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foreword

Interest in the culture of tilapia unites farmers and researchers on nearly all continents
in a way more reminiscent of a major agricultural commodity than a fish. Despite having

been cultured for over 2,000 years, the majority of research on tilapias has been in the

field of ichthyology of natural populations with some emphasis on raising tilapia in

aquaria. Since the 1980s, however, the world has seen a major upswing in the culture
of tilapia, chiefly Nile tilapia (Oreochromis niloticus) and in related research, especially

on tilapia biology, including genetics.
This volume of symposium proceedings shows a strong interest in production systems

research and a dawning interest in socioeconomic research. Both of these fields of research
are expected to receive much greater attention in the future as the economic and market
importance of tilapia increases and as we seek to understand better the distribution of
benefits of the different production technologies.

Tilapias, because of the low cost and relative ease of their production, are a potential
food fish staple for many people in tropical countries and a globally traded commodity.
Tilapias are used as live feed in the culture of some high-value predatory fish and are
also marketed as value-added products (fillets, sashimi) in international trade. This diversity
in potential end uses means that future research will have to address a wider spectrum
of challenges.

With existing achievements and future challenges in tilapia research in mind, ICLARM
is pleased to join with the Centre de recherches oceanologiques (CRO), Abidjan, Cote
d'ivoire, the Institut fran~isde recherche scientifique pour Ie developpement en cooperation
(ORSTOM) and the Centre de cooperation internationale en recherche agronomique
pour Ie developpement (CIRAD) in publishing these proceedings of The Third International
Symposium on Tilapia in Aquaculture. Thanks to the many individuals and organizations
whose contributions and support enabled the holding of the symposium and the production
of these proceedings; especially, the Ministere fran~ais de la Cooperation, ORSTOM,
ClRAD, the Centre technique de cooperation agricole et rurale (CTA), the Agence de
cooperation culturelle et technique (ACCT), the Institut national de recherche agronomique
(INRA) and the Institut des Savannes ODESSA).

Dr. Meryl J. Williams
Director General
ICLARM

viii



Preface

The Third International Symposium on Tilapia in Aquaculture (lSTA III) was one of the
largest aquaculture conferences ever held in Africa. Building upon the work presented
at ISTA I (Nazareth, 1983) and ISTA II (Bangkok, 1987) and upon the ever-increasing
research efforts in support of tilapia farming, the proceedings of ISTA III will, we trust,
be seen as another milestone in the development of tilapia as a globally accepted fish
commodity and a contribution to the development of tilapia farming.

Africa, the "home of tilapias," has yet to benefit as much from tilapia farming as have
other regions. However, African aquaculture research and development are producing
promising results, despite the economic difficulties under which much of these are undertaken.
Among the 64 papers and t 7 abstracts of poster papers published here, 20 were contributed
by African participants. We hope that support for the development of aquaculture in
Africa-particularly using species like the tilapias-fish that feed low in the food chain
and that can be farmed efficiently and without undue environmental impacts-will be
increased and that Africa will become a more significant producer of farmed tilapias
both for its own people and for export to the rest of the world.

ISTA III was generously supported by the Agence de cooperation culturelle et technique
(ACCT), the Centre de cooperation internationale en recherche agronomique pour Ie
developpement-Departement d'elevage et de medecine veterinaire (CIRAD-EMVT), the

Technical Center of Agricultural and Rural Cooperation (CTA) , the French Ministry of
Cooperation, the Institut national de la recherche agronomique (lNRA) and the Institut

franc;:ais de recherche scientifique pour Ie developpement en cooperation (ORSTOM).
Information concerning these and others who assisted 1STA III is given at the end of this

volume.
The long period that it has taken to publish these proceedings since ISTA III was held

is regretted. Those concerned underestimated the difficulty of the task of compiling
thoroughly edited, bilingual proceedings. This entailed very lengthy correspondence
with some authors and among the editors, who wished to maintain high standards of
scientific publishing and to include, as far as possible, all information presented. Despite
the long hiatus, we hope that the value of these proceedings has not been diminished.

We applaud and thank all those who contributed to the success of ISTA III especially
the organizing committee: Jean-Franc;:ois Baroiller, Adou Cisse, Jean-Rene Durand, Saurin
Hem, Catherine Lhomme-Binudin, Pierre Luquet, Kassoum Traore and Michael Vakily.
We also thank Jean Baptiste Avit, Adou Cisse, Ziriga Josue Oteme, Sylvain Gilles, Remy
Dugue, Jesus Nunez-Rodriguez and Jean-Franc;:ois Agnese for their help with the blueprint.
As we go to press, ISTA IV has been announced. It will be held in Orlando, Florida, on
9- t 2 November 1997. ISTA IV will doubtless be an opportunity for the world to see the
giant steps that tilapia farming has taken since ISTA III and we wish its organizers and
participants every success as they contribute further to one of the fastest growing sectors
of world food production.

The Editors
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A. KEYNOTE PAPERS

World Tilapia Culture and Its future Prospectsa

R.S.V. PULLIN
International Center for Living

Aquatic Resources Management
MCPO Box 2631, 0718 Makati

Metro Manila, Philippines

PULLIN. R.S.V. 1996. World tilapia culture and its future prospects. p. 1-16. In R.S.V. Pullin. J. Lazard. M.
Legendre and J.B. Amon Kothias and D. Pauly (eds.) The Third International Symposium on Tilapia in
Aquaculture. ICLARM Conf. Proc. 41, 575 p.

Abstract

Tilapias are farmed worldwide in tropical and subtropical areas and occasionally elsewhere where warmwaters
(thermal effluents or geothermal springs) are available. FAa statistics (1985-88) report tilapia culture in 68
countries. The annual global production of farmed tilapias, actually reported as such, has been static over
this period: 263.000 tin 1985 and 264,000 t in 1988. If. however, estimates of production from Egypt and
Vietnam (which are sometimes reported as "freshwater fishes") are included by assuming that this is nearly
all tilapias for Egypt and 50% tilapias for Vietnam in 1988, then the global total for farmed tilapia production
in 1988 was about 380,000 1. Over 95% of current production is Oreochromis spp. and their hybrids. with
0. niloticusthe predominant single species. Prospects for expansion oftilapia culture depend upon matching
future Research & Development (R&D) efforts to the needs and circumstances of producers (most of whom
will be new entrants. not only to tilapia culture but to any form of fish husbandry) and of consumers of
domestic and export produce. The constraints to expansion of tilapia culture are, as in warmwater aquaculture:
negative attitudes and policies. poor breeds, poor nonsustainable farming systems and possible adverse
environmental impacts.

Recent Production Statistics
for Tllapla Farming

and Their Significance

Table I lists the best available statistics

for farmed tilapia production from 1985 to
1988. In Africa. there are 29 tilapia farm

ing countries but only seven produce >
100 t·year I. In Asia, 16 countries farm tilapia
and nine produce thousands or tens of thou
sands of t·year'. Other regions have fewer
tilapia farming countries (Caribbean, seven;
Europe, one; Latin America, 10; Mediter
ranean/West Asia. five; Pacific, two; and
the USA) and production in these regions
rarely exceeds hundreds of t'year" for a
single country. Such statistics are difficult
to collect from remote areas and there is
probably under-reporting. There are also

'ICLARM Contribution No. 841.

some inclusions of catches from "enhanced"

or "culture-based" fisheries; for example,

nearly all the Cuban production derives from

stocked reservoirs. What do such statistics

mean? Is tilapia farming doing well? Does

this production represent a good return on

investment in R&D? The overall answer would
be "probably no," or at least "not yet."

At the close of ISTA II (Pullin et al. 1988),
tilapia farming seemed to have "come of
age" because of the successes of ISTA I
(Fishelson and Varon 1983) and II: a grow
ing enthusiasm for tilapia farming, a large
supportive research effort and indications
of progress towards solving long-standing
technical problems such as population con
trol. Moreover, tilapia farming is clearly not
yet significantly hampered by diseases (there
are only five papers on diseases out of a
total of 259 in the three (STAs) or by diffi
culties in persuading the fish to breed and
to grow on a wide range of cheap feeds.



Table 1. Production of tilapias from aquaculture (1985-88). Entries in brackets are production data reported to FAa as "freshwater fishes," nottilapias perse
and are included for those countries in which they include some significant tilapia production. All data are taken from the most recent information (FAa
1990). unless referenced otherwise. All remarks have been added by the present author. Blank entries here do not necessarily mean zero production; many
reflect the difficulties of obtaining reliable information. This table is modified and updated from Pullin (1991).

Production (t)

N

Burkina Faso O. n//oticus 43 40 36 7

Burundi Various tilapias 2 21 25 14
Cameroon Various tilapias 91 87 96 116

Central African 0. n//oticus 283 190 85 77
Republic

Congo O. n/lotfcus 39 81 115 200
Cote d'ivoire O. ni/oticus 559 503 648 740

Ethiopia O. nl/oticus
T. zifli/

Gabon Various tilapias (I) (3) (3) (I)

O. nlloticus
Ghana 0. nl/otfcus 321 ZZ5 270 297

Guinea Various tilapias 2 1 1
Kenya O. niloticus 113 114 111 169

Liberia O. n/lotfcus 8 6 3 I

Madagascar Various tilapias 74 36 38 41

Country Species cultured 1985

AFRICA
Angola Tifap/a sparrman// 2
Benin Various tilapias 11

1986

15

1987

14

1988

17

Remarks

Culture of other species is anticipated.
This probably includes Oreochrom/s,

Sarotherodon and Tflap/a spp. Exotic species
including 0. mloticus and O. spifurus have been
recently introduced.

Further development of aquaculture will probably
concentrate on this species.

The best prospect for future expansion is 0.
niloticus culture.

As for Cameroon.

As for Cameroon.
There are good prospects for expansion of 0.

n/lotfcus culture. There is also research to find
suitable species or hybrids for brackishwater
lagoon culture.

Much of the country is too high and cold for
tilapia culture.

There is scope for expansion of aquaculture
using brackish- and freshwater ti!apias.

Other cultured species include S. galflaeus, S.
melanotheron and T. z/ןן//.

Other cultured species include O. spifurus and T.
zi/l/i.

Small quantitites of tilapia, principally O.
n/lot/cus, are grown with common carp.

continued



Table 1 (continued)

Production (t)

Country Species cultured 1985 1986 1987 1988 Remarks

Malawi Various tilapias 65 66 83 96 There is successful tilapia culture, principally O.
shiranus and T. rendalli. on sugar estates and in
small village ponds.

Mozambique Various tilapias 5 17 20 Probably mainly O. mossambicus; culture of other
native tilapias and possibly O. niloticus is likely
to expand.

Niger O. niloticus 7 8 14 16 0. niloticus is the only significant species
cultured.

Nigeria Various tilapias 4.573 3.274 3,602 3,962 Nigeria has good prospects for expansion of
freshwater aquaculture (0. niloticus) and coastal
aquaculture using native species, such as S.
melanotheron and hybrids.

Rwanda O. niloticus 35 24 55 28 0. niloticus was introduced.
Senegal O. niloticus 1 2 2 10 Aquaculture is expanding using O. niloticus.
Sierra Leone O. niloticus 9 14 18 20 As for Senegal.
Sudan 0. niloticus 30 41 43 45 There is probably some production of other native

tilapias, such as T. zi/lii.
Tanzania O. niloticus 21 32 35 37 Culture of native tilapias and exotics, particularly

O. niloticus. is likely to expand.
Togo 0. niloticus 30 9 9 5 Culture of native species (such as S. galilaeus and

T. zil/il) and exotics, particularly O. niloticus and
O. macrochir. is likely to expand.

Uganda Various tilapias 13 21 Z7 24 Probably mainly O. niloticus.
Zaire O. niloticus 180 689 723 759 Tilapia culture is expanding in Zaire. There is

probably also significant culture of other tilapias,
such as O. macrochir.

Zambia O. andersonii 40 62 71 75 The statistics may now include other native
species, introduced O. niloticus and hybrids.

Zimbabwe Various tilapias 38 42 46 49 Now an expanding tilapia culture industry.
changing from culture of native species, such as
O. mossambicus and T. rendalli. to exotics, such
as O. niloticus and O. nlloticus x O. aureus
hybrids.

Subtotals for 29 --- --- --- --- W
countries 6.598 5.621 6,213 6,848

--- --- --- -
"Excludes Gabon.

continued
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Table 1 (continued)

Production (t)

Country Species cultured 1985 1986 1987 1988 Remarks

ASIA
Bangladesh O. niloticus O. niloticus culture is just beginning and will

probably develop rapidly.
Cambodia O. niloticus - Culture of O. niloticus in ricefields and ponds

O. mossambicus is likely to expand.
China O. niloticus 23,800 29.500 34.800 39,000 Tilapia culture is expanding especially in the

warmer southern provinces.
Hong Kong O. nilot/cus 1.500 1,435 1.700 1,690 Freshwater aquaculture in Hong Kong is

disappearing as land values rise.
India O. mossambicus Traditional attitudes are changing. There is

interest in acquiring good strains of O. nilotlcus.
Indonesia O. niloticus 6,920 8,524 9,831 10,750 Tilapia culture is expanding. including now cage

O. mossambicus 35,410 15,487 25,228 25,228 culture of red hybrids.
Japan Various tilapias 4,180 4,113 4.624 4,760 Future expansion is unlikely because of the cold

climate.
Korea (Republic of) O. nlloticus 118 120 56 92 As for Japan.
Laos O. nilotlcus - These species are present for aquaculture.

(and O. mossambicus)
Malaysia Various tilapias 39 241 It has been difficult to separate species and

hybrids in the statistics.
O. mossambicus 313 575 539 2,350 0. ni/oticus culture is likely to expand.

Myanmar (Burma) O. mossambicus - - - This species is present for aquaculture.
Pakistan O. niloticus 2 There is new interest in tilapia culture in

O. mossambicus 313 Pakistan. particularly in acquiring new stocks of
O. niloticus.

Philippines Various tilapias 27,206 30.602 44.682 48.327 There is interest in seawater culture of O.
O. niloticus 15,434 25.217 31,087 26.719 mossambicus and hybrids. Culture of O. niloticus

is expanding.

continued



Table 1 (continued)

Production (t)

Country Species cultured 1985 1986 1987 1988 Remarks

Taiwan Tilapias: mainly 51,820 49,241 51,720 55,561 A large, dynamic tilapia culture industry using
O. nl/oticus x O. aureus highly intensive syster;ns. The statistics here are
and other Orechromls from the Taiwan Fisheries Bureau.
hybrids

Thailand O. mossambicus 1,432 879 476 476 O. nl/otfcus is the prefered species.
O. nl/otlcus 15,128 18,886 16,920 16,920 Some red hybrids are also cultured.

Vietnam Various tilapias 50,696 49,324 (115,000) (115,000) Tilapia culture (mainly O. nilotlcus. 0.
mossambicus and hybrids) Is likely to expand.

Subtotals for 14
countrieS> 234,272 233,903 221,702 232,114

---
CARIBBEAN

Bahamas Various tilapias 30 30 22 36 Freshwater and seawater systems; red tlIapias are
esteemed.

Cuba 0. aureus 14,675 14,942 15,270 13,268 Largely reservoir production and probably an
underestimate as 0. nifotfcus is also present in
Cuba. Production is expanding.

Dominican ? 3 3 3 3 Tilapia culture is probably now expanding.
Republic

Jamaica 0. nifoticus 1,046 1,442 1,500 2,400 Production is expanding rapidly.
Puerto Rico Various tilapias 3 Freshwater pond and cage culture are being

0. niloticus 7 encouraged.
US Virgin Islands Various tilapias 6 7 7 2 Probably mainly O. aureus.

Subtotals for 6
countries 15,760 16,424 16,802 15,719

"Excludes Bangladesh, Cambodia, Laos (and Vietnam for 1987 and 1988). continued

V1
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Table 1 (continued)

Production (t)

Country Species cultured 1985 1986 1987 1988 Remarks
---

LATIN AMERICA
Brazil Various tilapias Progress towards sustainable aquaculture has

been slow.
Colombia O. ni/aticus 300 300 498 800 Production of O. ni/aticus and red tilapias

T. rendalli 2 2 2 2 is expanding.
Costa Rica Various tilapias 50 50 120 142 Probably mainly O. nilaticus, 0. aureus and some

T. rendalli.
EI Salvador O. ni/aticus 15 15 16 15 No recent information available.
Guatemala Various tilapias 70 70 103 103 Probably Oreachram/s species and hybrids.
Guyana O. massambicus 12 11 13 13
Mexico Various tilapias 1,611 2,270 2,395 2,395 As for Guatemala.
Nicaragua O. aureus 2 1 18 14
Panama O. nilaticus 69 126 166 140 O. nilaticus culture is most likely to expand

O. aureus 4 7 9 0 in integrated farming systems.
Various tilapias 7

Peru Various tilapias 52 36 89 230 0. ni/aticus and hybrid tilapia culture may expand
in the forest regions isolated from marine fish
supplies.

Subtatals far 9
cauntries 2,187 2,888 3,429 3,861

--
MEDITERRAN.EAN/WEST ASIA
Cyprus Various tilapias 2 2 1 1 Limited culture of Oreachromis species and

hybrids; obvious climatic restrictions.
Egypt O. nlfaticus (47,346) (50,000) (51,300) (57.100) Egypt cultures O. nilaticus, 0 aureus and

O. aureus T. zillii but statistics are disaggregated.
T. zilfii

Greece Various tilapias 16 28 As for Cyprus. Only intensive commercial
systems, with seasonal environmental control,
are possible.

CLacking data from Brazil. continued



Table 1 (continued)

Production (t)

Country Species cultured 1985 1986 1987 1988 Remarks

Israel Various tilapias, 4.114 3.138 4.015 4,536 A dynamic tHapia culture industry and a world
mainly 0. niloticus in intensive culture technology. Expansion is
x 0. aureus hybrids limited by climatic constraints and aridity

Kuwait Various tilaplas A large research effort into saltwater culture of
tilapias showed 0. spilurus to be a suitable
species for commercial aquaculture.

Saudi Arabia 0. niloticus 6 110 300 Saudi Arabia. in common with some other Gulf
0. spilurus '. 18 18 States, seeks food security through intensive

domestic production. Tilapia culture is just
beginning.

Syria Various tilapias ZZ5 357 357 357 Similar climatic constraints to Israel.

Subtotals for 5
countries" 4.341 3.603 4.537 5.149

--
OTHER REGIONS
Belgium 0. niloticus 110 160 100 130 Heated water culture (power station effluent).
Fiji 0. niloticus 3 3 1 1 There is a growing interest in O. niloticus culture.

Various tilapias
Guam Various tilapias 66 1O1 115 115 Mainly 0. niloticus and hybrids. including red

tHapias.
Khazakstan O. niloticus (and O. niloticus culture in a power station in

other tilapias?) Khazakstan has been reported.

dExcludes Egypt; data lacking for Kuwait. continued
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Table 1 (continued)

Country

USA

Subtotals for 4
countrie~

TOTALS

ADJUSTED TOTALS

Production (t)

Species cultured 1985 1986 1987 1988 Remarks

Various tilapias 5 20 There is some culture of Oreochromis species and
hybrids in the warm southern states and in
geothermal waters. Climatic constraints and bans
on introductions/transfers of exotic species may
limit expansion. but some commentators
forecast otherwise (Davlin 1991).

--
194 2.65 32.6 376
--

2.63.350 2.62..704 2.53.009 2.64.168

--
310.696' 312.,704' 361,809g 378,868g

(Xl

'Lacking data from Khazakstan.
'Includes freshwater fish data from Egypt as if all is tilapia (1985 [47.346 t], 1986 [50,000 t] and 1988 [57,100 t]).
glncludes freshwater fish data from Egypt as if all is tilapia (1987 [51,300 t] and 1988 [57,100 t]) and freshwater fish data from Vietnam as if 50% is tilapia

(1987 [57,500 t] and 1988 [57,500 t]).



This enthusiasm may have lessened. The
overall rate of increase in tilapia production
from 1985 to 1988 was only 7.3%·year
on the adjusted figures (Table 1). It probably
remains slow; for example, production in
Taiwan was 47,089 tin 1989 and 53,103 t
in 1990 (Fisheries Yearbook, Taiwan Area,
1989-90). Furthermore, there is only one
or a few leading countries in each developing
region, while the rest produce relatively
little. Given the many positive attributes
of tilapias as farmed fish (Pullin 1985), what
is holding back tilapia farming in most
developing countries?

Constraints

Ignorance and Risk

Very few people know how to farm tilapias
well. Moreover, tilapia farming systems are
very variable. In the Philippines, the big
gest producer in the world, tilapias are farmed
in fresh- and saltwater ponds, as mixed
sex or monosex male stocks, in mono- or
polyculture and also in cages, ricefields,
tanks, etc. Progressive farmers are always
trying to find ways to improve these sys
tems. Potential newentrantsto tilapia farming
remain ignorant of how to do it and per
ceive it as a risky enterprise. The solution
everywhere is to develop sustainable and
environmentally acceptable tilapia farming
systems in which new entrants can have
confidence. Tilapia farming as a part-time
enterprise in integrated farming systems
has a great appeal because it can help to
spread risks (Edwards et al. 1991).

