'-Tllqplas

Edited by
R.S.V.Pullin
L " | an-d 3 '
. R.H.Lowe*McConnell

e

Y
K




The Biology and Culture of Tilapias



This volume is dedicated to

Dr. Ethelwynn Trewavas

in recognition of her outstanding contributions
to fisheries science and to mark the occasion
of her eighticth birthday,
5 Noves ‘ber 1980



The Biology and Culture of Tilapias

Procecdings of the International Conference on the
Biology and Culture of Tilapias, 2-5 September 1980
at the Study and Conference Center of the
Rockefeller Foundation, Bellagio, Italy, sponsored by the
International Center for Living Aquatic Resourees Management
Manila

Edited by

R.S.V. Pullin and R.H. Lowe-McConnell

1982

INTERNATIONAL CENTER FOR LIVING AQUATIC RESOURCES MANAGEMENT

i



The Biology and Culture of Tilapias

Proceedings of the International Conference on the
Biology and Culture of Tilapias, 2-5 September 1980
at the Study and Conference Center of the
Rockefeller Foundation, Bellagio, Italy

sponsored by the International Center for Living
Aquatic Resources Management, Manila

Epirtep by

R.S.V. PuLLin
R.H. Lowt-McCoNNELL

1982
Printed in Manila, Philippines

Published hy ICLARM, MCC P.0. Box 1501, Makati, Metro Manila,
Philippines

Pullin, R.8.V. and R.H. Lowe-McConnell, Editors. 1982, The biology and
culture of tilapias. ICLARM Conference Proceedings 7, 432 p. Inter-
national Center for Living Aqguatic Resources Management, Manila,
Phil’'ppines.

ISSN 0115-4389 ISBN 971-04-0003-7 cloth
ISBN 971-04-0004-5 paper

Cover: Stylized tilapia artifact from Indonesia,






PREFACE. . ............

InTrRODUCTION

Contents

DI T T R I R I S A

R I R I I I N A A A

Session 1: Biology

Chairman’s Overview,

.1 Lowe-McConNELL .. ......

Tilapias: Taxonomy and Speciation. E. TREwavas ... ...

Ecology and DRistribution of Tilapias. J-Ci.. Painieranrt

axn J-Cn Ruewet

Life Histories of Tilapias: An Evolutionary Perspective,
axp EKCByaos o000 oL .

Tilapias in Fish Communities, R.H. Lowe-McConNELL. . . ..

Session 2: Physiology

Chairman’s Overview, DJ.W. Moriarty oo .0 ... cen

Environmental Physiology of Tilapias, J. Cugrvimiskl, .. . ..

Reproductive Physiology in Cichlid Fishes, with Particular Reference
to Tilapic and Surotherodon, B, JataBerT ann Y. Zouar .. ...

Feeding, Digestion and Growth-—Qualitative Considerations.

Sl Bowes

Feeding, Motabolism and Growth of Tilapias: Some Quantitative

Considerations. M.S. Carvron oo ... .. e

Sesston 3: Culture

Chairman’s Overview, HLEF. HeENDERSON

Tilapia Cidture in Ponds under Controlled Conditions. B. HEpHER AND

Y. PruGiniy

.

D A TR I

et e e e e e e

15

61

83

115

119

129

141

157



Cage Culture of Tilapias. A.G. CocHE. .. ... it ininiionnees 208
Diseases of Tilapias. R.J. Roserts aNDp C. SOMMERVILLE . .......... 247
Session 4: Culture-Related Topics

Chairman’s Overview. H.F. HeNDERSON .. .. oottt 265

Genetic Markers in Sairotherodon and Their Use for Sex and

Species Identification. R AVIALION .« vt v vuvennnnen 269
Tilapia Hybridization. L.L. Lovsin ..o oo oo, 279
Control of Tilapia Reproduction, R.D. Guerrero I .00 ovin s 309

A Study of the Problems of the Mass Production of Hybrid
Tilapia Fry, D. MIRES .. o0t et enaananeos 317

GENERAL DiscussioN onN ThHE BioLogy anp Curturk or Tiarias.... 331

CONSENSUS STATEMENT AND RESEARCH REQUIREMENTS . .......... 353
REFERENCES « « v vt vt e e it ettt ettt e ae e iie s ne s iiana s cansn 359
GENERAL INDEX . ot ittt i e eetnenseranannons e 391
SPECIES INDEX ittt i et b tnn s onasananss et 416
WATER BoDIES INDEX ..o vrvevoens e e e, 426
LIST OF PARTICIPANTS + o v o v v o v e nvoos s sassanseonensoanassasss i

vii



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 of the tilapias and applications in culture
systems. The conference did not consider the commercial aspects of tilapia
culture. A further conference will be held in Isracl, 8-13 May 1983.*

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

Biology -- taxonomy and speciation, ecology and distribution, tilapias

in fish communities, and life histories.

Physiology — 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 procecdings follow this arrangement with each session preceded by a
chairman’s overview. The culture session was split into two parts: culture
systems 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 eited have been combined into a single bibliography to
provide a useful information source on both cultured and wild tilapias. The
indexing is designed for casy referencing on systematics, biology and culture.

*Details from the Organizing Committee, International Symposium on Tilapia in Aqua-
culture, P.O. Box 3054, 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,
namely, ‘‘the urgent need to bring tilapia biologists and culturists together to
exchange views and information and to define approaches and priorities for
future work”. We need 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
been working mainly under field conditions or in laboratories (or both)
and those with practical experience of aquaculture, have much to give
one another of very different experiences that can help to solve one another’s
problems. This is a two-way process. As a field worker myself, I know only
too well the complexity of working conditions in natural waters in the
tropics, where so many species interact and where, for example, it is often so
difficult to determine fish growth rates. We have to look to those who grow
tilapias in ponds to solve many problems posed in the field, in particular,
those concerning the switch from growth to reproduction (nanism, dwarfing)
which is such a special feature of tilapia biology. 1 regard this as possibly the
kev 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 improving tilapia culture.

This session is concerned mainly with field studies, and should provide a
good background to our subsequent consideration of the physiology of
tilapias from both field and laboratory work. For those who grow tilapia in
ponds, we must stress the vast scale of the theatre for field studies. The
equatorial Lake Victoria in Kast Africa is over 6.5 million ha and the Kafue
floodplain, another site for much tilapia researcn, around 121,000 ha.
Sampling such huge areas presents special problems, and errors arise in
extrapolation of results. Cateh statisties are of very variable reliability
compared with emptying a pond and weighing all the fish. Furthermore,
what is looscly referred to as ‘fish production” from these vast areas is really
the fish catch and only a very small percentage of the total biological pro-
duction (unlike ponds from which most of the total production may be
channelled into spawners).

In this session we have four papers.

Dr. Ethelwynn Trewavas first introduces the taxonomy and speciation
of tilapias, and says why it is so important to kinow which species we are
dealing with when making studies of any kind. We all owe a great debt of
gratitude to Dr. Trewavas who has toiled away for very many years putting
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together a definitive monograph on the tilapias. I see her herculean efforts at
first hand -1 share her habitat among the tilapia bottles at the Natural
History Museum in London--and | have seen (and have benefited from) the
ever-ready help she has given so unstintingly to numerous biologists from all
over the world,

Second, we have the contribution on ecology and distribution prepared
by Dr. J-CL Philippart with Professor J-Cl. Ruwet, who is unable to attend
this mecting. They have seleeted cortain arcas of ecology, believing that
aspects such as growth and production would be treated in other papers.
They have considered the physico-chemical factors involved in tilapia distri-
bution: feeding behavior, e.g., trophic spectra, variations in feeding regimes
and the periodicity 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 ccological consequences of
introductions and transfers of tilapias in Africa and elsewhere.

Dr. D.L.G. Noakes then presents a paper that he and Dr. B, Balon, who
is also unable to be here, have prepared on life histories of tilapias. This
seems to be arather 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 breeding and fast growth rates that we all desire,

Lastly, the paper which | was asked to prepare 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 contiolling tilapia numbers in
nature (with special attention to the switch from growth to reproduction in
Sarotherodon niloticus). 1t became clear, however, that much of what 1 had
written had considerable overtap with other manuscripts, so [ have attempted,
at very short notice, to fill in some gaps by collating information on tilapia
growth rates, production and vields under natural conditions,



Tilapias: Taxonomy and Speciation

E. TREWAVAS

Fish Section
British Muscum (Natural History)
Cromwel! Road, South Kensinglon
London, S.W. 7, England

TREWAVAS, E. 1982, Tilapias: taxonomy and speciation, p. 3-13. In R.S.V.
Pullin and R.H. Lowe-McConnell (eds.) The biology and culture of tilapias.
ICLARM Conference Proceedings 7, 432 p. [nternational Center for
Living Aquatic Resources Management, Manila, Philippines.

The tilapias are here grouped into two genera, Tilapia and Sarotherodon,
characterized by both their feeding and their reproductive habits and struc-
tures., There is some overlap in feeding habits, some species of both genera
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 Sarotherodan (in the restricted sense) and
maternal brooding with mating of a lek pattern in the rest. The maternal
mouthbrooders have been divided into several (5 to 7) subgenera: Oreo-
chromis, Danakilia, Alcolapia, Nyasalapia and Neotilapia are recognized here.
Speciation, both allopatric and sympatric, of subgenus Sarotherodon has
taken place in west Africa, and of the other subgenera mostly in east and
central Africa. There is no doubt that the division between subgenus Saro-
therodon and other subgenera is deeper than the divisions within the latter,
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 Lhat they must have descended from one or a few closely related
substrate-spawning species, and grouping them all at the generic level seems
to have both theoretical and practical justification,

An example is given of the importance of recognizing specific distinctions.

Biology and Taxonomy

All the tilapias, in the broad sense, have in common a mainly herbivorous
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 diet are the long, coiled intestine, which
may be up to fourleen times the body length, the bicuspid and tricuspid
teeth of the jaws and the small, sharp pharyngeal teeth used to prepare
the food by shredding the coarser materials and breaking some of the cell
walls before passing it on to the stomach. Since the preferred diet of the
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are little known beyond their native rivers, although T. tholloni has been

much used in laboratory studies.

Table 1. Frequeney distribution of vertebrae and dorsal spines in Tilupia zillij and T.
rendallr.

T. zillii T. rendalli

Vertebrae 27 b
28 38
29 2 31
30

Dorsal spines X1 2
X1V 60
XV 467 4
XVI 63 124
XVH 2

In the eastern rivers north of the Zambezi Tilapia was never reported
before the widespread introductions of the last three decades. But the fish
fauna of Mozambique and Tanzania wus Jittle known and we cannot now be
sure that the presence of T rendalli in the rivers »f ‘Fanzania 1s not natural.
We do know, however, that Kenyan waters were devoid of this genus until
the introduction of 1 ~illii.

The tlapias most cultivated are species of Sarotherodon, the mouth-
brooders.

It is now well known that the detaiis of the mouthbrooding habit are not
the same in all mouthbrooding tilapias (Heirrich 1967 Peters and Berns
1978). The typespecies of Sarotherodon, S, melanotheron, is, as it happens,
the most atypical, To sature it lives in brackish water and it is a paternal
mouthbrooder. Many studies of its hehavior show that in comparison with
S.omossambicus for example, it has retained vestiges of some of £he repro-
ductive habits and cven structures of the substrate-spawner.. 2o has its
relative in fresh waters, S, galilaeuws. When we subdivide the mouthbrooders,
1L is these two species (SO melanotheron and S, galilacus) that Ly pify Sarothe-
rodon in the strict sense, that is, subgenus Sarotherodon. S. mossambicus, S.
niloticus, S aureus and other ecast and central African species have a repro-
ductive schema that excludes the males from the care of the brood. They are
In breeding time sexually dimaorphic and ‘e female takes the egs as soon as
they are fertilized to special nursery areas where she holds them in her mouth
until the volk is sufficiently redeced for them to swim freely. £ven then, for
several dayvs she takes them back imto her mouth at night or when danger
threatens. The cast African materaa brooders have received a second sub-
generie nane, the carlier available being Oreochromis (now raised to genus;
see Addendum),

The meaning of Orcochronids s “mountain cichlid’. (Chromis was an
carly name given to both crehlids and a marine genus and is now restricted
to the fatter). Tt was first given to Oregchromis hunter Glinther (1889), an
inhabitant of a small recky crater-lake on the slopes of Mount Kilimanjaro.
Little is known about the habits of this species, hut from its strueture
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and geographic situation it is believed to be a maternal mouthbrooder
like its neighbors S. pangani and S. mossambicus.

It is commonly believed that systematic conclusions are based on ana-
tomical considerations involving dissection and the use of the microscope.
Such evidence is indeed most important, but there is no aspect of an organ-
ism’s biology that a systematist can afford to ignore. In defining the sub-
genera Sarotherodon and Oreochromis the main evidence is behavioral,
backed by geographical. The geographical eviv, ace 13 well set ovt by Thys
(1963). Many observers have contributed to the hehavioral evidence briefly
sumrmarized above.

I do not know o: any structural character that trenchantly separates
the two sabgenera, Some members of Oreochromis, including S.(0.) hunteri
have four anal spines, cither in all or in some individuals, but others have
only three: all species - ¢ subgen. Sarotherodon have three. In no species of
subgen. Saratherodon are the jaws enlarged in sexually mature males. They
are enlarged in several species of subgen. Oreochromis but not in all. The
vertebral numbers range from 26 to 32 in subgen. Sarotherodon, 27 to 34 1in
Orcochromis. 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 can place it in a subgenus only if its overall characters add up to
a general resemblance to a geographicadly-close member of one or other of
the subgenera,

The development of a tassel on the male genital papilla is a conspicuous
foature that characterizes a number of related speecies (8. macrochir, the
Malawi flock, etel) and for these we may use a subgeneric nane Nyasalapia
Thys (1965),

In the case of 8. tanganicae, of whose breeding habits little is known,
the fact that its ventral scales are very small suggests relationship to Oreo-
chromis. But it has very specialized teeth and as it has been given a sub-
generic name of its own, T propose Lo use it and to call it Sarotherodon
(Neotilapia) tanganicace,

Another pecaliar species in the same kind of limbo is the little S. fran-
chettii of Lake Afrera (0 Giulietti) in Dancalia, eastern Ethiopia. Its outer
teeth as well as the inner are tricuspid and it has only 27 ver. brae and 10-12
lower gill-rakers. [t has been given its own subgeneric name by Thys (1968)
and so 1 propose to leave it as Surotherodon (Danakilia- franchettii. (Dana-
kilia is now raised to genus; see Addendum).

