maintaining the water quality by fouling control 
and reducing fish losses from escapes, mortalities and predation. Both the 
environment and the fish stock should regularly be monitored. 

3. GRownI AND PRODUCTION 

The biomass of the caged fish per unit volume (B kg/m 3 ) is related to: 
1. the individual growth rate which tends to decrease as the biomass 
increases; 2, the average monthly production (MP kg/m 3 ) which increases as 
the biomass increases until the carrying capacity of the cage is reached and 
decreases thereafter and 3. the FCR which decreases as the biomass increases 
until an optimum biomass is reached, above which FCR increases. The average 
individual weight of the caged fish (Pm) is related to: 

1. 	 the individual growth rate which decreases as Pm increases and 
2. 	 the FCR which, for a constant daily feed ration, increases as Pm 

increases. 
The maximum carrying capacity of a cage (MCC in kg/m 3 ) is mainly 

determined by the DO throughout the cage. This varies with the mesh size 
and cage size. Campbell (1978a) has defined the MCC's (in kg/m 3 ) for 
S. niloticus reared in well-oxygenated water with good circulation (at least 2 
cm/sec) 	as follows: with plastic netting of 25 mm mesh, 90 for 1 m 3 , 70 for 

36 m and 40 for 20 m 3 ; with nylon fibre netting of 14 mm mesh, 40 for 20 
mn3 . Therefore, as cage size increases, MCC decreases. In practice, it is always 
safer to stock below the MCC, as the risks of diseases and mortalities greatly 
increase as the MCC is approached. For 1 m 3 cages, the recommended safe 
limit is about 73 kg (FAO 1976). 
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Cage production increases as the initial biomass (B. kg/m') at stocking 

increases until it reaches an optimum value. For this Bi optimum, the final 
biomass (Bf) will equal the MCC at the end of the production cycle. In the 

3Ivory Coast, in 1 m cages, the MCC = 90 kg/m 3 was reached in 4 months 
from Bi of 20 kg/m 3 S. niloticus (at 250 to 350 fish/m3). The correspond
ing maximum production was about 70 kg/m 3 or a monthly average of 
17 kg/m 3 (Coche 1977). 

It is well known that male tilapias grow faster than females. Any shift 
in the sex ratio of the cultivated population towards a male predominance 
will tLerefore accelerate production. In cage culture, increases in growth 
rates and production as well as decreases in FCR's have been recorded for 
monosex male populations (Coche 1977). Campbell (1978a) has also observed 
good production with 84% male S. niloticus following size grading of the 
juveniles. In both monosex male and mixed sex S. niloticus cage culture 
at Auburn University, Alabama, male growth rates were about 2.4 times 
than those of females (Anon. 1979c). 

Seed Production 

1. FRY AND FIINGEAIANG, PRODUCTION IN CAGES 

Most tilapia cage culture is concerned with growout to market size and 
takes advantage of the fact that reproduction is usually suppressed by 
the cage environment. Tilapias may, however, spawn in cages under certain 
conditions, depending mainly on the mesh size and on the fish density. For 
example, in Lake Atitlan (Guatemala), S. mossambicus have produced larvae 
in floating cages (Bardach et al. 1972) and Guerrero (1975) has observed 
in the Philippines female S. mossambicus mouthbrooding in cages with 
200 fish/m. I have also found mouthbrooding S. niloticus 1n floating cages 
with 25 mm mesh but these were only a few individuals within a large popu
lation and the young fry disappeared rapidly from the cages through the 
netting. Suwanasart (1972) observed that S. aureus spawned successfully 

3at densities of 500 fish/n in cages with a small mesh screen placed on the 
bottom. In Indonesia, Rifai (1979, 1980) has also bred S. niloticus in cages 
with 3 mm mesh but "the occurrence of reproduction was relatively low"
only 5 out of 27 cages. Therefore to use cages with the definite purpose of 
producing tilapia fry is unpromising and a better technique is required. 

In the Philippines, Guerrero (unpublished data) uses fine mesh nylon 
or mosquito net cages, termed hapas, to breed S. nilolicus and S. nitoticus x 
S. mossambicus hybrids. The broodstock live in these cages, breeding con
tinuously, and the fry produced are collected once a month. These fry 
are then grown on to fingerling size, either in another cage or in a nursery 
pond. 

The hapas (1.5 x 1 x 1 ml are SUSpended just above the pond bottom 
from poles in water about I m deep, from a good quality supply. The water 
depth inside the cages is about 0.6 m giving a rearing volume of about 0.9 m. 
Table 3 summarizes soe, results of fry pr(duction in hapas for 5 weeks. For 
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fingerlings was made at the end of the first month and a second one month 
later. Such selections based on growth rate resulted in populations which 
were on average 84% males. The slower growing fry, mostly females, were 
discarded after two months. Up to 50 kg of fingerlings was produced per 
1 m 3 cage. 

On the basis of' this experience Campbell (1978a) has suggested some 
improvements. The use of smaller mesh (4 mm) cages would allow stocking 
with 10 to 15 day-old fry, about 1.5 cm long. This would make it possible 
to remove fry earlier from the ponds and increase their efficiency. With such 
small mesh, however, the water exchange inside the cages would he greatly 
reduced. Therefore, smaller cages should be used (0.5 m3 ) and the stocking 
rate should be reduced accordingly. As soon as the fry reach 3 to it cm, they 

3
should be transferred to 1 m cages with 8 mm mesh as above. 
Some experiments towards this were performed in the Philippines (Guer

rero 1980a) but at veiy low fish densities (100 fish/n 3 ). Fry of mean weight
2.6 g were stocked at 0.2(3 kg/ni 3 . They were fed daily for 56 days at 5" of 

the biomass with a mixture of fish meal and rice bran in the form of a mash. 
The mean weight at harvest was 15 to 20 g. The hest feeding efficiency 
(FCR=1.7) was obtained with 25% fish meal. Similar results could probably 
have been obtained with higher densities. 

3. MASS lRODUCTION TvCINIQUE 

Mass prod uction of fry and fingerlings of S. nilolieus and S. melanotheron 
(T. heudeloti) is now being attempted in slightly brackish (4 to 8%)) water 
in Jacqueville (Ivory Coast) on the western Ebrie Lagoon (Campbell pers. 
connn.). The main characteristics of the culture system, which is still in 
the developing stage, are summarized here. 

Four 3 x 18.3 m tanks are used for spawning. These have a water depth 
of 30 to 40 cm. The water supply (26 tn 32 C) is sufficient to give a total 
exchange every 6 hours. Aeration equipment and automatic feeders are used. 
Examples of stocking rates for broodstock are as follows: S. nilticus, 1.4 to 
6.5 200-400 g fish/n 2 with sex ratio 1:5; S. nelanotheron (T. heudelotii). 
14.5 150-200 g fish/in 2 with sex ratio 1:1. 

Every day at noon, about 1,250 to 2,500 fry (still in cloud formation) 
are harvested from the lower part of each tank and transferred to a plastic 
tank. The four tanks produce on average 5.000 to 10,000 fry/day. 

The fry are grown on in 4 x i in plastic tanks with a lateral water inlet 
and cintral drain. The water depth is grad ually increased as Ithe fry grow 
over a 2-month l)eriodl. Intensive hand feeding is first employed followed by 
automatic feeding. The water exchange rate is high. The fry harvest from 
one week (35,000 to 70,000) is concentrated at first into one tank. As they 
grow, they are regi;jarly graded by size and transferred to other tanks. 
The stocking density therefore gradually decreases. Regular )rophylactic 
treatment is given against parasites. The normal survival rate is 80 to 90'%. 
Up to 30,000 fry, nean weight 2 to 3 g, can be grown ineach lank. These 
are then transferred to fingerling production caves. 
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The stocking rate for fingerlings varies according to the availability of fry.
 

The mesh size is 8 mm. With intensive hand feeding (5 times daily), 25 g
 
fingerlings are produced in one month.
 

Extensive Culture 

1. COMMERCIAL CAGE CULTURE, INCLUDING EUTROPIlC LAKE SITES 

In extensive cage culture there is no supplemental feeding. In most cases, 
the tilapias feed on the plankton either as natural blooms in eutrophic waters 
or in fertilized fish ponds. 

The species used are microphagous S. aureus, S. niloticus and S. mossam
bicus whose natural diet normally includes algae. 

The only large-scale, extensive, commercial tilapia cage culture in eutrophic 
waters is that of S. mossambicus in the Philippines in eutrophic natural lakes 
and in reservoirs, Guerrero (1980b) states, however, that S. niloticusis now ....... 
the preferred species in Laguna de Bay where it may be raised at the density 
of 20 to 25 fish/m 2 without supplementary feeding, from 3 to 4 cm juveniles 
to 100 g adults in 4 to 5 months. 

The eutrophication of these water bodies derives from the richness of 
local volcanic soils, e.g., Lake Bunot and Lake Sampaloc, or the large inflow 
of nutrients (N,P), e.g., Laguna de Bay. A rapid expansion of the tilapia cage 
culture industry is expected (Guerrero 1979a). In Lake Bunot more than 70 
commercial-size cages were added from 1975 to 1978. Tilapia cage culture is 
now practiced also in Laguna de Bay, Lake Calibato, Lake Gunao, Lake 
Paoay, the Pantabangan Reservoir, Lake Sampaloc and Lake Sebu. 

Some examples of the technology used and its results are grouped in 
Table 4. Very large floating cages (fibre netting) are used: more than 6,000 
m. Small fingerlings (5 to 10 g) are generally preferred for stocking because 
of their greater availability and lower price. The stocking rate is relatively 
low: usually less than 0.5 kg/m 3 , less than 70 fish/m 3 . The average produc
tion rarely exceeds 1 kg/m 3 /month, because of the large size of the cages, 
but up to 10 to 15 t of S. mossambicus can be harvested every 6 months, pro
viding the farmer with a net income of more than US$3,000. 

The success of the first cage farmers accelerated the development of 
the industry so much that it got out of control within a few years in most 
of these eutrophic lakes. In lake Sampaloc for example, the water surface 
has become so congested with floating cages that the average original produc
tion of 3.8 kg/m"/yr has drastically dropped today to 0.8 kg/m 3 /yr and the 
growth rate of the tilapias has decreased by a factor of 9. It takes now as long 
as 12 months to produce 50 to 60 g fishes compared with earlier culture of 
fish to 150 to 200 g in 4 months. Some control has been introduced and a 
license is now required for cage culture. 



217 

20. 
w

S 
0 

0 

0 

0h 

0. 

1 

0
~

 

ooc 

oO
 

in o
 

10 

0 

to 

0 

e c 0 

10G
 

101 

A
 

C
'I 

0 
0 

to
-4

-0 

.20 

00 

rA
0 

S
f) 

e 
M

 

v 

10 
10 E

0 

1 
0 

0 5 

>o ( 
0 

0 
-4 

M
0 

r m
 



218 
'L't'E2. EXPEIM.NENTIA[ (A;I; ('CAGH 

Some 'xtperimental risuts are also available from Laguna d e Bay (Pantas
tico and Baldia 1979) for S. miossambicus. Three floating Cages 0f aboLIt 
9 fl capacity each (5.4 mim mesh) were stocked with fingerlings of mean 
weight 10 g a' 50 fish'in' and grown for 3 months. The resuIlts were as 
follmws: averagi, gr,"wth rate 0t ildividual fish, 0..M g/d;;a ,re monthly 
spei'ifi growth as a per'entagc of the miginal weighl at the start of the 
month. 110';'; iveragi' nmonthIl productin. 0.825 kg/m'O daily rate of 
increa.,w o I the hIi oass, 1.31";. Grmvth and production were relatively low 
whel coLn)al'nd to thOSe obtained in fertilized ponds with S. alnres(T''ahle5). 

3. (CAGECI F IN "EiTILIZE*iD PONDS AN) CANALS('IT'i't E'FFIXi.i:ENTS, 

In Tibhange ( Blgi m . a series of experiments were conductel in a pond 
fed by the hlted efflent of a n ticlear power plant (25 to 37" C) to quantify 
the 100m01 sex production ()f Inale S. nilolicu.; in cages (Philippart et al. 1979). 

:
t 
, rared floating r
days. Tlhrc, size classes of fish were used, giving a range of initial biomass (Bi) 

of 5.1- to 1M.1 kg/rnO. The main results ar, given in Table 6. The quantities 
of plankt ,vailablh winr', not recorchd hUt the water exchange rate was 
hi.,1h and it ln'ay hw asn,,'td that there were no bloomns. The food supply was 
therefo)re lroih;l)ly iniili .ijat e and the results ,vtcr, rather poor,considering 
that cn!v mahs were us(,d: sie Table( 5 for comparison. These data can, 

ow t'' as basis fomr iibtaining true l"(CR's of trials U:;ing artificial 

Populationls of 200 males;n were in 0.5 cags for 15 

,. ,.aken 'a 

i(hts iti'eto ( d feeding.
h\ .- the pnirm((1 (Im,' (1 Ioatural 


In Alalam:, 1.S...\.. ,were
,.aurcto ciltUt'ePl in experimenlal floating cages 
m
In pmni in which'tll( r !isb w,, also cultivait'i. These p1md( were fertilized 

r.,'gularlyv 1, ,tvh 'itlher mt( ,i'raten'"(I- niis' plankton blooms: av'er::ge 

Sicchi (lisi' vlsihidityvl(U iths were 61 and 37 ctn. 'lahle 5 summarizes the data. 
['nse, pbioktol li)oj(, prodIu, touch hiher fish l)iinlasses, especially with 
tl', >ntall fi.h l"iir th,. large'r fish, it ap ,ars that tihe MCC ()f the cages might 
havei in ,.'xui 'ci le h,'r, 1 - 12.5 kg n'; which w i lI xl dai the 
ri',uc,'' .\IS(; ani] ItO ll valtis t mim-,r('d to wlwi' B 5 km.:l ut, the 
1'11i ditf'rei l, ,' ;1n fish,i has: ffct. 'lb' -;nlalhr li, the gniatir the benefit 
they ar, lii'ly to dhtiv , tr ni ar ai afldici..1 ths',i'isults (hemostratil the 
i(,al lOmttnial of S. (alonu s i r i l 1th -, e flantk.tonill' ll. I' loom s. 

IllWist Jlava t lova siatc'IIo'II1"C (('ylrilus curpio) are cultured 

in fixed vagif's Ipla' ed il stnams anl canmls heavily enrich(id liy domestic 
and agro-indusirial efftlu'nts on ia i)IIIIIItIrcial scale. This technology is 

*The daily rate (f increase 'f hio Iii acr The cm plmumlih' ' ass is i',,n yllm I)ItIIt. 
Ibis is Bi(1 wti're Bf is ss al ha'rivv 

13i is ihv i nil ia hiomii,sat slm'king u;is lthi lut' period in uii~ and i - I)mm1. 
interest formula describi'ni 3 1' i 1, h,, himil 

t
1O00
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now being applied to tilapias also, although still on a relatively small scale 
(Rabelahatra 1979). For example, in Cianjur large submerged bamboo 
cages (5 x 4 x 0.7 m deep) are stocked with S. mossambicus fingerlings 
(mean weight 20 g; stocking rate 0.7 kg/m 3 ). This yields 50 to 60 kg of 
fish in six months, which corresponds to an average monthly production of 
about 0.55 kg/m 3 : a little less than the production realized in Laguna de 
Bay by Pantastico and Baldia (1979), see above, but only about half of that 
obtained by commercial farmers in eutrophic lakes (see Table 4). 

Table 6. Summary of data from the culture of all-male Sarotherodon niloticus stocked in
30.5 m cages at 200 fish/m 3 in a pond receiving heated water effluent (25 to 370C) from 

a nuclear power plant at Tihange, Belgium (after Philippart et al. 1979). Bracketed values 
are representative of the range of fish sizes. 

Pmi (g) Bi (kg/m 3 ) Bf (kg/m 3 ) G (g/d) MSG (%) MP (kg/m 3 ) DRIB (%) 

25 5.1 6.8 0.6 68 3.5 1.94 
32-35* 

.52*. 
(6.7) 
10.4 

(7.3) 
(11.0) 

0.2 
-

13-20 
2-18 . 

0.8-1.4 
0.2-1.9 

0.40-0.64 
0.06-0.61---_ 

* duplicate experiments 

Pm i : mean weight at stocking 
Bi :mean biomass at stocking
Bf mean biomass at harvest 
G average growth rate of individual fish during the culture period 
MSG average monthly specific growth rate as %Pm i for 30 days
MP average monthly production (Bf - Bil observed and recalculated on a 30-day 

basis. 
DRIB daily rate of increase of the biomass calculated from Bf = Bi (1 + i)n where n 

is the culture period in days and i is DRIB 
100 

Semi-Intensive Culture 

1. DEFINITION 

In semi-intensive operations some supplemental feed is given but in 
contrast to intensive operations, this feed is usually relatively poor in protein 
(less than 10% dry weight) and made from local materials readily available at 
low cost. Semi-intensive cage culture of tilapias uses mainly phytophagous 
species which receive vegetable material or agricultural by-products as 
supplementary low-protein diets in the presence of algal blooms. 

2. SEMI-INTENSIVE CULTURE USING AQUATIC AND 
TERRESTRIAL PLANTS 

A caged monosex male population of T. guineensis in a thermal effluent 
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was fed at 4.8% of tile fish biomass/day on the freshwater algae Hydrodictyon 
sp. (Chlorococcales) and Cladophora sp. (Ulotrichales) (Philippart et al. 
1979). The average production was about 1 kg/mr3 /month and the algae gave an 
FCR on a dry weight basis of 4.5 which is relatively good (Table 7). This 
points out tile potential of a vegetable protein diet for cagecd tilapia, in ',is 
case 28% wet weight protein. The results are particularly good as T. guineensis 
usually performs less well under culture conditions than S. niloticus and 
S. allreus. 

The comparative values of three aquatic macrophytes for growing adult S. 
niloticus in cages have been determined in Indonesia (Rifai 1979, 1980): 
Hydrila verticillata, a submerged perennial growing to as much as 3 m long; 
Lemna minor, which is characterized by small, free-floating thalli and Chara 
sp., a coarse plant, usually coated with precipitated calcium carbonate 
Lenina minor was preferred by the fish and gave the best growth, although 
with the lowest FCR (33). Table 7 summarizes the results. These were 
probably adversely affected by the very small mesh size used (reduced water 
exchange) and the shallow water depth in the cages. 

......... Cage culture of T. rendalli-hasbeen proposed for rural areas in Colombia. 
using tropical terrestrial plants as supplemental feed. The required character
istics of such plants are a high protein content in the leaves, edible tubers, 
vegetative reproduction and good growth even in poor soils. MeLarney 
(1978) citing in part Prof. A.R. Patino's observations, suggests the following: 
1) Manihot eseulenta (Euplhorbiaceae) commonly known as cassava which 
has edible tubers and leaves with 17.2% dry weight of protein; 2) Alocasia 
macrorhiza (Araceae) which has edible tubers and leaves with 23.2% dry 
weight and 6.25% wet weight of protein and 3) Colocasia spp. (Araceae) 
commonly known as taro which has edible tubers, large leaves and gr'ows 
well on pond dykes. 

Cnidosculls chayamansa, which has leaves with 2,1.2;(.: dry weight of 
protein and Xanthophyllutn spp. with edible tubers have also been recoi
mended. 

For tilapia culture, research seems to have concentrated on Alocasia 
macrorhiza. Data from three sets of experiments in Colombia using T. 

rendalli('7'. melanopleura')are summarized in Table 7 (Popma 1978). In one 
of these when 10 g fish were stocked there was no growth during the first. 
month and for the next 11 weeks tile growth was very slow. As a result, it 
took 7.2 months of feeding to produce 80 to 130 g fish. Ten grams is there
fore obviously too small a size for stocking. 

The food Value of Alocasia leaves is better shown by the results for 
larger individaals (25 to 10 g) with an initial biomass (B.) not exceeding 

33 kg/i . For these the average individual growth remains relatively good 
at about 1,g/d and fishes weighing around 1.50 g can be produc ed in 1 to 5 
months. When the Bi exceeds ,4kg/in' 3 the individ ual growth rate decreases 
hut the production increases. The best, produCtion (,3.5 kg/ni /1mo) was 
obtained with a 13. of 6.6 kg/in'. 

Tile leaves of Alocasia macrorhiza and ipil-ipil (Leucaena leucocephala, 
Leguniinoseae) (2-.U5%. dry weight of prot in)have also been used in com
bination with other ingredients, eg., wheat bran or rice bran, as a source of 
relatively cheap vegetable protein for caged tilapias (see below). 
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3. SEMI-INTENSIVE CAGE CULTURE USING Low PROTEIN MIXED FEEDS 

Various feeds based on local ingredients have been used for caged tilapias. 

In some cases, such as in the eutrophic lake Laguna de Bay (Philippines), 
such feeds are used to augment natural feeding on well-developed algal 

populations. In other instances, they may constitute practically the only 

nutritional source available to the fish. The protein content of these feed is 

less than 10% of their total dry weight. Several ingredients may begenerally 
combined as diverse as rice bran, snails, plant leaves, brewery waste, oil cake 

and cattle blood, according to local availability and price. In Lake Ilopango 

(El Salvador), the Fisherman's Cooperative, with 210 m 3 of cages, harvests 

about 900 kg of S. aureusand private operators sell another 2,500 kg annually 

(Street 1978) but no details are available on the exact nature of the diet. 

Data related to various other tilapias are summarized in Table 8. S. nilo

ticus and S. mossambicus were reared experimentally in floating cages in 

Laguna de Bay using rice bran alone (Anon. 1979a). S; niloticus gave a much 

better production (2.3 kg/m 3 /month) than S. mossambicus (Pantastico and 

Baldia 1979), even though the latter was fed additional chopped snails 

(Stcnoinelania canalis and Melanoides sp.). The average initial biomass, 

although not clearly ascertained, was most probably higher than for S. 

mossambicus of which the production potential appears to be lower than 

that of S. niloticus. McLarney (1978) obtained good results in Colombia 

rearing 7'. rendalli in 1 mn, cages in fish ponds. Starting with 22.5 g finger
lings and an average B i of 2.25 kg/m 3 , 21.6 kg/m 3 of 200 to 250 g fish were 

harvested after 5 months. Alocasia macrorhiza leaves and wheat bran were 

fed daily. The average individual growth (1.3 g/day) was good and the 

monthly production nearly 4 kg/m 3 . In fact, these are the best results avail
able for semi-intensive tilapia cage culture (Table 8). 

In the first experiment with tilapia cage culture in Africa in 1972, S. 

esculentus and T. zillii were reared, either separately or together in Lake 

Victoria, Tanzania (Ibrahim et al. 1975). Feeding mostly on brewery wastes 

and some fish meal plus plant leaves (for T. ziliii), the fish's average Bi's were 

very low (0.2 to 0.4 kg/m 3 ). The resulting average growth rates and produc

tion were relatively low to medium, probably due in part to poor feed value. 

Trials to raise tilapia (probably S. mossambicus) in floating cages in 
the inlet to the Negombo Lagoon, north of Colombo, Sri Lanka were started 

recently with relatively good results (Sollows pers. comm.). Some water 

is added] to the feed components (see Table 8) to form a mash. 

Intensive Cage Culture 

1. FEE)D COMPOSITION 

As the quality of supplemental feed-in particular its protein content 

and its nutritional balrnce-are improved -o cage culture of tilapias may 

be intensified. From tfl, "ononic point of view, the !ost of feeding gains 

in importanc:e, and can ack ount for more than 507r of the production costs 



-
-

c. 
E.. 

U
 

Ir 22'I 
lu*l 

'U
 

~ 
'U

 
g

~
-O

 