InapproprIate SupportIve Research

Pullin and Maclean (992) reviewed over
2,400 research publications on tilapias,
mostly comprising research in a single dis
cipline: 94% biotechnical and 1.4% social
science (mainly economics). Only 5% were
considered interdisciplinary. Thus, there are
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large interdisciplinary and social science
research gaps in the technical support base
for tilapia farming. Moreover, researchers
themselves usually conceptualize problems
and needs without consultation with far
mers.

Anti-tIIapia AttItudes

Where tilapias are native fish, they are
almost always regarded as an excellent
human food and a valued natural resource.
AntHilapia attitudes are restricted to ar
eas in which tilapias have been or could
be introduced as exotic species for
aquaculture or enhanced fisheries. This has
not been well-documented in the primary
scientific literature. Information from Latin
America, the Pacific or South Asia (the main
regions where anti-tilapia attitudes are preva
lent) is largely in reports or in semi-tech
nical and popular serials. Uwate et al. (1984)
have reviewed the situation for Pacific Is
land nations, most of which dislike tilapias,
Fiji being a major exception. Nelson and
Eldredge (1991) have reviewed the effects
of tilapia introductions in the South Pacific
and Micronesia.

The basis for antHilapia attitudes is two
fold: (1) a preference for and an impression
of the "superiority" of nontilapiine native
species that are traditional foods and (2)
bad experiences with tilapia introductions
or news of this from elsewhere.

Preference for farming native species is
not only understandable, it is sensible. Clearly,
aquaculture development in Africa should
use tilapias, catfishes and other species,
including native carps, rather than follow
ing external or local advice to use exotic
species. Such an approach, aiming at a
valorization of autochtonous species for
aquaculture, has been particularly devel
oped in Cote d'ivoire since the mid-1970s
with good results and prospects (Hem et
aI., 1994). Another example is Malawi, which
is now endeavoring to eradicate the "mistake"
of inappropriate introduction by destroying
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common carp (Cyprinu:s carpio) stocks in
the southern region, lest it become transferred
to the Lake Malawi catchment and establish

itself there with unpredictable ecological
consequences. Africa has a great wealth
of native species to be screened for
aquaculture use. not just the tilapias.

In Asia. Latin America and the Pacific.
however, the position is more complex. The
history of tilapia introductions started there.
as in all developing regions. with narrow
genetic stocks of Oreochromis mossambicus,
mostly derived from a tiny feral popula
tion. These introductions gave poor stocks
for aquaculture. Moreover. escapees some
times became widely established in inland
and coastal waters, outcompeting highly
regarded native species and interfering with
aquaculture and fisheries operations (e.g.•
PhiIIippart and Ruwet 1982; Gillett 1989).

There are no comparable reports of ad
verse ecological consequences of introduc
tions of O. niloticus. which has become the
basis for most of the world's tropical fresh
water tilapia culture. In many countries.
however, 0. mossambicus has given all
tilapias a bad reputation. It is a highly op
portunistic, euryhaline and eurythermal
species. Paradoxically. it is not necessarily
a bad species for all purposes; for exam
ple. it provides valuable fisheries in Sri Lankan
reservoirs (De Silva et al. 1988; Amarasinghe
and De Silva 1992). Its African native stocks
have never been thoroughly screened for
aquaculture potential. Moreover. it provides
an important food source for some very
poor coastal dwellers (Costa-Pierce 1988).

Attitudes to further development of tilapia
culture in which tilapias are exotic as fol
lows:

PERSISTENTLY ANTI-TILAPIA AND LIKELY
TO REMAIN SO.

Countries that seek expansion of
aquaculture but that have never imported
tilapias and fear the ecological consequences,

prefer native species. or both-e.g., Ne
pal.

Countries that attempted to develop
aquaculture (mainly using O. mossambicus)
and which experienced failures, ecological
disruption, non-acceptance of tilapias or
combinations of these-e.g., Kiribati.

Countries into which tilapias were
unofficially or accidentally introduced and
escapees became pests-e.g.• Australia.

FORMERLY ANTI-TILAPIA BUT NOW CHANGING
OR LIKEY TO CHANGE.

Countries that farm native species and
fear disruption by tilapia introductions, but
still need good species for low-input, rapid
cycle. small-scale systems or for larger-scale
intensive systems-e.g., Bangladesh, India
and Pakistan.

Countries with little aquaculture. with
potential for tilapia farming and with fears
of ecological disruption diminishing after
good experiences with 0. niloticus and salt
tolerant hybrids-e.g., Puerto Rico and other
Caribbean nations.

BECOMING LESS FAVORABLE?

Countries that formerly introduced tilapias
for aquaculture but in which aquaculture
technology for preferred native species is
now being developed and/or fears about
the ecological disruption persist-e.g., much
of South America.

STILL EVOLVING

Countries in which aquaculture is
newly evolving and the relative importance
of carps, tilapias. catfishes and other species
is not yet determined-e.g.• Cambodia. Laos
and Vietnam.

Countries in which climatic factors
(cold seasons, aridity or both) limit tilapia
culture unless cost-effective solutions are
found-e.g., China (parts of), Europe, Japan,



Korean peninsula, Mediterranean, West Asia
and USA (mainland).

KEEN TO EXPAND T1LAPIA CULTURE.

Countries in which tilapias are popular
as farmed fish and there is scope for in
creased production for domestic consump
tion, export or both-e.g., southern China,
Fiji, Indonesia, Malaysia, the Philippines and
Thailand.

With respect to tilapia transfers, past
mistakes should not be repeated. Interna
tional Codes of Practice for transfers of exotic
species should be followed. However, some
of the private sector and some high offi
cials will probably continue to make trans
fers without adequate appraisals. Two ex
amples from the past, recounted by Gillett
(1989) illustrate this attitude and the pos
sible consequences-usually a permanent
legacy:

In Western Samoa, the following advice
was given to the government to start tilapia
(0. mossambicus) culture:

"It is evident that it would be
preferable to investigate all fac
tors for a whole year, but this
would involve great expense and
even then, there might be some
uncertainty with a few points.
It is much cheaper to start with
an experimental pond and stock
it with tilapia (Van Pel 1954)."

The view of the Minister for Natural
Resources Development in Kiribati, as
reported by luta (1989), was:

"The well-known tilapia fish was
Introduced in our fish ponds and
landlocked lagoons by well
meaning developers to increase
protein supply. The result was
that this highly competitive fish,
which rarely grows larger than
six inches in Kiribati, has replaced
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the culturally, commercially and
nutritionally important milkfish
.. .. If only applied research on
the ecology of tilapia .,. had been
conducted before the project."

Persistent Technical Problems

POPULATION CONTROL

Population control in farmed tilaplas has
been reviewed by Baroiller and jalabert (1989)
and Mair and Little (1991). They mention
a wide range of methods: sex reversal by
androgenic hormones, intermittent harvest
ing, manual sexing, predators, high density
stocking, cage culture, delayed sexual
maturity, sterilization, hybridization and the
"YY" broodstock route for O. niloticus. Out
ofall these options, very few have progressed
from use in experimental studies or
development trials to widespread adoption
by farmers. The exceptions are combinations
of hormonal sex reversal and hybridization
(widely used in Israel and Taiwan) and
hormonal sex reversal of 0. niloticus, which
is becoming more widespread in Asia.

Elsewhere, research proposals and de
velopment project plans still select ap
proaches to tilapia population control more
or less on guesswork and hardly ever with
a thorough assessment of user (farmer and
consumer) perspectives.

POOR BREEDS

Tilapia farming, like all warmwater
aquaculture, has been very slow in recog
nizing the scope for improvement of farmed
breeds by applied genetics. As reviewed
by Pullin and Capili (1988), most farmed
tilapias derive from very small founder stocks
and little has been done in most countries
(exceptions are Israel and Taiwan) to im
prove farmed breeds, other than occasional
attempts at hybridization. Until recently,
there were no attempts to apply additive
selective breeding to farmed tilapias: an
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approach that has been well-proven in live
stock but so far only with salmonids in
aquaculture (Gjedrem 1985).

Immense opportunities have been lost.

For example, a founder stocl< of 0. niloticus
collected from the wild in Egypt in 1962
was transferred to Japan and .its descend
ants used for transfers to Thailand in 1965
(and from thence to the Philippines in 1972).
This "strain" is still used by tilapia farmers:
known as "Chitralada" strain (Thailand) and
''Thailand'' strain (Philippines). After 26 years
(certainly more than 50 generations) un
der "domestication," the performance of
the "Thailand" strain in the Philippines, across
a range of environments, is inferior or similar
to that ofa new founder stock ofwild Egyptian
fish collected in 1988 (Pullin et al. 1991;
Eknath et al. 1993).

This neglect of the importance of applied
genetics in tilapia breeding and ignorance
among farmers about the genetic conse
quences of stock management means that
most farmed tilapias are close to wildtypes
or worse in their culture performance. So
lutions to the problem lie in wise stock
management (Eknath 1991), the evolution
of national breeding programs (Eknath et
al. 1991) and the realization by research
ers that the best route to sustainable ge
netic gain is to marry the "one-step" ge
netic management techniques to which they
are attracted as short-cuts to improvement
(e.g., hybridization, polyploidy and possi
bly transgenic fish) with long-term addi
tive selective breeding.

POOR FARMING SYSTEMS

It is impossible to disaggregate tilapia
production statistics into cage, ponds,
ricefields. tanks and other farming systems.
Indeed, ICLARM proposed the "aquatic
chicken" label for tilapias because they can
be farmed profitably in a wide range of
systems from simple backyard systems to
highly intensive "factory farms"-as can
poultry.

The success of any tilapia farming sys
tem depends upon its sustainability and
environmental compatibility, which in turn

depend upon cost-effective and wise use

of resources (land, water, capital and other

inputs) and coexistence with other enterprises
and environmental care. At present, most
new tilapia farms are experiments. This will
persist until tilapia farming systems become
better known: more like the routines used
for poultry.

The key to a more reliable farming sys
tem may be simple. For example, the adop
tion of hapa nursing techniques has allowed
farmers in northeast Thailand to become
more confident and successful new entrants
to aquaculture on their small-scale rice-based
farms (Little et al. 1991). Nursing the fry
of tilapia and other fish in a hapa allows
the farmer to see them everyday, to watch
them grow on whatever feed resources are
at 'hand and ultimately to release larger,
more "predator-proof' fingerlings into small
ponds and ricefields.

One major unresolved issue in tilapia
farming is to what extent hatchery/nurs
ery operations and growout will be under
separate management. They are separated
in most of aquaculture. and tend to be so
in the most advanced tilapia farming ar
eas, such as Israel and Taiwan. Elsewhere
there is usually a mixture of public and private
sector seed supply to growers. with some
growers raising their own seed.

Pullin and Maclean ( 1992) recommended
research "on the dynamics of aquaculture
enterprises and of their interactions with
other enterprises (agriculture. fisheries,
forestry, recreation and waste management).
Resource flows and trade-offs in terms of
common 'currencies' (land, water, nutrients,
energy and cash itself) must be quantified
so that the options for balancing and inte
grating aquaculture development can be
evaluated within farms, communities and
wider coastal and watershed areas."

Within this general framework, it is clear
that the broad categories of tilapia farm-



ing systems have some general problems
(Table 2). Solutions will come from closer
collaboration between farmers and research
ers. Moreover, because of the possibility
of genotype x environment interactions,
research towards better systems and bet
ter breeds must be interactive.

The Future

The comments on inappropriate research
above apply not only to small-scale
aquaculture in developing countries. but
also to large-scale corporate aquaculture.
Davlin (t 99 t ) forecasts the entry of a grow
ing number of large corporations in
aquaculture and believes this will guaran
tee the success of future intensive systems.
He states:

"Aquaculture as an industry has
been led by academia/marine
biologists for 30 years. It was
their technological breakthroughs
that enabled the small farmer to
look upon aquaculture as an
additional source of income.
Eventually. the farmer saw it as
a way of life and academia and
fish farmers made an early 'odd
couple· ...

His "odd couple" scenario is still a fair
description of many current relationships
between academic tilapia research and tilapia
farmers. Many companies just get on with
the job themselves and learn by their own
mistakes.

Researchers general!y ignore the fact that
technology for food production. whether
generated through private- or public-funded
research, is not neutral. It will favor either
large-scale corporate farming concerns or
small-scale farmers-very rarely both.

It is probably cheaper, more profitable
and more environmentally acceptable to
farm tropical fish in less intensive systems
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in developing countries; for example. value
added white fish products, like tilapia fil
lets (Pullin 1984). Davlin (1991) mentions
new commercial agreements between Co
lombia and the USA to package and han
dle til apia produced in Colombia and that
Solar Aquafarms. Inc., California (using in
tensive recycling technology) will produce
over 2,000 t of tilapia in 1992. Will there
still be room for small-scale farmers to pro
duce fish for domestic markets and export?
Davlin's (1991) punch line and last word
is:

'TiJapia will. during this decade.
join catfish as the dominant
modest-priced fish in the US, in
our view."

The future for tilapia farming remains bright,
despite the somewhat disappointing recent
statistics. In Africa, wherever inland
aquaculture flourishes. tilapias are likely to
be a major. if not the major farmed fish
commodity. In Asia, there is likely to be
significant expansion of tilapia farming in
China and Indochina (Cambodia. Laos and
Vietnam) and probably also in some of the
major producing countries (Philippines and
Thailand). In Latin America and the Carib
bean. the situation is less clear. Tilapia pro
duction may expand in countries where it
is already a proven success (e.g., Cuba and
Jamaica) but native species may be increas
ingly preferred for aquaculture in much of
these regions. In the Mediterranean/West
Asia. climatic constraints and resource limi
tations will probably prevent much expansion
of tilapia farming. This also applies to Eu
rope and northeast Asia. Tilapia farming in
the Pacific is unlikely to excite much inter
est. except in Fiji. In the USA, if the market
for til apia develops as forecast by Davlin
(1991). there will undoubtedly be more
attempts to supply this from US-based farms
as well as from imports.

Pullin (1991) forecasts a doubling ofworld
tilapia production over the next 10 years.



Table 2. Problems associated with tilapia farming systems.

-I:>

System

Cages

Pens. acadja-enclos, etc.

Ponds

Tanks, raceways and other
intensive systems, including
recycling

Hatchery/nursery systems

Major problems

Ad hoc design, guessed at or copied from
elsewhere; poor feed conversion; fouling;
short operational life.

Still experimental.

Nutrient starvation; ad hoc stock management;
water availability/quality.

Largely experimental or guesswork at site
specific designs.

Low and/or seasonal output of fry/fingerlings;
no consideration of genetic consequences of
broodstock management; low adoption of
monosex seed technology.

Farmers' needs

Systems specifically designed for tilapias in
fresh-, brackish- and saltwater.

Reliable, sustainable systems that match
their resources.

Sustainable systems, well-integrated with
other enterprises.

Reliable guidelines-as exist for trout
culture.

Reliable seed supply systems that maintain
genetic quality and 100% male seed
production, where such is appropriate.



This forecast can be met, or exceeded, if
research is better directed towards farm
ers' needs; if better breeds and farming
systems are developed together; if anti
tilapia attitudes are changed where they
are ill-founded; and if tilapia farming be
comes a more sustainable and environmen
tally compatible enterprise, well-integrated
with other development initiatives.
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Abstract

A study conducted in 1989 and 1990 on aquaculture development in subSaharan Africa suggested
a typology of the different farming systems using mainly tilapia as cultured species: (1) subsistence
fish farming; (2) artisanal aquaculture as a small-scale commercial undertaking; (3) "segmented" aquaculture
with specialized operators at each level of the production process; and (4) industrial aquaculture. For each
of these types of aquaculture. the following major elements were analyzed: target populations, farming
techniques, support/extension structure, financial and economic profiles, land use as well as credit and
marketing aspects. This type of analysis was used to study aquaculture activities of relative importance that
are part of development projects. The identification of the farming system, farm dynamics, including "post
project" evaluation, were all studied on the basis of concrete cases. This study illustrates, among other
things, the constraints limiting the development of types 1 and 4 in terms of economic viability and reproducibility.
The study also shows that sustainable aquaculture requires from the different partners professional skills
which have often been lacking owing to the insufficient training of the fish farmers. Suggestions are offered
for a more harmonious development of aquaculture on the African continent at the level of the governments,
the funding agencies and the various operators involved in this activity.

Introduction

Fish culture in Africa is always being
restarted and relaunched, like many other
agricultural or industrial activities on this
continent (Freud 1988; Pisani 1988). In 1989,
subSaharan Africa is supposed to have
produced 33,000 t ofcultured fish with tilapia
as the major species (14,500 t) (FAG 1991).

Global estimates for the same year were
14 million tonnes with 7,300,000 t of fish
making the contribution from subSaharan
Africa less than 0.5% of the world production
of cultured fish.

Considering the total level of funding to
the aquaculture sector in subSaharan Africa
(averaging approximately US$ 15 million per
annum between 1980 and 1990), most of
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it intended for the implementation of deve
lopment and RW projects (62%, FAO 1990),
many questions are raised:

Does the lack of tradition in irrigated

agriculture and stabulating livestock farm
ing constitute a handicap to the develop
ment of fish culture, an activity still con
sidered at its beginnings?

Should subsistence and commercial
aquaculture be differentiated in terms of
project design and strategies for their im
plementation? Based on the project objec
tives (charitable, artisanal or industrial pro
duction), which aquaculture systems should
be promoted and how can they be inte
grated in the environment and the exist
ing infrastructure (lowlands, hydroagricultural
belt) as well as in the existing farming sys
tems?

Who should be the "actors" of this
new activity and, more precisely, which actor
for which type of fish culture (Satia et al.
1992)? In other words, can fish farming be
"everybody's business" as the widely spread
slogan goes (FAO 1984)? Once the actors
are identified (farmers, fishers, officials,
pensioners, etc.), what is their strategy for
fish culture? Does fish farming become a
primary or secondary activity? Does it con
stitute an activity for subsistence, commercial,
recreational, prestigious, etc., purposes?
Does it give farmers the possibility of diver
sifying their production and therefore mini
mize their "risks"?

What measures should be taken
for fish culture to be considered an ag
ricultural activity (or agro-industrial) and
therefore fully integrated in the
"agriculture-husbandry" sector to which
it is naturally related?

Based on the level of autonomy that
is desired and permitted by the chosen aqua
culture system, what organizational frame
work should be promoted to develop aqua
culture production: industrial, cooperative
(Depelchin and Depelchin 1984; Berube 1992),
association of producers, self-reliance, etc.?

What level of technical competence
should each aquaculture system require and
what type of training, technical, financial
and economic management support should
be provided to its actors?

Which market should be aimed at con
sidering the generally high costs of aquacul
ture production and the specific character
istics of this undertaking (production plan
ning, freshness, grading, monospecificity,
etc.), particularly compared with capture
fisheries products?

What are the most significant scien
tific, technical and socioeconomic elements
to be taken into consideration before launch
ing a fish culture development operation?
Should these operations be necessarily pre
ceded by full-scale pilot projects to test
and validate the research results?

Which support strategy should be
adopted in terms of geographical distribu
tion? Should support be provided to many
fish farmers distributed on the whole territo
ry (and producing little individually) or to
a limited number of farmers geographically
concentrated (and producing a lot individu
ally)? What should be the most efficient
approach to the "post-project"?

What should be the most adequate
administrative umbrella for these develop
ment projects? Is the Department of Fores
try and Water Resources, in charge of this
sector ofactivity in most Francophone coun
tries, the most appropriate service (due to
its initial efforts in the protection and conser
vation, and therefore control, of the natu
ral environment) to promote a new specu
lation-oriented production activity?

What structure in terms of support
policies (credit, grants, training, support.
taxation system, professionals and market
organizations, etc.) should be instituted to
guarantee the sustainability of aquaculture
undertakings after the development projects
have ended?

What funding policy should be adop
ted to launch this new activity, both at the



investment and operational levels (grants,
credits, etc.)?

The fact that these questions remain
unanswered today (or is it that these
questions were never asked?) attest to the
gap existing between 50 years of heavily
documented investment made in this sec
tor of activity, on the one hand, and the
low level of productive achievement, on
the other hand (FAa 1987; Satia 1989).

Today, African aquaculture is at the cross
roads. Different diagnoses agree that for
the past 20 years, research and develop
ment efforts have lacked focus or even the
necessary reflection on the possible devel
opment options. These attempts have also
been characterized by a questionable level
ofeconomic efficiency and unresolved prob
lems of integration of the fish farming ac
tivity in the African agricultural farming
systems or fisheries initiatives in a broad
sense. Against this background, any new
attempt at aquaculture is a difficult enter
prise and its future remains uncertain.

One of the most prominent characteris
tics of this undertaking, newly "grafted" on
traditional activities, is the level of passion
it has brought about from all sides which
often influence the motivations of the dif
ferent actors involved: researchers, devel
opers, fish farmers, administrators, consult
ants. The intensive (battery), artisanal or
industrial farming ofpigs or chickens in Africa
has never stirred so much passion as
aquaculture has since its beginnings on the
continent; it has nevertheless developed
on a much larger scale. While there should
not be any doubt that the pig and poultry
farmers like their trade, it is clear that the
reasons why they practice it are also per
fectly clear to them: to earn a living and
realize the largest profits.