For zoologists who are not systematists and for fish culturists there
is no need to use subgenerie names, and for these all the mouthbrooding
tilapias may be referred to by the generie name Sarotherodon followed by
the specific name,

Peters (1979) and Thys (1968, 1971a, 1971b) would prefer to leave the
tilapias undiv ‘ed for the general and applied zoologist and to lump substrete-
spawners and mouthbrooders alike in a broad genus Tilapia. IT' T interpret
them rightly their reasoi for this is:

S.omelanotheron and S, galilaeus, the two best known species of subgen,
Sarotherodon, have breeding habits distinet not only from those of
Oreochromis but also in some ways from cach other. Specifically, &,
melanotheron has large yvellow egps brooded normally by the father alone.
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anit (related to the tasselled group) all inhabiting Lake Malawi; S. andersonii
and S. macrochir in the upper Zambezi, Kafue and Okovango basins related
respectively to 8. rmossambicus and the tasselled group.

That the sarotherodons have not formed such huge species flocks as have
the haplochromine and other cichlids o tne Great Lakes I put down to the
fact that as colonizers they were already highly specialized for feeding on
minute epiphvtic and planktonic algae and had few or no rivals 1 that field.
That they diversified at all within these limits is o matter for wonder.

S. galilaeus

other species

- S. melanotheron

Figure 1. Natural distribution of the subgenus Sarotherodon of genus Surotherodon. =S,
galilacus, |l other species except "h“\ the brackish water S. melanotheron. (Trewavas, in
pross)



7t Subgen. Orecchromis

.~ Subgen. Nyasalapia
S schwebischi

e S(Danakilia) franchettii

S SR |

Figure 2. Natural distribution of the subgenera Orcochronmis (////) and Nyasalapia (\\).
S, schwebischi (Sauvape), of uncertain subgeneric affinity and @ S, (Danackilia) fran-
chettii (Vinciguerra). (‘Trewavas, in press).

Sarotherodon Species and Fish Culture

S. galilaeus 15 the only species of subgenus Sarotherodon that has heen
used for fish culture. 1t has not been favorcd for ponds, mainly, | think,
because of its slower growth, but it is (or was) so used in Cameroon, the
stock bemyg mainly from the Chad basim, but also from R, Sanaga, the latter
perhaps a distinet subspecies. Moreover S galilaews has done well in man-
made lakes and reservairs inapen water,

The other welldinown cultured species are members of subgen, Oreo-
chromis and the teselled species, Nyasalapic, The familiar nimes are S, nilo-
ticus with sever subspecies, of which three have been cultured experimentally
by Pruginin «tal (19750 N wurews, which accompanies S.nniloticus through
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Genus Subgenus Type species Other examples
Tilapix A. Smith {three to six) Tosparrmuanii A, Smith T rendalli Boulenger
T silld Geavais

Sarotherodon Ruppell S, melanotheron Ruppell S, gatilacus (hinn)

Orcochromis Gunther (

S, linnellii (Lonnberg)

~

huntert Gunther

Orcochromis Glinther O. hunteri Gunther O (O iloticus (Linn.)

() 1)) mossambicus (Peteys)
() (0. qureus (Steindachner)
(. ().} spilurus (Gunther)

Nyasalapia Thys 0. (N.) squamipinnis (Gunther) (. (N ) macrochir (Boulenger)
() (N.) variahilis (Bowlenger)
O (N} andaleasis (‘Trewavas)

Alcolapia Thys 0. (A ) grahami (Boulenger) O (A alcalteus alealicus
= 0. aledlicus gralvami (ltilgendorf)
Neolilapia Regan ). (N.) tanganicae (Boulenger) None
Danakilia Thys 0. (1)) franchetti (Vinciguerra)  Norne
Discussion

GUERRERO: ls il difficult to inter-breed Tilapia species or Sarotherodon species with
Tilapia species such as T. zillii?

TREWAVAS: Have you ever tried to interbreed them?

GUERRERO: No. hut the literature suggests incompatibility between Sarotherodon and
Thapia. One is a mouthbrooder and the other a hottom spawner. [ was wondering if it is
difficult to interbreed them. Do vou think this is possible or thai Tiapia species will
hybridize?

TREWAVAS: T zillii and T rendalli do hybridize or they are believed to hybridize in
Lake Victoria where they have both heen introduced.

GUERRERO: We have not tried it, but [ want to find out if it is possible because of the
differences hetween the two groups. Tilupia species seem more ditficult to interhreed as
opposed to Sarotherodon species,

TREWAVAS: The two genera have never been known to interbreed in nature, nor freely
if they are placed together in one tank, but hybrids have been obtained by artificial fer-
tilization at ‘Tubingen. Some attempted crosses were unsuceessful, but in one case hybrids
structurally inteemediate hav heen reared 1o adult size, They were all females.

AVTALION: We have been testing immunological technigues in my laboratory for the
different specios of Sarotherodon. All of them are crossreacting antigenically, We could






Ecology and Distribution of Tilapias

J-CL. PHILIPPART AND J-CL. RUWET

Service dethologic animale
Institut Id. van Beneden
Université de Lidge
Quarl van Beneden, 22
B-1020 Licge
Fselgrivni

PHILIPPART, J-CL. AND J-C'L. RUWET. 1982, Ecology and distribution of tila-
pias, p. 15-59. [n 8.V, Pullin and R.II. Lowe-McConnell (eds.) The bio-
logy and culture of tilapias, ICLARM Conference Proceedings 7,432 p.
International Center for Living Aquatic Resources Management, Mauila,
Philippines.

This paper reviews three aspects of the ecology of tilapias: i) their geo-
graphical distribution, ii) the physical (current velocity, depth, temperature)
and chemical (salinity, alkalinity, ptl, oxveen and other dissolved gases)
factors which influence this and i) aspects of their hehavioral ecology
namely feeding behavior, reproductive behavior, seleetion of microhabitat,
schooling behavior ard movement. Maps are given shawing the natural
distribution of the principal substrate-spawning genus Tilapia and the mouth-
brooding pgenus Serotherodon and the history of their transfers in Africa
and introductions to other continents are tabulated,

The natural distribution of the tilapia species depends upon: i) historico-
geological factors which led to geographical isolation and speciation, ii)
ecological factors which demonstrate the requirements and preferences of the
species mainty with reward to temperature and salinity and iii) behavioral
mechanisms relating to feeding and voproductive strategies. Data on the
natural distribution, ecolopical amplitude and cco-ethological characteristics
could help in the selection of species for culture and introductions for fish-
eries and in the prevention of unfortunate consequences, such as unwanted
hybridization, competition for food or spawning grounds, and contamination
of pure wild strains or failare of the introduced stocks (e, due to unsuitable
temperature conditions, overpopulation and nanism, cte.). The dangers of
introductions made without sufficient knowledge of the hiology of the
species and recipient ecosystems and the necessity for hetter control of fish
transfers and future research on the basic and applied ecology of tilapias are
all stressed,

Introduction

In their recent review Balarin and Hatton (1979) concentrated on the
biology of tilapias in relation to their uses in aquaculture. However, apart
from their considerable economic importance for aquaculture and fisheries,
tilapias are important elements of biocenoses, involved in the workings of
tropical aquatic ecosystems. As such they raise a multitude of problems in
hasic eeoloygy, the study of which could have, if it had been done in advanee,
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prevented the large number of unsuccessful attempts to culture or to intro-
duce tilapias.

This paper is written from a broad ecological perspective, although prac-
tical applications are shown whenever these arise. Five aspeets of tilapia
ecology are discussed:

1. Geographical distributions, with special emphasis on assessing the

success of introductions and transfers.
2. Analysis of physical and chemical factors which influence the natural
distribution of tilapias and characterize their ecological range.

3. Feeding hehavior,
1. Reproductive behavior.
5. Selection of microhabitats and dynamics of spatial separation,

Zoogeography and Distribution
ORIGINAL DISTRIBUTIONS OF TILAPIAS

The family Cichlidae is widely distributed in Africa (including Madagascar)
and Palestine, in South and Central America, in southern India and in Sri
Lanka (Lagler et al. 1977). The tilapias, however, originated exclusively from
the African continent (excluding Madagascar) and from Palestine (Jo dan
Valley and coastal vivers). In Africa they are absent only from the Northern
Atlas and from south west Afriea. This is an old pan-African group with a
slow or average rate of specration, primarily riverine, secondarily lacustrine,
About seventy species are nowadavs distinguished as two genera: Tilapia
(macrophagous,  substratesspawners)  and  Sarotherodon  (microphagous
mouthbrooders)y. Their original distributions are gven 1 Figures 1a, b and
2a, b, ¢ and in Table 1. The data used for this review stem from Thys (1963,
1964, 1963, 1971a. 1971b), Trewavas (19€6), Fryer and Tles (1972), Ruwet
and Voss (197-1), Ruwet et al. (1975) and Balarin and Hatton (1979), which
relate specifically to tilapias, and from other works on African ichthyology,
Gunther (1889), Pellegrin (1921), Poll (1957, 1973), Ruwet (1961, 1962),
Greenwood (1965, 1966, 1974, 1976), Jubb and Farquaharson (1965),
Bell-Cross (1968, 1972, 1273), Daget (12368). Gee (19638h), Petr (1968,
1969, 1975), Lowe-MceConnell (1969,1975,1979), Jubb and Gaigher (1971),
Gaigher (1973), Greenetal. (1973, 1978), Trewavas (1973a, 1973b), Johnson
(1971), Eceles (1975), Ottobo (1976), Landau (1979), and other studies
cited below.,

The natural distributions of the species reflect two tvpes of factors:

1. those histoncopeological factors which led 1o geographical isolation and to speci-
ation tendemiic species in lakes or stretehes of rivers): a knowledpge of the past
geolovy and hydrowaphy of Africa is necessary to understand the species distribu-
tions, while, converselv g knowledue of the species distributions helps in confirm-
ing hvpotheses concerning the cvolution of hydrographic basins and their former
conneetions,

2. those ceological Yactor winch demanstrate the requirements and preferences of
the species with reiod o temperature salinity | the chemical composition of the
witer, and the Lebiviord mechanisms which refleet feeding and reproduactive
Stratogies,

Dealing first with the historical factore; for th o affecting distribution,
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our ideas are based essentially on the synthesis by Thys (1963) on the
tilapias of Zaire 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 very wide distribution except for the castern
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.

h. 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.
mertimeri, S. andersonii and S. spilurus niger) occurs in the bhasins
facing the Indian Ocean. The various Sarotherodon spocies are segre-
gated by geographical and hydrographical barriers and generally have a
small range of distribution, except for S. galilacus, S. niloticus and S.
mossambicus.

The examples discussed below show the relationship between past geol-

ogical-hydrological events and the natural distribution of tilapias.

DISTRIBUTION OF T. ZILLIIL S. GALILAEUS AND S. NILOTICUS

These three ‘soudanian’ species have a very wide common range (Senegal,
Niger, Chad, Nile, Jordan, Lake Turkana (Rudolf), Lake Albert) resulting
frem 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. galilacus have spread eastwards towards the Nile
and the first Rift lakes.

It scems likely that the Chad-Nile connection came into existence later
than the southward push of S, niloticus along the Rift lakes, and later than
the separation of Lake Albert from Lake Edward, which could explain why
S. niloticus oceurs in the latter lake though 7. zillii and S. galilaeus did not
reach it. 7. zillii and S. galilacus were present in the Ubangi and Uele Rivers,
now tributaries of the Zaire river, hefore these two rivers were captured by
the Zaire. This capture must have taken piace before the Chad-Nile con-
nection since S, niloticus is absent from the Ubangi-Uele system. The Ttun
River (Zafre, central Africa) is a particular case: T. zillii evidently colonized
it in an eastward direction, but not S. galilaeus, which found itself competing
against S, niloticus already established, Before its integration with the
Zaire basin, the lturi was linked with Lake Albert, which was populated with
S. niloticus. In the great Zafre basin, the expansion of T, zillii was prevented
by the presence of T tholloni,

The 8. galilacus coming from the north did not manage to invade the Zaire
hasin, which seems to be an environment hostile to microphagous cichlids,
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though S. galilacus reached, and was able to establish itself in the Malebo

(Stanley) Peol upriver from Kinshasa,
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Figure Ta. Substrate-breeding tilapias (genus Tilapie): natural distribution and introduc-
tions of 1. zilli. T, tholloni, T, rendalli and T. guineensis. The many transfers of T. ren-
dalli in South Africa are not recorded precisely but only supgested.

DISTRIBUTION OF S, MACROCHIT AND'S. ANDERSONI

These two species are svmpatric in part of their range. S. macrochir lives
in the rvers and Jakes of the Upper Zaire: Bangweulu-Luapula-Mweru,
Luvua. Lufirn and Upper Lualaba, which were part of the Zambezi basin
prior to their capture by the Zafre. [t also oceurs in the upper Zambezi and
in the Kafue. The absence of 8o andersonit from the system now helonging to
the Zaire river north of the present Zafre/Zambezi divide is evidence that its
arrival in the upper Zambezr oceurred after this divide was established.,
delow the Vietorn Falls on the Zambez, below the Kafue Gorges and
the Luangwa Falls, S0 andersonii s replaced by S, mortimeri. But since the
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construction of the Karnba and Cabora Bassa dams, S, andersonii has heen
recorded in the Middle Zambezi (Balon 1974; Jackson and Rogers 1976).