U
 

~ 
2
 

2 

U
~~ 

-4
~~~2

 
~. 

0). 
co 

V0U
~

a 

U
t 

cc~

-06~'U
 

~ 
a 

-2 
~

 
'
 

U
U

 S
.0 

co 
N

 

-
. 

0 
a)L

 
K

 

ea 

-
... 

00 
0 

C
6a 

00 
. 



225 

(Coche 1978, 1979). The utilization of a high initial biomass then becomes 
not only possible but also necessary if production costs are to be minimized 
and net profits maximized. 

Researchers have used either commercial fish feeds or self-made com
pounded feeds. Commercial fish feeds have a very high protein level (e.g., 
Purina Trout Chow, 40%; Trouvit, 46%), a balanced composition including 
essential minerals and vitamins (at least for the target fish species), and a 
high price. Self-made feeds, however, have used mixtures of locally available 
ingredients, giving lower protein levels (usually 20 to 30%) and lower costs. 
Several empirical feed formulations have been evaluated but. none has been 
developed from scientific data. 

Table 9 gives examples of artisanal feeds which have been found satis
factory under various local conditions. Their composition is largely based on 
relatively cheap materials, such as rice I ' an and cotton seed oil cake, enriched 
with either fish meal orblood meal. The actual price of the mixed ingredients 
is now about US$0.15 to 0.20/kg, and the cost of pelleting probably. adds 
another US$0.10/kg. The Campbell formula B4 (Table 9) is particularly 
attractive because of its relatively high protein content (25%), low cost 

= (currently US$0.20/kg) and high efficiency (FCR 2.0), at least for S. 
niloticus. 

In the Philippines, Pantastico and Baldia (1979) have used a feed com
bining 20% ipil-ipil leaf meal (Leucaena leucoccphala, Leguminoseae), 
20% fish meal and 60% rice bran for S. mossambicus cage culture. This 
feed contained 27.3% dry weight of protein and cost only US$0.09/kg. 
Unfortunately the adverse conditions under which these experiments were 
conducted (small-size mesh, low density, low biomass, high feed ration) 
prevented a realistic demonstration of the efficiency of this feed (FCR = 

4.0). 
For S. niloticus in particular, an omnivore with a vegetarian tendency 

in its natural environment, Coche (1977) stressed that the ideal artificial 
diet a priori should contain a relatively high percentage of carbohydrates 
as an energy source. This appears to have been confirmed by Campbell 
(1978b) for S. niloticus in Lake Kossou, Ivory Coast. In his B4 formulation 
(Table 9) the 25% protein includes at least some of animal origin (i.e., 
4% fish meal). The addition of a mineral/vitamin premix to B4 did not 
improve the results. 

2. FEEDING RATE 

The feeding rate is usually quantified as the daily feed ration (DFR), 
the amount of feed (wet or dry) being fed daily (generally six days a week) 
to the fish, expressed as a percentage of the best available estimate of the 
fish biomass (%B). Such estimates, based on cage sampling, are usually made 
every 15 to 30 days. 

It is well known in fish husbandry that food requirements per unit 
weight of fish decrease as the fish increase in size, but for the tilapias there is 

little information on this. In intensive cage culture of S. niloticus in the 
Ivory Coast, it was shown that the DFR had to be decreased from 6 to 



226 

4% B after the fish had reached 40 g average weight, to improve the feeding 

efficiency (Coche 1977). Since then,, this problem has been tackled by 

other researchers. 

Table 9. Satisfactory artisanal feeds for the cage culture of tilapias, using local ingredients, 
with feed conversion ratios (FCR) and costs where available, 

A. Guerrero 1979a and Anon. 1979a for S. niloticus and S. mossarnbicusculture in the 

Philippines 

1. Ingredients (% by weight) 

Rice bran 77% 
Fish meal 23% 

2. Cost (1979) US$0.17/kga 
3. FCR -2..2 5 

B. Campbell 1978b and pers. comm. for S. nilolicusculture in the Ivory Coast 

Feed formulation 

1. Ingredients (%by weight) B1 B2 B3 B4 

Misc. carbohydrates b - - - 45 
Rice polishings 65 61 65 -

Wheat middlings 12 12 12 12 
Peanut oil cake 18 18 - -

Cottonseed oil cake - - 18 38 
Fish meal 4 8 4 4 
Oyster shell 1 1 1 1 
Total protein content (as % dry weight) 20 22 20 25 

2. Cost (1978) in US$/kgc 0.11 0.13 0.07 0.09 
3. FCR (approx.) 2.4 2.0 2.2 2.0 

C. N'Zimasse 1979 for S. nilolicus in the Central African Republic 

1. Ingredients (%by weight) 

Cottonseed oil cake 82%
 
Wheat flour 8%
 
Cattle blood meal 8%
 
Bicalcium phosphate 2% 

2. Cost (1979) USS0.17/kg d 

3. FCR 3.2 e 

lMoist pellets have higher costs than this. This is the cost of ingredients only. 
)&g., brewery waste, maize and rice bran mixed according to availability. 
cThis gives the cost, of ingredients only. The pelleting cost to less than 10% moisture 

pellets was about US$0.07/kg. 
dThis gives the cost of ingredients only. Dry pellets cost an extra US$0.06/kg. 
CPoor, due partly to oxygen deficiency. 
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Campbell (pers. comm.), experimenting empirically with S. ilticus 
and a 25% protein feed, reached the conclusion that DFR's should be adjusted 
with size as follows: fry/fingerlings less than 25 g, 10 to 8% B; 25 to 150 g, 6 
reducing to 4% B; 150 to 200 g, 3?I B; and over 200 g, 2% B. lie has even 
reduced the DFR to 1% 13 for fish larger than 200 g to increase the efficiency 
of pelleted feeds. Taking a more scientific approach, M61ard and Philippart 
(1980) estimated the optimum DFR for S, niloticus in tanks and cages using 
a .16% protein commercial feed at 27 to 31VC. Table 10 summarizes their 
recommendations. In the Philippines, Guen'ero (1980a) has also proposed a 
progressive reduction of DFR with increasing size for S. niloticus: from 51/; B 
(fish less than 50 g) to 4% B (50 to 100 g) and 3% B for larger fish. These are 
smaller DFRs than those in Table 10 and also refer to lower protein feeds. 

Trable 10, Recommended daily feoding rates (DFR) expressed as percentage fish biornass 

tanks and cages at 27 to 31'C, 'ed a .46%protein(% B) roi- Sarolherodon niloticus in 
conimercial fish food (after Mhaid and Philippart 1980). 

Mean fish weight (g) DFIt (; B) 

0 to 5 30 reducing to 20 
5 to 20 1.1 reducing to 12 

20 to .10 7 reducing to 6.5 

.10 to 100 6 reducing to 4.5 

100 to 200 .t reducing to 2 

200 Io 310 18t r(ducinIg te 1.5 

When fixing the DFR for a particular operation, one should also take 
into account the natural productivity of the environment. In Alabama, 
S. aureus were fed 40% protein floating pellets (DFR, 3% B) for 10 weeks in 
0.25 m3 cages placed in fertilized ponds (Armbrester 1972). Although the 
feeding efficiency was very good in presence of moderate algal blooms 

=(Net FCR 1.1 to 1.5), it decreased considerably in ponds with dense 
algal blooms (Net FCR = 3.3 to 6.3). This was attributed to the abundant 
availability of natural food. 

3. FEEDING TECHNIQUES 

The methods used to distribute feed to caged tilapias may greatly in
fluence the results. This depends on numerous factors including digestive 
physiology and feeding behavior relative to fish size; the shape and size of 
the cage; the water circulation through the cage and the stocking density. 
There are three major variables: feeding frequency, feed presentation and 
distribution methods. 

Increasing feeding frequency by dividing the DFR into several meals 
may allow increased DFRs and give improved production and feeding 
efficiency. Although no scientific evidence exists to support such practices, 
in one commercial cage farm S. niloticus are fed their DFR as five meals 
(Campbell pers. comm.). 
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4. FEIED PRESENTATION 

Caged tilapias have been grown using mash or pelleted feeds, the pellets 
being wet or dry, sinking or floating. Guerrero (1980a) regards S. niloticus as 
an avid surface fetd(r in cages and advises the use of mash feeds for small 
fish only. With large fish, the water agitation is so strong that much of the 
mash feed is washed out of the cage and lost. Pelleted feeds are therefore 
more efficient for large fish but the simplicity and low cost of mash make it 
still attractive for artisanal farmers. Rather than pelleting compounded feed, 
they could prepare meal in advance, in the form of "balls" or mash and 
air-dry them. Such feed "balls" can be placed in the middle of the cage
covering net, which is then slightly lowered under the surface of the water 
to give the fish access to the food (Campbell pers. comm.). A similar feeding 
method can also be used with fresh mash balls, particularly if the area of 
the cage is of' the order of several square meters. 

(,uerrero (1980a) fed- S. niloticus moist and dry compounded artisanal 
feeds (65% rice bran, 25% fish meal, 10% copra meal) at DFR 4% B as two 
meals per clay in 1 m3 cages (mesh 2.5 cm) placed in a pond for 24 days. The 
results are sunmarized in Table 11A. He concluded that moist pellets were 
better utilized by the fish. The FCR was slightly higher with the moist 
pellets, but there was no significant statistical difference between the two 
treatments. Moist pellets were easier and cheaper to produce. 

Table 11B gives the results of feeding floating and sinking pellets (40% 
protein) to S. awureus in 0.12 m 3 cages placed in iertilized ponds for 87 days 
at DFI{ 3I B for 70 clays of this period. The floating pellets gave better 
growth, higher production and a lower FCR. This holds true particularly for 
small cages with high fish densities and biornass. The difference may be less 
for larger cages (several m3 ), at lower densities (below 400/1n 3 ) and with a 
smaller biomass (up to 40 kg/m 3 ). In such cases, the extra cost of floating 
pellets might not even prove economical, but good data are missing. 

Dry pellets may he distributed in cages either by hand or mechanically. 
In the latter case, automatic rather than demand feeders are preferable,
especially if the fish density is high. Again, economical considerations 
should guide the choice. If labor is expensive, automatic feeders can reduce 
costs. They also facilitate dividing the DFR. On the contrary, in artisanal 
cage farms, hand feeding may be more advantageous. It also gives the oppor
tunity to monitor the fish stocks more closely. No comparative data exist for 
tilapia cage culture. 

5. FIEID CONVERSION 

The efficiency of feed conversion is generally quantified as the feed 
conversion ratio (FCR): the weight of feed required to produce unit weight 
of live fish during a determined feeding period. Some authors calculate 
a "Net FCR' where the production due to the natural feed is taken into 
consideration. In intensive cage culture particularly (Coche 1978, 1979) 
F'CR is determined by the interactions between the fish (individual size, 
sex ratio and density), the feed (quality, DIR and distribution) and the 
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rearing environment (cage size, water exchange rate, DO and temperature). 
To maximize Ple feeding efficiency, every one of these factors should be 
maintained ,& Its optimum level for the particular species being cultured. 
Most of these aspects have already been reviewed above. 

Feed losses through the cage walls should be kept to a minimum by 
adapting feeds and feeding to the particular conditions prevailing. Excessive 
water movement either caused by the fish themselves or due to a strong 
water current may wash a great proportion of the feed out of the cages. A 
dense wild fish population may even learn how to create the water current 
necessary to achieve this. The fish density should be kept below a threshold 
value, above which the FCR increases. For S. niloticus in 1 m3 cages this was 
400 fish/in 3 (Coche 1977). 

With protein-rich compounded feeds, good feeding efficiencies in tilapia 
cage culture are usually demonstrated by FCR's close to or lower than 2. 
FCR's between 1.0 and 2.0 are now attained by Campbell (pers. comm.) in 
the Ivoryr Coast with 25% protein sinking pellets and S. niloticus. With 36% 
protein floating pellets (about 10% moisture), F'CR's below 1.0 have been 
attained with S. aurets in Puerto Rico (Jordan and Pagan 1973), probably in 
the presence also of additional natural food. 

The presence of such additional food in the environment may, however, 
have a negative rather than a positive effect on the efficiency of utilization 
of the artificial feed. In the fertilized Alabama ponds (Table 12), 40% 
protein floating pellets fed at DFR 3% B to caged S. aureus gave a net FCR 
of'1.1 to 1.5 in the presence of moderate plankton blooms, but with dense 
blooms the net FCR rose to 3.3 to 6.3 (Armbrester 1972). As far as possible, 
one should, therefore, also take into account the natural prdductivity of the 
environment when fixing the DFR. 

6.EXAMIILES OF INTENSIVE CULTURIE 

Some data for the intensive cage culture of S. aureus are summarized in 
Tabhle 1.2. The fish densities used were usually high (above 400/i1) and 
relatively small fish were harvested (130 g or less) because of tile small sizes 
s':'kecd (3 to 10 g) and/or the short culture period (2.5 to 3.0 months). 

Growth rates and production were definitely higher in fertile fish ponds 
than in the rock quarry pond (Table 121.)) although the feeding efficiency 
was best in the latter. It is worth noting that tile FCI's were below 2.0, 
for all the examples given except in heavily fertilized ponds with dense 
algal blooms (Secchi disc depth visibility, 37 cm) and with 2.9 g fry as 
stocking material (Table 12A). 

Table 13 summarizes data on the intensive cage culture of S. niloticus. 
The data for 20 m cages (Campbell 1978b) are the first on intensive tilapia 
cage culture at the artisanal level. In all cases except the Philippine work 
(Guerrero 1979a, 1980a) sinking pellets were fed with a medium (20%) to 
hiigh (10t or over) protein level mostly at DR 4 to B%The fish densities13. 
were gen(rlidly low to medium: below 300 fish/n 3 . In the Ivory Coast, a 
piarticular effort was made to produce commercial size fishes, averaging at 
least 200 g,which called for culture periods in the growout cages of 4 to 5 
monthbs. Sole brief notes follow concerning each set of trials (Table 13). 
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In the Philippines, using a relatively cheap feed (moist pellets at US$0.17/ 

kg), Guerrero (1979a) appears confident of producing within 2 to 4 months 
80 to 100 g marketable tilapias with FCR 2.5 after stocking at 5 to 20 g. 
An average production of 12 to 20 kg/m 3 /month is attainable, giving an esti
mated monthly net income of US$6.75 to 10.80/1 m 3 cage. 

Coche (1977) reports culture trials in the artificial Lake Kossou (Ivory 
Coast), from 1974 to 1975 beginning with 1 m 3 cages and pelleted chicken 
feed (24.7% protein). These demonstrated the excellent potential of S. 
niloticus intensive cage culture. Although reduced DO's were encountered 
for most of the culture periods, growth rates were usually about or above 
1.2 g/day and the monthly production ranged from 9 to 15 kg/m 3 , with fish 
densities and initial biomasses in the normally accepted range. Low feeding 
efficiencies were due mostly to the inadequate feed (which contained 
up to 30% undigested maize middlings) and to excessive DFR's. Campbell 
(1978b) used three improved feeds (Table 9-B1, B2,B3) and reduced DFR's 
in larger cages. His lower initial biomasses and densities (relative to cage size) 
resulted in better growth rates (1.4 to 2 g/day) but gave lower average produc
tions with increasing cage size. Smaller cages (6 m 3 )produced 9 to 11 kg/ 
m 3 /month and larger ones (20 m 3) 2.6 to 3.7 kg/m 3 /month. Feeding effi
ciency was much better than Coche's (1977) results: FCR's, 1.9 to 2.2. It 
should be remembered, however, that Campbell used on average 84% male 
populations. 

N'Zimasse (1979) used a heavily manured fish pond in the Central African 
Republic. The results are difficult to assess because of DO deficiencies, but 
the survival of S. niloticus was excellent. The growth rate, production and 
feeding efficiency were poor, especially for all-male populations. 

Philippart et al. (1979) used increasing densities (up to 600 fish/m 3 ) 

and biomasses in pond-based cages in a thermal effluent. The feed was very 
rich in protein (46%). Neither growth rates nor FCR were as good as could 
have been expected in such small cages. The DFR was probably too high 
considering the size of the fish and the food quality. Good production was 
obtained with the two highest densities/biomasses, but at the cost of low 
fe,'ding efficiencies. 

Only limited data are available on the intensive cage culture of all-male 
S. niloticus.Coche (1977) suggested this as one way of increasing production: 
his fish, stocked at average weight 49 g, grew at an average rate of 1.8 g/day 
and gave a production of 15.1 kg/m 3 /month on relatively poor quality feed. 
In the Central African Republic, N'Zimasse (1979) obtained poor results 
because of deficient environmental conditions and in Belgium (Philippart 
et al. 1979), the results for all-male culture were not as good as expected, 
although the feeding efficiencies were increased by adapting the DFR's to 
the fish sizes. Strangely enough, higher average production was experienced 
with smaller biomasses, which calls for some caution in interpreting these 
results. The relative brevity of the experiments might be partly responsible. 
It appears that further data are needed to assess the potential of monosex 
cage culture. 

Table 14 summarizes the results of the intensive cage culture trials with 
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resuits are also poor: the soya pellets did not inprove on results obtained 
with fresh algal feeds (see F2 above) and animal protein pellets gave only 
slightly better results. This suggests that S. mossambicus and T. guineensis 
have low potential for cage culture, 

7. CAGE CULTURE OF MIXED SPECIES 

In Indonesia, 10 to 25% S. niloticus are cultured with Cyprinus carpio 
in cages in a 20 ha lake at the Lido Station (Pedini pers. comm.). The cages 
are relatively large (9 m 2 x 1.25 in deep and 81 m" x 1.25 m deep) and a 
pelleted feed (32% protein) is given to the carps only at DFR 3% carp 
biomass. S. niloticus is here considered as a secondary crop. In Taiwan also 
an experimental cage (144 m 3 ) was stocked with tilapia (probably S. niloticus 
x S, mossarnbicus hybrids) and C. carpio (see Table 14). The growth of the 
tilapias was very good, even though far below that of common carp. The 
carp were so infested with parasites, however, that the local farmers now 
prefer tilapias for cage culture, even though their growth is slower and pro
duction smaller (de ]a Cruz 1979). 

8, BRACKISHWATER CULTURE 

In the Ivory Coast S. niloticus is being culturbd in cages placed in (oastal 
lagoons where the salinity may reach 20%o. Some experiments are in progress, 
but until now results have been rather disappointing, the average growth rate 
varying from 0.20 to 1.17 g/day on a 15.5% protein feed (De Kimpe 1978). 
However, British Petroleum has established a commercial farm for intensive 
tilapia cage culture in Jacqueville (about 64 km west of Abidjan), including a 
hatchery/nursery and a feed mill. Both S. niloticusand S. inelanotheron(T. 
heudelotii) are being tried in commercial size cages (27 and 54 m 3 ). The 
production potential of the farm is estimated at about 500 t/year (Campbell 
pers. comm.) but only preliminary data are available. Although S. niloticus 
has demonstrated an excellent growth rate (1.8 to 2.1 g/day), great mortalities 
have been experienced due to heavy parasitism. S. melanotheron(T. heude
lotil), a species endemic in the local lagoons, has also been tried with very 
little mortality but its real potential for cage culture has not yet been estab
lished. 

Advantages, Constraints and Research Needs 

1. ADVANTAGES 

When compared with the more traditional methods of fish culture in 
ponds and tanks, cage culture presents some definite advantages (Coche 
1978, 1979). In the particular case of tilapias, the major advantage is the 
posibility of controlling unwanted recruitment (Pagan 1975). 
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The other major advantages of cage culture include relatively high growth 
rates due to the continuous water exchanges, the limited space requirements, 
the production of large fish of a more uniform size than pond systems, and 
the possibility of greatly reducing production costs through a more precise 
adjustment of feeding rates. 

2. CONSTRAINTS 

Table 15 summarizes the major constraints to culturing tilapias in cages. 
The relative importance of these varies with location. The most important 
water quality parameter is the DO. Low DO's may appear once or twice a 
year as a periodical feature of the limnological cycle of the water body. At 
water temperatures from 26 to 30'C, special measures should be taken if the 
DO of surface water drops below 3 mg/L for several consecutive. days, ... 
including lowered DFR or cessati-, .' feeding and reduction in stocking 
density. In Lake Kossou, heavy S. 'ih" icus mortalities have been recorded 
when DO's suddenly fell to 0.4 mg/L (Traore and Campbell 1976). Important 
mortalities in pond cages have also been observed for S. aureus following 
a DO reduction (Pagdn 1973). This could be caused, in certain cases, by the 
cages and fish themselves, for example, in water bodies where the water 
circulation is limited, where the total cage volume has become proportion-

Table 1 5. Constraints to the cage culture of tilapias and suggested remedial action. 

Constraint
 
and target Remedial action
 

A. Environmental 

1 Water quality Modify the culture technique
 
2 Weather Site selection/Anchoring system
 
3 Wild fish populations Control wild fish populations
 
4 Aquatic predators Control/Materials selection/Barrier
 

B. Inputs 

1 Equipment Design/Construction/Durability/Cost
 
2 Fry/Fingerlings Develop new methodology for mass production
 
3 Fish feeds Formulation/Develop production methods
 

C. Fish Stocks 

1 Diseases/Parasites Site selection/Control wild fish/Management
 
2 Security Site selection/Full time watchmen
 
3 Marketing Transport/Processing/Organization
 

D. Policy 

1 Research Financial support/Training
 
2 Planning Environmental potential/Inputs availability/
 

Markrt potential
 
3 Development Control/Extension service
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ately too high, or where overfeeding takes place. 

Regarding weather constraints, storm damage may occur if the farm site 
is not sufficiently protected. Such losses have occurred on Lake Ilopango 
in El Salvador (Hughes 1977) and in the Ebrie Lagoon in the Ivory Coast 
(Campbell pers. comm.). 

Jordan and PagAn (1973) reported incursions and residence of wild 
S. mossambicus in cages for growing S. aureus. This greatly reduced feeding 
efficiency and production. The wild fish could also be vectors of parasites 
and diseases. 

The shortage of tilapia seed is considered as one of the major present 
constraints to the development of the culture industry (Coche 1977, Guerrero 
1979a, Anon. 1979a). A new methodology for the mass production of tilapia 
fry and fingerlings should be developed. Moreover, caged tilapias have 
practically no access to natural feed (apart from filter feeders in eutrophic 
water) and require essentially complete supplemental feed. The-two main 
constraints here are the formulation of such feeds, e.g., in El Salvador 
(Hughes 1977) and Africa (ADCP 1980), and their availability and cost to 
the farmers. 

3. CAGE DESIGN 

The design and construction of adequate cages is still considered as a 
major problem in the Philippines (Anon. 1979a) and large cages used in El 
Salvador have proved difficult to harvest (Hughes 1977). In the Ivory Coast, 
the utilization of weak fibre netting material has resulted in great fish 
losses (Campbell 1978a). S. niloticus grazing on the settled algae on R250 
tex nylon twine damaged it within 8 months sufficiently to necessitate a 
complete replacement by stronger netting (R470 tex). Following serious 
damage to fibre netting by crabs in brackishwater, imported plastic netting 
will replace this for future commercial production in the Ivory Coast (Camp
bell pers. comm.). 

Damage to underwater structures by predators may also result in important 
losses, including the escape of the cultured fish. Such problems have been 
encountered in Indonesia with monitor lizards and turtles (Pedihi pers. 
comm.) and in the Ivory Coast with iguana and large Nile perch (Lates 
niloticus). In brackish water, crabs have heavily damaged cage nets (Campbell 
pers. comm.). In such cases, either a predator net barrier should be used or 
the cage construction should be reinforced. 

4. DISEASE ASPECTS OF CAGE CULTURE 

Caged fish living in confined conditions are probably under greater stress 
than pond fish and are more susceptible to attack by parasites and diseases. 
Fortunately, the various tilapias cultured in cages have generally demonstrated 
high disease resistance. Only a few cases of health problems have been 
documented, mostly following increased stress due to elevation of salinity or 
fish biomass. In Puerto Rico, caged S. aureus reared in sea water(35%o 
salinity) suffered chronic mortalities with open body lesions, fin rok and 
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exophthalmus (Miller and Paghn 1973;Miler and Ballantine 1974). Pathogenic 

bacteria (Aeromonas and Vibrio spp.) were thought to be implicated. There 
is heavy pollution from raw sewage in the area. 

In the Ivory Coast, a great decrease in S. niloticusproduction was observed 
in several cages where mycosis occurred (Coche 1977). Later, Campbell 
(pers. comm.) also observed cages with a high proportion of blind fish 

(Diplostomum ?). Susceptibility to all infections was higher in 1 m 3 cages 

when the biomass exceeded 73 kg/im 3 . S. niloticus reared in shallow brack
ishwater (4 to 20%o salinity) and relatively close to the lagoon sediments 
(0.5 m) suffered high parasitic burdens and mortalities (Campbell pers. 
comm.). 

A high rate of mortality has been recorded in Alabama following outbreaks 
of bacterial diseases in pond cages with S. aureus (Pagin 1973). In Tanzania, 
a generalized Saprolegniainfection spread through a caged T. zillii population 
(Ibrahim et al. 1975). 

5. SECURITY 

Poaching constitutes a major problem in cage culture. To ensure the 
security of commercial operations, Street (1978) has recommended in El 
Salvador the employment of full-time watchmen. Locating the cages close 
by the farmer's residence may also help solve the problem. In the Philippines, 
poaching is also mentioned among the main problems facing cage farmers 
(Guerrero 1979a). 

6. POLICY 

Research support and rational planning of the development for tilapia 
cage culture are essential. Development should be supported by an adequate 
Extension Service, through which a continuous two-way flow of information 
can be established between farmers and researchers. Dramatic examples of 
the results of a lack of careful planning are available from the Philippines. 
In the 50 ha Lake Calibato, 170 fish cages containing about 10 million 
tilapias were present in 1978 (Anon. 1978). Within only a few years, the 
profit expected from tilapia cage culture fell by 50% because of such over
crowding. A similar situation has arisen in Lake Sampaloc (Sollows pers. 
comm.): see above. To bring such wild development under control, several 
planning steps are required: a survey of the lake's capacity for cage culture; 
setting guidelines for the siting/operation of the cages and licensing legitimate 
operators (Anon. 1978). A competent technical body is needed to oversee 
the development. 

7. RESEARCH NEEDS 

The research needs for tilapia cage culture in the Philippines have been 
recently reviewed (Anon. 1979a) and the following identified: the design 
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and construction of the cages; the standardization of cage materials (which 
should ideally be sturdy, attract less fouling organisms and be nontoxic 
both to the fish and consumers) and the proper layout and positioning of 
the cages in water bodies. 

Both in Latin America (ADCP 1978) and in Africa (ADCP 1980), tilapia 
cage culture has been selected as a priority culture system in the research 
programs of the future United Nations Development Programme (UNDP/ 
Food and Agriculture Organization of the United Nations (FAO) Aquaculture 
Regional Centres. The research needs identified include: design of cages 
suitable both from the functional and economical points of view; testing 
of construction materials; design of rafts, floats, anchors and other require
ments for cage installations; feed formulation and preparation; feeding 
procedures; biology of the cultured stocks; economic evaluation and possible 
fish health hazards and their control. 

Attention, should also be given. to the effects of cage culture on the 
environment. In particular, estimates of the optimum cage volume relative 
to that of the water body should be obtained, both for closed and open 
aquatic systems. These should become the basis for the rational future 
development of tilapia cage culture. Finally, a new methodology for the 
routine mass production of fry and fingerlings should be developed. 

Prospects
 

1. CULTURE POTENTIAL OF TILE MAJOR TILAPIA SPECIES 

Tables 16 and 17 summarize the culture potential in terms of production 
of the four main cultured species; S. mossambicus and T. rendallihave been 
both mostly raised in extensive and semi-intensive systems and S. aureus 
and S. niloticus ini intensive systems. This probably reflects the geographical 
distribution of their cage culture (see Table 1) and makes it rather difficult 
to assess the real future potential of each of these four tilapias for cage 
culture on a worldwide basis. Further experiments will be required, especially 
for the semi-intensive cultivation of S. aureus and S. niloticus and the 
intensive cultivation of the other two species. 

As the culture system is progressively intensified, growth and production
increase, but, in the presence of moderate to dense algal blooms, relatively 
high values are attainable for S. aureus even in extensive systems. Indeed 
these results are even better than for the other tilapias in more intensive 
systems. Therefore, the extra cost of feeding should always be weighed 
against the production obtainable from natural foods for a given species 
and location. Such comparative data are lacking for S. niloticus which might 
also provide good results with algal blooms. 

The current relative production potential for the four species may be 
summarized as: for extensive systems, S. aureus> S. niloticus> S. mossam
bicus; for semi-intensive systems, T. rendalli > S. mossambicus and for 
intensive systems, S. aureus> S. niloticus > S, mossambicus. T. rendalli 
fed with Alocasia leaves and wheat bran has shown a relatively good produc
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tion potential, at low input cost. In intensive systems, both S. aureusand S. 
niloticus provide high production. It may be concluded that these tilapias 
have good production potentials, particularly in culture systems with low
energy inputs, where production costs may be kept relatively low, Even 
then, the average monthly production is above that experienced for super
intensive pond culture in Israel: estimated at about 0.5 kg/m3/month, i.e., 
about 60 t/ha/year (Sarig and Arieli 1980). 

2. COMPARISON WITH OTHER CULTURED SPECIES 

The production potential of the S. aureus and S. niloticus in intensive 
systems is compared with that for Cyprinus carpio, Ictaluruspunctatus and 
Salmo gairdneri in Table 18 (Coche 1978, 1979). The two tilapias can 
outperform L punctatusand Salno gairdneri,especially considering both the 
relative ease of tilapia culture and its efficient use of low-cost feed. C. carpio 
grows faster and has a definitely higher production potential, although this 
alone might not justify its preference as a cultured species over S. aureus 
or S. niloticus. 

Discussion 

MORIARTY: low much of a problem is there with fouling of the cages by filamentous 
algae and other organisms growing on the walls of the cages and restricting the water 
flowing through them? 

COCHE: It depends on the environment where you ar keeping your cages, In very rich 
environments, you can have problems, but in general tilapias help to clean the cages. 

PULLIN: In the Philippines, tilapia actually eat the filamentous algae growing on the 
sides of the cages, so much so that it may be an important. source of extra food for 
Ihem. 

COCHE: It. can also be a problem for the cage netting. During this process, we have had 
tilapia damaging some of the netting. 

NASH: ,lust a comment. I do not altogether accept your interpretation that as the cage 
size increases, the production tends to go down. I think that it does in regular, either 
hexagonal, square, or circular cages, but certainly in the early days of marine cage devel
opment in Scotland we found that the elongated cage opened up new dimensions of 
production for you, although structurally it was easier to make the square, hexagonal, or 
circular cage. Secondly, we cut clown a great deal on food loss by having about two-thirds 
of the bottom being covered with some sort of plate which stopped the food going right 
through. The only problem was then that as we moved many of these cages up and down 
in the water, particularly if they were submerged cages, the phugoid motion often put the 
cages under tremendous stress and in fact cracked several of them. But certainly, if you 
have floating cages, I think that plates up to about 2/3 of the bottom structure are a help 
to reduce food loss. 

IIEN!IEHR.: Dr. Nash, could you explain the superiority of the elongated cage over the 
rourd one with respect t) yield and productiton? 

NASH : I think one is just nmore limited with a rounrd or regular cage because it is largely 
the movenwt of' thi, fish within the cage that maintains good circulation With a regular 
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cage, you can get more dead pockets in the center as the fish can only move the water 
around so much. Also the cage area which can be made to face the water flow is limited. 
With an elongated cage, you can put the long side across the water flow and so maintain 
much better conditions, although putting it across a strong flow can give you additional 
structural problems. 

ROBERTS: As Dr. Nash has indicated, we have had considerable experience of cage 
culture, particularly with salmonids in Scotland. Because of the very rapid development 
of freshwater cage culture in Scotland, we now have several 2 to 300 t units in relatively 
small lochs. We have a project at the Institute of Aquaculture measuring the environ
mental impact of cage culture in Scottish lochs. We are already finding that there is a very 
significant effect of having a 300 t unit in a loch. The effect seems principally to be not 
only in terms of the chemical water quality, but a more general effect on the fish fauna of 
the loch, for example, enlarged eel populations. Of course, the entrepreneur who has the 
fishing rights on the loch can say, "That's fine; I will put eels in the cages as well because 
the price of eels is so much higher than the price of trout!" But there are limits, certainly, 
as to safe stocking levels. 

We have also studied samples from cage culture mortalities in the Philippincs-where the' 
obvious cause was anoxia associated with a very highly eutrophic system. As biologists 
interested in cage culture we should hold back the entrepreneur as he will double and 
triple and quadruple his production without giving thought for tomorrow and tomorrow 
may be a very long day of misfortune if we are not careful. 

One other thing which Dr. Coche raised in terms of cage culture was the possible 
differing risks of cage culture and other systems. We are not completely convinced 
that there is a significantly higher stress in cages compared with other high density 
culture systems. Stress of course would increase disease risks. But two particular groups 
of parasitic copepods, Argulus species in fresh water and salmon lice in salt water can hide 
out in the cage structures. They are not obligatorily living on the fish. As soon as you 
stress the fish, the adrenalin surge seems to give the parasites a message that they had 
better leave their hosts and they all disappear off the fish on to the cage-netting; so that if 
you pull fish out to treat them, you only get a small proportion of the parasites. When 
you put the fish back in, the parasites come back and reinfest the fish. Obviously, their 
hiding places are multiplied on fouled netting. 

We have also experienced problems of wild fish infecting the cultured fish in the 
cages. In Scotland, the parasitic burden of the wild fish in the lakes with cages may 
increase to a significant extent and this annoys the anglers or capture fishermen. Part 
of the problem is that birds fishing in the cages facilitate the cycle of the fish parasites 
and spread them. Cages in our view have a very big future in aquaculture terms, but they 
have some specific disease problems, and must be monitored very carefully in terms of 
their environmental impact. 
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Studies on intensively cultured and wild tilapias have shown that although 
they are more resistant to diseases than many other species, there is never
theless a wide range of disease problems which can occur. To date no viral 
problems other than lymphocystis have been recorded. The bacterial patho
gens include aeromonads, myxobacteria and particularly Edwardsiella tarda. 
A wide range of parasitic problems occur including particularly trichodinids, 
kchthyophthirius and various intermediate stages of digenean flukes. Nutri
tional problems are a major difficulty in intensive culture, with aflatoxicosis a 
major cause of losses associated with poor quality storage of food ingredients. 

Introduction 

There are two principal reasons why diseases of the tilapias (genera 
Tilapia and Sarotherodon) have been less well studied than those of many 
other groups of cultured fishes. The first is that such fish are generally 

farmed in countries where diagnostic facilities are less than adequately 
developed, so that losses cannot be investigated properly; the second is that 
the culture of tilapias has only been intensified recently. At low stocking 
densities, environmental water quality is usually high and opportunities for 
infections to build up are thus limited. Equally, the observation of disease 
conditions is much more difficult at low densities in large water bodies than 
under the controlled conditions of the high density tank or cage systems. 

Most of the early observations on diseases of tilapias have related to 
parasitic infections, often from wild fish and at low levels (Khalil 1971; 
Sarig 1971). These have generally shown no evidence of clinical effects on 
the fish and in most wild populations of tilapias it would seem that para
sitism is a normal occurrence of little consequence. The present paper is 
restricted to a review of diseases of tilapias which occur in culture systems or 
those of wild fishes which have a clinical manifestation or potential signi
ficance for culture. Although the literature has been surveyed, and references 
are quoted where relevant, the majority of the information has been derived 
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from the diagnostic files of the Institute of Aquaculture of the University of 
Stirling and from unpublished research by the authors and their students in 
the Institute. 

Parasitic Diseases 

Although a vast array of parasites has been recorded from tilapias and 
other cichlids most of them are from wild fish and no evidence of clinical 
effect is given. The number of reports from cultured fish is much smaller but 
clinical disease is much more frequently associated with infection in these 
circumstances. It is with clinical infection in cultured fish that the aqua
culture industry is concerned, but in many cases such infections are derived 
from wild stock in the water supply and other hosts such as birds or inverte
brates, or are introduced with fish brought-in from wild sources for ongrow
ing or breeding. 

1. PROTOZOAN PARASITES 

a) Ichthyophlthiriusmultifiliis. This parasite, which causes "Ich" or "white 
spot" is a relatively large ciliate which causes heavy losses in a wide range of 
cultured fish. It was first reported from tilapias by Paperna (1970) who 
recorded it in wild tilapias from east African rift valley species. It was 
believed to have been introduced to the area with mollies (Mollienesia 
sphaenops) brought in for mosquito control. Brock and Takata (1955) 
reported its introduction to the Hawaiian islands with imports of S. mos
sambicus from Singapore. Thus any area where it is not presently found 
would be advised to resist such importations very strenuously, unless in the 
form of young fish which have been comprehensively treated with formalin 
and securely quarantined before distribution. Ichthyophthiriushas a closely 
defined optimal temperature range for growth of 20 to 24°C (Meyer 1970) 
and thus for tilapias it is unlikely that significant epizootics will occur in 
tropical areas unless the fish are highly stressed. It is in the subtropical areas 
when winter temperatures are both stressful to the tilapias and also pass 
through the optimum range for the parasite as they rise in spring that severe 
problems with this parasite will arise. It is a significant problem for fry since 
they are particularly susceptible to infection and lesions may be found in the 
nares, pharynx and gill as well as the skin. In intensive culture using recircu
lation systems, it is a particular problem because of the difficulty of treating 
the filter without destroying its bacterial flora, If the filter is isolated during 
treatment the parasite is able to lodge, and survive within it for a considerable 
period and thus infections can flare up when the circulation is restored. 
(Richards pers. comm.). Efforts to induce infections experimentally produce 
very variable results but natural infections can build up extremely rapidly, 
with the entire body surface of fry being covered with trophonts and tomites 
within 48 hr of their first being observed. 

b) 'richodinids and Chilodonellaspp. There are a number of ubiquitous 
protozoan parasites which commonly cause disease in cultured fish including 
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Trichodinella spp., Tripartiella spp., Trichodina spp. and Chilodonella spp. 
Only the latter pair has been reported as being of significance to cultured 
tilapias but it is likely that the others will also assume importance in thu. 
future. They all have a direct life cycle and reproduce by binary fission oil 
the skin and gills. They are present on most fish in small numbers and 
characteristically cause problems in fish stressed by handling, poor feeding 
and especially where there has been a diop in temperature. As the temper
ature rises again, as with Ichtlhyophthirius, the parasites multiply on tile 
stressed and debilitated fish. 

Thus, they are a problem in Israel (Sarig 1971) and tile Southern U.S.A. 
(Avault et al. 1968) where it is necessary to provide heated water facilities to 
overwinter fish and high fish density/low flow rates and minimal temper
atures are the norm from economic necessity. 

Sommerville (unpublished) has induced severe Chilodonella infection 
in S. galilaeus subjected to severe nutritional deficiency in a static ,water... 
system. It was not possible to establish tile infection by direct transfer to 
healthy, well-fed fish or to fish in clean water with good exchange. Fryer and 
lies (1972) consider Trichodina to be a particular problem in mouthbrooders 
as these ciliates can invade the mouth and transmit the infection to fry. Sarig 
(1975) has also reported heavy infection from cultured tilapias in Ghana, 
stating that in many cases such infections were highly pathogenic and caused 
heavy losses, especially of small fish. Guerrero (pers. comm.) has also fre
quently iml)licated trichodinids in heavy, and often lethal infections of S. 
mossam bicus fry undergoing hormone sex-reversal treatment. 

c) Bodonid parasites. Ich thyobodo (=Costia) necatrix is a well recognized 
and highly pathogenic parasite of young, or severely stressed, salmonids 
(Robertson 1979). In tilapias, bodonids have been associated with disease in 
Alabama (Plumb, cited by Scott 1977) and in Israel (Sarig 1971). Sarig 
reported that they occurred infrequently in late autumn and winter and only 
on tle gills of the affected fish, accompanied by Trichodina and Glossatella. 
In experimental populations of S. mospambicus held in recirculating systems 
at Stirling, Mohd -Shallarom (unpublished) has found mortalities associated 
with a bodinid larasite closely resembling lchi thyobodo necatrix in heavily 
stocked populations held at 26:C, which is a much higher temperature than 
previous reports. 

d) Sporozoa. Myxosporidia occur commonly as cysts replete with spores 
in the tissues of most wild tilapias. Generally they are of tile Myxobolus/ 
Myxosona group. Baker (1963), Fryer (1961a, 1961b) and Sommerville (tin
published) have all recorded myxosporidians from wild tilapias. They rarely 
show any evidence of significant pathological effect but in view of their life 
cycles, they are potentially highly significant for intensive earth pond 
culture, as is the case with Myxobolus and Henneguya infections in cultured 
carps in Bangladesh (Sommerville and lqbal, unpublished). Earth pond 
culture greatly facilitates the parasite's life cycle since spores are released 
during decomposition of a fish carcass (or possibly from living fish) and for 
all known species require a period of potentiation in mud prior to the 
development of infectivity. These parasites are more likely to he a problem 
in countries where the height of the water table precludes seasonal drainage 
and desiccation of tile ponds. 
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2. METAZOAN I-IE LMINT1i PARASITES 

a) Monogenea. Monogenean parasites are found on both the gills and 
the skin of tilapias an( a specific genus for the monogeneans of cichlid 
fish, CichlidoArus, was erected by Paperna in 1960. Paperna and Thurston 
(1968) found 16 different species from rift valley tilapias and Mohd-Shaharom 
and Sonmerville (unpublished) have performed extensive studies on the 
incidence and pathogenesis of these monogeneans in cultured populations. 
Cichlidogyrus sch'rosus was found to be the most widely spread, being 
commonly observed in fish from Southeast Asian origins such as Philippines 
(Duncan 1973) and IHong Kong, Singapore and Thailand (Sommerville, 
unpublished) as well as from Africa. Studies on the population dynamics and 
growth rate effects of C. sclerosus and C. tubicirrusminutus indicate that 
they are normally of low pathogenicity with little or no effect on growth 
rate. Pathological effects were quite obvious, however, in the form of focal 
hyperplasia of the branchial lamellae. 

(vrodactlus spp. are potentially of great significance to tilapias in 
culture. Clinical outbreaks of gyrodactyliasis have been recorded by Fryer 
and lies (1972) in pond-reared tilapias in Uganda, where they were associated 
with corneal damage and by Sommerville and Haller (unpublished) from 
intensively cultured tilapias in Kenya. In the latter case mortalities appeared 
to be associated with handling and moving of fish from ponds to tanks. 
Mortalities always developed two weeks after transfer, tailing off after 5 to 6 
weeks. This pattern was presumed to be related to the viviparous life cycle of 
the gyrodactylids. The increase in transmission opportunity was associated 
with the higher stocking density of a concrete tank system and the debility 
of badly handled fish. 

h) Digenea. A great variety of digenean parasites are potentially capable of 
causing heavy losses in cultured tilapias. All, however, have a basically similar 
life cycle which involves three hosts: the first intermediate host, an aquatic 
or amphibious gastropod mollusc; the second intermediate host, a fish and 
the final host, a piscivorous vertebrate. The stage occurring in the fish is 
known as the metacercarial stage and is generally found encysted in the fish 
tissues. Virtually any part of the body can be involved but the metacercariae 
of many species of digeneans are site specific. The molluscan hosts are partic
ularly common in water supply dams, inlet channels and drainage canals, 
where waste food and organic material accumulate. The fish may be infected 
on the farm or, as is frequently the case, in ponds or dams where fry are 
collected for stocking of rearing tanks. A wide range of metacercariae 
is observed in tilapias and because of the difficulty of identifying the larval 
form to species, they usually remain unspecified. Sommerville (unpub
lished) has investigated a wide range of digenean infections in intensively 
cultured tilapias and carried out experimental infections of final hosts 
to determine species. The l)rincipal groups of significance were clinostomes, 
neascids, haplorchids and diplostomulae and all were significant in different 
ways. Although the following are currently the only named digenean meta
eranae to have been associat ed with disease in cultured tilapias, it seems 

likely that many others will be shown to be of significance as controlled 
intensive tilapia cult Lre develops: 
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i) Clinostomes. (Family Clinostoinatidae)The metacercariae of Clinos

toinum and Euclinostonmni spp. are notable particularly for their large 
size-hence the common term "white grub" or "yellow grub" for the mature 

metacercariae in situ. In fry tile growth of such a large parasite causes 
bulging and distortion ot the body profile. As well as spoiling the appearance 
of the fish there is some evidence that in intensive culture, fish infected with 

clinostomes are also more susceptible to handling stresses (Balarin pers. 

comm.). The adult worms lie in the pharynx of a piscivorous bird and Ardea 

goliath has been recorded as being a particularly prevalent carrier of the 

infection. 
. ii) Npascus metacercariae. (Larval genus of Superfamily Strigeoidea,all 

belong to Family Diplostomatidae)A group of neascus metacercariae stim
ulate the accumulation of large numbers of melanocytes in the host capsule. 
Since they usually accumulate in the skin, the resulting black spots become 
very obvious even to the casual observer. However, although they have been 
reported from a wide range of tilapias from east and west Africa (Paperna 
and Thurston 1968; Sommerville unpublished;) they probably have only a 
limited effect on the fish host per se and their real significance is that they 
render fish unmarketable where infection is heavy. 

iii) Haplorchissp. (Family Heterophyidae)Metarcercariae of this genus 
are found in a wide range of freshwater food fishes including tilapias. They 
have a wide geographic distribution and have already been a cause for con
cern in the Philippines, Israel, Africa, India, Egypt, China and Japan (Som
merville in press). 

Hlaplorchis pumilio was first recorded from tilapias by Witenberg in 
1929 in Palestine. Like other species of this genus it has a wide distribution, 

summarized by Sommerville (in press) who has also recently found it in an 

intensive S. spilurus culture system in Kenya. Its cercariae were found in a 
high proportion of Melanoides tuberculata: the dominant mollusc in the 

tanks, drains, and ponds of the farm system. Experimental infections of 

tilapia fry showed that mortalities could result directly from penetration of 

the skin and muscle of fry by large numbers of cercariae and the migrations 
of metacercariae to accumulate at fin bases. It is assumed that the mortalities 
associated with mass penetration are related to loss of skin function, but 
other organs may be damaged as the parasites penetrate over the entire skin 
surface and migrate indiscriminately through tissues. 

With less severe infections, experimental studies (Sommerville unpublished) 
have shown that the infected fish suffer no disadvantage when compared 
with uninfected fish as far as growth rate, condition or food conversion are 
concerned. However, tle presence of this parasite in cultured food fish 
cannot be tolerated because of the risk it represents to human health when 
inadequately cooked fish are eaten. The main pathological effect when man 
is the final host is associated with the distribution of the eggs in the circula
tory system, where they lodge in end-arteries, causing infarction. This can 
cause a variety of syndromes but the most significant are related to obstruc
tion of myocardial, cranial or optic vessels. Since it is non-specific in its final 
host, piscivorous vertebrates other than birds, e.g., otters, dogs, cats, or even 
monitor lizards, can act as final hosts. Other larval heterophyids have been 
reported in tilapias in the Middle East, Paperna (1960) reporting Heterophyes 
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hcterophyes as well as Haplorchispumilio avs common parasites of man and 
dogs in Egypt and Israel. 

iv) Diplostomulae. (Larval genus of Family Diplostomatidae)The meta
cercariae of these strigeoids lodge in a variety of tissues within their second 
intermediate fish host, depending on the particular Diplostomum species 
involved. The most noticeable in clinical terms, however, are the metacer
cariae which are associated with blindness: the so-called eye flukes. There is 
a wide range of species of eye fluke, with a remarkable degree of site specific
ity so that some species localize in the 'ens, others in the retina and yet 
others in the aqueous or vitreous humour. Where only small numbers of 
unencysted metacercariae are involved, the sight is not significantly affected, 
but when large numbers of metacercariae locate in the eye they can produce 
total blindness (Plate 1). This causes loss of reflex pigmentation control 
and affected fish are thus more vulnerable to predation than would other
wise be the case, as well as being unable to find their food by visual means. 

c) Cestodes, Nematodes and Acanthocephalans. Cestodes have not as yet
been reported to cause any serious problems in cultured tilapias, although
their presence in wild fish has been reported (Fryer and Iles 1972). Several 
nematode species have also been reported (Fryer and Iles 1972; Goldstein 
1971) but apart from reports by Paperna (1964) and Scott (1977) of larval 
Contracaecum infection causing pathological effects, little is known of their 
significance. Scott found that in S. alcalicus(S. grahami) in Kenya up to 7 
parasites might be found in the pericardial cavity (Plate 2) and that they had 
a significant effect on the growth of the fish. Contracaecum is a particularly 
unattractive parasite to the consumer as it can occur as large encysted worms 
throughout the muscle. Like some other anisakid parasites, it can also be 
zoonotic and it would seem important that it be excluded from cultured 
fish. Its life cycle involves ingestion of the egg by a free living crustacean 
which is ingested by the fish. When this then is eaten in turn by a piscivorous
bird the life cycle is completed, and it would seem that it is only at this stage 
that the cycle can be readily broken. Since piscivorous birds are also respon
sible for many digenean infections of fish and also cause direct losses of 
cultured fish by predation, the netting or wiring of sites, tank coverings, 
and an active predator elimination policy, would seem to be highly desirable. 

Plate 1.Sarotherodon mrossa bicus with bilat(ral cataract caused by a heavy diplostomulid 
metacercarial infection. 
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Plate 2. Contracaecum within the pericardium of Sarotherodon alcalicus (S. grahami). 
Photograph courtesy of Mr. P.W. Scott. 

3. PARASITIC CRUSTACEANS 

Numerous species of parasitic crustaceans have been reported from 
tilapias. Of these the most serious pathogens are the branchiuran Argulus 
spp. and the copepods Ergasilus spp. and Lernaea spp.. Sarig (1971) sum
marizes the reports of Fryer and Paperna and describes the problems expe
rienced with infestations by these parasites. Fryer (1961b, 1965a, 1968) 
and Paperna (1969) found Lernaeato cause serious losses in ponds in Nigeria 
and Israel and in Malawi (Roberts unpublished), they were found to be a 
significant cause of mortality in T. rendalli ('T. melanopleura')culture in 
ponds. The parasites are deeply embedded in the dermis or musculature 
of the fish, and cause a severe necrotic ulcerative granulomatous response. 
The lesions render the fish unmarketable, and fish with even a single parasite 
feed poorly, and lose weight. Lernaea tilapiae is restricted to tilapias of Lake 
Malawi and has been described by Fryer and Iles (1972) as inhabiting the 
mouth and penetrating the tissues of the palate. In view of the finding of as 
many as 9 parasites in this site, all causing severe inflammatory lesions, they 
conclude that it must also interfere with feeding and mouthbrooding in 
addition to the more general effects of "anchor" penetration. The infective 
stage is the free swimming copepodid (the second larval instar) but a further 
four moults, accompanied by a final sexual differentiation and mating are 
necessary for the adult female to become pathogenic and insert her head into 
the skin where the feeding activity and growth of the "anchors" causes the 
severe reaction. 

Argulus spp., the fish lice, are very mobile, unlike the sedentary Lernaea. 
Several species have been found on tilapias (Paperna 1964; Fryer 1968 ;Sarig 
1971). Its life history is more simple than that of Lernaea and although it is 
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an obligate parasite it can survive off the host for a limited period and since 
It lays its eggs on vegetation, it is a serious problem in standing waters. It can 
readily seek refuge around a pond if fish are removed for trcatment. It can 
cause mortalities in its own right but usually it is responsible for facilitating
secondary bacterial and fungal invasion by its feeding method, which causes 
open wounds. 

Ergasilus spp. have been reported to cause epizootics in polyculture 
fish ponds in Israel (Sarig 1971) where carps, mullets, and tilapias are farmed 
together. Although the tilapias do become infected in such conditions, their 
parasite burdens are usually very low compared to those of the other two 
groups of fish species, possibly reflecting the higher resistance to skin pene
tration of the tilapias. 

Bacterial Diseases 

Tilapias are generally kept in water with a high organic load. This may be 
due either to deliberate fertilization to increase the production of food 
organisms in the water or to agricultural or sewage run-off. Such water 
conditions allow most of tile recognized aquatic bacteria to occur at signi
ficant levels and under intensive culture conditions especially heavy mortality 
can result from infections with any of a wide range of recognized facultative 
pathogens. 

Three clinical syndromes are associated with bacterial diseases of tilapias: 
a predominantly skin lesion syndrome associated with pathogenic myxo
bacteria; haemorrhagic septicaemia; and chronic granulomatosis associated 
with Mycobacterium tuberculosisinfection. 

1. MYXOBACTERIAL INFFCTIONS 

Myxobacteria, or 'slime' bacteria, are aquatic bacteria commonly found 
as commensals on fish skin. A few species are capable of becoming patho
genic tinder particular circur..stances of environmental stress. The most 
common stressors inducing myxobacterial infections are high or low temper
atures, but traumatic damage and low water quality, such as that caused by 
excessive silt or high ammonia levels associated with filtration failure in 
recirculation systems, can also induce the qualitative or quantitative changes 
in mucus secretion from the skin or gills which appear to trigger infection. 

Flexibactcr columnaris is the commonest myxobacterial pathogen in 
tilapia culture and is usually associated with high temperature stress. The 
lesions are opaque white, raised and whorl-like, or may take the form of a 
saddle-back of grey white epithelial necrosis over the dorsum of the back 
with a red haemorrhagic rim. These develop rapidly to form crateriform 
ulcers. The affected fish become very dark, slow moving and die quickly. 
Myxobacterial infection of the gills, particularly of fry is usually associated 
with heavy mucus production and the bacteria may be doing little more than 
obstructing gaseous exchange since treatment with surfactants, whether 
bacteriostatic or not, serves to remove both the mucus and the problem, 
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provided environmental conditions are also improved. Both gill myxobac
terial infection and dorsal fin-rot (also associated with myxobacteria) are 
usually associated with low water temperatures and Avault et a. (1968) 
stress the impor'ance of maintaining overwintering temperatures of at least 
14°C for this reason. 

2. HAEMORRHAGIC SEPTICAEMIA 

Gram-negative bacterial septicaemias are the commonest bacterial causes 
of mortality in tilapia culture. Infection may arise -from introduction of 
infected fish into a system but more often it is a function of the environ
mental conditi6ns of that culture system. 

Aeromonas hydrophila infection is the most common of the septicaemias 
and usually manifests itself by causing affected fish to darken, lose appetite, 
and clusteriaround exit screens. When examined they may have ulcers, or 
more frequently, areas of hyperaemia at the base of the pectoral and pelvic 
fins, and at the margins of the orbit (Haller 1974; Scott 1977). Internally, the 
liver is usually pale and there may be focal haemorrhages over the visceral 
and peritoneal surfaces. Histologically there ;s haemopoietic necrosis and 
focal necrosis in the liver, heart or skeletal muscles, with accumulations of 
gram-negative bacteria ranged along strands of fibrin. The cellular inflam
matory infiltrate is rarely marked butwhen it is present it generally comprises 
macrophages which often contain ingested melanosomes. Generally the 
condition is predisposed by handling trauma, poor nutrition, heavy parasitism 
or excessive fertilizing of ponds but sometimes severe outbreaks may occur 
without any obvious predisposing factor. 

Occasionally pseudomonads, such as Proteus spp., 0-haemolytic strep
tococci (Wu 1970) or Edwardsiellatarda(Roberts unpublished) may be asso
ciated with the condition. These are particularly common in ponds newly 
fertilized with human or animal faeces. Coliforms and Salmonellae of human 
health significance may also be ingested from such sources and there is there
fore a risk of outbreaks of human gram-negative infections, although con
sidering the extent to which night soil is used to fertilize fish ponds in Asia, 
their significance as a source of human infection would seem unlikely to be 
high. 

Edwardsiel'a tarda infection provides a particularly intractable problem in 
intensive systems. Although clinically and histologically this condition is a 
typical bactqrial septicaemia, losses are usually sporadic. It is extremely 
difficult to eradicate from the system and over a period of time such infec
tions can be responsible for the loss of significant numbers of fish. Food 
medication with oxtetracycline or potentiated sulphonamides eliminates 
losses during the feeding period but they often recur once treatment has 
ceased. Ruthless culling of all poor growing, sluggish or darkened fish from 
the system and maintenance of best possible water quality and feeding 
standards are the most effective means of preventing losses. 

Experimental infections with Aeromonas salmonicida (Almeida et al. 
1968; Robets unpublished) have shown that both the pigmented and the 
achromogenic strains of this common pathogen of temperate fishes can cause 
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similar syndromes in tilapias and there seems no reason to suppose that 
further studies will not also reveal its presence in cultured tilapias as a 
significant pathogen. 

3. TUBERCULOSIS 

Infection with Mycobacterium fortuitum, commonly known as fish tuber
culosis, is well known in all cichlids kept in aquaria (Nigrelli and Vogel 
1963). In the wild it has been recorded only infrequently in tilapias, e.g., 
Roberts and Matthiesen (1979) recorded it in S. andersonitandT sparrmanii 
from the Okavangu swamp in Botswana. In intensive culture it has only been 
recorded once in S. niloticus in intensive culture in Kenya (Roberts and 
Hailer unpublished). Affected fish showed small focal granulomata in the 
liver, spleen and kidney. Mortalities were limited but again it seems likely 
that under certain circumstances, particularly if trash fish are fed, this 
condition could be a potential source of severe losses. 

Mycotic Infections 

Only two fungi are recognized as serious pathogens of tilapias although 
various others, such as demateacious moulds, are suspected of causing 
occasional mortalities. Phycomycetes of the genus Saprolegnia can be a 
cause of severe losses as with other cultured fish: again in association with 
traumatic damage from handling, from sexual aggression or at temper
atures approaching the minimum range for the tilapias. Thus in Israel hand
ling is avoided between October and May (Sarig 1971) and prophylactic 
spraying of ponds with malachite green is often carried out. Saprolegnia 
fungal growths are usually disposed as grey mats arranged in whorls over 
the surface of affected fish. Such infections are usually seen much more 
easily while the fish are in the water than when they are removed. 

Infection with Branchiomyces spp. can be a significant cause of mortality 
when fish are reared in poor quality water with a very high level of decaying 
vegetable or other organic material. The fungus may invade the gill via the 
branchial vessels or the epithelium and cause massive destruction of the 
respiratory surfaces. Liming of the pond has been suggested as means of 
reducing losses but improvement of the water quality is a much more rational 
approach. 

Viral Diseases 

The only validated report of a viral disease of tilapias is the report by 
Paperna (1974) of lymphocystis infection of wild tilapias in east African 
lakes. This condition has caused severe problems in marine fish culture 
in Europe and in tropical aquaria and it represents a potential hazard for 
intensive culture systems. However, experimental vaccination studies have 
shown that susceptible marine fish can be readily protected (Roberts 1975 
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and unpublished) and it is likely that this would also apply to tilapias in 
culture. 

Although only one virus infection has been recorded in tilapias it is 

inconceivable that a similar range of commensal and pathogenic viruses 

as found in the salmonids and other intensively cultured species is absent 
from the tilapias. It would seem to be only a matter of time before these are 

manifested in intensive culture given the rate of the development of the 
industry and the improvement of diagnostic facilities. 

Toxic Conditions 

Toxic conditions may arise from toxic substances in the diet or in the 
water. They range from high levels of metabolic wastes such as ammonia 
to gaseous supersaturation of the medium. The range of potential toxic 
agents is very wide but only small numbers have been definitely associated 
with losses. 

1. GASEOUS SUPERSATURATION 

In intensive culture systems, pumping or piping faults can result in super
saturation of the water with dissolved gases. When absorbed into the fish 
during respiration the change in partial pressure can result in the gas coming 
out of solution and blocking or rupturing blood capillaries. Bubbles of gas 
then accumulate at sites which vary depending on the age of the fish. In 
tilapia fry these supersaturation bubbles can form anywhere but are found 
particularly in the area of the yolk sac or, in older fish, in the gill and skin. 
In adults the scale and skin structure is such that normally the only clinical 
location of gas bubbles is on the gill although it is likely that small occlusive 
emboli are also distributed unnoticed, throughout the tissues, since affected 
stocks rarely grow particularly well thereafter. 

2. ToxIc EFFECTS OF ALGAE 

Although some freshwater algae such as Pryinnesiumparvum are toxigenic 
per se the main deleterious effect of algae in tilapia culture is death from 

anoxia following an algal bloom. Generally the microorganisms responsible 
are of the genera Microcystis, Anabacna, Oscillatoria and Spirulina.Accord
ing to Swingle (1967) the anoxia results from a sudden dominance of one 
particular species which multiplies phenomenally under favorable conditions 
to forni a thick scum on the surface. This prevents light penetration, causes 
death of all submerged vegetation and restricts oxygenation to the upper 6 
cm of the pond. Although fish can live in this upper layer any sudden drop 
of temperature, or other weather changes such as wind or rain, can induce 
overturn or mixing of the layers with resultant anacrobiosis of the entire 
pond and mass mortality of the fish. These usually die with the characteristic 
features of anoxia: a wide open mouth and dilated branchial chambers. 
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3. AFLATOXICOSIS 

Aflatoxins are toxic compounds produced by the mould Aspergillus
flavus. In salmonids they are now recognized as producing hepatomata at 
very low levels in supplementary feeds. In tilapia culture, storage of feed in 
poor conditions leads readily to growth of Aspergillus. Recent work has 
shown that tilapias receiving feeds with a high level of aflatoxins B1 and B2 
show a haemorrhagic syndrome, characterized by severe haemorrhage 
into the branchial musculature below the dorsal commissure of the oper
culum, a wide range of internal haemorrhages, distinct depression of haemo
poiesis and massive accumulation of haemosiderin in both the-splenic and 
renal melanomacrophage centers (Haller and Roberts unpublished). Frank 
hepatic neoplasia is not seen but pre-neoplastic islands of well-defined 
hepatocytes, as described in rainbow trout (Salmo gairdneri) by Wales 
(1970) are seen. Given the problems of food storage in those humid tropical 
areas where intensive tilapia production has its greatest potential, this 
condition seems likely to be recorded with increasing frequency. 

Neoplasia 

Mawdeslay-Thomas (1972) suggested, somewhat flippantly, that visceral 
neoplasia of Sarotherodon niloticus, which he diagnosed from Egyptian 
tomb paintings, represented the earliest example of a documented fish 
disease. However there has been very little in the way of descriptions of 
neoplasia in tilapias since then. Haller and Roberts (1980) have described 
dual neoplasia in the form of a lymphocytic lymphoma and a renal tubular 
adenoma in the same specimen of S. spilurus but otherwise there have been 
no descriptions of neoplasia in the group. Again this is almost certainly a 
reflection of the lack of detailed observation rather than a true picture of 
incidence. 

Anomalies and Deformities 

Although the incidence of congenital anomalies in cultured tilapias 
would be expected to be similar to that in other genera, the following 
two specific conditions occur with a frequency which makes them a partic
ular problem. 

1. SPINAL DEFORMITIES 

Spinal malformations are not uncommon in small numbers in any inten
sively reared species but in the tilapias a particular form of spinal deformity 
has been studied by Tave (1980 pers. comm.) and by Pullin and Roberts 
(unpublished). Although occasionally seen in S. spilurus,S. mossombicus and 
S. niloticus, the anomaly seems most frequent in the Auburn strain of S. 
aureus. Tave has defined two aberrant types, which he calls "saddle back" 
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and "stunp body" (Plate 3). "Saddle back" fish lack all or part of the dorsal 
fin and in extreme cases, some or all of the pectoral, pelvic and anal fins also. 
Such fish were, from his studies, also less resistant to diseases such as Sapro

legnia fungus infection. In the "stump body" the body is compressed antero

posteriorly, with no two fish showing the same skeletal anomaly. The 

saddle back form has not been described elsewhere than in the Auburn fish 

and it is the stump body anomaly that is the one which is widely observed. 

%Z 

Plate 3a. Normal Sarotlherodonaureusradiograph. 

• ,.
 

Plate 3b. Fish showitg the saddle back spinal deformities (arrowed) and dorsal fin anomaly. 
(From material kindly supplied by Dr. D. Tave). 
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2. LARVAL ANOMALIES 

In intensive culture, the establishment of hatchery technology, which 
allows detailed observations to be made on young fishes, has shown the 
prevalence of particular larval anomalies. Rothbard et al. (1980) have de
scribed the commonest of these in Sarotherodon niloticus, but others 
are also found. 

Mortality Associated Specifically with High Density 

It has long been a recognized phenomenon that in high density culture 
the growth rates of many tilapias tail off and there are unexplained mor
talities, Such growth inhibition has been attributed to the presence of some 
inhibitory factor in the water. The phenomenon was first defined for Tilapia 
by Chen and Prowse (1964) and is discussed by Balarin and Hatton (1979) in 
relation to the "space factor" requirement defined by Swingle (1956) for 
goldfish (Carassius auratus) and other extensively farmed species. Recently 
some more specific information on the phenomenon (which is not universally 
recognized) has become available with the publication of preliminary findings 
by Henderson-Arzapalo et al. (1980) on a biochemical compound which 
they isolated from mucus and culture water of intensively cultured S. 
mossambicus which induced a syndrome suggestive of an acute anaphylactic 
reaction in S. mossambicus, S. aureus, S. niloticus and T. zillfi but had no 
such effect on Ictalurus punctatus. This phenomenon shows a number of 
similarities with the findings of Scott (1977) who described a phenomenon 
which he called "shock syndrome" in Sarotherodon spilirusspilurus which 
he observed to go into an anaphylactoid state in high density stocking in 
Kenya (Plate 4). 

Nrr
 

Plate . Saroth,,rtodon spilurs in state of shock from high (lensity intensive tank culture. 
Photograph courtesy of M, P.W.Scott. 
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Disease Prevention and Control 

Since tilapia culture is still largely undeveloped despite the great potential 
of many of the species and their hybrids for culture in the developing coun
tries, transglobal movements of fish are unfortunately still quite common. 
Indiscriminate transfers of young fish for on-growing or as broodstock hold 
dangers of many kinds. They have already led to problems from a fisheries 
point of view in countries such as"Australia (Moriarty pers. comm.) but 
possibly even more significant, from the point of view of aquaculture and of 
native fish stocks, is the risk of the transfer of microbial pathogens from one 
area to another, Already two significant pathogens, Ichthyophthiriusmulti-. 
filiis, and the iridovirus of lymphocystis (see above), have been introduced in 
this way to stocks in Africa and Hawaii and, with increasing intensification 
of farm systems, may become constraints on production. 

Thus, there is justification on both disease prevention and ecological 
grounds for national controls on stock transfers and importations. Where 
no such national regulations exist, the prudent importer will insist on fry 
importations being from a known and trusted source, will insist on heavy 
formalin and malachite green treatment on the farm prior to export and will 
perform similar prophylactic treatment within a secure and closed quarantine 
water system, (isolated and downstream from any production facility) 
within which such fish will be kept under close observation for at least a 
month, prior to release into a production system. 

Ideally, on disease grounds a country, region or even an individual tilapia 
farm should be self-sufficient in fry production, but in view of the economic 
and management justifications, it seems likely that as in many other live
stock production systems, the industry will stratify into high quality fry 
producers and fattening farms. The least that can be expected under these 
circumstances is that the aforementioned minimal quarantine and hygiene 
recommendations will be adopted as an insurance both for the individual and 
his national fisheries ecosystem. 

The indiscriminate use of antibiotics in tilapia culture is a subject of some 
concern to medical and veterinary science. There is justification, on clinical 
grounds, for the use of oxytetracycline, or the potentiated sulphonamides, at 
therapeutic levels, in specific bacterial conditions. There is also some validity 
in using these drugs, again at therapeutic levels, in the specific traumatic 
situation involved in transporting large brood fish to overwintering facilities, 
in sub-tropical countries. The practice of indiscriminate so-called prophylactic 
use of antibiotics, however, is to be most severely deprecated and in view of 
its significance in human pathogen drug resistance induction, should in the 
authors' view be illegal in all countries. The use of the antibiotic chloram
phenicol, which is the only reliable specific therapeutic for typhoid infections 
in man cannot be condoned at any time in fish culture. 
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Discossion 

LOVSHIN: I don't think you mentioned anything about myxosporidian parasites. In 
cage culture in the Ivory Coast, they have just about had to stop using Sarotherodon 
niloticus because myxosporidians wipe them out. They are changing to a local species, S. 
inelanotheron(T. heudeloti). 

ROBERTS: I did mention those in terms of pond culture, but I have only just learned of 
the example which you quote. 

PULLIN: Dr. Roberts, call you say anything more on the reasons why cold temperatures 
always seem to bring disease problems, because this is not just so with tilapias, but for 
many different fish. 

ROBERTS: Perhaps Dr. Avtalion could comment on this? 

AVTALION: We have not performed a comprehensive study of this problem in tilapia, 
as we did in carp. We know that cold temperatures inhibit the immune response, namely, 
the ability to respond to different antigens, We found that the inhibitory threshold for 
antibody production was between 16 and 180 C in tilapia and 15'C in carp. At these low 
temperatures, both activities of bacteria and immune system are considerably inhibited. 
When spontaneous increase of environmental temperature occurs, the bacteria multiply 
faster than the immune system could react. This seems to be different when viral and 
parasitic diseases are considered. 

ROBERTS: I think that it is temperature change that is a problem. If you have specific 
pathogen-free tilapia or carp or salmon or trout and if you can reduce the temperature 
very slowly, you can usually get away with it. Going clown in temperature, each pathogen 
seems to have an optimum temperature range and you go through those ranges for 
particular strains or species of micro-organisms. At the same time your fish, particularly 
warmwater species like tilapias have to switch enzyme systems on and off at different 
temperatures and it would appear that for fishes in general the ability to do this is a little 
slower than the ability of micro-organisms to adjust and take advantage of the situation. 

Fishes also have a very nice mechanism for repairing skin damage. If we damage 
our skin, then the cells round about prolife'ate and fill the hole. Fish have to use a 
different system since at low temperatures th,,ir rate of metabolism and therefore rate of 
cell multiplication is so low. In fish, the epidermis which is a thick layer, donates cells 
which migrate from a wide surrounding area to cover the lesion. This happens even at low 
temperatures within a few hours. In two or three hours, a reasonably small lesion will be 
completely covered by a layer one cell thick. This is probably important to both fresh
water and marine fish, including carps. A problem remains, however, that if aeromonads 
and pseudomonads are deposited in the middle of a large lesion, then the epidermal cells 
come in a certain distance and then stop. Presumably, therefore, there is a secondary 
defense mechanism against such microorganisms for large lesions and for situations where 
fish are not able to make their cell migration system work fast enough (e.g. at the bottom 
of their temperature range). With large lesions, the whole skin gets very thin. d 
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MIRES: What is your opinion of the use of antibiotics as prophylactics? Why do you say 
ure these during fish transfers only? 

ROBERTS: Well, antibiotics work and they are very important, but I am very fearful for 
the future of mankind if we carry on the way we are with the use of antibiotics. Anti
biotics have revolutionized medicine, but aquaculturists, in attempting to revolutionize 
protein production, are going well on the way towards preventing us from keeping 
our ability to use some antibiotics, particularly in regions like Southeast Asia. Antibiotics 
are active against human bacterial pathogens as long as they are used at an adequate 
dosage. If they are used at lesser dosages, this selects for antibiotic-resistant strains. They 
can also pass on this resistance to completely different bacteria during reproduction. The 
most serious prospect is that aquatic bacteria in culture systems receiving low dosages of 
prophylactic will pass this resistance to human pathogens or animal bacterial pathogens. 
In manured farms, of course, we have very large amounts of human and aniial enteric 
pathogens. In Southeast Asia, the development of drug-resistant strains of typhoid and 
cholera are serious possibilities. 

MIRES: What about limited use of antibiotics during fish transfers, for example between 
tanks? 

ROBERTS: Responsible culturists will of course use antibiotics sensibly and carefully in 
such situations, but in the developing countries, people don't understand the risks. 
It is very difficult to explain to a fish farmer in a developing country who has saved 
some fish with antibiotics why he should not continue low level treatments all the time. I 
can easily envisage the first chloramphenicol-resistant typhoid strain (and this is the only 
drug we have against typhoid) arising from its misuse in, for example, Southeast Asian 
catfish culture in ponds receiving human or animal wastes. Now, as far as using antibiotics 
during transfer, the first thing is, particularly for species such as silver carp which have 
very delicate skins and are big and very active fish, it is almost impossible to transport 
them without significantly damaging their skin. Also tilapias, particularly the large 
individuals with big strong spines can damage each other's skin and suffer spine breakage. 
It would, therefore, seem r,'asonable to treat such fish either by adding antibiotics to the 
transport water or as a pre-treatment by food incorporation to lessen infection of these 
lesions caused by transportation. I must stress, however, that this must be done with 
effective therapeutic levels of antibiotics, not lesser amounts. Again, I stress the dangers 
of the development of resistant strains of animal and human pathogens through ineffec
tive dosage. 



SESSION 4: CULTURE-RELATED TOPICS 

Chairman's Overview 

H. F. HENDERSON 

The prospectus for this conference underlined the lack- of an adequate 

research base as a major problem of the culture of tilapias, and suggested 
that lack of dialogue between fish biologists and culturists has contributed 
substantially to this problem. The latter may be open to dispute, but it 
is certainly an important task of this meeting to further such communication. 
The point about an inadequate research base, however, is undeniable and the 
reviews submitted provide ample evidence. 

Without doubt, the major problem in tilapia culture is the reliable and 
economic production of suitable seed. Tilapias are too prolific in some 
culture operations and yet, as Mr. Mires points out, have too low a fecundity 
for easy mass rearing. There has been a great deal of practical research on 
ways of combating these two problems but much of this has been of a 
"bootstrap" variety. Without robust hypotheses about the sex-determining 
mechanisms in tilapias it has been very difficult to carry out effective prac
tical research on efficient methods for the mass production of all-male 
hybrids. Without an understanding of the environmental and behavioral 
factors which trigger maturation, little success has been achieved in physio
logical suppression of reproduction in practical culture. Ignorance of the 
requirements of a complete diet for tilapias has made it necessary to revert 
to trial-and-error approaches in the adjustment of supplementary feeds 
appropriate to local conditions and using locally available feedstuffs. It 
makes a lot of difference in research whether one has to work from weak or 
from strong hypotheses. 

Dr. Avtalion's paper suggests that we may now be close to understanding 
the mechanisms of sex-detearmination in tilapias. Regarding maturation, 
Professor Hyder's thesis that water dilution stimulates maturation and or 
spawning behavior, advanced quite a number of years ago, may not only be 
close to the mark but may have practical utility. Mr. Mires notes that Israeli 
culturists believe that periodic renewal of pond water restimulates spawning 
activity. There is also evidence, cited by Mires, that crowding, particularly of 
fry, suppresses reproductive activity. 

Dr. Lovshin, in his review, also agrees that there has been a lack of basic 
science to underpin practical work on hybridization. He remarks that "fish 
culture researchers have generally solved their problems without explaining 
why the result was obtained." However in hybridization work he believes 
that if good results are to be obtained "basic research is needed by knowl
edgeable behavioralists and physiologists aimed at understanding the barriers 
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to tilapia hybridization and then 'Iiscovering methods to overcome these. 
barriers." 

There is another area where it seems to me that fish culturists have been 
slow to make use of available scientific knowledge- Genetic selection work 
cannot proceed efficiently wiihout good knowledge of the pedigree of 
parental .,tocks, nor is it very effective if based on highly inbred stocks. In 
reviewing the various experiments cited in the papers on hybridization work 
in tilapias, I wondered how often contradictory reports on the effectiveness 
of selection for growth and other characters have been the result of very 
different levels of heterozygosity inthe individuals used for ihe different 
experiments. It is very evident among those wh6 have been working with 
experimental tilapia'populati~ns that (1) so-called-pure strains have several 
times been derived' from unrecognized accidental hybrids, and (2) 'many 
researCh stocks'have passed through one or more "genetic bottlenecks" 
where, the number of breedLig pairs in the line has been reduced to well 
below twenty-five, 

It would seem-to me very valuable if, in the course of these discussions, 
we couldidentif/ other areas where "basic science barriers" stand in the way 
of efficient development of tilapia culture. I gather that Dr. Avtalion's work 
on electrophcretic markers was undertaken to determine the identity of 
farmed stock~s. The work is clearly encouraging and the discovery of a 
male-specific protein is an exciting bonus. 

I will turn now to some of the more specific aspects of fry and fingerling 
production, for example, the high cost of overwintering fry in t(-nperate 
areas. Mr. Mires noted that Sarotherodon fry must be grown to at iast 20 g 
to be successfully overwintered. Drs. Hepher and Pruginin remark that 
over-wintering is economically feasible in Israel it' all male fingerlings are 
selected for growout in the following summer: the market prefers large fish 
(400 g or more). 

In Belgium, there is considerable interest in using warm water industrial 
effluents for tilapia culture. Dr. Coche tells me that in Belgium the restau
rants want tilapias weighing at least 300 g and preferably about 350 g. 
There is possibly a similar market in the U.K. In many areas, however, 
thermal effluents may be more profitably utilized to produce hybrid male 
seed for growout elsewhere. Given that the cost of hybrid 50 g fingerlings 
is about 35% of all growout costs for large tilapias, as reported by Dr. 
Lovshin (quoting Tal and Ziv 1978), it would seem that the availability of 
inexpensive, heated water could make specialization in seed production quite 
profitable in some locations. 

It was interesting to note, from Iepher and Pruginin's paper, that a late 
spring warmup could prove advantageous in the combined culture of mixed 
sex progeny (from nattral spawnings) and hatchery-produced males, because 
of the suppression of spawning below 20'C. Where cold water is readily 
available to hold temperatures between 18' and 200 through the culture 
season, the advantages of the resulting depression of breeding might offset 
the reduced growth that would also occur. 

Grading and sorting fry and fingerlings also seems to be an area where 
,conomies could be achievxe by mechanization or simplification. Dr. Lovshin 

describes pen systems, as used by Pruginin in Uganda, and interconnected 
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ponds, as used in Brazil, to allow the easy separation of hybrid fingerlings 
from their parents. The latter incorporated a set of screens between the 
ponds to sort out different sizes. Dr. Coche reports the separation of finger
lings by size to be an effective means of increasing the percentage of males in 
mixed sex culture in the Ivory Coast. Dr. Guerrero notes that Pruginin and 
Shell used a mechanical grader for this purpose. 

The design of efficient structures for screening and sorting fish can be 
a complicated process. Solid gratings may be preferred to soft mesh as the 
geometry of flow can be quite important when they are operated in flowing 
water. Much more work of this sort seems to have been done in connection 
with the design of fish passes than by aquaculturists. The behavior of the 

... species being sorted is also important. Tilapia fishermen. tend. to agree that 
adult fish, at least, are extremely wary of gill nets, but it is probably not 
known whether this is a question of retreat from a "new" object in the 
environment, or from some more specific stimulus. 

In the control of reproduction of tilapias, it may be useful to make 
a distinction between the requirements for hybrid seed production systems, 
where almost complete control over wild spawning is needed, and the 
requirements of growouts where less control may be needed. Perhaps more 
work should be done on combining the various methods of inhibiting natural 
spawning and/or of increasing the male/female ratio of progeny. We should 
also determine whether the faster growth of males is genetically controlled. 
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Enzyme and other protein genetic markers in Sarotherodon and Tilapia 
are reviewed with special emphasis on their use for the identification of species 
and hybrids. Three different groups of markers: transferrins, esterases and 
male sex-protein (MSP) were found to be useful for the control of Sarothero
don parental breeding stocks used in Israel for the commercial production of 
F1 all-male hybrids. Understandably, the tests for these markers were re
stricted to serum proteins, which could be collected from broodstock without 
damaging them. These serum markers were found to be species-specific, 
providing a tool for the identification of both parents and their hybrids, and 
therefore permitting the elimination of xenogeneic contaminants from the 
breeding stock. 

The possible biological importance of MSP is discussed as a sex and species
specific marker and as a possible gene-product involved in sex regulation. 
Finally, an autosomal theory of sex determination in Sarotherodon is sum
marized and discussed. 

Introduction 

Sarotherodon species, the mouthbrooding tilapias, are currently being 
cultured in fish ponds in tropical and subtropical counties, and constitute 
an important source of animal protein in developing countries. A free-breed
ing culture of tilapias in a limited water space gives rise to an enormous 
quantity of small fish having no economical importance. Thus, the economic 
feasibility of Sarotherodon culture is essentially based on monosex culture 
of males. However, the manual separation of males from females is expensive 
and time consuming. 

The culture of these fish made significant progress when it was shown 
that hybridization between some unrelated species of this genus gives rise 
to fertile F, -hybrid broods, which present unusual sex ratios, including 
100% males. This result was consistently obtained by different authors 
mainly in the crosses of S. mossambicus and S. niloticus 99 with S. hor
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norum, S. aurcus, S. macrochir and S. jipe 6d. Sex ratios (9:6) of 1:3 were 
consistently obtained in reciprocal crosses (Hickling 1960, 1963; Fishelson 
1966a, 19661; Chen 1969; Jalabert et al. 1971; Pruginin et al. 1975; Lovshin 
and Da Silva 1975; Hailer pers. comm.). On the other hand, the back cross of 
the F1 male hybrids and their female parents gives rise to equal numbers of 
males and females. Iii general, male hybrids give rise to progeny with a low per
cent age of males when crossed with their parents or grandparents. In practice, 
the infiltration o, broodstocks by hybrids seems to be the reason for the 
decrease in the percentage of males in group spawning. Actually, for many 
reasons (e.g., human error, transfer of fry from one pond to another by 
predatory birds, occurrence of fry in the water used to fill the pond prior to 
stocking) it is quite impossible to avoid contamination of the parental 
speci(s in large-scale commercial operations. 

The main purpose of our work was to establish criteria, based on genetic, 
biochemical, ehectrophoretic and immunological markers, to identify parental 
species and their hybrids, in order to control broodstocks and to eliminate 
individuals presenting xenogeneic markers, and to carry out a comprehensive 
study on blood markers in tilapia. 

Sampling for Serum Markers 

For the commercial production of F1-male hybrids in group spawning 

in Israel. S. aurcus males are currently crossed with females of S. nilo
tics of different origins: S. niloticus (G) (originating from Ghana) and S. 
niloticus (V) (otherwise called S. vulcani, originating from Kenya). It is a 
matter of opinion whether to designate these as separate subspecies. In 
practice, it is difficult, if not impossible, to differentiate between the F 1
hybrid progeny of these crosses and their parents on the basis of external 
morphometric criteria. For this reason, a systematic check on the brood
stocks is carried out using several blood protein markers. Once or twice a 
year. in various farms which produce F1 "male hybrids for commercial 
purposes, we test all the selected broodstocks (which are normally kept in 
ajuaria) and take samples from S. aureusdd and S. niloticus99 destined for 
the mass production of F1 male hybrids in ponds. 

The test consists of withdrawing a small quantity of blood (0.1 to 0.4 ml) 
from the hemal arch of tagged fish, and testing their sera by polyacrylamide 
gel ele(:trophoresis. Since the tested fish are destined for reproduction, the 
Wlood sampling is lerformed carefully to minimize injury. Tihe mortality 
following sampling is normally very low, or zero, and even small fish of 8 to 
10 g (an be sampled. 

Tlhe serum markers which were found significant for this purpose, and 
which are routinely testled using 6 and 7% polyacrylamide gels, are the 
transferrins, male sex-protein (MSP and esterase isoenzymes. These markers, 
which ex h ib it sex and/or species-specific poly morphism, enable an easy 
identification of S. aureus and S. niloti us parents and their hybrids (Avtalion 
et al. 1975. 19761. 
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Serum Transferrins 

Transferrins represent a major protein fraction in the serum of tilapias 
(4 to 8 mg/ml) and are involved with iron transport for the formation of 
hemoglobin. Tilapias exhibit marked polymorphism in their transferrin 
patterns (Chen and Tsuyuki 1970; Avtalion et al. 1976). This polymorphism 
seems to be controlled by different alleles, the genetics of which have 
still to be studied. The reading of transferrin patterns is difficult from 7% 
polyacrylamide gel, because their relative mobility (Rm 61 to 72.4%) is the 
same as that of the albumins and they are therefore often masked by that 
fraction. However, transferrin bands can be easily seen in 6% polyacrylamide 