In aquaculture, things seem neither as clear,
nor as simple. If all actors involved in
aquaculture agree to expect, in time, a re
turn from the money or the effort they have
invested, or even a profit, this is not, far from
it, the only reason for them to get involved
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in this activity. Other motivations involving
the operators' view on society and how to
behave in such environment are often much
stronger. For example, it is not surprising that
a handbook on tropical fish culture should
also look into poultry and pig farming, irri
gated rice culture, water supply and health
(waterborne diseases, etc.). In contrast, none
of the studies concerned with these subjects
cover fish culture. Fish culture is related, even
associated with these other activities, but is
it not because fish culture seeks points of
anchorage and that the "fish farmers" feel
they can express their views regarding all
these associated activities?

These motivations may partly explain the
determination, perhaps even the obstinacy
shown by many aquaculture operators. These
motivations also contribute to make
aquaculture a control activity, which reflects
the currents of thoughts and practices un
derlying agro-industrial and rural develop
ment in the different continents, particu
larly Africa.

Just as African aquaculture, caught
between great practical difficulties
(which is why fish culture is still practiced
at the experimental, pilot or marginal
level) and ideals, as shown by the quan
tity of writing on this subject, is seen
vacillating between prolonged birth
pains and early death, it seemed to
us interesting to take a look at its de
velopment. Such is the objective of this
study, the main teachings of which are
reported hereafter.

Classification of Fish
Farming Activities

Between 1989 and 1991, a study (Lazard
et al. 1991) was conducted at the request
of the French Ministry of Cooperation and
Development to analyze the situation of
fish culture in subSaharan Africa in order
to propose new orientations for the future.
This study consisted in a compilation of the
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extensive bibliography available on this

subject and in field work in Cote d'ivoire,

Guinea, Mali, Burkina Faso, Central
African Republic (CAR), Cameroon and
Congo. In addition, a mission with the
World Bank and several American
nongovernmental organizations (NGOs)
completed the available information.

In the light of the studies based on con
crete cases of development operations
implemented in Africa for the past 30 years,
four major types of fish culture were iden
tified based on development criteria and
not on intensification criteria as generally
used (extensive fish culture, semi-intensive,
intensive, etc.):

1. subsistence aquaculture;
2. artisanal fish culture as a small-scale

commercial undertaking;
3. "segmented" fish culture; and
4. industrial fish culture.
Among these farming systems, subsist

ence aquaculture is the model that has
benefited the most from the support of
international organizations and NGOs in areas
like fry production, extension, training,
support structure, in projects ofvarious sizes
except, paradoxically, in the research field.
Today, the overall results can be consid
ered globally negative, the major causes
for this failure being the following:

For fish farmers, the satisfaction of
their basic needs does not constitute a
sufficiently attractive economic motivation
considering the technical efforts required
by this activity. Moreover, the proposed
model did not, in most cases, meet this
objective (insufficient work productivity in
terms of time and space, excessive depend
ence vis-A-vis the support structures for the
management of the fish farm).

For project initiators, it seems that
the implementation of this activity requires
a comprehensive approach of the environ
ment (physical, human and economic en
vironments.)

In the end, this form of fish culture at
first extolled by colonial administrations,

then considered as the essential objective

of most development projects, is certainly

behind the confusion that has been limit
ing the development of this activity in the
past 50 years.

Artisanal fish culture as a small-scale
commercial undertaking is developing,
particularly in periurban areas, due to
the existence, in this type of environ
ment, of both sources of inputs and a
market likely to absorb the production
at a more interesting price for the pro
ducer (Copin and Oswald t 988). This
type of fish culture has yet to be de
veloped in rural environments: inte
grated in existing farming systems, it
should also constitute one of the driv
ing forces of the agricultural dynam
ics by contributing to additional income,
diversification and the integration of
agri~ulture and husbandry.

"Segmented" fish culture is characterized
by the structural division of the different
farming cycles (fry production, feed
production, nursing and production of
marketable fish). It is particularly well-adapted
to certain environments (lakes, lagoons and
rivers) and to certain populations: fishers
for whom fish culture can constitute an
alternative activity when earnings from
capture fisheries become insufficient
(depletion of resources); it is also well-suited
for city dwellers and entrepreneurs who see
opportunities to invest capital and eam profits
(Morissens et al. t 986; Panel et al. t 986).
For this type of fish culture to be economically
successful, a number of constraints should
be considered: technical aspects, credit
availability, competence in management,
etc.

Industrial fish culture is characterized by
large production units which, compared to
the previous forms, should be justified by
the possibility to engage in economies of
scale. The objective in this case is strictly
economic or financial. Once the biotechnical
parameters are controlled, the objective is
to produce fish at the least possible cost.



It seems, at present, that most of the at
tempts with this type of undertaking have
not met their initial objective: cost prices
remain substantially higher than market
prices. From a more structural perspective,
this industrial option, at least for the mo
ment, seems to be poorly suited to the
prevailing forms of organization of the so
cioeconomic context due to its capital-in
tensive nature. The fact that these units are
being privatized may lead one to believe
in a certain economic efficiency. In reality,
the lack of transparency in the farm accounts
and the multiplication ofgrants to this sector
can be misleading (Anon. 1987; Lazard 1987)
and in most cases, privatization efforts consist
in the mere institutional (but not economic)
disengagement of the State. In addition,
this industrial fish culture is likely to com
pete with artisanal or small-scale aquaculture
enterprises. Great caution is therefore re
quired in the development of industrial
aquaculture as well as a rigorous approach
in the identification of projects, particularly
in the study of their economic feasibility.

However, an industrial farm could also
be the driving force of a development
dynamics by participating, for exam
ple, in the research process or by sup
porting upstream sectors (inputs, train
ing, etc.) around which other aquaculture
undertakings could be organized follow
ing other principles.

From Experiment
to Operating a Farm; Trained

and Organized Farmers

From the biotechnical perspective, a
number of farming systems (ponds, cages,
pens, raceways, etc.) using indigenous
species (tilapia, siluriforms: CIaria5,

Chrysichthys, etc.) or introduced species
(common carp, mainly) have been devel
oped on-station and validated on a full
scale basis in R&D pilot projects. In Africa,
there is a variety of species of demonstrated
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or potential aquacultural importance (Hem
et al. 1994) that warrant the pursuit and
the amplification ofongoing research studies,
and require the increase of the knowledge
base ofAfrican genetic resources. However,
in economic terms, particularly microeco
nomics, few data are available on fish farming
outside pilot operations. The experimen
tal nature of these pilot projects limits the
reproducibility and the extrapolation of the
results due to the limited scale of the un
dertaking, the extensive support structure
and the specificity of the various sources
of funding (grants, credit, etc.). Whatever
the case, it seems that the operators of fish
culture development projects should aim,
first and foremost, at the economic efficiency
of the target fish farmers before that of the
projects themselves that have promoted
and supported them.

At present, it seems that the greatest
prospects lie in the entrepreneurial or artisanal
fish culture systems. This type of under
taking is both a production and a devel
opment instrument (Lazard 1975 and 1977).
If the periurban model has already proven
successful, an efficient model using inputs
other than the agro-industrial by-products
must be developed (composts, integrated
farming, acadjas and polyculture). In the
current context of crisis facing African ag
riculture where diversification is strongly
needed, there is hope that the concerned
populations will respond quickly as soon
as an efficient, "rural" fish farming model
proves successful. In this context, and in
the light of past experiences, caution is
warranted as the level of intensification is
not necessarily related to the fish farmers'
technical competence.-

alt can prove more difficult to manage a farm con
sidered a "semi-intensive" operation based on the
use of farm effluents. composts, etc., that requires a
"sense" for farming. than it may be for an intensive
fish farm using agricultural by-products of known
composition applied according to available feeding
tables.
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Technical competence, professionalism
and the organization of the African fish farm
ers seem to be the key to future fish farm

ing development on the continent. In this

context, a number of actions taken so far
without real social objective, Le., without
clearly defining target populations, may ac
quire a new meaning and increase in effi
ciency. Among these actions, training is
of primary importance as it enables a rapid
increase in productivity. The target
populations of the future projects will have
to be selected carefully based on techni
cal, social and economic objectives and on
the chosen fish farming model (Koffi 1992).
The training efforts will have to be aimed,
first and foremost, at the fish farmers and
for quality rather than quantity, as opposed
to what has been done so far in most de
velopment operations. Aside from the strictly
biotechnical aspects of training, it will be
advisable to include management training
in a broad sense (general farm management,
bookkeeping, cashflow aspects, etc.). Such
training initiatives, however, have often been
used as a lure presented by many projects
to secure their extension or to conceal a
faulty development policy, such as the gen
eralized use ofan expensive compound feed,
or the systematic use of fry from nursing
station at a high production cost (Galbreath
and Ziehi 1992). Fish culture must certainly
be integrated in the environment of the target
population: it should therefore make a more
efficient use of the existing production factors
such as land, water, labor, agricultural in
puts, etc. The organization of production
and the development of professional as
sociations adapted to this new sector of
activity should constitute a priority area.

These professional organizations, besides
acting as "pressure groups" for the pro
tection of their members' interests, should
gradually be responsible for the training and
technical diffusion aspects. If (or when) a
technical model proves successful, the first
role of the formal or informal professional
organizations will be to ensure the quanti-

tative expansion of the model (number of
fish farmers, ponds, etc.) conferring a so
cial dimension to it. Today, the first objec

tive of these organizations should be the

reproduction as "spontaneous" as possi
ble of the model, Le., with minimal par
ticipation by the government: it is only in
these conditions that fish farming models
will really be the reflection of a rural dy
namics.

The technical competence and expertise
of the fish farmers must be accompanied
by the corresponding technical and scien
tific quality in the research aspects, Le.,
researchers trained at the highest level, highly
rigorous and able to work in a stimulating
scientific environment. This objective will
require that temporary linkages be estab
lished with researchers and laboratories from
the North and the constitution, in the South,
ofcritical masses of researchers and resources,
to be sought first at the regional transnational
level.

While professionalism and technical com
petence is being pursued, the fish farm
er's profession must acquire a social dimen
sion with actors able to define their spe
cific constraints by themselves.

Controlling the Aquaculture
Space (Land); Borrowing

In order to Produce;
Producing In order to Sell

Controlling Land Constraints

Land constraints are differently ap
preciated, depending on the various
farming systems, for example, depend
ing on whether the farming model
entails the appropriation of lowlands or of
lagoon or lake areas. In general, in this field
like in others, it seems that development
operators simplify the problem of control
and use of land.

The analysis of the project designs indi
cates that operators, while denying the



problems of access to land tenure, repro
duce explicitly or implicitly foreign legal
concepts in the societies concerned. In
Francophone Africa particularly, operators
can even refer to a legislation establishing
State ownership of aquatic spaces, contra
dicting traditional practices. In some cases,
the control and the use ofterrestrial or aquatic
areas (lagoons, rivers, lowlands, estuaries,
etc.) rely on traditional practices. Ignoring
these traditional practices can lead to se
rious conflicts: in agricultural societies or
communities of fishers, both the control of
land and land tenure (including aquatic
spaces) reflect bonds of traditional de
pendence, closely related to classic
or lineal relationships and to social re
lationships between individuals of a
common lineage or different lineages.

In the end, it is essential that the opera
tions of aquaculture development integrate
preliminary investigations on the control
and use of the terrestrial or aquatic areas
concerned. For the owner or the user of
these spaces, the choice to allocate these
spaces depends on the opportunity cost
of this resource. Preliminary negotiations
not only with potential fish farmers, but also
with traditional authorities (which differs
from the authoritarian allocation by admin
istrations) should help reduce potential con
flicts likely to hinder ongoing operations
of aquaculture development.

Borrowing in order to Produce

As a rule, in Africa, the current situ
ation in the sphere of credit is char
acterized by an important crisis affecting
large official structures of agricultural
credit. Consequently, projects should
manage credit operations themselves,
as past experiences have shown that
this option encourages a better followup
and reduce the costs of financial man
agement. Obviously, once aquaculture
operations have reached a certain volume,
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credit can only be arranged with profes
sional organizations: in this case, while
drawing on the lessons from past experi
ences, it is important that credit arrange
ments be negotiated with potential fish farm
ers, and that there be no confusion between
investment and operation credit in order
to ensure economic efficiency of aquacul
ture operations.

Noninstitutional credit can participate in
the establishment of aquaculture develop
ment operations. Traditional informal credit
is adapted to the cycle of aquaculture pro
duction as its flexibility tends to lessen the
risks involved in this activity, and to bal
ance the production-consumption cycle over
the year. Because they are integrated in a
socioeconomic system characterized by a
high personalization of social relationships
through lineal, ethnic or village ties, infor
mal moneylenders approve loans at very
short notice, ask for little collateral and tend
to impose few restrictions regarding use
of funds. For this informal credit arrange
ments to be considered, it is necessary to
conduct preliminary studies using a meth
odology that is adapted and already tested.
The use of this informal credit arrangement
would be the sign of an integration of
aquaculture projects into socioeconomic sys
tems.

ProducJng in order to Sell

In subSaharan Africa and in all the countries
considered under this study, farmed tilapia
(assimilated to tilapias fished in inland waters)
is a relatively expensive fish outside the
immediate production zones, but it also
meets the specific demand of the African
consumer who values "inland" fish highly.

However, the market situation for farmed
tilapia varies from country to country in the
subSaharan regions. The study already re
ferred to (Lazard et al. 1991) has shown
that African fish markets belong to three
main categories, described as follows, and
which also apply to cultured tilapia. The
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following situations offer all opportunities
for a market for farmed tilapia to develop.

The first situation occurs in countries
and regions where there is a very high de

mand for animal proteins due to high de
mographic pressure and a high urban or
periurban concentration, but also where there
is a category of buyers with a relatively high
purchasing power. In these countries (COte
d'lvoire, Nigeria, Togo, Benin and Congo),
although popular demand for fish is satis
fied by the mass importation of inexpen
sive fish, there is a high demand for "in
land" fish, satisfied almost exclusively by
the fresh/brackishwater fisheries, as the quan
tities of farmed fish are generally negligi
ble (Weigel 1989). Potentially, farmed tilapia
could fill this niche as long as it is com
petitive with the capture fisheries and does
not radically modify the quantities offered.

The second situation occurs in coun
tries that are large producers in compari
son with their own demand and therefore
where, globally, supply is greater than
demand, and mass importation of fish is
not necessary. Whether we are speaking
of marine or inland production, the price
of fish is lower than in the previous situa
tion, but the demand is sustained by an
cient, widespread eating habits. In these
countries (Ghana, Senegal, Mali and Chad),
fish farming is hardly competitive with the
fish from capture fisheries. However, the
trend towards overexploitation coupled with
a potentially high demand related to eat
ing habits may lead to a potential market
for farmed fish where production costs would
be strictly controlled.

The third situation occurs in areas with
low fish consumption, possibly due to a
limited production not compensated by mass
importation of fish, a low purchasing power
or a rejection of fish as a regular food item.
Countries like Burkina Faso, Niger, the CAR,
Rwanda, Burundi or Madagascar, fall, to
various extent, under this category. In these
conditions, the potential market for farmed
tilapia is inevitably limited, particularly as

the low purchasing power corresponds fre
quently to a very loose economic environ

ment that increases the costs of aquaculture
production (lack of agro-industrial by

products, need to import material, etc.)

Where such conditions prevail, the emer
gence of tilapia aquaculture as a large-scale
sector ofproduction having its own dynamics
is difficult to achieve. Still, the alternative
solution is to encourage fish farming op
erations in the context of agricultural or
husbandry development projects. This option
guarantees the supply of necessary inputs
and reduces infrastructure and operating
costs.

For aquaculture to remain competitive
with traditional fisheries, marketing unit costs
and margins must be reduced. For this, it
is necessary to compress the segmenta
tion of this sector of activity or engage in
economies of scale, or both. These com
mercial options are obviously closely re
lated to the farming systems in place. There
fore, a limited and decentralized aquaculture
production unit should move closer to the
centers of consumption (for example,
periurban aquaculture). A high-yielding, cen
tralized aquaculture production will be able
to engage in economies of scale by creat
ing an efficient marketing structure.

Conclusion

Today, it seems difficult to justify, based
on financial criteria alone, the imple
mentation of fish culture development
operations on the African continent out
side highly suitable conditions. Other pa
rameters must be considered such
as daily wage levels (in terms of opportu
nity cost, for example), use of land, water
and inputs, etc.

Therefore, given current trends, we are
dealing here with investment for the future,
which is difficult to imagine without aqua
culture, considering the stagnation of fisheries
production (and even its decline in some



inland environments) and the increase of
demand for fish. This "bet" seems all the
more worthwhile as the growing number
of research and R&D operations conducted
for the past t 5 years are beginning to bear
fruit. Furthermore, the inexpensive fish
imported in great quantities by some
countries with important.trade deficits may
well become more expensive, owing to the
recent shift in the economic system of Eastern
European countries (currently the major
suppliers of marine fish to African countries),
the impact of energy costs (fishing vessels,
transportation, etc.) and the devaluation
of the CFA Franc in t 994.

In view of this, fish culture can consti
tute, in time, an instrument for the regula
tion of the production of living aquatic re
sources, in comparison with an environ
ment that has demonstrated its fluctuat
ing nature. The very existence and devel
opment of fish culture raise various ques
tions regarding a number of economic as
sumptions on the use of aquatic environ
ment and the extensive utilization of fish
resources (particularly to assess the value
of water and land, the cost of pollution,
etc.). In addition, a comparative analysis
of fish culture and other animal productions
should be done in terms, for example, of
the use of agricultural by-products and the
quality of the proteins produced. From now
on, fish culture must be considered as one
of the elements of agricultural production
systems.

Today, it is possible to establish productive
fish culture development projects using
farming techniques that have been tested
and are integrated in a suitable
socioeconomic context. Simultaneously, and
at a more global level, aquaculture
development on the African continent will
require in some areas (for some time still)
experimental development studies, even
research efforts in the strictest sense. At
this point, researchers should not be afraid
to clearly state these priorities vis-a-vis all
operators and partners concerned who would
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rather rapidly develop production-oriented
projects. b

This experimental dimension must not
prevent the preparation of the delicate tran
sition to the post-project conditions. Ex
perience has shown that there is no suc
cessful post-project example in African fish
culture yet. The preparation and the im
plementation of this phase (that will con
dition the successful takeoff of this new
activity) must necessarily associate, in equal
measures, its major four actors: national
administrations (in general, the "umbrel
las" and the agents directly reporting to
these administrations), target populations
(fish farmers and the different parties in
volved in the production of farmed fish:
feed producers, fry producers, etc.), op
erators (consultancy firms, technical assist
ance, etc.) and funding agencies.

Furthermore, in view of the current situ
ation in Africa, one should not be afraid to
banish the word "aquaculture" from the vo
cabulary of some regions where constraints
of implantation and development (sites, com
petition with fish from the capture fisher
ies, target populations, etc.) make its suc
cess unlikely.

Thus, funding agencies (international
agencies, cooperation funds, NGOs, devel
opment banks, etc.) and national adminis
trations playa determining role in giving
African aquaculture a second wind.

During the elaboration of aquaculture
development projects, funding agencies must
demonstrate the necessary competence and
objectivity in the analysis of all project
components: project objectives, available
biotechnical data, identification of target
populations, market evaluation, marketing,
available sites for the implantation of farm
infrastructures, post-project anticipatory

bIn Africa. most of the fish culture development projects
appear,. a posteriori. to have been used as a more
or less confessed justification for conducting research
either within the project or in the form of a research
component.
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study, etc. Once this comprehensive iden
tification is completed, funding agencies
must see to it that the project becomes

rapidly operational. In doing this, both fund

ing agencies and operators must refrain from

outbidding each other by having the op
erators compete excessively. Instead, projects
need to be carefully evaluated, and adjusted
if necessary.

Project evaluation" should emphasize
quality rather than quantity: the relevance
of the project within a global policy of ru
ral development, its reproducibility and
viability in the "post-project" should be more
important than the catch or the number of
development operations. This is, currently,
only rarely the case.

On the other hand, African administra
tions should loosen their administrative pro
cedures, and strengthen their technical par
ticipation and capacity to make proposals
during elaboration and implementation of
these projects. National administrations need
to be more constructive and increase their
involvement. Furthermore, these need to
acknowledge that fish culture is a produc
tion activity pertaining to both agriculture
and animal husbandry, even, in some cases,
to the industrial sector, and not an activity
undertaken in the context of conservation
of natural resources, which generally and
traditionally fall under the Department of
Forestry and Water Resources. In essence,
the aim of an administration is neither to
produce nor to sell: it is therefore in its
best interest to remain outside these proc
esses and to adopt a benevolent attitude,
at best becoming the catalyst of all private
initiatives, even when these question what
the administration has always considered
as being part of its own prerogatives.