T
«

KEY ...

Infroduction|Nntural Distribution

i T dageti

T mariae

= T congica

20°

Figure 1h. Substrate-hreedimg tilapias: natural distribution and introductions of T,
dageti, T. mariae, T. congica and ‘T sparrmana.

DISTRIBUTION OF T RENDALLIAND T SPARRMANI

The distribution of these species is quite similar and quite *Zambezian’.
The presence of T rendalli and T sparrmanii in the Zaire basin can be
explained by the capture of a number of rivers in the Zambezi system by the
Zatre river and s tributaries ‘n Shaba and Kasai. But while T, sparrmanii
could not colonize the Lualabia below the Kongolo iprobably because of the
high temperaturesy, T rendalli has colonized the Lualaba to the limits of its
basin. Also it hos colonized the Tanganyika basin and its tributaries. via the
Fikupa, 70 rendalli possibly ciune inte Lake Tanganyika after the penetration
by Soniloticus, which came from fake Kiva after the Jatter was captured by
the Ruzizi,
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Distributions of 7. sparrmanii and T. rendalli overlap markedly, but the
former is mere southern, while the latter reaches north to the edges of the
equatorial basin,

Introduction

S. niloticus
[} S. macrochir

. schwebischi

. lepidurus

*.%."." S. upembae

Figure 2a, Mouthbrooding tilapias: natural distribution and introductions of S. niloticus
{cenus Sarotherodon), S. macrochir, S. sehwebischi, S. lepidurus and S. upembae.

DISTRIBUTION OF T, GUINEENSIS, S.MELANOTHERON
AND S, MossaMpict's

“These very euryhaline species have a wide distribution, the first two on
the western (e, Baron 1974), the third on the eastern coast. They can
move from one estuary to the next, especially during floods.

It is porticularly noteworthy that the macrophagous substrate-spawning
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tilapias of the Coptodon subgenus (T, zillii, T vendalli, T. tholloni, T.
congica, T puineensis) all have a wide distribution and exclude cach other
geographically,

Species of the Sarotherodon group with the exception of S, galileeus, S.
nitoticus and S mossambicus are specialized and more localized; many
species averlap (S0 escudentus and S0 cariabilis in Lake Victorin: S, lencostiotus
and So ndoticus 1 Lakes Edward and Goorger S0 pacrochir and S, andersonii
in the Zombezn Sogaltleeus and Sodoticus in te Nile: S niloticus, S, aureus
and S gulilaews from Senegal 1o Chad s several species s Lake Malawi). This
overlappimg sugdests particudar preferences and requirements which guarantee
ccological solation, From this, it follows that a knowledge of the natural
geopraphical distribution s necessary to understand the origin of the present
situation by explaining it in relation to the geological-hydrobiological history
of the continent, seleet intelligently the species to be cultured, and deduce
certain ceological requirements and preferences,

©le ey
KEY
Introduction| Natural Distribution

5 gahlaeus S.pangani

@& !~ 5 mossambicus S.urolepis

Ale o » S melanotheron S. ruvumae
S.andersoni)

HHEHER S mortimeri B - H_?._ngcidus

20°

S. spilurus spilurus
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Figure 2h. Natural distribution and introductions of' 8 galilaeus, S, mossambicus, S. melg-
notheron, S undersonii, S, mortimeri, S, spilurus spilurus, S, spilurus niger, S. pangani, S.
uroltepis, S. rucumae, S placidus.
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Figure 2¢. Natural distribution and introductions of S. aureus, S. esculentus, S. variabilis,
S shiranus and S hornorum.
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Figure 3. Introductions of tilapias (six principal species) outside Africa (see also Table 3).
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Table 3. Results of introductions of tilapias outside the African continent.

S. mossambicus

Africa Madagascar

SE Asia Java, Malaysia,
Sri Lanka
Indonesia

New Guinea

Philippines

Thailand, Bangladesh

Hong Kony

Taiwan

North Vietnam
China

Japan

America Haiti, Jamaiea,
St. Lucia, Grenada,
Puerto Rico
INtearagua
Mexico, E! Salvador

Ecuador

Colombia

U.S.A.

S. niloticus

Africa Madagascar

established in nuwnerous waters of the country
(Lamarque et al. 1975)
established in natural waters (Atz 1954)

established in natural water but often forming
very dense, slowly-growing populations (Wel-
comme 1979h)

established in natural waters at same time as 21
exotie species (Glucksman et al, 1976; West and
Glucksman 1976)

established in brackish water but considered a
pest in the Chanos ponds (Pillai 1972, Rabanal
and Heosillos 1957, cited by Rosenthal 1976)
initially well-esiabtished in natural waters then
revvessed  spontancously  (Welcomme  1979h)
established in Plover Cove Reservoir (Man and
Hodgkiss 19774, 1977H)

established throughout the country (rice fields)
bu  problems due to too low winter temper-
atures, overpopulation and nanisin (Chen 1976)
acclimatized (Le et al. 19615

established in brackish and marine coastal
waters and in the rivers of the central and
southern provinees, e, Fukien (Borgstrom
1978)

cultivated in ponds but transferred in winter
into hot springs (Fukusho 1968)

establish~d in natural waters (Atz 1954)

established, at least in Lake Moyua (Riedel
1965)

introduced for fish culture (FAO 1977¢) and
probably established in nature

reared in fish culture with satisfactory results
up to altitudes of 2100 m (1) (FAO 1977¢)
establishmient  in natural vaters of  certain
regions (lower than 1,000 m) but dissemination
in the country from there interrupted until
they have better knowledge of the risks of
competition with the indigenous species (FAO
1977¢)

introduced qto Flovida by aquariophiles and
considered & pest (Courtenay  and  Robins
1973)5 rearcd  commercially  in geothermal
water in Idabo (Rav 1978): Hawaii (Neil 19606)

established in numerous lukes (eg., Lake Ttasy,
1,200 m altitude) and rivers (Lamarque et al,
1975)



Tuble 3 (cont'd)

SE Asia

America

Europe

Sk Asia
America

Europe

Alrica

America

Africa

Indonesia

Bangladesh, Thailand

Japan

Mexico

Cyprus
Belgium

S, aureus

Philippines, Taiwan
El Salvador

Puerto Rico

U.S.A.

Cyprus
S. macrochir

Madagascar

S. melanotheron

U.S.A.

S. spilurus niger

Madagascar

29

established in natural waters where found to
be economically very interesting {Welcomme
1979h)

established m natural waters but the populations
declined  some vears atfter the introduction
[Welcomme 19700,

prineipal species af tilania raised inindustrial
warm water (Kuroda TG77)

cultivited in mumerous ish stations and estab-
lished in numerous artiticial Takes in the center
and south of the country (FAQ 1977¢)
established (71 in o reservoir tWelcomme 19791
cultivated intensively  in o warm  water of 2
nuclear power plant with possibility of surviving
i the cooling stream in summer (Mdélard and
Philippart 19x0)

introduced for hyhridization

introduced tor rearing in ponds and in cages
with risks ol escapes

established in quarry lakes used Tor rearing in
capes (Pagan-Fonr 1977)

introduced with a4 view to hiological control of
the vegetation in lakes of central Florida in
1061 and actuadly established in at least 20
counties where it is the ohject of commereial
exploitation (Lanutord et al. 1978) but eatches
are small and it is responsible for the destruction
of the vegetation and native species of fish in
the waters colonized (Courtenay and Robins
1973); probably established in certain lakes in
south Texus but maintained artiticially in
cooling water of electric power stations (Stick-
ney and Heshy 1975); surviving in a natural
lake in Alabama only when the winter s
exceptionally  warm (Habel 1973); reared in
geothermal water in Colorado { Lauenstein 1978)
established 7y in a reservoir { Welcommme 1979b)

established all over the country in certain
mangrove swamps e, Nemakin) { Lamarque et
al, 1975)

reproducing in natural waters in Florida but
dors not seem  destructive (Courtenay  and
Robins 1973 Welcomme 1979h)

failed introduction hecause temperature too
low at altitude (in Balarin and Hatton 1979)
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Table 3 (cond’d)

Africa

America

Europe

Africa

America

Africa

SE Asia

Amuerica

S. shiranus chilwae

Madagascar

S. hornorum

Puerto Rico, Brazil,

US.A
S. palilueus

Germany

T. rendalli

Madagascar

Mauritius

Sri Lanka

Thailand

Brazil

Colombia

Peru

Bolivia, Paraguay
Mexico

T. zillii
Madagascar

Malacca, Fiji
Taiwan

U.S. AL

only cultured experimentally (George 1976)

introduced for hyvhridization in numerous
experimental fishery and fish culture stations

cxperiments for rearing in industrial thermal
effluents (in Balarin and Hatton 1979)

established in numerous lakes and rivers but has
seriously perturbed the ecology ol Lake Kin-
kony (Lamarque et al. 1970)

introduced for fish culture in 1956, it escaped
into rivers and reservoirs where it occasionally
has serious effects on the indigenous flora and
fauna (George 1976)

well-established  in
vacant  ecological
1979h)

at first well-established in natural waters then
progressively regressing and disappearing, proh-
ably due to competition from loeal species
(Welcomme 1979h)

reared intensively in the northeast and the
central-south of the country and established in
natural notably  Lake Pinheiro in
Brazilia and in numerous hydroelectrie reservoirs
in Sao Paulo State; but many reports of over-
population and destruction of the vegetation
(Nomura 1976, 1977)

cultivated in ponds and established in natural
waters in the Valle del Cauca between 1,000 m
and 1,100 m; but the dissemination into other
regions is forbidden until more is known of the
effects on the ecosvstems and  the native
species (Norena 1977)

cultivated in ponds and established in certain
lakes (FAO 1977¢)

only cultivated in ponds (FAQ 1977¢)
cultivated in ponds up to an altitude of 1,500
m in the center and south of the country (FAO
1977¢)

waters  where a
(Welcomme

natural
niche  existed

witers,

established in numerous ponds, lakes and rivers
{Lamarque et al. 1975)

introduced but established ()

little appreciated by fish culturists hecause of
its agressiveness (Chen 1976)

introduced to Hawaii (7)) established in natural
Florida, commercially in

waters an reared
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geothermal water in Idaho (Ray 1978; TVA
1978); experiments on biological control of
vegetation in California  but  progressively
abandoned because of mortalities and slow

Table 3 (cont’d)

feeding activity due to low temperature (Hauser
1977 ; Platt und Hauser 1978)

Europe Great Britain introduced accidentally and considered aceli-
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 Florida (Hogg
1976)
T. guineensis
Europe Belgium experiments (abandoned) for rearing in indus-
trial thermal cffluents (Mélard and rhilippart
1080)
T. sparrmanii

Asia Japan experiments for rearing in industrial effluents

Physical and Chemical Factors Affecting
Tilapia Distribution

HABITAT DIVERSITY

Within their original areas of distribution, the tilapias have colonized
widely different habitats: permanent and temporary rivers, rivers with
rapids, large equatorial rivers (Zaire), tropical and subtropical rivers (Senegal,
Niger, Nile, Zambezi, Limvopo), deep lakes (Albert, Kivu, Tanganyika,
Madawi), swampy lakes ( Bangweulu, Mweru, Victoria, Kyoga, Rukwa, Chad),
highly alkaline and saline lakes (Magadi, Natron, Manyara, Mweru Wantipa,
Chilwa, Chiuta, Turkana, Tanm). other saline lakes (Lake Quarun), hot
springs (for example in Lake Magadi), volcanic crater lakes (Lakes Chala,
Barombi Mba, Barombi ba Kotto) or meteoritic crater lakes ( Lakes Bosumtwi),
lakes with low mineral content (Lake Banpgweulu, Lake Nabugabo), some-
times very acidic waters (Lake Tumba), permanent water bodies in the
Sahara (Pellegrin 1921 in Beadle 1974) and in the Namib desert (Dixon and
Blom 197.1), open or closed estuaries, lagoons and coastal brackish takes that
often become hypersaline, marine habitats with normat salinity of Atlantic
water and hypersaline in the Red Sea (Gulf of Suez),

Al these different habitats represent (both in terms of ahsolute amplitude
and in terms of the speed at whickh fluctuations take place) an extraordinary
varied range of physical parameters (depth, current veloeity, turbidity), of
temperature and of chemical composition, especially salinity, pH, dissolved
oxyegen (DO) and other gases,

Balarin and Hatton ¢ 1979) have collated the extensive literature concerning












n

andersonii

awreys 2 m==mmmsmmo—
asculentus

galilgeus  ammmeee

cleclicus grahami e et

w unu unu u wu

teucostictus 000 et m— =

mgccrochir e e —— -

melanctheron ———

mortimeri

mossambicus e —————— -

nileticus e e ————— e e e mmmm e e

shiranus chilwae -

spilurus niger

mw unw unu u w u nuu

variabilis

guineensis

sparrmanii. =~ e eean

rendaqili - - - e et

= B

211 e mee e

Temperature (°C)

5 10 20 30 40
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Table 5. Tilapias indigenous or introduced with success

introduction

Lake

Bunvoni
Naivasha

Tana
Mutanda
Kivu
Mohasi
Itasy
Banpgweulu

Victoria

Kyoga
Bosumtwi
Manvara
Upemba

which failed).

in high altitude lakes in Africa (C"O = conductivity at 20°C in gS/cm; * signifies an

Altitude Temperature
Country Latitude (m) (°") (0PN

Upganda 1°16’ S 1973 21-22 99-262 S. niloticus* (S. spilurus niger*, S.
esculentus™)