gels, where the albumin spot (Rm 77 to86%) runs faster than the transferrins 
(Rm 65 to 77%). At least 5 distinct transferrin bands in various combinations 
were identified in the above-mentioned species. They were numbered as 
bands 5 (Rm 78%) to 9 (Rm 64.6%) on the basis of their relative position in 
the electropherogram (Avtalion and Wojdani 1971). Plate 1 shows bands 
6 to 9. 

All the species present a slight intraspecific polymorphism. However, 
there are several interspecific differences which permit distinction between 
the different species (Avtalion et al. 1976). These interspecific differences 
were made more pronounced by eliminating from the parental stocks, indi
viduals exhibiting overlapping transferrin markers (e.g., transferrin 9 in 
S. aureus) (Plate 2). After five years of selection, S. aureus, an endemic 
Israeli species, always presents transferrin 8 while the presence of trans
ferrin 6 is still variable. On the other hand, S. niloticus from different 
origins always have the transferrins 7, 8 and 9: up to now it has not been 

S. niloticus (Ghana) 

S ) 7 , -. " ; ,-- ,. -o 
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Plate 1. Electropherograrn of S, nilolicus (Ghana) in 6% polyacrylarnide 
=gel. Note the imogeneity of transferrins (7)-(9). (A) Albumin; the 
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S. niloticus x S. aureushybrids 
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Plate 2. Electropherogram of S. aureus in Plate 3. Electropherogram of S. niloticus 9 
6% polyacrylamide gel. Individuals pre- x S. aureus d hybrids in 6% polyacrylamide 
senting xenogeneic bands (arrow) are nor- gel. All the possible transferrin combina
mally eliminated from the breeding stocks. tions are found in F, hybrids. (A) = Albu
(A) = Albumin; (9) (8) are transferrins; the min; (6) (8) are transferrins; the figures are 
figures are % relative mobilities. % relative mobilities. 

S.niloticu. (Vulcani) 

S.nil. (V.) S. aureus S. niloticus (Ghana) 
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Plate 4. Differential identification of the selected mono
morphic lines of Surotherodon spp. From left to right: S. 
nilticus (Vulcani) where band 9 presents the higher 
density, S. aureus, where band 8 is constantly present and 
S. niloticus (Ghana) where band 7 is quantitatively more 
intense than the other transferrins. 
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possible to select for the elimination of band 8 in order to avoid any over
lap with S. aureus. Bands 5 and 6 are sometimes present. The differential 
identification of these two species and their hybrids is based on the constant 
presence of bands 7 and 9 in all S. niloticus and their total absence in S. 
aureus. In the hybrids, however, all possible combinations occur (Plate 3). 
There are also some slight differences in this respect between S. niloticus (G) 
and S. niloticus (V). While both of them possess bands 7, 8 and 9, hand 7 is 
quantitatively more intense in S. niloticus (G), whereas band 9 is more 
intense in S. niloticus (V) (Plate 4). 

Enzymes 

A study of some allozymic variations in Tilapia and Sarotherodon was 
carried out by Chen and Tsuyuki (1970). They studied serum esterase (SE), 

glucose-6-phosphate dehydrogenase (G6PD) in the liver and erythrocytes 
and lactate dehydrogenase (LDH) from serum and other tissues (muscle, eye, 
intestine, liver, ovary, heart, kidney and erythrocytes). Two species of 
mouthbrooder, S. mossambicus, S. hornorum and their hybrids, and two 
other species of substrate-spawners (Tilapia zillii and T, rendalli) were 
tested. No significant interspecific variations, in both SE and LDH were 

obtained within the Sarotherodon species, although enough variability 
was found to distinguish between Tilapia and Sarotherodon. On the other 
hand, the erythrocyte and liver G6PD showed significant interspecific 
polymorphism. 

lsoenzymic variations in different cichlids from the sea of Galilee were 
investigated by Korufield et al. (1979). Six different species were tested, 
three tilapias (S. aureus; S. galilaeus and T. zil ii), two Trislanellaspecies 
(Tr. sacra and Tr. simonis) and a species of Haplochromis(H. flaviijosephi). 

The interspecific similarities within these species were determined, mainly by 
investigating the interspecific variations in different enzyme systems (e.g., 
adenylate kinase, esterase, isocitrate dehydrogenase, lactate dehydrogenase, 
6 phosphogluconate dehydrogenase). Twenty-one allozyme loci were resolved 
in all these species. Using Nei's coefficient (IN) of genetic identity (Nei 
1972), interspecific similarities, ranging from IN = 0.95 within Tristamella 

and 0.92 within Sarotherodon to less than 0.25 for Haplochrornis, were 

determined. A phenogram derived from these similarities shows that Trista
mella is closely related to, but equidistant between, Sarotherodon and 
Tilapia. 

Two serum enzyme systems (LDH and SE) are being studied in our labo

ratory in order to evaluate the interspecific variations in Sarotherodonspp. 

(Avtalion et al., in prep.). At least three different LDH bands could be 

shown, presenting an interspecific polymorphism, but no species-specific 
pattern could be shown. For this reason, LDH is not utilized in our systematic 

control test of broodstocks. The SE system shows no intraspecific poly

morphism but S. aureus has a unique species-specific esterase band, located 
in the transferrin region of the electropherogram, having an Rm of 77.6%. 

The most interesting finding was that all the different S. niloticus tested, 
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whether from local stocks (S. niloticus B, Ein Hamifrats Israel) or from 
different countries in Africa (Uganda, Ghana, Kenya), all possess a unique 
esterase band, electrophoretically distinct (Rm 74.3%) from that of S. 
aureus. All F1 S. niloticus x S. aureus hybrids were found to possess both SE 
bands (Plate 5). Thus, the SE test was found very useful in controlling 
broodstocks. It is noteworthy that the same gels, after being stained for SE 
can undergo an additional staining for proteins (using Coomasie blue) or 
alternatively can serve for both LDH (upper part of the gel) and SE (lower 
part of the gel) tests. 

m f 

S -0 

(+) 

+-- E 2 r A 

SA SN 1113 

MSPPlate 5. Electropherogram showing 

serum esterase patterns (E1 , E2 ) of 
Sarotherodon aureus (SA), S. nilo- (+) 
licus (SN) and their hybrids (1113). 
6% polyacrylam gl. Plate 6. Electropherogran of Sarothero

dIon aureus serum in 7% polyacrylamide 
gel showing the male sex protein band 
(MSP) and the overlapping of transferrins 
(T) by the albumin hand (A); m, male; 
f, female. 

Male Sex-Protein (MSP) 

Male-specific bands were found in 7% polyacrylamide gel electrophero
grams of S. aureus, on( band (Plate 6); S. niloticus, 2 bands and S. galilacus, 
2 bands (Avtalion et al. 1975, 1976). The position of these bands in the 
electropherogran was found to be species-specific. This subject is now under 
study in our laboratory and some preliminary results have been obtained. 
This protein was purified using preparative electrophoresis and its molecular 
weight as determined by sodium dodecyl sulfate (SDS) electrophoresis is 
-10,100 A. Anti-MSP antibody raised in rabbits gave a single precipitin 
line when tested against MSP. However, this antibody was also reactive 
against female serum (Avtalion et al., in prep.). This result suggests that 
another serum protein might exhibit cross antigenicity with MSP, or that 
MSP exists in another forn. in females. At any rate, the antigenic determi
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nants seem to be present in higher quantities in mature than in immature 
males. The S. aureus MSP was found to display cross antigenicity with S. 
galilaeus MSP. Some males were found to possess especially high quantities 
of this antigen, and we wonder whether these MSP-rich males are more 
capable than other males with less MSP, in their ability to give rise to a 
higher percentage of male offspring. This would be in agreement with our 

autosomal theory on sex determination in Sarotherodon (Hammerman and 
Avtalion 1979) which is summarized below. 

Sex Determination 

The autosomal theory suggests that the sex determination is by female 
and male gene products, which interact quantitatively (Avtalion and Ham
merman 1978; Hammerman and Avtalion 1979). The crossing of males, 
which produce more male-sex regulating factors (SRF) with females, which 
produce less female-SRF, would provide a high percentage of male hybrids 
and vice versa. This balance theory is called "autosomal" because it is based 
on the assumption that the regulatory genes are located on autosomes 
(A,a) as well as on gonosomes (X, Y, W). This theory explains in a highly 
satisfactory manner the unusual sex ratios obtained by Chen (1969) who 
performed a comprehensive study in which hybrids of S. mossambicusand S. 
hornorum were extensively crossed between themselves, and were back
crossed with parents for up to four generations. This theory also explains 
most of the sex-ratio results obtained by Jalabert et al. (1971). It is note
worthy that a four-chromosome theory was originally suggested by Bellamy 
(1936) (XX-XY and WZ-ZZ) and modified by Gordon (1946, 1947) (3 sex 
chromosome theory, X, Y, Z) on the basis of their results on platyfish. This 
theory was reviewed by different authors (Kosswig and Oktay 1955; Anders 
and Anders 1963; and Kallman 1965) and was applied to Sarotherodon 
species by Hickling (1.960), Chen (1969) and Jalabert et al. (1971) in order 
to explain the sex-ratio results they obtained in intercrossing these species. 
Since some of these sex-ratio results could not be explained on the basis of 
this theory, they all came to the conclusion that an autosomal influence on 
the sex determination process must be taken into account. 

Assuming that autosomes indeed exert an influence on sex determination, 
the simplest system of sex-influencing chromosomes would consist of three 
gonosomes (X, W, Y) appearing as a complement of two, in any one of the 
possible combinations (XX, XY, WX, WNW, WY or YY) and a combination of 
a pair of autosomes (AA, Aa or aa), all involved in primary sex determina
tion. Within each pure species the pair of autosomes would be identical AA 
or aa. Thus, the complete set of chromosomes influencing sex determination 
in the pure species was suggested to be AAXX 9 and AAXY 6 in S. niloticus 
and S. mossambicus (homogametic female and heterogametic male), and 
aaWY 9 and aaYY 3 in S. aureus and S. hornorum (heterogametic female and 

homogametic male). The number of genotypes resulting from the conihina
tion of autosomes and gonosomes is 18. The sex of all the genotypes was 
deternlined on the basis of analysis of the sex ratio results obtained in Chen's 
crosses (Chen 1969). 
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The theoretical sex ratios which could be predicted for a cross between 

any male-female pair are presented in Table 1, where different theoretical 
sex ratios (9:d) of 0:1, 1:3, 3:5, 1:1, 9:7, 5:3, 3:1 and 1:0 can be observed. 
Thesex ratios 3:1, 3:5 and 1:0 have not as yet been observed experimentally. 

Table 1. Predicted sex-ratios (female:male) following crosses between males and females 
with different complements of autosomes (Aa) and gonosomes (WXY) influencing sex 
determination, AAYY = supermale; framed crosses generate all males (after Avtalion and 
Hammerman 1978). 

Males 
.AAYY AaYY AAWY AAXY aaYY-AaWY AAWW 'AaXY 

Females AAWX 0:1 0:1 1:3 1:1 :11 3:5 1:1 1:1 
aaWY 0:1 1:3 1:3 1:3 1:1 1:1 1:1 1:1 
AaWW 0:1 1:3 1:3 1:1 1:1 1:1 1:1 5:3 
aaXY 0:1 1:3 1:3 1:3 1:1 1:1 1:1 1:1 

AAXX 0:1 0:1 1:1 1:I 01] 1:1 1:0 1:1 
AaWX 0:1 1:3 3:5 1:1 1:1 9:7 3:1 5:3 

aaWW 0:1 1:1 1:1 1:1 1:0 3:1 1:0 3:1 

AaXX 0:1 1:3 1:1 1:1 1:1 5:3 1:0 5:3 
aaWX 0:1 1:1 1:1 1:1 1:0 3:1 1:0 3:1 
AnXX 0:1 1.1 1:1 1:1 1:0 3:1 1:0 3:1 

= AAYY supermale; framed crosses generate all males. 
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Discussion 

LOVSHIN: I have an observation on your terms for degrees of maleness: males and 
supermales. With all-male hybrids in Brazil, we have observed that some fish sit on a nest 
just like females would and are courted by othvr males. We thought that we actually had 
some females and would get spawning, but we never did. There are obviously various 
degrees orf maleness and feimaleness, even in the all-male hybrid. 
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AVTALION: Yes. We have not of course studied this for all the crosses given in our 
autosomal theory because this would take a lot of time, but I agree that there is a balance 
between maleness and femaleness. 

LOVSHIN: Regarding your theory of sex determination by sex chromosomes and 
autosomes, can you determine the genotype within a species by electrophoresis? 

AVTALION: Not directly by this method. It is better done indirectly by performing 
crosses and analysis of the sex ratios of the progeny as I have indicated in my paper. 
Unfortunately, I do not have the facilitips for this. Why don't you try out these crosses in 
America? 

JALABERT: Does the quantity of male sex protein in the serum vary with time for a 
given male? .. . 

AVTALION: Yes, it can rise or decrease. 

JALABERT: This could be related to sexual activity. Do you see any correlation be
tween the levels of male sex protein and the intensity of sexual activity? 

AVTALION: This is going to be tasted by Mr. Mires and myself next year. 

JALABERT: I think that this is very important. 

ROBERTS: Our studies over the last two or three years on electrophoresis of muscle 
proteins are in agreement with Dr. Avtalion's. We have looked at possibly a wider range
of natural populations and compared them with so called pure populations being used 
for culture. Many of these latter strains are in fact hybrids and we feel that this explains 
why many people in the past have not been able to repeat Chen and Prowse's work as 
they have not been using pure lines. We have not been able to make observations on male 
sex protein but we have found that in any hatchery situation where there is a limited 
number of females or a limited amount of nest-building area, certain males dominate the 
rest and adopt the courting habit. If the dominant male is removed from such a family, a 
new male becomes dominant to replace him. I also wonder about a correlation between 
male sex protein and dominance. 
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Tilapia hybrids have demonstrated impressive growout potential usil;g a 
wide variety of comnmercial and agricultural by-products as diets. The oppor
tunity of stocking all-male tilapias without prior manual sex separation has 
tantalized fish culturists for many years. However, all-male tilapia hybrid 
culture has yet to be accomplished on a large commercial scale. Problems of 
maintaining pure genetic strains of broodstock and technical problems of 
producing commercial numbers of all-male tilapia hybrids have limited 
expansion. Research is needed to determine systems for mass producing 
all-male tilapia hybrid fingerlings. 

When the technology for producing all-male tilapia hybrids on a commer
cial scale becomes available, culture will likely be limited to governments and 
wealthy farmers with money to huilt properly designed hatchery facilities 
and to hire trained biologists to manage the hatchery, 

Introduction 

Biologists working with tilapias have been experimenting for many years 
with methods to reduce or eliminate uncontrolled spawning in growout 
ponds. One method found to reduce tilapia reproduction is by hybridizing 
two species of tilapias resulting in offspring that are either all-mae or con
tain a high percentage of males. this paper will attempt to determine the 
state of hybrid tilapia culture in the world today and to present the major 
strengths, limitations, and needs of this culture system. Unless otherwise 
noted, the female parent will appear first in all hybrid crosses. 

Hickling (1960) was the first to report the possibility of producing all-male 
hybrids. He was attempting to produce a sterile hybrid with superior growth 
potential when he crossed Sarotherodon mossam bicus with Sarotherodon 
hornorum (this fish was originally classified as T. mossambica (Zanzibar 
strain). To lickling's surprise and satisfaction, crossing the female S. mos
sambicus with the male S. horzortun produced all-male hybrids. The lhybrids 
were not "mules" or sterile hut, were fertile and capable of reproducing. 
These results stimulated other scientists to hybridize tilapias in the hope that 
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other crosses would result in all-male offspring. In Uganda, Pruginin (1968) 
obtained 1001" male hybrids by crossing S, niloticus with S. hornoruin. The 
two crosses mentioned above have been repeated in many locations around 
tile world with a high rate of :iuccess. Pruginin et al. (1975) reported the 
production of all-male offspring when S. niloticus was crossed with S. aureus 
in Israel. lowever, this cross did not consistently produce 100% male 
offspring. In west Africa, Lessent (1968) crossed S. niloticus with S. macro
chir producing 100% male offspring. Unfortunately, the cross could not be 
regularly reproduced in ponds. 

Pruginin et al. (1975) summarized other crosses that have produced 
98 to 1001 male offspring. Pruginin produced a high percentage of males 
by -crossing s. niloticuswith S. variabilis, S. s)pilurusniger With S. hornorum, 
S. 'ulcani with S. hornorunt, and S. Lulcani with S. aureus. 

While the knowledge that all-male Tilapia hybrids could be produced 
has been available for 20 years, the commercial culture of all-male hybrids 
has remained very limited. In northeast Brazil, approximately 60 metric tons 
of theS, niloticus x S. hornorum hybrid was produced in 1979. An unknown 
quantity of the same hybrid is being produced in Panama. In Costa Rica, a 
small quantity of the S. mossambicus x S. hornorum hybrid is being raised. 

Many other crosses have been reported resulting in skewed male sex 
ratios. Balarin aud Hatton (1979) summarize the crosses performed and the 
percentages of male hybrids obtained. Of the many crosses tested, only two 
are being commercially used. Mires (1977) reports that the S. niloticus x S. 
aureus cross results in 80-90% males and is used commercially in Israel. Sarig 
(1979) writes that 38% or 2,230 t of all pond fish marketed in Israel were 
tilapias of which an unknown percentage were hybrids of S. niloticus x 
S. aureus. Chen (1976) reports that the S. mnossambicus x S. niloticus cross is 
very popular in Taiwan and that fish farmers prefer this hybrid because of its 
superior growth. lKuo (1969) determined that 85% of the S. nossambicus x 
S. niloticus hybrids are males. Li (1978) states that over 22,000 metric tons 
of tilapias were raised in Taiwan in 1977. An unknown percentage of this 
production was the S. mossambicus x S. niloticus hybrid. 

Genetic I)etermination and Selection 

The mel hod by which the sex of tilapias is determined is not well under-
StoWd. (-11en (1969) suggested that S. mnossambicus has a homogametic 
fermali' (XX "tnd a heterogametic male (XY) while the reverse is the case 
for S. hornrtrum, tle male being homogametic (ZZ) and the female hetero
arnetic (W/Z). Clhen dlemonstrated that all-male offspring could be obtained 
y (rossing the female S. mossamnbicus (XX) with the male S. hornorum 
iZ. 

S. nmossambicus Y x S. hornorum (3 

XX ZZ 

XZ
 
all-niale hybrid
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The reverse cross, female S. hornorum (WZ) with the male S. mossam

bicus (XY) resulted in three males for every female. 

S. hornorum Y x S. mossambicus d 
WZ XY 

WX WY XZ YZ 

It was necessary to postulate that the male-determining gene on the 
Z chromosome is more dominant than the female-determining gene on the X 
chromosome, while the male-determining gene on the Y chromosome is 
stronger than the female-determining gene on the W chromosome'.' 

When the all-male hybrid (XZ) was backcrossed with female S. mossam
bicus (XX) or S. hornorum (WZ) the predicted 1:1 male to female ratio was 
obtained. 

S. mossambicus 9 x All-male hybrid 

XX XZ 

XX XX XZ XZ 

9 9 d 6 

S. hornorum 9 x All-male hybrid
 

WZ XZ
 

WX WZ XZ ZZ 

9 9 d 6 

However, when further crosses were performed, the all-male hybrid 
(XZ) crossed with female hybrid (WX), the predicted Mendelian ratios 
did not appear. Chen iggested that differential mortality might have oc
curred: the female ofspring having a higher rate of mortality than the males. 

Differential motality of female eggs or fry has been shown not to be the 
reason for the appearance of all-male offspring. Hickling (1960) first hypo
thesized that a lethal factor was killing the female eggs. However, a com
parison of the S. mossambicus x S. hornorum all-male hybrid broods with 
pure strain S. mossambicus broods using females of equivalent sizes showed 
no difference in offspring numbers. 

Lee (1979) demonstrated that fry numbers of S. aureus, S. niloticus, 
and S. hornorun hybrids were no different from fry numbers of the pure
breds when these species were mated in aquaria. 

Jalabert et al. (1971) carried out a similar series of genetic tests with the 
S. niloticus and S. macrochirhybrid crosses. Their findings and conclusions 
were similar to Chen's (1969). The ratios of female to male offspring in 
several crosses could not be explained by the four sex chromosome theory. 
Again, the simple genetic explanation of sex determination in S. niloticus 
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with a homoganictic female (XX) and heteroganmetic male (XY) and in S. 
niucrochir with a heteroganietic female (WVZ) and homogametic male (ZZ) 
did not explain the results obtained in some crosses. Jalabert et al. (1971) 
hypothesized that autosomes were influencing sex determination in some 
hybrid crosses. Avtalion and -lainmerman (1978) theorized that a pair of 
autos0neS COtO)llinients the sex-determining chromosomes. Using the 
sex ratios obtained in Chen's (rosses with S. mossambicus and S. hornorum, 
they were able to postulate the, relative influence of the different chromo
soines and the sex of all the genotypes. The sex of each genotype as well as 
the resulting theoretical sex ratios for all possible hybrid crosses were pre
dicted. It. remains to be seen if the autosomal theory of Avtalion and Ham
merman holds true when the actual crosses are perlormed. 

Commercial production of all-male hybrids has been difficult lo maintain 
over a long period of time due to contamination of pure broodstock lines 
resulting in the appearance of varying proportions of females. At this time, 
there is no way to determine the genotype of tilapia broodstock routinely on 
a commercial scale. This l)roblem has been especially troublesome in Israel 
with S. niloticus x S. aturcns hybrids. 

Avtalion et al. (1975) suggested electrophoretic comparisons of the 
blood proteins of broodstock to select pure genetic strains that will produce 
a high )ercentage of male offspring. However, this method has not been 
sufficiently developed to )ermit determination of the genotype and cannot 
he claimed as a complete method for ensuring all-mfale broods at this time. 

I lulata et al. (in press) have prol)(Jsed a system for determining geneti
cally pure strains of S. aureus and S. niloticus so that all-male hybrids 
('an be consistently produced. The system involves a series of aquarium 
spawnin,s of female S. niloticus and male S. aulreus and their reciprocal 
cross, Those females and males of each species producing the correct male to 
female hybrid offspring ratios, 100% males for the S. niloticus x S. aureus 
cross and 3 to I males to females in the S. aureus x S. niloticus cross, will be 
mated with the selected individual of the opposite sex of the same species. 
'he pre S. aureus male and S. nilotiens femalo offspring from the selected 
matings will then he hybridized. This process will be continued until all-male
offspring are consistently produced. The pure line broodstock of S. aureus 

and S. niloficus will then he isolated so that contamination will not occur 
again. 

Fingerling Production: listallations and Systemr; 

1. ATIrcAl, ]:NVIItONMENTS 

The main t(lnan cc1Of pure genetic lines to produce consistently all-iale 
tilapia Iylbrids is difficult. Control of' tilapia spawninvg ,rod fry raising is often 
hest aciiomplished in artificial environ netts: aqtiaria ocrlltret.e ,anks, Ilastic 
)ools. ',i . ltothbard and Pruginin (1975) described a te-'hloique for inldiced 

slpawnilng of S. ilolicus and S. aureus to prodILice hybrds between the two 
,pe:is. 'l'he, authors used aquaria that. were 200 cm long, 50 cm wide, and 
10 cm high in which one male S. r'elus and 7 to 1-0 femaie S. niloticus were 
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and allowed to mature in the aquaria to

stocked. inmature fish were used 
families, which greatly reduced male aggression on theform spawning 

females. Spawning either took place naturally in the aquaria or the eggs were 

stripped from ripe females and fertilized with milt taken from the male. The 
were raised in aquaria,

were incubated artificially and the young fry 

concrete tanks, cages 
eggs 

or ponds. Maintaining the water temperature between 
year

25 and 29'C and daily artificial illumination of 12 hours permitted 

round spawning, 
crosses are very difficult to pertorm in aquaria

However, some hybrid 
because of male aggression, resulting in the death of the female. Lee (1979) 

in 100-1 aquaria, stocked with 1 male and 3
eliminated female mortality 
females, by surgically removing the premaxilla of the male fish. The male 

unable to damage the
fish continued his aggressive behavior but he was 

the number of
female without his- premaxilla. This technique increased 

successful aquarium spawnings. Lee also increased the frequency of spawning 

aureus without decreasing egg production by
in female S. niloticus and S. 

mouths of the females and incubating them
removing the eggs from the 

which eggs where removed
artificially. Spawning intervals of females from 

18 clays as opposed to every 30 to 60 days for females that 
were every 13 to 

mouthbrooded eggs and young.
 

Lee produced tilapia hybrids by stocking 3 males and 9 females in 3-m
 

diameter plastic pools of 3,500-1 with or without a bottom substrate. Hlulata 
crosses in 700-1 plastic

et al. (1.980) produced a number of tilapia hybrid 

tanks stocked with 1 male and 5 to 10 females using the system described by 
S. hornorum cross could

Rothbard and l'ruginin (1975), The S. nilolicus x 
in these plastic tanks. However, when 3 males 

not he successIully completed 
in concrete tanks, all male offspring were

and 10 females were stocked in 4 
I have also been unable to produce the S. niloticus x S. hornorilunobtained. Lee

hybrid cross in SO- aquaria or 1000-1 cement-asbestos tanks. However, 
100-1 aquaria(1979) produced the S. ni/oticus x S. hornoruM hybrid in 

stocking one male and three females. 
The use of artificial systems to produco' tilapia hybrids permits control 

spawning in temperate climates.of the environment allowing year-round 

'Itking the eggs from an incubating female increases the spawning frequency 

and thus, the number of hybrids that can be produccd in a given period of 

is higher because of controlled conditions
time. Survival of eggs to fry 

is greater because of the
and better care. Finally, genetic control much 

hybrid
reduced chance of contaminating pure genetic linms, Ilowever, some 

carry out in small, confined environments. There 
crosses ar difficult :o 

aquaria or tank-based hatchery will bo able to
is no conclusive proof that an 

Iirod uce coinimerci al numbers of tilapia hybrids ecoInn ically.
 

2 NATUIRAI. 1,'NVIRONMENTS 

'ilapia hyb'ds have traditionally been produc(ld in earthen ponds where 
are more difficultthe environmnt. 'ann)ot he controlled and genetic lines 

to maintain. I,'ovshin et a. (1977) and 1,,ovshin and Da Silva (1975) describe 



s. vi 'istielis whlch varthti) JH iods (an bV. \v )lani pl)tlate( to produce and 
rein O0Vt'Ihvhrl h-liloerlilligs alid hry.


[ o vsh iv I o ) nlssri h ,,s >rlie s o f exp er in ie n ts 
 lp e r fo rn le( in Bra z il t ) d '.rrn i i i t, t Ii, , b t ),sn ie t h ,d I'(r I) d c i g all.-mal t iIh,l I)ia h yl t rid fin g e rlin g sit) cr ,s/sii i\l )!ICL S K . 'e r i, m a ()ht, .',(r ;I 
l 
0- , ,; 

x 
ir 

/n)r lorti ln. ()ne hundlred and !'ortv-Io cr(sss-' 1 w ( r(in 3 50  e ar t h e rn p on d s . A fi ng vrl ing 
prodt tion s v f, , inif]vt1ht ,razilwas 1 )td from these experirw

eain is dt iled below ( I).-Plates 1-3 (se' p. 308) illustrate som e o f the 
,its 

faciliti s an d S:pe ,ciP i Lis ,e in Brazil. 

Sorotherodon 
Saroherodon

hornorum 
niloticus 

" Step 1 

Pure Genetic + 
Strains 

(7 Step fL 

Broodstock + 
r Multiplication Ponds 01 

males are sexed females are sexed
at 20 to 30 grams at 20 to 30 grams 

Step 111 

Male and Female 
Preparation Ponds 

Step 1Z 

Y S. hornorum 

SS. niloticus 

Spawriny Pond 
Stocked ct 60 to 100 granis 

Fiture I System used for pr , durin;aill eui;l, S. 
in N rIht asltrazil t ller . shi n ; 

ilau iai ht ,'brids uloticuts x S. hornori tn 
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100% male hybrid offspringto givePure genetic strains that are known 
other tilapia species and hybrids so that 

should be carefully isolated from 
as a major

contamination does not occur, This point cannot be overstressed, 

drawback to producing tilapia hybrids is the failure to preserve pure genetic 

over long periods of time. If possible, pure strains should be held in 
lines 

of the hatchery ponds and 
or small ponds isolated from the resttanks 

free of natural tilapia populations. Well water would be 
supplied with water 

if care is taken. 
water source but surface water can be used 	 In 

the ideal 
pure stocks of S. niloticus and S. hornoruin have been 

Pentecoste, Brazil, 
concrete tanks with earthen 	bottoms supplied with 

held for 7 years in 36-rn 2 

tanks passes through several screen
Water entering theirrigation water. 

the tanks. The tanksare covered
filter before enteringfilters and a gravel 

with nets to eliminate the entrance of predatory birds and animals. Thus, if 

observed,, the broodstock-,at- any time contamination of broodstocks is 


production ponds can be drained and restocked with pure strains taken from
 

the concrete tanks.
 
are stockedS. hornorum fingerlings or 	adults

Pure-line S. niloticus and 
to produce the number of brood

into individual earthen spawning ponds 	
Whenof hybrid fingerlings.

stock needed to obtain commercial numbers 
are still 

S. niloticus and S. hornorum fingerlings reach 20 to 30 g and 
pure 

sexed and the female S. niloticusand male S. hornoruln 
immature, they are 

stocked into broodstock preparation ponds isolated from the opposite 
are 

sex. If pond facilities are limited, fish can be stocked into cages to mature.
 

reach sexualmale S. hornortun should
Immature female S. nilolicus and 

100 g when stocked at 2 to 3/m 2 and fed 
maturity in 2 to 3 months: 60 to 

of their body weight daily. These fish should not be overstocked and 
5% produced.that numerous, healthy gametes are
should be well cared for so 

female S. niloticus with swollen genital
Mature male S. hornorum and 

papillae are placed in the hybridization pond at the ratio of one male to one 
2 

female, stocking one female/7 m of pond surface area. The water depth of 
fed agrim. The broodstock are

the spawning ponds should be less than 1 

cultural by-products (bran and oilseed cake) at 5% of their body weight daily 

After 2.5 months, the spawning ponds are 
during the hybridization period. 

drained and the hybrid fingerlings transferred to a nursery pond where they 

at up to 10/r 2 and fed agricultural by-products to attain further 
are stocked 

and Da Silva (1975) recommended that spawning ponds be 
growth. Lovshin 

ioticus,
to avoid backcrossing with the female S.
drained after 3 months 

mature hybrids
but now a 2.5 month spawning period is recomnmended as 

to
before 3 months, When transferring hybrid fingerlings

have been found 
50) of large, sexable fingerlings should betonursery ponds, a number (25 

checked to determine whether all-nale hybrids have been prodluced. 
female hybrids are sometinies

Upon draining a hybrid spawning pond 
fry, 1-2 cm in length, that are 

found or an extremely large 	number of small 
but contain a high Ipercentage oif females when 

too small, to sex at harvest 
The iPrsenm' of female hybrids is almost always the 

sexed at. a later date, 
hybrid and female S. 

result of backcrossing betv,'een a iature all-male 
a 2.5 month spawning period, the pond has to 

niloticus: human error. After 
may remnain. If the 

be completely dried to eliminate any small hybrids that 
shotld be carefully poisonedt,dried, the pondspawning pond (annlt bo 
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Every little puddle is a potential hiding place and small fry and fingerlingscan live for weeks in a footprint filled with water. Partial pond filling beforepoisoning facilitates the elimination of fish in many small holes. Screensfiltering pond water supplies should be checked daily and repaired when
needed. Predatory birds should also be controlled. 

Broodstock "families" that have produced sufficient numbers of hybridfingerlings are immediately transferred to a freshly prepared spawning pondwhere a new 2.5 month cycle is begdin. Broodstock "families" that have notgiven adequate fingerling numbers are eliminated and new broodstock areused. Broodstock "families" that produce low numbers of hybrid fingerlingsin the first spawning cycle will usually produce poorly on subsequent spawn
ing cycles.

Preliminary studies, (Lovshin have1980) shown that broodstock usedfor more than one spawning season should be replaced because of declining..fingerling production after 3 to 4 hybridization cycles or when the broodstocks are 14 to 17 months old: assuming they were stocked when sexuallymature at 5 to 6 months old. The average number of hybrid fingerlings
produced in a 350-rn 2 pond when 50 female S. niloticus are stocked with50 male S. hornorum is approxilnately 2,700 in 2.5 months.

Berrios--lemandez (1.979) demonstrated that cannibalism by fingerlings on newly hatched fry greatly reduced fingerling production of S. aureus
in 7-m 2 plastic pools. Partial harvesting of the fry at weekly intervals increased fingerling production 35 times compared with total fingerling harvest
after a 1 month spawning period. Initial studies clone in Pentecoste, Brazilhave not been able to demonstrate an increase in hybrid fingerling prodLuction with partial harvesting at 10 clay intervals. While cannibalism by fingerlings is an important factor in fry survival in confined environments, it is notknown what influence cannibalism has in larger spawning pond environa 

ment. When hybrid spawning ponds are drained, 
an attempt should be made
to grade ' cl stock hybrid fingerlings and fry separately to minimize cannibal
ism in nursery ponds.


Pretto-Malca (1979) describes a system, similar to that used 
 in Brazil, to

p~roduce S. niloticus x S. hornorumn 
 hybrids in Panama. The pr;ncipal difference is that the all-male hybrid fry are partially harvested at 5 day intervalswith a fine mesh seine and transferred to concrete tanks for further growth.The hybrid fry and small fingerlings are graded by size for stocking intoseparate tanks reduceto cannibalism. The fry are fed zooplankton in the
 
concrete tanks.
 

Mires (1977) and Morissens 
 (1977) outlined the procedure used in Israelto produce hybrid fingerlings of female S. niloticus and male S. aureus(Figure 2). The hybrid fingerling production system used in Israel is morecomplicated and time-consuming than the hybrid fingerling system used inBrazil and Panama because of the temperate climate, lack of genetic purity
of the broodstock, and the need to hand-sex the less than 100 percent malehyBrid fingerlings. Pure genetic strains of S. niloticus and S. aureus aresel('ted elect roph retically and the broo(lstock placed in aquaria to spawn.
The purn S. tih ticus and S. au-ous fry )ro(luced are either raised in thelalbmrat(ory unil rev'!'hing 50 g or raised in the laboratory uil ) to 2 to 3 g whenth y are transfrr(,d to earthen ponds for growth to 50 g. After reaching 
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First Year 

Pure Genetic Strains 

Sarotherodon aureus Sarotherodon niloticus 

spawn in laboratory spawn in laboratory 

growth in laboratory growth in laboratory 
or ponds up to 50 grams or ponds up to 50 grams 

sexing and elimination sexing and elimination 
of females of males 

overwinter overwinter 

Second Year
 
Sarotherodon aureus d Sarotherodon niloticus
 

hybridization 
pond 

growth of hybrids in 
nursery pond up to 50 grams 

sexing of male hybrids
I 

overwinter 

Third Year 

production 

Figure 2. System used for producing tilapia hybrids, Sarotherodon niloticus x S. aureus in 
Israel (after Morissens 1977). 

50 g, the fish are sexed and only tile female S. niloticus and male S. aureus 
are kept. Often the female S. niloticus and male S. aureusare tagged so that 
they can be identified from wild, unselected tilapia. Selected female S. 
niloticus and male S. aureus broodstock are overwintered in deep earthen 
ponds, small ponds or concrete tanks covered with polyethylene shet. or 
supplied with heated water. In the spring the selected broodstock are stocked 
into earthern ponds of approximately 1 ha with a water depth of about 
50 cm. The stocking density is 150 to 200 S. aureus males with 500 S. 
niloticus females/ha. Mires (pers. comm.) reports that the fish farming 
kibbutz where he works has doubled hybrid fingerling production by in
creasing the number of females stocked to 1,000/ha and altering the ratio 
of females to males to 1:1. 
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The first harvest of hybrid fingerlings is 1.0 to 1.5 months after stocking 

the broodstock and is continued at approximately 3 week intervals. The 

hybrid fingerlings, 1 to 2 g, are harvested with a seine in the feeding areas 

where the fingerlings concentrate. No mention is made of the length of time 

the tilapia adults are left in the spawning pond before removal to prevent 

backcrossing. The small hybrid fingerlings are transferred to nursery ponds 

and stocked at 30,000/ha. The nursery ponds also serve as growout ponds 

for carp (Cyprinus carpio) adults and fingerlings. 

The hybrids are grown until they reach a sexable size of 50 to 100 g. 

In most cases the percentage of males is not high enough to permit direct 

stocking into growout ponds so the hybrid fingerlings have to be sexed 

to eliminate the females. Hybrid males must be overwintered for stocking 

the following summer in growout ponds. Tal and Ziv (1978) state that the 

production cost of 50 g hybrid fingerlings in - Israel is very expensive: as 

much as 35% of the market price of the tilapia. 
Pruginin (1967) describes a system used in Uganda to produce 100% 

male hybrids by crossing S. niloticus x S. hornorum. The need to regularly 

drain hybrid spawning ponds was a handicap in many areas of Uganda. Also, 

the handling of small fingerlings during transfer to nursery ponds caused 25 

to 30% mortality. To reduce the need for regular draining and transfer of 

small hybrids to nursery ponds, a pen spawning system was tested. In a 0.2 

ha earthen pond, pens measuring 8.8 x 6.0 in were placed in shallow water. 

The pens were made of welded steel fencing with a 2.5 to 3.5 cm mesh. Each 

pen was stocked with 8 female S. niloticus and 6 male S. hornorum. The 

small hybrid fry were able to pass through the mesh into the spawning pond 

where they would grow to 30 g before removal. The larger hybrid fingerlings 

were unable to reenter the spawning pens at maturity so the chances of 

backcrossing were reduced. 

Lovshin and Da Silva (1975) divided a 350-m 2 spawning pond in the 

shallow end with a fence to form a 100-m 2 enclosure to facilitate the removal 

of broodstock after the spawning period. The mesh of the fence permitted 

the hybrid fingerlings to pass out of the spawning area containing the parents. 

This allowed easy removal of the adults when the spawning pond was lowered. 

fine in most cases, but, for each 3.5 month fingerlingThis system worked 
production period (consisting of 2.5 months of spawning and 1 month of 

additional growing time) 1 month of spawning time was lost while the fry 

were growing. 
Lovshin and Da Silva (1975) describe a spawning-nursery pond designed 

to continually produce all-male tilapia hybrids and eliminate the need to 

handle hybrid fry. Figure 3 shows a modified design that is being built 

in Brazilian government hatcheries to produce tilapia hybrids. Mature 

adults are stocked in the 400-m 2 upper spawning pond. When the spawning 

period has terminated, the dani boards dividing the spawning and nursery 

units are removed and the water from the spawning pond drains by gravity 

into the nursery pond carrying hybrid fingerlings and fry. The broodstock 

are retained in the spawning pond by a screen. Large fingerlings descending 

from the spawning to nursery pond can be collected with net graders and 

stocked immediately. Small fingerlings and fry needing more growth before 

handling pass into the nursery pond. The spawning pond can then be pre
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pared for a new spawning period while the fry are growing in the nursery 

allow for continual production of tilapiapond below. These ponds should 

hybrids, increased survival of hybrid fry and fingerlings, reduced amount of 

labor needed to drain spawning ponds, and conservation of water (as water 

can be used to fill the nursery pond). It still remainsfrom the spawning pond 
to be determined if the above advantages will offset the added cost of 

building these spawnin g-n ursery ponds. 

Consistent production of all-male tilapia hybrids in earthen ponds takes 
productionmore dedication and care than any other tilapia fingerling 

system. 

Growth 

One of the apparent advantages of culturing male hybrids is their in
notes that male hybrids producedcreased growth potential. Hickling (1968) 


by crossing S. mossambicus with S. hornoruin grew faster than either parent
 

stock. Kuo (1969) compared the growth of hybrids produced by crossing S.
 

of the reciprocal cross, and pure S.mossambicus x S. niloticus, hybrids 

Mossambicus and S. niloticus fingerlings in 600-m 2 earthen ponds. The fish 

were stocked at i/ir 2 , fed a ration of rice bran and peanut cake, and were 
rates of the hybrid of S. nlosharvested after 122 days. The daily growth 

sambicus x S. niloticus, S. niloticus x S. inossambicus, pure mixed sex 

S. 	 niloticus, and pure mixed sex S. mossanibicus were 1.1.6, 0.85, 0.74, 
that the all-male hybridand 0.59 g, respectively. Pruginin (1967) found 

produced by crossing S. niloticus x S. hornorum grew 30% faster than mixed 

40% mixed fingerlingssex fingerlings of S. niloticus and faster than sex 

of S. hornorum over a 126 day growing period. Lovshin et al. (1977) demon

strated that there was no statistical difference in "hegrowth rate between the 

all-male hybrid of S. niloticus x S. hornorun,and male S. nilolicus grown 

separately and in polyculture with supplementary feeding. The all-male 

hybrid grew an average of 1.6 g/day and male S. niloticus, 1.3 g/day. The 

all-male hybrid demonstrated an 18% growth advantage over the 180-day 

(1977) compared the growth of the S. niloticus x S.culture period. Dunseth 
hornorum all-male hybrid, male S. niloticus and male S. aureus grown in 

with channel catish, grass carp, and silver carp. No statisticalpolyculture 
was detected between the growth of the 3 male tilapias. However,difference 


the tilapia hybrid grew 7% faster (2.8 g/day) than male S. aureus (2.6 g/day)
 

and 14% faster than male S. niloticus (2.4 g/day) over 160 days.
 

Pruginin et al. (1975) were unable to demonstrate a difference in growth 

rate between the hybrids of S. nilolicus x S. auireus, S. :)ulcani(S. niloticus) 

Halevy (1967) (lid not find ax S. aureus and their parents. Yashouv 	 and 
the S. niloticus x S. aureus hybridsignificant difference in growth between 

and pure S. aureus. 
Ilulata (pers. comm.) compared the growth of three tilapia hybrids 

grown in polyculture with carp. The S. niloticus x S. ho-norttin all-male 

S. hornorum all-male hybrid, and thle S. niloticushybrid, S. mossambicus x 

x 
S. aurcus hybrid (70') males) were stocked into earthen ponds with mirror 

carp (var. of Cyprinus carpio) and cultlired for 105 (lays. The S. niloticus 
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(1.8 g/day) the S. mossambicus x S.x S. hornorum hybrid grew the fastest 
S. aureus hybrid athornorurn hybrid at 1.4 g/day and the S. niloticus x 

1.3 g/day. The results are preliminary as carp mortalities in several ponds 

may have biased the data. Pruginin (1967) found no signifcant differences 

between the growth of all-male hybrids S. niloticus x S. hornorum and S. 

niloticus x S. aureus. 

Production 

1. MONOCULTURE 

Pro ginin (1968), working with the all-male hybrid of S. niloticus x S. 

hornorum in Uganda, reported yields of 800 kg/ha/year when 1-500 hybrids/ 

ha were stocked. When hybrids were stocked at 8,000/ha the rate of growth 

up to 50 g did not differ from that of fingerlings stocked at lower rates. After 

reaching 50 g, hybrid fingerlings previously maintained at high densities were 

density of 1,000 to 1.,500/ha. Underthen transferred to growing ponds at a 

these conditions, the individual weight gain of hybrids was 1.5 to 3.0 g/day to 

to 150 days. It was not stated whether supplereach 200 to 450 g after 100 
nentary feeds or fertilizers were used in these trials. Hickling (1962) reported 

that all-male hybrids produced at Malacca, Malaysia, reached weights of 

aboL:t 550 g in 6 months when stocked at 1,000/ha, giving a total Iprodctio I 

of 552 kg/ha/6 months from production ponds receiving 1,000 kg/ha of 

limestone and 22.4 kg of triple superphosphate (TSP)/ha. 

Pond experiments in Ivory Coast by Lazard (1973) resulted in tile produc

tion of 1.396 kg/ha/year of all-male hybrids (S. niloticus x S. hornorurn) 

using TSP applied at the rate of 13.5 kg/ha every 2 weeks. The fish were 

stocked at 10,000/ha at ain average weight of 2 g and after 1.80 days reached 

an average weight of 98 g. 
growth and production of theLovshin et al. (1977) also studied the 

in 355-i earthen ponds in Brazil. Water entering thesame all-male hybrid 2 

ponds had a pll of 7.8 to 8.3 and total alkalinity of 140 to 150 mg/l. An 

early experiment tested three treatments replicated three times each at two 

levels of stocking, 5,600 and 8,960 fish/ha. The treatments were a control, 

culture with cattle manure, and culture with supplemental feed (50% castor 

and 50% wheat bran) fed at 3% of the fish biomass per day forbean meal 
6 days/week. Ponds receiving cattle manure were fertilized once a week with 

average weight of 7 g to determine8,10 kg/ha. Hybrids were stocked at an 

growth during a 253-day period. The average total productions for ponds 

stocked at 5,600/ha were 300, 80.1 and 980 kg/ha for the control ponds, 

manured ponds, and fed ponds, respectively. The corresponding figures for 

ponds stocked at 8,960/ha were 277, 1,016 and 1,778 kg/ha. The fish grew 

bst in the fed ponds at 8,960/ha: average individual weight, 229 g; feed 

conversion ratio I('1FCR), 2.7. 'File differences in production between the two 

levels of stociking and between treatments at each level of stocking were 

significant () 0.05). 
A second experiment was performl using different. culture methods 

(organic fertilizer, inorganic fertilizer and organic fertilizer plus feeding, all 
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ponds stocked with 8,960 fish/ha averaging 21 g over 356 days. Ponds in one 
treatment received 1,400 kg/ha/week of cattle manure, while ponds in a 
second treatment were given TSP and ammonium sulfate (AS), each at a rate 
of 29 kg/ha every 2 weeks. Ponds in the third treatment were fertilized with 
1,400 kg/ha/week of cattle manure and also received a ration of 50% castor 
bean meal and 50% wheat bran fed at 3% of the fish biomass per day, 6 days 
a week. All treatments were replicated twice. Tile average total fish produc
tions were: organic fertilizer, 1,341 kg/ha; inorganic fertilizer, 1,856 kg/ha, 
and organic fertilizer plus supplemental feed, 4,883 kg/ha. The corresponding 
average final weights of fish were 154 g, 215 g and 565 g. Total production 
with feeding plus fertilizer exceeded that with inorganic and organic fertili
zer by 163% and 264%, respectively. These differences were significant 
(p < 0.05). 

ALugusto and Melo (cited in Lovshin 1980) tested the effects of AS (20% 
N), TSP (46% P9 05 ), AS + TSP and no fertilizer (control on the growth 
of all-male hybrids (S. niloticus x S. hornorum) in 355-r ponds for 190 
days. The AS and TSP treatments were replicated three times while the 
AS + TSP treatment and the control were replicated twice. Ponds in the 
AS and TSP treatments received equal amounts of N and P 05 (280 g per 
application). Ponds in the AS + TSP treatment received half this amount 
(1.40 g per application) so that the total amount of N plus P2 0- applied was 
equivalent to 280 g. Ponds fertilized with AS or TSP re, eived 1.42 kg/pond 
application (10 kg/ha) and 0.61 kg/pond application (17 kg/ha), respectively.
Ponds receiving both fertilizers had 0.76 kg/pond application of AS (20 
kg/ha) and 0.31 kg/pond application of TSP (8.7 kg/ha). Ponds were fertilized 
every 15 days by placing the fertilizer on a platform located 20 cm below 
the water surface. All fertilized ponds received an initial application of 
fertilizer 15 days before fish were stocked. Ponds were stocked with fish 
averaging 20 g at 10,000/ha. The average productions of the control, TSP, 
AS + TSPI and AS treatments were 350, 832, 977 and 1,016 kg/ha, respec
tively. Fertilizers increased the total production two to three times that of 
the control. TSP alone was not as effective as AS alone or the combined 
treatment. 

Paiva et al. (cited in Lovshin 1980) tested the growth of the same all-male 
hybrid fe1 three types of agricultural by-products found in northeast Brazil. 
Nine 355-m 2 eathen ponds were stocked with 400 fish (i.e., 11,250/ha), 
average weight 15 g. Castor bean meal (30% protein), babacu cake (a palm 
nut with 21% protein), and cottonseed cake (21.5% protein) were fed daily 
at 3% of the average biomass of fish in each treatment 6 days a week. Feeding 
rates were recalculated monthly based on seine samples. Treatments were 
replicated three times in a random block design. The culture period was 238 
days. The average total fish productions for castor bean meal, babacu cake, 
and cottonseed cake were 3,441, 2,605, and 2,264 kg/ha, respectively. These 
differences were significant (p < 0.05). Fish fed castor bean meal were 
heavier at harvest (323 g) than fish fed babacu (245 g) or cottonseed cake 
(239 g), but there was no significant difference between fish fed babacu and 
cottonseed cak(e. FCR's for castor bean meal, babacu cake, and cottonseed 
cake were, 2.4, 2 6, and 2.7, respectively. 
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Brazilian biologists (cited in Lovshin 	 1977) investigated the growth 

and production of the same all-male hybrid at higher stocking levels over 

culLure period in 350-m 2 earthen ponds, with no replicationa 367-day 
('rable 1). 'The fish were fed a ration of 50% babacu cake and 50% cottonseed 

cake at 5% of pond fish biomass/day, 5 days a week. Feeding rates were 
wasrecalculated etch month based on pond seine samples. Each pond 

of 19 kg (540 kg/ha) of both TSP and AS applied atfertilized with a total 
2-week intervals over the first 7 months of the experiment. Productions were 

the highest yet obtained in research with hybrid tilapia in Brazil: very 

impressive considering that only vegetable materials were fed to the fish. 

rates a on production withoutIncreasing the stocking had positive effect 

greatly reducing growth. Feed conversion was good LIp to 6 months, average 

.... at 10 months and poor-at 12. months. From the tenth month until harvest, 

FCR's increased sharply because of extremely poor water quality and high 

standing crops. The maximum feeding rate was 20 kg/pond (564 kg/ha) in 

the pond stocked at the rate of 31,000 fish/ha. 

Da Silva and Lovshin (cited in Lovshin 1977) tested the culture of the 

same all-male hybrid in conjunction with the fattening of pigs in Pentecoste, 
were stocked with 25 g hybrid fingerlings atBrazil. Three ponds of 1,000-m 2 

the rate of 8,000/ha. One pig sty was constructed on the margin of each 

pond and 7 pigs (70/ha of pond water) averaging 17 kg were placed in each 

sty. The pigs were not allowed to enter the ponds. The sties were cleaned 

daily and all waste products washed into the ponds. The pigs were fed a daily 

ration of 5% of their body weight consisting of 35% manioc, 20% wheat 

bran, 15% corn, 15% babacu cake, and 20% grass. The ration contained 10% 

protein After 189 days, 1,490 kg/ha of fish were harvested averaging 205 g. 

The pigs averaged 60 kg each. The FCR for the pigs was 7.1 and 5.9 for 

combined pigs and fish production. 
Da Silva et al. (unpublished data) carried out a second experiment to 

study the performance of the all-male hybrid with a waste loading equivalent 

of 120 pigs/ha of pond water. Ilybrids averaging 29 g were stocked in three 

1,000-m 2 ponds at the rate of 10,000/ha and received only the organic 

wastes washed daily into the ponds from adjacent pig sties. The pigs were fed 

a daily ration of 5% of their body weight consisting of 24% habacu cake, 

415% corn, 5% meat meal, 25% elephant gr; ss, and salt. After 180 days, 2,800 

kg/ha of fish were harvested averaging 272 g. FCR for the pigs was 7.6 and 

5.5 	for combined pig and fish production. 

Da Silva et a]. (cited in Lovshin 1977) carried out a third experiment 

with 	 six pigs per sty (60/ha of pond water), fed a daily ration of corn, 

11.6% total protein) at 5% of theirbabacu cake, meat meal, and g'ass (i.e. 
d were with fish/habody weight. Three 1,000-n12 ponds stocked 10,000 

averaging 31 g. The fish were fed cottonseed cake at 217r of their body 
into theweight/day, 6 days a week. Wastes from the pig sties were washed 

harvested averagingponds daily. After 193 days, 3,013 kg/ha of fish were 

304 g. The FCR for pigs was G., and the FCR for cottonseed cake to fish 
was 1.7. a Silva t al. (cited in Lovshin 1977) stocked three 1,000-1) ponds 

with 25 g hybrid fingerlings at 8,000/ha. The ponds were fertilized with 

50 kg/wk (500 kg/ha/wk) of chicken manure taken from a commercial 
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chicken farm. The chicken manure was 79% organic matter. After 189 days, 
an average of 1,350 kg/ha of fish were harvested, averaging 186 g. The FCR 
for chicken manure to fish was 10. A summary of research results performed 
on the all-male tilapia hybrid in northeast Brazil is found in Table 2. 

Collis and Smitherman (1978) raised all-male S. niloticus x S. hornorum 
hybrids in 400-m2 ponds in Auburn, Alabama. Fish averaging 29 g were 
stocked at 10,000/ha. Three ponds were each fertilized with the equivalent 
of 28,381 kg/ha of fresh cattle manure (5,392 kg of dry matter) divided into 
daily applications over a 103-day culture period. Fish in three other ponds 
were fed a commercial catfish diet (36% protein) at R% of their body weight 
per day. The average net productions in the manured and fed ponds were 
1,646 and 2,663 kg/ha, respectively. The corresponding'average fish weights 
at harvest were 200 g and 318 g. The FCR's for manure and catfish diet on a 
dry matter basis were 3.3 and 1.3. 

Lovshin et al. (unpublished data) studied the effect of introducing S. 
niloticus females and the resulting recruitment on the growth and production 

.. S.....f em2aehen -pondsall..iiales" hilticu-s x S. horihdrui-mhyb-ri-ds. NiIIe -350 
were stocked with 10,000 all-male hybrids/ha averaging 11 g. Three ponds 
were then stocked with an additional 2.5% female S. niloticus and 3 other 
ponds with an additional 5% female S. niloticus. The female S. niloticus 
averaged 16 g. The fish were fed agricultural by-products at 5% of the body 
weight of the hybrids per day, 6 days a week over a 273-day culture period. 
Seine samples were taken monthly to determine the growth of the hybrids 
and recalculate feeding rates. The average weights of the hybrids from the 
100% male, 2.5% female, and 5% female treatments were 481 g, 218 g, and 
285 g, respectively. The corresponding average productions of all-male 
hybrids were 4,286, 1,809 kg/ha and 2,186 kg/ha. S. niloticus recruits 
increased the total fish production in the 2.5% female and 5% female treat
ments to 4,309 and 5,451 kg/ha, respectively. The growth of all-male hybrids 
was equal in the three treatments until the fifth month when the 100% male 
treatment showed a distinct advantage. It was possible to produce a 200-g 
fish in 6 months in the all.male treatment, but 7 months were required in the 
two treatments with females. While the 100% male treatment showed a 
significant difference (P < 0.05) in hybrid growth and production compared 
with the treatments containing females, harvestable hybrids were still ob
tained in the treatments with tilapia recruitment. 

Greenfield et al. (1977) demonstrated the profitability of raising all-male 
hybrids using agricultural by-products as feeds in Northeast Brazil. 

2. POLYCULTURE 

In Israel, Tal and Ziv (1978) state that the majority of S. niloticus x S. 
aureus hybrids are raise-l in polyculture with common and silver carp. 
The tilapia assume the role of a pond cleaner, maintaining the water in 
good culture condition by consuming organic material and waste feeds that 
would otherwise decompose and pollute the pond environment. In most 
cases, the tilapia are able to increase total fish production without signi
ficantly reducing growth or production of the other species. The tilapia 
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hybrids are normally 30 to 50%of the total fish population and their yield is 
20 to 30% of the total. 

In Brazil, Lovshin et al. (1977) tested the culture of the S. niloticus 

x S. hornorum all-male hybrid with mirror carp (Cyprinus carpio) to deter
mine whether the addition of mirror carp would increase total fish produc

tion. Mirror carp raised alone were stocked at 2,240/ha, tilapia hybrids 
in monoculture at 8,960/ha and tilapia hybrids and mirror carp combined 

at 8,960/ha and 1,400/ha, respectively. All ponds received applications 
of cattle manure at 1,400 kg/ha/wk for 5 months after which applications 

were suspended. Rice polishings were fed throughout the 245-day culture 
period at 3% of the body weight of fish/day, 6 days a week. At harvest the 
average productions were: carp alone, 812 kg/ha; tilapia hybrids alone, 3,993 
kg/ha and combined culture, 3,567 kg/ha. There were no significant differ
ences in total production (P < 0.05) between treatments with the tilapia 
hybrid alone and the combined hybrid-carp cultures. However, these two 
treatments both produced significantly more harvestable fish than with carp 
alone. Moeover,- thete'a6idd kg/p6fid 6f tilapiacoiiibiniK cultrur'e 105 
hybrids and carp raised on 295 kg of feed, while 108 kg of tilapia hybrids 
stocked alone required 441 kg of feed. Thus, less feed was required to raise 
an equal weight of hybrids and carps than was needed to raise hybrids alone. 
The average weight of tilapia hybrids raised with carp was 285 g, while that 
of the hybrids cultured alone was 353 g. 

Da Silva et al. (1978) studied the influence of the all-male tilapia (S. 
niloticus x S. 'isrnorum) in combined culture with tambaqui (Colossoma 
macropomum) a fruit-eating characid native to the Amazon River. Six 
355-m 2 ponds were stocked with 25 g tambaqui at the rate of 5,000/ha. 
Three of the ponds were stocked with an additional 5,000 all-male tilapia 
hybrids per hectare, with an average weight of 18 g. The fish were fed daily 
on a pelleted chicken ration (17% protein) at 3% of the average body weight 
of tambaqui only in the afternoon, 6 days a week for 265 days. Feeding 
rates were recalculated monthly based on seine samples. The monoculture of 
tambaqui produced an average of 6,683 kg/ha with fish averaging 1.50 kg. 
The FCR was 2.8. The combined culture produced an average of 5,640 kg/ha 
of tambaqui averaging 1.20 kg and 3,299 kg/ha of tilapia hybrids averaging 
0.75 xg. The FCR for the combined culture was 1.8. The addition of tilapia 
hybrids increased fish production by a total of 2,256 kg/ha compared to 
the monoculture of tambaqui without increasing the quantity of feed or the 
worsening the FCR. 

To further test the influence of the all-male tilapia hybrid on tambaqui 
culture, Da Silva et al. (unpublished data) stocked the equivalent of 10,000 
tambaqui per hectare together with 3,000, 4,000, and 5,000 all-male (S. 
niloticus x S. hornorum) hybrids/ha in 355-m2 ponds. Each tilapia hybrid 
stocking rate was replicated three times. The average initial weights of the 
tambaqui and tilapia hybrids were 39 g and 13 g, respectively. The fish were 
fed a pelleted chicken ration (17% protein) at 0% of the average body weight 
of tambaqui in each treatment/day, 6 days a week for 360 days. Feeding 
rates were recalculated monthly based on seine samples. 

The average tambaqui productions were 7,453, 7,201 and 7,779 kg/ha, 
with average weights of 760. 785 and 770 g for the 3,000, 4,000, and 
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5,000 all-male tilapia treatments, respectively. The correspo±AJing tilapia
 
productions were 2,224, 3,045, and 3,327 kg/ha with average weights
 
of 770, 725 and 702 g and the total average productions were 9,677, 10,246
 
and 11,106 kg/ha. The FCR's for combined tambaqui and tilapia production
 
were 3.4, 3.2 and 2.9. Increasing the stocking rates of the tilapia hybrid
 
therefore increased the total fish production per pond without significantly
 
affecting the growth or production of tambaqui. A summary of research
 
results performed with tambaqui and the all-male tilapia hybrid can be found
 
in Table 3,
 

Miscellaneous Aspects 

1. COLD TOLERANCE 

Chervinski and Lahav (1976) demonstrated that S. aureus native to 
Israel was more cold tolerant than S. niloticus introduced from Africa. 

S--The hybrid pr ..d .... iloticus.. .......dby ciossingS... x S. au-reus was as cold to1erant: . 
as S. aureus. S. aureus and the S. niloticus x S. aureus hybrid began dying 
at 9 0C while S. niloticusdied at 110 C. 

Lee (1979) tested the cold tolerance of S. aureus, S. niloticus, S. horno
rum, arid their hybrids. All fish tested were acclimated to 21'C and the
 
temperature was decreased about 0.80 C/hr until 50% mortality was recorded.
 
For the purebred fish, S. aureus had the lowest thermal tolerance limit
 
(6.7°C) and S. hornorum the worst (10°C). The cold tolerance limits of
 
hybrids of S. aureus x S. niloticuswere not significantly different (P > 0.05)
 
from the pure S. aureus but they were significantly more cold tolerant than
 
pure S. niloticus and the S. niloticus x S. hornorum hybrid. These results
 
suggest that cold tolerance is a specific attribute of S. aureusand is probably
 
transmitted to its hybrids. 

2. CATCHABILITY 

Lovshin et al. (1977) mentioned that the S. niloticus x S. hornoruin
 
all-male hybrid is easy to seine like its male parent S. hornorum, whereas
 
S. niloticus is very difficult to seine and lies on its side in the bottom mud as
 
the seine passes over.
 

Dunseth (1977) tested the catchability of male S. aureus, male S. niloticus,
 
and the S. niloticusx S. hornorum all-male hybrid in replicated seine trials in
 
400 m 2 ponds. An average of 2% of the populations of male S. niloticus and
 
S. aureus could be caught in the first seine haul. However, 50% of the
 
a.l-male hybrid population was caught in the first seine haul.
 

Discussion 

1. FINGERLING PRODUCTION 

Fingerling production is a major constraint to commercial culture of
 
tilapia hybrids, especially where 90 to 100% males are required. Maintain
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ing pure gehetic strains that give a high percentage of male hybrids takes 
great care and dedication on the part of hatchery workers. Large earthen 
ponds are not ideal units for holding pure genetic lines. Small, controllable 
earthen ponds, fiberglass, or concrete tanks are preferred. 

A small number of pure broodstock couples can produce enough finger
lings to initiate even a large earthen pond tilapia hybrid fingerling production 
operation, If or when the stocks become contaminated, they can be elimi
nated and pure genetic lines reintroduced. Facilities for producing hybrids 
should be laid out so that ponds containing pure tilapia broodstock are 
isolated from each other as well as from hybrid spawning ponds. Hybrid 
nursery ponds should also be isolated from hybrid spawning ponds. In 
essence, at least three groups of fish are involved in any hybrid hatchery 
operation: the two parental stocks and the progeny. Care should be taken to 
eliminate any contact between groups except in the spawning ponds. 

It is my opinion that the primary obstacle to producing commercial 
numbers of all-male tilapia hybrids is the low number of progeny produced 
per spawning.In Brazil, an average of.2,763allmale hybrids were produced 
in 2.5 to 3.0 months when 50 female S. niloticuswere stocked with 50 male 
S. hornorum in a 350-m 2 pond. It seems reasonable to assume that the 
average number of eggs produced per female was about 400. Thus, if survival 
of eggs to fingerlings was 100%, about 7 female S. niloticus spawned i.e. 14% 
of the females stocked. Even if the survival of eggs to fingerlings was not 
100%, it seems unlikely that more than 20% of the females spawned. This, 
moreover, assumes that a female spawned only once per spawning period. If 
some of the females were able to spawn more than onc6 then the percentage 
of spawning females would have been even less. 

It appears at first glance that the number of hybrid fingerlings produced is 
small because the females are dying during some stage of development: 
hence the all-male survival. However, Hickling (1960) and Lee (1979) proved 
this to be untrue; females that spawn produce normal numbers of hybrid 
offspring. Lovshin (unpublished data) demonstrates that there is a relation 
between the number of females stocked in a 350-m 2 spawning pond and the 
number of hybrid fingerlings produced per female (Table 4). These data were 
collected over a 6-year period and do not consider the size of the female S. 
niloticus stocked, the variation in ratio of S. hornorum to S. niloticus 
stocked, or length of the spawning period (which varied from 71 to 111 days). 
The fewer the female S. niloticus per unit area of spawning pond the greater 
the number of hybrid fingerlings produced, calculated on a per female 
basis. Thus, it appears that the percentage of females that actually spawn 
increases with a decrease in the stocking density of females. It is not known 
why this happens, Increasing the stocking density of females increased the 

2
number of hybrids produced up to a value of 1 9/7 m ,but further increases 
up to 1 9/4.7 m 2 and 1 9/3.5 m 2 failed to give hybrid increases. There 
appeas to be some behavioral or chemical factor present that reduces the 
comratibility of female S. niloticus and male S. hornorum so that at high 
densities of female and/or male broodstock the percentage of females that 
will spawn is greatly reduced. The role of the male S. hornorum and the 
impact that surplus males or S. niloticus females may have on male territorial 
and sexual behavior must be considered. The densities of males given in 
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Table 2 do not appear excessive for 350-m2 ponds. Note should also be 
taken of tie large variation in hybrid fingerlings produced when the same 
density of females is used (Table 4), especially the zero figures, 

To what extent reduced fingerling production exists in other hybrid 
crosses is not known. Tal and Ziv (1978) state that the production of S. 
niloticus x S. aureus hybrids is much lower than from single-species crosses. 
Lessent (1968) also had problems obtaining all-male hybrid fingerlings by 
crossing S. macrochir x S. niloticus in ponds. However, Hickling (1960) 
stated that he had little problem producing S.mossambicus x S. hornorum 
all-male hybrid progeny in ponds, 

I have observed many cases of the all-male hybrid of S; niloticus x S. 
hornorum backcrossing with the female S.. niloticus. In a pond containing 
female S. niloticus, male S. hornorum, and the all-male hybrid, the finger
lings produced are fathered almost exclusively by the all-male hybrid. The 
sexual behavior of the all-male hybrid appears to present fewer compatibility 
barriers with the female S. niloticus than the male S. hornorum. 

..............Whateer the causes, the lown bersoffingerlings -produced and the 
level of technology needed for pure-strain maintenance place restrictions on 
the commercial culture of the S. niloticus x S. hornorum hybrid. It is my 
opinion, based on present knowledge, that the culture of all-male hybrid 
tilapias is not to be recommended 'for the majority of farmers in tropical 
developing countries where the financial resources to construct properly 
designed hatcheries and hire qualified hatchery staff are lacking. Contamina
tion of pure genetic strains ,iftilapia broodstock and backcrossing in spawn
ing ponds are likely to occur. The governments in most tropical developing 
countries do not have the money to build and staff hybrid tilapia hatcheries 
to produce and distribute the fingerlings needed to culture this fish on a 
wide scale. In most cases, for tilapia culture to have a wide economic and 
nutritional impact in a ;ountry, the private sector has to become involved in 
fingerling production. 

It is my opinion that some system of culturing a pure tilapia species is 
better suited to most developing countries because the production of pure 
species fingerlings can be accomplished with few problems by most farmers. 

2. GROWOUT 

If the low production of fingerlings is the major disadvantage in culturing 
all-male tilapia hybrids then the growout of hybrids to marketable size is the 
major advantage. Stocking all-male tilapia without having to hand-sex is very 
advantageous. The hybrid; grow rapidly and uniformly when fed a wide 
range of commercial and agricultural by-product diets. The addition of 
chemical or organic fertilizers to pond water further increases production 
and improves food conversion efficiency. Most tilapia hybrids are resistant to 
disease and to low levels of dissolved oxygen. This allows high rates of 
feeding and fertilizing resulting in elevated productions. 

The culture of tilapia hybrids that are less than 100% male can also be 
very profitable depending on the percentage of males and the size of the fish 
to be marketed. Fish of about 200 g can be raised in 6 to 7 months with 
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feeding or addition of organic fertilizer even ifra small percentage of females 

are present. If larger fish (>-400 g) are needed, then additional hand-sexing 

or a predatory fish may have to be stocked with the less than 100%( male 

hybrids to control recruitment and allow a longer growing period. 

3. THE EVALUATION OF TILAPIA HYBRIDS 

The evaluation of hybrids for culture performance is not easy because few 

comparative data on fingerling production and growout are available. Only 

two crosses, S. niloticus x S. hornorurn and S. mossambicus x S. hornorum 

are known to consistently produce all-male offspring. The male S. hornorm 

appears to be the most dependable male parent of 100% male tilapia off

spring. Several other crosses will, however, produce more than 75% males 
consistently. 

The maintenance of pure genetic lines is easier for some hybrid crosses 

than -for others..TlheS., niloticus-x S...ornorunllybrid,when 10 to 15 cm 

long, is relatively easy to distinguish from either parent on physical appear

ance alone by a trained biologist. Differences in physical appearance allow 

hatchery workers to easily determine the presence of contaminated brood

stocks or mature hybrids in spawning ponds. The hybrids produced by 

crossing S. mossambicus x S. hornorum and S. niloticus x S. aureus are 

difficult to distinguish from their parents even by the trained eye. The 
chances of pure broodstock becoming contaminated with these hybrids are 

therefore increased. However, it is known that female S. niloticus crossed 
with male S. hornorun produces a low number of hybrid offspring. S. hor

norum and S. mossambicus are close relatives as are S. niloticus and S. 

aureus. These pairs of species have similar reproductive behavior and colora

tion which may result in increased spawning and hybrid fingerling produc
tion, than, for example, S. hornorum with S. nilolicus. 

In countries where winter temperatures are low enough to threaten 

the survival of tilapias, hybrids with S. aureus as a parent should be con
sidered because of their superior cold tolerance. 

Future Research Needs 

Fingerling production is the area in most need of research. If all-male 
hybrid tilapia culture is going to have an increased impact, then imlproved 

methods of consistently and economically producing all-nale hybrid finger
lings on a commercial scale will hve to be worked out. 

A further pressing need is for information concerning the genetics, repro
ductive behavior and physiology of tilapias in relation to hybridization. What 
exactly is the genetic mechanism that produces all-male progeny from some 

crosses? Why are reduced numbers of fingerlings produced in son hybrid 

crosses when compared with pure species fingerling production? What are 
the visual and/or chemical cues which determine spawning compatibility 
between species? What other factors nay be influencing the frequency with 
which two tilapia specios hybridize? Does close taxonomic proximity of two 
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species to be hybridized mean similar spawning behavior resulting in increased 
spawns and hybrid fingerlings? 

Fish culture researchers have traditionally tried to answer these questions 
with practical research that often solved the problem without explaining 
why the result was obtained. Seven years of such work with the S. niloticus 
x S. hornorum hybrid has riot provided the required increase in hybrid 
fingerling numbers on which to base large commercial cultures. I believe that 
the answer, if one exists, is to be fo in basic research by knowledgeable:-,d 

behavioralists and physiologists aimed a, inderstanding the barriers to tilapia 
hybridization and then discovering metho' 'o overcome them. 

Further investigation is needed t determine the best installations for 
producing tilapia hybrids. What are the comparative advantages of producing 
hybrids in small units, where a high degree of control is possible, over a 
well-designed pond hatchery? Which system is more economical and tech
nically feasible? 

Other areas still in need of further research are the optimum stocking 
.densities and sex ratios of broodstock, the length of time for which they 
can be used before replacement, and the i~lfluence of broodstock nutrition 
on fecundity and fingerling survival. 

Other tilapia species should be hybridized to discover new crosses that will 
produce 100% male offspring. The discovery of an all-male herbivorous 
hybrid would be very valuable. 

Little comparative data is available on the growth and production of 
hybrids. Studies are needed to determine which hybrid crosses respond 
best to feeding and which to fertilizing so that intelligent choices of hybrids 
can be made. 

The vast majority of cultured tilapia hybrid crosses give less than 100% 
male progeny. These fish are often marketed at a small size (Taiwan) or the 
males are hand-sexed so that larger fish can be raised (Israel). The commercial 
culture of all-male hybrids presents problems that have still to be researched. 
The consistent production of 100% all-male hybrid fingerlings in sufficient 
numbers to stock a large growout operation has not been worked out. 

The level of technology needed to raise all-male hybrids is beyond the 
reach of most farmers in tropical developing countries and great care should 
be exercised in introducing all-male hybrid culture into countries with no 
fish culture tradition. Culture of pure species appears to be the logical first 
step in introducing tilapia culture to such countries. However, in countries 
with a tradition of fish culture, where trained biologists are available and 
money exists to build hybrid fingerling hatcheries, culture of all-male tilapia 
hybrids may hold great potential if researchers are able to improve fingerling 
production techniques. 
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Discussion 

BOWEN: Can you tell us if you have any idea of the fate of the agricultural products 
or by-products which you used as feed? Did the fish consume these readily? 

LOVSHIN: There is no doubt about it. They consumed them immediately. You could 
see the feeding activity and when you examined the guts they would be crammed with 
the materials, Now, as far as digestibility is concerned, that is another matter. They can 
probably digest some of them-at least a certain percentage of the available nutrients-but 
a lot of their growth comes from the incorporation of nutrients into bacterial detrital 
feeds. We found that to really get the best growth in the pond culture of tilapia hybrids, 
we had to reach a certain level of pond fertility. 

BOWEN: Is there any correlation between that level of fertility and feeding habits? Do 
the feeding habits change at that level of fertility? 

LOVSHIN: That is a good question. I don't know. All I can say is that we always used 
extra supplemental food until pond fertility reached a certain point, and lowered the 
feeding rate thereafter because we knew that the fish were getting a lot of natural feed 
from the pond. 

BOWEN: Secondary plant substances have been mentioned as obstacles to the utilization 
of some agricultural by-products, Did you ever note anything that could be suspected as a 
toxic effect from any of these substances which you used? 

LOVSHIN: No. We used a castor bean meal which can be toxic, but ours had been 
detoxified by roasting. It was a good product for us because the animal husbandry people, 
pig and cattle raisers, do not like to use castor bean meal because it gives their animals 
intestinal problems. It does not kill them, but it irritates the intestines and causes diarrhea. 
We could get this particular material very cheaply. In my paper, there is a comparison 
between castor bean meal, cottonseed cake and palm nut cake, and the castor bean meal 
is by far and away the best because it has the highest protein level. We used the whole, 
ground castor bean seed which has an outer shell which is very hard and indigestible. In 

an aquarium, the bottom would be literally covered with these hulls, but we never had 
any toxicity problems. 
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PULLIN: You have already touched on the problen of compatibility between cr, .4 of 
different species. What do you think about the technique of premaxillaclipping '.- reduce 
nale aggression in confined environments? 

LOVSHIN: In a confined environment, male aggression can be a problem, but we have 

never had any such problem in a pond environment which allows the females to escape 

from aggression. We never had any mortality from male aggression in the ponds we used, 
which were about 350 m2 but when we brought fish into more confined environments, 
3 to 4 m2 , the problem did occur, During the time I was in Brazil, I did not know about 
Lee's technique of cutting off the premaxilla, but at Auburn University, it works fine 
and we have been using it quite a bit. The male fish is still aggressive. It still chases the 
female but, because the premaxilla has been removed, he cannot wound her as easily. 
Sometimes he will still run her around so much that I think she could die of exhaustion, 
but he cannot break the skin. 

JALABERT: What evidence do you have for the purity of the males which you used? 

LOVSHIN: The only evidence I have is that we consistently got 100% all-male progeny. 
We have been doing this in Brazil now for seven or eight years. 

JALABERT: Ingroup spawning or singlelpairspawning? 

LOVSHIN: Group spawning in Brazil, but 100% males have been obtained from single 
pair spawning using stocks which we sent to Israel. Also, our stocks have produced 100% 
males in Panama, in the United States and in Puerto Rico so I am pretty certain of the 
purity of the strains. 

HENDERSON: You mentioned the problems of the reduced fry production with the 
hybrid crosses. Do you think this is a problem of reduced fecundity or incompatibility? 

LOVSHIN: I don't think it is basically fecundity, that is an egg production problem. The 
number of eggs produced by actual spawning females is not abnormally low. I am con
vinced that the problem is compatibility, There are certain females that will spawn 
readily and repeatedly both in aquaria and tanks in normal pure species crosses. Now the 
question is, can you select for this, i.e., take those females out, mate them with a normal 
male, take the offspring, test them, select good females again, etc. Can we select genetic
ally for good spawning in pure species crosses and for compatibility in hybrid crosses? 
These are questions for the geneticists. 

GUERRERO: Is there any evidence of hybrid vigor when you compare the growth 
performance of hybrids with pure species progeny? 

LOVSHIN: A good question and the answer is not clear from the literature because most 
hybridization has been to produce all-males from pure stock male and female. Com
parisons between the growth of an all-male population and mixed sex or female popula
tions are complicated because we know that males grow faster than females-both hybrid 
and pure species males. Where we compared all-male hybrids with the males of the other 
species, we found that the differences in growth were not very great. In Brazil, we found 
a difference, although I am talking here of a 10% to 15% advantage for the all-male 
hybrid at best and sometimes this was not statistically significant. In Israel, we found 
several cases where there was no difference at all. 

ROBERTS: At the Institute of Aquaculture in Stirling, we have been producing very 
pure lines using normal and sex-reversed (hormone-treated) sibling crosses. We found a 
very significant growth promotion effect from tile anabolic steroid treatment used for 
sex reversal. More important, by crossing pure lines, we can produce hybrid all-male 
progeny which, after 6 months or so, are very much larger than the pure lines. The 
performance of these hybrids cannot be due to any residual effects of anabolic steroids. 
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HENDERSON" The question is, is tle growth improvement which you observe for the 

hybrids comparable to that'for tle sex-reversal treatment alone? 

GUERRERO: We found significant differences in growth of normal males and those 
with thewhich are sex-reversed females. The latter remain slower growers compared 


normal males and with all-male hybrids.
 

JALABERT: Dr. Lovshin, in your maintenance of pure strains, have you seen any signs 

of adverse affects of inbreeding? 

in growth rate but we have toLOVSHIN: It is difficult to say. We suspect a reduction 
at Auburn University, elsewherecheck this. The Sarolherodon niloticus and aurcus used 

in tile USA and some of the Latin American work all stem from an initial introduc-
Over thetion to the USA of about 25 individuals of each species from the Ivory Coast. 

years, we kept about 25 or 30 broodstock of each species and we let them reproduce. 

Every six months to one year, we would clean everything out and replace the broodstock 

with 25 or 30 younger fish. 

JALABERT: This is not a large enough population. 

" LOVSHIN Iagieewith you.... . ....-

HENDERSON: Incidentally, there was a consultation meeting in Rome in June 1980 

sponsored by UNEP on the, conservation of genetic stocks of fish. One thing that did 
youcome out of this was a recommendation on the minimum size of the stocks which 

need keep to avoid the problems of inbreeding. I can provide an overview of this meeting 

to anyone who is interested. 

In Panama, the cross S. niloticus 9 x S. hornoruin d male has now been aban-EDITORS: 
doned for all-male hybrid production in favor of the S. mossambicus 9 x S. hornorun d 
cross. This gives very high fingerling production and 100% males. Fry are reared in 

earthen ponds and then grown to fingerling size in open concrete ponds as in the Ivory 

Coast (see Coche, this volume). This information was received from R. Pretto Malca. 



(Reprinted by kind, permission-of the International Center fo Aquaulte Auburn Uni-, :i: 

Plate S. A 36 m2 c e i thern 

bottomed tank used to maintain pure strains 
of tilapia for hybridization in Northeast 
Brazil. When in-use, the tank has a filtered 
water supply and is covered with a net to 
avoid contamination from WiAd stocks. 

Plate 2, Sarotherodon hornorumn male, all- (Reprinted by kind permission Iof the Inter
male hybrid (S. niloticus x S. hornorum) and national 'Center for Aquaculture, Auburn 
S. niloticus female (top to bottom). University.) 
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Uncontrolled reproduction gives excessive recruitment and low yields of 
harvestable-size tilapias from culture ponds. Several effective methods have 
been developed and applied for controlling this in commercial farms including 
monosex culture, the use of predators and cage culture. Each method, how
ever, has its advantages and disadvantages. Other methods that have been 
tested are stock manipulation, the use of irradiation and chemosterilants, 
reproduction inhibitors such as methallibure, salinity, light and temperature. 
Further research is needed to determine the practicality of these methods for 
commercial culture. 

Introduction 

Tilapias are an important foodfish in many tropical and subtropical 
countries. More than 20 species of tilapia have been cultured in develop
ing countries where animal protein is lacking. riiapias are considered suitable 
for culture because of their high tolerance to adverse environmental con
ditions, their relatively fast growth and the ease with which they call be 
bred. 

The main drawback to the worldwide culture of tilapias is their exces
sive recruitment in ponds which results in low yields of harvestable-size 
fish. Where the acceptable market size is 150 g or more, this becomes a 
critical problem. 

In general, tilapias have high breeding rates. Their fecundity ranges from a 
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few hundred eggs to several thousands per spawning. Under pond conditions, 
precocious breeding and stunting have been reported (Fryer and Iles 1972; 
Cridland 1962) which assist excessive recruitment. 

The various methods for controlling the reproduction and recruitment 
of tilapias are reviewed in this paper with a brief discussion on the advantages 
and disadvantages of each method, To be practical, a method must be easy 
to apply, effective and economical. 

Monosex Culture 

1. RATIONALE 

In the tilapias, the male in general grows faster than the female (van 
Someren and Whitehead 1960a, 1960b; Fryer and Iles 1972; Guerrero and 
Guerrero 1975; Anon. 1979b). This appears to be genetically controlled. 
Monosex male culture therefore gives faster growth and eliminates reproduc
tio.,Monosex tilapias are ,obtained_,.by.manual or mechanical (grader), 
separation of the sexes or by production of monosex broods through hybrid
ization or sex reversal. 

2. MANUAL SEXING OR GRADING 

Manual sexing of tilapia has been suggested and tested by several workers 
(Hickling 1963; Meschkat 1967; Shell 1967; Guerrero and Guerrero 1975). 
The sexes are distinguished by examination of the urinogenital papillae. Two 
orifices are present in the female papilla and one in the male (Vaas and 
Hofstede 1952). Although manual sexing is laborious and requires some skill, 
it is applied commercially in Israel. Sexing of 50 g or larger fish is easily 
done. One man can segregate about 2,000 male tilapias in a working day 
(Lovshin and Da Silva 1975). In many countries where the method has been 
introduced, however, it has failed. The major disadvantages of the method 
are human error in sexing and the wastage of females. Bardach et al. (1972) 
reported that hand sexing is 80 to 90% accurate. The use of mechanical 
graders for separating larger sized males was tried by Pruginin and Shell 
(1962) and Bard et a]. (1976). Tle accuracy of this method, however, has 
been questioned by Balari 1 and Hatton (1979). 

3. MONOSEX HYBRIDS 

The production of all-male progeny from Sarotherodon mossambicus 
(female) x S. hornorum (male) hybridization was first described by Hick
ling (1960). Five other crosses have been reported to produce all-male 
F, hybrids: S. niloticus x S. hornorum (Pruginin 1967), S. nilolicus x S. 
macrochir (Jalabert et al. 1.971), S. niloticus x S. aureus (Fishelson 1962) 
and S. niloticus x S. variabilisand S. spilurus niger x S. hornorum (Pruginin 
1967). Other crosses that have yielded 93 to 98% males are male S. niloticus 
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x S. leucostictus (Pruginin 1965) and S. niloticus x S. spilurusniger (Pruginin 

1965). 
Several theories have been proposed to explain these ratios. Hickling 

(1960) and Chen (1969) suggested that the sex-determining mechanisms 
XX female-XY male and WZ female-ZZ male are both found in tilapias. 
However, not all the sex ratios of tilapia hybrid progeny can be explained 
by these. Hammerman and Avtalion (1979) have presented a model which 
takes into account the possible sex-determining effects of autosomes as well 
as sex chromosomes. 

Culture of tilapia hybrids has resulted in high yields of h!-vestable
size fish (Hickling 1960; Pruginin 1967; Lovshin et al. 1977; Avault and 
Shell 1937). Although hybrid vigor has been reported by Hickling (1960) 
and Avault and Shell (1967), the findings of Pruginin (1967) and Lovshin 
et al. (1977) showed otherwise. One other advantage of using crosses which 
give monosex hybrid progeny is that the wastage of females from manual 
sexing is eliminated. 

The main disadvantages of such crosses are: difficulty in maintaining pure 
parental stocks that consistently produce 100% male offspring (Pruginin et 
al. 1975)7- 'p6rspawfiifg success (L6ee 1979) and ificofiptibilit' 5f bie&tes 
resulting in low fertility (Lovshin et al. 1977). 

4. SEX-REVERSAL 

The use of steroid hormones for production of monosex broods has 
proved effective in many tilapias. Artificial sex-reversal of genotypic females 
of five species has been achieved using methyltestosterone and ethynyl
testosterone (Table 1) and feminization of genotypic males has been induced 
with estrogens: ethynylestradiol, estrone and diethylstilbestrol (Table 2). 
Treatment is per os for periods ranging from 15 to 60 days in tanks or 
aquaria. Survival of fry under hormone treatment does not differ signficantly 
from controls indicatingno differential mortality (Guerrero 1974). Effective
ness of the sex reversal treatment depends on the kind and dosage of steroid 
used, the method of administration, time and duration of treatment, and on 
the species (Yamamoto 1969). Shelton et al. (1978) recommend oral treat
ment of 9 to 11 mm S. aurcus fry at a density of 2,600/rn 2 or less with 
ethynyltestosterone dosage of 60 mg/kg of feed for 6 weeks at 25 to 29°C 
for production of all-male broods. 

Sex-reversal using androgens on a commercial scale has been shown to 
be feasible by Guerrero (1979b) and Koplin et al. (1977). The disadvantages 
of the method are the need for holding facilities for treatment of large num
bers of fry (Mires 1977) and the sophisticated skill needed for its application, 

Hopkins (1979) produced all-male progeny of S. aureus with sex-reversed 
females (genotypic males) treated with ethynylestradiol. He also produced 
all-female fry with sex-reversed males of S. niloticus treated with androgens. 
The low percentage of spawns with monosex fish, however, points out that 
further research is needed to establish the practicality of the method. 
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Tahle 1.The treatment of tilapia fry with androgens to produce all-male broods (M = methyltestosterone; 

E = ethynyltestosterone). 

Treatment 

Level of food
 
incorporation Duration
 

Species Compound (mg/kg) (d) % Males References
 

Sarothcrodorl 
mossambicus 	 M 10-40 60 95-100 Clemens and Inslee (1968)
 

E 50 40 100 Guerrero (1979b)
 

S. 	niloticus M 40 60 100 Jalabert et al. (1974) 
M 15-50 42 96-98 Guerrero and Abella (1976) 
M 30-60 25-29 99-100 Tayamcn and Shelton (1978) 
E 30-60 25-29 98-100 Tayaman and Shelton (1978) 

S. aureus M 30 18 98 Guerrero (1975) 
E 30-60 18 98-100 Guerrero (1975) 
E 30. 22 -.90-100 . Sanico (1975) --- .-


Table 2. The treatment of tilapia fry with estrogens to produce all-female broods. 

Treatment 

Level of food 
incorporation Duration 

Species Compound (mg/kg) (d) % Females References 

Sarotherodon 
mossambicus ethynylhstradiol 50 19 100 Nakamura and 

Takahashi (1973) 
estrone 200 56 99 Guerrero and 

Guerrero (1976) 

S. nilolicus diethylstilbestrol 100 25 91 Tayamen and 
Shelton (1978) 

S. aureUs ethynylestradiol* t00 42 90 Hopkins et al. 
(1979) 
Jensen and 
Shelton (1979) 

*With 100 mg/ks methallibure 
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The Use of Predators to Control Recruitment 

Effective predators on young tilapias include many piscivorous fishes, 
such as Elops hawaiiensis, Megalops cyprinoides, Micropterus salmoides,
 
Ophicephalus striatus, Cichla ocellaris, Lates niloticus, Clarias lazera, Hemi
chromis fasciatus and Cichlasoma manguense. In most cases, predator-prey
 
stocking ratios have been determined (Table 3). Where effective predators
 
are used, high yields of harvestable-size tilapia are reported (Swingle 1960;
 
Lovshin 1975; Dunseth and Bayne 1978). Total production of tilapias,
 
however, is significantly reduced as the recruits are eaten (Maar et al. 1966;
 
Lovshin 1975). Moreover, difficulty in obtaining stocks of the desirable
 
predator has limited application of this population control method (Balarin
 
and Hatton 1979).
 

Table 3. Fish predators used for the effective control of recruitment of tilapias. 

Stocking Ratio 
Prey Predator (Predator: Prey) References 

Sarotherodon mossarnbicus 	 Elops hawaiiensis 1:10 and 1:20 Fortes (1979) 
Alegalops cyprinoides 1:10 Fortes (1979) 
Microplerussalmoides Swingle (1960) 

S. 	n1ilolicus Cichla ocellaris 1:15 Lovshin (1975) 
Clarias lazera 1:10 Bard et al. (1976) 
Lates niloticus 1 :20-1:84 Planquette (1974) 

S. shiranus 	 Clarias sp. 1:10-1:20 Meecham (1975) 
T. rendatli 
S. aureus Cichlasona inanaguense 1:4-1:8 Dunseth and Bayne (1978) 
Not specified Hemichromis fascialus 1:48 Bardach et al. (1972) 

The Use of Stock Manipulation Methods 

Reproduction of tilapias appears to be inhibited by high stocking densities
 
(Allison et al. 1979). Swingle (1960) reported that increasing stocking rates
 
of fingerlings decreased rates of reproduction. Ile suggested the presence of a
 
repressive factor affecting reproduction. In S. mossainbicus, a substance
 
believed to be present in the mucus has been found to cause an autoallergic
 
response at high densities (Henderson-Arzapalo et al. 1980).
 

Culture of tilapia in cages at high densities has limited reproduction
 
(Pagan 1975; Coche 1979; Guerrero 1980a). Pagan (1969) suggested that
 
failure of tilapia to reproduce in cages is due to an alteration of reproductive
 
behavior that prevents fertilization or that the eggs pass through the cage.
 

The Use of High Stocking Densities 

The continuous harvesting of tilapias from ponds to reduce their popu
lation has been proposed by Ilickling (1960). A similar method suggested
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is harvesting before the. fish become sexually mature (Swingle 1960). No 
data are available to evaluate such methods for tilapias but Payne (1970) 
reported that regular seining of ponds with S. esculentus and T. zillii reduced 
the fry population. Mortalities were believed to have occurred from physical 
damage or deoxygenation. 

The Use of Irradiation, Chemosterflants 
and Reproduction Inhibitors 

Al-Dahan (1970) observed a decrease in the gonadosomatic index and 
growth rate of S. aureus fry exposed to high doses of 6 0 Co gamma ray irra
diation. Nelson et al. (1976, as cited by Balarin and Hatton 1979) found no 
obvious effects on the germ cells of 7 to 8 week old T. zillii fry treated with
6 0 Co gamma radiation for 35 days. 

Destruction of the gonads of S. aureus fry was induced by Eckstein and 
Spira (1965) using estrogens at concentrations of 50 and 100 pg per liter of 
aquarium water for a period of 3 to 4 weeks. Al-Daham (1970) inhibited 