In this view, the administration should
not take the place of economic agents
who are involved in aquaculture, but sup
port them by:

defining an aquaculture sectoral policy
(based on the agricultural policy) regard
ing taxation systems, grants, credit, land

tenure, pricing policy, marketing, promo
tion of professional associations, etc.; and

implementing this policy through the

different necessary companion actions: sta

tistics of production, training, research,

follow-up, control, etc.
In the current context, privatization, a

growing concern of the States (which are
seeking to devolve authority), and of the
funding agencies, need to preserve its true
meaning. Fish culture cannot simply be in
tegrated in the market economy by trans
ferring the State responsibilities to a pri
vate company (corporation, mixed economy,
etc.), without first demonstrating its eco
nomic efficiency. Privatization also means:

the organization of aquaculture ac
tivity to be developed with all the exist
ing private operators: feed producers, en
trepreneurs, farmers, fishers, etc.;

the creation of a suitable economic
environment for the development of all op
erators involved in aquaculture operations;

the disengagement of the State from
undertakings that have proven profitable
so it can fully act as a driving force and
catalyst for this new activity by engaging
in training and research; and

to stimulate a rural fish culture dy
namics which, for the State, constitutes a
development with great potentialities. For
this, only units of aquaculture production
which can really be integrated in their farming
systems should be proposed to the farm
ers.

All these elements, added to the already
existing positive elements, constitute ba
sic conditions to meet in order to finally
ensure a flourishing African aquaculture.
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Abstract

The growth of Sarotherodon galilaeus and Oreochromis niloticus, dominant species in small
reservoirs in Burkina Faso, was estimated by scale reading and length-frequency analysis. The use
of the growth index ~. = log(K)+2.log(LJ developed by Pauly and Munro (1984) shows that the
growth potential of both species is similar and that their growth is inferior to that recorded in
other larger waterbodies in Africa.

The ecological significance of these results is analyzed and discussed.

Introduction

Burkina Faso has approximately 350
artificial lakes ranging from 10 to 1.500
ha in area, all characterized by high area
variations between the high and low
water level cycles. Created essentially
for water supply purposes from the
1940s onwards, these lakes have been,

'Current address: 5, rue Saint Urbain, 6851
Nollevaux. Belgium.

for the past 15 years, used for fish farm
ing, an activity that is now being ra
tionalized by the project "Valorisation
du potentiel halieutique au Burkina Faso."
These reservoirs are populated by several
natural species. including Oreochromis
niloticus and Sarotherodon galilaeus. The
attention of the project leaders was
rapidly drawn to the small maximal sizes
observed in these populations of tilapia,
which prompted the undertaking of the
present work. with the following ob
jectives:
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where:
Lt is the length at age t;
L

oo
is the asymptotic length reached

at an infinite age;
K is the growth factor measuring the

speed at which the curve approaches
its asymptote; and

to is the x-axis of the point of origin
with the age axis for which Lt=O.

The adjustment was made using the
method developed by GaschGtz et al.
(1980) summarized by Pauly (1982).
Lengths are total lengths in centimeters.

The linear growth comparison between
several populations of fish cannot be
made by using only K or L,,: both pa
rameters must be considered simulta
neously. Pauly (1979) and Pauly and
Munro (1984) have developed an in
dex which takes these two parameters
into account. This index is now com
monly used and is expressed as follows:

- to assess the growth and longevity
of these populations; and

- to compare the results with similar
information from other parts of Africa.

Materials and Methods

This study was conducted in the lakes
listed in Table 1. These reservoirs were
chosen because they are easily acces
sible and are representative of the en
tire range of waterbodies in Burkina Faso.

Fish growth was determined by count
ing the annuli on the scales using tra
ditional techniques (Merona et al. 1988)
or by analyzing the length-frequency his
tograms using the method developed
by Pauly and David (1981). The sam
ples used came from experimental fish
eries using beach seine during the low
water level cycle.

The age-length relationship was
determined by adjustments to the equation
developed by von Bertalanffy (1957):

~'= log(K)+2.log(LJ ••• 2)

... t)

which was actually used for the time
first in tilapia research by Moreau et al.

Table 1. General characteristics of the artificial lakes included in the study.

Areas (ha) Temperature (0C) Populations

Lake Year Min Max Min Max (Observations)

Boromo 1978 100 300 18 32 Sarotherodon gafifaeus
(dominant, tree stumps)

Boulmigou 1948 3 45 18 34 Oreochromis nifoticus
(dominant, turbid waters)

Kokolo 2 20 19 35 Idem
Manga 1962 10 90 18 33 5. ga/i/aeus

(dominant, turbid waters)
Ramitenga 1985 3 25 18 35 Idem
Sourou 1985 2,000 10,000 20 32 S. gafifaeus and O.

nifoticus
(found together)

Tanguiga 1984 2 30 19 35 O. niloticus
(dominant, stockings)

Tapoa 1950 300 800 18 30 O. niloticus
(dominant, abounding
aquatic vegetation)
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(t 986) and also used in the present study.
The age-length keys generated by scale

reading and the length-frequency
distributions estimated with the method
of Pauly and David (t 981) are available
from the authors.

Results

Tables 2 and 3 call for the following
remarks:

In Burkina Faso, the mean values of
4>' (2. t 4 and 2. t 5) are the same for both
species. Individual values in both cases
are within the same range (t .90 and
2.32).

The values of 4>' are lower than in other
African environments cited by Moreau
et al. (t 986) (see Table 3). Note that
in the other parts of SubSaharan Africa,
both species show the same growth
performances as in Burkina Faso.

The poor growth of S. galilaeus and
0. niloticus in Burkina Faso can be ex
plained as follows:

The environments in the present study
are relatively poor and are subject to
severe ecological conditions during the
low water level cycles (high turbidity
and lack of dissolved oxygen), particu
larly where the area is limited. Note that
it is in Lakes Taoa and $ourou, the largest
lakes with the largest water volumes,

Table 2. Growth parameters and indices <1>' in Oreochromis niloticus and Sarotherodon
galilaeus from artificial lakes in Burkina Faso. (Source: Baijot et al. 1994.)

Lake L
oo

I< <1>' Methodology
(r;:m; LT) (year-')

O. niloticus
Sourou 22 0.7 2.53 LFN (ELEFAN I)
Tapoa 36 0.39 2.32 LFA (ELEFAN I)

Ramitenga 18.22 0.58 2.28 Scale measurement
Boromo 21.3 0.522 2.37 Scale measurement
Tanguiga 17.6 0.462 2.16 Scale measurement
Boulmigou 23.7 0.286 2.21 Scale measurement
I<okolo 23.3 0.196 2.03 Scale measurement

2.33
S. galilaeus
Sourou 30 0.36 2.51 LFA (ELEFAN I)
Tapoa 30 0.38 2.53 LFA (ELEFAN I)
Ramitenga 17.36 0.448 2.13 Scale measurement
Boromo 36.2 0.222 2.46 Scale measurement
Tanguiga 17.8 0.52 2.22 Scale measurement
Manga 20.0 0.21 1.92 Scale measurement

2.30

aLFA: length-frequency analysis.

Table 3. Comparison of growth performance of Oreochomis niloticus and Sarotherodon
galilaeus in Burkina Faso and other parts of Africa.

Species Burkina Faso Africa
<1>' min <1>' mean <1>' max <1>' min <1>' mean <1>' max

O. niloticus 2.03 2.33 2.7 2.41 2.65 3.11
S. galilaeus 1.92 2.3 2.53 2.33 2.65 3.04



that growth is optimal. Two explana
tions, not mutually exclusive, can be
offered:

- these populations, genetically iso
lated for several years and confined in
smaller waterbodies, suffer from a de
generation due to inbreeding which could
be responsible for certain forms of stunt
ing; and

- the small sizes are due to stress
caused by hostile conditions in the
environment (Pauly. 1979).

These two hypotheses are compat
ible with the small sizes observed at
first maturity (Pauly 1984).

It is impossible here to assess the rela
tive importance of either phenomenon.
It should simply be noted that in riv
ers located in forested areas in the
Sudanian zone in Sierra Leone, where
there are no adjacent flood plains, Payne
and McCarton (1985) have also recorded
very low growths in native tilapias. These
observations support the hypothesis of
ecological problems affecting tilapias
in Burkina Faso.

Discussion

Two methodological points must be
discussed:

1. It relates to the validity of scale
reading, Annuli were clearly seen in most
cases and correspond to one episode
of stunted growth per year, as is the
case in the Sahel region (Merona et al.
1988). However, in some populations,
double annuli comparable to those iden
tified in some populations of Lake Chad
were observed (Merona et al. 1988).
These annuli are most probably due to
the halt in the normal growth occur
ring during the low temperature sea
son (December to February) followed
by an additional growth check related
to the ecological conditions during the
low water level cycle (May and June).
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Tilapias, planktivorous fish, are found
in very turbid waters where photosyn
thesis is practically interrupted and where
food is lacking.

2. Certain values of Leo are high and
are clearly higher than the maximal
length observed in the fishes under study,
This may be due to low longevity. Ex
cept in Lake Tapoa, it is impossible to
find individual fish more than four years
old for which the growth in length slows
down significantly, allowing estimation
of Leo values corresponding to the maxi
mum observed lengths. Massive
mortalities of old fish may be due to
intensive fisheries in the reservoirs.

To conclude, in the reservoirs of
Burkina Faso, the growth of tilapias is
poor compared to other areas of Africa.
The major reason seems to be of eco
logical origin. However, a phenomenon
of genetic stunting cannot be discounted.
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Abstract

With a production of 150 to 200 kg·ha'1. an", capture fisheries in West African coastal lagoons
no longer meet the local demand for fish. This situation is aggravated by the increasing pressures
of urban expansion in the lagoon areas. The Ebrie lagoon in COte d'lvoire is affected by the development
of the city of Abidjan and provides a good example of this expansion. Improved production for
lagoon areas is consequently drawing increasing interest. The adoption of acadja-enclos and pen
production systems in the Ivorian lagoons reflect this development. Pen culture is essentially based
on the intensive culture of catfish and requires private investment, but acadja-enclos systems are
extensive, village-based farming systems. The problems of competition (for space and resources)
between the acadja-enclos culture system and capture fisheries are discussed, as well as the introduction
of acadja-enclos into villages and their economic efficiency.

Introduction

The integration of a new production
system always affects an entire farm
ing system. This article investigates and
discusses the prospects of acadja de
velopment in Cote d'lvoire, based on
the acadja systems of Benin. Although
there are differences in terms of envi
ronment and technical adaptation
between the lagoons of Benin and Cote
d'lvoire, competition with capture fish
eries and the appropriation aquatic
space are problems common to both

'Current address: ORSTOM, Kemang Indah Kav L2,
JI. Kemang Selatan 1/2, Jakarta 12730, Indonesia.
·Current address: ORSTOM, BP5045, 34042 Montpellier
Cedex 1, France.

(Durand and Verdeaux 1991; Verdeaux
1994).

Towards Aquaculture Systems

Natural living aquatic resources are
potentially renewable resources. Their
quantity and rate of renewal depend on
the efficiency of the successive transfor
mations within the various food webs,
leading to final production, and upon
their level of exploitation, this process
implies that resources are variable.
Resource variability is affected by intrinsic
factors (competition among species and
success in the reproduction) and climate
fluctuations. This combination of factors
introduces various degrees of variability,
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both in seasonal and interannual terms.

Final production also fluctuates and so

do the catches, as they are based on a

complex resource management system.
The lagoons in the northern parts of the

Gulf of Guinea are among the world's most
productive environments, yielding annu
ally t 50-200 kg-ha- 1 under optimum con
ditions. However, demand for animal protein
and the difficulty of controlling fisheries op
erations have generally resulted in excessive
pressures on the stocks and in frequent con
flicts between fisheries operators. This sug
gests the development ofaquaculture which
theoretically should free the fishing
communities from natural conditions or, at
least, minimize their effects while providing
additional yields.

Although an extreme enthusiasm for
aquaculture has resulted in many frus
trations, this analysis concerning Africa
is made within the framework of this
symposium (see especially Lazard et
al. t 990; Lazard, this vol.) and our in
tention is not to deny all development
prospects. On the contrary, we encour
age the adaptation of techniques to
develop extensive aquaculture in la
goon environments. It is clear that any
new project must take into account
the analysis of previous failures, the major
causes of which are:

• the lack of basic knowledge;
• the absence of a long-term reflec

tion;
• the weakness of the economic

analyses; and
• the underestimation of sociocultural

aspects.
Finally, it may be useful to specify the

type of aquaculture that concerns us
here. The principle of farming is clearly
understood in highly productive, con
trolled systems, but this may not be the
case for extensive farming which de
pends on the natural environment. The
following general definition can be sug
gested: one can speak of aquaculture when

the controlled modifications of the natural

conditions generate an increase in

productivity. Such a definition applies to
the "acadja" farming system.

Acadjas and Pens

Acadjas and pens have in common
that they are part of natural environ
ments, on shallow, soft bottoms. The
pen system is not a native concept; it
evolved from Southeast Asian traditions
(Hem t982). Implanted on shallows or
along banks, pens are made of com
mercial, small mesh nets (t 4 mm)
stretched on poles that are imbedded
in sediments. The pens can be used
alone, as for example in the semi
intensive farming of catfish (Hetero
branchus longifilis and Chrysichthys
nigrodigitatus: Hem et al. t 994) or in
combination with the acadja system
(Hem and Avit, this vol.).

According to Pliya (t 980), the term
"acadja" is of Goun (Oueme) origin.
Acadja construction can vary, but the
principle consists in imbedding branches
in t - t.5 m-deep soft bottoms. The type
of acadja is determined by the nature,
density and coverage of the branches.
Although this system can be found in
many regions of the world (Kapetsky
t 98 t), it is in Benin that it has known its
greatest development: 245 ha in Lake
Aheme in t969 (Pliya t 980). The acadja,
a unique form of "artificial reef," pro
vides a refuge against predation, can
playa role in the reproduction of some
species and is particularly useful in food
production. Dead branches promote
natural productivity in providing
opportunities for the rapid, spontaneous
growth of periphyton ahd associated
fauna for grazers such as the Cichlidae.

For the past 30 years, scientists and
developers have been increasingly
interested in the use of acadjas in the
lakes and coastal lagoons of Benin (Buffe



1958; Pelissier 1963; CTFT 1965; Hurault
1965; FAO/UNDP 1971; Bourgoignie 1972).
Particular attention should be given to
Welcomme (1971, 1972) who attempted
a fisheries approach to farming and to Pliya
(1980) for his comprehensive description
of fish farming in the waters of southwest
ern Benin and of the acadja crisis.

The socioeconomic origins of the conflicts
arising from the use of acadjas must be
emphasized, but their potential impact on
the environment must not be overlooked
(Rabier et aI. 1979; Tixier et al. 1979).
Increased silting in the lagoons as a result
of erosion is closely related to:

• the presence of accumulated branches
imbedded in the water that slow down runoffs
and accelerate the sedimentation of ma
terials in suspension; and especially,

• the lack ofvegetative cover in the catch
ment areas which accelerates land erosion.
The use of branches (raw material to con
struct acadjas) has led to the deforestation
of surrounding areas.

The rapid decay of the branches also plays
an important role (70% have to be replaced
annually, representing some 30 t·ha- 1

[Welcomme 1972]). This is a source oforganic
matter which can pollute the environment.

Natural Environments
and Farming Systems

"Fisheries require at least three
elements to exist: fishing operations,
fish and traders. Each of these
elements influences the two others ...
either directly or indirectly" (Quensiere
1990). In a given environment, the
management of living aquatic resour
ces through fisheries therefore consti
tutes a system. The modification of
any element of a system can have
an effect on the whole. Any new sys
tem of production has therefore,
directly or indirectly, important reper
cussions because it implies modifi
cations in the sharing of and/or access
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to the resources. Generally, what is at play
is the "combination of forces and social
interests ... which define the rules and
practices for the use of such environment"
(Verdeaux 1986).

In environments with high productivity,
old fisheries traditions and high demand,
such as in West Africa, as well as the
lack of consideration of the potential
effect of a new production system of
ten result in conflicts as can be shown
in several coastal environments in the
Gulf of Guinea (Durand and Verdeaux
1991).

Along the Ebrie lagoon (Verdeaux
1981, 1986), the use by some villag
ers of a small beach seine designed for
particular species has led to conflict
ing interpretations as to the fishing
grounds where it can be used. Villag
ers using passive gears refused to use
seines on thei r tradi tional fishing
grounds. The ensuing inter-community
conflicts forced the administration to
intercede by asking the villages con
cerned to set territorial limits within
which each village would be free to use
the techniques of its choice. The old
system, which consisted in seasonally
alternating techniques in the entire la
goon area, was now split in as many
subsystems as there were villages.

The major crisis which occurred some
10 years ago should be recalled. First ac
cepted and restricted to some lagoon
areas, beach seines had such impact
on the resources that they were totally
banned under the pressure of local fishers
(Ecoutin et al. 1994).

In Lake Aherne (Pliya 1980), the acadjas
introduced by the fisheries administration
were not only very much appreciated by
some of the riverine populations, but also
by outside entrepreneurs who were attracted
by the high returns guaranteed by this pro
duction system. Other fishers opposed this
technique objecting that multiplying the
acadjas reduced the availability of fish in
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open waters. The impossibility for both the
local and central authorities to stop this
phenomenon and to solve the conflicts

caused by the acadjas compelled the State

to have. the branches removed by force and

to ban their use indefinitely. allowing only
the use of traditional fishing techniques.
A similar process led to the same restric
tions in Lake Togo in 1975 (Weigel et al.
1989).

In the Abi lagoon (Charles-Dominique
1988; Verdeaux 1989), purse seines were
introduced by the fisheries administra
tion, a development bank and an or
ganization for rural support, in a con
text of competition between two so
cial groups: the owners of beach seines,
on the one hand, and the direct pro
ducers brought together around the
"unionized" net, on the other. The lat
ter group, in the process of being
marginalized, took the opportunity of
the funding programs offered to them
to acquire these units which were more
efficient than their old nets. The number
of these units grew rapidly; production
was over 10,000 tons in 1979-1980 but
dropped to less than 1,000 tons the
following year, forcing the authorities
to order the temporary suspension of
the fishing activities.

All innovations, each according to
a particular combination, are a new
challenge in terms of access to the
environment.

It is with these examples in mind that
the prospects of integration of the
acadja system in the Ivorian lagoons
should be considered. The proposed
innovation will certainly have an im
pact on the farming system and, in order
to succeed, it must be accepted by
the fishers and villagers. Problems can
be analyzed in terms of potential com
petition for resources, on the one hand,
and for space, on the other.

Competition For Resources

If the installation of pens in shallow la

goons poses the problem of space appro

priation, in contrast, its effects on the re

sources are marginal. These are limited to
the passing of the fly (predominantly cichlids)
through the nets (14 mm). The resulting
stock modification does not constitute so
much of a problem in itself, but traditional
aquaculture may suffer from the prolifera
tion of fish in the acadjas and, consequently,
from stunted growth or from the presence
of undesirable species.

The implantation of traditional acadjas
must be considered from different angles
since the function of this production sys
tem varies according to its age. Three pe
riods can be distinguished:

At first, the acadja plays a role of refiJge,
and, at this stage the young acadja functions
as a simple trap which competes with other
artisanal gears in open waters. The initial
stock in the acadja is equal to a biomass
produced in the lagoon open waters. Note
here that the stock in the acadja is dominated
by usually one or a few particular species.
In mixohaline areas close to Abidjan,
Lutjanusgoreensis is the dominant species
(Hem and Avit 1991; A. Bert, pers. comm.);
in oligohaline waters, Sarotherodon
meJanotheron is dominant with 70-90% of
the biomass. The same phenomenon has
been observed in Ebrie lagoon (Hem and
Avit 1991) and in Lake Nokoue (Welcomme
1972).

• Later, the acadja plays the role of
an "artificial reef" where branches con
tribute to the development of algae,
protists and zooplankton on which the
fish feed. The entire system benefits from
this considerable increase of natural
productivity.

• Finally, reproduction and growth con
tribute to the development of a balanced
biomass in relation to the volume of water



and its trophic potential. Under these con

ditions, the acadja may even contribute to
the export of resources to open waters.

Regarding competition between acadjas
and other artisanal fisheries, the following
must be clarified:

• the stocks in the acadjas are clearly
different from those found in open
waters; therefore, competition, if it
occurs, will concern only the species
that can colonize the acadja; and

• for these species, competition de
pends on the use of the acadja. If the
acadja serves as a trap that is harvested
frequently (every two to three months,
for example), the fish trapped inside
could have been caught by other tra
ditional techniques. In contrast, if the
acadja is harvested less frequently, pro
duction (reproduction and growth) wins
out, and the catches do not depend
on the external stocks.

Provided that harvesting is sufficiently
spread out in time, acadjas can gen
erate additional productivity and do
not at all obstruct access to resources
by other artisanal fisheries. In fact, the
yields of other fisberies are even likely
to increase due to the export of part
of this new production from the acadjas.
Note also that the yields from the
acadjas are much higher than those
from open water fisheries. Based on
branch densities, acadja size and pro
duction cycles, Welcomme (1972) re
ported yields of 2-9 t· ha-t·year- t • In Lake
Aheme, the 35 hectares of acadjas
gave, in 1969, mean yields of 5-6
t· ha- t ·year- t .