Kenva 0°46' S 1890 — 315-100 S. feucostictus*, T. zillit* (S. spilu-
rus niger*)

Ethiopia 12700" N 1829 — — S niloticus

Uganda 1°12' 8 1790 — 200-230 S. niloticus*

ZaTre-Rwanda 1°30'-2°30" S 1163 21-25 12404000 8. nudoticus

Rwanda 450 — — S. niloticus*

Madagascar 1200 18-29 - T. rendalli*, S. niloticus*

Zambia 10°15-12°304 N 1160 18-26 14-152 S. macrochir, T. rendalli, T. sparr-
manii

Kenva, Uganda, Tanzania 0°20'N-3°0" S 1136 23-28 91-93 S, esculentus. S, variabilis, S. nilo-
ticus*. S, leucostictus™®, T. zillii*

Uganda 0°36'-2°0" N 1100 23 245-365 idem Lakc Victoria

Ghana 6°30" N 1070 27-28 - S. multifasciata, T. discolor

Tanzania 3°25".3%90" § 1045 — 94 S. amphimelas

Zaire §°25'-9°0' s 1000 22-33 145-255 S. niloticus T rendalli, T. sparrmanii

w
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Discussion

LOVSHIN: T found the paper very interestine and stimulating as @ culturist. 1 have
thoueht along the same lines for quite o while, and | rhink the points vou raise have
mportance Cor example, why does g Gsh o dwart o pond” What are the envivonmental,
hehavioral or density velared Factor imvolved”? However, have oovery strong resistanee to
vour hisie conclusion. You sad ihat restrictive Tood and ~stable conditions would mean
that the tish would not ceprodinee ot sueh an carly aee, whereas Do Lowe MeConnell s
sadd that tilaprom poor condion will switeh 1o veproduction at o smaller size than those
in better condition, Thave also fonnd thut to be trae i ealture ponds, You also said there
is somoe cevidenee that we high densatios, roproduction o restricted. There is probubly no
doubt about that . but vou have to understand that, ot thee hieh densities, ir vou do not
feed Tshe they are not soine 1o crow You have to teed Dsh 1o get them 1o o Lirge stze
particularly ot higie densities, This conthietowith vour vdes on restiieting tood. Your basie
thenry vy interestine bt 1 othb oo boee vo determine whether we can manipulate
the environment, or manipulate somethime e owome way ~o that we can eliminate the
reproduction of tilapias in there i vear, 10 so 0w would m et have solved many of our
cubture problenms, This would be o tremendous sdvancement to tlapia culture, espeeially
in developing countries. “The hieh wocking densitios to which vou refer will reduce
reproduction but these are only achievable with hieh co 0 mitensive, aerated circulation

svstems and thev vequire much feedm,

NOARES: dont disauver with anvthimg you have said. Obviously, fish are not going to
grow unless vou feed them Fawiil tev to elarify that pasition, The question is not so much
whether vou feed, but wiven that vou feed o eertain amount, what leads the Tish to
chinnel that tood mto reproduction or into somatie growth? The problem is that we
don’t really Enow to what signad the animal is responding when making such o physiol-
ogical shift,

LOVSHIN: But vou make o very strong point in vour paper - We feel that aur approach
15 not only more vationst U o great viriety of attempts 1o produce monoses culture of
tilapias fishes for pond cnlture . to chemically or surgically castrate fish 1o inhibit
veproduction . .. prospeet for altimate suecess,” The wav it is stated in this paper. it will
not work at those high densities: not for culturing bieoe fish,

HEPHER D T would like to support Len Lovshin, You said that vaou think that at o suffi-
ciently hivh density, reproduction will stop. T would like to guore sa experiment done at
Auburn University by Allison who stocked 50 000, 100,000 and 200,000, densities vou
wo' b suggest will make reproduction stop. Reproduction did deercase, but even at
200000, he pot 35380 frvtha produced, which means there was still re-production
enourh 1o affect the whole system and to cause sianting in the popubation. | would also
Hke taquote the work ol Miranova [ 1969), She hield S0 mossambicus insquaris and the
food wis very limited. Fish of 6w spawaed in her aquarintm. Of couse, they didn't grow
much heeause ot ek S food, but they did spawn,

NOARES The partiealar density value we gave s simply @ value we took from the
Bicratire, Dam suve vou are well aware that it is dirficult 1o find data to fest our ideas,
Fdonot disaeree with what vou are saving, What T would like 1o say s that our hypothesis
predicts thet there shoudd be aotrend i vou deerease stacking density it should tend to
incrense repnoduction. The important thg s not so much 1o what extent stocking
density s tictors bat than we find out what the fishoare respondine 1o whether they
soawar ar whether they o TE may be density ot may be any o o number of things

BOWEN 4 rhind e can divde the daetors that aee likely o be Iportant into two
citevaries: phvaicochemical topes of cues, and cues related 1o food, When T need Iry for
expertments, Dean alswavs put wavende Sarvaihierod on messambicus of about 4 em <tand -
ard Tength i aguaria and eose thee temperatures 1o 23 C and they will begin to reproduce,
even in the presenee of ahundant food, an this very simall size

Some wroups of tishes, soch o evprinids, e known (o secrete pheromones when

in denwely packed communities, These have o negative feedback offeet on growth and
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tend to trigeer spawning. The food obviously has a role to play both in terms of quantity
and quality. To my knowledue there has been very dittle attention paid to food quality
with regard to this switehing mechanism.

NOAKES: In temoerte species, in hiphly seasonal conditions, food itself may not he so
i i ) )

eritical, The anmal sl he committed to enter a reproductive evele, In the tropies,

however, Tood may be much more imporiant,

CAULTON T would Hke to mahe one comment. About three vears ago, we tried some
hivh density searme ot T oronde We Tound that they hred very easily, but we did not
ic. We were really

recveling the ponadal products hack o the tood chai, and we got very good size fish

find many offspriog in the pond bhecause they are very cannibalis

from s systoern, As the fish bas o short reproductive evele, nat too much energy s
devoted to hreeding amd this s o uselul wav to combat it

NOAKES S T would hle to supeest that anything which alters the juvenile survivorship,
or which decveases ther movtality, will induee the fish to put more effort into growth
and Tess mnto seproduction,

TREWAVAS T owould Bive to sugeest that we avoid using the terms precocial and altricial
in connection with blapias, i do not think they help much, and they cause conlusion as
welready use the word precocious” tor tilapins which hreed at o smadl size, whether they
are substrate-spawners or mouthbrooders - this dwarting occurs in both groups, In Dr.
Noakes™ paper these terms appear to be used in two ways: (1) equated with substrate-
spawners taltriead) and mouthbrooders cprecoeiatn and () with carly and late develop-
ment, o phenomenon which oceurs i hath eroups, Thus, tor example, the dwir! popula-
tions of S adoticus brecding precociousy in apoons have . according to Dr. Noakes®
tevminotogy . hecome more altricial chenee dess precocialy than the Birgergrowing lake
populations,

Then there is heterochrony, The contact reaction of uveniles to parents is activated at
an early stmee, The reaction can then vo on for some weeks, In Soomelanotheron, which
has a large cpp, the voung are sord 1o exhibit no contaet reaction after release. But Bauer's
(1968) experiments with extra orally rearved embryos show that the reaction, though a
weak one s initinted ot the usual thme, but beeause ot the large volk, the embryos are
normally then sl in the parentad mouth This ean hardiy be called heterochrony

It has been shown that cortam stractural and behavioral features develop at the same
time in both substeate-spawners and mouthhrooders, These are ineapable of expression
in terms of function i the mouthbrooders, Hheeause the embrvo s still attached to a
heavy ey and s passive in the parental mouth, Henee, the temporal factor is constant,
the key difference heing the size of the epg as Fishelsan (19660) showed.
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Tilapias in Fish Communities

R. H. LOWE-MCCONN«LL

Formerly Overseas Research Service
(Present address: ¢’o Fish Section, British Museum (Nalural History)
Cromuwell Rd., South Kensington, London, S.W. 7, England)

Lowe-McCoxxrn, RH 1982, Tilapias in fish communities, p. 83-113, In
R.8. V. Pullin and R Lowe-MceConnell teds.) The biology and culture of
tizapias. ICLARM Conference Procceedings 7, 432 p. Internationasl Center
for Living Aquatic Resourcees Management, Manila, Philippines.

This paper reviews the information avialable on the ecology and behavior
of tlapias in natural fish communities, the species interactions and factors
controlling tilapiy numbers, particularly conditions under which tilapias switeh
from growth to reprodoction. Maturation and maximum sizes tend to he
smaler (ueos the fish “dwart™) in small badies of water than in larger ones, and
populations of fish with low weight for length switeh to reproduction at a
smaller sice than whose in which the tish are in better condition, Mates tend
to grow larger than females in dwarl” populations, even in species in which
he two sexes wrow to comparable sizes in Laree Takes,

Comparison ol tlapia yrowth vates from different Lakes and rvivers shows
that within o water body the various species grow at ditTerent rates, the
faster-growing species reaching o laeger size, But the same species will prow at
ditferent vites in different water bodies, sugresting that environmental
differences are more potent thun genctic ones in determining maturation and
MAXIMUM S0y,

Studies of boovmass, prodaction, vield and turnover rites from the Katue
floodplam and Cake Karibashow that only i small pact ot the 1ozl production
is cropped as vield in natural waters; the turnover rate (production/biomass
ratio) is higher in the substratesspawning Tdapia rendalli than in the associated
mouthbrooding Sarotherodon. Stadies in the equatorial Lake George (Upanda)
have shown that the nighes vield of tilapia from o natural water body s
comparable with vields fram untertilized fishponds, But despite this high
sustained  vield here, it represents dess than 17 of the very high primary
production thlue-green algae on which the tilapia foed).

The great plasticity of tiapia growth in natural waters sugpests that
concentrating rescarch on eovironmental and behavioral fuctors affecting
grovth and the switeh to reproduction i itkely 1o be mere helpful for tilapia
culture than the search Tor faster-_rowing genetic strains,

Introduction

For this meeting I had been asked to review work on the behavior of
tilapias in natural fish communities and species mteractions, to see if any
inferences could be drawn from this for tilapia culture in polveulture systems.
But as feeding and breeding behavior, microhabitats and the dynamics of
spatial segregation have already been reviewed inan earlier paper (Philippart
and Ruwet| this volume) the emphasis in this paper has been changed to

&3
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imelude datacon growth and production of tlapias in nataral waters,

From the title one might expect diseussion of the role of tilupias in
relation to thewr competitars and predators, and the partitioning of resources
where more o one tlapaa <pecies 5 present ina community, There has,
however, been fittle doreet <tindy
differeatiad predation, thovch more - known about partitionimy of resources,

A ocampetitton with other specien, or of

While reviewing the nonn ources ol mforiation on ceology and behavior
of tilapas i st s enmenaturad Db conmmmunites clor the <pecies Tisted
m Table Dy the aon brere s to conader:

oo The partitioning of resources of 0y food, and (i space and time

Drecdhme fonow dealt serh by Philppart and Buwety,

20 Some of the daetors which appear to control tHlapia numbers i fish
communities, with speciad reference to the size and age at which dif-
ferent popudations switeh from vrowth to reproduction,

3.0 Growth rates in cfferent wiader hodies,

b Production and vield from various naduran waters,

Tilapeas are preadapted by thewr breedine and feeding habits to thrive
m =t water and nost of the important tdapia Osheries are i lakes, Inorivers,
tilapin fisherie< are vsually mportant onlv where there are extensive flood-
plains, and the fishery s then o oseasonal ones geared to the annual {flood
evele, Inthe st two decades the creatron of Targe man-made Takes bhehind
hydrocleetrie dams on African rivers has stimulated pre- and post-impound-
ment survevsowhich have taucht us much about the ccology and bhehavior of
the riverine fsh commumities and how they adapt to lacustrine conditions,

As we hove alveady seen i the previous pagers, riverine tilapias tend to be
widely distributed, tor example, those of the “soudanian™ region and in the
Zambezt <vstems The muain river syvstems of these moions eross savanna
floodplams Iving at comparable distinees north and south of the equator,
where seasonal loods Tollow the overhead sun. so that they flood 1 their
sunimer season after temperatures and day lenoths have stirted 1o inerease,

The aguatic hte s deared to the welldefined seasenal eyveles, the high-
water season beimg the o feeding and crowmye time for the fishes, ineluding
the tilipias, when growth s fast and ot stores are laid down to last through
times when food s scarce in the Tow water season. Ty these vist river svstems
floods do not necessarily cotnedde with Toeal rains, as they may result from
ricn fr upstrearm ariving downriver after Toead raines e over, Tilapins are
fesodependent than are the ostartophysan Oshes hiving with them on the start
aof the vians, or lood to mitiate spawnmy, These riverime tilapis generally
praw s wt the end of the drey season. producing at least one bateh of voung
bhefore the water level rises.and continaing to produce bhatehes in suecession
through part of the hivhwater <cason, The yrowth checks i the dry season
show an the tlapna seales s annuad rines, so more s knowre about aees and
arowth rates of Toodplam tlapias than about those dwelling i Jaroe Takes,
wihiere anore chmatieally stable conditions throughout the vear lead to
contimied rowth making seale ring anadvses very difficult, As the flood-
prames dry o oat, the tiapre alony with the other fish retreat to the main
rivers. or are trapped e pools on the loodplain until released by rising
waters the next vear. Predation from piseivorous fishes, the numerous

puatie breds and other annmals meludimg man, is mos mtense as the waters
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Figure 1. Length frequency distributions of male (x . .. . x ) and female (® .)