~~~bro~ ~rdcuion in tiaiswihte ~deiosiani s etepa and tetaihVe 
administered at concentrations of 20 ppm for 2 and 3 months and 0.8 ppm 
for 2 and 3 months, respectively. Sterile male tilapia were produced with the 

-treatment of 9 0 Sr at 10-'0 and 10 6 Ci/liter (Voronina 1974, as cited by 

Balarin and Hatton 1979). 
Using methallibure, a compound which blocks synthesis or release of 

pituitary gonadotropins, Dadzie (1974) suppressed gonadal development in 
S. aureus. The treatment enhanced the growth of female fish and delayed 
spawning. A major constraint in the future development of methallibure 
for controlling reproduction is the discovery of its teratogenic effect in swine 
(see discussion in Balarin and Hatton 1979). 

The reproduction of tilapias also appears to be affected by salinity. 
Chimits (1955) reported that S. inossambicus did not reproduce in salinities 
above 30%o. Similarly, Chervinski and Yashouv (1971) found that S. aureus 
did not reproduce in saltwater ponds with salinities of 36.6 to 44.6%o. S. 
niloticus fry were not found in brackishwater ponds in salinities of 15 to 
30% (Dureza, pers. comm.). Ang (pers. comm.) observed that no hatching 
of S. niloticus eggs occurred in aquaria in salinities of 18%o and higher. 

Light and temperature strongly influence the spawning of tilapias. Cridland 
(1962) showed in laboratory experiments that sexual maturity of T. zillii 
was delayed by "strong periodic illumination for 12-hr periods" and by low 
temperatures. The sexual precocity of tilapias in ponds and swamps has been 
related to light (Chimits 1955; Lowe (McConnell) 1958). Mires (1974) 
indicated that temperature influenced the sex ratio of S. aureus: a higher 
percentage of females was associated with low temperatures. 
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Conclusion* 

It is evident that three methods can be used for the control of tilapia 

reproduction: monosex culture, the use of predators and stocking at high 

densities. Each method, however, has disadvantages. 
The use of stock manipulation techniques, irradiation, chemosterilants 

and reproduction inhibitors have shown promise in limiting tilapia reproduc

tion on an experimental scale, but further research is needed to determine 

the practicality of these methods for commercial use. 

Discussion 

HENDERSON: Dr. Guerrero, do you l'ive any idea of the comparative cost of sex 

reversal by hormone treatment compared with that of manual sexing? 

GUERRERO: For manual sexing in the Philippines, we pay twenty centavos (US$0.03) 

per fish and a worker can sex,2,000 fish per day. The daily wage is up to US$3/day, on 
above. Hormone sex-reversal is ofaverage about $2.60. Sexable size is taken as 10 g or 

course labor saving, but you can see that our labor costs are low. Moreover, we have to 

use alcohol for dissolving the hormone for food incorporation. For every kilogram of feed, 
lie'r of alcohol. This is quite expensive unless you can recycle with hormone we use one 

the alcohol. We consider that it costs about 20 Philippine pesos (about US$3) to treat 
would be only for feed and labor, ignoring the depreciaabout 1 million fry. These costs 

tion cost of facilities, IVwe sell these sex-reversed fingerlings, we get about 150 Philippine 

pesos (which is about US$20) per thousand so we still make a good profit. Sex-reversal 
techniques are fine if you have practical experience, but in general, I would not recom
mend them in a developing country like ours because of the relatively high capital require
ments and the need for skilled workers. There are no commercial hatcheries usingsex
reversal in the Philippines at present. 

ROBERTS: We use similar methods to yours but with a 35-day treatment period and 30 
ppm close regime. Going back to the anabolic steroid growth promotion effects, we find 
that this anabolic effect is so significant and gives the fry such a head start that it is worth 
doing quite irrespective of any sex-reversal objectives. Recently, we had indications that 
sex-reversed females grew better than normal females and normal males. We are also 
studying the residence time of steroids in our fish after cessation of treatment using 
radioactively-labelled compounds. They are generally undetectable after 5 days. This is 
important as many or the developing countries are borrowing their food and drug legisla
tion direct from the USA and we have to show that this short-term fry treatment is very 

different from caponisation in the poultry industry which uses long-lasting steroid im

plants, We have had our best sex-reversal results with S. mossamnbicusand S. spilurus and 
our worst with T. zillii. 

It may be of interest that the black coloration of species like S. ,nossambicus does not 
produce sales resistance in Africa-unlike in Southeast Asia. 

HEPHER: I wonder whether space is a severe limiting factor on the whole sex reversal 
operation. If you talk in terms of raising 2,000 fry/m 2 then you will need 15 of such 
tarks to serve 1 ha of monoculture pond with a normal stocking ratio of about 30,000/ha. 

Therefore, think how many tanks . u would need for a whole farm. Won't this be a 
bottleneck? 
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GUERRERO: Our systems are as yet experimental but the production per unit area 

could probably be impre;&d ;,y using raceways with a flow-through system. 

ItEPIIER: The second bottleneck which I can envisage is obtaining sufficient numbers of 

fry at exactly the right age for sex-reversal treatment. 

GUERRERO: Using our net enclosure (hapa) system, we can produce 10,000 fry/ 

500 m2 /day. 

MORIARTY: Has anyone tried treating with hormones in the tank water? I believe that 
aquarists have done this with other species. 

GUERRERO: Some people have tried this with tilapias but it has not been effective. Of 

course hormone injections are effective-more so than food incorporation but this is not 

)ractical for sex-reversing fry. 

MORIARTY: What about a large quantity of hormone in the water? 

GUERRERO: The hormones are not water soluble, 

CHERVINSKI: I think I am right in saying that S. aureus has never been sex-reversed by 
hormone treatments. 

GUERRERO: It has been done successfully for S. niloticus, aureus and rhossambicus. 

PHILIPPART: Regarding the use of flow-through systems, we succeeded last year in 
producing sex-reversed S. nilolicus in such systems. We had to regulate food input very 
carefully. We treated the fish for 29 to 30 days. 
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Comparative data on the spawning capacity and spawning frequency 
of female tilapias demonstrate successful spawning in intraspecific and 
interspecific crosses. There is, however, great variability in the fecundity of 
individual females. Spawning incompatibility exists between tilapia species, 
the degree of incompatibility varying with the species combination. The 
influence of the sex ratio of the parental stock and other factors which 
reduce male aggressiveness are discussed. There are three main influences on 
the production of tilapia fry: genetic, behavioral and environmental. 

Introduction 

For the last ten years or so, fish farmers in various parts of the world have 
searched for efficient ways of rearing all-male broods of tilapias (Hickling 
1960; Fishelson 1962; Pruginin 1967; Chen 1969; Mires 1973; Lovshin and 
Da Silva 1975; Mires 1977), yet the problem of mass-rearing these fish 
remains. After many years of hard work, some of the Israeli fish hatcheries 
have succeeded in making a major breakthrough in this field (Mires 1977) 
but this young industry still has to overcome the problem of the low fry 

production from interspecific spawns. This paper discusses various aspects of 

this problem. 

Possible Reasons for the Low Production 
of Tilapia Fry in Spawning Ponds 

There are quite a few possible reasons for the low production of tilapia fry 

in commercial spawning ponds. The main ones are probably: too low a 

density of broodstock; incompatibility in interspecific crosses; inappropriate 
broodstock sex ratios; inadequate spawning techniques and high fry mortal
ity. More information is needed on each of these possibilities. 

317 
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The production of tilapia fry in spawning ponds depends on threp main 

factors: the spawning frequency of each female in the parental stock, the 
number of eggs produced in each spawn, md the survival of the fry. These 
aspects will be considered for intraspecific and interspecific crosses. 

Egg and Fry Production: General Considerations 

It is important to define the term 'fecundity'. Lowe (McConnell) (1955b) 
defined fecundity as "the number of young produced during the life time of an 
individual". This definition is perfectly acceptable for natural conditions, 
but it is very hard to use in culture or in experimental conditions. In this 
paper it is proposed to change the time limit from "life time" to 12 months 
starting from the first spawning. 

It has been stressed that the number of eggs in each spawn depends 
ovVt11e length and/or weight of the spawner (Fryer and lies 1972) but 
Peters (1959) and Lee (1979) found different results. Lee (1979) found 
that for some individual spawners there was a trend of increasing clutch size 
through-successive spawns, but this-was not uniform (see. also -Tables.1 and 
3). Babiker and Ibrahim (1979) showed correlations between the length or 
the weight of S. niloticusand the number of oocytes in the ovaries, but there 
are doubts as to whether these correlations can forecast the actual quantities 
of eggs or fry obtainable from a given female during a given period under 
various conditions. 

Tables 1, 2, 3, and 5 show a big variability not only in the spawning 
frequency between spawners of different species but also in the total number 
of eggs produced by the feniales within the groups. Moreover Lee (1979) 
showed a 20 to 30% difference in the number of eggs produced within 
female groups of two different species, stocking three females per aquarium. 

Peters (1959) showed an exact correlation between the weight of the 
clutches and the body weight of the females; he also stressed that "fish 
either produce relatively few large eggs or relatively many small eggs". It 
seems possible therefore that on an annual basis small but more fecund 
females can and will probably produce more eggs than big but poor spawners. 

Spawning procedures and conditions can also influence the production of 
fry in the spawning ponds: for example the rate of water changes. There is 
no substantial data on the influence of this factor on fry yields from spawn
ing ponds, but for aquaria most of the hatchery operators in Israel believe 
firmly that periodical water change will usually cause a renewal of spawning 
activity. Commercial fry producers also believe that the change of water in 
spawning ponds has a beneficial effect on spawning frequency. This is prob
ably due to the flushing out of metabolites. It seems that overcrowding in 
ponds, tanks, etc., may induce earlier maturity than in nature and a larger 
production of smaller sized eggs (Fryer and Iles 1972). 

Feeding conditions also have an influence on egg and fry production 
(Miranova 1977). For example, S. mossambicus females spawned more 
frequently when they were underfed, and the total amount of eggs was 
higher than when they were fed abundantly. This response to unfavorable 
conditions has probably permitted many tilapia spvcies to adapt to harsh and 
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changing environment during their evolution (Fryer and Iles 1972). Lately, 
the Ein Hamnifrats fish farmers (unpublished) have observed that when a 

spawning pond becomes overcrowded with fry, the spawning activities of 

there are no mouthbroodingparent fish cease completely. In these conditions 
females and the few nests present seem to be unattended. 

Intraspecific Spawning 

A lot of work has been published on the reproductive behavior of tilapia 

spp., but very little has been said about the individual spawning potential of 

females, The only possible way to study this closely is under aquarium 

*conditions, where the females are kept in separate aquaria or in separate 

compartments of the same aquarium, because in spawning groups a hierarchy 
tomay become established in aquaria and cause some dominant females 

spawn more than others (Fishelson 1966a; Mires' 1973; Rothbard 1979). 

During the first working period in the Ein Hamifrats'hatcheries, some 

valuable data were gathered on the individual spawning potential of S. 

niloticusB and S.. vulcani (Mires.19.77) .A.ferfmales.weigh ing.A00 tooA00 g. 

were introduced into separate compartments in aquaria and kept at a con

stant temperature of 25 to 28°C year-round, fed with 25% protein pellets. 

The day on which each female was ready to spawn was recognized by the 

form of the genital papilla being much larger and more erect than usual. 

Such a female was transferred to an aquarium where one male of the same 

species was held. If the female was ready to spawn, the male would imme

diately start courting her; but if not he would start chasing her around and 

a case the female was removed andeventually bite her severely. In such 

placed back in her compartment. 
After spawning, the female was separated from the male by a screen, 

and was left to mouthbrood her eggs for a few days. The larvae were then 

removed from her mouth, and cared for in Zuger bottles for the rest of 

their larval development. When a female spawned without the presence of a 

male the spawn was recorded, but unfortunately the eggs were noV counted. 

The results for one group of S. vulcani and another group of S. niloticus B 

are given in Tables 1 and 2. Although the females were kept in separate 
it is possible that slight environmentalcompartments of the same aquarium, 

Their spawning frequency wasdifferences existed (corners versus center). 
very variable and they did not spawn year-round despite the controlled 

temperature. In both groups the maximum number of individual spawns was 

7: 	 represented in both cases by only one female. It is interesting that the 
were similar for both S. niloticusproportions of prolific and poor spawners 


and S. vulcani. The same phenomenon exists with interspecific spawns.
 

..,~ McBay (1961j gathered data on the spawning of what was then called 

T nilotica, later re-identified as S. aureus. The fish were paired in 40-liter 

aquaria and the egg or fry production was recorded and counted. Out of 17 

females, one spawned 6 times, two spawned 5 times, one spawned 4, and all 

the rest spawned three times or less. 
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Table 1 The spawning frequency and egg production of isolated individual Sarotllrodon vulcani females 
(400-500 g each) studied from February 1,1973 to January 1, 1974 (after Mires 1977 and Mires unpub
lished data). 

Total Average No. Average 
egg eggs/ of interval 

Female no. Date of spawning count spawn* spawns (days) 

Date 24/3- 24/4- 15/5- 3/6- 24/6- 26/7- 5/9-
I No. eggs 1,600 ** * ** ** ** ** 1,600 1,600 7 

Interval 31 21 19 21 32 40 27 
(days) 

Date 10/3- 8/4- 27/5- 24/6- 3/7- 5/8
2 No. eggs 1,400 ** 1,500 1,200 ** 1,000 5,100 1,275 6 

Interval 39 47 28 9 33 31 
(clays) 

Date 25/3- 4/4- 9/5- 7/8
3 No. eggs 1,000 ** 1,150 ** 2,150 1,075 4 

Interval 10 35 90 45 
(days) 

Date 27/3- 28/4- 18/7
4 No. eggs ** ** ** - - 3 

Interval - 32--.81 56 
(days) 

Date 25/3- 21/9
5 No. eggs ** **2 

Interval 150 150 
(days) 

Date 14/3
6 No. eggs ** 1 

Interval
 
(days) 

*Based on the number of eggs in fertile spawns only. 
**Infertile spawns: eggs not counted. 