However, while overall acadja pro
duction increased without detriment
to traditional fishers, conflicts developed
very rapidly because of the poor or
ganization of the acadja implantation: "the
lack of a sound management system, of a
rigorous administrative organization and of
sufficient understanding of the sociologi
cal environment would contribute to the
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failure of the otherwise technically sound
acadja system... " (Pliya 1980).

Space Appropriation

Permanent Appropriation

Acadja and pen production systems
monopolize entire areas permanently,
discouraging any other activity. To this
problem of space control is added the
problem of fishing limits imposed in the
proximity of acadjas. As the grounds
that are suitable for the implantation
of acadjas are unevenly distributed,
a concentration of fishing activities in
these areas is likely to occur, particu
larly as these grounds can be accessed
freely. Lake Aheme provides a good
example of this situation: at the end
of the experiment, entire areas were
off-limits for other fishing activities. Per
manent appropriation of space can
only lead to conflicts if such practice
is not governed by principles agreed
upon by all and respected. In Benin,
the theoretical, complementary exist
ence of fisheries and extensive aqua
culture finally turned out to be a source
of conflicts mainly because of the trans
formation of the lake into a pioneer
front, conquering and confiscating the
environment (space and resources) for
the benefit of a socially heterogene
ous fishing population that eluded con
trol. The misuse of the acadja as a simple
fish trap is another manifestation of this
problem: if the traditional authorities
cannot channel and limit the spatial
expansion of this phenomenon, neither
will the fisheries administration be able
to enforce the resources management
regulations it has established. In general,
the permanent appropriation ofaquatic space
to accommodate such an exclusive tech
nique constitutes a bias against the most
common fisheries activities. The justifications
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offered and the precautions taken, in the

context of this traditional (or more recent)

production systems, show the extent to

which these forms of environment may have
negative social impacts. They should there
fore be closely controlled.

Strategic Spaces

The type of space used for aqua
culture, Le., the shallows, may, like the
Ivorian lagoons, fulfill an important sym
bolic function (Verdeaux 1981, 1986).
Even if, at first, these spaces appear
not to be utilized, they are collectively
appropriated for the establishment of
"fixed fishing gears," the constructions
which consolidate the entire system of
social relationships. The proximity of shal
lows has always encouraged the es
tablishment of traditional community
settlements. Each given a name, the
shallows are included in the commu
nity's aquatic territories and are only
accessible to mobile fishing gears.

The reintroduction of permanent
appropriation of these spaces for
aquaculture is not without creating
conflicts. It is indeed difficult to accept
that outside entrepreneurs should be
given these grounds without the pre
liminary agreement of the family and
village authorities. The above, concerning
the village territorial waters in the Ebrie
lagoon, which includes fishing grounds
(and shallows) formerly managed by
villages, limits at least the risks of dispute
to each of these villages. This being said,
the villagers should not be made to suffer
from such arrangements; they should,
on the contrary, benefit from them. If
research efforts do not focus on the role
that these new techniques can play within
the local social systems (and the situ
ation can change from one village to
the next), projects for the extension of
fish farming techniques may well face
unmanageable conflicts.

From Appropriation to Privatization

Ultimately, the implantation ofaquaculture

systems in the natural environment transforms
the status of the spaces thus used. By being
treated almost as are agricultural lands, these
grounds acquire commercial value and en
courage privatization. If fish farming produces
"n" tons of fish in one hectare of lagoon area,
the value of this hectare can be established
since the productivity and the profitability
of this area depend only on the fish farmer's
management system and no longer on the
overall intensity of the fisheries as in cap
ture fisheries.

However, in terms of gross margins, one
hectare covered with pens is equivalent
to several tens of hectares of palm trees
(Lirola 1986). This comparison is also valid
for acadjas. Regardless of the particular
use of the environment, these techniques
may create social problems with unex
pected consequences. In the context
of agricultural land saturation, for
example, these farming techniques may
be a palliative to the lack of land and
lead to the appearance of unexpected
claimants for tenure of lagoon areas.

Discussion

In view of the difficulties encountered
in Benin and the analysis of the causes of
the conflicts, the prospects of exporting
the acadja technique to other African con
texts appear at first to be bound to fail.
This is not necessarily the case, however,
if the specific characteristics of the Beninese
and Ivorian coastal environments are taken
into account.

Concerning the effects on the environ
ment in Benin, several major inconveniences
have been pointed out, including
deforestation, rapid silting and organic pol
lution. None of these problems should af
fect the Ivorian environment. The
hydroclimatic conditions contribute to the



growth of a thick, lush ground cover (annual
rainfall = about 2,000 mm on the coast)
and the use of wood would not lead to in
creased erosion and sedimentation in the
lagoons. In addition, wood could be
substituted with bamboo which presents
several advantages (Hem and Avit 1991)
and especially releases less organic mat
ter. It should also be noted that Ivorian
lagoons are much larger and deeper
(average of 5 m in the Ebrie Lagoon). As
suming the shallows and coastal zones to
be covered with acadjas in the western
oligohaline areas which are the only truly
suitable areas would still only represent 1
2% of the total surface area. Competition
for resources with the artisanal fisheries does
not constitute a rational objection either:
due to the specific composition of the catches,
acadjas do not significantly affect the other
forms of fishing activities. Moreover, the
use of this technique increases total
production. Still, the permanent and vis
ible appropriation of part of the lagoon
territory may be resented by the fishers who
would be excluded from the acadja pro
duction system. Finally, the full-scale analysis
of the technical feasibility and economic
efficiency of the acadja-enclos production
system in various hypothetical instances of
implementation show very encouraging
results (Hem and Avit 1991).

It is therefore at the sociocultural level
that the major knowledge gaps are to
be found. Assuming that aquaculture
takes an important place in the lagoon, the
two potentially most destabilizing effects
would be a change in the challenges and
stakes involved, on the one hand, and the
transfer of the management of resources
to new categories of participants, on the
other. The social role that these methods
occupy in production systems is in fact the
main issue. The potentially ensuing divide
between fishers and aquaculturists would
imply the formation of two unequal social
groups. This situation would be similar to
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that which prevailed in the lvorian lagoon
capture fisheries. The opposition between
direct producers and seine owners has
resulted either in conflicts or in increased
activities and overfishing. In contrast, the
long-term appropriation of space and the
returns guaranteed by pen and acadja farming
techniques form a system that is similar to
that found in plantations. The latter, an
extensive production system, reaches land
saturation in these areas. In this context,
the acadjas could be an extension or timely
substitute to the plantation crops, as world
commodity market prices are declining.
However, at this point, it is still not clear
whether an important contribution ofcultured
fish in the domestic market would affect
production costs.

Conclusion

The conception ofa new production system
in the lvorian lagoons is the fruit of com
parative and multidisciplinary approaches
on the environment, resources and socie
ties. It takes into account the lessons learnt
from the many failures ofaquaculture projects
and the conflicts related to the manage
ment of aquatic resources. It finally draws
on a particular farming concept which is
extensive-oriented and favors minimized
inputs, hence encouraging the use of na
tive species and an implantation in the natural
environment. These considerations have led
us to suggest the following recommenda
tions:

• biological and economic "monitoring"
of the performance of the acadjas and im
plementation of the necessary adaptations
(combination with pens or not, forms and
size of acadjas, materials, etc.);

• anthropo-historical analyses of the
changing relationship between societies and
the environment: representation and ap
propriation of space, role of the fisheries
in the farming systems, etc.; and
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ecological mapping of the physically
suitable sites with a description of their
potential use and users.

Regardless of the choice of aquaculture

production systems and beyond the im

mediate satisfaction of the needs of the
local populations, the impact of cultured
fish on the market is yet to be assessed:
consumers' attitude, prices and marketing
potential.

Important research and development
efforts will be necessary for the sustain
able integration of this new production
system. We believe that the adaptation of
the acadja technique can constitute a new,
appropriate activity in the lagoon context
which, combined with traditional fisher
ies, will improve the management of spe
cies and contribute to better control and
increased production.
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Abstract

To solve the immediate problems of inadequate seed supply and stunted growth of tilapias in ponds due
to reproduction, low-cost technologies for seed production and control of reproduction were developed by
Philippine government institutions in the 1970s and were commercialized by the private sector. With the
many similarities in the geographic, economic and cultural conditions obtaining in Southeast Asia and
Africa, the appropriate technologies developed in the Philippines for tilapia seed production and population
control might be adapted for application in Africa. Methods for fry production and sex reversal of Nile
tilapia (Oreochromis niloticus) appropriate for small-scale farms are presented and their possible applications
in Africa discussed.

Introduction

Culture of tilapia was reported in Kenya,
Africa, in 1924 by Balarin and Hatton (1979).
Due to development constraints such as
the shortage of qualified personnel for ex
tension and lack of fisheries organizations,
tilapia farming in Africa has remained largely
at the subsistence level, with the excep
tion of a few commercial farms in some
countries. Aquaculture production in Af
rica was estimated to be 45,000 tin 1988
mainly from freshwater pond culture of tilapia
(Balarin 1988),

There are many similarities in the geo
graphic, climatic and economic conditions
in Southeast Asia, where tilapia culture is
of importance (such as the Philippines, Ta
ble 1), and African countries. The majority
of freshwater fish farms in Southeast Asia
and Africa are operated by small-scale farmers
with less than 2.5 ha of land. Fish farming
is also closely related to or integrated with

agriculture in both regions. The Nile tilapia
(Oreochromis niloticus) is the most important
cultured freshwater fish in the Philippines
(Guerrero 1987) and in Africa (Balarin and
Hatton 1979).

This paper discusses some Philippine
technologies for til apia farming of relevance
to Africa, with emphasis on freshwater pond
culture. It is hoped that the Philippine ex
perience will be of benefit in promoting
further development of tilapia culture in
Africa.

Philippine Tllapla Farming
Technologies Relevant to Africa

Like many other countries farming or
seeking to farm tilapia, the Philippines has
had to overcome two major constraints:
shortages of fish seed and the problem of
stunted growth in pond-cultured tilapias.
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Table 1. Production distribution of tilapia cultured in the Philippines in 1991 (Source:
BFAR 1992).

Production
Culture system (t) % of total

Freshwater ponds 37.358 49
Brackishwater ponds 14.072 18
Fish cages (inland waters) 21.048 28
Fishpens (in lakes) 4,092 5

Total 76.046 100

Low-cost technologies for the mass pro
duction of Nile tilapia fry and fingerlings
were developed by Philippine government
institutions in the latter half of the 1970s.
Freshwater ponds and hapas-in-ponds for
fingerling production were extensively
adopted for commercialization by the pri
vate sector in the 1980s (Eseaver et al. 1987).
The poor growth of tilapias in ponds and
their prolific breeding were also the sub
ject of in-depth studies by government
researchers in the 1970s. The sex reversal
technique for the production of 95-98% male
tilapia fry was found to be the most prac
tical and economical method for increas
ing yields of harvest-size tilapia (Guerrero
1979).

Seed Production Techniques

There are at present thousands of fresh
water tilapia hatcheries being operated in
the Philippines by the private sector. Most
of the hatcheries are small-scale, land-based
operations with areas of 0.1 to 0.5 ha. The
two most common methods of producing
tilapia seed (fry and fingerlings) in the country
are the use ofopen earthen ponds and hapas
in-ponds.

Open Earthen Ponds

Manually constructed earthen ponds with
sizes ranging from 200 to 400 m Z are used
in suitable areas with clay soil and abun
dantwater supply (e.g., irrigated riceland).

The ponds are rectangular and 0.5 to 1 m
deep.

Breeding ponds are fertilized with chicken
manure at the rate of 250 kg·ha-1. week- 1

and stocked with up to 4 breeders·m-z. The
breeders weigh 50 to 100 g each and have
a sex ratio of one male to three females.
At stocking density of 4'm-z, fine rice bran
is given to the fish as supplemental feed
at 5% of biomass per day.

Two weeks after stocking of the breed
ers, schooling fry are scooped daily in the
morning and transferred to net enclosures
(hapas) for holding or rearing prior to stock
ing in nursery ponds. The fry are stocked
at densities of 200 to 400'm-z in nursery
ponds which are fertilized with chicken
manure. Feeding of fine rice bran at 10%
of biomass is applied. Fingerlings are har
vested from the nursery ponds after about
four weeks of rearing by seining and draining
the ponds. Survival is usually 60-80%.

This method of tilapia seed production
in small ponds, often constructed in ricelands,
is directly applicable in African countries
with similar land and water resources.

Hapa-in-Pond Seed Production

Fine-mesh hapas (net cages) provide a
simple yet very efficient method for pro
ducing tilapia seed. Hapas were first used
in India for the breeding of carps and their
application for tilapia production was first
reported in the Philippines (Guerrero 1977).
For breeding Nile tilapia, hapas of 1.5x1x
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t m, 3x3xl m and t lx4xl.5 m have been

used for commercial tilapia seed produc

tion. The hapas are constructed by sewing

portions of the fine-mesh netting by ma
chine, using nylon thread. The hapas are
installed in earthen ponds or shallow lakes
by hitching them to bamboo poles or wood
en stakes driven into the bottom. At least
0.25 m of the top side of the hapa (if cov
ered) is above the waterline. For uncov
ered hapas, a freeboard of 0.5 m is neces
sary to prevent the escape of fish.

The stocking density of breeders usually
applied in cages is 4'm-z with a sex ratio
of one male to three females. The breed
ers range in size from 60 to 80 g at stock
ing. A feed consisting of 75% of fine rice
bran and l5% fish meal is given at 3% of
biomass in two feedings (once in the morn
ing and once in the afternoon) per day. The
breeding cycle in cages usually lasts for four
weeks, as in ponds. Breeders are segregated
by sex after each cycle and conditioned for
at least a week between cycles. They are
replaced when they reach 250 to 350 g.

The collection of fry from hapas is facili
tated by the installation of footwalks made
of wooden planks or bamboo. Fry and
fingerlings are collected by using dip nets
or by lifting up the cages and scooping the
fish out. Daily collection of fry 10 to 12
days after stocking of breeders yields more
fry than periodic harvesting (i.e., every 15
days) because of the higher incidence of
cannibalism with the latter operation.

From the breeding hapas, fry are trans
ferred to nursery cages, stocked at
1,000'm-z for the first week of rearing and
fed a high-protein feed (35% crude protein)
at 15 to 20% of biomass in four feedings
per day at 2-hour intervals. In the second
week, their density is reduced to 500'm-z

and feeding rates are 12-15% biomass; in
the third week, the density is 250'm-z and
feeding remains at 10-12%.

To reduce mortality due to poor water
quality, regular cleaning and/or replacement
of the hapas is done. Grading of the

fingerlings is necessary to minimize can

nibalism and ensure uniform growth.

The use of hapas for fry production may

be a problem in Africa with the unavail
ability of the fine-mesh polyethylene net
ting required for hapa construction. Old
mosquito nets may serve the purpose as
long as nylon instead of cotton thread is
used for stitching the material for durabil
ity. Of late, experimental work on the use
of hapas for the breeding and rearing of
tilapia was introduced in Malawi, Africa by
the International Center for Living Aquatic
Resources Management (R.S.V. Pullin, pers.
comm.).

Sex reversal Technology

To solve the problem of stunted growth
of tilapia and of their prolific reproduction
in ponds, various techniques including use
of predators, hybridization, manual sexing
and sex reversal have been tested in the
Philippines. Of these techniques, the sex
reversal method was found to be the most
feasible for commercial application (Guerrero
and Guerrero 1988). Production of sex re
versed tilapia fingerlings is now being done
by at least four commercial fish farms in
the country.

The simplest way of applying the sex
reversal technique for producing as much
as 99% male Nile tilapia fingerlings is through
giving feed containing 30 mg' kg-I diet of
17cx-methyltestosterone (hormone feed) to
sexually undifferentiated fry in hapas for
three weeks. The treatment process is easily
incorporated in the fry rearing stage using
available facilities. The cost of applying the
sex reversal technique is low and afford
able, even by poor small-scale fish farmers.

The application of the sex reversal tech
nology in small tilapia farms in the Philip
pines has required many years of develop
ment work. An efficient hatchery system
is needed to produce the right age and
quantity of fry for treatment. Access to the



hormone feed by small-scale farmers was
made possible by the private sector.

Where there is a preference for large
sized tilapia (300 g per fish or more) by
consumers in African countries, some sort
of population control for Nile tilapia in ponds
will be necessary for effective management.
The use of the sex reversal technology may
be considered wherever feasible.
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Abstract

Acadja is a fishing method wideiy practiced in the coastal lagoons of Benin. The principle of this traditional
fishery is to set dense masses of branches in shallow water, which attract wild fish in large numbers. The
yearly production is very high: 7 to 20 t·ha". Exploited within a short time (two to three months), the
acadja system could be considered simply as a fish trap or aggregating device. If harvested after a longer
period (six to 12 months), it may be considered as a culture system (retention, breeding, propagation,
natural feeding and growth). This contribution explores the latter. Two production systems were used: an
acadja-enclos (enclosure with acadja) and an enclosure without acadja used as a control. After 12 months,
a biomass equivalent to 8 t'ha,l was harvested from the acadja, eight times higher than the control system.
Among the 18 species of fish harvested, Sarotherodon melanotheron represented 79% of the biomass.
Analysis of the fish population showed that the young fry had entered through the net at the beginning of
the experiment and grown in the acadja-enclos. There were no differences in condition factor between the
S. melanotheron from the acadja-enclos and from open water. Further experiments have shown that acadja
enclos, which can be considered as "bamboo reefs," are very suitable for fish production in rural Cote
d'Ivoire. The acadja-enclos system appears to increase productivity greatly in lagoon fish culture. The same
principle could be applied in extensive aquaculture or in various aquatic management programs. Further
research is needed to understand the basis of this high productivity.

Introduction

Coastal lagoons are a vast area, rich and
favorable for a potential aquaculture de
velopment in West Africa (Pauly 1976), but
lagoon aquaculture in brackishwater has
started only recently. Plans and projects
have been proposed (Dada 1976), but few

'Current address: ORSTOM, BP 5045, 34032 Montpellier
Cedex 1, France.

actions have taken place. In Cote d'ivoire,
experimental lagoon aquaculture began in
1978, with a catfish species (Chrysichthys
nigrodigitatus) (Hem 1987), but the costs
of feeding these fish is a real budget con
straint (about 50% of the production cost)
and hardly affordable in the rural context.
For this reason, a new aquaculture research
program was set up by the Centre de
recherches oceanologiques (CRO) d'Abid
jan to develop extensive aquaculture systems
for rural conditions. For this, production



methods must be technically simple, with
minimum external input (such as energy
and food pellets, etc.) and using the avail
able local resources and village labor.

Acadja is a traditional fishery system in
Benin (West Africa). Usually implemented
in shallow water of about 1 m depth, an
acadja is a brush park made from wood and
branches. These attract fish. This kind of
fishery is found in many countries (Kapets
ky t 98 0, but it is particularly developed
and well-designed in the lagoons of Benin
(Welcomme 1972). The high productivity
of the acadja system has a dual basis: (1)
attraction and migration of wild fish into
the acadja, (2) reproduction and growth
of fish inside the acadja system (Fig. 1, I).

Harvests of 4 to 20 t'ha-I'year- I have been
recorded from acadjas and their prolific
spread within the lagoons of Benin have
caused serious social conflicts (Pliya 1980):
conflict between the acadja owners and
lagoon fishermen who complain that the
acadja attracts all the fishes from the wild
stock (natural resource competition); and
conflict between acadja operations and
navigation (lagoon space competition).
Hence, acadjas are no longer allowed in
some regions, e.g., lakes Aherne in Benin
and Togo in Togo.

Therefore. our research was designed to
avoid such conflicts and to turn the acadja
into a culture system. Our new fish pro
duction system has been called an "acadja
enclos" (Fig. 1, II). For this, the traditional
acadja is modified by surrounding the dense
ly packed tree as other material with a net.

Materials and Methods

The experiment was made in the Ebrie
Lagoon in brackishwater (0-5 ppt salinity)
at the Layo Aquaculture Research Station.
Three 25x25-m enclosures surrounded by
net no. 210/60 (mesh 14 mm) (knot to knot)
were used to enclose the devices. They were
built on sandy bottom with the same
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technique already used for catfish enclosures
(Hem 1982). At the start, the three enclosures
were cleared of all fishes, using a small mesh
seine net (8 mm) (knot to knot). The first
enclosure was kept empty and used as a
control structure (Fig. 2). The second
enclosure was filled with Sclera sp., a kind
of floating aquatic grass which thrives along
the lagoon border, spread over tOO m I

,

surrounded by bamboo sticks embedded
in the sand (Fig. 2, Section AB). This aquatic
grass is known as one of the natural habi
tats of Sarotherodon melanotheron, the main
species which colonizes acadjas. This ex
periment was designed to investigate other
sources and kinds of substrates rather than
using wood, the depletion of which in the
surrounding area may have undesirable
ecological impact.