Sarotherodon niloticus from various East African waters (after Lowe (McConnell)
19568). A, Lake Turkana, seined fish, maturation size (m.s.) 39 em T, both sexes;
B, Lake George, gillnetted fish, m.s. 28 em hoth sexes; C, Lake Kijanebalola, gill-
netted fish, ms. 17 em both sexes; DD, Buhukue lagoon, Lake Albert, seined fish,
m.s. 14 em male, 12 em female; K, Kijansi pond, Uganda, fish examined alive
when pond drained, males of 18 cm in breeding colors.,
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. The relationship between weight for length (‘condition’) and maturation size of

Sooniloticus populations in various Fast Atrican waters (after Lowe (McConnell) 1958).
Mean weight of 20 ey T fish plotted against maturation size of population for fish from
Lake Turkana (1), Lake Athert oA, Luke George (G, Lake Edward (F), Lake Katinda (D),
Lake Chanapwora (C), Lake Kianebalola (K), Tonyva lagoon of Lake Albert ('T), Buhuku
hwoon ol Lauke Alhert (B), (OUaleulated means are used for Lakes Turkana, Albert and
Chanapwora as samples from theae waters had no 20 em T fish),
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latitudes this species breeds mainly in the rainy season.,

The dwarfed S0 niloticus from shallow waters were often heavily
parasitized, those fronn the Lrge lukes redatively free of pamsites.
Some hyvbridization had occurred between S. niloticus and S spilirus
niger both stocked i Lake Bunvoni, and possibly between S niloticus
and . escudentus both stocked inan Ankoele erater Tak.e,
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chromis off more steeply shelving ‘non-gradient” beaches. The smaldl tilapias
could withstand temperatures up to 38 C. lethal to the Haplochromis.
Tilapias moved on and off these gradient beaches in accordance with the
diurnal temperature fluctuations, the shallows cooling rapidly at night and
the lish then moving into deeper water, An approximately linear relatonship
was found between the size of fish and depth of water. This enubles small
tilapia to feed without disturbance from larger individuals, Also they are
then out of reach of the pscivorous catfishes, Clarias mossambicus and
Bugrus doemae, often caught just off the tilapia beaches, The nursery beaches,
though sharing high temperatures, ditfered in then dissolved oxygen tensions
1130, for which the different species had characteristic. though to some
extent overlapping, preferences. S, lewcostictus young were confined to arcas
of Tow DO 0.6 to 2.0 ppm), S, esculentus and S niloticus Lved in shightly
Better asrated water (1.0 to 3.0 ppmoand 2.0 to 1.0 ppm respectively), while
Foozilin and S, ovariabilis needed well-aerated slightly exposed areas. Com-
petition for nursery areas appeared greatest hetween T zillic and S, variabilis.

The introduced Lates niloticus fed mainty on cichiids in Luke Victoria
and included some tilapia in its diet (Gee 1968, 1969).

3. ZAMBEZI SYSTEM

Zambezi system tilapias have heen much studied as part of the pre- and
post-impoundment surveys of hydroelectrie schemes at Kariba and Cabora
Bassa on the Middle Zambezi and on the Kafue tributary (see Balon and
Coche 1974 Bowmaker ot al. 1978; JFRO Annual Reports, and for informa-
tion o the Barotse floodplain on the Upper Zambezi, Duerre 1969). Tilapias
flourish better in the more lake-like ‘reservoir rivers’. which retain water
and a4 good growth of aquatic vegetation throughout the year, than in the
sandbank rivers', which dry out into pools devoid of plant cover i the
dry season. Throughout the Zambezi system the presence of large piseivores,
especially Hydroeynus cittatus (Hepsetus odoe in the Kafue), appear to
control the ecology of the tilupias, The Upper Zambezi and Kafue have two
indigenous species of Surotherodon, S, macrochir and S, andersonii, and
two Tilapio, T rendalli (which greatly resembles 70 2illii in the northern
sondanian floodplainsy and the smaltler T sparrmanti. I the Middle Zambezi
Somortineri {twhich greatly resembles S maossambicus in the Lower Zambezi)
s the dominant species, though S macrochir s also present; S, andersoni
had vot been recorded from the Middle Zambezi until 1971, after Lake
Kariba had been established for twelve yvears, This example stresses that
tlapias may move abont more than realized, but strays do not get established
unless they find suitable ccological conditions, in this case due to a man-made
change.

Stmmarizing information on Upper Zambez tilapias, Bell-Cross (1974,
1976) deseribed S0 nuerochir there (the subspecies with a 'voleano” shaped
nest) as being well distributed and abundant throughout the Upper Zambezi
and its arger tributaries, grewing to 1.8 kg It feeds mainly on periphyton
amd detritus, though other algae are taken in simmer months when they are
abundant. Breeding starts carly in the summer, probably triggered by inereas.
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The Kafue ecastern floodplain (38,880 ha) is part of the 6,000 km?
Kafue floodvlain lying at 15°30'S, 900 m, which produces an annual crop of
5,000 t of ..sh, over half of the cateh (59%) being three tilupia species: S.
andersonii, S, macrochir and T rendalli. The building of the Kafue Gorge
hydroelectric dam, closed in 1971, stimulated pre- and post-impoundment
studies. Here fish biomasses were determined by chemofishing 25 sample
areas (Lagler et al. 1971 Kapetsky 19743 First estimates ranged from
64 kg/ha in grass marsh. 337 kg/ha in open lagoons, 337 kg/ha in nver
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Plate 1. Jaw teeth of an 8 cm standard length Sarotherodon mossambicus from
Lake Valencia, Venezucla.

NN
AN

Plate 2. Teeth on the lower pharyngeal bone of an 8 ¢cm standard length Saro-
therodon mossambicus from Lake Valencia, Venezuela,
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Figure 2. Graphic deseription of the n-lulinn.’ip hetween dietary proteinf/energy ratios

and growth vate in Sarothcrodon mossamhicus
Assimilation of Digested Food

Digestion breaks macromolecules in the diet into progressively smaller
subunits. Assimilation occurs when these subunits are small enough to pass
through the gut wall. Beeause assimilation is the point in the nutritional
process at which energy and materials gathered from the habitat are actually
incorporated into and become an integrated part of the consumer. a measure
of assimilation is the single most valuabie quantitative desceriptor of the diet.

Assimilation i< usuadly quantified in terms of assimilation efficiency (AF):
famount assimilated = amount ingested) v 100, AEs of tilapia feeding on
various diets have been determined by two techniques. The mass-halance
technique estimates the amount assimilated as amount ingested minus the
amount defecated, A disadvantage of this approach is that precise estimates
of ingestion and defecation are often difficult to obtain, In addition. this
approachc can only be used under controlled experimental conditions that
necessardy differ from the natural feeding habitat, Sinee secretion of gastric
acid 1s very sensitive to distarbance (Fish 19605 Moriarty 19730, efficiency
of assimilation can be altered by experimental conditions, Nonetheless, the
mass-balance technique has produced valuable results when used with fish
acclimated tolaboratory conditions imd precise quantification that is possible
using e qabeled Auac,

The second technique for determination of  AF uses some refractile
compound in the diet s an undigested reference, Some workers have added
areference compound such as Cr, O (Furukawaand Tsukahara 1966; Bowen






Table 1

Assimilation efficiency (AEY) estimates Tor tilapias feeding on natural diets.

4y

Component
Species Experimental diet ol diet ALY, Technique Reference
Narotherodon nilolicus Microcystis 14 C 70 mass balance Moriarty and Moriartly
(phatoplankton grazer) Anubaena e 75 1973a, b
Nitzschia He 79
Chlorell Ve 19
Lake George suspended total C 43
nuitter 2> 100 um
Tilupia zidlin Najas guadalupensis dry weight 29 reference (cellulose) Buddington 1979
(macrophyte grazer) organic matter 32
non-cellulose
organic matter 56
protein 75
lipid 76
energy 45
Sarotherodon mossambicus Benthice detrital aggregate organic matter 38 reference (ash) Bowen 1979
{detritivore) protein 46
carbohvdrate 35
energy 12
Periphytic detrital organic matter 63 reference (HRA) S. Bowen 1981
aggregate carbohydrate 63
protein 77 Bowen 1980b
detrital amino acids 61 Bowen 1950b
Tilapia rendall Ceratophyllum demersum dry weipht 53-60  mass balance Caulton 1978
(macrophyte grazer) (aplical segments only) protein 50
418-58

enerpy
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Figure 5. Relationship between organic content, protein centent, total amino acid con-
tent and assimilable amino acid/energy ratios in the diet and slope of the littoral floor in
Lake Valencia, Venezueli. Adult S, mossambicus feed seleetively in the steeply sloped
areas. (Reproduced by permission of the American Association for the Advancement of

Science.)

In view of the abundance of detrital energy and the limited availability of
protein-rich detrital food, both the Lake Sibaya and the Lake Valencia
populations provide excellent examples of the way in which “ecosystems
function to expend readily available energy to minimize the constraints
imposed by limiting nutrients” (Reichle et al. 1975).






Feeding, Metabolism and Growth of Tilapias:
Some Quantitative Considerations

M.S CAULTON
King Prawns (Poet) 1otd.
PO Box 135
Kariba
Republic of Zimbabiee

CAULTON, M.S. 1982 Feeding, metabolism and pgrowth of tilapias: some
quantitative considevations, p. 157-150, In 1.S.V. Pullin and R.H. Lowe-
McConnell (eds.) The hiology and culture of tilapias, ICLARM Conference
Proceedings 7, 432 p. International Center Tor Living Aquatic Resources
Management, Manila, Philippines,

Tilupias are strongly thermophilic with an eceritie thermal range varying
from 30°C to 36 C depending on species. Naturid populations of tilapias
often show a diel movement which mirrors the diel thermal fluctuation of
shallow inshore waters of Likes, pans or mundated river fload plains. The
movement of youn tilapias is shoreward | towird warm water, during the day
and away from the shore during the night as the shallows cool rapidly.
Mectabolic encrgy demand, being o function of both temperature and mass, is
strongly intluenced by the thermophilic hehavior of tlapias living in natural
waters. Tilapias that feed on aquatic maerophytes demonstrate that food
intake is related to both body mass and environmental temperature, Assimila-
tion efficieney inercases with inereasing temperature. The cost ot food
processing is a funetion of both food quality and quantity but is also in-
fluenced by environmental temperature. The inereased net gain in assimilated
energy at high temperatures may be almost olfset by the increased cost of
food processing at comparable temperatures

When considering these fretors and formulating a simple enerpy budeet it
is clear that high daytime temperatures coupled with Iswer nighttime temper-
atures lead to an optimal use of energy resources and results ininereased
growth potentinl, Aquaculturists should take note ol such physiological
optima and with careful design of ponds and water minagement could create
a diel temperature varistion resulting in enhanced growth potential and
decreased food conversion ratios.

Introduction

Rapid growth rates, good productivity per unit volume of water and
economie, efficient food conversion make the tilapias a suitable fish for the
necds of the modern aquaculturist. This group of fish made an early appear-
ance in the field of aquaculture, but the rather premature enthusiasm waned
somewhat when many of the carlier trials failed to come up to expectations,
Today, however, significant advarces have been made in the basic under-
standing of the biology of these fish, and controlled production is becoming
increasingly suceessful. Notwithstanding this recent upsurge in the importance
of these fish to aquaculture, there still remains a paucity of information
which would contribute to our understanding of their physiological and
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refated  environmental requirements. The principad environmental factor
nfluencing physiology, e temperature, will be the theme of this paper
which is structured to include some aspects of feeding, metabolism and
growth and to demonstrate the inter-relationships of these functions through
the influence of temperature in the development of wsimple energy budget.,
Historieallv, the spread of tilapias from the hot equatorial inland Eidkes and
rivers of Africa immediately sugeests that these fish oare well adigpted to the
prevatling climatic conditions of these areas. st how well these fish have
adapted to their envivonment may he of miportincee in our attempts 1o
domesticate these fish, The suevival of tilapias is cenerally limited to waters
with temperatures warmer than 10 C to 12 C.although under exeeptional
circumstances (e.o i areas of mnereased saline content such as estuaries -
Allanson and Noble 196 1), thermal tolerancee of Tower temperature may be
marginally inereased. 1t is not perhaps the tolerance to temperature that is
important to most wild populations, but rather the effect that temperature,
by its influence on the physiology, mav have on erowth,

Temperature and Metabolism

[Cis generally accepted that tilapias cease growing stgnificantly al temper-
atures below about 20 Cbut at the siame time constant warm temperatures
may not, by themselves, be adequate for optimal growth, Figure 1 illustrates
the distribution of 1wo species when subjected experimentally to a thermal
gradient in o horizontal test tank. In each instance, the fish respond positively
to the warm water, orientate rapidly and swim actively toward water which
soonly marginally cooler than their upper lothal temperature tolerance,
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Figure 1. Temperature ‘selection” by juvenile i) Tilapia rendalli and b) Sarotherodon nilo-
freus in o thermal graaent test tank (after Caulton 19709,

Such an intense behiviorad response to temperature clearly indicates
that these fish are stronaly thermophilic and in some instances, this response
s 5o strong that individuals briefly enter water warmer than that in which
they could normally survive, The ecerttic temperatures demonstrated by the
species tested (Sarotherodon mossambicus, S, niloticus, S. macrochir and
Tiapia rendallyy varied bhetween 30 Coand 36 ¢ Temperatures of  this
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magnitude may  initially  appear extraordinarily  high | but they are nou
uncommon in the shallow marginad waters of tropical and equatorial lakes,
lagoons and river pools of Afrvica, These high, temperatures, however, are
senerally not stable throughout the dav but, due to the shallowness of the
water, are subject to diel oscillations often in excess of 15 € perday. [t has
been noted by mary authors (g Welcomme 1964; Donnelly 1969; Fryver
and Tles 19720 Bruton and Boltt 1975; Caulton 1975 that a variety of
tilapias react to such temperature oscillations by moving inshore during the
day and offshore at nicht. A graphical example of such a movement by
aventle Torendallis dlustrated in Figure 2,
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Figure 2. The daily inshore (10 em depth)/oftfshore (40 em depth) movement of young
Tilupia rendalli in Lake Mellwaine, Zimbabwe, (1.10.71). Cateh per unit effort (CPUR)
is given as the number of fish caught over a 15 min time period using a2 m cast net. The
numbers of fish caught are shown by the eross hateh arveas, Upper lines show the change
n temperature (alter Caulton 1975a),

With the knowledgee that tilapias are stronuly thermophilics it may not be
surprising that such datly inshore/offshore movements do oceor, In the
example illustrated, the movement of voung T rendalll tup to 10 em Sy
can be followed from the deep (- 1.5 m) homothermal water, where they
stay overnight, into water 40 em deep, beginning at 8:00 AM. or when the
temperature at this depth exeeeds that of the homothermal waters. The
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The mass of all major body constituents, with the exception of the
inorganic compounds, must, by definition, decrease with a decline in con-
dition, but it is the relative pattern of decline of each constituent that s
important. The lipid content (predominantly the trigiveeride groups) dechines
rapidly with decreasing coadition (Figure 1) indicating a preferential mobil
ization of triglyceride lipids during routine catabolism in fish ol vood con-
dition. When compared with protein mobiization, the initial preferential
utitization of storage fats as a catabolic fuel hecomes even more evident
(Figure 5). Tilapia in good condition derive nearly 3 times as much metabolie
energy from fat reserves than from protoe while fishoin poor condition come
to rely admost exclusively o protem as o catabotie fucl when inghveeride
lipid has declinad to a level which may be critical or alimost non-existent
(Figure 1), Sinee lipid is a high enerey compound containmg 1.7 times more
energy per unit mass than protein, it follows that as the fish beeome more
and more reliant or a protein source for catabolism, so the rate of decline in
mass or condition accelerates. This may be one of the reasons why adechne
in condition so often appewrs to lag hehind an expected decrease due either
to a predicted enviranmental stress or to some expected physiological stress
at the end of a period of good growth.