Unfortunately, some of the females died during the experiment and 
the times of death were not recorded. It is therefore impossible to know 
whether the spawning of some of the females ceased because of their death 
or because of other reasons. It is, however, interesting to observe that here 
again, although an optimal temperature was maintained throughout the 
experiment, the spawning frequency of the females differed. 

In the Kibbutz Ein Hamifrats fish hatcheries, where several families 
of S. niloticus and S. aureus are kept in 500-liter aquaria, individual females 
of both species have never spawned more than six or seven times in one 
year and the average spawning frequency of any given group of females 
in a family has not exceeded four. Moreover the period over which spawning 
occurs is restricted to five or six consecutive months even when the tem
perature is optimal year-round. 

In other intraspecific spawns in aquaria (Lee 1979) very big differrnces 
were observed in the spawning frequency and fecundity of various feiaales. 
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Out of ten S. aureus females, one spawned 8 times, one 7 times, two 6 times, 
one 5 times, four 4 times and one 3 times, Out of nine S niloticus Ivory 
Coast one spawned 5 times, five 4 times and three 3 times. Yashouv (1958) 

stated that in Israeli fish ponds, two-year old S. aureus usually spawn three 

or four times from May to October. 

Table 2. The spawning frequ,mcy and egg production of isolated individual Sarotherodon niloticus B 

(400.500 	 g each) studied froi~r' February 1, 1973 to January 1, 1974 (after Mires 1977 and Mires unpub

ished data). 

Total Average No. Average 
egg eggs/ of interval 

Female no. Date of spawning 	 count spawn* spawns (days) 

Date 7/2- 4/3- 3/5- 5/6- 6/7- 30/7- 5/9
1 No. eggs 200 1,600 ** ** ** 1,000 ** 2,800 933 7 

Interval 25 57 33 31 24 35 34 

(days) 

Date 26/2- 24/4- 2/5- 29/5- 23/7- 20/8
2 No. eggs 900 ** ** ** 1,300 ** 2,200 1,100 6 

35Interval 57 8 27 66 28 

Date 20/5- 9/6- 13/7- 4/8
1,000 1,000 43 No, eggs * ** ** 1,000 

23Interval 15 34 21 

(days)
 

Date ,113- 29/3- 4/5
34 No. eggs ** * 700 	 700 700 

30Interval 25 36 

(clays)
 

Date 24/5- 18/6- 2/9
5 No. eggs 1,090 1,600 ** 2,690 1,345 3 

50Interval 25 76 

(clays)
 

Date 21/6- 26/7
6 No. eggs ** **2 

35Interval 35 

(days)
 

*Based on the number of eggs in fertile spawns only.
 
**Infertile spawns: eggs not counted.
 

Interspecific Spawning 

1. AQUARIA AND TANKS 

The successful crossing of two different tilapia species in aquaria has 

always been a serious challenge to researchers and hatchery operators. 

It was made easier with the help of induced spawning techniques (Rothbard 

and Pruginin 1975) but it seems improbable that this can be used widely. 

Recently interspecific spawns have been obtained in tanks (Hulata et al. 

1980). Hulata and co-workers have been studying interspecific spawns in 

600-liter tanks since 1978 and have kindly permitted the use of some of 

these data (Tables 3, 4 and 5). As in Tables 1 and 2, there is an enormous vari

ability in fecundity between females of the same group, even with constant 

environmental conditions year-round. 
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'Table 3 The spawning frequeilcy and egg production ofSaroitheirodon nilolicus Ghana females In interspociric spawnng 
croises with S. aureus malhs welghing 50 g each over a 12.omonth period (Ihuilata et al. 1980 and hIulataunpublished
data). : 	 , "! 

Total Average No. Average 
egg eggs/ of interval 

Femalh nc Date of spawning count Spawn' spawns (days) 

Date 6/4- 7/5- 21/6- 8/7. 2318- 1-.9- 9/10- 21/10. 
1 No. eggs 82 41 * 2:10 171 298 220 39. 1,1-I1 205 8 

Interval 31 45 17 16 22 25 17 29 
(dayr) 

Date 10/6- 8/7- 12/8. 6/9. 2/10. 26/10. 
2N(,. eggs 274 375 360 467 15S 172 1,806 301 6 

Interval 28 35 21 26 2.1 27 
(days) 

Date 18/7. 15/8- 6/9- 2/10- 22/10- 26/11
3 No. eggs 283 55 * 2.17 3f68 272 1,2,5 2,15 6 

Interval 27 22 28 20 35 26 
(days) 

Date 8/7. 15/8. 6/9. 2110. 22110. 26/11
4INo. eggs 251 298 -151 214 419 383 2,046 341 6 

Interval 38 21 27 20 31 28 
(days) 

Date 518- 17/9. 6/11
.. .. r?No -Pggs -264 1-90.28.1...... . .. . .28 309....3.......... 

Interval 12 .19 ,15 
(days) 

Date 2618. 24/9
6 No. eggs 41.1 200 61.I 307 2 

Interval 26 26 
(days) 

Date 1-1/9

7 	No. eggs 210 210 210 1 
Interval 
(days) 

Date 
8 No, eggs 0 0 0 

Interval 
(days) 

Date 
9 No. eggs 0 0 0 

Interval 
(days) 

'This figure r preients only the average arount of eggs in fertile spawns.

•*

0 
nfirtile spawns: eggs not counted.
 

2. PONDS 

For interspecific spawning in ponds, it is practically impossible to obtain 
any information on the fecundity of individual spawners and only the total 
fecundity of the broodstock can be studied. Crosses between 3 groups 
of nine S. niloticus Ivory Coast females and three S. hornorum males (mean 
individual weight of both sexes, 45 g) in triplicate experimental ponds 
yielded 223, 280, and 404 fry/pond for a 72-day period (Lovshin and Da 
Silva 1975). The same authors reported no significant difference in hybrid 
fry production from two spawning groups: S. niloticus Ivory Coast females x 
S. hornortum males (10 99:5 dd and 6 9Y:3 6c). There was a high variability 
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in fry production within thcreplicates of thle same grou p: 13 to 2,981 for the 
10:5 group and 580 to 3,619 for the 6:3 group. The spa"iwning p oriod in both 
cases was 72 days. Two factors could have caused this big vriability: somne 
of the females could have spawned more often than. rlhers (thus causing 

a temporary higher yield) and some of the spawning groups may have 
had a greater number of more fecund females thaj. others. 

3. THE EFFECT OF THE SEX RATIO OF Till, PARENTAL STOCK 

In a field experiment (Mires, unmublished) done in two spawning ponds 
(0.4 and 1.0 ha) at the Kibbutz fEin Hamifrats, two different parental sex 

ratios were tested over a whole spawning season: S. niloticus B females x S. 

aureus males, 1:1 and 3:1. The basic assumption was that in this kind of 

spawn, the females do not have a strong urge to spawn with males of a 

different species and therefore a stronger "male pressure" could improve the 
This asiifptionwas bas-d on the fact that-in-aquarium-conditions ..........
 ....situ tio W 

it often happens that two or more females are ready to spawn at the same 

time, while there is only one male available. In such cases it often happens 

that the eggs of one of these females are not fertilized. The 1:1 ratio gave 

higher fry.,'.roduction than the 3:1 (800 fry per female in the 3:1 ratio 

compared t,,1,100 in the 1:1 ratio). 
The beneficial effect of the "male pressure" ratio has again been shown 

recently (Lovshin 1980) when for S. niloticus Ivory Coast females x S. 

hornorum males, a 1:2 sex ratio gave significantly higher fry production than 

2:1 or 1:1. 

4. DIFFERENCES IN SPAWNINn BEHAVIOR;
 
INCOMPATIBILITY PROBLEMS
 

Differences in spawning behavior have been described for various species 

of tilapias (Fryer and lies 1972; Lee 1979). The incompatibility between the 

species used in interspecific crosses have usually been studied in aquaria or in 

tanks, but not in nature. 
Tables 3, 4 and 5 show that S. niloticus Ghana females do not have any 

incompatibility problems in crosses with S. aureus males. In the last exper

iment (Table 3), the average spawning frequency was just as high as in 

individual intraspecific spawns (Tables 1 and 2), However, S. aureus and S. 

nilolicus Ivory Coast females did encounter serious problems while spawning 

with S. nilolicus Ivory Coast and S,aureus males respectively, and therefore, 
the number of spawns obtained from these crosses was very low. 

In interspecific crosses in tanks between S. niloticus Ivory Coast females 

and S. hornorum males, some of these incompatibility problems can be 

overcome by surgical removal of the male premraxilla (Lee 1979). However, 
causemale aggression is only one of the problems. Other factors that may 

low fry productivity in interspecific crosses include differences in courting 

behavior, in mating color display and in the form of the nest. All these 

problems and others may exist separately or simultaneously and are very 

hard to overcome in ponds. 
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Table 1. The spawning frequency and egg production of Sarotheroadon aureus females in 
interspecific spawning crosses with S. niloticus Ivory Coast males 50 g each over a 12. 
month period (after Hulata et al. 1980 and 1-ulata unpublished data). 

Total Average No. Average 
egg eggs/ of interval 

Female no. Date of spawning count spawn* spawns (days) 

Date 16/6- 4/7- 16/8-

I No. eggs ** 348 88 348 348 3
 

Interval 18 43 30
 
(days)
 

Date 7/8
2 No. eggs **
 

Interval
 
(days)
 

3 	 No. eggs ** 1
 
Interval
 
(days)
 

Date
 
4, 5, No. eggs
 
6, 	Interval
 

(clays) 

*Based on the number of eggs in fertile spawns only.
 
**Infertile spawns: eggs not counted.
 

Table 5. The spawning frequency and egg production of Sarotherodon niloticus Ivory
Coast females in interspecific spawning crosses with S. aureus males 50 g each over a 
12-month period (after Hulata et al. 1980 and Hulata unpublished data). 

Total Average No. Average 
egg eggs/ of interval 

Female no. Date of spawning count spawn* spawns (clays) 

Date 27/7- 19/8- 7/9- 5/10
1 No. eggs 3411 273 .160 464 1,538 384 4 

Interval 23 18 18 19 
(days) 

Date 3/2
2 No. eggs 136 136 136 1 

Interval 
(days) 

Date 
3,I, 
5, 6, No. eggs 0 

Interval 
(days) 

*Based on the numbe. of eggs in fertile spawns only.
**Infertile spawns: eggs not counted. 
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Table 6. Fry production (Sarolherodon nilotlics9 x S. aireus d hybrids) from 3 spawn
ing ponds at Ein lamifrats fish farm over the four month summer spawning season, har
vested with a 5 mm mesh net. 

Pond no. 1 2 3 
Area (ha) 1.5 1.3 0.7 

Parental stock 
Females 1,,100 1,057 579 
Males 900 1,08-1 300 

Removal of fry 
End of July 650,000 600,000 160,000 
End of August 230,000 192,000 220,000 

Total 880,000 792,000 380,000 

No. of fry/T 628 749 

The Mass Production of Hybrid Tilapia Fry 

Five or six million hybrid tilapia fry per year are now being cultured 
commercially within the Israeli fish farming system, produced by a few 

farmers who have acquired a lot of recent experience. However, only a part 
of these produces pure-strain tilapias. It seems, therefore, that the future of 

the Israeli tilapia culture industry lies in the hands of a few specialist hatch
ery operators. 

The problem of low fry production per spawner has been solved by 
holding more parental stocks. Low productivity of spawners is, however, 
only one of the problems that have an influence on the mass production 
of fry. In countries with a warm temperate climate, like Israel, overwintering 
of the fry is another problem. In Israel today, this has been recognized as a 
serious limiting factor, and many farmers are experimenting with various 
facilities which will help overcome it. 

Tilapia fry under 20 grams are hardly able to survive the Israeli winter 
temperatures. To overcome this problem, young fry must be introduced into 
the nursing ponds early enough to reach or exceed this weight before the 
winter. This takes about 60 days and the growing season ends at the beginning 
of November. Therefore, the last date at which it is still worthwhile to start 
nursing is September. This restricts the usable spawning period to four 
months only: from May to the end of August. 

In addition to these restrictions, the Israeli hybrid fry producers prefer to 
harvest with nets of at least 5 mm mesh, because smaller mesh nets collect a 
lot of mud and cause big fry losses. At the end of the spawning season, 
therefore, hundreds of thousands of the small fry are left unharvested and 
are not recorded as part of the total production of the spawning ponds. 
During the four-month spawning period, not more than two or three spawns 
can be expected from each female. Therefore a 400 g S. niloticus female 

cannot produce more than about 2,500 fry per season. In practice, the best 
yields obtained from females of this size in the Kibbutz Ein Hamifrats fish 

656 
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ponds, using a 1:1 sex ratio ald counting all small fry, never exceeded 1,500 
fry/female. The normal average production, using a 5 mm mesh net, is usually 
less than 1,000 fry/female (Table 6). Therefore, we could only expect to 
increase production by about 100% from existing facilities, even if all the 
problems cited above were solved. 

Discussion 

With this information we can attempt a new synthesis of the interrelation
ships of the various factors influencing intraspecific and interspecific spawn
ing in tilapias and point out the factors that will have to be studied in order 
to overcome the problem of low fry production. The various factors fall into 
three main categories: genetical, 1,ehavioral and environmental. 

. 1. GENi!..ic IMPROVEMENT. 

There is a very big phenotypical1 individual variability in the fecundity of 
the various tilapias. This variability exists within individuals of the same 
species as well as between the different species. Therefore, females whether 
from the same or from different species, will not necessarily produce the 
same amount of eggs even when crosses occur under identical conditions. 
This big variability has probably been the cause of some of the discrepancies 
between results of previous experiments. It seems that the smaller the 
number of spawners in a spawning pond, the bigger the chances will be of 
obtaining inconsistent results. If more fecund genotypes can be selected 
for cultured strains then higher yields of fry can be expected from both 
intraspecific and interspecific crosses. 

. BEHAVIORA FACTORS 

The different behavioral patterns that exist between the various species 
cannot be altered, although techniques like the removal of the male pre
maxilla may reduce behavioral incompatibility in some cases. Other solutions 
to this problem may be altering the conventional parental sex ratios, espe
cially by using a higher male to female ratio, or using species with a closer 
behavioral pattern. 

3. ENVIRONMENTAL FACTORS 

In normal environmental conditions female tilapias of any species will 
always spawn according to their natural individual spawning capacity, 
but the number of fertilized eggs and the production of fry seem to be 
mainly determined by behavioral factors. The improvement of environ
mental factors will most probably have a beneficial effect on fry production 
from any kind of cross. 
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In the immediate future it seems that the mass production of hybrid 

tilapia fry will still depend on the number of spawners used for any given 

cross. 
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Discussion 

NO0AKES In your Tables 1 to 3 giving the spawning perf6rmanceof femals, -arethie's & 
tank?individual females in isolated aquaria or are they all in the same 

MIRES: Tables I and 2 refer to individual females in individual cells. 

NOAKES: Then these were in separate water bodies with no contact between them? 

MIRES: No, they were separated by partitions but in a common water body. There 

would be the possibility of chemical contact. 

NOAKES: The reason for my question is that the apparent pattern suggested to me some 

kind of hierarchical arrangement, or some kind of inhibition of spawning of some females 
by others. Whatever the reason, the pattern of spawning by females is quite repeatable. 

MIRES: I would say that there was no hierarchical arrangement. A hierarchy would 

probably show in the amount of eggs spawned, whereas here, successful spawning females 
always showed full spawning aggression and spawned normally. 

NOAKES: It just occurred to me that the other females may sense chemically that a 

given female has spawned close by and may be inhibited by this. 

MIRES: If this is so, I have no knowledge of it. There was of course a water change in 
this system. 

PHILIPPART: Have you found differences in the number of spawn obtained from 
different-sized females? 

MIRES: The data we are discussing here were from comparisons with females of equal 
size. They show a big variability in spawning frequency. I can say, however, that within 
a spawning family in aquaria in my hatchery it always happens that a few of the females 
are doing allthe work and the remainder are not doing very much. 

CHERVINSKI: Do you think that by draining your spawning ponds you are getting 
higher fry production than by not draining? 

MIRES: I believe definitely yes, and I would like to suggest why. We know that there are 
definite differences in fecundity between species. Also within a species there are differing 
individuals with higher or lower fecundity. Pond drainage and water change will therefore 
improve production both from inter- and intraspecific spawning. 
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CHERVINSKI: Perhaps by doing this We are getting rid of some waterhorne chemical 
factor produced during reproduction which at high fry densities inhibits further repro
duction? 

MIRES: I don't believe so. 

LOVSHIN: What is your source of water? 

MIRES; In the hatchery, it is the city water supply; in outdoor ponds it is a mixture of 
irrigation water, well water and water reclaimed from sewage effluent. 

LOVSHIN: I was just thinking that even if you do keep wild tilapia out, they could be a 
source of chemical factors in the water, but I do not really think this is important. What 
is very significant in my view is that by draining the pond and removing the small fry you 
are greatly reducing the scope for cannibalism and this is probably the basis of your
improved production. Partial selective harvesting or draining on a one- or two-month basis 
is always a good thing. I would not discount the possibility of a chemical stimulatory
effect of water change on spawning or vice versa on an inhibitory effect by chemical 
factors at very high fish densities, but I have experienced continuation of spawning at 
very high densities (see Henderson-Arzapalo et a]. 1980-Editors), ..................
 

ROBERTS: Much of our hatchery work is done in Edinburgh prison by long-term
prisoners. They take great pride in keeping the fish and preparing high protein diets, such 
as earthworms, for them. We maintain there pure lines of S. niloticus, S. mossambicus and 
S. spilurus. We can get regular spawning virtually every month (say 28 to 35 days) from 
given broodstock of all these species over an 18-month period. After this, they are less 
effective as broodstock and we choose to replace them although they are still fecund. 
These are fish which receive very careful attention and the best possible diet in small 
aquaria. I realize that this would not be economical on a commercial scale and that our 
situation is very different from Mr. Mires' hatchery. Our results suggest, however, that 
you can smooth out the variability in spawning by optimizing all onditions. 

MIRES: Do your results apply to all your fish on an individual basis? 

ROBERTS: To virtually every fish. 

MIRES: Are they in separate tanks? 

ROBERTS: They are kept in tanks in groups of 3 or ,4 females per male. 

HENDERSON: This suggests that we know very little about optimum husbandry methods 
in commercial hatcheries. 

ROBERTS: I think that the main factor with our fish is their good husbandry and 
diet, including live food. 

LOVSHIN: Regarding the age of broodstock and the length of time for which you can 
use them, we found in Brazil that after 1 year of spawning activity, i.e., after 3 or 4 spawn
ings (after which time our fish would be one to one-and-a-half years old) the number of 
fry produced per unit body weight would fall by about 50%. We therefore began to 
replace such fish, which were about 300 g in weight, with smaller fish, say 60 g, and we 
found that such continuous replacement gave better production than carrying on with 
the big fish. I cannot altogether explain this as of course larger fish produce larger total 
numbers of fry per spawning than small fish. I suspect that it is a question of spawning 
frequency. The smaller fish are more active and frequent spawners, 

NASH: Does the fecundity decrease in the larger older spawners, or does the viability of 
the eggs decrease? 
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LOVSHIN: I have no way of telling from pond work, We should expect larger numbers 
of eggs from larger fish. 

MIRES: I have observed in aquarium spawnings that the viability of eggs is just as good 

from 6-year old fish as from younger broodstock. 

LOWE-McCONNELL: In the wild, with batch-spawning species such as S. esculentus and 

also S. leucostictus in Lake Victoria, the number of eggs per batch gets lower with suc

cessive batches in females of comparable size. Robin Welcomme has demonstrated this. 

MIRES: I know this, but in aquaria we have not observed a similar situation. On the 

contrary, the number per batch sometimes goes up. 



General Discussion on the Biology and Culture of Tilapias 

Compiled by R.S.V. Pullin 

Abstract 

A report is given on a wide ranging discussion on the biology and culture 
of tilapias. The topics covered include speciation, species for aquaculture, 
establishment and conservation of pure strains, the concepts of stunting and a 
switch between somatic growth and gametogenesis/spawning, the physiology 
of digestion in tilapias, detritus and detritivory, feed formulation, food 
presentation, broodstock nutrition, broodstock management, mass seed 
production,- recruitment-control,- integrated- farming-and -wastewater- reuse, . ...... 
and diseases of tilapias. 

Classification and Speciation 

Dr. Trewavas began by outlining the classification and interrelationships 
of the tilapias. It is generally accepted that the mouthbrooding species arose 
from ancestral substrate-spawning Tilapiaand from a narrow group of these. 
Prof. Peters thinks that this may have happened several times, including the 
comparatively recent evolution of the species of the Cameroon crater-lake, 
Barombi Mbo. For this reason he thinks it inappropriatetfo unite those of 
more ancient origin with the more recent ones in one genus separate from 
Tilapia. He would retain the generic name Tilapia for all of them. But the 
mouthbrooders are alike, not only in their reproductive arrangements but 
also in their feeding habits and structures, and the Sarotherodonsin Barombi 
Mbo are in Dr. Trewavas' opinion derived from species that were already 
mouthbrooders and microphagous feeders. This is not to say that there are 
no mouthbrooders derived independently from Tilapia, but these have not 
developed the same feeding structures as Sarotherodon. 

There is more than one way of expressing such opinions in the nomen
clature, and it is proposed to adopt the name Sarotherodon for all the 
mouthbrooding tilapias (but see Preface and Addendum, p. 11-12), There is 
no doubt that the east and central mouthbrooding species belong to a branch 
or branches that have long been separated from the west African. This may 
be expressed by regarding them as separate subgenera, a rank that may be 
disregarded by those not specialists in taxonomy. 

Methods of speciation were discussed and the main point emerging was 
that speciation among the tilapias has been almost exclusively by spe
cialization following geographical separation, i.e., allopatric. Among the 
notable exceptions where sympatric speciation is thought to have occurred, 
that in Lake Barombi Mbo is the most interesting. This 2.5 km diameter 
lake has 11 species of endemic cichlids, including four which are arguably 
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Sarotherodon spp., although their reproductive behavior has not been fully 
described. Dr. Trewavas speculated that the present situation had probably 
arisen from more than one source species, and included some fascinating 
scenarios requiring successive introductions of local riverine species with 
extreme spates and specialization/radiation/changing lake conditions in the 
intervals between spates. The Malawi species flock is another interesting 
example. 

The difficulty of detecting modes of speciation was also apparent from 
studies on Lake Jipe in which it was not clear whether the present lacustrine 
species had arisen sympatrically from incursions of S. pagani from the Pagani 
River or whether S. jipe was itself originally present in the river. Also in west 
Africa, the lower Nile and Israel, S. niloticus and S. aureus--whichare so alike 
that some museum workers have confused them in the past-are sometimes 
found together. Whether this is a secondary coming-together or a result of 
some sympatric speciation is difficult to say. These species do have slightly 
different ecological niches, for example in feeding habits, and sexual dichro
. atism .and dimorphism are.more marked in aureus-thanin niloticus............ 

Allopatric speciation has been the general rule for tilapias. For example, S. 
mossanbicus, which occurs in the lower Zambezi and Limpopo Rivers, S. 
spilurus in Kenya (this species is so similar to mossambicus that they are 
difficult to separate in preserved material), S. urolepis in the Rufigi River 
and S. hornorum in Zanzibar, are all part of the same group. They are of 
similar appearance with a long snout and long jaws especially in breeding 
males. S. hornoruin is particularly easy to distinguish on characters such as 
fin-ray counts. 

The species living in the east African alkaline lakes, such as Lake Magadi, 
were also discussed. These species, e.g., S.a. alcalicus share a common prob
lem with tilapias inhabiting river systems that are prone to severe drying, 
namely, a very restricted environment. In the alkaline lakes, the waters 
habitable by fish are restricted to those after the hot spring waters (about 
42°C) have cooled slightly and before their salt content becomes too elevated 
by evaporation. Such species have many things in common. They generally 
have low number of gill rakers, vertebrae and fin-rays; they are very aggressive 
and active despite their high population density and restricted space, and 
they breed at an early age and small size. In Lake Natron, very small S.a. 
alcalicus males set up their breeding pits adjacent to those of mature males 
but in Lake Magadi small S.a. grahami interfere with larger spawning fish. 
Such populations show in natural waters the early breeding characteristics 
that tilapia culturists would like to avoid. They merit much fuller study. It 
would be a mistake, however, to call these wild fish 'stunted' as they are 
often in good condition. 

The total number of species of Tilapia and Sarotherodon is a matter 
of opinion. Dr. Trewavas estimated that there are approximately 30 Tilapia 
and 46 Sarotherodon species. She pointed out that Thys van der Audenaerde 
regards as species populations of S. melanotheron that she considers sub
species. Dr. Trewavas has also recognized 7 subspecies of S. niloticus, some 
of which have yet to be named. 

It is obvious that transplantation of species into natural waters, dams and 
aquaculture systems has further complicated an already complex situation. 



333 

Plate 1. Typical S. mossambicus from lower/middle Zambezi. Photo by M.S. Caulton.. 

Plate 2. S. miossaribicus introduced in the Far Fast, 
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In some natural waters which have received multiple introductions, e.g., 
Lake Naivasha, the tilapia populations have changed year by year' through 
hybridization and interspecific competition. The classic definition of a 
species, based on reproductive isolation, is obviously of limited use for 
tilapias, especially in aquaculture where so many different hybrids have been 
produced. There is a need to distinguish between postulational and opera
tional definitions of species. For aquaculturists, an operational definition is 
required, i.e., a species must be recognizable either from morphology or 
biochemical tests. 

There was a brief discussion on whether species developed through allo
patric speciation would be incompatible with respect to reproduction 
if brought together. The consensus of opinion was that tilapias usually 
hybridize relatively easily. Differences in reproductive behavior are probably 
the most important factor where interbreeding is difficult. It is possible that 
bringing species together in an artificial lake or culture environment may 
facilitate hybridizations which would not occur in a natural environment. 

~Sevral spgakers commented on the change in appearance of transplanted
species. To illustrate this, Dr. Caulton showed a picture of typical S. mos
sambicus from the lower/middle Zambezi (Plate 1). These large deep-bodied 
fish are much larger at first maturity (around 500 g for breeding males) than 
is commonly seen in introduced populations in the Far East (Plate 2). 

Species for Aquaculture 

The species currently being used for aquaculture are a good representative 
group of the tilapias. The use of additional tilapia species for aquaculture is 
controversial. It could be justified where, for example, a previously unoccu
pied niche in a polyculture system could be filled or where additional species 
could outperform existing cultured species in growth and/or reproductive 
performance. Additional species would also open up new possibilities for 
hybridization work, but the maintenance of genetically pure lines is not an 
easy task. Hybridization work has concentrated largely on the production of 
all-male progeny rather than on demonstration of hybrid vigor, production 
of new hybrids for brackishwater culture, etc.There are some other cases in which new species could prove useful. 
For example, Prof. Roberts stated that S..spilurus spilurus performs very 
well in brackish and seawater culture unlike S. spilurus niger. Small decorative 
species, such as S. alcalicus grahaini, could have a future in the aquarium 
trade, although sex-reversal or other sterility-inducing techniques are needed 
to make this a continuing commercial proposition. Attempts to sex-reverse 
S. alcalicus fry have so far been unsuccessful and it is possible that such 
small, early maturing tilapias have fry whose sex is determined before release 
from the parental mouth and are therefore not easily treated with sex
reversing steroids. 

T. rendalli merits more attention in culture where vegetation is available 
for feeding. Although S. hornorum x S. mossambicus hybrids produce 
all-male progeny, S. spilurus x S. mossambicus crosses do not. This is prob
ably indicative of a closer relationship between the latter two species. 
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Establishment and Conservation of Pure Strains 

Very few pure strains of tilapias are available to culturists. Only where 

stocks are continuously tested by electrophoretic markers and selected can 

genetic purity be ensured, e.g., the S. aureus stocks at Mr. Mires' hatchery 
at Kibbutz Ein Hamifrats, Israel, tested by Prof. Avtalion. Elsewhere, 

culturists are relying on wild stocks, often contaminated by hybridization 

with introduced species, or on introductions made many years ago from very 

restricted gene pools, e.g., about 30 S. aureus individuals sent from Israel to 

Auburn University, Alabama, have been the ancestors of widespread intro

ductions for culture in Southeast Asia and Latin America, where it is not 

surprising that they are showing signs of inbreeding depression. 
There is a clear need for collections of known strains of tilapias for 

research and culture work. The establishment of such colections was dis

cussed and the following points were made: 
1. 	 Collections would have to be very carefully maintained by painstaking 

workers 	in high-security premises and replicated at several different 

t .. . .. ...	 . locations'. ........ .... .... ... . .........
 
2. 	 Tilapia broodstock collections are probably not a function for re

gional aquaculture centers in tropical developing countries where such 
work would be difficult to carry out and would normally take lower 
priority than production-orientated research. 

3. 	 The location of some collections in colder countries could prove 
advantageous as escapees would not survive to cause environmental 
problems. 

<4. 	The facilities needed to accommodate large numbers of broodstock 
of different species and strains would be very costly. 

5. 	 Tilapia researchers have much to learn from domestic animal and 
plant breeders in planning such collections. 

It was agreed that the methodology for maintaining pure strains needed 
further development. Cryopreservation of semen could prove a useful future 

technique for storing male genetic material. At present, the collections of 
tilapias maintained in Israel, the United Kingdom (Stirling University), the 
Philippines (Central Luzon State University) and the U.S.A. (Auburn Univer

sity) were recognized as the most significant. In the absence of funding or 
plans for larger collections, it was stressed that natural populations of tilapias 
in African waters should be carefully protected. Transplantations should be 
avoided wherever possible to assist in the conservation of genetic material for 
the future. For example, the natural populations of S. hornorum are probably 
uncontaminated at present. There is a clear need for cataloguing critical sites, 
such as the small lakes in the Cameroons and possibly Lake Bosumtwi. The 
International Union for the Conservation of Nature (IUCN) is aware of the 
vulnerable nature of these populations. 

Three main objectives were identified concerning the genetic improve
ment of cultured tilapias: 1. The guaranteed supply of high quality pure 
strain or hybrid fry for farmers; it was recognized that these would be 
expensive and that restriction of distribution to monosex progeny may be 
desirable. 2. Conservation of wild tilapia stocks. 3. The absolute necessity for 
all researchers to work with known material. 
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Prof. Roberts gave a very Useful example of the confusion which can 

arise if the last of these objectives is not fulfilled. At Stirling University, 
experimental in fections-of S. inossambicus with a monogenean (Cichlidogyrus 
sp.) would take only in a strain known as 'B' from a type location in Africa. 
S. mossambicus strain 'A' which had come via Singapore and was slightly 
contaminated was resistant to infection. A parasitologist working with 'A' 
only would have drawn the erroneous conclusion that this particular Cich
lidogyrus sp. was not a parasite of S. mossanbicus. 

The Concept of 'Stunting' and a 'Switch' Between
 
Somatic Growth and Gametogenesis/Spawning
 

(The concept of a simple 'switch' is perhaps false, as somatic growth 
demonstrably does not cease during gametogenesis. The greatest growth check 
occurs from the onset of spawning through to mouthbrooding-Editors.) 

The phenomenon of stunting was discussed in relation to the concept 
of-a-switch' from somatic-growth -to gametogenesis leading to-first maturity. 
The phenomenon of maturation at a small size is common to both guarders 
and mouthbrooders and to riverine and endemic lacustrine species. For 
example, S. esculentus normally take about three years to mature as 20-cm 
fish in Lake Victoria, but will mature after only five months as 10-cm fish in 
aquaria. This ability to shift the timing of the 'switch' has great adaptive 
value particularly in lakes which dry up periodically, e.g., Lake Rukwa and 
Lake Chilwa, where fish migrate to inflowing streams as the lakes dry, breed 
at a small size, and then repopulate the lakes when they fill again. 

Dr. Lowe-McConnell's data for S. niloticus suggest that breeding size is 
low if condition factor is low in the population. This suggests that the 
quantity and/or quality of available food may be a factor. Other possible 
factors include water chemistry, temperature, salinity, dissolved oxygen and 
parasite burdens. 

There are further clues in results of field biology studies. For example, the 
S. niloticus population in Lake George remained unfished from the 1920's to 
1952 because of tsetse fly infestation of the area; their minimum breeding 
size was about 28 cm. With increasing fishing pressure from 1952 to 1972, 
the minimum breeding size fell to about 18 cm. Field studies have shown 
that the majority of the fish have always concentrated around the lake 
margins. Beyond 100 m offshore the bottom becomes a loose flocculent 
ooze which is unusable for tilapia nests. This suggests that there is a severe 
limitation on breeding sites and that the removal of large fish by the fisher
men has allowed smaller individuals to come in and occupy these sites. The 
mesh size of fishing (gill) nets has been reduced from 15 cm to about 10 cm. 
In the early days of this fishery (1950's), very few females smaller than 28 
cm had ripe ovaries, and therefore it was gametogenesis, not just spawning, 
that was restricted to larger individuals. 

In Lake Sibaya, it was stated that only the large males can find breeding 
sites when the lake is at a low level: the smaller individuals take up sites 
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when the water rises. In Lake Valencia (Venezuela), again the cichlid popula

tion is found only around the periphery where they form nesting arenas. 
wider areas offshore have suitableDiving observations indicate that much 

substrates, but perhaps behavioral factors are involved in the selection of 

inshore sites. 
In Lake Kariba (total area 5,000 km 2 ), fish have experienced the change 

from a riverine to a lacustrine environment, and for S. mortimeri and pos

sibly some S. mossambicus this has involved a change from a situation 

with relatively scarce to one with abundant breeding sites. In the fast-flowing 

Zambezi, fish were able to breed only in bays and backwaters; now it has 

about 2,000 km 2 of lake'waters of appropriate depth. With this change, the 

minimum breeding size has increased from 3-400 g to 600 g. Middle Zam
bezi fishes in the Kariba area are now called S. mortimeri although some S. 

mossambicus may have been moved around and hybridization may have 

occurred. 
S. a. grahaniintroduced to Lake Nakuru has changed the whole ecology 

of the lake. For example, the population of birds has increased from a 
few caulosti~t atnune~f ietfeign th6'fish.-S.~la 
licus has thrived in this lake and appears to breed at.a larger size than in its 

more restrictive alkaline lake habitats, although the breeders are probably 
still very young. This is perhaps analogous to the situation with milkfish 
(Chanos chanos) in hypersaline lagoons on Christmas Island, which mature 
late and at a small stunted size compared to open sea fish. S. a. grahami, 
however, may grow quickly in restricted, high temperature alkaline lakes and 
breed when small and young. The fast growth could explain its low vertebral 
counts. These questions will not be resolved until more data are collected on 
growth rates for 'stunted' and other populations in restricted and open 
habitats. 

The' above examples were discussed at length but there was no general 
agreement on their implications for culturists. The fact that culturists 
have frequently observed mouthbrooding species spawning in cages suggests 

that the hypothesis concerning shortage of breeding sites in lakes may 
be incorrect. A cage does, however, provide a solid substrate, with visual 
cues. In the Lake George example, it was felt that there was insufficient 

knowledge of the simple effects of fishing selection and the genetic m.ake up 
of the population: apparently, a few 40 cm fish are still catchable far offshore. 

There were also conflicting reports on the effects of environmental 
factors on maturation and spawning. For example, nest building is rarely 
seen below 60 to 70 cm depth in Israeli tilapia culture but S. mossimbicus 
breeds normally at 2 m in Lake Sibaya. Indeed, the preferred jepth for 
mating pits seems to be a specific character, c.f. the Malawi species flock. 
It was suggested that culturists could test the Lake George hypothesis in 
ponds by adding large fish to outcompete the cultured crop for breeding 
sites. The idea here is that the large fish would inhibit spawning by the 
cultured crop which would therefore keep growing. This idea was not 
received very enthusiastically as it would still mean accepting recruitment 
from successful large breeders. An alternative suggestion was the develop
mient of weak or non-functional males which would fail to fertilize eggs and 
cause these to be rejected by the females thereby reducing the females' 
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non-feeding period. 

Many plants and animals adjust their life-history strategy to maximize 
the intrinsic growth rate of the population ('r'). The 'decision' when to 
produce gametes and breed involves a tradeoff with respect to any indivi
dual's contribution to the population. By delaying breeding, the indivi
dual increases "ts size and energy stores for the future whereas by breed
ing early, it reduces its exposure to mortality risks and shortens the generation 
time.
 

This theoretical framework can be fitted to all the tilapia exampler
given. For example, in Lake George, there is a classical response of earlier 
breeding with exploitation (fishing mortality). In Lake Sibaya, S. mossam
bicus, when they reach about 8 cm, are exposed to heavy predation from 
birds and Clarias if they remain in the rich feeding grounds inshore and here 
they breed at a small size. The theoretical framework, however, does not tell 
us the mechanism for the switch to breeding. The mechanism is probably 

.... sume sort of 6nergy conhstiiiit r thr th an-a simple behavi6orl or ecological 
factor such as competition for breeding sites or mates. 

The theoretical framework does, however, tell us where to look for 
the mechanism or at least for ways to manipulate it withoat having to 
unravel all the detailed behavioral, endocrinological and other physiological 
interactions. The basic theories of population dynamics and natural selection 
tell us to look for correlations between environmental changes and reproduc
tive output. 

Dr. Jalabert proposed a model of a balance beam between somatic growth
and gonad development with genetic and environmental factors controlling 
its swing. It was generally agreed that the difficulty, expense and complexity 
of endocrinological and other physiological research made it unlikely that 
more research in these fields would bring rapid payoffs for aquaculture in 
the form of techniques to manipulate the switch. The best approaches were 
identified as behavioral studies, environmental manipulation and work on 
the genetics of maturation age and size. It was felt, however, that some 
useful techniques for culturists could emerge from attempts to identify and 
synthesize pheromones or other waterborne factors. There was further 
discussion of the existing experimental evidence and the best possible clues 
for environmental studies. 

The question of available oxygen was debated and it was pointed out 
that 1 kg of small-sized tilapias (say individual weight about 10 g) require 
about twice as much oxygen as 1 kg of, say, 200 g fish. It is possible, there
fore, that in a pond situation with densely crowded small fish, the available 
oxygen for digestive/oxidative processes becomes so reduced that metabolic 
pathways are affected. Perhaps, as a result of this, nutrients begin to be 
channelled into gonadal products. Also, as the gill surface area of fish limits 
their ability to take up oxygen, the relative growth of this to the overall size 
of the fish could be involved in the 'switch' in environments with variable 
oxygen availability (see Pauly 1981-Editors). 

There are two factors that could encourage a fish to continue to channel 
all its assimilated nutrients into somatic growth rather than gonadal products,
unlimited food supply and a low risk of mortality. In culture, the questions 
of food supply and quality are relatively easy to investigate. The risk or 
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'expectation' of mortality is more difficult, however, and can only be 
expressed in vague terms as stress factors, e.g., oxygen stress, salinity stress, 
them~al stress, density stress. 

The possibility of genetic determination of age at first maturity was then 
discussed. It was stated that if age at first maturity is genetically controlled, 
then the problem for a culturist is how to get the maximum growth within 
this period. Evidence was cited against genetic determination of first spawn
ing age in the tilapias. The example of S. esculentus breeding at two to three 
years of age in natural waters and five months in captivity was repeated, but 
the prospect of genetic selection for later spawning was not dismissed. 

The consensus was that gross environmental changes are the overriding 
factors determining age/size at spawning. The examples of S. mossambicus 
breeding at 6 g after five months in aquarium conditions and the fished 
population of S. niloticus in Lake George now spawning at 18 cm (estimated 
age 1 yr) as opposed to 28 cm (estimate1 age 1.5 yr or older) were repeated. 
Dr.-Caulton also' cited' some -personai uus'ervations on S. mosmi iiswhiih 
bred two or three times over a twc ye.,.' period in aquaria and were about 
50 g in weight. When transferred to a more spacious environment-in this 
case a Macrobrachium farm raceway-the fish stopped further breeding 
until they reached about 250 g and were 3 yr old. This suggests that the 
flexibility of timing maturation and spawning extends beyond the age/size at 
first maturity and effects spawning frequency as well. In Lake Sibaya, 
S. mossambicus reaches first maturity in one or two years. 

The experiences of experimental culturists in Israel, the Philippines 
and the U.K. indicate that the age at first maturity for a given species is 
relatively constant, i.e., to within a matter of a few weeks at a given location, 
but that great variability occurs between different populations at different 
experimental stations. S. niloticus and S. aureus are later spawners than S. 
mossambicus. 

In the Philippines, the age for first spawning of S. mossambicus is about 
two months md for S. niloticus about three months in pond systems. 
Stunted fish of 5 to 10 g spawn after two to three months as well as larger 
fish. It has also been observed that S. andersoniiin Zambia, living at relatively 
low temperatures, breed fairly late (at about 15 months in ponds) and at a 
large size. In natural waters here they also take 3 years or more to reach first 
maturity. When this species was transferred to Tanzania, maturation was 
noted as early as two to five months at a very small size. 

In Israel, it was of note that the necessity to overwinter fish gave very 
little scope for trying to alter the age at first maturity. The greatest potential 
appears to be in tropical locations where 'young of the year' are cultured in 
shorter production cycles. 

It was also noted that while manipulation of stocking density, salinity, 
temperature and other environmental factors may be biologically feasible as 
a means to influence gametogenesis and spawning, any method chosen for 
commercial application must be economically feasible also. For example, it 
may be possible to delay or suppress reproduction by lowering the tern
perature to 18 to 20 C, but this would be expensive and growth rates would 
be severely reduced. 

The effects of light and daylength were discussed and it was pointed 



340 
out that a given species usually spawns at a fixed time within a 24-hour 
cycle in aquarium conditions. There could be scope for further investi
gation in this, especially as gametogenesis in trout has been suppressed 
experimentally by continuous illumination. The effect of temperature 
may be different for fish of different ages or sizes and more important 
than the effects of feed quality and quantity. If so, then S. mossambicus, 
first spawning at four months in a relatively cool location, could spawn 
at, say, two months at a hotter location, irrespective of the feeding regimes. 

Nutrition 

1. THE PHYSIOLOGY OF DIGESTION IN TILAPIAS 

Dr. suhmrizedthedigebtiv-"physiol6gy of 
tilapias, i.e., those feeding on phytoplankton, blue-green algae (cyano
bacteria) and detritus (including bacterial proteins). Previous studies have 
shown that although the stomach in these fish is structured such that some 
food cm pass frum esophagus to intestine through the anterior end only, it is 
a true stomach with a pyloric sphincter and a very important cycle of 
acid secretion. 

The sequence of events observed in large individuals having a relatively 
large stomach is as follows. In the early morning (6:00 A.M.), when feeding 
commences, the stomach is collapsed (contracted) and secretes little or no 
acid. For the first few hours of feeding, therefore, some of the food passes 
through the anterior end of the stomach straight from esophagus to intestine. 
As feeding increases, however, the stomach becomes progressively distended 
and takes in food. It also begins to secrete acid. By 10:00 A.M., acid secretion 
is maximal and over the next 1 or 2 hours the pH in the ventral portion of 
the stomach falls below 1.8, at which point acid lysis of bacterial and algal 
cell walls commences. Over the 6-hour feeding period from 10:00 A.M. to 

.... Moriaty microphagous 

4:00 P.M. ingested food can either pass into this very acidic portion of the 
stomach for complete lysis or pass through only the acidic portions (pH > 
2.0) or bypass the stomach more or less completely. After feeding stops, 
the rate of movement of food through the stomach slows down, thus allow
ing all the food material to be exposed to a low pH. Complete lysis and 
digestion of all food occurs, whereas bacterial or blue-green algal cells that 
pass rapidly through the tomach and thus are not exposed to a high acid 
concentration are incompletely digested. The assimilation efficiency may be 
as high as 80% for blue-green algae ingested during the period of peak 
acidity, but it is near zero at the commencement of feeding and variable at 
other times. The mean assimilation efficiency over the whole feeding period 
is probably 40 to 50%. For small tilapias and for Liaplochromisnigripinnis, 
which has a similar digestive physiology, the overall assimilation efficiency is 
higher, probably because the acid concentration is high throughout their 
small stomachs. 
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Fish culturists were advised to take note of the very slow passage of food 
through the tilapia intestine during non-feeding periods (4:00 P.M. to 6:00 
A.M.) in systems where natural or ad libitum feeding is available. The assi
milation efficiency is very high during non-feeding periods. This suggests that 
the most efficient utilization of food in cultured fish could probably be 
obtained by a series of feeding/non-feeding cycles, i.e., a feeding period 
sufficient to distend the stomach and stimulate maximum acidity followed 
by a non-feeding period to allow maximum lysis of the ingested food and 
slow passage through the intestine. With controlled feeding, perhaps two or 
three such cycles could be applied each day. Further work is needed to 
determine the effect of rate of movement through the intestine on assimila
tion rate and efficiency, and thus whether such feeding cycles are advan
tageous. 

Dr. Bowen's work on S. mossambicus in Lake Valencia was discussed. It 
was noted that high-quality proteinaceous material is usually completely 
assimilated within - tfie first quarter of the intestine-whereas the - peptidic 
fractions of detrital agregates (see below) are digested and assimilated all 
along the intestine. It was agreed that although such tilapias do produce a 
pepsin (pepsinogen has been demonstrated) there is probably no proteo
lytic digestion in the stomach. The stomach function in S. niloticus has 
become specialized and restricted to acid lysis: proteolytic digestion is con
fined to the intestine. 

Dr. Bowen pointed out that S. mossambicus differs from the above 
pattern (which was largely taken from studies on S. niloticus in Lake George, 
feeding on lake plankton) in that it can fill its stomach within 10 minutes to 
one hour, depending on the size of the fish. Observations on trawled speci
mens of S. mossambicus (size range 4 to 25 cm) from Lake Sibaya and Lake 
Valencia show that the degree of stomach acidity depends on stomach 
fullness. The pH of an empty (resting) stomach is from 4 to 7 whereas that 
of a full stomach is around 1.5. Therefore, with S. mossambicus, there is no 
long lag period to reach maximum efficiency. The first batch of diatoms 
ingested can still pass through the gut without lysis, but the very rapid 
stomach filling and acid secretion mean that the system can work at close to 
100% assimilation efficiency thereafter. 

There are perhaps some lessons here for culturists. Phytoplankton feeding 
S. niloticus in ponds would largely resemble the Lake George situation and 
operate well below maximum assimilation efficiency. Any species that can 
fill its stomach rapidly, however, such as fish receiving supplementary feed 
or S. mossambicus ingesting large quantities of detritus will be much more 
efficient. Of course economics will dictate what is possible in a commercial 
situation: phytoplankton is cheaper than supplemental feed! 

There was further discussion on the functional anatomy of the tilapia 
gut. S. mossambicus was said to have a relatively muscular stomach which 
maintains its shape and size when empty better than S. niloticus in which the 
stomach shrinks to a very small size. Dr. Moriarty showed, however, that the 
stomach of S. niloticus at maximum distension holds about 50% of the total 
ingested material: the other 50% is spread out along the very long intestine. 
In S. mossambicus, the distended stomach holds only about 10% of the total 
ingested food, the remainder being in the intestine. 
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Dr. Caulton described the digestive physiology of T. rendalli for com

parison. The most important aspect of this is the rasping of plant material by 
the pharyngeal teeth. Within one hour from the commencement of feeding 
the entire gut of T. rendalli can be found packed with plant material of 
which virtually none is digested, despite pharyngeal teeth disruption. At this 
time, the stomach pH is about 4. This suggests that T. rendalliwastes a lot of 
food, but it should be noted that not only does it normally have an over
abundant food supply but also it can consume very large quantities very 
quickly, e.g., 3 g in 10 minutes even for very small fish. After about one 
hour of feeding, the stomach pH falls to about 1.4, lysis begins and assimila
tion efficiency increases. The overall assimilation efficiency is probably 
around 50%. 

The stomach residence time for food is very important in T. rendalli 
not only because gastric acid assists lysis of the plant cells, but also because 
denaturation of the protein by acid seems to be a necessary pretreatment for 
its digesti6ri by e-iiziies"ii the intesti ie. It is 'well ki6thattrgisi,. 
which are present in tilapias, act better on previously denatured proteins so 
the acids here could be assisting proteolytic digestion. This is possibly 
analogous to the action of renin coagulating milk protein in the mammalian 
gut before digestion, 

2. DETRITUS AND DETRITIVORY 

Detritus is a very complex mixture of living and non-living components. 
It is erroneous to regard the food value of detritus (including plant wastes, 
such as straw and grass clippings) as merely the production of microbial 
protein built from the waste substrate. Non-living organic matter plays 
the principal role in nutrition of many detritivores. 

The methodology available to sort out the various components of detri
tus was discussed. Light microscopy is useful to give rough estimates of 
bacterial numbers and sizes, especially with epifluorescence techniques. 
Bacteria and blue-green algae can be easily counted when they are made to 
fluoresce against the non-living matrix. Electron microscopy (EM) has 
revealed the complexity of detritus. Bacterial slime layers and capsules are 
visible using EM and include proteinaceous material (stainable with osmium 
tetroxide), polysaccharides (stainable with Ruthenium Red) and lipids. 
These are all presumably of some nutritional value to detritivores. Bacterial 
populations can also be estimated by determining the muramic acid content 
of detritus. However, even simple analysis into living and non-living material 
is difficult. ATP measurements will give some idea of this but say nothing of 
the types of organisms present. It is well known that plant material decom
posing in aquatic ecosystems first suffers a drop in N-content for a few days 
and then the N-content increases. This has always been assumed to be 
entirely due to the obvious colonization of the material by microorganisms. 
As the material ages, however, some of its N-content derives from chemical 
processes, e.g., precipitation/complexing and is found as refractory nitro
genous compounds in the detrital aggregate. 

Dr. Bowen's work in Lake Valencia shows that well-established detritus 
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contains very significant amounts of these nitrogenous compounds in addition 
to microbial protein. Dr. Moriarty questioned the methodology used to 
estimate these compounds and also Dr. Bowen's conclusion that they were 
not protein. The extraction methods used to estimate these compounds-6N 
FIClIfor 24 hr at 100 ° C-would in fact hydrolyze all peptidic mve'rial to its 
constituent amino acids. It was also considered significant that while these 
compounds in Dr. Bowen's work were not extracted by 0.1 N KOH and were 
therefore not considered proteins, this method does not always give complete 
protein extraction. Their exact nature must await further study with im
proved methodology. Dr, Bowen accepted that methodology needed improve
ment but emphasized that even with the existing crude methodology, his 
work had demonstrated that microbial protein could account for only a 
portion of the N-content of detritus. The food value of the refractory 
nitrogenous compound requires further study. 

Detritus and detritivory are very important in pond aquaculture. It was sug
gestedj-th'at aa-"gri"c'ukura1 wads -could stimuae iroalpduto in pns 

by providing large surface areas for bacteria. The use of animal manures to 
give high concentrations of suspended colloidal particles for bacterial colo
nization was considered very important as well as the development of 
benthic detrital aggregates. This discussion centered on Israeli experience 
with cow and chicken manure in which the main thesis was that as yields 
from anaerobic bacterial production are only about 10% of those from 
aerobes, a system of suspended colloidal material for aerobic bacteria to 
work on is the best. Frequency of manuring is very critical in the main
tenance of sufficient dissolved oxygen for aerobic bacteria and for normal 
fish growth. Pond aeration can help here. Daily manuring is recommended 
and rates as high as 180 kg dry matter/ha/day have been used. Therefore, 
pond management techniques are already being used to maximize bacterial 
production. Tilapias are the most responsive of all fish to such techniques. 

Dr. Lovshin recalled that pretreatment of fish ponds with manure was 
a long established technique designed to build up plankton populations. 
It was recognized that this technique must also encourage detrital production 
as well and that perhaps the recommended time lags between manuring and 
stocking should be re-examined. This requires a full investigation, i.e., 
not only how to pretreat to get maximum bacterial and detrital production 
but also how to continue treating to maintain these through growout. The 
food value of such sources was also debated. Obviously, before culturists 
are encouraged to develop detrital systems to feed their fish, it must be 
demonstrated that these will supply all the required dietary components 
especially essential amino acids, essential fatty acids, vitamins, etc. The 
consensus of opinion was, however, that high bacterial diversity and the 
chemical complexity of detritus made it unlikely that deficiencies in essen
tial nutrients would arise in well-managed detrital-based culture: for example, 
in manured ponds. Experience with marine fish larval rearing has shown that 
some long-chain polyunsaturated fatty acids present only in some phyto
plankton species are essential for growth and survival, but this situation was 
not considered comparable to detritivorous adult fish feeding in a pond 
where the diversity of food items is very high. 
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Dr. Bowen pointed out that detritivorous fish are very selective feeders in 

natural waters and suggested that a painstaking approach to defining the 
essential dietary requirements of tilapias (as had been done for example for 
salmonids with test diets deficient in individual amino acids and vitamins) 
was probably not required in this context. Why not just characterize the 
physical and chemical nature of their selected types of detritus? This ap
proach would help to determine whether it is the microbial biomass or the 
other components of detritus that are most important in detritivore nutrition 
in different situations,, It was stressed that the nutritional requirements and 
feeding habits of juvenile fish are often different to those of adults. For 
example, the juveniles of the microphagous tilapias, up to about 5 to 10 cm, 
often feed on copepods. As they switch to microphagy, mucous glands 
develop at the back of the buccal cavity and pharynx. The mucus captures 
microorganisms for passage to the gut. This switch from zooplankton feeding 
to microphagy has been observed in culture and in natural waters, e.g., Lake 

' dGeor6ge iaindiiidicate Sa high reutrijimalf poteinnjUvile life ... 
The changes in digestive physiology associated with this change in diet have 
yet to be investigated. 