The third enclosure was an acadja-enclos:
a brush park, set up like the traditional aca
dja in Benin. One hundred packages of
dry branches were spread over 100 m I , and
also surrounded by embedded bamboo
sticks (Fig. 2, Section CD).

There was no stocking with fingerlings.
The first recruitment began with small wild
fish (1 to 2 g body weight) being attracted
into the acadja-enclos through the meshes
(net no. 2 to/60, meshes 14 mm). Once
inside the acadja system, they feed and grow
larger so that they are trapped within the
acadja-enclos.

The three systems were left for 12 months
without any intervention, except to inspect
the nets every three weeks. After this, the
three structures were harvested and the total
length and body weight of every fish col
lected were recorded.

Results and Discussion

The total production of each device is
presented in Table 1: 1 t .7 kg and 18.2 kg
were respectively collected from the con
trol enclosure and the acadja-enclos with
aquatic grass. On the other hand, 80.5 kg
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(I)

Traditional acadja (1): An open system

• : Acadja (brushpark)

XO : Reproduction and biomass increase within the acadja

: Migration of wild fish (all sizes and ages) into the acadja
(one of the main causes of conflict between fishers and
acadja owners)

Acadja-enclos (II): Semi-closed system
'\

\ : Acadja delimitation by a net screen

N : Net characteristics: 210/60, mesh size 14 mm

~ : Selective migration allows only small-sized fish to pass
through the 14-mm mesh (knot to knot)

XO : Reproduction and biomass increase within the acadja

endos (main source of productivity of the acadja-enclos)

Fig. 1. Diagram of traditional acadja (I) and acadja-enclos (II).

were recorded from the acadja-enclos with
a brush parle Thus, it is clear that acadja
enclos produced about seven times more
than the control enclosure.

The acadja-enclos was strongly colonized
by S. melanotheron (79% of the biomass).
The acadja device appears to be well-adapted
to S. melanotheron behavior, enhancing their
colonization and population development.
The other species listed in Table 1 had lit
tle or no influence on the biomass in the
acadja-enclos. However, the presence of
other catfish, Heterobranchus longifilis, a
very fast growing species and predator of

S. melanotheron and other species could
lower the biomass.

The high percentage of S. melanotheron
in the biomass requires a more detailed
analysis. As young S. melanotheron entered
the acadja-enclos through the mesh net, it
was noticed that their growth corresponded
probably to about the age of one year with
a 21 O-g average body weight for females
and 160 g for males.

Comparing the condition factor index,
there were no differences between the S.
melanotheron in the acadja-enclos and those
growing in the open waters.
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Fig. Z. Experimental design of an acadja-enclos used as a culture system. Device
surrounded by net no. Z 10/60, mesh 14 mm. Section AB: acadja-enclos made
from aquatic grasses; and Section CD: acadja-enclos made from brush park.

Acadja-enclos with brush parle After this
first experimentation. the replications of the
acadja-enclos were performed with larger
surfaces (200, 400 and 2,500 m l

). The har
vests from two 200-ml acadja-enclos were
109.1 kg and t 95.9 kg (equivalent, respec
tively, in yield per hectare: 5.4 t and 9.8
t·ha·t.year·l). Only 131.9 kg (equivalent in
yield per hectare: 3.3 t·ha·t.year·l) was re
corded from the 400-mz acadja-enclos.
Harvests of241.1, 358.8. 337.1. and 877.5
kg were recorded from four larger acadja
enclos (2,500 mZ). By extrapolating the da
ta to yield per hectare, an average of 1.8
t·ha·1.year·l was recorded (Hem and Avit

1991). There was no proportional relationship
between the size of acadja-enclos and their
respective yields: curiously, yields became
lower with the larger sizes of acadja-enclos.
These results show that large acadja-enclos
units (over 500 m Z per unit) give appar
ently lower yielding profit than small ones.
But the main problem related to acadja
enclos using brush park is more of its en
vironmental rather than economic impact.

The building of larger acadja-enclos,
however, can lead to ecological and so
dal problems. The quantity of wood and
branches, required for a 2,500-mz acadja
enclos is 18 to 20 t and the impact ofwood
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Table 1. Biomass (g) of different species harvested from three acadja-enclos; for details, see text.

Species

£lops lacerta
Ethmalosa fimbriata
Hepsetus odoe
Chrysichthys nigrodigita tus
Chrysichthys maurus
Synodontis spp.
Heterobranchus longifilis
Cerres spp.
Hemichromis fasciatus
Tylochromis jentinki jentinki
Tilapia guineensis
Sarotherodon melanotheron
Tilapia mariae
Ctenopoma kingsleyae
£Ieotris senegalensis
Citharichthys stampflii
Synaptura lusitanica
Cynoglossus senegalensis
Penaeus notialis
Macrobrachium spp.
Callinectes spp.

Control

75
22

2,212
176

7,104

240
26

313
1,491

18
7Z

11,749

With
aquatic
grass

16

34

831

2,108

710

3,058
10,437

54
377
134

347
7Z
69
48

18,295

With a
brush
park

51

91
2,936

888
8,311

32
1,514

2.4
762.

63,697
355
464

1,316

7
74

80,522

cutting on the surrounding forest is highly
visible. Moreover, the yearly destruction
of brush parks (60 to 70% in this case), and
accumulation of organic matter in the la
goons, would have undesirable long-term
consequences for the environment. Therefore,
the idea ofmaking acadja-enclos out of brush
parks has been abandoned, in favor of us
ing only bamboo.

Acadja-endos with bamboo. The search
for new substrates for acadja-enclos led us
to try bamboo (Fig. 2). Trials were first made
in small acadja-enclos, followed by re
plications of larger dimensions (800, 1,250
and 2,500 m 2). The density of bamboo
sticks was 10 per m 2

. The results were very
promising. An average of 8.3 t·ha-I.year-l

of biomass has been recorded (see Table
2) showing also the advantage of bamboo
substrates which can last a longer time (five
to six years). No accumulation of organic
matter has been found with acadja-enclos
made with bamboo. Moreover, vertical
bamboo sticks are an ideal substrate for the

proliferation of natural fish feeds; periphyton
and aufwuchs (Plates 1 and 2).

In order to evaluate the total productiv
ity of such acadja-enclos, we harvested by
removing all the bamboos. This was nec
essary for the experiment, but not realis
tic under commercial conditions. Such com
plete harvesting includes the small fishes
which are not marketable and would mean
starting the next cycle with uncertain re
cruitment (Fig. 3). An alternative harvest
ing strategy is shown in Fig. 4.

Further research programs will focus on
appropriate harvesting techniques without
removing the bamboos. The design of a
bamboo acadja-enclos for selective harvest
ing is shown in Fig. 5.

Undoubtedly, acadja-enclos can contribute
to enhancing the productivity of West Af
rican lagoons. Technically simple, using
materials and labor from local sources, acadja
enclos can be considered as using appro
priate technologies for rural aquaculture in
Africa. The present lack of bamboo in some
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Table 2. Results of four trials with acadja-enclos using bamboo.

Item 1988 1989 1990 1991

Surface of acadja-enclos 800 2,500 800 800
using bamboo (m I

)

Biomass harvested after 878.4 1.530 771 518
12 months (kg'year")

Productivity extrapolated 11.0 6.1 9.6 6.5
(t·ha-l.year-')

Plate 1. Close view of the bamboo sticks_

regions should not be considered as a se
rious constraint. The creation of bamboo
plantations could solve this rapidly. Bam
boo, considered in Asia as a serious "wonder
grass," also protects soil against erosion
and can be used for many other purposes.

Plate 2. Tooth marks from fish grazing on the bam
boo.

These few preliminary trials have shown
promising results. However, before appli
cation within the rural context, preliminary
economic and social considerations must
be examined. This is the only way to en
sure a long-term successful development.
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Fig. 4. Fish biomass within an acadja-encJos. using a six
monthly selective harvesting strategy where small-sized and
young fishes are saved. and only fish of commercial size are
exported from the system. Fig. 5. Design for an acadja-encJos to allow selec

tive harvesting. without removing the bamboo.
1. Fish attraction area (by feeding) used also as har-

vesting zone
2. Breeding areas arranged with dry branches
3. Bamboos
4. Size-selective access to open area
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Abstract

Experiments are summarized on the use of firewood ash and agricultural lime. and the diagnosis
of lime requirements in experimental fishponds situated on ferruginous and weathered soils lacking
soluble bases in Southern Malawi. The nutrient status of soils on land available for pond construction
at the National Aquaculture Centre. Zomba, Malawi was determined, based on their %C, %N. P.
K', Na', Mg Z

" Caz, contents and relating these to recommended levels for soil fertility in Malawi.
Lime requirements for existing old ponds were calculated using Boyd's (1979) procedure. Oreochromis
shiranus and Tilapia rendalli (1: 1 polyculture) were stocked (13-18 g) in 200-m z ponds at 1.5
fish·m' z. Triplicate treatments consisted of diammonium phosphate applied at 100 kg·ha·l. month· 1,

maize stover compost at 5% mean fish body weight·day'. One set of ponds was limed at 2.5
t·ha· 1 using a 60:40 ash/agricultural iime mixture and another set was not limed. Total alkalinity,
chlorophyll a, pH, nitrate, nitrite and Secchi disk visibilities were compared among treatments.
Nutrient status of excavated soils at the study site was generally low and soils strongly acidic (pH

= 4.10-4.50). Old ponds had higher soil pH values (5. t 1-6.22) but values were highly variable.
Lime requirements for old ponds ranged from 0 to 3,970 kg·ha". Boyd's (1979) procedure could

not be used for strongly acidic ponds. Total fish production ranged From 276-63 t (unlimed ponds)
to 434-661 kg·ha'l. year" (limed ponds). There were no significant differences (P>0.05) among
treatments except for maize stover compost as the sole input where Fish production was significantly
lower (P<0.05). Ash/lime applications at 2.5 t·ha· 1 failed to maintain alkalinity within the "optimal"
range of 15-20 mg'I" as CaCO,. attributed to seepage and evaporation (10-150 mm'day") and
possible depletion of alkalinity in ponds where diammonium fertilizer was applied.

Introduction

One of the principal reasons why fish
farmers have become disillusioned in Af
rica is poor water quality which ad
versely affected fish yields, In Malaw i,
the benefits of liming tilapia ponds were
demonstrated in the early years of fish culture,

alCLARM Contribution No. 974.

Although the liming processes are well
understood in agriculture (for example,
Adams and Evans 1962), they have only
recently been elucidated in aquaculture (Boyd
1979). There are differences between fish
pond muds and crop soils in the relation
ships between base unsaturation and pH,
Therefore, determination of pond lime re
quirements based on crop soils and their
needs are likely to be erroneous.



In tropical Africa, most calculations of

the lime requirements for fishponds have
followed recommendations by Maar et al.
(1966) and Miller (1975), who utilized the
following scale (t'ha- I

): new ponds - clay
soils (1,680-2,240), sandy soils
(1,120-1,680); old ponds - day soils (1,120),
sandy soils (560-1,120).

Not only is such a scale simplistic, its
use might provide insufficient lime to
effect desired pH changes.

Boyd (1979) derived a simple method
for quantifying lime requirements which
depends on mud pH and that of a
nitrophenol buffered mud solution. The
method assumes that soils with mud pH
of above 5.75 will not need lime. How
ever, the sunfish populations on which
Boyd's recommendations were based are
less dependent on primary production than
are the tilapias. Environmental tolerances
among tilapias are species-specific
(Philippart and Ruwet 1982). In Malawi,
for example, Oreochromis shiranus chi/wae
tolerates a wide range of conditions and
inhabits Lake Chilwa which undergoes
salinity changes ranging from 0.30 to 16.7
ppt (Morgan 1972; Cantrell 1988). Water
quality parameters in fishponds in Malawi,
especially pH and alkalinity, could be
important determinants of fish yields
(Msiska 1988).

Although the value of liming fishponds
in Malawi is recognized, the low purchasing
power of the farmers and uncertainty of
profits from aquaculture mean that a liming
program solely dependent on agricultural
lime is unlikely to be implemented. Re
cent studies by Jamu (1990) focused on
alternative and cheaper forms of neu
tralizing agents such as wood ash from
cooking fires in rural areas. This paper
summarizes liming reports in organically
and inorganicallY- fertilized ponds and the
implications of using general recom
mendations on lime requirements for a
wide range of soil conditions in fishponds.
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Materials and Methods

Determining the lime Requirements
of Fishponds

Soils from ponds with various histories
at the National Aquaculture Centre (NAC),
Zomba, since their construction in 1960,
were sampled at the ponds' deepest and
shallowest points. The samples were dried,
pulverized and passed through a 0.85 mm
sieve. The modified p-nitrophenol buffer
(pH 8.0 + 0.1) procedure (Boyd 1979) was
employed on soil samples of 20 g to esti
mate their lime requirements. Original mud
pH was determined on a 1: 1 mixture of
distilled water and soil. After adding the
nitrophenol buffer, the mixture was shaken
until a stable pH reading was obtained,
usually 20-30 minutes of shaking. A Hach
pH meter (Model 43800-00) was used for
pH measurements.

Samples from adjacent (control) fields
(without ponds) were sent for pH esti
mations and chemical analysis to the
Bvumbwe Agricultural Research Station.
Carbon (%C, HC0

3
-, C0

3
-) and nitro

gen (%N, N0
3
-) fractions, phosphorus,

magnesium, calcium, sodium and po
tassium contents of soils were analyzed
following standard methods (APHA
1989).

Comparing Organically
and Inorganically Fertilized Ponds
With and Without liming

FISH STOCKING AND SAMPLING

Oreochromis shiranus and Ti/apia rendal/i
were stocked in 200-mz ponds as a 1: 1
polyculture, at a total density of 1.5 fish·m-z.

Initial individual stocking weights ranged
from 11.2 to 20.0 g for 0. shiranus and
9.0 to 20.4 g for T renda/Ii. Ten per cent
of the total fish stocked for each species in
each pond were sampled every two weeks
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and their total lengths, standard lengths,
and weights were measured. Specific growth
rates, % mortality, and yield parameters were
calculated.

FERTILIZATION AND LIMING TREATMENTS

Three fertilization treatments were used:
(1) diammonium phosphate (DAP) at 50
kg'ha'l applied in solution every two weeks;
(2) maize stover compost (MSC) prepared
anaerobically (Little and Muir 1987) applied
at 3% estimated fish biomass'day-I; and (3)
DAP+MSC with or without liming [basal
application of a 60:40 combination of ag
ricultural limestone and cooking fire ash
(Jamu 1990) hand-mixed in a plastic con
tainer and broadcast]. These six treatments
were arranged in triplicate ponds in a com
pletely randomized design.

WATER QUALITY

Minimum and maximum temperatures

were measured daily between 0800 and

0900 hours. Dissolved oxygen (DO), pH,
Secchi disk visibility (SOY), total alkalinity
(mg'I- 1 as CaCO), NH

4
• P0

4
• conductivity,

and 48 hours water loss (mm) were deter
mined weekly. Chlorophyll a was determined
every two weeks. All measurements were
done using standard methods and proce
dures (APHA 1989).

STATISTICAL ANALYSES

One-way ANOYA was used to determine
differences between treatments. Duncan's
multiple range test (Zar 1984) was used
to isolate differences between treatment
means.

Results

Lime Requirements and Nutrient Status
ofPond Soils

The nutrient status of unexcavated soils

at the National Aquaculture Centre was very

low: soils were strongly acidic (Table 1).

Table 1. Chemical characteristics of new pond soils at the National Aquaculture Centre.
Domasi. Malawi.

Parameter Mean Rang'e N Nutrient status"

pH 4.23 4.1-4.5 4 strongly acidic

HC0
3
'(meq'I") 1.38 1.05-1.70 4 NA

CO,>' (meq'I") <1.00 <1.00 4 NA

NO; (mg' I") 24 22-27 4 NA

%C 2.6 1.8-8.3 4 medium

%N 0.04 0.03-0.04 4 very low

PO:'-P(~g'l") 1.00 1.00 4 very low

Mgz+(mg'I") 0.03 0.03 4 very low

Ca2+(mg'I") <1.00 <1.00 4 very low

1(+(mg'I") 0.028 0.027 -0.030 4 very low

"Based on threshold values for chemical data used for fertilizer recommendations in Malaw i
(Lupwayi 1990).



Soil pH values for new pond soils were low
(4.1-4.5) compared to those of old ponds
(5.1-6.2, Table 2). Lime requirements for
new pond soils could not be determined
using the lime requirement procedure of
Boyd (1979) because soil pH values were
below the minimum value of4.7 for Boyd's
procedure.

Pond mud pHs were very variable (Ta
ble 2) and this was reflected in the cal
culated lime requirements: zero to 3,970
kg·ha-1

•

25

20
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Effects ofLiming In Organically
and Inorganically Fertilized Ponds

WATER QUALITY

Water quality parameters measured were
within acceptable ranges for O. shiranus
and T. rendallipond culture except for total
alkalinity which remained below 20
mg' 1-1 despite liming (Fig. 1). Total alkalinity
declined in all treatments, especially DAP
lime and DAP-MSC-Iime treatments. Water

5 .1 I I I
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'"E 20

MSC

I I I ! I I 1 I !

MSC - Lime

I 1 I I ,

~ 15
.5
~
C 10
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Fig. 1. Total alkalinity (mg' I" as CaCO) in limed (60:40 ash/lime combination) and unlimed ZOO-m 2 ponds
fertilized with maize stover compost (MSC) at 3% mean body weight'day"and diammonium fertilizer (DAP)
at 50 kg·ha-1.Z weeks· l .
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Table 2. Calculated lime requirements for soils from old ponds with various histories
at the National Aquaculture Centre. Domasi. Malaw i. Samples were taken from the
shallowest point at the pond inlet(s) and the deepest point at pond outlet(s).

Mud pH in
nitrophenol Lime

Pond history buffer requirement
(inputs used) Pond no. Mud pH solution (kg ha")

CM/MB D 6.1 7.9 Nil
S 6.2 7.7 Nil

ClM 13 D 5.6 7.3 880
S 5.6 7.3 880

MB 14 D 5.4 7.2 2,320
55.7 7.3 640

MB 15 D 5.1 7.1 3,970
5 5.2 7.1 3,520

MB/RB 16 D 6.0 7.1 Nil
5 5.8 7.4 Nil

MB/RB 20 D 6.1 7.5 Nil
S 6.1 7.9 390

MB/RB 23 D5.4 7.9 290
S 6.1 8.0 Nil

MB/RB 11 D 5.8 7.8 270
S 6.4 7.9 Nil

D = Deepest part of pond near outlet

S = Shallow part of pond near pond inlet
ClM = Chicken layer mash

CM = Chicken manure
MB = Maize bran
RB ~ Rice bran

loss due to seepage and evaporation was
high in all treatments (10-150 mm·dayl).

FISH PRODUCTION

The lowest extrapolated fish production
(276 kg·ha·l. year·l) was achieved in ponds
where only MSC was applied (Table 3) and
this was significantly different (P<0.05) from
other treatments. Lime applications
significantly (P<0.05) increased extrapolated
fish production to 434 kg·ha'l. year·l. There
were no significant differences among other

treatments. The specific growth rate (SGR)
of 0. shiranus was significantly higher
(P<0.05) in the DAP-compost-Iime treatment.
No significant differences were observed
among the mean weights and SGRs of T.
rendalli after 174 days.

Discussion

There is need to derive calibration curves
and liming tables for the soils in Malawi
that are too acidic for the application of



Table 3. Stocking and harvesting results from liming and fertilization treatments in 200-m' ponds stocked with a 50:50 polyculture
of Oreochromis shiranus (OS) and Tilapia renda/li (TR) after growout for 174 days (DAP = diammonic phosphate; MSC = maize
stover compost; lime is mixed agricultural limestone and wood ash; for further details, see text). Data in rows bearing the same
suffix letter are not siginificantly different (P<0.05).

MSC-L1ME

1,105a

14.7a 15.la 14.4a

21.9a 44.9c 25.8a

1.9a 1.9a 1.7a

1.4a 3.4b 1.9a

52a 39a 46a

0.22 0.60 0.33

OS

2.8b

276b

O.7b

COMPOST

OS TR

I8.9a 15.7a

19.5a 21.7a

2.5a 2.0a

1.8a 1.1 a

50a 26a

0.22 0.19

476c

TR

DAP-MSC
LIME

2.lab

1,736ab

6.2a

612a

TR

4.4a

1.5a

434a

OS

1.4a

2.5a

0.21

16.6a

24.6b

23b

DAP DAP-MSC DAP-L1ME
Yield

parameters OS TR OS TR OS TR

Individual stocking 13.8a 13.4a I5.3a 19a 16.8a 14.4a
wt (g)

Individual harvest 31.9b 23.4a 30.4b 23.2a 34.1 b 26.0a
wt (g)

Total stocking wt 1.7a 1.6a 1.7a 2.7a 2.7a 2.8a
(kg' pond)

Total harvest wt 2.2a 1. 1a 3.2ab 2.3a 3.5ab 1.9a
(kg' pond)

% Mortaiity 52a 68a 30b 34a 28a 52a

Specific growth 0.45 0.30 0.38 0.11 0.39 0.32
rate (%'day")

Total number of I ,738a 2,045a 2,061 ab
fry from breeding

(OS + TR)
Total wt of fry 2.0a 1.9a 2.5a
(OS + TR)

Total wt of fry + 4.2ab 6.4a 6.7a
fish (kg)

Total extrapolated 416.6ab 631a 661a
production (OS + TR)
(kg' ha"'year")

U1
\0
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Boyd's (1979) procedure. Malawian soils
include those that are freely draining. acidic
and/or leached ofbases (Iatosols) and shallow
stony soils (lithosols) (Anon. 1979). The wide
range of lime requirements shown here for
soils at the NAC may reflect similar situations
elsewhere in the country. High seepage likely
accounted for the inability to increase
alkalinity levels. which never exceeded 20
mg'l'! as CaC0

3
• Again here, computations

based on methods developed using soils
of the southeastern USA were not applicable.
Teichert-Coddington and Phelps (1989) also
found that the lime requirement tables of
Boyd (1979) may be inappropriate for tropical
countries.