The preferential mobilization of either lipid or protein as the major
metabolic energy source has litte effect on oxygen consumption since 13,72
J of energy is liberated from lipid for every mg of oxypen utilized while
only marginally less energy, 13,39 J,is liberated per mg of oxyeen if protein
is the prime energy source. Thus, although fish that show rapidly declining
condition will be Largely utilizing somatic protein as @ catabolie fuel, oxygen
consumption basically remains a function of the mass of tissue and only in
extremely accurate work is the proportionate composition of the fish
important.
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Figure 4. Semiquantitative analysis of the various lipid fractions from Tilupia rendalli of
varying condition (a = triglveeride, b o= phospholipid, kn = relative condition factor).
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Figure 5. The energy production ratio of fats and proteins during change in relative con-
dition factor tor Tilapia rendalli (after Caulton 197:81).

The problem of accurately predicting the tissue mass of a live fish prior to
respirometry is difficult because the relationship between tissue mass, water
content and condition is continually changing, The proportionate relationship
between tissue (lHpid and/or protein) and water is seldom a simple inverse
linear function, as so often suggested, but chinges with changing condition,
The ratio of water and tissue in T rendalli, for example, is lowest in fish of
good condition {Figure 6), highest in medium condition fish and marginally
declines in fish of poor condition, This complicating factor wiil certainly
have a small but important effect on oxyeen consumption when it is related
to the fresh mass of the fish and thus for precise measurement of metabolism,
oxygen uptake or the metabolic demand should be related rather to the dry
tissie mass or the energy content of the fish and not simply the fresh mass
unless the tishoare all ina similar condition.,

The tnformation already discussed can be correlated and cross-referenced
to metabolism: an exercise that gives confidence to some of the results
diseussed. For example, o morphometrically  similar group of young T.
rendalli with i, average mass of 12,63 ¢ and having on average condition of
223 were muintained without food for a period of ten days at a constant
temperature of 18 ) The average mass Toss over this period was measured as
2020 mg per individual. From our knowledge of oxyvgen consumption and
energy utilization by 7 rendalll (Fisures 3 oand 5.0t is caleulated that over
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the trial period 11.7 kd of energy was released to sustain routine meta-
bolism. From the information given in Figure 5, a fish of condition 2.23
would be expected to derive 13,89 of its energy from fat catabohism and
5627 of its energy from a protein source, Thus of the THT K of energy
required for maintenance, H.1 kJ would be supplied from a lipid souree and
6.6 kJ from a protein source, This, i terms of total Csaue mass, represents
130 mig. of Iipid and 280 mg of protein or atotal of 110 mg ol tissue. [t ean
be estimated that approximately 1760 me. of water associated with the
tissue would be simultancously lost (Fisare 6 thus giving a total fresh
Miss loss of 2007 1 a reasonable comparison to the measured loss of 2,02 v
similar comparative estimates for various other temperatures are given m
Pable 1. The reasonably close values demaonstrate that tissue composition as
derived from careful condition factor analysis is o useful and farly aceurate
predictive nethod to determine composition for detailed respirometry or to
establish the pattern of utilization of catabolic fuels during metabolism
without killing the experimental fish,
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Figure 6. The relationship hetween water content and tissue content tor Tilupia rendalli
of varying relative condition tactor (after Caulton 197 5h),
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Table 1. Comparison of measured and estimated change in mass during starvation of
Tilapia rendalli at six oxperimental temperatures (after Caulton 197 7¢).

Temperature "¢ 18 20 21 24 30 34
Time of starvation (d) 10 6.25 6.75 6 12 8
Mean condition

factor (kn) 2,23 2.42 2.51 2.68 2,68 2.60
Number of fish 19 19 19 8 14 18

Total measured mass

lost (my) 2020 1260 1940 3282 3641 4196
Fistimated mass of

tissue used (mg) 109 268 373 607 779 802
Estimated mass of

water lost (myg) 1759 1140 1563 2398 3101 3272
Total estimated mass

lost tmy) 2168 1108 1936 3005 1880 4074

Feeding and Growth

Sub-adult and adult T rendalli are essentially macrophagous plant feeders
in areas of abundant aquatic vegetation, a feature which lends this species
most favorably to quuntitative feeding experiments. The ubiquitous plant
Ceratophyilum demersum heads a list of preferred food types caten by T
rendalli when available, and it was for this reason that this plant was chosen
for the work to be deseribed. Like almost all species of tilapia. 10 rendalli
generally restricts its feeding to daylight hours ( Figure 7) and thus to maintain
some level of simulated natural conditions laboratory feeding trials were
conducted over the same time period.,

C. demersum growing shoots (terminal 1-7 ¢) were used throughout
the trials and the following necessary facts about the plant were establishod.
To convert fresh mass (limited centrifugation to remove surface moisture) of
C. demersum to dry mass equivalents the following relationship was used:

D = 0.0839 W 7815 (r = 0.986, n - 50, SE b+ 0.003) and for
converting dry mass to fresh mass, W= 11.5941D + 26,7257 (r -~ 0.986,
n =50, 8K b = 0.178) where W is the fresh mass and DD the dry mass
hoth expressed in milligrams, The average energy value of the dry
shoots wus determined as 179477 kJ ¢ (= 200 SE < 0.0256).

Laboratory mamtained fish fed to satiation during a preseribed davlight
period of 12 hours showed o linear relationship between food constned
and fish mass (Table 2y a feature also reported for wild fish (Moriarty
and Moriarty 197 34; Caulton 1977a) but in reality, over the range juvenile
to farge adult, 1t may be expected that as growth rates decline so less food
per unit mass of fish would be consumed. Using the data presented in Table
2 for consumption rates at various temperatures, the relationship bhetween
food consumed and temperature, for a given size fish. is found to be curvi-
lincar showing inereasing food intake with increasing temperature (Figure 8).
This relationship holds over the range 18 ¢ to 30 C. but between 307 C and
35 C consumption is little affected by temperature, while at temperatures in
excess of 35 C food intake declines and ceases at about 37 or 38°C.
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Iigure 7. The daily feeding cycle of Tilapia rendalli in Lake Mellwaine, Zimbabwe (a,
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irrespective of the amount of ingested energy. As previously shown from
restlts of experiments to determine assimilation efficiency. the amount of
energy liberated per unit mass or energy of food ingested increases with
incereasing temperature thus it may not be surprising that the processing costs
of food preparation increase proportionately. The increase in food processing
costs with the nereasing temperature ecan, at warm temperatures, sertously
deplete the favorable gain in energy due to the vreater assimilation efficieney
at those temperatures, For example, o fish that consumed T RE of food at
15 C would have availuble 175 0 of postassiradatory energy from which
a further 20 0 of energy st be deducted for processing costs leaving
approximately 458 J of free coergy available for metabolism wnd growth,
Likewise, a fish at 307C would have H82 J, loss o calorigenic cost of 109 4, or
2730 of coorgy avinlable, The difference in assimilatory etficiency between
fish fecdine at 18 and those feeding at 30 C results oo gain of some 104
Joobut when the cost of food processing s considered this differenee is
reduced 1o an almost mstenificant 15 00 Ths clearly demonstrates just how
enerey demanding food processing s at hicher temperatures, This example
aleay serves to dlustrate that digesubility adone, as o comparative measure
uaed o torecast crowth potental attributable to various diets, may not
ahways be a suitabie measture unless the associated food processing costs are
also consrdered, Phiz s especially important 1o the users of pelleted rations
and fish tarmers should not be misled by manufacturers” claims of pood
divestuibihity and consequently optimistic growth forecasts, as deduced from
dhizestibnhity trals alone,
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Figure 9. The erfeet of temperature on the caloripenic cost of foad pracessing shown by
Tdapir rendalll Teeding on Ceratonhivflum demessam (n0 39 after Caulton 1978a),
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protein or glycogen, which together represents the energy of growth or
productivity {#B). Thus, the bhasic equation can he given as:

C-F+1U+Rr+ Rs+ Rm+ AB.
or on re-arrangement, growth potential can be derived from:
AB=C  (F+ U + Rr+ Rs+ Rm).

Substitution of the results given in the appropriate figures and tables into the
cquation results in the derivation of @ simple formula that can desceribe
growth in . rendalli. For example, at 18 C a fish of M grams consuming C
joules of C. demersum per day would huve a daily growth potential of:

AR

IS =00 (05220 + 00250+ 27.53M + 0.063C 13.41)

or on re-arranging the equation:

AB 0 =0.392C + 13,41 27.53M
18 C
Similar formulae can be derived for the other experimental temperatures
and the resultant equations obtained are listed in Table 6, (Energy of move-
ment is not included in these formulae since its omission does not affect the
following discussion).

Utilizing the equations an estimate of the feod intake required for main-
tenanee, e, when AB = 0, can be obtiwned, At 18 () for example, main-
tenance energy for a 50 g T rendalli would approximate 3.4 kd/d (Table 6)
which, i terms of C demersum intale, would be equivalent to 189 mg dry
mass or 2.2 ¢ of fresh plant material. When compared to the amount of food
ingested ed 1ib over a 12-hour laboratory feeding period at 18°C (Table 2,
Figure 8y, the level of so-called satiation is almost exactly the same as the
estimated enerey required for maintenance, This similarity in the level of
food intake and maintenance energy requirement not only applies to low
temperatures but to all the temperatures investigated (Fable 7). 'This pheno-
menon illustrates the problems associated with attempting to determine
growth rates under restricted laboratory conditions, but although field
related growth patterns cannot be simulated under restricted conditions,
some useful principles concerning growth may still be derived from laboratory
work.

Torendalle fry ke many other tilapia fry, will grow in 80-liter aquaria to
about 30 or 10 when growth generally decelerates and then almost stops at
about 8O ¢ even under conditions of abundant and nutritious food avail-
abihty. I aquarias 10 ¢ T rendalli frv maintained at 18 C showed negligible
growth, but i comparable group maintaimed at 30 C showed a fairly good
rate of growth with the latter fry reaching 10 ¢ in six to cight weeks.

At the begmning of this paper, it was suggested that many marginal
dhwelling tlapias are, g their natural environment, seldom restricted to a




















http:t';.l.IN




180

MORIARTY: Going back to Dr. Chervinski's paper, one thought which occurred to me is
that the mifluence of temperature at the limits of distribution of tilapias, particularly
where fow temperatures occar, is going to be affected by the surface area and volume
of the culture water body, Dy Caulton’s work suggests the use of a shallow pond which
will have hoph temperatures durig the day and low temperatures at night, but extreme
low temperatures must be avoided, [Editor's note: In Transvaal, dams are stocked with
Sompossenidbueas The fishes survive winter frosts only if they can retire to a part of the
dam that is at Teast 2 m deep tLombard 1959) ] Tn summuarizing the work of Drs. Caulion
and Bowen, the cuantity and quality of Tood that tilapias eat need to be considered in
rebiation to environmental tactors such as temperature and oxvpen The fish are all con-
sidered tao be herbivorous, although one group is better termed detritivoraus, The origin
ot detritus s not necessartly from plants, but the role of micro-organisms s ohviously
very amportant o the deedy of materiads such as prass elippings ete. The available protein
at the start of decay s nat going to be very high and Dro Bowen's work has shown that it
is the total availabie nitrogen that is important,

Their nitrogen, therefore, has to be in o form that is digestible by proteases, e pro-
tein or pois peptides. Amino sugars and amino acids in slime lavers may also be utiliced,
but further work is necessary to study digestibility.