3. FEED FORMULATION 

Prof. Roberts stated that the optimal protein levels, protein/energy ratios 
and essential amino acid requirements for S. aureus and S. mossambicus had 
recently been determined by work at Stirling University for the formulation 
of complete, pelleted diets, Information was also being gathered on the 
nutritional value of locally available agricultural products in the tropics. 
These studies show essentially that these tilapias need the same essential 
amino acids as other fish but that their requirements for individual amino 
acids are different. In some control feeding trials using high protein commer
cial trout diets, tilapias showed a hyperproteinosis syndrome: loss of orienta
tion, swollen bodies and death. The histopathology of this condition was 
acute circulatory collapse and histamine release from mast cells. Conversely, 
Dr. Lovshin reported that trout chow with 40% protein is fed routinely to 
tilapias in ponds and cages with very satisfactory results and no deleterious 
effects.
 

Tilapias can accept very high levels of carbohydrates in supplemental 
feeds. For example, Dr. Coche described work with S. niloticus in the 
Ivory Coast in which diets with up to 45% carbohydrate were accepted. 

The use of growth promoters was discussed. It was generally agreed 
that anabolic steroids could not be incorporated into feeds on a large scale 
because of cost. Prof. Roberts repeated, however, that sex-reversed fry gain a 
useful growth boost over non-treated fish from the steroids used: the treat
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ment lasts for 35 days. This effect, and the steroid residues, disappear within 

5 days of cessation of treatment when the fry are transferred to growout 

tanks. Tile use of virgini-unycin (e.g., Biazon) was also discussed. This 

has been used as a growth promotor in grouper culture in Malaysia, but 

not apparently with tilapias. Despite its name, it is not an antibiotic. 

4. FOOD PRESENTATION 

Dr. Coche noted that some pond culture work, for example, Miller's 

work with tilapias in the Central African Republic, has shown that powdered 

supplemental feed could give yields as high as pelleted feeds, This suggests 

that the high cost of pelleting can be avoided. Dr. Lovshin supported this 

observation from studies in experimental ponds at Auburn University, 
Alabama, in which meal diets gave comparable yields to pelleted diets. It was 

............agreed, however, that pelleted feeds were desirable for cage culture ...... 
Dr. Coche reported that very good results have also been obtained in the 

Ivory Coast with mixed feeds presented as a "mash" shaped into large balls, 

placed in the middle of cage covering nets and lowered underwater. For 

mariculture, unpelleted wet feeds are generally used. 
The problem of food wastage in cage culture was discussed. Although 

a variety of chemical binders is available for pellets, these can cause prob
lems, for example, the kidney disorders observed in experimental marine 

flatfish culture in the U.K. Prof. Roberts mentioned that freshwater-moist
ened diets are preferable for tilapias cultured in seawater as these supply 

dietary water and reduce osmotic work below that required for salt regulation 
following seawater drinking. Dr. Caulton commented that in the tropical 

developing countries, 2% dried green banana powder is the best and cheapest 
binder available and is used in commercial feeds for Macrobrachium culture. 

However, other materials such as boiled plantains, potatoes, manioc or any 
other starch source can be used as cheap binders at 10 to 20% of the diet. 

They would be cheaper and more available than 2% dried green banana 
powder in many developing countries. 

The extent of food wastage from commercial tilapia cages does not 
appear to have been quantified. All commercial growers use sinking as 

opposed to the more expensive floating pellets. The ability to manufacture 
floating pellets may be absent in many of the developing countries. Food 
wastage seems to depend on the degree of powdering of the pellets during 
storage and handling (this powder is easily washed from the cage), the 

pattern of Yhater currents and the rate of feeding. Water cu.rents are partic
ularly important. Dr. Nash pointed out that elongated cages which set 

parallel to the current can be useful in maximizing food retention if suitable 
end baffles can be fitted: there are, however, structural limitations to this 
in strong tidal streams. 

It was agreed that tilapias in cages can be very voracious feeders similar to 

salmonids. Feeling at a very slow continuous rate seems, however, to be very 
advantageous. Dr. Coche reported that Campbell in the Ivory Coast has used 

a very slow feeder in which a rope hanging down into the water below the 
hopper is moved by gentle water currents to allow a trickle of pellets to 
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come out. This simple device could have advantages over more sophisticated 
automatic and demand feeders. Dr. Philippart stated that in experimental 
tank trials in Belgium, tilapias in excess of 200 g fed five or six times/day 
grew better than those fed more frequently, e.g., twice/hour. It was agreed 
that juvenile fish require more frequent feeding than larger fish: usually 
about 10 feeds/day. 

5. BROODSTOCK NUTRITION 

It was agreed that there is very little information available on the nutri
tional requirements of tilapia broodstock. There is, for example, no informa
tion on the effects of nutrition on fecundity in tilapias apart from general 
observations that well-fed fish have higher counts of oocytes at all stages 
than poorly-fed fish. Prof. Roberts reported work at Stirling University 

.................which - indicates- that---the-dietary--protein requirements -of broodfish-are.
 
significantly lower than those of immature fish in the most active phase of 
somatic growth. The quality of protein required for broodstock diets is, 
however, very high. Earthworms are an excellent protein source. For a 
number of species, it has been shown that broodstock can be spawned 
at approximately monthly intervals for as much as 18 months given good 
nutrition. Also, for S. mossambicus in tanks, all the animal protein, for 
example fish meal, in the diet can be replaced with high quality algal protein. 
For spawning ponds, however, broodstock pelleted diets should contain 
animal protein. 

Dr. Guerrero reported that a commercial animal feed company in the 
Philippines is developing a diet for S. niloticus broodstock, The starting 
point for this is a salmonid-type diet with high energy content and 25% 
protein, at least half of which is animal protein, largely from fish meal. 
The natural foods present in spawning ponds are a very important part of 
broodstock nutrition. 

6. SUMMARY ON NUTRITION 

To summarize on nutrition, it is clear that vastly different approaches 
are needed to optimize the nutrition of tilapias in extensive and intensive 
culture systems. The feeding niches in extensive systems need fuller definition, 
particularly the microbial ecology of detrital aggregates, while for intensive 
culture, least cost formulation of complete diets is still awaited for most 
culture situations. 

Seed Supply 

1. BitOODSTOCK MANAGEMENT 

In spawning tanks, the territorial aggression of males is the major factor 
limiting stocking density. In Israel, however, as Mr. Mires pointed out, mixed 
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sex broodstock are overwintered in extremely dense conditions (50 kg 
fish/m 3 of water) at 15 to 170C. This does not affect their reproductive 
performance when put out to ponds. Presumably, the low winter temper
atures suppress aggressive behavior. 

Dr. Lovshin mentioned the possible advantages of sexing broodstock while 
they are still immature and then keeping the sexes in separate ponds until 
they are ready to spawn, as is done for carp breeding. This method gives 
a high degree of control for handling pure stocks and for hybridization 
work. 

The best sex ratios to use for high broodstock performance were then 
discussed. Experimental work in the Philippines has shown that a ratio of 
one male to one female gives better results than one male to two or three 
females for S. niloticus and S. aureus broodstock in plastic pools and aquaria. 
This result is, however, in conflict with some other work, for example 
Campbell working in the Ivory Coast has found that high female:male 
rEitis Of-5or -eVen 7or more-to one has-givenvery-intensive reproduction-of-.. 
S. niloticus in shallow raceway-type ponds. The best sex ratio varies with 
specific breeding behavior. For example, in S. melanotheron (T. heudelotti) 
in the Ivory Coast, in which the male is the mouthbrooding parent, it is 1:1 
in ponds. 

In contrast to this, Dr. Lovshin's work in Brazil and the concept of 'male 
pressure' suggests.that even higher numbers of males may be advantageous. 
Dr. Lovshin pointed out, however, that there is a difference between intra
specific or pure strain crosses, in which sex ratios of about one male to 
three females seemed to be generally accepted, and the interspecific hybrid 
crosses where he had harvested more fingerlings from ponds with 'male 
pressure': two males to one female. This may be due simply to the constant 
availability of males to court any ripe female, but more work on sex ratios 
in ponds and restricted environments is urgently needed. 

It is not clear whether chemical stimuli play an important part in the 
reproductive behavior of tilapias. In salmonids, males use chemical recognition 
to select females that are ready to spawn. If such chemical stimuli are also 
produced by tilapias, they could be major factors in mate selection and in 
reducing male aggression against ripe females. Dr. Noakes pointed out that 
there were fundamental differences between the salmonids and the lek 
breeding tilapias and similar groups, like the centrarchids. In the salmonids, 
the female excavates the nest and the male undoubtedly recognizes and 
chooses his mate partly by chemical recognition. In the lek breeding tilapias 
and centrarchids, however, it appears to be the female that makes the choice, 
and of course, the male that excavates the breeding pit. For the centrarchids, 
it has been shown that a male will attempt to court any fish or object that 
comes into his breeding territory. If this also applies to the tilapias, it argues 
against chemical stimuli having importance over behavioral cues. Dr. Lowe-
McConnell added the observation that S. karomo in the field wander through 
the breeding arenas and appear to inspect not only the males but also their 
breeding pits before selecting a mate. This was observed in very clear water. 

The problem of male aggression appears to be very different in restricted 
environments, such as tanks and aquaria, from the situation in ponds. In the 
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forrpr, males can kill females or cause ovarian regression by repeated 
attacks, whereas in ponds, the females have space for escape and are rarely 
adversely affected. Mr. Mires described aquarium observations in which ripe 
females were keen to enter the males' breeding territories and the males 
pushed and encouraged them, to enter. If this also occurs in ponds with a 
preponderance of males, it means that ripe females are continually bom
barded by courting males, This could have a stimulatory effect and help to 
account for the good results of hybrid crosses with 'male pressure'. The 
question of breeding coloration was raised but it was felt that this had little 
relevance in ponds, where visibility was often very low. 

2. MASS SEED PRODUCTION 

The discussion centered first on the possible alternatives to spawning 
ponds for7niass "fry- and fingerling- production.-The-example of -mass fry 
production using cages (hapas) was described by Dr. Guerrero. Prof. Roberts 
commented that a commercial farm in Kenya was producing large numbers 
of pure strain, hybrid and sex-reversed tilapia fry for sale within Kenya, 
Nigeria, other African countries and the Middle East. Details of the system 
used were not available. 

Dr. Philippart mentioned that an experimental system of 4-m 2 fiberglass 
tanks had also been developed using recirculated heated effluents in Belgium. 
The system, with 15 to 16 spawners/tank produces about 500 fry/tank/day 
for short periods (5 to 7 days) of intense reproductive activity and about 
150 fry/tank/day on average over longer periods (50 days). Small females of 
around 100 g perform better than larger fish. The development of intensive 
rccirculatory raceway systems for fry production was discussed but it was 
felt that these would be costly both in construction and energy requirements. 

It was agreed that most of the large-scale commercial production of 
tilapia fry was still done in spawning ponds. Mr. Mires stated that in Israel, 
producers have changed from small to large spawning ponds because the 
demands of buyers were constantly changing with respect to size and num
bers of fish. Large spawning ponds become essentially early nursery ponds as 
well, Fry or fingerlings can be harvested and graded to meet demands with 
less labor and management than from numerous small ponds. At the Kibbutz 
Ein Hamifrats hatchery, the use of large spawning ponds has reduced the 
monthly labor requirement for fry/fingerling harvest to four hours work by a 
team of five to six people. 

The development of tilapia hatcheries was felt to be the key to expansion 
of the culture industry. A small number of large'hatcheries with well-trained 
personnel was considered to be a better prospect than large numbers of 
hatcheries scattered throughout the rural areas of developing countries. This 
would allow controlled production of good strains, hybrids, etc. It was 
recognized, however, that distribution difficulties could arise in island 
systems like the Philippines and in areas where roads and communication 
systems are very poor and fuel prices high. In these cases, local hatcheries 
would be essential. 'rilapias are among tne hardiest of fish and survive 
transportation very well. Prof. Roberts commented that tilapia fry brought 
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overland from Israel to Scotland in fruit lorries suffered no mortality 
despite exposure to cold temperatures. 

Several participants expressed the view that private sector hatcheries 

afforded the best hope for a rapid and efficient increase in tilapia seed 

production. However, the economic viability of tilapia seed production 

has been tested in very few countries, such as Israel and Taiwan. Government 

hatcheries or government subsidies to private sector producers may be 

needed in the future. 

Culture Techniques and Systems 

1. RECRUITMENT CONTROL 

......... The discussion-concentrated on methods, of recruitment control other- ........ 

than monosex culture of sex-reversed or hybrid progeny, which it was felt 

were adequately discussed elsewhere. Attention was drawn to the high 

success (84%) of male fry production by size selection alone in the Ivory 

Coast. There was also a brief discussion on the destruction of urinogenital 

papillae. This has been accomplished at Auburn University, Alabama, by hot 

wire cautery, but the papillae regenerate and the fish spawn normally. 

The main method discussed was the use of predators to remove unwanted 

recruits. It was recognized that although tilapia recruits have different 

feeding preferences to their parents, they do compete for food and oxygen 

in culture ponds. 
Dr. Pullin commented that Channa striata was being studied at Central 

Luzon State University in the Philippines to control tilapia recruitment in an 

S. niloticus (85%):Cyprinus carpio (15%) polyculture system. Very low 

numbers of this predator (20 to 30 stocked as fingerlings) could obliterate 

tilapia recruitment in 0.1 ha ponds containing 850 or 1,700 S. niloticus 

stocked at average weight 3 g and grown for 90 days, during which first 

maturity is reached and spawning occurs. If the culture period is extended to 
180 days, however, the predators are unable to cope with the increased level 

of recruitment and up to 200 to 300 kg of tilapia recruits/pond can be 

present at harvest. Therefore, the size and fecundity of the breeding tilapias 

and the length of the culture period must be considered, not just numbers of 

fish. Channa striata is a very useful controlling predator and has a high value 
as a by-catch. It is used in commercial culture of tilapias in Taiwan-largely 
in monosex culture where it mops up any recruits resulting from inaccurate 

sexing or poor quality hybrid progeny. 
Dr. Coche pointed out that smaller predators than Channa should also be 

considered. Although of negligible value as a by-catch, they have the advan

tage of always selecting the smallest recruits as prey and there is, therefore, no. 
danger of them eating the cultured crop as well as unwanted recruits. He also 

reported work using Clarias lazera in the Cameroons. This species ceased to 
be an effective controlling predator when the water became very turbid and 

it was also useless in systems where high protein supplemental food was 

given to the cultured tilapias: it preferred to eat the supplemental food. 
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Dr. Lovshin reported that in his experience predator control was the 

most reliable method of controlling recruitment. He also voiced the opinion 
that there was a very great potential for managed fish production from the 
thousands of livestock watering/irrigation ponds in tropical developing 
countries by using predator-prey systems. Guidelines for stocking and 
harvesting would have to be worked out as for the bass-bluegill systems 
described by Swingle for the southern U.S.A. 

2. INTEGRATED FARMING AND WASTEWATER REUSE 

It was agreed that tilapias were ideal species for integrated agriculture
aquaculture farming systems, particularly in tropical developing countries. It 
was recognized that the public health aspects of such systems needed fuller 
investigation. 

The use of. wastewater (sewage). to ,fertilize tilapia ponds was considered 
a very controversial topic. Dr. Hepher described Israeli work in which 
human bacterial pathogens had been shown to penetrate the muscle and 
internal organs of fish above certain threshold levels of bacterial populations
in the water. The thresholds vary with species: silver carp are the most 
susceptible to contamination, common carp are intermediate and tilapias 
the most resistant. Tilapias have particularly high thresholds for Salmo
nella and Shigella penetration. The thresholds also vary greatly with stress. 
They become lowered in stressful conditions such as low dissolved oxygen
and high ammonia. Fish which have become contaminated with pathogens in 
muscle and internal organs take a very long time to depurate in clean water: 
usually over one month. Fish which have taken pathogenic bacteria into 
their guts only can be depurated in 2 to 3 days. 

Mr. Mires voiced great concern at the use of wastewater in aquaculture 
and drew attention to the adverse publicity that it could give to fish culture 
in general. It was his opinion that public attitudes would be strongly against 
this method of growing fish even if the health hazards could be controlled. It 
was pointed out, however, that fertilization of fish culture systems with 
human wastes has a long history in Asia and that human waste recycling
through aquaculture should not be abandoned because of public attitudes in 
the developed countries. 

The buildup of heavy metals in manured ponds was also discussed. Dr. 
Hepher stated that in Israel, both common carp and tilapias remained 
largely unaffected by heavy metal buildup. The levels of heavy metals 
in the pond sediments increase with heavy manuring but the fish are present 
in the ponds for such a short time that heavy metal levels in their tissues 
always remain well below World Health Organization recommended safe 
limits. In particular, common carp take up virtually no heavy metals at all, 
presumably because they lack the highly acidic stomach of the tilapias. 

It was agreed that much more information was required on the public
health aspects of the use of organic manures and wastewater in aquaculture. 
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Diseases of Tilapias 

Dr. Roberts summarized the present importance of diseases in the com
mercial culture of tilapias. There are very few serious disease problems 
and these are localized in nature, for example, infestation with Lernaea i a 
few Southeast Asian and Indian locations. The myxobacterial diseases and 
bacterial septicaemias are generally diseases of bad husbandry and can be 
avoided but such disease problems will probably increase as tilapia culture 
expand: Vaccines may be available in the future for septicaemias. 

Althoigh only one virus has been isolated from tilapias at present and 
produces no serious pathological effects,: more viruses are bound to occur in 
intensively cultured fish. There are also risks for the future with respect to 
public health. The misuse of antibiotics in fish ponds receiving human wastes 
could create antibiotic-resistant strains of human pathogens. Also, a parasite 
such as Haplorchis could ruin a culture industry if it can be shown that 

The transportation of broodstock and fry has attendant risks of disease 
transfer. If a large fry supply industry develops, then control measures Will 
have to be undertaken. These must be realistic, however, not like the extreme 
quarantine measures recently applied to the introduction of coho salmon to 
the U.K. for experimental work, which included complete confinement in 
recirculation systems for long periods and sterilization of effluents. A 
realistic series of measures is needed, including routine monitoring of brood
stock health, disinfection of fry with formalin and malachite green both 
before despatch and on receipt, isolation from natural waters and other 
stocks on receipt (quarantine) and the destruction, preferably by burning, of 
all packing materials. All inspection, certification and licensing should be 
matters for official government scientists or other trained personnel. Stirling 
University has been involved in training fish disease experts from Southeast 
Asia and Africa and in liaison work with Thailand where the Government is 
developing a routine disease diagnostic system for the catfish industry. 

Dr. Pullin asked whether the possibility of shipping disinfected tilapia eggs 
had been investigated as it was impossible to give whole fish a clean bill of 
health. The shipment of disinfected eyed ova is routine in the salmonid 
culture industry and greatly reduces the risks of transfer of all diseases apart 
from intraovarian viruses. It was agreed that tilapia eggs can be incubated in 
water provided that they are kept moving by slow aeration or agitation and 
that transportation of disinfected eggs in self-contained units could be 
viewed as a future method. 

Dr. Lovshin drew attention to the difficulties of treating tilapia diseases, 
particularly in the rural areas of developing countries where even basic 
chemicafs such as formalin and potassium permanganate are either unavailable 
or very costly. Prof. Roberts stated that the best treatments in any disease 
situation were usually improvement in water quality and reduction in 
stocking density. It was agreed that formalin is the most useful general 
chemical for disease treatment, but that salt can also prove useful against 
ectoparasites. Details of treatment methods applicable to tilapia culture in 
rural areas have still to be worked out. 



Consensus Statement and Research Requirements 

A. CONSENSUS STATEMENT 

The conference participants agreed on the following: 

1. The Value of FundamentalResearch 

Fundamental research on the taxonomy, genetics, physiology and ecology 
of tilapias has produced a large amount of information of direct benefit to 
the culture industry and merits increased and sustained financial support. 

2. Standardization 

The scientific nomenclature used for the tilapias remains a matter of 
controversy among taxonomic experts. For the sake of uniformity, the genera. 
Sarotherodon for the mouthbrooders and Tilapia for the substrate-spawners 
are accepted for the published proceedings of this conference. 

To avoid confusion, all descriptions of hybrid crosses should be given with 
the female parent first. The various laboratories establishing collections of 
so-called pure strains of tilapias should collaborate to standardize the nomen
clature. The geographical origin and history of transplantation of strains 
should be documented and information on electrophoretic and other genetic 
markers exchanged on a regular basis. The present situation is very confused 
and should not be allowed to worsen. 

Researchers should use fish of known origin and history and the fullest 
possible information on these should be given in the methodology of all 
published works. Ideally, all fundamental research should use pure strains of 
fish but this must be seen as a long-term objective, particularly in the devel
oping countries. 

3. Conservationof Genetic Material 

Collections of pure strains of tilapias should be established both to improve 
the genotypes of cultured stocks and to supply standard material for research. 
It should be recognized that some strains and hybrids developed by commer
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cial operators could be the subject of industrial patents. Collections should 
be replicated at several sites and should maintain sufficient numbers of 
broodstock to avoid inbreeding depression, except where inbred lines are 
developed intentionally.
 

Information should be collected 
 on the sites at which pure wild stocks of 
tilapias can still be found. Aquatic reserves should be established at critical 
locations to conserve these stocks and any rare species, especially to protect 
them from any contamination by fish introductions. 

4. Fish Introductionsand Transfers 

. Th e conitfiuing widespread introductions and trasfers Of tiIapias are a 
cause for concern, and there is a clear need for the involvement of com
petent technical bodies to advise on and control these in the future. The 
possible adverse e ffects of introductions are ecological damage, contamination 
or elimination of endemic wild stocks and transfer of pathogens. 

Introductions and transfers of tilapias will, however, be essential for the 
future development of the culture industry, especially as new strains and 
hybrids are developed. The risks of pathogen transfer can be minimized by 
moving only early life history stages (which are less prone to carry pathogens 
than broodstock) from reputable suppliers, by enforcing medication and 
inspection of fish and the destruction of packing materials on arrival. 

5. Health Aspects 

The use and abuse of antibiotics in fish culture requires urgent control and 
legislation. Control measures to contain the spread of fish diseases should 
also be considered by appropriate authorities, including the right of officials 
to inspect fish and farms for the presence of diseases, to restrict fish sales 
and movements as and when necessary, and to require farmers by law to 
notify the appropriate authorities of outbreaks of designated serious diseases. 

6. Information Resources 

Recent bibliographies and reviews have collated much of the large volume 
of literature on the biology and culture of tilapias but have missed a consid
erable amount of so-called "grey" literature, particularly reports and docu
ments with a limited circulation from Africa, Asia and Latin America and 
material published in local languages. 

There wijl be a continuing need for information collection and dissemina
tion (for example, as special bibliographies) as the literature on tilapias 
continues to grow. To facilitate this and to lessen the volume of grey litera
ture, published material should, wherever possible, be in a form for direct 
input into abstracting services and coml)uterized data bases (i.e., having an 
abstract in English, ISSN number, key words etc., as appropriate. The 
following could have roles to play in the future collection and dissemination 
of information: the regional aquaculture centers of FAO, the International 
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Collection "Cichlid Papers" Reference Service (Parkstrasse 15, D-5176 
Inden-Lucherberg, Federal Republic of Germany) and ICLARM. 

B. RESEARCH REQUIREMENTS 

Table 1 summarizes the research priorities identified by the Conference. 
The division into near-term and sustained work is arbitrary: all are worthy of 
sustained research support, Support for those in the left-hand column could 
result in rapid payoffs for the culture industry. 

The following notes amplify some of the topics: 

1. Genetics 

Applied research on the applied genetics of tilapias can have rapid payoffs 
for the culture industry and merits sustained support as the industry expands. 
It should be recognized, however, that all work on genetic improvement is 
high-risk (high-investment) research. 

Although some of the tilapias currently available have good culture 
characteristics, there is much room for improvement by selection of strains 
for fast growth, higher fecundity and later maturation. The screening of new 
species and hybrids for culture in freshwater could be beneficial; it is required 
urgently for brackish and seawater culture where there are few culturable 
finfish species available of which the life cycles have been closed in captivity. 
Future studies on hybridization should, therefore, include the development 
of hybrids which perform well in saline waters. Hybridization work should 
also include studies on hybrid vigor, and should not be restricted to the 
search for crosses resulting in all-male progeny. For the developing countries, 
however, the improvement of cultured strains should have priority over 
hybridization studies as the continuous development of hybrids requires 
elaborate facilities for the isolation and the characterization of parents. 

The elucidation of sex-determination mechanisms in the tilapias is a 
pressing need in order to explain the sex-ratios of progeny from the various 
hybrid combinations either in current use or for future development. The 
greatest benefit to the culture industry from this would be the reliable 
production of 100% all-male progeny. 

2. Reproduction 

Tile design of systems for mass fry and fingerling production is the most 
important single requirement for the culture industry. The private sector is 
expected to develop such systems rapidly if given the necessary biological 
data and basic guidelines from researchers. This requires technological as well 
as practical extension work by leading aquaculture research centers. 

The other important research areas related to reproduction can be sum
marized as behavioral studies. For example, broodstock performance is likely 
to be controlled by behavioral factors. Compatibility in hybrid crosses is one 
area in which near-term research and application of' the existing published 
information on the reproductive behavior of tilapias would be useful. 
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Table 1. Summary of research priorities on the biology and culture of tilapias. A broken 
line between the columns indicates scope for both near-term and sustained work on the 
adjacent topic(s). 

Near-term research priorities for both 
public-funded institutions and the private 
sector. 

1. Genetics 

Screening of new species and hybrids 
for freshwater and saltwater culture 

Selection for fast growth, higher 
fecundity and later maturation 

Elucidation of sex determination 
mechanisms 

2. Reproduction 

Design of mass fry and fingerling 
production systems 

Behavioral studies relevant to 
broodstock performance 

Chemical communication in reproductive 
behavior 

Cryopreservation of gametes 

Recruitment control by predators 

3. Growth and Nutrition 

Nutritional requirements of young, 
growing and mature fish 

Incorporation of local materials in 
formulation of supplementary feeds 

Feeding behavior in culture systems 

Digestive physiology in relation to 
feeding practices in culture 

4. Facilities and Equipment 

Development of integrated farming 
systems 

Pond and cage design 

5. Environment 

Pen, cage and pond effluent studies 

6. Fish Ilealth 

Diseases and pathology 

Acclimation and stress reactions in 
culture systems 

Priority research areas for sustained 
work, which would benefit from institu
tional collaboration. 

I 

Variability in reproductive performance 

Suppression of gametogenesis by environ
mental, behavioral or physiologic 1 
manipulation 

Feeding niche dynamics in polyculture 

Metabolic pathways in relation to growth 
and gametogenesis 
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Variability in reproductive performance has many causes, including pos

sibly a genetic basis. Attempts should be made to explain the large differences 

in time to first maturation, fecundity, spawning frequency, etc. observed by 

different workers within a single species under different conditions. This work 

overlaps the narrower aim of suppressing gametogenesis by environmental, 

behavioral or physiological manipulation. 
The importance of communication via dissolved organic compounds (pher

omones) should also be investigated. If chemical communication is significant 

in the, reproductive behavior of the tilapias, then the culturists could con

ceivably develop techniques either to encourage or suppress spawning by 

chemical means. 
opSeseration 'of gametes is:a useful technique for storing genetic

material cheaply. Experience with other fish indicates that only spermatozoa 

are amenable to cryopreservation. Techniques for tilapia semen should be 

developed. 
Control of tilapia recruitment, especially in pond culture, remains a diffi

cult problem. Recruitment control by predators offers a viable solution for 

culture in both developed and developing countries. Research is needed to 

identify suitable predator species and to study predator-prey relationships to 

develop management techniques. 

3. Growth and Nutrition 

The dietary requirements of the important cultured species and hybrids 

must be defined so that supplemental feeds can be formulated on a sound 
technological basis. Because supplemental feeds are a major cost item in 

intensive or semi-intensive culture, studies on the physiology of digestion 
and assimilation in relation to feeding rate and frequency are important. 

The use of locally available dietary components can reduce feeding costs, but 

must be nutritionally adequate. More attention should be paid to published 

information on the feeding behavior and digestive physiology of wild fish 
and more research performed on these topics using fish in culture systems 

both with and without supplemental feeding. The study of feeding niches in 
polyculture systems is also important as there is evidence that some tilapias 

can cross from niche to niche which could reduce the number of species for 
a specific system and also maximize production. 

4. Facilitiesand Equipment 

The design of integrated agriculture-aquaculture farming systems is a high 
priority area for further research. While such developments must consider 
the public health aspects of producing human food from agricultural wastes, 

it is important that any apparent health hazards are assessed against those 
that exist anyway in normal agricultural and aquacultural practice. For 

example, by using animal manures to fertilize ponds, are more health hazards 

created than those already present in intensive animal production systems or 
in culture pond water? 
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5. Environment 

Methodologies and standards are needed to assess environmental impact 
of effluents from aquaculture systems. This applies to pens and cages in 
enclosed or semi-enclosed bodies of water and to ponds, whether as periodic 
run-off or when draining to harvest (particularly in fertilized systems). 

6. Fish Health 

Sustained research on the parasites and diseases of tilapias and their 
pathology is.essential as-the culture industry-continues to expand. 

Acclimatization and stress reactions of fish in culture systems are poorly 
understood and have wide implications for growth, survival, reproductive 
performance and susceptibility to pathogens. Studies in both these areas are 
needed. 
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General Index 

Entries for species of the genera Sarotherodon and Tilapia are included in the Species 
Index, and the more important entries for named water bodies are included in the Water 
Bodies Index. 

.	 Acclimation; to temperature 121 .... . development characteristics 48 
Adaptation, to open water conditions in feeding habits 42 

L. Malawi 98 schooling of mouthbrooders 54 
Adult period, defined 64 Algae, blue-green eaten by various 

Aeromonas hydrophila, cause of septi- species 41 
caemlas 255 epilithic 41 

Aeromonas salmonicida, may be a in diet 144 
significant pathogen in culture 255.6 freshwater species used in semi-

Aflatoxicosis 258 intensive cage culture 221-2 
Aflatoxins, produced by mould Asper- and fouling in cage culture discussed 

gillus flavus 258 245 
Africa, ecological effects of introduc- toxic effects 257 

tions and transfers 55-7 Alkalinity, and distribution 40, 100 
introductions and transfers 24 and fish kills in soda lakes 109 

Africa (noncontinental), introductions All-female broods, produced by 
28-30 hormone treatment 31112 

Age at first maturity, and aquaculture 78 All-male culture 191.7 
factors affecting 33940 nursing of fi.gerlings 191.3 
possibility of genetic determination overwintering stocking densities 192 

339 and polyculture 193 
S. esculcnlus 336 	 stocking densities 195 
S. nossambicus in L. Sibaya 76 yields 195 
and stunting 78 All-male hybrids 279.307 

Aggression, and aquaculture 50 catchability 298 
and intensive culture 49 commercial culture limited 280 
techniques to reduce discussed 306 culture can be very profitable 302 
techniques to reduce in fingerling culture not recommended for the 

production 283 majority 302 
and territoriality 49 culture should be introduced with 

Agriculture, integrated with aquaculture care 304 
350 difficulties in commercial produc. 

Aims of Conference 1 tion 282 
Alabama (U.S.A.), all-male hybrid culture effect of different feeds on growth 

experiments 296 and production 291.6 
extensive cage culture experiments experiments with various feedstuffs 

with S. aureus 219 199 
intensive cage culture 231 fingerling production 282-90 

Alevins, behavior 48 fingerling production a major 
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constraint on commercial 

culture 298-302 

grow uniformly and rapidly 302 

increased growth potential 290.1 

monoculture 291.6 

100% male progeny discussed 306.7 

polyculture 296.8 

precautions at Pentecoste, Brazil 285 

presence of female hybrids result of 


backcrossing 285 

problems in selecting parents of pure 


strains 282 

production 291-8 

production problems 299-302 

pure genetic strains the first logical 


reduced fry production discussed 306 

research needs 303-4 

S. 	hornorum the most dependable 


male parent 303 

S. mossambicus x S. hornorum 303 

S. mossambicus x S. hornorum crosses 


discussed 307 

S. 	niloticusx S. aureus 194, 196, 


286-7, 290, 296, 302 

S. niloticus x S. hornorum 192, 195, 


197, 284-88, 290.1, 294-7, 299, 

300 


S. niloticus x S. hornorurn cross 

figured 308 


tank for pure strains 308 

and temperature tolerances 298 

theories to explain production 311 

various crosses used 310-11 


All-male populations, methods to obtain 

191 


Allopatric speciation, examples 8 

general rule among tilapias 331-2 


Alocasia macrorhiza,in semi-intensive 

cage culture 221, 223-4 


Altitude, and distribution 34 

and failure of introductions 55 

and success and failures of intro-


ductions to African lakes 36 

Altricial and precocial, use of terms 


discussed 82 

Altricial and precocial forms, and r and 


K selection 72 

reproductive values discussed 73 


Altricial and precocial life histories 63 

Altricial species, in ecological terms a 


generalist 67 

features of life style 


America, introductions 28.31 

Amino acids, in diet 154
 
site of digestion 149
 

Ammonia, and excretory energy loss 171
 
high levels and myxobacterial
 

infections 254
 
and massive fish kills 40
 
tolerance by S. aureus 40
 

Ammonium sulfate, and all-male hybrid
 
production 292.3, 295-6
 

Anabolicsteroids, and growth discussed
 
306, 315
 

undetectable 5 days after treatment
 
stopped 315
 

Anaphylactic reactions, to compound in
 

Androgens, use on a commercial scale
 
for sex reversal 311
 

Animal food, in diet of tilapias 146
 
Anoxia, following an algal bloom 257
 
Antibiotics, need for control and legis

lation 354
 
indiscriminate use a subject of
 

concern 261
 
need for control and legislation 354
 

Aquaculture, and aggression 149
 
all-male production and advantage 186
 
and antibiotics 261
 
antibiotics discussed 263
 
bacterial infections 49-50
 
and breeding behavior 49-50
 
cage culture 205-46
 
and daily temperature changes 55
 
detritus important 343
 
difficulties in assessing performance
 

181
 
diurnal migrations and importance of
 

Dr. Caulton's work 180
 
Dor Station (Israel) ponds 104
 
factors affecting choice of species 186-7
 
gonad development inhibited by
 

prolactin? 136
 
harvesting before sexual maturity an
 

advantage 186
 
integration with agriculture 350
 
and intraspecific temperature
 

tolerance 37
 
and iitroductions 24
 
market preference and culture practice
 

186
 
means to produce large fish suggested 

79
 
merits of guarders and bearers 77-8
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need for work on reproductive hor- Auburn strain, of S. aureus 258-9 

mones discussed 140 Aufwuchs (algal carpets) in L. Barombi 
number of tilapia species involved 185 Mbo 100 
pelleted rations and growth forecasts as food in cage culture 212 

170 food for S. lohbergeri 100 
pond culture 185.203 food for T. busumana 99 
problems of food and efficiency dis- Autoallergic properties of mucus 313 

cussed 178 Autosomal theory, discussed 276-7 
problems with movement of stock and sex determination in Sarothero

across national boundaries don 275-6 
182-3 Average monthly production, in cage 

problems reviewed 181-3 culture 219 
problems with supersaturation of 

gases 41 
prolific spawning of tilaplas as a Babacu cake, a feed in all-male hybrid 

.......... ...... . .. .. r o'ble - 18 6 .. .... ........... ... .. ..... ........ ... p rodifidtio n-29 2................ ...... ...
 

species used 334 Backerosslng, to be avoided in all-male 
and stunting 78-80 hybrid production 285 
suitability of tilapias 156-7 Bacteria, in diet 145 
and temperature limitations 120-1 and disease in tilapias 254.6 
T. rendalli in Shaba and Yangambi 50 pathogens in cage culture 239 
T. zillii too aggressive 50 Balanced energy equation; for T. rendalli 
tilapias ideally suited 156.7 171-2 
young.of-the-year culture 187.91 Bangladesh, introductions 28.9 
see also Cage culture, Fish culture, Barbus callensis, in hot springs 34 

Pond culture Bay of Suez, hypersaline habitat 38 
Aquarium trade, a future for S. alcalicus T.zillii 38 

grahami 334 Bearers, short for mouthbrooding 
Arenas, used by mouthbrooders 47 external bearers 66 
Argulus sp., behavior in cages discussed life history compared with guarders 

246 70.1
 
a serious pathogen 253 see also Mouthbrooders
 

Artificial environments, for fingerlings in Bearing, an advanced precocial life 
the production of all-male hybrids style 69 
282-3 Behavior, of alevins of mouthbrooders 

Artificial fertilization, and Tilapia x '17
 
Sarolhcrodon hybrids discussed 12 of mouth brooders 6
 

Artisanal feeds, composition 225-6 and oxygen tolerance 40 
cost 225.6 when spawning 46-7 
listed 226 of tilapias in natural communities 

Asia, introductions 28.30 83.11,4 
Asia, S.E., introductions 30-31 see also Breeding behavior, Feeding 
lispergillusflavus, and aflatoxins 258 behavior, Home range, Homing, 
Assimilation 150-51 Schooling, Reproductive behav

and acid secretion discussed 177 ior, Spawning behavior 
efficiencies discussed 180 Behavioral factor, and number of S. nile. 
efficiency for blue-green algae and licus spawning 299 

diatoms high 151-2 Belgium, intensive cage culture 233, 235 
efficiency for green algae and introductions 29, 31

macrophytes low 151.2 Benthic animals, eaten by many Saro
efficiency summarized for ,1species therodon 41 

of tilapia 1.52 Benthic sediments, eaten by S. variabilis 
stidies with S. mnossambicus 154-5 ,I1 
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Bilharzia, molluscan vectors in tilapia 

ponds 57 

Binders, for use in pellets 345
 
Biological control, and introductions 24
 

vegetation and S. aureus 29
 
Biomass, in littoral zone of L. Kainji 51 

Birds, and digenean infections in fish 252 


excluded from broodstock tanks 285 

predators in L. Nakuru 101 

predators on tilapias 110 

protection against in cage culture 209 


Bitter Lakes (Egypt), high salinity 38 

S. galilaeus 38 

S. niloticus 38 


Black spots, caused by neascus metacer-


Blindness, and eye flukes 252 

Bodonid parasites 249 

Bolivia, introductions 30 

Brackish habitats 38 

Branchiomyces spp., can be significant 


cause of mortality 256 

Brazil, all-male hybrid production 284-89, 


291.6 

introductions 30, 57 


Breeding, factors affecting periodicity 

44-6 


length of season 45 

periodicity in various species sum-


marized 45-6 

and rainy season '14.6 

and temperature '14.5 


Breeding arenas, of mouthbrooders 47 

Breeding behavior ,13.50 


and aquaculture 49-50 

guarding the young ,8 

notable studies 43-4 

S. galilacus 8 

S. nelanoiheron 7 

S.mossambicus In L. Sibaya 96 

spawning grounds 46-7 

territoriality 48-9 


Breeding seasons, staggered in L. Malawi 

98 


extended inL.Mariout 104 

Brewery waste, used in pond culture 199 


and semi-intensive cage culture 223.4 

brooding areas, of mouthbrooders 47 

Brooding efficiency, and size of fish 111 

Broods, number varies 110 

Broodstock, genotype cannot yet be 


determined roudnely on a 

commercial scale 282 


nutritional requirements 346 

techniques to protect 285
 

Broodstock control, use of genetic
 
markers 269-77
 

Cage culture 205-46
 
adequate feeding essential 212
 
advantages 236-7
 
behavior of parasites discussed 246
 
cage construction 209
 
cage prices 210-11
 
cage size and production discussed
 

245
 
cage type and size 208-9
 
damage and losses caused by pre

defined 205
 
development limited by supply of
 

seed 212
 
disease aspects 238-9
 
environmental constraints 237.8
 
experiments with salmonids in
 

Scottish lochs discussed 246
 
extensive cage culture 216-20
 
factors influencing production 213
 
feed conversion ratio and cage size 208
 
fingerling production 215
 
food wastage 345
 
fouling by algae discussed 245
 
fry production 213-6
 
future prospects bright 207
 
growth and production 212-3
 
inputs as constraints 238
 
intensive cage culture 223.6
 
management of stocks 211-2
 
materials for cages 210
 
myxosporidians kill S. niloticus 262
 
poaching and security 239
 
policy and planning needs 239
 
potential of major tilapia species 240-5
 
production 213
 
protection of major tilapia species
 

240-5
 

production 213
 
protection against birds 209
 
protection against poachers 209
 
research needs identified 239-40
 
seed production 213-6
 
semi-intensive cage culture 220-4
 
site selection 211
 
species used 206-7
 
technological aspects 207-11
 
working life of cages 210
 
worldwide activities summarized 206
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see also Cages, Extensive cage culture, China, introductions 28 

Intensive cage culture, Semi- Chloramphenicol, misuse discussed 263 
intensive cage cub .. ,e use cannot be condoned in fish 

Cages, in cage culture 207.10 	 culture 261 
factors Influencing production 213 Chopped snails, used in semi-intensive 
size and feed conversion ratio 230 cage culture 223 
see also Cage culture Christmas Island, maturity and size of 

California, unfavorable consequences of Chanos chanos 337 
introductions 57 Cichla ocellaris, predator in pond culture 

201.Cannibalism, and fry production 
discussed 328 predator on young tilapias 313 

Carassius auratus, space factor in high Cichlasorna managuense, predator in 
density culture 260 polyculture 189
 

Carbohydrate, site of digestion 148-9 predator in pond culture 201
 
Carbon, assimilation by S. niloticus 41 predator on young tilapias 313
 

.Car.bbfdi6xide<-effe6cts-of high levels 	 Cichlidae, distribution-16 
discussed 126 Cichlidogyrus sclerosus, monogenean 

high levels tolerated 40 parasite 250 
and massive fish kills 40 Cichlidogyrus lubicirms minutus, mono-

Carrying capacity, of S. mossambicus in genean parasite 250 

ponds 187 Citharinus, a competitnr with tilapias 85 

Cassava, see Manihot esculenta iii L. Kainji 87 
Castor bean meal, use as a cheap feed Cladophora sp., in semi-intensive cage 

culture 221discussed 305 
Catastrophic mortality, and life history Clarias gariepinnus, eats S. mossambicus 

in L. Sibaya 97strategy 63 
Catchability, of hybrids 298 Clarias lazera, predator on young 

Cattle bloods, in feeds for culture 226, tilapias 313 

223-4 Classification of tilapias, new scheme 

Central African Republic, intensive cage proposed 12 

culture 232-3 Cnidosculus chayarnansa, in semi-
Ceratophyllum demetrumn, used in feed- intensive cage culture 221 

ing studies 166-73 Cold tolerance, in hybrids 298 
preferred food of T. rendalli 166 Colocasia spp. in semi-intensive cage 

Channa striata, a predator in pond culture culture 221-2 
201 Colombia, introductions 28, 30 

Chanos chanos, affected by introductions unfavorable consequences of intro
in the Philippines 57 ductions 57 

mature late and stunted on Christmas Colossoma inacropomurn, and poly-
Island 337 culture of all-male hybrids 297.8, 

Chare sp., in semi-intensive cage culture 300 
221 Common carp, see cyprinus carpio 

Chemical factors, and distribution of Competition, between species in L. 
tilapias 31-41 Victoria 91-3 

and number of S. nilolicus spawning Condition, and length at first 
299 maturity in S. niloticus 88 

and spawning performance discussed and switch from growth to repro
327.8 ductio, 110
 

Chemical stimuli, and reproductive Condition factor 162
 
behavior 347 and starvation studies In T. ren-


Chemosterilants, 	and control of repro- dalli 164-5
 
and water content in T. rendalli
duction 314 


164
Chilodonella spp., and disease in cultured 
tilapias 248.9 Conductivity, in high altitude lakes 36 

Con ference aims 1 
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Conterence proceedings summarzed 

331-51 
Descriptions of hybrid crosses, give 

female parent first 279, 353 
Constraints, on cage culture listed 237 Desert pupfish (Cyprinodontidae),in 
Contracaecumspp., in pericardium of hot springs 34 

S. alcalicusgrahadi252-3 Detrital amino acids, in diet 152, 154 
Control, of reproduction 30916 Detrital matter, described and discussed 

* Cooling waters, introduction of 179 
tilapias 25 Detritus, added to ponds by organic 

Copepods, parasitic on tilaplas, 253-4 manures 197 
Copra meal, use in pond culture 199 and detritivory 3424 
Coptodon (subgenus), wide distribution in diet 144.5 
* 21 and gelatinous material discussed 177 
Costs, of artisanal feeds in culture 225.6 and growth in pond culture 188 
Cottonseed cake, in feeds 199, 226 should be examined in more detail 179 
Courtship 46 Detritus feeding, discussed 178-9, 202 
Crater lakes, tilapia habitats 31 DFR, see Daily feed ration 
Ctenopharyngodon.idella,in polyculture - Dicentrarchusspp., predators in culture 

. 190 189,201 
predator on tilapia fry 188 Diet, and parental care 4 

Culture, general review of problems 265-7 role of animal food 146 
Currents, see Water currents of seventeen species summarized 144 
Cyprinus carpio,compared with tilapias some points discussed 180 

in culture systems 245 of T. mariae, T. sparrmanii,and 
in hybrid fingerling nursery ponds 288 T. zilii 4 
and intensive cage cultue 235.6 Diethylstilbestrol, and sex reversal 311.2 
in polyculture 193-4, 297 
predator on tilapia fry 190 

Digenean parasites 250-2 
four groups in cultured tilapias 250 

Cyprus, introductions 29 life cycle described 250 
Digestion, 146.9, 340-2 

Daily changes in habitat 53 
feeding and growth 141-56 
low pH of stomach fluid 146 

Daily feed ration, in intensive cage Digestive tract, described 142 
culture 225.7 Diseases 247-63 

Daily rate of increase in biomass 218 and anomalities and deformities 258-60 
Definitions, cage culture 205 and cage culture 238-9 

embryonic period 64 caused by bacteria 254-6 
extensive cage cultue 216 control measures should be considered 
fecundity 318 354 
feeding rate 225 discussed 262.3 
food quality 153 haemorrhagic septicaemia 255-6 
heterochrony 64 mycotic infections 256 
juvenile period 64 
larval period 64 

neoplasia 258 
prevention and control 261 

Sarotherodonand Oreochromis, problems summarized 351 
subgenera 7 spread by introductions? 57 

semi-intensive cage culture 220 and toxic conditions 257-8 
senescent period 64 viral diseases 256-7 

Density, high density culture and see also Parasitic diseases 
mortalities 258 Dissolved gases, and distribution of 

Depth and distribution of tilapias 32.3 tilapias 40-1, 51 
liinits distribution of lacustrine and massive fish kills 40 

tilapias 51 supersaturation and rearing of 
restricts feeding in S. mossambicus42 tilapias 41 



V 

Dissolved oxygen, and cage culture 211 

and feed conversion ratio 230 

and mortalities of S, niloticus 237 

tilapias tolerate low levels 122 

tolerances discussed 127 

see also Oxygen 


Distribution, alkalinity and pH 40 

and altitude 34 

changes associated with floods 52.3 

Cichlidae (family) 16 

Coptodon (subgenus) 21 

and depth 32 

by depth of various species 33 

and ecology of tilapias 15-59 

factors affecting 1647, 51-5 

and habitat diversity 31-2 

importance of knowledge 21 

limited by temperature 119 

most northerly natural occurrence 


of tilapias 33 

most southerly natural occurrence 


of tilapias 34 

Nyasalapia(subgenus) 10 

Oreochromis(subgenus) 10 

overlapping in Sarotherodon21 

oxygen and dissolved gases 40-1 

pH and alkalinity 40 

physical and chemical factors 31-41 

restricted in some tilapia species 23 

and salinity in certain lakes 52 

Sarotherodon(genus) 17 

Sarotherodon(subgenus) 9 

S. andersonii18, 21 

S. aureus 22 

S. esculentus 22 

S. galilaeus 21 

S. hornorurn 22 

S. lepidurus 20 

S. macrochir18, 20 

S. melanotheron 20, 21 

S. mortimeri 18, 21 

S. mossambicus 20, 21 

S. niloticus 17, 20 

S. pangani21 

S. placidus 21
 
S. ruvumae 21
 
S. schwebischi 10, 20 

S. shiranus 22 

S. spilurusniger 21 

S. upembae 20 

S. urolepis 21 

S. variabihis 22 

and size 52 

and slopes of rivers 32 


397 

of Soudanian species 17
 
and swimming performance 34
 
and temperature 33-7
 
and temperature and salinity
 

tolerances 37
 
Tilapia (genus) 17, 18
 
T. congica 19
 
T. dageti 19
 
T. guincensis 5, 18, 20
 
T. mariae 19
 
T. rendalli 5, 6, 18, 19
 
T. sparrmanii19
 
T. tholloni 18
 
T. zillii 4-5
 
T. zillii and T. relid..j compared 5
 
of tilapias in hot springs 34
 
and water currents 32.3
 
in waters of low mineral content 39
 
of young fish in relation to temper

. ature, food, and growth 174
 
Diurnal feeding, in various species 43
 
Diurnal migrations 53
 

importance of Dr. Caulton's work 180
 
survival value 53
 

DO, see Dissolved oxygen
 
Dor (Israel), polyculture experiments 190
 
Dorsal fin-rot, and myxobacteria 255
 
Dorsal spines, T. zillii and T. rendalli 6
 
DRIB, daily rate of increase of biomass
 

218, 219, 220
 
Dry pelleted feeds, intensive cage culture
 

trials 228-9
 
Duoculture, with Cyprinus carpio 195-7
 

yields of all-male hybrids 196-7
 
Dwarf populations 74-6
 
Dwarfed stocks, compared with typical
 

stocks 74-5
 
Dwarfing, in relation to growth and
 

reproduction 110
 
Dwarfs, egg size 110
 

repopulated L. Chilwa 99
 
repopulated L. Rukwa 99
 
of S. niloticus parasitized in shallow
 

waters 89
 

Earthern ponds, care and dedication 
needed 290
 

for hybrid fingerlings and fry 284-6
 
and sporozoan infections 249
 

Ecoethological guilds 63
 
see also Reproductive guilds
 

Ecological growth efficiency of T. rendalli
 
in L. Kariba 174
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Ecological studies, in L. Barombi Mbo 100 Environmental factors, regulation of 

L. Chilwa 99 reproductive activity 133.4 
in exotic communities 101-2 in relation to maturation and spawn-
Kenya rift soda lakes 100-1 ing 337 
L. Kotto 100 Environmental physiology 119.28 
L. Malawi 97.9 Enzymes, use as serum markers 2734 
Pangani R. system 97 Equipment, research requirements for 
L. Victoria 91-3 integrated systems 357 
in West African coastal lagoons 101 Ergasilusspp., parasitic copepods 253.4 
in West African crater lakes 99-100 Escapes, following introductions 24 

Ecology, and distribution of tilapias Esterase isoenzymes, use as serum 
15-59 markers 270 

future studies of tilapia outlined 58 Estradiol, in ovary of S. aureus138 
of tilapias in natural communities Estrone, and sex reversal 311-2 

83-114 Estuaries, distribution of S. mossam
of tilapias in L. Victoria 91-3 bicus 52 
of tilapias inthe Zambezisystem.93-6 . . astilapia habitats 31. 