The need for liming was demonstrated
by increases in fish production in MSC-Iime
ponds vs. MSC alone. Since the MSC treat
ments gave just as much fish production,
liming may not be the only way of raising
fish yields in low fertility pond waters. Other
carbon sources may be important. Mandel
and Boyd (1980) have shown that carbon
could be limiting in certain aquaculture sys
tems. T.M. Williams (unpub!. data) has found
thatthe C:N ratio ofmost pond soils in Malawi
is low (4.0-14.5).

Low fish production in DAP treatments
here may have been compounded by
the possible neutralization of alkalinity
by acidity resulting from the fertilizer,
as shown by Hunt and Boyd (1981). This
suggests that applications of ammonium
fertilizers in waters with marginal pHs
and alkalinity should be done with
caution.
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Abstract

Stock manipulation experiments were carried out at the National Aquaculture Centre in Malaw i
to study the effects of biomass on stunting in two species of tilapia, Oreochromis shiranus and
Tilapia rendalli (Cichlidae).

There were no significant differences in the individual growth performance of fish due to different
stock manipulation procedures (ANOYA; P>O.05). However, significantly different yields (ANOYA;
P<O.05) were obtained from different stock manipulation procedures: ponds left without removing
any fish produced significantly lower yields than all treatments which involved removal of fish.
The optimum procedure, considering cost and revenue implications, was to remove half of the
recruits caught every 37 days. The implications of these results for small-holder farms are discussed.

Introduction

Tilapias (Oreochromis shiranus and
Tifapia renda/Ii, Cichlidae) contribute
most of the total biomass of fish har
vested from the ponds of small-scale
farmers in Malawi (Mandeng 1988). A
mixed-sex culture system is practiced,
and hence the fish breed prolifically and
stunting often occurs (Balarin 1984; Pullin

1985; Msiska 1987; Maluwa 1990).
There are a number of techniques

which can be used to manage til apia
population size and structure: monosex
culture, stocking at high density and
use of predators (Guerrero 1982; Mair
and Little 1991). In monosex culture,
monosex fry can be obtained by hand
sexing. hybridization or through ster
oid hormones. Use of predators involves
stocldng ponds with predatory fish that

'Current address: University of Malawi, Animal
Science Department, Bunda College of Agricul
ture, Box 219. Lilongwe, Malawi.

eat surplus tilapia fry (Guerrero 1982).
These techniques are usually expensive
and/or require high management inputs
and may therefore not be practicable
for small-scale farmers in Malawi. Other
methods for controlling overpopulation
are: stock manipulation techniques, ir
radiation, chemosterilants and repro
duction inhibitors. These methods require
further research to determine their po

tential for routine use (Guerrero 1982).
Stock manipulation, usually in the form

of sequential harvesting, may be less
expensive (where labor is cheap) and
require less management inputs than
the other above-mentioned methods,
and may thus be useful to small-scale
fish farmers in Malawi.

Sequential harvesting of tilapia was
reported by van Someren and Whitehead
(1961). Two ponds were stocked with
"Tilapia nigra" (Oreochromis spi/urus
niger) at the same stocking density.
When the fish started breeding, the
parent fish from pond A and the fry or



fingerlings in pond B were removed by
means of one seine haul per month. This
resulted in pond A having lower yields
than pond B and "the larger of the fry
in pond B never reached the size of the
stocked fish due to overpopulation." Van
Someren and Whitehead (1961) there
fore suggested a "skimming off" pro
cedure for removing fry.

This study follows up on van Someren's
study, by considering the impact of alter
native harvesting schemes on: individual
fish growth performance; overall fisn biomass
at harvest; and monetary returns.

Materials and Methods

Studies were carried out in ten 200
m 2 ponds. The treatments were randomly
assigned to the ponds (Fig. 1). O.
shiranus and T rendalli of 5.5±0.4 g mean
body weight (MBW± 1 SD; range=4.8
6.22) and 3.2±O.3 g (MBW± 1 SD; range
= 3.2-4.2, respectively) were stocked
at 2 fish'm 2 at 1: 1 ratio. Stocking was
done on 22 and 23 May 1990.

The fish were fed with maize bran at
2.5% of mean body weight (Kadongola
1990) adjusted to account for growth
every two weeks to 9 September 1990
and every month thereafter. Feed
adjustment was stopped on 23 Octo
ber 1990 when the biomass became
virtually constant because of the bal
ance between growth and mortality.

Fish sampling was done using a nylon
seine net (15.5 m and 10 mm mesh size)
every two weeks up to 4 September 1990;
thereafter, it was conducted every month
to reduce fish mortalities caused by han
dling stress.

Initially, one to three hauls were made
in each pond: from 21 August 1990 on
to the end of the experiment, a constant
sampling effort of three monthly hauls was
applied. Caught fish were designated as
"adults" (stocked fish) or "juveniles" (fish
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produced in the pond); the latter were
further separated into species (T rendalli,
0. shiranus) when their development al
lowed this.

Approximately 94% (range = 64-100) of
the stocked fish that were caught were
weighed and measured (total and stand
ard lengths). For "juveniles", too numer
ous to be measured individually, standard
procedures (Okpanefe 1982; Sparre et al.
1989) were used to obtain size frequency
distributions. All fish were returned to the
ponds after weighing and measuring. At
the end of the experiment, the ponds were
drained with a 50-hp water pump and all
remaining fish collected by hand.

Stock manipulations, combined with
sampling, started on 7 November 1990,
132 days after stocking. For treatments which
involved returning fish to the ponds, the
following procedure was followed: recruits
caught in three hauls were weighed; the
largest recruits from all three hauls were
selected, put on a balance in decreasing
order of size until half of the total sample
weight was reached and returned to the
pond after their individual weights and
lengths were noted. The smaller fish were
discarded.

Growth in length was determined by
estimating the parameters Looand K of
the von Bertanlanffy growth equation,
of the form:

••• 1)

where:

L
t

predicted length at age t;
L

oo
asymptotic length, I.e., the mean

length the fish would reach if they were
allowed to grow indefinitely;

K rate (here in years) at which Lx
is approached; and

to theoretical (and usually negative)
"age" at length zero (the parameter to is
not further discussed here).
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3* P43

5* P44

2* P45

1* P46

4* P47

4* P49

5* P50

2* P51
1L....-3*__P5---J4

1 1L..:..1_*__P5_7 1

1 =no recruit removal
2 =removal of half of recruits caught every month
3 = removal of half of recruits caught every 2 months
4 =removal of all recruits caught every month
5 =removal of all recruits caught every 2 months

Fig. 1. E.xperimental layout (n' = treatment no.; P = pond no.).

were estimated for both species inves
tigated here, by taking logarithms on

of Pauly and Munro (1984), computed
using the software of Vakily (1988), was
used for all comparisons of growth per
formance; the comparisons relied on
randomized block analysis of variance
(ANOVA).

Length-weight relationships of the
form:

The estimation of L"" and K was per

formed using the ELEFAN I program
(Pauly and David 1981; Pauly 1987), for
fitting equation (1) to the length fre
quency (L/F) data, derived from the
above-mentioned sequential samples.

Given the inverse relationship between
L"" and K, comparisons of growth per
formance cannot be based solely on
either L"" or K. Therefore the index:

both sides, and fitting linear regressions

to the log (weight) - log (length) data
pairs (Pauly 1984).

The parameters a and b of equation
(3) were then used to turn the observed
L/F distribution into weight frequency
distribution, and after adjusting for
changing fish numbers, to estimate fish
biomasses in each pond.

Total yields were obtained from the
summation of total fish weight at harvest and
total weight of recruits discarded over the
experimental period. Recruitment was
defined as the percentage of total weight
of recruits (over the experimental period)
to total yield. Total yields and recruitment
were analyzed by two-way ANOVA.

To determine optimum stock manipu
lation procedure, the "marginal" analysis
concept was used (Panayotou t 982).
Each procedure was given a score:
removal of all recruits caught by three
seine hauls every month, with seven
removals from November 1990 to May
t 991 was considered the standard treat
ment with a score of 1. To determine

•••2)

...3)
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scores for other stock manipulation
procedures, the following formula was
used:

The selling price for O. shiranus was
estimated from eight farmers' harvests
at 1<3.94/kg (range = 1.63-4.40), while
that for T. rendalli was calculated from
harvests at 1<2.21/kg (range = 1.66-2.40);
for fingerlings « 10 g), the price was
estimated from harvests at K 1.1 l/kg.
Total revenue for each treatment was
estimated following Panayotou (1982),
from: ...9)

•..8)

W = 0.02(TL)z.B3
for O. shiranus;

W = 0.03(TLjI·82
for T. rendalli;

Y2 = total yield of T. rendalli;
P3 = selling price ofmixture of T. rendalli

and O. shiranus fingerlings
(<10 g); and

Y3 = total yield of fingerlings.

The marginal revenue (MR) curve was
obtained from the slope of the total rev
enue curve (Panayotou 1982), i.e.,

change in score

Results and Discussion

The estimated growth parameters are
given in Tables 1 and 2, along with pub
lished values. Results showed that
growth performance was not affected
by the stock manipulation procedures
(ANOVA; P<0.05). The growth
performance index of T. rendalli (mean
± 1 SD= 2.46±0. 14; n= 10) did not differ
significantly from those compiled in Pauly
eta!. (1988) (mean ± 1=2.59±0.41; n=4).
The growth performance index of O.
shiranus was lower (mean ± 1=2.52±
0.07; n=10) than reported (3.08; n=1)
by Pauly et a!. (1988), but the differences
may be due to the sample of n= 1 for
the latter value.

The following length-weight rela
tionships were obtained:

change in total revenue
MR=---------- •••7)

•••5)

...4)

change in score

change in total cost

S = G*H/T

MC = ---------

score;
number of recruit removals in the
treatment under consideration;
fraction of recruits removed at each
removal in the treatment under
consideration; and
number of removals in the standard
treatment.

The different stock manipulation pro
cedures implied different costs. The cost
of operation was the only variable cost
considered when deriving that total cost
curve. Another cost included was of labor
used to operate the seine net, set at
the government rate of KO.28/hour. b The
marginal cost (MC) curve is the slope
of the total cost curve (Panayotou 1982):

where:
S
G

H

T

•••6)

where:

W = O.025(TL)2.83 for
"unidentified recruits" ...10)

PI = selling price of 0. shiranus;
Y

t
= total yield of O. shiranus;

P2 = selling price of T. rendalli;

bKwacha 1 = U5$O.2.2. (August 1993 rate).

Fig. 2 shows the increase of estimated
fish biomass. Biomass increase stabi
lized after about 240 days either due
to limited space or reduced reproduc
tion due to high fish density. This
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Table 1. Growth parameters for mixed sex Tilapia rendalli.

Treatment Pond Culture period L
00

K

no. a no. (days) (TL, cm) (year· l ) f DF F Countryb

46 303 30.9 0.45 2.63 0.027 11 0.31 Malawi
57 358 23.3 0.51 2.44 0.056 13 0.77 Malawi

2 45 358 18.8 0.86 2.48 0.040 13 0.55 Malawi
51 358 13.1 1.21 2.32 0.224 12 3.47 Malawi

3 43 358 16.5 1.03 2.45 0.114 14 1.81 Malawi
54 358 43.9 0.20 2.59 0.006 13 0.07 Malawi

4 47 357 13.8 1.00 2.28 0.044 14 0.65 Malawi
49 359 21.5 0.48 2.35 0.018 13 0.24 Malawi

5 44 358 58.8 0.15 2.71 0.003 13 0.04 Malawi
50 358 13.8 1.05 2.30 0.110 13 1.60 Malawi

>60 33.9 0.185 2.33 Zambia
>60 21.7 0.615 2.46 Zambia
>60 13.8 3.19 2.78 Zambia
>60 13.1 3.785 2.81 Uganda

'See Fig. 1.
"Results from Malawi are from this study and were estimated according to Vakily (1988); data from Zambia
and Uganda are from Pauly et al. (1988).

Table 2. Growth parameters for mixed sex Oreochromis shiranus in Malawi'.

Treatment Pond Culture period L K
no." no. (days) (TL, cm) (year") $' DF F

46 267 27.3 0.51 2.58 0.019 10 0.19
57 358 18.0 0.91 2.47 0.104 13 1.51

2 45 358 15.3 1.71 2.60 0.124 13 1.84
51 358 15.3 1. 11 2.42 0.120 12 1.64

3 43 265 18.4 1.12 2.58 0.023 11 0.26
54

4 47 357 14.2 1.26 2.40 0.056 14 0.83
49 304 13.9 1.78 2.54 0.112 11 1.39

5 44 302 25.8 0.56 2.57 0.035 11 0.42
50 358 13.3 1.72 2.48 0.134 13 2.55

>60 11.0 9.87 3.08

'As estimated using the approach and software of Vakily (1988); except for lowest row, taken from Pauly et
al. (1988).
"I = no recruit removal
2 = removal of half of recruits caught every month
3 = removal of half of recruits caught every 2 months
4 = removal of all recruits caught every month
5 = removal of all recruits caught every 2 months



supports Moav et al. (1977) who sug
gested that lower yields should be
expected from the ponds of farmers who
harvest fish after a year than from the
ponds harvested intermittently. Maluwa
(1990) found that most of the 30
Malawian farmers interviewed harvested
fish after a year. The present study
suggests that these farmers could
increase their yields by intermittent
harvesting.

Total yields showed significant vari
ation due to location of ponds (block
effect) and treatment (stock manipula
tion procedure). Ponds 43 to 47, rep
resenting one replicate for each treat
ment (Fig. 1), had higher yields than
ponds 49 to 54 (ANOVA; P<0.05). Similar
results were obtained for recruitment.
The 10 ponds in which the experiment
was conducted had not been used be
fore; ponds 43 to 47 (Fig. 1) were ready

4.0
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earlier than ponds 49 to 54 because the
latter had seepage problems. Age and
seepage of the ponds resulted in the
two blocks having different levels of
nutrition, which may have affected the
results.

Table 3 gives the mean yields from
different treatments. The mean yields
from all ponds with Treatment 1 (no
recruit removal) were lower than for all
other treatments (P<0.05), whereas
removal of half of recruits caught every
two months (Treatment 3) produced the
highest yields.

The intersection of the marginal cost
and revenue curves (Fig. 3) suggest that
the optimum "score" is located between
treatments 3 and 2, i.e., at a "score"
of 0.42. From equation (4), it was esti
mated that the optimum manipulation
procedure would be removal of half of
recruits caught every 37 days. This result

3.5

3.0

Ol
~ 2.5
(J)
(J)

0
E 2.0
.Q
m

1.5

1.0

0.5 I
50

I I I
150 200 250 300

Days after stocking
350 400

Fig. 2. E.xample of changes of pond fish biomass with time here illustrated using Pond No. 57. of
200 m 2 (Treatment t. see Fig. t).
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Table 3. Differences In means of percent recruitment for tilaplas in
different ponds (for further details. see text).

Treatment no.·
(in order of increasing
percent recruitment) 4 2 5 3

Percent recruitment 45' 46' 56b 57 b 64b

Yield (g) 3,870 7.540< 6,860< 7,450 8,225

·See Fig. t.
Values with the same letter are not significantly different (differences
tested by standard errors, Bailey t 981).
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Fig. 3. Marginal cost (MC) and marginal revenue (MR) curves showing location of optimum score (0.42).

does not indicate exactly what yields
can be obtained using the suggested
optimum harvesting procedure. It can
be expected, however, that this pro
posed procedure would increase farmers'
yields and incomes.

Acknowledgements

The author gratefully acknowledges
the help of Dr. Daniel Pauly in the prepa
ration of this paper. Support for this work
was provided by the Deutsche



Gesellschaft fUr Technische Zusam
menarbeit (GTZ) GmbH.

References

Bailey, N.T.). 1981. Statistical methods in biology.
Second edition. Hodder and Stoughton Ltd.,
London. 99 p.

Balarin, ).B. 1984. Tilapia, p. 391-397. In I.L. Ma
son (ed.) Evolution of domesticated animals.
Wiley, New York.

Guerrero, R.D. Ill. 1982. Control of tilapia reproduc
tion, p. 309-316. In R.S.V. Pullin and R.H. Lowe
McConnell (eds.) The biology and culture of
tilapias. ICLARM Conf. Proc. 7, 432 p.

Kadongola, W. K. 1990. Maize (Zea mays, Linnaeus)
bran as supplemental feed in the culture of Tila
pia rendalli - Boulenger and Oreochromis shira
nus(Boulenger). University of Malawi, Depart
ment of Biology, Zomba. 138 p. M.S. thesis.

Mair, D.C. and D.C. Little. 1991. Population con
trol in farmed tilapias. Naga, ICLARM Q. 14(3):
8-13.

Maluwa, A.O. 1990. Reproductive biology and fry
production of Oreochromis shiranus. Univer
sity of Malawi, Department of Biology, Zomba.
165 p. M.S. thesis.

Mandeng, O. 1988. The diffusion of fish culture in
southern region of Malaw i. Malaw i-Germany
Fishery Project No. 85.2218.8 - 01.100. Zomba,
Malawi. 33 p.

Moav, O.V., G. Wohlfarth, G.L. Schoeder, G. Hulata
and H. Barash. 1977. Intensive polyculture of
fish in freshwater ponds. 1. Substitution of
expensive feeds by liquid cow manure.
Aquaculture 10:25-43.

Msiska, O.V. 1987. Appropriate aquaculture
technology for Malawi and research needs.
Report presented at the (CLARM/GTZ
Conference on Awareness Programme of
Tropical South-East Asia Aquaculture Tech
nology, Chancellor College, 21-28 Septem
ber 1987, Zomba, Malaw l. 15 p.

69

Okpanefe, M.O. 1982. Sampling the catch of fish
ing trawlers. Nigerian Institute for Oceanog
raphy and Marine Research. Victoria Island,
Nigeria. Tech. Pap. No.2, 8 p.

Panayotou, T. 1982. fvianagement concepts for small
scale fisheries: economic and social aspects.
FAO Fish Tech. Pap. 228, 53 p.

Pauly, D. 1984. Fish population dynamics in tropi
cal waters: a manual for use with programma
ble calculators. (CLARM Stud. Rev. 8, 325 p.

Pauly, D. 1987. A review of the ELEFAN system for
analysis of length frequency data in fish and
aquatic invertebrates, p. 7-34. In D. Pauly and
G.R. Morgan (eds.) Length-based methods in
fisheries research. ICLARM Conf. Proc. 13,468
p.

Pauly, D. and N. David. 1981. ELHAN I, a BASIC
program for the objective extraction of growth
parameters from length frequency data.
Meeresforschung/Rep. Mar. Res. 28(4):205-21 1.

Pauly, D. and ).L. Munro. 1984. Once more on the
comparison of growth in fish and invertebrates.
Fishbyte Z( 1):Z 1.

Pauly, D., ). Moreau and M. Prein. 1988. A com
parison of overall growth performance of tilapia
in open waters and aquaculture, p. 469-479.
In R.S.V. Pullin, T. Bhukaswan, K. Tonguthai
and ).L. Maclean (eds.) The Second Interna
tional Symposium on Tilapia Aquaculture.
(CLARM Conf. Proc. 15, 623 p.

Pullin, R.S.V. 1985. Tilapias: everyman's fish. Biolo
gist 32(2):84-88.

Sparre, P., E.. Ursin and S.c. Venema. 1989. Intro
duction for tropical fish stock assessment. Part
1. Manual. FAO Fish. Tech. Pap. No. 306.1,
203 p.

Vakily, ).M. 1988. Estimation and comparison of fish
growth parameters from pond experiments: a
spreadsheet solution. ICLARM Software 3,
12 p.

van Someren, V.D. and P.). Whitehead. 1961. The
culture of Tilapia nigra (Gunther) in Ponds VI 
The effect of selective cropping methods on
breeding populations. E.. Afr. Agric. Forest. ).
26(4):202-209.