The fish have to use thelr digestive enzymes to digest detritus, The macrophyvte feeders
have o overy ditterent tusk. Thev have thick eell wallis to pet through and therefore the
pharvogeal teeth o the fishiare very important. We have said litthe about the phytoplank-
ton feeders. N lot ot the Tish that are ased tor eulture feed on blue-green alpae which are
the most common aleae an lakes in the tropies. The work that we did in Lake George
showed that the blue wreens were avery nutritious souree of food for the fish, The fish

had capid vrowth rates The actual assimilation efficiencies were hetween 30 and 67
ahout 1577 on wvernue, The maximum assimilation efficteney was 507, The variability
is due to the physiology of digestion and not because there are refractory compounds
present i the tood, The fish have to seerete gastrie acid, ana the pH has o fall to about
PO dor effective dhigestion to occur. This takes five to six hours-half-wav through the
davtime feeding period, which accounts for the low as. milation efficieney averaged over
a 24-hr period. Ever though they assimilate only 15% our work on the amount that the
fish ate per day and therr growth rates showed that the amount that they assimilated was
maore than adeauate to support the growth rates obtained and their reproduction. Finally,
I would like to stress the importance of Dr. Caulton’s work on diurnal migrations be-
tween different water masses at different temperatures. Attention to this and to tem-
perature maniputation could be ot direet benefit 1o tilapia culturists,



SESSION 3: CULTURE
Chairman’s Overview

H, F. HHENDERSON

One of the najor difficulties in comparing different culture systems is
the lack of an appropriate vardstick for performance. One of the more
obvious examples is the expression of the productivity of a system as the
biomass per unit of time per wnit area. In extensive aquaculture in large
lacustrine systems, this unit would seem to have the same sort of validity
as in comparative studies of the ccologe of aquatic ecosystems in general.
In pond systems it still seems a useful figure for judging the most economical
use of space, but has somewhat doubtful validity in comparing biological
efficiencies unless depth is hrovght into the picture,

As soon as o we move into cage and pen systems, however, one hardly
bothers to caleulate such fipures, I'rom the point of view of the culturist,
input-output information is of more interest. Unfortunately the commonly
quoted feed conversion ratio is not o very satisfactory biotogical index
unless the water content of the feed is taken into consideration. Growth
rate and production are of direct interest to both the scientists and the
culturists, but are difficult to compare for different lengths of growing
season, Dr. Coche gives special attention to these problems, providing
several different measures of performance to compare cage culture systems,
Recognizing that it may not be very useful to compare the efficiency of the
use of space, say, betwoeen pond and pen culture, it does nevertheless seem
worthwhile to define standard performance eriteria for culture systems,
These criteria should obviously extend to economic as well as biological
factors,

The reviews prepared by Dr. Coche and Drs. Hepher and Pruginin suggest
that pen and cage culture of tilapias have advantages for the devetoping
countries while pond culture seems to require rather complex management
for success, and may be better suited to the developed countries. It is clear,
however, that the main technical and managerial complexities hie in the
production of seed rather than in the growout phase, particularly the hybrid
seed which seems to be required  for profitable production in temperate
climates. The question of suitable pond and cage culture systems should
also be considered in both high and low technology contexts. Offhand
it would seem to me that cage design and construction would offer more
problems in developing countries than pond construction, However, in-
expensive pre-fabricated cages could coneeivably be developed.,

Dr. Coche remarks that keeping cage floors well above the bottom of the
water body seems to reduce the incidence of discase. He also states, how-
ever, that caged fish may be under greater stress than pond fish from crowd-
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Roberts and Sommerville note that the diseases of tilapias have not been as
well studied as those of other cultured species, hoth because their culture has
only recently been developed to an intensive level where disease problems
are more cvident, and because diagnostic facilities are, in general, poorly
developed inarcas where tilapia culture is most common,

Tilapia polveuliure systems are discussed in some detall by Hepher and
Pruginin, and Coche mentions one instanee, in Lake Victoria, of S, esculentus
and T, zillii being cultured together in cages, and two mstances of Soniloticus
heing cultured with common carp. waould secn that there is Tess reason for
polveulture in cage systems than in ponds. though others may recognize the
availability of distinet niches ncages, In ponds, Hepher and Proginin suggest
that in lsriel polyeulture is especially advantageous when low to moderate
stocking densities of young-of-the-vear tlapna are used. At high stocking
densities, which are more typical of intensive production systems with
hybrid fish, the naturad food component s negligible and henee the feeding
svnergisms are less important. The use of predators in tilapian culture s
perhaps a special case as such use is primarily Tor controlimg receruitment,
Hepher and Pruginin suggest that common carp may carry out this latter
function to some degree, as well as that of increasing the utilization of
natural food.

Dr. Roberts draws attention to the recent demonstration of abiochemical
compound in water in which S, mossarnbicus had been intensively cultured,
which produces a kind of “shock syndrome™ in this and other tilapias. The
production of such substances by fish has been frequently referred to else-
where, but seems not to have been given much attention by culturists. There
is some evidenee that such substances may be important in spawning hehavior,
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Tilapins are valuable pond fish. Thev are appreciated by consumers in
many countries and can produce high vields on relatively low inputs. How-
ever, tilapias pose o special management problen, They breed in production
ponds when still young and small, greatly inereasing the population, This re-
sults in competition and stunting due to lack ot food. Only by controtling ri-
production in production ponds can fish of marketable size and high vields
per unit pond area he ohtained, Two management methods to overcome this
problem are reviewed: (1) rearing a mixed male-female population of youny
of the vear before they attain sexual maturity and (h) rearing an all-male
population. Factors affeeting the choice of one of these methods are dis-
cussed as well as the techniques involved in each methoa, The effects of
chemical fertilization, organic manuring and feeding on the production of
tilapia in ponds are alse discussed.

Introduction

Tilapias have become increasingly important in fish culture, especially in
warm climates, According to FAO (1978), the total world production of
titapias (both Tilupia and Sarotherodon species, but excluding other cichlids)
reached 197,000 t in 1977, Only a part of this production is obtained
through aquaculture, but that portion is increasing steadily.

The number of tilapia species culturad in ponda, hoth experimentally
and on a commercial scale. is quite large, Huet (1970) mentions 16 species,
Balarin and Hatton (1979) give a lisi of 22 species which have been cultured
at some stage, Of these, however, only two Tilapia (T, rendalli and T 2illii)
and three Sarotherodon species (S maossambicus, 8. niloticts and S, aureus)
have seen widespread use, ‘The olant fecdor T rendalli is cultured to some
extent in the Malwasy Republic and some Latin American countries, e,
Brazil and Mexoo (BEolariny and Hatton 19749), Tlavia 2illii s cultured in
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Table T Stoching biomass recommended by Van der Lingen (19594, b) for tilapia cultured
in ponds with Jitferent inputs and the caleutated fish deasities (assuming an average
weight ol 38 ).

Stocking Caleulated

hionuss dersity
luputs (kg/ha) (fish/ha)
None (natural feeding, no fertilization) 56-114 1,475-2,950
Fertitized ponds 112.224 2,950-5,900
Fertilized ponds with supplementary feeding H60-1.680 1.4,750-14,200

were calculated, taking into account an average weight of 38 g, If all the
fingerlings stocked according to these recommendations survive by the time
carrying capacity s attained and no “wild” spawning occurs, the average
individual weight at harvest (carrying capacity/density )y will hbe 139 to 417 g,
which is a good market weight, However af frv of 1 1o 2 g are stocked, as is
common in many countries, the average weight at harvest under the same
conditions will be only 7 1o 22 ¢ In Van der Lingen's (1959b) experiments
only 15 to 307 of the harvested fish reached o market size of over 224 ¢,
The densities given in Table 1 seem therefore to be too high sinee they will
not permit rapid growth. In Isracli ponds, where protein-rich pellets are fed,
tilapia are stocked at densities of 3,000-5,000/ha.

Allison et ol (1979 experimentally culturcd unsexed 8. aureus in conerete
tanks (surface arca 0.002 hay at very high densities: 50,000, 100,000,
200,000ha. Wild™ spawning decreased  with  increasing density (from
222.900/ha m the lowest to 38 .330/ha in the highest densityy and yield was
high (from 1 t’ha in the lowest to 17.3 t/ha o the highest density). Allison
et al, (1979 do not give the rate of growth but calculating from the yield
and the density, 1t seems 1o he very low, The extrapolation of such data for
application in commercial fish ponds is very questionable.

Yashouv (1969) has demonstrated that in a polveulture of S, aureus,
common carp (Cyvprinus carpro) and  grey nullet (Mugil cephalus), the
tilapia (if stocked below 5,000/ha) do not affect the growth of the carp
but in many cases even stimulate it. The growth of the tilapia is also not
alffected by the presence of the common carp or muliet at densities up
to 2,500 te 2 000/ha. These synergistic effeets may be explained by the
increased amounts of detritus through the presence of the common carp and
1 consumption by the tilapin The detritus carries dense populations of
bacteria and protozoa (Odum 1968) and constitutes o nutritious food
for the tlapin. On the other hand, the consumption of the detritus by the
tlapia improves the axveen regime for the benefit of the common carp. The
mereased vield in the polveulture pond explains why most, if not all, voung-
of-the-vear tilapia culture in tsrael is done in polyeulture systems.

Polveualture inay have an additional advantage. Since common carp and
arass carp (Clenopharyngodon idella), when large enough, can prey to some
extent on tilapia fry spawned in the pond (Spataru and Hepher 1977), they
can, therefore, help to alleviate the problem of “wild™ spawning that may
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Table 2. Polveulture of

tilapia (Suratherodon aureus) with conunon, silver and grass carp in a 1.4-ha pond at Dor, israel tafter Halevy 1979,

Stocked

Averayge

First culture pertod:

Hurvested

Average

February 6 to May 30

Average daily

Ciain
Average daily

061

Density weight Density weight woeight gain/fish vield Total vield

Species {lish/ha) () (fish/ha) () (g) (kg/ha) {kg/ha)
Tilapia 5,000 6 2.110 200 1.3 2.8 398
(Sarotherodon aureus)
Common carp 3,000 B} 2,960 612 1.4 13.0 1,885
(Cxprinus cerpio)
Silver carp 930 378 890 2,000 11.3 10.2 1,428
tHypophthalmichthys molitrix)

Second culture period: July 3 to November 22
Stocked Harvested Gain
Average Average Average daily Average daily Annual
Density weight Density weight weight gain/fish yield Total yield total yield
Species (fish/ha) (g) (fish/ha) (g) (g) (g) (kg/ha) (kg/ha)

Tilapia 5,000 0.5 4,560 224 1.6 7.3 1,018 1,416
(Sarothcrodon aureus)
Common carp 7,170 125 4,450 533 2.9 12.9 1,776 3,661
(Cxyprinus carpio)
Silver carp 1,070 750 1,070 2,220 10.3 11.0 1,572 3,000
(Hypophthalmichthys molitrix)
Grass carp 1,430 10 1,290 150 1.0 1.3 180 180

(Ctenopharyngodon idella)

Grand total annual yield

7,957
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There is another serious drawback to mised sex spring culture which
is economic in nature, The cost of verwintering titapia fingerlings 1s high
and the rate of vrowth of unsexed fingerlings mospring is lower than that of
all-made fingerlings, This is because males grow faster and beeause Jarge {1sh
grow better than small ones mooculture ponds. AU much the same cost,
therefore, one can raise overwintered al-male fingerlings which have been
nursed Lo a targer average weisht, This s the resson why most tilapia culture
in lsrae! uses abt-male populations,

When rearing voung-ofthe-vear in warmer tropreal elimates, it should
he remembered that their age is o most important factor affecting sexual
maturity, Stunted Irv cannot be cultered beeause they will breed early
i the ponds, [t is mmportant therefore to wse recently hatehed frvo T0is also
important to completely drain the rearing pond between eveles and elimmate
all the remaining fish, if necessary by poisoning. The intrusion of fish from
outside the pond should be prevented by sereening the water inlets,

All-Male Culture

A monorex male population can be obtained in three ways: manual
sexing: crossing two species of Surotherodon to produce all-male or a high
percentage (909 and over) of male hybrids and sex-reversal at an early age
by incorporating hormones in the feed.