Ecuador, introduction's 28 Ethynylestradiol, and sex reversal 311-2 
Edinburgh prison, hatchery work 328 Europe, introductions 29.31 
Edwardsiella tarda, and haemorrhagic Euryhaline species, wide distribution 20 

septicaemia 255 T. guineensis 5 
Effects of fishing, on S. niloticus in Eurythermal species 37-8 

L. George 90 Eutrophic lakes, used for extensive cage 
Efficiency of assimilation 150.2 culture 216 

in T. rendalli 169 Evolution, major importance of hetero-
Effluents, and cage culture experiments chrony 66 

207, 218 Excessive fertilizing of ponds, and 
research requirements to assess haemorrhagic septicaemia 255 

environmental impact 358 Extensive cage culture 216-20 
Egg quality, discussed 139 defined 216 
Egg size, in dwarf populations 110 experiments with S. mossambicusin 

species specific 110 Laguna de Bay 218 
Eggs, development characteristics 48 Exotic communities, ecological studies 

green in T. zillii 101-25 

ovoid in tilapias 132 Eye flukes, and blindness in tilapias 252 
size and parental care patterns 132 
sticky substance in 3ubstrate spawners 

132
 
yellow in T. rendalli 5 Facilities, research requirements for inte-

Eggs and larvae, in diet 144 grated farming systems 357 
El Salvador, introductions 28-30 Fat, and condition factor 163 
Electropherograms, S. niloticus, S. aureus, see also Lipid 

and hybrids 271-2, 274 FCR, see Feed conversion ratio 
Electrophoretic methods, not yet suffi- Feces, relative energy content greater 

ciently developed to select pure than food in T. rendalli169 
strains 282 Fecundity, and abundance 110 

Elops hawaiiensis,predator on young considerable individual variation 326 
tilapias 313 defined 318
 

Embryonic period, defined 64 factors affecting 318
 
Energy cost of feeding, in T. rendalli and feeding 318
 

169-70 fry production and spawning frequency 
Environmental constraints, to cage discussed 328-9 

culture 237-8 in interspecific spawnings 322, 324 
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.. ..
i i . ... .. 

in L. Malawi flock species 98 

of mouthbrooders and substrate 


spawners 70 

and parental care patterns 

S. andersonii 94 

S. aureus 324 

S. leucostictus 90-1 

S. macrochir 94 

S. niloticus319, 321-2, 324 

S. vulcani 319-320 


Feed, formulation 344-5 

in intensive cage culture 223-6 

presentation in intensive cage culture 


228 

storage problems and aflatoxins 258 


Feed conversion ratio, in all-male hybrid 

. production 291-5, 297 .. 


for aquatic macrophytes in semi-inten-

sive cage culture 221-2 


for artisanal feeds used in intensive 

cage culture 226 


factors determining in intensive cage 

culture 228-30 


and minimum cage size in culture 208 

for S. niloticus fry 215 

semi-intensive cage culture 221-2 

for various feedstuffs 199 


Feeders, simple devices have advantages 

345-6 


Feeding 41-3 

alevins 42 

carbon assimilation 41 

daily cycle of T. rendalli in L. Mc-


lwaine 166-7 

digestion and growth 141-56 

diurnal 43 

energy costs and temperature 170-1 

energy costs in T.rendalli169-70 

experiments with pellets 228-9 

and fecundity 318 

flexibility discussed 202.3 

and guarding young 43 

importance of detritus discussed 179 

importance of energy cost at high 


temperatures 170.1 

metabolism and growth 157-80 

and mouthbrooding 43 

nocturnal 43 

omnivores 41 

periodicity 43 

S. i)aromno on epiphytic growths 8 

seasonal changes and variations 42.3 

tilapias show great variability 42 

variation within populations 42-3 
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Feeding behavior 41.3
 
Feeding efficiency, in Intensive cage
 

culture 230.5
 
Feeding experiments, laboratory studies
 

and wild populations 168
 
Feeding habits, and level of pond
 

fertility discussed 305
 
and taxonomy 3-4
 

Feeding rate, defined 225
 
Feeding rates, in intensive cage cultue
 

225-7
 
for monoculture and polyculture
 

199-200
 
Feeding studies, in L. Bosumtwi 43
 

in L. George 43
 
in L. Kinneret 41-3
 
inin Pl ove Reservoir 42.3
 

Feeding techniques, in intensive cage
 
culture 227
 

Feeds, in all-male hybrid production
 
291-6
 

consumption of agricultural products
 
discussed 305
 

used in culture 198-200
 
Field studies, relevance for polyculture
 

and introductions 112.3
 
vast scale 1
 

Fiji, introductions 30
 
Fingerling production, for cage culture
 

215
 
reduced In crosses 298-302
 

Fingerlings, mass production 215
 
Fish culture, of all-male hybrids not
 

recommended for the majority 302
 
development o" hatcheries the key 348
 
efficient utilization of food 177, 341
 
importance of natural distribution of
 

the species 21
 
and introductions 24
 
the 'lek' system 11
 
methods to obtain efficient use of
 

food 341
 
monosex culture to control repro

duction 310.2
 
and Sarotherodonspecies 10-11
 
T.rendallimerits more attention 334
 
use and abuse of antibiotics 354
 
warnings to the practical fish farmer 11
 
see also All-male culture, All-male
 

hybrids, Aquaculture, Cage
 
culture, Extensive cage culture,
 
Hybridization, Intensive cage
 
culture, Semi-intensive cage
 
culture
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Fish culturists, need not use subgeneric 

names 7 

Fish health, research requirements 358 

Fish lice, 253-4 

Fisheries, and Introductions 24 

Fisheries Officers, should check native 


species before importing stock 11 

Fishing, and decline in size at maturity 110 

Fishmeal, in feeds 226 

Fishponds, at Pentecoste, Brazil 284, 308 


at Yangambi and Yaounde 5 

Flexibacter columnaris, and tilapia 


culture 254-5 

Floating cages, successful production of
 

fry and fingerlings 213.4
 
Floating pelleted feed, intensive cage
 

.-....-...... culture trials228 .. 

Floodplain species, have features of 'r' 


strategists 110 

Floods, and seasonal changes in distri-


bution 52-3 

used by euryhaline species for move-


ment 20 

Florida, unfavorable consequences of 


introductions 57 

Food, efficiency of utilization discussed 


177 

and growth in T. rendalli167-8 

quality and growth 151-5 

quality and quantity discussed 178 


Food consumption, estimated for S. nilo. 

ticus and T. rendalli168 


and temperature 172-4 ; 

T. rendalli in L. Kariba 174 


Food intake, less influenced by temper-

ature in the wild 174 


Food quality, defined 153 

Food presentation, powdered or 


pelleted feeds 345 

Food supply, in relation to somatic and 


gonadal growth 338-9 

Freshwater algae, used in semi-intensive 


cage culture 221-2 

Fry, effect of metacercariae infections 


251 

infection with white spot 248 

lownprduction i spwnpo nslow production in spawning ponds


317-8 

mass production 215 

mass production 215hductive 

mass production of hybrids 317-29 

mass production in Israel 325-6
 

myxobacterial infections 254 

production in cages 213-4 


production in earthen ponds 214-5
 
production, fecundity, and spawning 

frequency discussed 328.9 
produiction from interspecific spawn. 

ings 325
 
production and parental sex ratios
 

323
 
prophylactic treatment to prevent
 

spread of diseases 261
 
survival and hormone treatment 311
 

Fundamental research, merits increased
 
and sustained support 353
 

Fungi, as serious pathogens 256
 

Gaetgenesiscontroled by two pitu
itary gonadotropins 135
 

effect of temperature 133
 
general characteristics described 130-3
 
and somatic growth 336-40
 
temporal patterns 132-3
 

Gamma ray Irradiation, and control of 
reproduction 314
 

Gas bubble disease 257
 
Gel electrophoresis, and development
 

of serum markers 270
 
Gelatinous material, and feeding dis

cussed 177
 
Genetic determination of sex 280.2
 
Genetic markers, for sex and species
 

identification 269-77
 
Genetic strains, problems with the
 

selection of pure strains 282
 
Genetics, research requirements 355
 
Geothermal water, and introduction of
 

tilapias 25
 
S. aurcus,S. mossambicus and T. 

zillii 29-31
 
Germany, introductions 30
 
Gill-raker counts, in various tilapias
 

4, 5, 7
 
Gill surface area, oxygen demand and
 

growth 338
 
Glucose-6-phosphate dehydrogenase,
 

studied in tilapias 273-4
 
Gonad development, inhibited by
poatn 3


prolactin7 136
 
Gonadotropins, and control of repro

activity 135
 
from S. mossambicus 135
 

Gonads, and control of reproductive
 
activity 137-8
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destroyed by estrogens 314 somatic, stunting, and gametogenesis 

Gram-negative bacterial septicaemias, in 336.40 
cultured tilapia 255 synergistic effects in polyculture 188 

Grass carp, see Ctenophar'ngodon idella and temperature 189 
Great Britain, introductiohs 31 til.pias can switch from growt to 
Great White Pelican, a predator in L. reproduction 109-10 

Nakuru 101 Growth promoters 344.5 
Grenada, introductions 28 Guarders, short for nest-spawning 
"Grey" Literature, and information guarders 66 

resources 354 life history compared with bearers 70.1 
Groundnut cake, used in pond biparental tilapias 68 

culture 199 Guarders and bearers, alternative life 
Growth, adverse effects of inbreed- history styles 68 

ing discussed 307 and aquaculture 77-8 
and anabolic steroids discussed 306, Guarding species, tilapia life histories 

reviewed 66-8315 
and depth of water in cage culture 209 see also Mouthbrooders, Substrate 
enhanced by temperature oscillations spawners 

172.5 Guarding the young, and feeding 43 

factors influencing in cage cultural by the female in mouthbrooders 48 

212.3 Guilds, and ontogeny, 63-5 
feeding and digestion 141-56 see also Reproductive guilds 
and feeding discussed 81 Gymnarchusniloticus, will eat 
and food quality 151-5 tilapias 85 
and food in T. rendalli 168 Gyrodaclylus spp., infections and 
of fry in aquaria 172 mortalIties of tilapia in 
future lines of research 113 culture 250 
and hybrid vigor discussed 306 
importance of protein 151 
importance of temperature 158 
increased potential of male hybrids Habitat, diversity indicated 31 

290-1 Haemoglobin, and low oxygen levels 40 
inhibited in high density culture 260 Haiti, introductions 28 
males grow faster than females 310 Hapas, cages used in Philippines for 
in relation to metabolism and feed- culture 213-4 

ing 157-80 Haplorchispumilio, digenean parasite of 
monogeneari parasites may have little tilapias 251 

or no effect 250 Harvesting, and young-of-the-year 
and pheromones discussed 81 culture 189 
in polyculture of all-male hybrids 300 Hatchery work, at Edinburgh prison 328 
poor growth in hot springs explain,:d Hatching, no general significance in 

174-5 ontogeny 64 
and production of all-male hybrids Heavy metals, in manured ponds 350 

291-301 Helminth parasites 250-3 
and protein rich pellets 195 cestodes 252 
rates in cage culture 213 Digenea 250-2 
rates in intensive cage culture 230-7 Monogenea 250 
rates in natural waters 102-5 Hemichromis fascialus, as a predator in 
rates and selective feeding 154-6 pond culture 202, 313 
rates and semi-intensive cage culture Hepselus odoc, a predator on tilapias 95 

222, 224 lHerbivorous diet, structural adaptations 
research requirements 357 3.4 
and sex reversal discussed 306-7 Heterochrony, adaptive advantages 70 
slow in S. galilaeus 10 defined 64 
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and'development 72 
discussed 82 
major importance in evolution 66 
and saltatory development 72, 74 
and stunting 78 
and sympatric speciation 73 

Jleterophyesheterophyes, human 
parasite reported in tilaplas 251 

Hickling, C.F., was the first to report 
all-male hybrids 279 

Hierarchical arrangements, and spawn. 
ing performance discussed 327 

Hierarchical systems, in life histories 63-4 
High salinity lakes 38High stocking densities, inhibit repro,

doctiong 3 s iS.
duction 313 a ec tuIr ,0 ,7,,...High-Veldt; hard winters~and T.......................... cage culture,206-7..................
 
spard n .---

Isparran 4 
Homing 54-5 
Hong Kong introductions 28 

HongKong inrodution28S. 
Hormones, and sex reversal discussed 316 
Hot springs, in L. Chilwa 34 

and north American species 34 
in L. Magadi 34 
S.alcalicusgraharni34 
S.spiluruspercivali 34 
in R. Turkwel. 37 
in Uaso Nyiro system 34 

Hybrid crosses, female parent to be given 
first 279, 353 

Hybrid vigor, discussed 306 
Hybridization 279-307 

all-male hybrids: S.niloticusx S. 
hornorum 192 

all-male offspring 56 
all-male polyculture 192, 194 
and all-male populations 191 
cold tolerance of crosses 298 
effect on sex ratios 11 
factors effecting 102 
increased growth potential of males 290 
and introductions 26, 56 
known between Tilapia spp. and 

Sarotherodonspp. only after 
artificial fertilization 12 

techniques to produce all-male hybrids 
at Pentecoste, Brazil 285 

of T. zilliiand T. rendalli12
 
unfortunate consequences 56
 
in L. Victoria 12, 56, 91, 102
 
see also Interspecific spawnings 


Hybrids, all-male 310-11 

cold tolerant when S.aureus a parent 
303 

commercial production of F1 males 
270 

experiments with various feedstuffs 
199 

growth in bracklshwater ponds 121 
mass production of fry 317-29 
S. mossambicus x S. hornorum: 

Hickllng's first experiments 279 
S. mossambicus x S. niloticus: fry 

production in cages 214 
S. mossambicus x S. niloticus: inten

sive cage culture with mixed
species 235-6 

mossambicus x S. niloticus: used in 

S.niloticus x S.aureus: F1 male 
hybrid production 270 

S.niloticusx S. aureus: serum
 
transferrins 272


niloticusx S. hornorum: cross 

figured 308 
S.niloticusx S. hornorum: pro. 

duction system used in 
Brazil 284 

temperature tolerances of various 
crosses 120 

toleration of dissolved oxygen levels 
122 

and unusual sex ratios 269-70 
usually relatively easy to produce 

with tilapias 334 
see also Interspecific spawnings 

Hydrillaverticillata, in semi-intensive 
cage culture 221-2 

Hydrocynus sp., will eat tilapias 85 
Hydrocynus vittatus, an important 

predator on tilapias 94 .6 
-ydrodictyon sp., in semi-intensive 

cage culture 221 
Hydrogen sulphide, and massive fish 

kills 40 
Hypersaline habitats' 38 
Hypophihalmichthysmolitrix, a carp 

used in polyculture 190, 193-4 
Hypophysectomy, effect on S. spilurus 

135 

IBP, secInternational Biological Pro
gramme 
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Ich or white spot 248 problems of incompatibility due to
 
Ichthyophthirius multifliis, the cause of behavior 322-5
 

Ich or white spot 248 see also Hybridization, Hybrids
 
Ichthyobodo necatrix, in S. mossam- Intestine, exceptionally long in tilapias
 

bicus? 249 142 
Ictaluruspunclatus, compared with structure and herbivorous diet 3 

tilapias in culture systems 245 Introductions, Africa 24.5, 86 
Idaho (US.A.), T. zillii in geothermal Africa (noncontinental) 28-30 

water 31 African waters summarized 26, 86 
Immune system, disease and cold America 28.31 

temperature discussed 262 apperance of transplanted species 
Immunological studies, and speciation 333-4 

in Sarotherodonand Tilapia to artificial lakes in Shaba 24 
discussed 12.13 to artificial water bodies 24, 86 

Indigenous populations, interactions Asia 28-30 
with introductions 57 Asia (SE) 30-1 

Indonesia, intensive cage culture Bangladesh 28-9, 57 . ..... . ...... 

with mixed species 236 Belgium 29, 31 
introductions 28, 57 and biological control 24 

Information resources, need to Bolivia 30 
improve 354 Brazil 30, 57 

Inhibition, of reproduction by high cause for concern 354 
stocking densities 313 China 28 

Inhibitory factor, and high density Colombia 28, 30 
culture 260 complete failures 55 

Inorganic fertilization and manuring, in confused with natural distribution 25 
pond culture 197-8 cooling waters 25 

yields increased by 21/ 197 Cyprus 29 
Inorganic fertilizers, and all-male destruction of vegetation and native 

hybrid production summarized 295 species 29 
Integrated farming, and tilapia culture eastern rivers north of the Zambezi 6 

350 ecological effects 55-7 
Integrated farming systems, and pond Ecuador 28 

El Salvador 28-30culture 198, 293 
Intensive cage culture 223-36 established rapidly from very few 

costs of artisanal feeds 226 fry 91 
costs and income 234 Europe 29-31 
and Edwardsiellatardainfections 255 factors affecting success in man-made 
examples 230-6 lakes 50 
feed 223.6 factors responsible for failures 55 
feed conversion 228-30 failure attributable to excessive repro. 
feed presentation 228 duction 56 
feeding rate 225-7 failure in cold regions 55 
feeding techniques 227 failure at high altitude 55 
mixed species 236 failure with various species 55 
trials with different pelleted feeds Fiji 30 

228-9 and fish culture 24 
Internal factors, and regulation of repro- and fisheries 24 

ductive activity 135-9 followed by escapes 24 
International Biological Programme, to geothermally heated waters 25 

study of L. George 108-9 Germany 30 
Interspecific spawnings 321-5 Great Britain 31 

advantages of more males 323 Grenada 28 
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Haiti 28 

Hong Kong 28, 57, 86 

and hybridization 102 

Indonesia 28, 57 

and intraspecific temperature 


tolerance 37 

to irrigation channels 24 

Jamaica 28 

Japan 28-31 

Java 25, 28 

L. Kainji 50 

L. Kariba 24 

L. Kyle 24 

L. Kyoga 24 

L. Lusiwashi 24 

L. Mcflwaine 24 

Madagascar 2830 

Malacca 30 

Malaysia 28 

Mauritius 30 

may spread diseases and parasites 57 

'melanopleura'leads to confusion 25 

Mexico 28-30, 57 

mistakes 24 

L. Mutanda 36 

L. Mwadingusha 48, 50, 73 

L. Naivasha 24, 334 

L. Nakuru 24 

Nemakia mangrove swamp 38 

New Guinea 28 

Nicaragua 28, 86 

North Vietnam 28 

objectives 24.5 

outside Africa 25-31, 57, 86 

Paraguay 30 

Peru 30 

Philippines 28 

prudence required 58 

Puerto Rico 28.30 

relevance of field studies 112-3 

Ruwanda 24 

St. Lucia 28 

S. andcrsonii 21 

S. alcalicus to L. Nakuru 337 

S. aureus 22 

S. galilaeus 21 

S. lepidurus 20 

S. leucostictus to Tcso dams 73
 
S.leucostictus to L. Victoria 91
 
S.macrochir20
 
S. nelanotheron 21 

S. mortimeri 21 

S. mossambicus 21 

S. niloticus20, 91 


S. pangani 21
 
S. placidus 21
 
S. ruumae 21
 
S. schwebischi 20
 
S. spilurusniger 21
 
S. upembae 20
 
S. urolepis 21
 
serious effects on flora and fauna 30
 
Sri Lanka 28, 30, 57
 
successes and failures in high altitude 

lakes 36
 
success with various species 55
 
to Sudanese irrigation channels 24
 
Taiwan 28.30 
Thailand 28.30 
T, congica 19
 
T. dagetil19 
T. guineensis 18
 
T. mariae 19
 
T. rendallito L. Victoria 5
 
T.sparrmanii.19 
T. tholloni 19
 

18
T.zillii 

T. ziUui to Kenya 6
 

to Teso dams 73
T.ziUli 

T.ziUii to L. Victoria 5, 91
 
to Tunisian oasis 24
 
Uganda 24
 
unfavorable consequences discussed 57
 
unfortunate ecological consequences
 

56
 
United States of America 28-31
 
L. Victoria 5, 24, 91
 
Zimbabwe 24
 
see also Transfers
 

Invertebrates, indiet 144
 
Involuntary introductions, examples 24
 
Ipil ipil, see Leucaena leucocephala
 
Irradiatir, to control reproduction 314
 
Irrigationchannels, introductions 24
 
Israel, manual sexing of tilapia 310
 

mass production of fry at Kibbutz 
Ein Hamifrats farm 325.6 

system to produce male hybrids 
286-7
 

Ivory coast, intensive cage culture 
232.3 

Jacqueville, British Petroleum exper
imeiits on intensive cage culture
 
236
 

Jamaica, introductions 28
 

http:sparrmanii.19
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Japan, introductions 28.31 Leucaena leucocephala, ipil ipil, leaf 
Java, introductions 25, 28 meal feed in fish culture 221, 225 
Juvenile period, defined 64 Licenses, required for extensive cage 

culture 216 
Life histories 61.82 

five periods recognized and defined 64 
K-selected strategy, features discussed 63 mouthbrooders and substrate spawners 
Kafue Gorge hydroelectric dam 107 compared 70-1 
Kenya, introduction of T.zillii6 parameters for 18 species summarized 
Kenya rift soda lakes, ecological studies 74-5 

100-1 r and K selection 62-3 
Kibbutz Ein Hamifrats, establishment strategies 338 

of pure strains 335 strategies discussed 62 
mass production of fry 325.6 Light, effect on spawning 314 

Kilimanjaro (Mount), Oreochromis Lipid, assimilation efficiQncy 152 
hunteri6 see also Fat 

.. ......... Longevity, for14 species summarized.74-5 
Lymphocystis infection, in wild tilapias 

256 
Laboratory ,tudies, T. tholloni 5 
Lactate dehydrogenase, studied in 

tilapias 273-4 
Lacustrine tilapias, depth limited 51 Macrophytes, assimilation efficiencies 

growth rates in various lakes 103 151 
"K" strategists 111 in diet 144 
in West African crater lakes 99 used in semi-intensive cage culture 

Lagoons, as tilapia habitats 31 221-2 
Lakes, conductivity in high altitude lakes Madagascar, ecological effects of intro

36 ductions and transfers 55-7 
high altitude 36 introductions 28-30 
high salinity 38 Malacca (Malaysia), production of all-male 
restricted distribution of tilapias 23 hybrids 291 
as tilapia habitats 31 Malachite green, a prophylactic against 

Larval anomalies, in S. niloticus 260 mycotic infections 256 
Larval period, defined 64 Malawi species flock 97-8, 332 

sometimes greatly extended or and allopatric speciation 8 
eliminated 64 related species with a characteristic 

Lares niloticus, predator on tilapias 85, feature 7 
188, 313 and sympatric speclation 8 

Latimcria chaluminae, larval period Malaysia, introductions 28, 30 
eliminated 64 Maintenance energy, required by T. 

Legislation needed, to contain outbreaks rendalli172-3 
of serious diseases 354 Male sex-protein, and dominance 

to control use and abuse of antibiotics discussed 277 
354 levels and sexual activity dis-

Leks; in Sarotherodon 69 cussed 277 
Lemna minor, used in semi-intensive as serum marker 270 

cage culture 221-2 studied in tilapias 274-5 
Length distributions, of S. niloticus in Malnutrition, and protein deficiency 153 

various waters 88 Man-made lakes, expectations for com-
Lernacaspp., parasitic copepods 253 mercial fisheries 85 
Lernaea tilapiae,restricted to tilapias factors affecting success of intro

of L. Malawi 253 ductions 50 
listed 86 
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Mangrove swamps, Nemakia (Madagascar) 


38 

Manihot esculenta (Euphorbiaceae), used 


in semi-intensive cage culture 221-2 

Manual sexing, all-male populations 191 


minimum size of fish 191 

Manure, in pond culture 197-8 

Manyara (Tanzania), introductions and 


altitude 36 

Market preferences, and aquaculture 186 

Mash versus pelleted feeds 228 

Mass mortalities, in L. Chilwa 99
Mass production, of fry arJ fingerlings 

215.6 
215.6 hMixed

of hybrid tilapia fry 317-2923
 

of seed 3,48.9
 

Ve 

in various waters 109 


Maternal mouthbrooders 6-7 

Maturation, flexibility of timing 339 


in relation to environmental factors 337 


Maturation size, and condition in S. nil-


ticus 89 

declined for S. niloticus in L. George 90 

in S. leucostictus 90 


Maturity (first), delayed in Malawi flock 
species 98 


length and condition in S. niloticus 89 

length at in S. Icucostictus 90 


Mauritius, ecological effects of introduc-tion andtranfers~57Monosextions and transfers 55, 57 

introductions 30 


Maximum carrying capacity of a cage, 

factors influencing 212 


Maximum size, for 17 species 74.5 

MCC, see Maximum carrying capacity 

Megalops cyprinoides, a predator on 


young tilapias 313
Mclanoidcs tuberculata,a molluscan 

host for digenean parasites 251 

hosanolur d p' 21and 


inelanopleura',confusion caused byintroductions 25
Menstic characters, m T. zilii and T. 
rendalli 5.6 

Metabolic studies, S. mossambicus160-1anLraa25 
r 6 -ndalli15073 


Metabolism, and daily variations in 

temperature 160 


feeding and growth 157.80 

Metacercariae, wide range recorded in 


tilapias 250 

Metepa, a chemosterilant to control 


reproduction 314 


Methallibure, used to suppress gonad
 
development 312-4
 

Methyltestosterone, and sex reversal
 
311.2
 

Mexico, introductions 28.30
 
Microcystis, and high primary pro

duction in L, George 109
 
Micropterussalmoides, a predator on
 

young tilaplas 313
 

Migration, S. lidole in L. Malawi 52, 54
 
S. macrochir in L. Mweru 52, 5,4 
S. vmriabilis in L. Victoria 52
Milkfish, see Chanos chanos 

Mirror carp, see Cyprinus carpio 
species, in intensive cage culture 

.... Moist pelleted feeds, intensive cage.. ... .
 
culture trials 228.9
 

Monoculture, all-male hybrids 291-6
 
feeding rate chart 200
 

e niti es 195
 
y esa-e 199
 

.Mas 

yields of all-male hybrids 196-7
 
Monogenean parsites 250
 
Monogeneanlpres 250
Monosex culture, and control of repro

duction 310.2
 
and manual sexing 191
 
and monosex hybrid production
 
a m e b p
 

310 s11
 
andsex ral 311-2
male populations, methods to 

oti 9
obtain 191
 
Monosex populations, of S. niloticus in
 

intensive cage culture 232-3
 
inteage cae 21

in cage culture 213
 
Monthly specific growth rate 218-9
 
Mortalities, and algal blooms 257
 

in cage culture 238-9
and digenean infections 251
 
examples of massive fish kills 40
 

gram-negative bacterial septi
caenias 255
 

haemorrhagic septicaemias 255-6
 
and high density culture 260

infections of Gyrodactylusspp. 250

and Lcrnaca 253
 

and mycotic infections 256
 
and parasitism in S.mossambicus 249

and parasitism in S. niloticus 236
 
S. nilolicu.,and dissolved oxygen 237
 

Mosquitos, controlled by introductions
 
21
 

Mouthbrooders, behavior of alevins 17
 
behavior described 6, 47
 
breeding arenas 47
 



-07 

.. . / • • • 


brooding areas 47 

evolved from substrate brooders 68 

and genetic markers 269-77 

guarding the young 48 

larval period eliminated 64 

life history compared with that of 


substrate spawners 70-1 

males and nesting zones 47 

origins 331 

production of unusual sex ratios 269 

roles of males and females 6 

S. karomo 47 

S. macrochir47 

S. mossambicus 47 

S. variabilis 47 

schooling of alevins 54 


.spawning behavior 47-9..7 

young altricial at first feeding 67 

see also Guarders, Parental care 


Mouthbrooding, advantages 48 

and feeding 43 

polyphyletic origin? 62 


MP, average monthly production 219-20 

MSG, monthly specific growth rate 218-20 

MSP, see Male sex-protein 

Mucus, autoallergic properties in S. 


mossambicus 313 

Mudfish, see Op/icephalus striatus, 


Channa striata 

Mugil cephalus, in polyculture 193-4 

Mullet, see Mugil cephalus 

Mutanda (Uganda), introductions and 


altitude 36
 
Mycobacterium fortuitum, and tuber

culosis in cichlids 256
 
Mycobacterium tuberculosis,and disease 


in tilapias 254 

Mycotic infections 256 

Myxobacteria, and diseases in tilaplas 


254-5 

Myxosporidians, recorded from wild 


tilapias 249 


Namib desert, permanent water bodies as 

tilapia habitats 31 


S. mossambicus in water bodies 25 

Nanism 110 

Native species, to be checked before 


importing stock 11 

Natural 	distribution, importance of 


knowledge 21 
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Natural environments, for fingerlings in
 
all-male hybrid production 283.90
 

Nematode parasites 252.3
 
little known of their significance in
 

tilapias 252
 
Neoplasla, lack of detailed observations
 

258
 
Neoteny, survival value for tilapias 77
 
Nesting zones 46.7
 
New Guinea, introductions 28
 
Nicaragua, introductions 28
 
Nile perch, see Lates niloticus
 
Nilotic species, growth rates 103.5
 

in rivers and lakes 85-91
 
Nocturnal feeding, in various species 43
 
Nomenclature, genera Sarotherodonand
 

1..... 	 ..Tilapia accepted for.Conference-
proceedings 353
 

Notropislutrensis, in hot springs 34
 
Nuclear power station, S. niloticus in
 

warm water 29
 
warm effluent used for cage culture
 

207, 218
 
Nursery areas, competition between
 

species in L. Victoria 93
 
Nursing of fingerlings, in all-male culture
 

191.3
 
Nutrition, 340.6
 

research requirements 357
 
Nyasalapia (subgenus) 7
 

natural distribution 10
 
species are cultured 10
 

Oasis (southern Tunisia), introductions 24
 
Oil cake, and semi-intensive cage culture 

223-4
 
Oocyte, development 131
 

growth described 131
 
growth in T. rendalli132
 

Ophicephalusstriatus,predator in poly
culture 189
 

predator on young tilapia 313
 
see also Channa siriata
 

Oreochromis(subgenus), natural distribu
tion 10, 17
 

species are cultured 10
 
Oreochromis,a new genus? 6, 11
 
Oreochromishunteri, maternal mouth

brooder 7
 
on Mount Kilimanjaro 6
 

Oreochromisand Sarotherodon, sub
genera defined 7
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Organic fertilizers, and production of 

all-male hybrids summarized 295 

Organic matter, site of digestion 148.9 

Oxygen, and distribution of tilapias 40-1 


and distribution of young tilapias in 
L. Victoria 93 


fish size, metabolic needs, and 

growth 338 


low levels tolerated 40 

and S. mossainbicus40 

and S. niloticus 40 

supersaturation in L. Chilwa 41 


Cxygen 	tolerance, physiological and 

behavioral basis 40 


Oyster shell, in artisanal feeds 226 


.
 

Paedomorphosis, and development 72 

Panama, all-male hybrid production 286 

Panicum repens, food of T. rendalli in 


L. Kariba 168 

Paraguay, introductions 30 

Parasites, behavior of Argulus sp. in 


cages discussed 246 

cestodes not a serious problem in 


cultured tilapias 252 

crustaceans 253.4 

helminths 250.3 

infected fish can harm man 251 

may be spread by introductions 57 

and mortality in S. niloticus 236 

myxosporidians discussed 262 

nematodes 252 


Parasitic diseases 248.54 

protozoan parasites 248.9 


Parasitism, low incidence attributable to 

varying salinity 101 


Parental care, and diet 4 

role of males and females 6 

see also Mouthbrooders 


Parental roles, discussed 68.70. 
Paretropuspetiti, valuable fish almost 


disappeared after tilapia intro-

ductions 57 


Partitioning of resources, L. Bosumtwi 

99 


L. Victoria 92 

Paternal mouthbrooder, S: mdlano-


theron 6 

Peanut oil cake, in feeds 226 

Pelecanus onocrotalusroseum, pelican 


on L. Nakuru 101 


Pelleted chicken feed, in pond
 
culture 199
 

in polyculture of all.male hybrids 300
 
Pelleted rations, optimistic growth fore

casts could mislead 170
 
Pelleted versus mash feeds 228
 
Pellets, experiments with different types
 

228-9
 
Pentecoste (Brazil), ponds and pig sties
 

worked together 293
 
precautions to preserve pure genetic
 

strains 285
 
Rodolpho von Ihering Fish Culture
 

Research Center 308
 
Periphyton, in diet 144
 
Peru, introductions 30
 

. .. pH,and -distribution of.tilapias 40 ..
 

lethal limits for tilaplas 123
 
tolerances discussed 125-6
 

Pharyngeal apparatus, role in digestion 142
 
Pheromones, and spawning discussed 140
 
Philippine lakes, extensive cage culture of
 

S. mnossambicus 217
 
Philippines, intensive cage culture 232,
 

235
 
introductions 28
 
unfavorable effects of introductions 57
 

Phosphorus, removed from L. Nakuru by
 
pelicans 101
 

Photoperiod, practically constant in
 
L. Naivasha 45
 

Physical factors, and distribution of
 
tilapias 31-41
 

Physlco-chemical factors, and abundance
 
of tilapias 109
 

Physiology, of oxygen tolerance 40
 
Physiological studies 115.80
 
Phytoplankton, in diet 144
 

eaten by S. esculentus 41
 
eaten by S. macrochir41
 

Pig fattening, and pond culture 198
 
Pigs, and all-male hybrid production in
 

Brazil 293
 
teratogenic effect of methallibure 314
 

Pituitary, and control of reproductive
 
act:city 135.6
 

its activity is regulated 138.9
 
Plant leaves, and semi-intensive cage
 

culture 223-4
 
Poaching, and cage culture 209, 239
 
Pollution, and cage culture 239
 
Polyculture, all-male hybrids 296.8
 

details summarized 190
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effect of one species on the growth food and assimilation efficiency 
of others 188 discussed 178 

feeding rate chart 200 diseases in tilapias summarized 351 
nursing tilapla fingerlings 193 maintaining pure genetic lines 282 
overwintering of fingerlings 192.3 movement of stock across national 
use of predators to control numbers boundaries 182.3 

188.9 prolific spawning in aquaculture 186 
relevance of field studies 112-3 supersaturation of gases in aqua. 
stocking rates for predators 189 culture 41 

Pond culture 185-203 Production, of all-male hybrids 291-8
 
all.male culture 191-7 all-male hybrid culture experiments
 
carrying capacity for S. mossambicus in Brazil 294
 

187 and cage-size discussed 245 
choice of species 186-7 in extensive cage culture 217 
feed conversion ratios 199 intensive cage culture 230.7 
feeding 198-200 potential in cage culture systems 240-5 
fertilization and manuring-197.8,.202 ........ semi-intensive cage culture 221.2, 224 
and integrated farming systems 198, tilapias in natural waters 105-9 

293 Prolactin, and reproductive physiology 
nutritional value of supplementary 136 

foedstuffs 199 Protein, assimilation efficiency 152 
use of predators discussed 201-2 deficiency and malnutrition 153 
polyculture 1.88 digestion described 149 
S. aureus 188 maintenance requirement 153 
S. mossambicus 187 most important in limiting growth 151 
stocking biomass recommended 188 site of digestion 148-9 
yields and prices discussed 200.1 Protein content, in fish feeds 225.6 

Population fecundity, and breeding Proteusspp., and haemorrhagic septi
season 45 caemia 255 

Port Elizabeth, S. mossambicus 3,4 Pryinnesiumparuum, toxic effects 257 
Precocial forms, in ecological terms Pseudomonads, and haemorrhagic sep

specialists 67 ticaemia 255 
features of life style 67 Puerto Rico, bilharzia vectors in 

Predation, in L. Sibaya 97 tilapia ponds 57 
Predators, cause damage and losses in intensive cage culture 231 

cage culture 238 introductions 28.30 
to control recruitment listed 313 Pure genetic lines, problems of main
excluded from broodstock tanks 285 taining282 
in polycuilture 188-9 and production of all-male hybrids 
use in pond culture discussed 201.2 280-2 
stocking ratios when controlling Pure strains, establishment and conserva

recruitment 313 tion 335-6 
on tilapias named 111 methods for maintaining need further 
on tilapias in Zambezi system 94-6 development 335 

Premaxilla, Lee's cutting technique most significant collections named 335 
discussed 306 S. aurcus at Kibbutz Ein Hamifrats 335 

Pressure, and distribution of tilapias Purina Trout Chow, protein content 225 
32, 51 

Prevention and control of diseases 261 
Previtellogenesis, and vitellogenesis 131 r- and K-selection, and altricial and pre-
Primary production, very high in cocial forms 72 

L. George 109 life history features discussed 63 
Prohlems, in aquaculture reviewed 181.3, r and K strategists, as riverine and 

265.7 lacustrine populations? 111.2 
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I-t. ny season, and breeding, 44-6 


peak spawning of S niloticus 87 

Recruitment control in culture systems 


236,349-50 

predators to control listed 313 


Reduced fry production, discussed 306 

Reproduction, control of 309.16 


controlled by harvesting 313-4 

controlled by inhibitors 314 

controlled by irradiation 314 

inhibited by high stocking densities 313 

oierpopulation and failure of intro-


ductions 56 

research res355

role of envirnmental factors 1334 


role of social factors 134-5' 

and salinity 121, 314 

temperature limits 33-4 

sce'lsoBredn -tolerance 


Reproductive behavior, and chemical 

stimuli 347 


see also Spawning, Spawning behavior 

Reproductive activity, role of external 


factors 133-4 

role of internal factors 135-9 

role of social factors 134-5 


Reproductive guilds or style 63-5 

hierarchical system described 65 


Reproductive habits, S. niloticus 4 

and taxonomy 3-4 

T marie 4 


Reproductive physiology 129-40 

Reproductive potential, and success of 


tilapias 116-7 
.immunological 

Research needs, in cage culture 239-40 

and production of all-male hybrids 


303.4 

Research priorities, summarized 350 

Reservoirs, introductions 24 

Respirometry, and metabolic studies 


-160-1 
Restricted disti-bution, of various 


tilapias 23 

Rice bran, in feeds 226 


and pond culture 199 

if and semi-intensive cage culture 223-4 


Rice polishings, in feeds 226 

Rift Valley, tasselled tilapias an example 


of allopatric speciation 8 

Rivers, different types as tilapia habitats 


31 

slopes and distribution of tilapias 32 


Ruwanda, introductions to lakes 21 


Saddle back, a spinal deformity 258.9
 
Sahara desert, permanent water bodies as
 

tilapia Iabitats 31
 
St. Lucia, introductions 28
 
Salinity, affect, reproduction of tilapias
 

121-2, 314
 
and changes in distribution 52
 
effect on temperature tolerance 121
 
euryhaline species 38
 
fluctuations in L. Chilwa 38
 
and growth and survival 121-2
 
in high altitude lakes 36
 
high in some lagoons 38
 
high in some lakes 38
 
in L. Mweru Wantipa 38
 

in Nemakia mangrove swamp 38
 
tolerance for4 species summarized 124
 
tolerance and temperature 37.'
 

of various species38-9
 
tolerance of various species discussed
 

127
 
variations associated with low incidence
 

of parasitism 101
 
see also Conductivity
 

Salmo gairdneri, compared with tilapias
 
in culture systems 245
 

Salmonids, freshwater cage culture
 
discussed 246
 

Saltatory development, and hetero
chrony 72, 74
 

Saprolegnia (genuj), can cause severe
 
losses in cultured fish 256
 

Sarotherodon (genus), diverse feeders 41
 
studies discussed 12-13
 

introductions 20
 
means 'brush-toothed' 4
 
natural distribution of genus 20
 
number of species about 46 332
 
sex determination 275-6
 
species used for fish culture 10-11
 
typified by S. melanoiheronand S.
 

galilaeus 6
 
Saro!herodon (subgenus), natural ditr

bution 9
 
and Oreochromis (subgenus), defined
 

7
 
Satiation, in T. rendalli 172-3
 
Schooling 54
 
Scotland, experiments with cages in
 

lochs discussed 246
 
Sea bass; see Dicentrarchus sp,
 
Seasonal changes in feeding 42-3
 
Seasonal changes of habitat 52.3
 

see also Migration
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Seed supply 346-9 Silver carp see Hypophthalmichthys 

limitations for cage culture 212 molitrix 
Selective feeding, for maximum growth Sinking pelleted feeds, intensive cage 

154-6 culture trials 223-9 
Semi-intensive cage culture 22C"-4 Site, factors influencing choice for 

aquatic and terrestrial plants 220-2 cage culture 211 
defined 220 Size, influence on distribution 52 
growth rates 222 and temperature tolerances 37 
with low protein mixed feeds 223-4 Size at maturity, factors affecting 33940 
production 222 size of water body 110 
species used listed 222, 224 2 water level 110 
supplemental feed 220-2 Skin damage, repair mechanism in fish 

Senescent period, defined 64 discussed 262 
Septicaemias 255.6 Slopes of rivers, and distribution of 
Sertoli cells 131 tilapias 32 
Serum esterase, studied in tilapias 2734 Slime bacteria, and diseases in tilapias 
Serum markers, developed to identify F, 254-5 

hybrids 270 Snake head, see Channa striata,mudfish, 
Serum transferrins-271-3.. Ophicephalusstriatus.. 
Sewage, and tilapia ponds a controversial Social factors, regulation of reproductive 

topic 350 activity 134-5 
Sex determination, not well understood Soda Lakes, alkalinity and fish kills 109 

in tilapias 280 ecological studies 100-1 
Sex ratios, affected by mixing species 11 Somatic growth, in relation to stunting 

affected by temperature 314 and gametogenesis 33640 
best for high broodstock performance Soudanian species, distribution 4, 17 

347 named 17, 85 
best for production of fry and finger. Space factor, and mortalities in high 

lings 214-5 density culture 260 
effect of environmental factors Spatial segregation, factors affecting 51.5 

of tilapias in L. Victoria 92discussed 127 
of arents and fry production 323 Spawning, and environmental factors 337 
in various crosses 280 factors affecting hybrid production 

Sex reversal, anabolic steroids discussed 299-302 
315 in floating cages 213 

cost of methods discussed 315 influenced by light and temperature 
hormone treatment discussed 316 314 
and increased growth discussed 306-7 inteispecific 321.5 
and monosex culture 310-2 Olarge fish inhibit small fish? 337 
to produce all-male populations 191 'mouthbrooders 47 
and space as a limiting factor discussed substrate spawne'r's 46 

315-6 and temperature in pond culture 189 
Sexing tilapias, discussed 201-2 Spawning behavior 46-9 

errors specified 201-2 and incompatibilli in interspecific 
manual method used in Israel 310 crosses 322-5 

Sexual maturity, size at for 17 species 74-5 in L. Malawi 98 
Sexual steroids, and control of reproduc- S. karomo 47 

tive activities 135-6 S. variaoilis47 
Shaba, breeding of S. nacrochir45 T. renddl1i 46 

breeding of T. rendalli45 T. zillii46 
introductions to artificial lakes 24 Spawning frequency, fecundity and 

Shoaling behavior, see Schooling fry production discussed 328-9 
Shock syndrome, in high density culture evidence for flexibility 339 

260 exchange of water beneficial 318 
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. in interspecific spawnings 322-4 
S. aureus 319-21, 323 
S. niloticus 320-3 
S. vulcani 318, 320 

Spawning grounds, choice of 46.7 
Spawning performance, factors affecting 

discussed 327-9 
Spawning seasons, and environmental 

factors 133-4 
Speciation, in L. Barombi Mbo 8, 331 

and immunological studies discussed 
12-3 

in L. Jipe 332 
In Satotherodon and Tilapia 8-9 
and taxonomy 3-13 

Specific and generic names, some origins 
4. 6 


Spermatogenesis, controlled by a 

gonadotropin135 

spermiogenesis, and spermiation 131 
Spermatozoa, development 131 
Spinal deformities 258-9 
Sporozoa, common in wild tilapias 249 
Springs (hot), tilapia habitat 31 
Sri Lanka, introductions 28, 30 

has ten thousand small reservoirs 182 
Starvation, metabolism and loss in weight 

164.6 
studies on T. rendalli164-5 

Stenothermal species 37 
Steroid hormones, and monosex culture 

311-2 
Stirling (Scotland), studies on diseases 

and parasitism in tilapias 247-63 
Stock transfers, need for national 

controls 261 
Stocking, biomass recommended 188 

and young-of-the-year culture 189 
Stocking data, intensive cage culture 

231-5 
Stocking densities, all-male culture 195 

all-male hybrid culture in Brazil 294.5 
extensive cage culture 217 
polyculture of all-male hybrids 300 
production of fry and fingerlings 214-5 
semi-intensive cage culture 222, 224 

Stocking 	ratios, when using predators to 
control recruitment 313 

Stomach fluid, low pH in tilapias 146 
Storms, and massive fish kills 40 
Streptococci, B-haemolytic and haemorr

hagic septicaemia 255 
Stump body, a spinal deformity 258-9 
Stunting populations, listed 74-5 

see also Drawf populations 
Stunting 78-80, 336.40 

in hot springs explained 174-5 
may follow stocking by weight 187 
of S. mossambicus in Malawi 187 

Subgenera, merits of opinions discussed 
7-8
 

Subgenera defined, behavioral and geo
graphical evidence 7 

Subgeneric names, need not be used by 
fish cultuiists 7 

Substrate brooders, and scheme of 
reproductive guilds 66 

see also Substrate spawners 
Substrate spawners, advantages 48.9 

behavior 46 
dependent on shoreline habitats 51 
life history compared with mouth

.7brooders70-1 .	 .
.................. 	 -.. 


mucopolysaccharides glue eggs to 
substrate 132 

nesting zones 47 
T. rendalli46 
T. zillU 46 
vulnerable to changes in water level 50 
young precocial at first feeding 67 

Sudanese irrigation channels, introduc
tions 24 

Supersaturation, and gas bubble disease 
257 

Survival, of fry in mass production 
techniques 215 

Survival value, o .daily changes in habitat 
53 

Swampy lakes, as tilapia habitats 31 
Swimbladder, adaptation to pressure 

limited 32 
use as an oxygen store discussed 127 

Swimming performance, and distribution 
34 

Sympatric speciation, in L. Barombi 
Mbo 8, 331 

and heterochrony 73 
in Malagarasi swamps 8 
and Malawi flock species 8 

Sympatric species, confusion with intro
ductions 24 

Systematists, and use of subgeneric 
names 7 

Taiwan, intensive cage culture 235.6 
introductions 28-30 
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unfavorable consequences of intro- preferences discussed 176, 178
 
Oiuctions 57 and seasonal changes in feeding
 

Tambaqui, see Colossoma macropomum activity 43
 
Tanks, various types used in fingerling skin repairs at low temperature
 

production 282-3 discussed 262
 
Taxonomy, behavioral and geographical and spawning in pond culture 189
 

evidence 7 systematic studies on preferences
 
merits of subgenera discussed 7-8 and tolerances needed 58
 
and speclatlon 3-13 tolerance of juvenile tilapias in
 

use of subgeneric names 7 L. Victoria 93
 
Teeth, described 142 tolerance of various species 35, 120.1
 

structure and herbivorous diet 3 upper lethal levels 37
 
S. franchettii 7 Temperature oscillations, benefits to 

S. karorno 8 smaller fish 174 
S. niloticus 4 Temperature tolerance, and acclimation 

S. langanicae 7 121 
T. mariae 4 and aquaculture 37 

T. ?illii4 effect of salinity 37, 121 

.Temperature,and assimilation by.T. eurytherma-species 37 

rendalli 168-9 intraspecifc differences 37 

and breeding 44-5 and introductions 37 

cold tolerance of hybrids 298 and salinity 37, 121 

daily changes and aquaculture 55 and size 37 

daily variations and metabolism 160 stenothermal species 37 

diseases and low temperatures juvenile tilapias In L. Victoria 93 

discussed 262 various species 35, 120-1 

and dissolved oxygen tolerance wide in T. sparrmanii 4 
see also Thermal tolerancediscussed 127 

and distribution 33-7, 51-2, 119 Terrestrial plants, used in semi-intensive 

and diurnal movements 53 cage culture 221-2 

diurnal oscillations and inshore/ Territoriality 46-9 

offshore movements 159 advantages to substrate spawners 48-9 
effect of oscillations on food con- and aggression 49 

sumption and growth 172-4 and wounds 49 

effect on sex ratio of S. aureus,314 Tetramine, a chemosterilant to control 
effect on spawning 314 ';' reproduction 14 
and energy cost of feeding 170.1 Thailand, introductibns 28-30, 57 
and excretory energy loss 171 S. mossambicus not accepted on 

extremes and myxobacterial infections account of its taste 57 
254 Thermal tolerances, tilapias in hot springs 

34and failure of introductions 55 

and feed conversion ratios 230 various species 35, 37, 120-1 
food, and growth in T. rendalli166.8 Tihange (Belgium), culture experiments 
and gametogenesis 133 with nuclear power plint effluent 

and growth in tilapias 189 207, 218, 220 

importance in relation to growth 158 Tilapia (genus) 
lower limits for 4 species summarized and immunological studies discussed 

125 12.13 

and parasitic infections 248.9 many species are macrophyte feeders 
41physiological effects summarized 

115-6 number of species about 30 5, 332 

and precocious spawning in T. zillii Tilapias, ability to switch from growth to 

110 reproduction 109-10 
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abundance, breeding season, and 


number of broods 110 

adaptation to low levels of dissolved 


oxygen discussed 127-8 

in alkaline lakes 332 

all-male culture 191.7 

alternative and preferred classification 


11.12 

ammonia tolerance 123 

anomalies and deformities 258-60 

bacterial diseases 254-6 

behavior and ecology in natural , 


communities 83-114 

cage culture 205-46 

certain species euryhaline 121 

clear need for col~ections of known 


strains 335 

compared with other species in 


-culture systems,245 

competitors in Soudanian region 85 


of reproduction 309-16
control o pmctcifcin
culture in ponds 185-203 

culture and sewage a controversial 


topic 350 

culture systems broadly reviewed 


181-3 

culture techniques and systems 349-50 

diet 144-6 

digestion 146-9, 340-2 

digestive tract 142 

diseases 247.63 

erology and distribution 15-59 

effects of salinity 121-2 

effects of water quality 122-3 

eggs are ovoid 132 

establishment and conservation of 


pure strains 335-6 

evolution 331 

examples of the two genera 3-7 

extensive cage culture 216-20 

factors controlling numbers in natural 


conditions 109-12 

fat reserves 163 

feeding apparatus 142-3 

feeding habits make them ideal for 


aquaculture 156 

feedstuffs used in culture 198-200 

future ecological work outlined 58 

growth rates in natural waters 102-5 

growth and temperature 189 

habitat diversity 31-2 

are herbivorous and detritivorous 141 

herbivorous diet 3 


high protein content required in diet
 
115
 

hybrid production: techniques
 
detailed 282.90
 

hybridization 279-301
 
hybrids resistant to disease 302
 
intensive cage culture 223-6
 
juveniles prefer shallow inshore waters
 

175
 
lacustrine populations 111.2
 
life histories 61-82
 
life history strategies 338
 
management of caged stocks 211-2
 
marine ancestor assumed 121
 
mass production of hybrid fry 317-29
 
methods of speciation 331.2
 
minimum size for sexing 191
 
monosex broods and sex reversal
 

311-2
 
mortalities and high density culture
 

260
 
mycotic infections 256
 
nilotic species in rivers and lakes 85-91
 
nutrition 340-6
 
nutritional requirements of brood

stock 346
 
objectives for genetic improvement
 

5
 

335
 
origin of word 4
 
parasites 248-54
 
parental care 4
 
phy siological studies 115-80
 
pre lention and control of diseases
 
./261
 

problems of diseases summarized 351
 
production in natural waters 105-9
 
prolific spawning a problem in aqua

culture 186
 
potential in cage culture 240-5
 
r and K strategists 111-2
 
rapidly established in new waters 91
 
reproductive physiology 129-40
 
reproductive potential and success
 

116-7
 
research priorities summarized 356
 
resistant to bacterial contamination
 

350 
riverine populations 111-2
 
semi-intensive cage culture 220-4
 
sex reversal 311-2
 
sexing discussed 201-2
 
significant collections of known strains
 

named 335
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some species cannot adapt to increased Uganda, all-male hybrid production 

pressure 32 288, 291 
spawning behavior 46-9 introductions to lakes 24 
species with restricted distribution 23 United States of America, introduction. 
species for which there is ecological 28-31 

information listed 86 Upemba, introdoctions and altitude 36 
stunting 336-40 
substrate and mouthbrooders 4 
suitable for aquaculture 157 
taxonomy and speciation 3-13 Vaccination, could protect cultured 
tolerance of pH 123 tilapias against viral diseases 256 
total number of species a matter of Valle del Cauca (Colombia), introduction 

opinion 332 11 of T.rendalli 30 
usually hybridize relatively easily Vegetation, controlled by introductions 

334 24 
variability in feeding 42 Vertebral count, in various species 5-7 
views as to merits of subgenera 7-8 Vietnam (North), introductions 28 
world production 185 Vitellogenesis, controlled by a gonado
yield, Innatural waters105-9 tropin 135' 

Tolerances, ammonia 123 and day length discussed 139-40 
dissolved oxygen 122.3 Vitellogenin 131 
pH 123 
salinity 121-2, 124 
temperature 120-1, 125 

Toxic conditions 257.8 
Toxic effects, and agricultural by-products Water content, and condition in 

discussed 305 T. rendalli 164 
Toxic substances, tilapias rather resistant Water currents, and distribution of 

41 tilapias 32-3, 51 
Transferrins, use as serum markers 270 and S. inossainbicus 51-2 

see also Serum transferrins Water exchange rate, and feed conversion 
Transfers, a cause for concern 354 ratio 230 

ecological effects 55.7 Water level, and size at first maturity of 
see also Introductions S. andersonii 110 

Trash fish, tuberculosis infections 256 substrate spawners vulnerable to 
Trewavas (Dr. Ethelwynn), views on changes 50 

classification 11-12 West Africa, T dageti 5 
Trichodina spp., and diseases in cultured West African crater lakes, ecological

studies 99-100tilapias 249 
Trichodinella spp., and diseases in West African lagoons, ecological studies 

cultured tilapias 249 101 
Triglyceride, .declines as condition factor S. inelanotheron 37, 86 

falls 163 West Java, extensive cage culture of 
Tripartiella spp., and disease in cultured S. mossambicus 220 

tilapias 249 Wheat flour and middlings, in feeds 226 
Triple superphosphate, and all-male White grub, a metacercarial infection 251 

hybrid production 291.3, 295-6 White spot or Ich 248 
Tsetse fly, in L. George area 336 Wounds, and territoriality 49 
Tuberculosis, could cause severe losses 

in intensive culture 25 
Tunisia, introductions 24 
Turbidity, tilapias have high tolerance 41 Xanthophyllun spp., edible tubers used 
Type species, S. melanolheron 6 in semi-intensive cage culture 221 
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Yangambi, fishponds 5 	 temperature may restrict 189 

and T, rendalli 5, 11 
Yaounde, fishponds 5 
Yield of tilapias, from natural waters 105-9 'Zambezian' distribution, T. rendalli 
Yields, and various feedstuffs in pond and T. sparrnanii 

culture 199 Zambia, Tl rendalli 5 
Young-of-the-year culture, high cost of Zanzibar, S. hornorun 25 

overwintering tilapia 191 Zooplankton, in diet 144 
important factors 189 erten by many Sarotherodon 41 
practice 187-91 

T zillii 

Species Index 

This index lists the more important entries to the species of the genera Sarotherodon 
and Tilapia. Entries for the 'two genera themselves, and for the heading Tilapia, are 
included in the General Index. 