While much experimental work s being carried out on hybridization
and sexereversal and these methods appear promising for the production
of all-male populations, it is only very recently that commercial use has heen
made of monosex hybrids and no commercial application has vet been made
of sex-reversal. The main method used today to achieve an all-male population
is still manual sexing. This is a relatively simple procedure, In many tilapia
species the sexes ean be distinguished by the genital papillic which has one
orifice in the male as compared 1o two orifices in the female, The female
often also has a smaller genital papitha,

It is important to sex the fish carefully, The less errors in the sexing, the
less “wild” spawning occurs. The carlier the sewing is done the better since
the females are then discardod, Barly sexing thus saves space which can be
used for rearing of the males and minimizes feed wastage on unw:inted
females. There is. howoever, a certiin mmunum size of fish for seximg with an
acceptable degree of confidence. In field conditions the optimum size for
sexing in most tilapia species s H50 to 70 g This means that the fry have to
be nursed to at least this size before growout. The hybrd crosses that
produce high percentages of males are advantageous even if they do not
produce 1007 all-male population. Jsing such hybrids, fewer females are
discarded, space is saved and sexing can be done on large fingerlings with a
greater degree of confidence,

Here again, elimate s wnoimportant consideration. Where o cold win-
ter exists, nursing is done in the summer and growout is usually postponed
to the following vear. The final weight of the nursed fingertings wili depend
to a large extent on the fength of the nursing period. Those which hatched
carly and were stocked in the nursing ponds early in the scason (end of
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May-beginnmyg of Junch can reach a final weight of 100 g and over by autumn.
However, those hatehed laterand stocked in the nursing ponds in July-August
will only reach aweght ol 10 1o 60 ¢ The minimum weight for overwintering
fingerlings 1 about 20 o0 With smaller fingerlings the survival rate during
winter s very dew, The stocb g density preceding overwintering is adjusted
according o these expeeted Tinad weights, When fingerlings are cxpected 1o
reach a final weight of 100 ¢ the stocking density s about 50000 ha. In
order to hetter utilize the naturad productivity of the pond, frv are often
stocked at a density of 100000 ha for the first part of the nursing period
until they becorme 50 ¢ fingerling . They are then thinned out to 50,000 ha,
Fravof Tater spewning, which can reach a final weicht of 50 g bhefore over-
wintermg are stocked at adensity of 100,000 ha,

Ore of the ost important considerations m determimmmeg the desirable
Minal weight of the nursed fingerhings i regions with cold winters is the
avinlable overwintermy copacity . If special tacilities and large ivestnients are
required for retunmy o hicher than ambient water temperature in the
overwintenng ponds e ccoverng of the pond and or warming the wider),
then this wenally means aorestrcted overwintenng pons | area and., therefore, o
Iatiaiion of the standime crop of fish that can be held over the winter, A
certain number o Nhinwerlings are required for stockimy the culture ponds in
spraneand the mavimon averiee weight of these can be obtained by dividing
the standine cropowhieh can be averwintered by the required number of
fingesrimas. Stadler Aneerlinaes can be obtained by increasing the fry stocking
density i nursine peonnds reliive to the desired Tinal fingerling woereht, These
fingertings can be narsea avam i spring if necessary

Nursing cin also be done e polvealture ponds while rearing othoer fish
ometiones meluding Trve male tlapiay to market weight, Inosuch cases the
density as sometines Tower than for nursing ponds, Table 3 gives an example
of such nur-my o oan Laraceh farm where tlagpta were introdueed i late
summer (A uis 99,

The culture of wn adtbmabe population re:noves the restrictions on final age
and thus on wersht at harvest associted with mised sex calture, The fish can
therefore be caituned to 0 much larger final weight, usually 100 ta 600
even thoueh this takes lonver. Growout can be done either in polyeulture or
- monoculture svstene The advantages of polveulture have atready been
discussed above. The stocking density used in polveulture is not much

different to thae S voung of-thevenr culture, but since mals s grow hotter
and the wrowing perood i loger, they ustaly attaan o muach barger final
welnht,

Here agam the densaty depends on the Tevels of mputs (fertilization,
manuri el fecdme, Prowmm 11967 stocked all-male hyhrids S nmdoticus
XS homoroes of S0 e avernge weishi at densitios of 1.000 to 1.500Mha. The
datlv wersht can was 10 to 50w fsh and the average werlght at harvest was
200 to 100 v adter wendtare period of ondv 100 1o 150 davs, Nomformation
Wi iven an Lertization or fecdime rates, shell 019651 conducted an CNeT-
mient to stady the ockine of male S nidotens asing stpplementary feeding
tpuileted Auburn Noo 2y feed. rieh proteini. The growth rate wis

mdependent of fsh density ap o 5000 feb b et 2.1 1o 2.5 a/fishid, Rearing
; ,

atthis densmiy wve the fagheat v Do 1o i 165 dL The feed contersion



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 Density weight at
Stocking Harvesting period stocking at harvest harvest Yield
Species date date (days)* yeight (g) (fish/ha) (g) (kg/ha)
Common carp Mar. 12 Dec. 29 245 29 1,540 1,106 1,889
(Cvprinus carpio)
Mullet Mar. 17 Dec. 29 214 156 1,750 500 563
{Mugtl cephalus)
Silver carp Mar. 7 Dec. 29 245 195 1,400 . 2,268 2,980
(Hvpophthalmichthys molitrix)
Tilapia Aug. 9 Dec. 29 98 13 9,120 100 835
(Sarotherodon aurcus)
Annual yield (245 days) 9,267

*Taken as within the period March 15 to November 15, when the temperature is suitable for fish growth.
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Table 1. Culture of all-male tilapia hybrids (Sarotherodon niloticus x S. aureus) in a 1.2-ha polyeulture pend at Gan-Shmuel, Israel, over two culture
periods,

Average
Culture Average Density weight at
Stoeking Harvesting period stocking at harvest harvest Yield
Species date date (dayvs)* weight (g) (fish ha) (1) (kg/ha)
Common carp Feb., 24 Aug. 6 113 50 3.000 9.12 2,670
(Cyprinus carpio) 1
Common earp Apr. 6 Aug. 6 122 15 3,444 230 730
(v prinus carpio) 11
Tilupia Apr. 5 Aug. 6 123 148 2,020 487 680
Sitver carp Febh. 24 Aug. 6 143 200 1,720 1,311 1,910
(Hypophthatmichthys molitrix)
Totals for first culture period 10,184 5,990
Common carp Aug. 8 Dec. 12 99 387 3,230 1,018 2,040
(Cxprinus carpio) |
Common carp Aug. 11 Dec. 12 96 10 3,120 235 700
(Cyprinus carpio) 11
Tilapia Auy. 8 Dec. 12 99 48 2,.90 288 680
Mullet Aug. 22 Dec. 12 85 160 1,180 130 320
(Mugil cephalus)
Silver carp Aug. 22 Dec. 12 85 416 1,600 1,000 930
tHxpophthalmichthys molitrix)
Totals for second culture period 11,980 1,670
Total annual vield (242 days) 10,660

*Taken as within the period March 15 to November 15, when the temperature is suitable for fish growth.
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Table 5. Yields of all-male tilapia hybrids (Saratherodon niloticus 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 arca: 0.02 ha
Rearing Density Average Average weight Daily
Stocking 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 4,890 64.3
2. Duoculture at a farm at Nir David.
Rearing Density Average Average weight Daily
Stocking Harvesting pericd at harvest stocking at harvest Yield weight gain
Species date date {d) (fish/ha) weight (g) ) (kg/ha) (kg/ha)
Tilapia hybrid July 1 Sept. 1 62 18,400 250 450 3,680
Common carp July 1 Sept. 1 62 1,000 250 600 350
4.030 65.0
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rates are expressed in g/fish and % body weight.

Daily feeding ratoes Daily feeding rates

Fish For polyeulture or monoculture Fish For polyculture  For monoculture
weight with carp weight with carp

() (¥) (%) (g} (%) (®) (#) %) {¢) (%)
5-10 0.1 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 1.4 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 300400 3.6 1.0 4.5 i.2
70-100 1.9 2.2 2.4 2.8 400-500 4.2 0.9 5.2 1.2
1.1

500-606 4.8 0.9 6.0

(T'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. (1977). 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 hybrd tilapia and con.mon 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 doubtiul whe=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 15 some idea of the relative price structure for fish sold
from these pond cuiture systems? What percentage of the profit of the farm comes from
farming tilapias and what pereentage from the other species?

HEPHER: Tam afraid I cannot. Maybe Mr, Mires can help?

MIRES: On a national basis, we produce per year about 7,000 to 8,000 t of common
carp, about 1,000 v of silver carp and about 2,600 t of iilapias. The prices are: common
carp, about $2/kyg; tilapias also about $2/kg and silver carp about $1.50/kg. We also produce
about 700 to SO0t of mullet which fetehes about $1/kg and miscellancous species—grass

Table 7. A feeding chart for the culture of tilapias in Israel (after Marsk 1975). The daily feeding
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hoth crosses, the most advantageous sex ratio was three females fo one male
and the breeding suecess was much higher for the intraspeetfic S0 niloticus
cross. The average monthly production of S0 ndloticus fry was 1,320/cage:
cquivident to 880, m- or 1,41(3(3'1.1"".

I’
Table 3. Some vresadte of tdapia Ty producton e 0.9 ' mosquito net capes (hapas) at
total stocking tates ol = to 12 Osh of individnad weight 90 to 130 ¢ per cage. This stocek-
. PR . 4 X o o . N N —

ing rate approxmnnates to 5.3 w6 om0 fishim= or 39 to 13,3 fistym” (Guerrero 1978a),

Noool vy No. of fry
Spawning Croas Sex ratio praduced produced Lol spent
Male Female (Male: Female) poer cage per fenude females
Soonfloticus xS ndaticus 1:H 1,660 309 B
1.3 1,647 107 67
Sondoticus X S0 mossambicus 1:5H H09 280 1#
HE a0T 158 14)

A simitar svstem has been proposed by the Aquaculture Department of
the Southeast Asian Fisheries Development Center (SEAFDEC) for small-
seale operators of Soomloticis cages in the cutrophic lake Laguna de Bay.
Philippines (Radan 19793 508 to seven broodstock ™ of water are placed
in hapas at the 120 ses radio, Fvery 3 to b weeks an average of 200 fry/
spawner are collected, These are sorted by size and reared o further bapas at
densitios of cither 500 m (o supplenmentary feeding) or 1,000im™ (feeding
with algal caker, until ready for transfer 10 growount cages after 1 to 2

months.

O FRY PRODUCTION IN EARTHEN PONDS FOLLOWED BY
FINGERLING PRODUCTHON TN (NGRS

At Lake Kosson thoory Cousty, S0 ndolcus ry were regularly produced
i relatively Targe mnbers using bwo ecarth ponds, 30~ 20 5 0.0 m o deep
(Camphell 107800 Laree fomale Bahand smaller males (mean weights 700
and 200 o1 were <toched afan mvene denaty of 0.5 mT with a 1ol to 5 sex
ratto o one pond Dense sapplennoniary Teedime onoacdiet exceeding 307
protein wies prosaded for one monthe The broodstock were then removed
with oocnst et and transterred to the second poned swhiere the treatment was
repeated. Intenae sappbementary feedne wias continted mihie first pond for
one more wonth ot the cod o whel dbout 00005 1o b oem fryowoere
Barviested . oo pond sas then momediately restocked wah the hroodatock
removed from the cocond pond s Suchoa caltare svstem ean therefore produce
cach month oo couradent of 12 e e posd o TOUE ey fennade muehy

Tower prrodu o Toars tha teoas reported abiove from hapas,

The v prodhineed o the pond . bwo months wore then transferred to
om? floanme cave w b oo ooesh at o stocking density of 1,000 fry
OF teore per cases o two mcntiee, o omplete Toed (2070 proteing wias given
at the it e of 10106 5% of the biomnss. A st selection of 20 (o0 30 ¢
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2, EXPERIMENTAL CAGE CULTURE

Some experimental results are also available from Laguna de Bay (Pantas-
tico and Baldia 1979) for S. mossambicus. Three floating cages of about
9 md capacity each (5.4 mm mesh) were stocked with fingerlings ol mean
weight 10 ¢ at 50 fish/m® and grown for 3 months, The results were as
follows: average growth rate of individual fish, 0.36 g/d; average meonthly
specific growth as a percentage of the original weight at the start of the
month, 11077 average monthly production, 0.825 kg/m”; daily rate of
increase of the biomass,® 1.317. Growth and production were relatively low
when compared to those obtained in fertilized ponds with S.aureus {Table 5).

3. CAGE CULTURE IN EFFLUENTS, FERTILIZED PONDS AND CANALS

In Tihange (Belgium, a series of experiments were conducted in a pond
fed by the heated effluent of a nuclear power piant (25 to 377 () to quantify
the monosex production of male S, niloticus in cages (Philippart et al. 1979).
Populations of 200 males;m? were reared in floating 0.5 m? cages for 156
days. Three size classes of fish were used, giving a range of initial biomass (B;)
of 5.1 to 104 kg/m‘q’. The main results are given in Table 6. The quantities
of plankton availuble were not recorded but the water exchange rate was
high and it may be assumed that there were no blooms. The food supply was
therefore probably inadequate and the results were rather poor, considering
that on'v males were used: see Table 5 for comparison. These data can,
however, be takien as a basis for obtaining true FCR’s of trials using artificial
diets by subtracting the production due to natural feeding.

In Alabama, USS AL S aerens were cultured in experimental floating eages
in ponds in which other fish were also eultivated. These ponds were fertilized
reculurly to develon either moderate or dense plankton blooms: average
Secehi dise visibility depths were 64 and 37 em. Table 5 summarizes the data.
Dense plankton blooms produce much higher fish biomasses, especially with
the small fish For the larger fisho it apypears that the MCC of the cages might
have heen excecded twhere Boo 1205 keom” s which would expliin the
rediuced MSG and DRIB values teampared to where Bo=5 kgim™) but the
Pmi difference slso has an effect. The smaller the fish, the greater the benefit
theyv are likely to derive from an aleal diet. Al these results demonstrate the
real potential of S aurens cage culture in the presence of plankton hlooms,

In West Java tIndonesia), common carp (Cvprinus carpio) are cultured
in fixed cages placed in streams and canals heavily enriched by domestic
and  agro-industrial effluenis on a commeretal seale. This technology s

*The daily rale of increase of the hiomass is given the acronym DRIB. The compound
interest formula deseribing this is ”l' = Hi (1 + )" where By is the biomass at harvest
Bi is the initial biomass at stocking nis the culture period in dayvs and 1= DRIB,
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in Northeast Brazil (after Lovshin 1980,

254
several systens by which carthen ponds can be manipul
remove hvbnd fingerlings and ry.

Lovshir (1980) deseribes o series of experiments performed in Brazil
to determine the bhest method for producing all-male tilapia hybrid fingerlings
Dy crossing 8 ndoticus x S hornorum. One hundred and forty-two crosses

. . . - y .. o
were made over a Govewr period in 350-m” earthern ponds. A fingerling
production svstem for use in

razil was developed from these experiments
and is detailed below (Figure 1), Plates 1-3 {see p. 308y illustrate some of the
facilitics and specres in use in Brazil,

ated to produce and

Sorotherodon Sarotherodon
hornorum niloticus
3 Step I (‘1
- Pure Genetic +
f Strains o
(;) Step 0 Q
. Broodstock +
U‘ Multiplication Ponds Ot
males are sexed females ore sexed
ot 20t0 30 qgrams at 20 to 30 grams
Step III
f Maie orjd Female Q
Preparation Ponds

\\\
™ Step I¥

? S niloticus

Spawning Pond
Stocked ¢t 60 1o 100 grams

Figure 1. System used for producing al male tilapia hybrids, S, niloticus x 8. hornorum
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