S. alcalicus alcalicus, distribution 23 0 salinity tolerance 38-9 
euryhaline 38 S. andersonil, distribution 18, 86 
L. Magadi 38, 86, 332 	 fecundity 94 
L. Natron 23, 38, 40, 86, 332 and fish culture 11
 
pH and alkalinity in L. Magadi 40 fish tuberculosis 256
 
pH and alkalinity in L. Natron 40 growth rates 103-5
 
salinity toleranc: 38 intioductions 21, 55, 56
 

S. alcalicusgrahani,and t:ie aquarium L. Kafue 86 
trade 334 R. Kalomo 32 

distribution 23 natural distribution 21 
diurnal feeding 43 omnivorous 41 
diurnal movements in L. Magadi 53 production, yield, and turnover 106-7 
eats blue-green algae 41 salinity tolerance 38 
euryhaline 38 size at maturity and water level 110 
eurythermal 37 temperature tolerance 35 
feeding and mouthbrooding 43 tuberculosis in Okavangu swamp 256 
in hot springs 34 R. Zambezi 18-19, 93-6 
infected with nematode Contracaecum Zambezi system 193-6 

sp. 252-3 S. angolensis, R. Bengo 23
 
introduced to L. Nakuru 24, 55, 101 R. Quanza 23
 
L. Magadi 23, 34, 38, 40, 41, 100, 332 S. aureus, all-male culture 195 
L. Natron 38 	 all-male hybrid crosses 280-3, 286-7, 
pH and alkalinity in L. Magadi 40 290, 296, 302
 

pH tolerance 40, 123 ammonia tolerance 4G
 
population parameters 75, 100 anaphylactic reaction 260
 
salinity tolerance 38 in aquaculture 185
 
stunting in hot springs explained 174-5 Auburn strain 258-9
 
temperature tolerance 35, 121 Bardawil lagoon 38
 

S. 	amphimelas,distrib, don 23 biological control of vegetation 29 
euryhaline 38 cage culture 206 
L. Kitangiri 23, 39, 102 	 cannibalism and fingerling pro. 

L. Manyara 23, 38, 39 	 duction 286 
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culture ra spawning frequency 319-21, 323 
daily feeding rate inAlabama exper- spawning successfully in floating cages 

iments 227 213 
diet 144 spinal deformities 258.9 
diseases and mortality in cage temperature and salinity tolerance 37 

culture 238-9 temperature tolerance 35, 120-1, 125, 
distribution 22 298 
eats blue-green algae 41 trials with various feedstuffs 198-200 
effects of ammonia 123 yields in ponds receiving manure 198 
estradiol in ovary 1358 S. caroli, L. Barombi Mbo 8, 23, 86, 100
 
eurythermal 37 S. ca'udomarginalus,in Guinea-Ghafa
 
experiments with presentation of // coast rivers 23
 

feed 225-9 S., esculentus, age at first maturity 336,
 
extensive cage culture in Alabama 339
 

218.9 breeding behavior studies 43 
fecundity 324 breeding in L. Victoria 44, 46 
feeding 41 cage culture 206 
fIrst experiment with cage culture 205 carbon dioxide tolerance 40 
geothrfifialw atei 29 ..................... depth inLVictoria 33 
gonads destroyed by estrogens 314 diet 144 
growth rates 103-4 distribution 22, 23, 86 
hormone treatment to produce eats phytoplankton 41 

all-male broods 311 growth rates 103 
intensive cage culture 231 home range in L. Victoria 55 
introductions 22, 25.7, 29, 86 hybridization with S. niloticus 55, 102 
L. Kinneret 41.3 hybrids 102 
male sex-protein 274 introduced to lakes in Ruwanda 24 
L. Mariout 104 introduced to lakes in Uganda 24 
methallibure suppresses gonad introductions 22, 86 

development 314 introductions that were failures 55 
minimum temperature for repro- Koki lakes 26 

duction 34 L. Kyoga 23, 26 
omnivorous 41 L. Nabugabo 23, 29 
origin of name 4 L. Nkugute 26, 102 
pH tolerance 123 oxygen tolerance and haemoglobin 40 
in polyculture 190, 193 Pangani R. system 97 
pond culture at very high densities 188 pharyngeal teeth 142 
population parameters 75 population parameters 75 
potential in cage culture 240.5 schooling in L. Victoria 54 
production of all-male hybrids 31.0 semi-intensive cage culture 223-4 
pure strains at Kibbutz Ein Hamifrats size at maturity varies 110 

335 spawning in L. Victoria 92 
L. Qarun 38-9 temperature tolerance 35 
reproduction affected by salinity L. Victoria 8, 21, 23, 26, 33, 44, 46, 

122, 314 53-6 
salinity, survival, and growth 121 S. franchettii, in L. Afrera 7 
salinity and temperature tolerance 37 distribution 10 
salinity tolerance 37-8, 124 teeth 7 
seasonal feeding activity 42-3 S. galilaeus, biparental 68 
semi-intensive cage culture 223.4 in the Bitter Lakes 38 
serum transferrins 272 breeding behavior studies 44 
sex determination 275-6 breeding habits 8 
sex ratio and temperature 314 and cage culture 206 
sometimes found with S. nilolicus 332 Chilodonella infections 249 
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common species in L. Chad 85 279-86, 288, 290.1,294-7, 299-304, 
depth in L. Kainji 33 307, 310 
diet 41, 144 allopatric speciation 332< 
distribution 9, 16-17, 21, 86 culture 11 
dominant in several man-made dependable male parent of all-male 

lakes 87 hybrids 303 
eats blue-green algae 41 distribution 22 
ecology 85-7 euryhaline 38 
eggs and alevins 48 introductions 22, 25-7, 30 
eggs left for some minutes on substrate male figured 308 

132 pure genetic strain and all-male 
eurythermal 37 hybrids 285 
feebly aggressive 49 salinity tolerance 38 
feeding of alevins 4 2 sex determination 275-6 
and fish culture 10 temperature tolerance 120, 298 
growth rates 10, 103-4 in Zanzibar 25 
guarding the young 48 S. hunteri, L. Chala 23, 25 
home range in R. Sokoto 55 distribution 23 
immunological studies9 13- ....S. Jilie, diet 144 
introductions 21 distribution 23, 86 
L. Kainji 33, 50-1 inL Jipe 23, 25 
L. Kinneret 41-2 in Pangani R. system 25, 97 
L. Kotto 100 speciation problems 332 
lower temperature limits summarized S. karomo, breeding arenas in Malagarasi 

125 swamps 47 
male sex.protein 274 breeding arenas in L. Victoria 47 
minimum temperature for reproduc- breeding behavior studies 44 

tion 34 distribution 23, 86 
L. Nasser 50 Malagarasi swamps 8, 23, 47, 97 
R. Nile 21 specialized teeth and feeding habits 8 
origin of name 4 S. karongae, distribution 23, 86 
population parameters 75 L.Malawi 23, 97-8 
salinity, survival, and growth 121 Malawi species flock 8 
salinity tolerance 38, 124 R. Pangani 23 
schooling 54 S. lepidurus,distribution 20 
seasonal changes in feeding 42-3 introductions 20 
selective feeder 41 S. leucostictus, L. Albert 23 
Soudanian region 85 altitude and distribution 34 
temperature and swimming per- breeding behawi'or studies 44 

formance 34 breeding in equatorial waters 134 
temperature tolerance 35 breeding in L. Naivasha 44-5 
typifies the subgenus 6 decline in size-at-maturity 110 
Ubangi.Uele system 17 diet 144 
L. Volta 86-7 distribution 23, 86 

S. galilacusmullifasciatus, L. Bosumtwi eco!ogy in various lakes 87 
23, 86, 99 L. Ediward 23, 87 

breeding habits 100 established rapidly 91 
feeds at night 99 fecundity 90-1 

S. girigan, distribution 23 L. George 23, 51, 87 
L. Jipe 23, 25 hybrids 56, 102 
R. Pangani 25 introductions 73, 91 

S. grahami L. Kyoga 26 
see S.alcalicus grahami L. Naivasha 26 

S. hornorun, all-male hybrid crosses 192, population parameters 75 
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production of all-male hybrids 311 oxygen tolerance and haemoglobin 40 
production, yield and turnover in pond culture 198 

natural waters 106 production of all-male hybrids 310 
size at first maturity 90 production, yield, and turnover in 
spawning in L. Victoria 92' natural waters 106-7 
temperature 35 salinity tolerance 38 
in L. Victoria 21, 26, 91-3 schooling 54 

S. Uidole, breeding in L. Malawi 44-5 
distribution 23, 86 

spawning behavior 47 
and subgenus, Nyasalapia7 

growth rates 103 
L. Malawi 8, 23, 52, 54, 97-8 
rend Malawi species flock 8 

temperature and swimming per
formance 34 

temperature tolerance 35 
migration in L. Malawi 52, 54popgationinpLaaws 554 
schooling 54 

S. linnelti, in L.Barombi Mbo 8, 23, 86,
S i i0 

volcano-nest' and 'star-nest' subspecies 
94-5 

in the Zambezi system 21, 93-6 
S. mortimneri,breeding in R.Zambezi 45 

and changes in L. Kariba 337 

.. 
S. lohbergeri,in L. Barombi Mbo 23, 86, 

........100 ..................... 
distribution 18, 86 

.introduced to Zimbabwe lakes 24 
feeds on aufwuchs 100 introduction to L. Kariba failed 56 

S.macrochir,all-male hybrid crosses introductions 21 
281-2, 302 natural distribution 21 

allopatric speciation 8 
breeding behavior studies 44 

temperature tolerance 35 
in the Zambezi system 18, 93-6 

breeding In L. Lufira 45 S. melanotheron, allopatric speciation 8 
breeding in L. McIlwaine 45 breeding behavior studies 44 
breeding in Shaba 45 breeding habits 7 
R.Buzi 25 ,/ cage cultur., 206 
carbon dioxide tolerance 40 diet 144 
culture 11depth in L. Mcllwaine 33 

distribution 20-1, 86 
eggs and alevins 48 

diet restricted 41 euryhaline 38 
distribution 18, 20, 86 gua'ding the young 48 
distribution in L. Mweru Wantipa 52 introductions 21, 29 
eats phytoplankton and epilithic long intestine 142 

algae 41 male carries the young 68 
eurythermal J7 mass production 0.fry and 
fecundity 941/ fingerlings 215 
growth rates 103.4 origin of name 4 
introductions 24, 29, 55-6, 73 paternal mouthbrooder 6 
L. Itasy 56 salinity tolerance 38 
L. Kafue 86 stenothermal 37 
R. Kafue 95 temperature tolerance 35 
L. Lusiwashi 24, 26 the type-species 6 
L. McIlwaine 24, 50 typifies the subgenus 6 
migration in L. Mweru 52, 54 in West African lagoons 37, 101 
migrations in the Mweru/Luapula S. monodi, see S. aureus 

system 94 S. rnossambicus,adaptive response in 
moderately aggressive 49 L. Sibaya 75-7 
L. Mwadingusha 48, 50, 73 all-male hybrid crosses 279-81, 290, 
L. Mweru 39, 52, 54 302-3, 307 
L. Mweru Wantipa 38, 52 allopatric speciation 8, 332 
Nemakia mangrove swamp 38 appearance of transplanted fish 333-4 
origin of name 4 aquaculture 1.95 

Uc 
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assimilation efficiency 152, 154-5 

autoallergic properties of mucus 313 

biomass and salinity changes 39 

breeding behavior studies 44.6 

breeds when small 186 

cage culture 206, 218.20, 240.5 

carrying capacities in pond culture 187 

in coastal waters near Port Elizabeth 34 

depth restricts feeding 42 

depth in L. Sibaya 32 

depth of water in cage culture 209 

detritus and feeding 179 

diet 144 

digestion 146-9, 341 

distribution 20-1, 52, 86 

diurnal feeding 43 

diurnal movements in L. Sibaya 53 

dug out of dry river beds alive 126 

ecological studies 96.7 .. 


euryhaline 38, 121 

eurythermal 37 

extensive cage culture 216.20 

feeding of alevins 42 

feeding and fecundity 318 

feeding in L. Sibaya 42 

fish culture 11 

flexibility in timing of reproduction 


339 

food qua'ity studies in L. Sibaya 153 

in geothermal water 29 

growth rates 33, 105 

guarding thie young 48 

home rangr and homing in L. Sibaya 55 

hormone trtatments for monosex 


culture 312 

intensive cage culture 235 

introductions 21, 24-8, 57, 86 

introductions that failed 55 

jaw teeth 143 

L. Kariba 337 

L. Kitangiri 39 

R. Kongie 37 

larval production In floating cages 213 

lethal infections 249 

long intestine 142 

L. Magadi 40 

manure in pond culture of 197.8 

L. Mcnyara 39 

maternal mout" brooder 7 

metabolic studies 160-2 

metacercarial infection and 


blindness 252 

mortalities and bodinid parasites 249 

L. Moyua 28, 46, 102 


mucus can induce and anaphylactic
 
reaction 260
 

Namib desert water bodies 25
 
nutritional requirements 346
 
omnivorous 41
 
oxygen tolerance 40, 122
 
parasitism and strains A and B 336
 
pest in Chanos ponds 28
 
pharyngeal teeth 143
 
pituitary gonadotropins 136
 
Plover Cove reservoir 28, 101-2
 
pond culture 198
 
population parameters 75
 
predation in L. Sibaya 338
 
production of all-male hybrids 310
 
reproduces in seawater ponds 122
 
reproduction and salinity 314
 
L. St. Lucia 39
 
salinity tolerance 37-9,424
 
schooling of juveniles 54
 
seasonal changes in habitat 52
 
selective feeding for maximum growth
 

154-6
 
semi-intensive cage culture 223-4
 
R. Serang 25
 
sex determination 275.6
 
R. Shire 52
 
L. Sibaya 32, 42, 47, 52-3, 55, 75-7,
 

338
 
southernmost natural occurrence 

34, 37
 
spawning behavior in L. Sibaya 47
 
spawning frequency 134, 339
 
spinal deformities 258
 
strains A and B and monogenean j
 

infections 336
 
stunting in Malawi 187
 
swimblaidder as an G:.ygen store 127
 
not accepted in Thailand 57
 
R. Thalamakane 25
 
lower temperature limits sum

marized 125
 
temperature and salinity tolerance 37
 
temperature and swimming per

formance 34
 
temperature tolerance 35, 52, 121
 
unable to adapt to pressure 32
 
L. Valencia 147-9, 154-5
 
water currents 51-2
 
white spot 24 8 1
 
wounded fish 49
 
in Middle Zambezi basin 24-5
 
in Zambezi system 25, 96, 332
 

S. inaltifascialus,L. Bosumtwi 33, 46, 53
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breeding In L. Bosumtwi 46 given 5 meals daily 227
 
depth in L. Bosumtwi 33 growth rates 103-4, 213
 

home range in R. Sokoto 55
guarding the young 48 
S. mvogoi, in R. Nyong 23 	 hormone treatment to produce all. 
S. 	niloticus, acclimation and temperature female broods 311.12 

preferundum 121 in hot spring 37. 
aggressive 49 hybrids 26. 56, 102, 192, 194-7, 280-8, 

290.1, 294-7, 299.304, 307, 310all-male growth rates 192 

Ideal artificial diet 225
all-male hybrid crosses 192, 194.7, 

280.8, 290.1, 294-7, 299-304, intensive cage culture 232-3, 236 

307,310 introductions 20, 24.9, 55, 57,86, 91 
L. Itasy 28altitude and distribution 34 
L. Kainji 33, 50-1anaphylactic reaction 260 
killed by myxosporidians in the Ivoryaquaculture 185 

coast 262assimilation efficiency 152 
killsin L. George 40in the Bitter Lakes 38 

Kokl Lakes 26
breeding behavior studies 44 

breeding size fell with increased fishing L. Kyoga 26 
..... .336 -larval anomalies 260 

length frequency distributions inbreeds throughout the year 87 

various waters 88
L. Bunyoni 26 

length at maturity and condition 88-9,cage culture 206, 213, 218, 220 

carbon assimilation 41 336
 

male sex-protein 274condition and length at first 
in man-made lakes 87maturity 89 
mass production of fry and fingerlingscultured in floating cages 209 

daily feeding ration -225-7 215 

decline in length at first maturity 110 minimum temperature for repro

depth in L. Kainji 33 duction 34 
L. Mohasi 36diet 144, 176 
mortalities and dissolved oxygen 237digestion studies 1,46, 341 


dissolved oxygen 122, 211 mosquito control 24
 
L. Mutanda 36distribution 20, 86 


diurnal feeding 43 L. Nabugabo 39
 
L. Nasser 50dwarfs 87, 89 
R.Nile 21eats blue-green algae 41 
L. Nkugute 26, 102ecology 85-90 

nuclear power station 29
L. Edward 21 


effect of fishing in L. George 90 omnivorous 4
 

eggs and alevins 48 origin and distribution 17
 
origin of name 4
eurythermal 37 


experimients with presentatio n offeed parasitism and mortality 236
 

228-9 ipond culture yields 197 

extensive cage culture in heated ponds population parameters 75 

220 potential in cage culture 240-5 

factors affecting females spawning production, yield, and turnover in 

299-302 natural waters 106 
pure genetic strain and all-malefecundity 319, 321-2, 324 

hybrids 285feed conversion ratios 199, 215, 230 
L. Qarun 38-9figured 308 


food consumption estimated 1.68 reproduction and salinity 314
 

fry production at L. Kossou 213 reproductive habits 4
 

L. George 21, 40,43, 51 	 salinity tolerance 38 
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schooling 54 

semi-intensive cage culture 222-4 

serum transferrins 271 

sex determination 275-6 

size at first maturity in L. George 90 

sometimes found with S. aureus 332 

in Soudanian region 85 

spawning frequency 320-3 

spawning peaks in rainy seasons 87 

spawning success in cages 213-4 

spawning in L. Victoria 92 

spinal deformities 258 

strain B 319, 321, 323 

L. Tana 36 

L. Tanganyika 19 

temperature selection in a gradient 


tank 158 

temperature and swimming per-


. . . . formance 34 .
 
temperature 	tolerance 35, 37, 120, 


121, 125, 298 

teeth 4 

tuberculosis 256 

L. Turkana 87 

R. Turkwel 37 

L. Victoria 26, 56, 91-3, 102 

visceral 	neoplasia figured in Egyptian 


tomb paintings 258 

L. Volta 86-7 

weight for length and maturation size 


in East African waters 89 

S. pangani,diet 144 


distribution 21, 86 

introductions 21, 86 

maternal mouthbrooder 7 

Pangani R. system 23, 97 

speciation in L. Jipe 332 


S. panganigirigan, L. Jipe 97 

S. placidus, distribution 21 


euryhaline 38 

introdu!tions 21, 24 

salinity tolerance 38 


S. rukwaensis, allopatric speciation 8 

distribution 23, 86 

population parameters 75 

L. Rukwa 23, 99 


S. ruvuunae, distribution 21 

introductions 21 

L. Ruvuma 23 


S. sake, breeding in L. Malawi 44-5 

distribution 23, 86 

eggs and alevins 48 

growth rates 103 

L. Malawi 23, 97-8 


and Malawi species flock 8
 
population parameters 75 ...
 
R. Sanaga 23,
 
schooling 54
 

S. sanagaensis, RdSanaga 23
 
S. schwebischi, dissntbuthn,O, O 
S, shiranus, diet 144
 

distribution 22, 86
 
growth rates 103
 
introductions 22
 
L. Malawi 8, 98
 
population parameters 75
 

S. shiranuschilwae, alkalinity tolerance 40
 
L. Chilwa 23, 34, 38, 52, 99
 
L. Chiuta 23
 
distribution 23, 86
 
distribution in L. Chilwa 52
 
diurnal feeding 43
 
feeding 41. . . . .
 
introducuions outside African con

tinent summarized 29-30
 
population parameters 75
 
salinity responses and tolerance 38
 
temperature tolerance 35, 121
 

S. shiranus shiranus 
distribution 23, 86
 
L. Malawi 23
 
Upper Shire River 23
 

S. spilurus, and alopatric speclation 332
 
culture 11
 
effects of hypophysectomy 135
 
infected by Haplorchispunilio 251
 
neoplasia 258
 
performs well in brackish and
 

seawater culture 334
 
shock syndrome in high density
 

intensive tank culture 260
 
spinal deformities 258
 

S. spilurusniger,all-male hybrids 280,
 
310
 

L. Bunyon 26, 102
 
culture 11
 
distribution 21
 
does not do well in brackish and
 

seawater culture 334
 
eurythermal 37
 
growth in ponds and temperature
 

conditions 175
 
hybrids 56, 102
 
introductions 21, 24, 29, 91, 55, 56
 
Koki lakes 26, 56
 
L. Naivasha 24, 26, 91
 
temperature tolerance 35
 

S. spilunrspercivali, in hot springs 34
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in Uaso Nyiro system 34 temperature tolerance 35
 

S.spilurus spiluns L.Victoria 8, 21, 23, 26, 41, 50, 52, 
and fish culture 11 54-5, 73, 91.3, 102 
performs well in saline water 334 S. vulcani, all-male hybrid crosses 280 
shock syndrome in intensive tank fecundity 319-20 

culture 260 spawning frequency 319.20 
L. Malawi 


44-5
 
distribution 23, 86
 

S.squamipinnis., breeding it, temperature tolerance 120 

L. Malawi 8, 23, 44.5, 97-8
 
population parameters 75 T. bemini, in L. Bemin 23
 
schooling 54 T. brevimanus, in Guinea.Ghana coast
 

S. steinbachi, L. Barombi Mbo 23, 86, rivers 23 
100 T. busumana, adapted to fast floving 

S. tanganicae, depth in Tanganyika 33 rivers 32 
distribution 23 L. Bosumtwi 23, 32.3, 43, 46, 53, 
Guinea-Ghana coast rivers 23 86, 99 
related to Orcochroinis ? 7 breeding habits 46, 100 
L. Tanganyika 23, 33 depth in.L. Bosumtwi.33. 

S. tournieri,Guinea-Ghana coast rivers 23 diurnal feeding 43 
S. upembac, and allopatric speciation 8 R. Ebo 32 

distribution 20 T. cabrac, R. Bengo 23 
introductions 20 R. Kwilu 23 
Malagarasi swamps 8 R. Ogocu6 23 

S. urolepis, and allopatric speciation 332 origin of name 4 
distribution 21 R. Quanza 23 
introductions 21 R.Chiloango 23 
R. Kingani 23 T. cameronensis, R. Sanaga 23 
R. Mbemkuru 23 T. camerunensis, R. Meme 23 
R. Rufigi 23, 332 T.coffea, Guinea-Ghana coast rivers 23 

S. variabilis, all-male hybrid crosses 280 7.congica, distribution 19 
allopatric speciation 8 introductions 19 
breeding areas in Malagarasi swamps 47 pH low in L. Tumba 40 
breeding arenas In L. Victoria 47 in L. Tumba 40 
breeding behavior studies 44 T.dageti, distribution 19 
breeding in L. Victoria 44, 46 introductions 19 
depth in L. Victoria 33 West Africa 5 
diet 144 T.dekerti, L, Ejagham 23 

dispersal of females in L.Victoria 54-5 T.discolor, L. Bosumtwi 23, 43,46, 
53, 86, 99distribution 22-3, 86 


diurnal movements 52 breeding in L. Bosumtwi 23
 
feeds on benthic sediments 411 breeding habits 100
 
growth rates 103 depth in L. Bosumtwi 33
 
homing 55 7.gefuensis, L.Gefu 23
 

hybrids 102 T. guinasana, L. Guinas 23
 
introductions 22 7.guineensis, L. Aynime 39
 
L. Kyoga 23, 26 breeding behavior studies 44
 
migration in L. Victoria 52 cage culture 206
 
L. Nabugabo 23, 39 diet 144
 
population parameters 75 distribution 5, 18, 20
 
production of all-male hybrids 310 eggs and alevins 48
 
schooling 54 curyhaline 38
 
surplanted by T. zillii 
in L. Victoria introduced as 'inelanopleura' 25
 

50, 73 introductions 18, 31
 

http:Bosumtwi.33
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iii
 

intensive cage culture 235 

L. Mount Coffee 39 

salinity tolerance 38.9 

semi-intensive cage culture 220.2 

stenothermal 37 

temperature tolerance 35 


T heudelotii, 101 

see S. melanotheron 


T. joka, Guinea-Ghana coast rivers 23 

T. kottae, L. Barombi ba Kotto 23 


diet 144 

L. Kotto 100 


T.louka, Guinea-Ghana coast rivers 23 

T. macrocephald, 101 


see also S. melanotheron 

T. margaritaceea,R. Nyong 23 

T mariae, t 4,.144 .................... 


distribution 19 

gill raker count 4 

introductions 19, 31 

L. Kotto 100 


. population parameters 74 

teeth 4~ 


T 	iultiradiata,L. Chad 23 

see T. zilui2 


T. ogowensis, R. Ogoou6 23 

T. rendalli,alkalinity tolerance 40 


ailopatric speciation 8 

altitude and distribution 34 

aquaculture 50, 185 

assimilation efficiency 152 

assimilation and temperature 168.9 

breeding behavior studies 44.5 

cage culture 206 

Ceratophyllum dernersum a preferred 


food 166 

L. Chilwa 40, 52 

depth in L. Kariba 33 

described 5 

devastation followed introduction to 


L. Kinkony 56 

diet 144 

digestion studies 342 

distribution 18 

distribution in L. Chilwa 52 

distribution, temperature and salinity 


38-9 

diurnal movements in L. Kariba 53 

does not school in L. Malawi 54 

eats macrophytes 41 

ecological growth efficiency in 


L. Kariba 174 

eggs and alevins 48 

energy equation 171.2 


escaped to R. Pangani 24
 
eurythe.nal 37
 
excretory energy loss 171
 
feednlhf cycle in L. Mcflwaine 166-7
 
food consumption 168, 172, 174
 
growth of fry in aquaria 172
 
growth rates 103-5
 
habits 4
 
hybrids 12, 55, 102
 
inshore-offshore movements in
 

L. McIlwaine 159
 
introduced as 'melanopleura'25
 
introductions 6, 18, 24-7, 30, 55-7,
 

73, 86
 
kills in L. Chilwa 40
 
kills in R. Nampongue 40
 
L. Kafue.86 .. 
L. Kariba 33, 53
 
R. Kasai 5
 
L. Kinkony 30, 56
 
L. Kyoga 26
 
long intestine 142
 
R. Lualaba 19
 
L. Lusiwashi 24, 26
 
merits more attention in culture 334
 
metabolic studies 160-73
 
mortality caused by Lernaea 253
 
L. Mwadingusha 4, 48, 50, 73
 
L. Mweru 39
 
R. Nampongue 40
 
oocyte formation 132
 
origin of name 4
 
ousted by T. zillii
at Yangambi 11
 
in Pangani R. system 24, 97
 
pharyngeal teeth 142
 
L. Pinheiro 30
 
pond culture 198
 
L. Poelela 38
 
population parameters 74
 
potential in cage culture systems 240-5
 
production, yield, and turnover in
 

natural waters 106-7
 
relative energy of feces greater than
 

that of food 169
 
salinity tolerance 38
 
satiation level 172
 
semi-intensive cage culture 221-4
 
spawning behavior 46
 
starvation studies 164-5
 
L. Tanganyika 5, 19
 
temperature oscillations, foodcon

sumption, and growth 172-4
 
temperature 	selection in a gradient
 

tank 158
 

http:Kafue.86
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i.. temperature tolerance 35, 37 breeds when small 187 "p
 

- unable to adapt to increased prssure 32 cage Calture 206
 
S in Valle de Cauca 30 " carnivorous 42
 
:: value for food 5 L. Chad 23 i :
 

vegetation control 24 'competition with1 S.-uariabihis inrL Victoria 5,26 L.Victoria 92.
 

water content and condition 164 , / depth in L. Kainji 33 ( 

R. Wi]re 5 described 5
 
in the Zambezi system 5, 93-6 diet 144
 

T rheophila,adapted to fast flowing : distribution 4-5, 17-8, 86 . 

rivers 32 eats blue-green23L.haalgae 41vaie 1or foodin5n nre2
 
Guinea-Ghana coast rivers 23 eats macrophytes 41-2
 
R. Konkoure 32 ecology in various rivers and lakes 85-91 

..T.sparrmanii, breeding behavior studies 44 eurythermal'37breeding and temperature 44 fecundity and length 132 
depth in L. Sibaya 33 feeding and guarding the young 43 

distribution 19 64in geothermal waters 31
 

eats macrophytes 41 growth rates 1034
 
eggs and alevins 48 habits 4
 
eurythermal 37 L.Huleh 33
 
habits 4 hybrids 12,56, 102
 

introductions .19, 31 immunological studies 13R. Kalno 32 introduced as 'melanopleura'25 

L. Mweru 39 introductions 6, 18, 24-7, 30-1,.50, 
occurs naturally at lowest latitude 34 155, 73,86, 91 
origin of name 4 L. Kainji 33, 50-1 

salinity tolerance 38 L. Kinneret 34,.41-3, 46 
temperature and swimming per- L.Kitangiri 39
 

formance 34 L.Kyoga 26
 
temperature tolerance 4,35,120 L.Manyara 39,
 
tuberculosis inOkavangu swamp 256 L. N gabo 39
 

unable to adapt to increased pressure L. Naivasha 26, 44-5
32 L. Nasser 86
 

inthe Zambezi system 93-6 origin of name 4
 
T.thollodi,breeding behavior studies 44 oustedS.variabilis in L. Victoria 50,73 

distribution 18 ousted T. r at Yangambi 11,ndali 

eats macrophytes 41 population parameters 74
 
eggs and alevins 48 L. Qarun 38.9, 42,45-6
 

introduced as 'melanoplcura'25 reproduces in saline waters 122 
introductions 18 salinity tolerance 39, 124 
laboratoua seasonal changes infeeding 42-3studies 6 

inZare basin 17 semi-intensive cage culture 223-4
 

T.weclri, Guinea-Ghana coast rivers 23 inSoudanian region 85
 
T.zillt, aggression and aquaculture 50 spawning behavior inL.Kinneret 46
 

allopatric speciation 8 spawning in equatorial liakcto3 
altitude and distribution 34 spawning innorthern areas 1313
 
anaphylactic reaction 260 spawning inLaVictoria 92
 

aquaculture 185 teeth 4 
assimilation efficiency 152 temperature and precocious spawning
Bardwil lagoon 38 110 
Bay of Suez 38 temperature and reproduction 34 
breeding behavior studies 4,. 6 temperature and swimming per

http:30-1,.50
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formance 34 - will not reproduce in seawater 122 
temperature tolerance 33-5, 37 in L. Victoria 5, 26, 91-3 
L. Turkana 5 - L. Volta 86-7
 
Ubangi-Uele system 17 Zaire basin 17
 

Water Bodies Index 

This index includes the principal entries for named dams, floodplains, lagoons, lakes, 
reservoirs, rivers, river systems and swamps. 

L. Afrera (= Giulietti) (eastern Ethiopia) L. Bosumtwi (Ghana) 
.- S;.-franchcet.-7-7--- -- .... breeding of S.-multifasciatus 46- --- .. 

L. Albert (U -ir:a-Zaffre) 
dwarf popiulatio.s 'ofS. niloticus 87 
S. leucostictus 23 
length-weight data on S. niloticus 89 -c 
tilapia habitat 31 
tilapias in 86 
T. guineensis 39 
T, zillii 4, 5 
see also Buhuku lagoon, Tonya lagoon 

L. Bangweulu (Zambia) 
introductions and altitude 36 
tilapia habitat 31 

Bardawil lagoon (Sinai) 
hypersaline habitat 38 
T. aurcus 38 
T. zillil 38 

L. Barombi Mbo (Cameroon) 
ecological studies 100 
recent evolution of tilapias 331 
S. caroli8, 23, 100 
S. linnellii 8, 23, 100 
S. lohbergeri23, 100 
S. steinbachi23, 100 

sympatric speciation 8 

tilapia habitat 31 

tilapias in 86 


L. Barombi ba Kotto (Cameroon) 
T. kottae 23 
tilapia habitat 31 

Barotse floodplain (Zambia) 
growth rate of tilapias 103-4 

R. B3engo (Angola) 
S. angolensis 23 
T. cabrac 23 

L. Bemin (Cameroon) 
T. bernini23 

breeding of T. busumana46 
breeding of T.discolor46 
depth distribution of T. discolor33 
depth distribution of S. multifasciatus 

33 
depth distribution of T. busumana 33 
feeding studies 43 
fish communities 99 
introductions and altitude 36 
S. galilaeusmultifasciatus23 
S. inultifasciatus43, 53 
seasonal changes in distribution of 

tilapia 53 
T. busumana 23, 32, 43, 53 
T. discolor23, 43, 53 
tilapia habitat 31 
tilapias in 86 

Buhuku lagoon (Lake Albert) 
length-weight data on S. niloticus 88-9 

L. Bunot (Philippines) 
extensive cage culture 216-7 

L. Bunyoni (Uganda) 
introductions 26, 36 
hybrids 102 

R. Buzi (Mozambique) 
S. macrochir25 

L. Calibato (Philippines) 
cage culture and planning 239 
extensive cage culture 216 

L. Chad (Chad) 
growth rate of tilapias 103-4 
S. galilaeus the common species 85 
tilapias in 86 
T. multiradiata(= T. zillii) 23 
T. zillii 23
 
tilapia habitat 31
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L. Chala (Kenya) 	 S. niloticus 21, 40, 43, 51, 90, 109, 
S. hunted 23, 25 146, 168, 176, 336
 
tilapia habitat 31 tilapias in 86
 

L. Chanagwara (East Africa) tilapia production, yield, and turnover 
length-weight data on S. niloticus 89 106 

R. Chlloango (ZaTre-Angola) 	 very high primary production 109 
T.cabrae 23 	 L. Giuletti, see L. Afrera 

L. Chilwa (Malawi-Mozambique) L. Guinas (S.W. Africa) 
distribution of S. shiranuschilwae 52 T. guinasana23 
distribution of T. rendalli52 Guinea-Ghana coast rivers 
dries up 336 S. caudomarginatus23 
ecological studies 99 S. tanganicae 23 
factors controlling decline in abun- S. toumieri 23 

dance of fish 109 T.brevimanus 23 
hot springs 34 T.coffea 23 
mass mortalities 1965-68 99 T. joka 23 

.oxygen supersaturation4 ..... T.louka 23 
repopulated by dwarfed survivors 99 T.rheophila 23 
salinity 38 T.walteri 23 
S. shiranuschilwae 23, 34, 38, 52, 99 L. Gunao (Philippines)
 
tilapia habitat 31 extensive cage culture 216
 
tilapias in 86. L. Huleh (Israel)
 

L. Chiuta (Malawi-Mozambique) 	 most northerly natural occurrence 
S. shiranuschilwae 23 of tilapias 33
 
tilapia habitat 31 T. zillii 
33 

R. Ebo (Ghana) 	 L. Ilopango (El Salvador) 
T. busumana 32 	 semi-intensive cage culture 223-4 

L. Edward (UgandaZaTre) 	 L. Itasy (Madagascar) 
S. leucostictus 23, 87 	 introductions and altitude 36 
S. 	leucostictus and S. niloticusoverlap S. inacrochir and S. niloticus hybrid, 

21, 87 56 
schooling of S. niloticus 54 S. niloticus28 
tilapias in 86 L. Jipe (Kenya) 

L. Ejagham (Cameroon) problems of speciation 332 
1T. dekerti 23 S. girigan 23, 25 

L. Gefu (Angoia) 	 S. jipe 23, 25 
T. gefuensis 23 	 S. panganigirigan97 

L. George (Uganda) Kafue floodplain (Zambezi system) 
apparently inefficient 109 area 121,000 ha 1 
breeding size of S. niloticus336 growth rate of tilapias 103-4 
decline in size at first maturity of production, yield, and turnover 

S. niloticus 90 of tilapias 106-7 
diet of S. niloticus 176 L. Kafue (Zambezi system, man-made) 
digestion studies with S. niloticus 146 S. andersonii86 
effect of fishing on S. niloticus 88, 90 S. macrochir86 
feeding studies 43 T. rendalli 86 
food consumption of S. niloticus 168 R. Kafue (Zambezi system) 
IBP study 108-9 indigenous species 93 
inshore distiibution of juveniles 175 S. macrochirused to stock L. Kariba 
length-weight data on S. niloticus 88-9 55, 95 
massive fish kills 109 tilapias in 86 
S. leucostictus 21, 23, 51, 87, 109 L. Kainji (Nigeria, man-made) 
S. leucostictus and S. niloticusoverlap biomass in tie littoral zone 51
 

21
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Citharinusat first abundant 87 

depth distribution of S. galilacus 33 

depth distribution of S.niloticus 33 

depth distribution of T. zillii 33 

effect of drawdown on tilapla 


populations 87 

introductions 50 

S.galilaeus50-1, 87 

S. niloticus 50-1 

tilapias in 86 


*T.zilhii 50-1 

R. Kalomo (Zambezi system) 

S. andersonii32 

T. sparrmanii32 


L. Kariba (Zambezi system, man-made) 
change from riverine to lacustrine 

.........	 environment 337 ............. 

depth distribution of T. rendalli33 

diurnal movements of T. rendalli53 

ecological growth efficiency of 


T. rendalli174 

events associated with stocking 95 

failure of introduction of S. mortimeri 


55 

food consumption of T. rendalli 

168, 174 

growth rates 105 

inshore distribution of juveniles 175 

introductions 24 

stocked with S. macrochir 95 

tilapias in 86 

tilapia production, yield, and turnover 


106, 108 

R. Kasai (Angola-ZaTre) 

T. rendalli5 

L. Katinda (East Africa) 


length-weight data on S. niloticus 89 

L. Kijanebalola (East Africa) 


length-weight data on S. niloticus 88-9 

Kijansi pond (Uganda) 


length-frequency data on S. niloticus88 

R. Kingani (Tanzania) 

S. urolepis 23 

L. Kinkony (Madagascar) 

devastation followed introduction of 
T. rendalli57 


T. rendalliintroduced 30 

L. Kinneret (Israel), feeding studies 

41, 42-3 

growth rates of tilapias 103-4 

S. aureus41-3 

S. galilaeus41-2 

schooling of S. galilacus 54 


spawning of T. zulii 46
 
tilapias in 86
 
T. ziluli 34, 41-3, 46
 

L. Kitangiri (Tanzania) 
S.amphimelas, 23, 39
 
S. amphimelas x S. esculentus 

hybrids 102
 
S, mossambicus 39
 
T. zlH 39
 

L. Kivu (ZaTre-Rwanda)
 
introductions and altitude 36
 
schooling of S. niloticus 54
 
tilapia habitat 31
 

Koki lakes (Uganda)
 
introductions summarized 26
 
successful introduction of S. nilo

ticus 55
 
R. Kongie (Port Alfred, S. Africa) 

southerly limit of S. mossambicus 
37
 

R. Konkoure (Guinea)
 
fast flowing river 32
 
T. rheophila 32
 

L. Kossou (Ivory coast) 
fry of S. niloticusproduced in earth
 

ponds 214
 
L. Kotto (Cameroon)
 

ecological studies 100
 
S.galilaeus 100
 
T. kottae 100
 
T. mariae 100
 

R. Kwilu (ZaTre) 
T. cabrae 23
 

L. Kyle (Zimbabwe)
 
introductions 24
 
ecology perturbed by introductions 56
 

L. Kyoga (Uganda) 
introductions 24.5, 55
 
introductions and altitude 36
 
S. esculentus 23, 36
 
S. variabilis23, 36
 
tilapia habitat 31
 

L. Laguna de Bay (Philippines) 
cage culture experiments with 

S. mossambicus 218
 
extensive cage culture 216-17
 
semi-intensive cage culture 223-4
 

R. Limpopo (Mozambique) 
S. mossambicus 332
 
T. rendalli5
 
tilapia habitat 31
 

R. Lualaba (Zaire) 
T. rendalli19
 

R. Lufira (ZaTre) 
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breeding of S. macrochir45 L. Mariout (Egypt) 
breeding of T. rendalli45 extended breeding season of S. aureus 
feeding of T. rendalli45 104 

Luflra reservoir growth rate of tilapias 103-4
 
spawning of S. macrochir46 R. Mbemkuru (Tanzania)
 
spawning of T.rendalli47 S. urolepis23
 

L. 	Lusiwashi (Zambia) L. Meliwaine (Zimbabwe, man.made) 
introductions 24, 26, 55 breeding of S. macrochir45 
S. macrochir24, 26, 55 	 depth distribution of S. macrochir33 
T. rendalli24, 26, 55 	 inshore-offshore movements of 

L. Magadi (Kenya) T. rendalli159 
an alkaline lake 332 introductions 24, 48, 55.6 
diurnal movements of S. alcalicus S. macrochir24, 33, 45, 47, 50 

grahami53 	 spawning of S. macrochir47 
ecological studies 100-1 tilapias in 86 
high salinity 38 T. rendalli159 
pH and alkalinity 40 water level fluctuations and S. macro-
S. alcid.ic.'sca.aicalicus-ali 38, 100, 332. chir 50 ..
 

S, alcalicusgrahami23, 34, 38, 40, 41, R. Meme (Cameroon)
 
332 T. camerunensis23
 

tilapias in 86 L. Mohasi (Rwanda)
 
R. Malagarasi (Tanzania) introduction of S. niloticus failed 36 

allopatric speciation 8 L. Mount Coffee (Liberia) 
tilapias in 86 isolation of T. guineensis 39 

Malagarasi swamps (Tanzania) 	 L. Moyuia (Nicaragua) 
S. karomo 8, 23, 47, 97 	 breeding of S. mossambicus 46 
S. upembae 8 exotic community 102
 
sympatric speciation 8 S.mossambicus 28, 86, 102
 

L. Malawi (Malawi) L. Mutanda (Uganda) 
breeding of S. lidole 44-5 introduction of S. niloticus failed 36 
breeding of S. saka 44-5 Mwadingusha dam (ZaTre) 
breeding of S. squamipinnis44-5 feeding of T. rendalli 4 
ecological studies 97-9 L. Mwadingusha (ZaTre, man-made) 
examples of sympatric speciation 8 introduction of S. macrochirand T.
 
growth rates of tilapias 103 rendalli73
 

*,migration of S. lidole 54 S. macrochirhas an advantage over
 
presence of Lernea tilapaea 253 T. rendalli48, 50
 
S. karongae 23, 97-8 	 L. Mweru (Zambia) 
S. lidolc 8, 23, 44.5, 52, 54, 97.8 low mineral content 39 
S. saka 23, 44.5, 97-8 	 migration of S. macrochir54 
S. shiranus 8, 23, 98 	 S.macrochir39, 52, 54 
S. squamipinnis 9, 23, 44.5, 97.S schooling of S. macrochir54
 
schooling of S. lidole 54 V> T. rendalli39
 
schooling of S. saka 54 6 T. sparrmanii39
 
schooling of S. squamipinn/i54 tilapia habitat 31
 
the species flock 7, 8, 97-8 '332 illapias in 86
 
tilapia habitat 31 L. Mwe' u Wantipa (Zambia)
 
tilapias in 86 . high salinity 38
 

L. Manyara (Tanzania) S. macrochir38, 52 
high salinity 38-9 tilapia habitat 31 
S. amphimelas 23, 36, 38-9 	 L. Nabugabo (Tanzania) 
S. mossambicus 39 	 low mineral content 39 

39T. zillii 	 S. esculentus 23, 39 
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S. niloticus 39 

S. variabilis 23, 39 

T, zillii 
39 

tilapia habitat 31 


L. 	Naivasha (Kenya) 

breeding of S. leucostictus 44-5, 134 

breeding of T. zilii 44.5 

hybrids 56, 102 

introductions 24, 26, 36, 50, 55, 86, 


91, 334 

photoperiod practically constant 45 

S. leucostictus 24, 26, 44.5, 50, 56, 


91, 102, 134 

S.spilurus niger 24, 26, 50, 56, 102 

tilapias in 86 

T. zillii26, 44.5, 50 


L.Nakuru (Kenya) 
changes following introduction of 

S. alcalicus 101, 337 

ecological studies 101 

introductions 24, 55, 86, 101, 337 

S. alcalicus 101, 337 

tilapias in 86 


R. Nampongue (Zambia) 

kills of T. rendalli 40 


L. Nasser (Egypt, man-made) 
S.galilaeus replaced S. niloticus 50, 87 

tilapias in 86 

T. zillii86 


L. 	Natron (Tanzania) 

high salinity 38 

pH and alkalinity 40 

S.alcalicus 23, 38, 40, 332 

S.alcalicus grahami 38 

tilapia habitat 31 


Negombo Lagoon (Sri Lanka) 

semi-intensive cage culture 223-4 


Nemakia mangrove swamp (Madagascar) 

S. macrochir38 f 

R. Niger 

tilapias in 86 


R. Nile 
S.galilacus and S. niloticus overlap 21 

tilapia habitat 31 

tilapias in 86 

S.niloticus 17 


L. Nkugute (Uganda) 

introductions summarized 26 

S.niloticus x S. esculentus hybrids 


102 

R. Nyong (Cameroon) 

S. mvogoi 23 

T. margaritacea23 


Nyumba ya Mungu reservoir (Tanzania,
 
man-made)
 

indigenous and introduced species 86, 97
 
R. Ogoou6 (Gabon) 

T. cobrae 23
 
T. ogowensis 23
 

Okavangu swamp (Botswana)
 
tuberculosis in S. andersonii and
 

T sparrmanii 256
 
R. Pangani (Tanzania)
 

ecological studies 97
 
escape of T. rendalli 24
 
introductions 25
 
S. esculentus 97
 
S.girigan 25
 
S.jipe 25, 97
 
S. karongae 23
 
S. pangani23, 97
 
tilapias in 86
 
T. rendalli 24, 97
 

Pantabangan reservoir (Philippines)
 
extensive cage culture 216
 

L. 	Paoay (Philippines)
 
extensive cage culture 216
 

L. Pirheiro (Brazil) 
T. rendalli 30
 

Plo\ .rC ve.)eservoir (Hong Kong)
 
brberingof S. mossambicus 46
 
an exotic community 86, 101-2
 
feeding studies 42-3
 
growth rates of S. mossambicus 103,
 

105
 
S.mossambicus 101-2
 

L. Poelela (Mozambique)
 
brackish habitat 38
 
T. rendalli 38
 

L. Qarun (Egypt)
 
breeding of T. zili 45-6
 
high and increasing salinity 38-9
 
reproduction of T.zillii
122
 
S.aureus 38-9
 
S. niloticus 38-9
 
T. zuli 38-9, 42, 45-6
 

R. Quanza (Angola) 
S.angolensis 23
 
T. cabrae 23
 

R. Rufigi (Tanzania) 
S. urolepis 23, 332
 

L. 	Rukwa (Tanzania)
 
dries up 336
 
dwarf population of S. rukwaensis 99
 
S. rukwaensis 23, 75, 99
 
tilapia habitat 31
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tilapias in 86 	 introductions and altitude 36 

R. 	Ruvuma (Mozambique) S. niloticus 36
 
S ruvurnae 23 tilapla habitat 31
 

L. St. Lucia (SE African coast) 	 L.Tanganyika 
S. mossambicus 29 depth distribution of S. tanganicae33 
wide range of salinity 39 S. niloticus 19 

L. 	Sampaloc (Philippines) S. tanganicae23, 33
 
cage culture and planning needs 239 T. rendalli5, 19
 
extensive cage culture 216.7 tilapia habitat 31
 
extensive cage culture now controlled Teso dams (Uganda)
 

216 	 introduction of T. zllii and S. leucos-
R. Sanaga (Cameroon) 	 tictus 73, 91 

S. sanagaensis23 	 Tonya lagoon (Lake Albert) 
T. cameronensis 23 	 length-weight data on S. niloticus 89 

R. Senegal (Mall-Senegal) R. Thalamakane (Botswana)
 
tilapia habitat 31 S.mossambicus 95
 

R,Seranga(Java).... L.,Tumba (Zare)..
 
first accidental introduction of S. low mineral content 39
 

mossambicus 25 (> pH low 40
 
R. 	Shire (Malawi.Mozambique) T. congica 39-40
 

absence of tilapias where current is tilapia habitat 31
 
fast 52 L. Turkana (Rudolf) (Kenya) 

distribution of S. mossambicus 52 dwarf population of S. niloticus 87 
S. shiranus shiranus 23 	 length-weight data on S. niloticus 88-9 

L. 	Sibaya (South Africa) S. niloticus87.8 
adaptive response of S. mossambicus tilapias in 85 

75-7 T. zillii 5 
breeding of S. mossambicus45 R. Turkwel (Kenya) 
breeding sites and water level 336 S. niloticus taken from a hot spring 37 
depth distribution of S. mossambicus Uaso Nyiro system (Kenya) 

33 S. spiluruspercivalioccurs in hot 
depth distribution of T. sparrmanii33 springs 34 
diurnal movements of S. mossambicus Ubangi.Uele system (ZaTre) 

53 S. galilaeusand T. zillii17 
ecological studies on S. mossambicus R. Upper ZaTre (Zare)
 

96-7 T. rendalli5
 
food quality studies with S. mossam- L. Valencia (Venezuela)
 

bicus 153 assimilation studies with S. mossam
growth rates of S. mossambicus 103.5 bicus 154.5 
home range and homing of S. mossam- digestion studies with S. mossambicus 

bicus 55 147-9 
inshore distribution of juveniles 175 feeding studies with S. mossambicus 
predation on S. mossambicus 338 154 
S. mossambicus 33, 42, 45, 47, 52.3, S. mossambicus 147-9, 154.5
 

55, 75-7, 86, 96.7, 103.5, 153, L. Victoria (Uganda)
 
338 area 1
 

spawning 	behavior of P. mossambicus breeding of S. esculentus 44, 46
 
47 breeding of S. variabilis44, 46
 

T. sparrmanii33 	 competition for breeding grounds 92 
R. Sokoto (Nigeria) depth distribution of S. esculentus 33 

home range of S. galilacus55 depth distribution of S. vari~bilis 33 
home range of S. niloticus 55 dispersal of female S. variabilis54-5 

L. Tana (Ethiopia) 	 diurnal movements of S. variabilis53 
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ecology of various tilapias 91-3 

growth rates of tilapias 103 

home range of S. esculentus 55 

home range of S.variabills 55 

hybridization 12, 56, 91, 102 

introductions 5, 24, 26, 36, 55, 91 


S.esculentus 8, 21, 23, 26, 33, 44, 46, 

53-6, 91.3 

S. niloticus 26, 56, 91-3, 102 

S. 	variabilis8, 21, 23,26, 41, 50, 52, 


54.5, 73, 91.3, 102 

schooling of S. esculentus 54 

schooling of S. variabilis 54 

semi-intensive cage culture 223-4 

spatial segregation of tilaplas 92 

sympatric speclation 8 


_....tilapias in 86 

T. zuiii 5, 12, 26, 50, 73, 91.3 

T. zillii believed to hybridize with 

T. rendalli12 

T. zillii surplanted S. variabilis50, 73 

tilapia habitat 31 


L. Volta (Ghana, man-made) 
S. galilaeusdominant 87 

S. niloticus 87 

tilapias in 86 

T. zillii 87 


West African lagoons 
S. melanotheron 86 


ZaTre basin (Zaire)
 

a hostile environment to m*crophagous 
cichlids 17
 

Sarotlherodonabsent 17
 
T. rendalliand T. sparrmanii19
 
T. tholloniand T. zillii 17


R. ZaTre (ZaTre) 

S. macrochirin Upper river 18
 
T. rendalliand T. zillii 5
 

Zambezi basin
 
escape of S. mossambicus 24
 

R. Zambezi
 
breeding of S. mortimeri45
 
distribution of S. andersonii18.9
 
distribution of S. macrochir18
 
distribution of S. mortimeri 18
 
ecology of various tilapia 93-6
 
indigenous species in Up 'er R, 93
 
S. andersonii18-9, 93-6
 
Lower, tilapias in 86
 
S. macrochir18, 21, 93-6
 
S. inortimeri18, 93-6
 
S. mossanbicus25, 96, 332
 
Middle, tilapias in 86
 
7'. rendalli5, 93.6
 
T sparrmanii93-4
 
tilapia habitat 31
 
Upper, tilapias in 86
 

Zimbabwe 	eastern highland lakes
 
introductions 24
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