70

Strategies for Stocking Nile Tilapia (Oreochrom/s
n/loticus) in Fertilized Ponds

C.F. KNUD-HANSEN
Department of Fisheries and Wildlife

Michigan State University
East Lansing, Michigan 48824, USA

C. KWEI LIN
Asian Institute of Technology

Agricultural and Food Engineering Program
C.P.D. Box 2754, Bangkok 10501, Thailand

KNUD-HANSEN, c.r. and C. KWEI LIN. 1996. Strategies for stocking Nile tilapia (Oreochromis
niloticus) in fertilized ponds, p. 70-76. In R.S.V. Pullin, J. Lazard, M. Legendre, J.B. Amon
Kothias and D. Pauly (eds.) The Third International Symposium on Tilapia in Aquaculture. ICLARM
Conf. Proc. 41,575 p.

Abstract

In a 149-day grow-out experiment, we tested the effects of stocking density, partial harvesting
and Intermediate stocking on net fish yield (NFY) and harvest size of Nile tilapia (Oreochromis
niloticus). Sex reversed male tilapla were raised in 280-m 2 earthen ponds, which received 8 kg
dry weight chicken manure·ha'1.day'l with urea and triple superphosphate supplement to give a
total fertilization rate of 4.0 kg N·ha'1.day·l and 1.0 kg P·ha·1.day'l. The five treatments were three
stocking densities of 0.8, 1.6 and 2.4 fish'm'2, fish stocked at 0.8 fish'm'2 with an additional 0.8
fish'm'2 added after 2.5 months, and fish stocked at 1.6 fish'm'2 with 50% of fish removed after
2.5 months.

Stocking density significantly affected fish yield (r2=0.57, P<0.02); extrapolated mean NFY in
ponds stocked at 0.8, 1.6 and 2.4 fish'm'2 were 14.2, 19.2 and 25.7 kg·ha'1.day'l, respectively;
mean weights were 335, 230 and 214 g·flsh· 1 , respectively. Mean NFY for the first 2.5 months
exceeded 39.0 kg·ha·1.day,t in ponds stocked at 2.4 flsh·m'2. Partial stocking gave slightly higher
total NFYs than partial harvesting, or 21.7 kg' ha· 1·day'l compared to 18.0 kg' ha· 1·day'l. Additional
stocking did not significantly affect fish growth of the originally stocked fish. Mean harvest weights
of fish stocked at 0.8 fish 'm'2 were similar to the first stocked fish in the treatment receiving an
additional 0.8 fish'm,2 after 2.5 months. Results suggest a partial intermediate stocking and partial
harvesting strategy may produce annual tilapla yields of 30 kg·ha'1.day·l, with mean weights over
300 g·fish'l. Implications for managing ponds for higher yields at desired mean fish weights are
discussed.

Introduction

Manipulation of stocking densities is
an established management considera
tion in pond aquaculture. Net fish yield
(NFY) tends to increase with increas
ing stocking density (Milstein et al. 1988;
Colman et ai. 1990). Competition for
natural food (Diana et ai. 1991) and
increased aggressive territorial behavior
(Balarin and Haller 1982; Fishelson 1983;

Owusu-Frimpong 1987) set limits to this
positive relationship. If either of these
two factors are related to fish size, then
yields may be increased by reducing com
petitive pressures by raising fish of two
different size classes in the same pond.

The following experiment was de
signed to test whether partial harvest
ing and/or intermittent stocking may
affect NFY and/or size at final harvest
of Nile tilapia (Dreochromis niloticus).



The objective was to optimize NFY and
desired fish size through stocking and
harvesting management strategies.

Materials and Methods

Research presented here was con
ducted at the Ayutthaya Freshwater Fish
eries Center of the Royal Thai Govern
ment Department of Fisheries at Bang
Sai (14°11' N, 100°30' W). located ap
proximately 60 km northwest of Bang
kok, Thailand. The area is characterized
as a tropical lowland, with average annual
air temperature of 28°C and rainfall of
1,370 mm (Egna et al. 1987). The ex
periment was conducted in fifteen 280
m 2 earthen ponds maintained at a depth
of about 0.95 m. Duration of grow-out
was five months, from 24 April to 20
September 1990.

The experiment was designed to (1)
determine effects of initial stocking
density of Nile tilapia on NFY and fish
size at harvest under conditions of high
fertilizer input and (2) determine effects
of additional stocking or partial harvest
ing on NFY and fish growth. There were
five treatments (Fig. 1). Three consisted
of initial stocking densities of 0.8, 1.6
and 2.4 fish'm-2, addressing the first
question. To answer the second ques
tion, a fourth treatment with initial stock
ing of 0.8 fish'm-2 was stocked with an
additional 0.8 fish'm-2after 2.5 months,
while a fifth treatment began with 1.6
fish'm-2 with half the fish randomly har
vested after the same period. These last
two treatments together with the 0.8
and 1.6 fish'm-2 treatments gave a 2x2
factorially designed experiment (Fig. 1).

There were three replicates per treat
ment; treatment allocation to ponds was
completely random. Male Nile tilapia
with individual weight of about 109,
sex reversed using 17ex-methyl
testosterone (Buddie 1984), were used

71

for all stockings. All ponds were ferti
lized at a rate of 70 kg chicken manure
dry wt· ha-1.weelc l, with urea and phos

phorous (P) as TSP (45% P205) added to
give a nitrogen (N) input of 0.4 g
N·m-2·day-l and a N:P ratio of 4: 1 by
weight.

Analysis of variance (ANOVA) and
regression analyses presented here were
done according to Steele and Torrie
(1980) using the Statgraphics 4 statistical
software package. Means are given with
± standard error (SE) in parentheses.

Results

Response to Initial
Stocking Density

The relationship between NFY and
initial stocking density changed from
the first 2.5 months of grow-out when
compared to the last 2.5 months (Fig.
2). Mean NFY in ponds stocked at 2.4
fish-m-2 was 39.4 (±5.8) kg·ha-1.day-l

during the first 2.5 months, which was
significantly greater (P<0.05) than 16.2
(±1.2) kg'ha- I 'day-l and 20.9 (±3.1)
kg' ha,l'day-1 observed in ponds stocked
at 0.8 and 1.6 fish'm'2, respectively. NFYs
for both 0.8 and 1.6 fish'm,2 stocking
densities varied very little between the
first and second 2.S-month intervals,
whereas in the 2.4 fish'm-2 treatment,
NFY decreased by more than half to an
average rate of 17.7 (±3.S) kg·ha-I·day'l.
Over the entire S-month grow-out pe
riod, NFY sharply increased with initial
stocking density (Fig. 3).

Fish weight after 2.S-month grow-out
demonstrated no relationship with ini
tial stocking density; treatment mean
individual weights averaged about
150 g (Fig. 4). Differences were more
noticeable after S-month grow-out. Fish
initially stocked at 0.8 fish'm'2 had mean
harvest weights of 315.9 (±41.6) g,
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whereas mean weights for fish stocked
at 1.6 and 2.4 fish·m· 2 were quite similar
at 209.1 (+43.9) and 203.8 (±24.9) g,
respectively.

Response to Change In Density

Of all five treatments, the additional
stocking treatment gave the highest
mean NFY during the second 2.5-month
growth interval (Fig. 2). The average 5-

month NFYwas 23.6 (±6.4) kg·ha·l.day·l.
Mean fish weights at harvest were 339.3
Ct39.9) g for the initially stocked fish
and 129.7 (+18.2) g for the addition
ally stocked fish at 2.5 months (Fig. 4).

The partial harvest treatment gave
NFYs similar to 1.6 fish·m· 2 during the
first 2.5 months and similar to 0.8 fish·m·2

during the second 2.5 months. The av
erage 5-month NFY was 17.9 (+3.5)
kg·ha·1.day·', in between the NFYs

Experimental design

Fish density (0-2.5 months)
0.8 fish·m·' 1.6 fish·m' 2.4 fish·m·'

0.8 fish·m·'

1.6fish·m'

2.4 fish·m'

Constant Partial
0.8 fish·m·' harvest
Additional Constant
stocking 1.6 fish·m·'

constant
2.4 fish·m·'

Fig. 1. Experimental design for ex
amining the effects of initial stock
ing density, partial harvesting and
intermittent stocking on growth
and yield of Nile tilapia (Oreo-

~======================::::;- chromis niloticus).
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(±SE) of Nile tilapia (Oreochromis niloticus)
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fish·m· 2 , with an additional 0.8 fish·m· 2

added after l.S-month grow-out. Treatment
"1.6-0.8" indicates stocking at 1 .6 fish' m·2 ,

with 0.8 fish·m·2 removed after l.S-month
grow-out.
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with an additional 0.8
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resents initially stocked
fish only. Treatment "1.6
0.8" indicates initial
stocking at 1.6 fish'm'z,
with 0.8 fish'm'z
removed after 2.5-month

'-- ---' grow-out.

observed for 0.8 and 1.6 fish'm'l ini
tial stocking densities. Fish weight also
reflected growth intermediate between
the two stocking densities, with final
mean weight of 286.8 (+61.3) g (Fig.
4).

By comparing fish data from the 2x2
factorial treatments (Fig. 1), it is possible
to make several conclusions regarding
the effects of density changes on growth
and yield of tilapia:

1. Adult tilapia grew better when
density was reduced. Fish remaining in
the partial harvest treatment (Le., density

of 0.8 fish-m'l) grew during the second
2.5-month interval at a mean rate of
15.2 (:1-:3.5) kg·ha'1.day't. This rate com
pares to mean NFYs of 15.5 (+2.6)
kg'ha"-day,t and 10.3 (±2.7) kg-ha'1.day"
for fish with constant densities of 0.8
and 1.6 fish'm'l, respectively. Relatively
slower individual fish growth when ini
tially stocked at 1.6 fish-mol had no
apparent effect on the ability of fish to
increase their growth rate when fish
density was halved after 2.5 months.

2. Fingerlings raised with other
fingerlings grew at similar rates when raised
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with adults (individual weight about 150
g or more) at same total fish density.
Fingerlings additionally stocked (0.8
fish'm-l

) at 2.5 months grew at 12.2 C± 1.3)
kg' ha-I'day-t and after 2.5 months had an
average weight of 129.7 L± 18.2) g. These
data are similar to growth measurements
for fingerlings stocked at 0.8 fish'm-l with
other fingerlings also stocked at 0.8 fish'm-l

(i.e., stocking density of 1.6 fish·m-l
).

During the first 2.5-month growth inter
val, fingerlings stocked with fingerlings
gave a mean NFYof 10.5±1.6 kg' ha-1. day-l
and a mean weight of 124.6±16.1 g. There
fore, the size of coexisting tilapia did not
influence the observed density effect on

the growth of tilapia fingerlings.

3. Adults (individual weight about 150

g or more) grow better with fingerlings
than with other adults at the same total
fish density. The first stocked fish in the
additional stocking treatment gave a mean
NFY of 17.9 (±5.1) kg·ha-I.day-t during
the second 2.5-month interval and an
average harvest weight of 339.3 L±39.9)
g. Even though there was an additional
0.8 fish'm-l in the ponds, fish grew very
similarly to those in ponds with only 0.8
fish'm-l (NFY= 15.5±2.6 kg'ha-"day-t and
harvest weight of 315.9±41.6 g). Adults
stocked at 0.8 fish'm-l and grown with
other adults at 0.8 fish'm-l (Le., 1.6 fish'm-l

)

grew at an average rate of 10.3 (±2.7)
kg'ha- 1 'day-t with mean harvest weight
of 209.1 (±43.9) g.

Survival averaged 86.4% (range, 75.9
94.1) for all treatments and stockings
(n=15).

Discussion

The progressive increase in NFY with
increasing initial stocking density found
here was in agreement to results reported
by Milstein et at. (1988) for tilapia stocked
between 0.15 and 0.9 fish·m-l . This was
extended to initial stocking densities up

to 5 fish'm- l in a short-term tank
investigation (Colman et al. 1990). In
contrast, Diana et at. (1991) reported
decreasing NFY of Nile tilapia as stock
ing densities increased from 1 to 3 fish·m-l

.

They fertilized ponds with only chicken
manure at a nitrogen loading rate of about
20% of that used in our investigation. As
tilapia derive most of their nutrition from
algae (Colman and Edwards 1987;
Schroeder et al. 1990), food limitation at
higher stocking densities suggested by
Diana et al. (1991) was likely. In our study,
high inorganic nitrogen and phosphorous
fertilization often resulted in afternoon dis
solved oxygen concentrations above 25

mg'I-1 and chlorophyll a concentrations

above 300 mg·m-3
• With greater primary

productivity, food constraints at higher
stocking densities were not indicated. A
subsequent study using the same high
inputs and a stocking density of 3 fish'm-l

,

however, gave NFYs which were not sig
nificantly different from those obtained
at 2.4 fish'm-l in the first or second 2.5
month growth intervals (C.F. Knud-Hansen,
unpubl. data).

It is unclear why fingerlings did not
induce a density effect on adult growth,
whereas increased adult and fingerling
densities affected the growth and yield
of other fingerlings. Two explanations may
be competition for food and/or competition
for space. As fertilization inputs were
relatively high and ponds were quite green,
it seems likely that adult fish limited
fingerling growth by outcompeting
fingerlings for phytoplankton. Differences
in size selection for zooplankton may
explain why adult fish were unaffected
by coexisting fingerlings, but does not
answer why fingerling growth was
negatively affected by adults. It is more
probable that territorial aggressive behavior
noted among male tilapia (Balarin and
Haller 1982; Owusu-Frimpong 1987)
occurs only between fish of similar size
or greater. Fishelson (1983) observed



among male til apia a strong correlation
between social rank and aggressive activity.
Fish high up on the hierarchy needed only
to swim by lesser fish to maintain domi
nance. The great size differential between
newly stocked and 2.5-month-old fish (10
g versus 150 g) should establish clear
dominance by larger fish. Fingerlings would
therefore be affected by adults, but not
the reverse.

Although intermittent harvesting alone
did not increase fish yield, a conclusion
supported by Moav et al. (1977), partial
harvesting coupled with intermittent
stocking may be a way to balance the trade
off between high yield and smaller fish
at higher stocking densities, and smaller
yields but larger fish at lower stocking
densities. The observation that adult growth
was unaffected by additional stocking of
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fry suggests a stocking and harvesting
strategy where fingerlings are stocked
every 10 weeks, and after 20 weeks adults
are harvested every 10 weeks (Table 1).
By stocking 0.8 fish' m'z every 10 weeks
in ponds fertilized at approximately 4 kg
N·ha·1·day·l, hypothetical yields of about
10,000 kg- ha'l'year'! of tilapia with mean
weights exceeding 300 g may be sustain
able.

Table 2 summarizes different stocking
strategies depending on the desired size
of tilapia at harvest. Estimated fish sizes
and yields were extrapolated from data
from this study. Estimated grow-out
periods assume stocking of fish of
approximately 5 to lag in ponds ferti
lized with 4 kg N·ha·l.day·! with sufficient
phosphorous and carbon added to maintain
nitrogen limitation (Knud-Hansen et al.

Table 1. Theoretical net fish yields of Nile tilapia (Oreochromis niloticus) with estimated mean weights
of 325 g'fish" using an intermittent stocking and harvesting strategy and high fertilizer input.

Treatment/yield
o 10

Weeks
20 30 40 50

Stocking density
(fish'm")
Net fish yield
(kg·ha·J.day")

0.8~ 0.8~ 0.8~ 0.8~ 0.8~ 0.8

12.2 12.2 12.2 12.2 12.2

~ ~ ~ ~17.8 17.8 17.8 17.8

Harvest yield 2,100 2.100 2.100 2.100

Table 2. Summary of stocking strategies of Nile tilapia (Oreochromis niloticus) for obtaining desired

fish sizes and NFYs (ponds fertilized with 4 kg N·ha·J.day" and 1 kg P·ha·J.day').

Mean fish Stocking Grow-out Estimated Estimated
weight density period mean NFY mean NFY

(g' fish") (fish'm' Z
) (weeks) (kg·ha·J.day") (kg' ha"'year")

125 0.8 8 15 5,500
1.6 8 26 9.500
2.4 8 39 14.000

225 0.8 14 15 5.500
1.6 26 18 6,500
2.4 26 27 9,500

325 0.8 21 15 5,500
1.6 40 13 5.000
2.4 50 20 7.000

PH/IS' 20 30 11.000

'Partial harvest/intermittent stocking (see Table 1).
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1991; Knud-Hansen and Batterson 1994).
To obtain average fish of 125 g or 225 g,
the highest stocking density gave the great
est extrapolated NFYs of 14,000
kg·ha-I. year·l and 9,500 kg·ha·l. year·l,

respectively. Although not tested, it is
likely that intermittent stocking and partial
harvesting would give greater yields for
the larger fish size. To obtain fish of about
325 g, the partial harvesting and addi
tional stocking strategy described in Table
1 should give the highest NFY of about
11,000 kg·ha·1. year·l.
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Abstract

The year-round, spontaneous and continued reproduction of tilapia in captivity was initially
regarded as an unexpected asset for African aquaculture development, but it was quickly found to
be a serious handicap when farming the fish in ponds due to the resulting population. Various
techniques have overcome this obstacle.

The reproductive efficiency of tilapia has advantages and disadvantages for the supply of fry to
fish farmers. Among the advantages is the possibility for fish farmers to produce their own fry;
among the disadvantages is the difficulty to control the broodstock quality. The low number of
eggs in each spawning requires the use of a large number of brood stock and the asynchrony of
spawnings makes the simultaneous production of large quantities of graded fry difficult. Finally,
the controi of undesirable reproduction in farming involves the use of monosex populations.

These issues are analyzed and discussed in relation to development strategies, microeconomics
and the identification of research themes that can be developed to improve the different options.
The data for three species of tilapia (Oreochrom/s n/loticus, Sarotherodon melanotheron and Tilapia
guineensis) are compared to the data for two species of African catfish of the family Clariidae
(Clar/as gariepinus and Heterobranchus long/filis) that require induced reproduction teChniques,
but are far more fertile.
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Introduction

African aquaculture began approxi
mately 50 years ago with tilapia as the
basic species. The essential advantages
of this fish were its spontaneous repro
duction in captivity, easy nursing and
diet that is both located at the begin
ning of the food chain and very flex
ible. The major disadvantage of tilapia
was its very early sexual maturity in cap
tivity at a size when it was often smal
ler than its marketable size. This early
maturity very rapidly induces overpopu
lation and stunting during culture in
ponds (the infrastructure mainly used
in African aquaculture).

Various studies in the 1970s, on the
African continent and elsewhere, con
tributed to the improved control of the
disadvantages of farming tilapia in closed

structures (monosexing and mixed-sex

farming with predators) and the devel

opment of farming in open structures
(cages and pens). Furthermore, control
of the biological cycle of other species
with aquaculture potential (particularly
catfish) has been achieved.

The major species of tilapia studied
in this paper are Oreochromis niloticus,
Sarotherodon melanotheron, and Tila
pia guineensis-covering the three gen
era of the tilapia group-and Oar/as
gariepinus and Heterobranchus longi
filis, two African catfish of the family
Clariidae, whose aquaculture potential
was demonstrated more recently. First,
the reproductive biology and spawning
induction methods in captivity for the
two groups of species will be compared.
The economic and social impact of these
different technical and biological char
acteristics on the development of tilapia
and clariid farming is then analyzed.

Biological Data Relating to the
Reproduction of Some

Tllapla and Catfish

The comparative status of tilapia and
catfish reproduction is given in Table
1.

Age at First Sexual Maturation

Age and size at first sexual matura
tion vary depending on the environment
of the fish. Among the five species stud
ied, sexual maturity occurs earlier and
at a smaller size in culture conditions
than in the natural environment.

For O. niloticus, first sexual matura
tion generally occurs at about age two
or three years in optimal conditions in
the natural environment (lakes), whereas
in unfavorable conditions-like captivity

in small ponds-reproduction can oc

cur from the age of three months (McBay

1961; Ruwet et aJ. 1976). For S. melano
theron and T. guineensis reared in la
goon pens, first sexual maturation oc
curs at six to eight months (50 g) and
at seven to nine months (60 g), respec
tively. In the natural environment (Ebrh~

Lagoon, Cote d'lvoire), the weight at
first maturation of these two species is
higher (130 and 80 g, respectively) for
fish of undetermined age (Legendre et
al. 1990).

For C. gariepinus, sexual maturity
occurs at about two years of age in the
natural environment (Richter 1976). In
culture conditions, maturity is reached
at about eight to 10 months (pham 1975)
or five to seven months (Legendre et
al. 1992), at a weight of 100-200 g.

For H. longifilis, sexual maturity oc
curs at the age of 12-14 months and
at a weight varying from 300 to 1,500 g
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Table 1. Comparative reproductive characteristics of tilapia and catfish: biological data and constraints
(ONI, Oreochromis niloticus; SME, Sarotherodon melanotheron; CGA, Garias gariepinus; and HLO,
Heterobranchus longifilis).

Spawning; fecundity

Spawning frequency

Control of
reproduction
(constraints)

Renewal of brood stock

Relationship to
marketable size

Sexual dimorphism
in growth

Hybrids

Larval culture
requirements

Constraints

Tilapias

Spontaneous spawning in
captivity; 350-3,500
eggs/Q (ONI)

Z (SME) to 6 (ON I) weeks

Sex ratio management
Stocking density

Individual weights of Q and d
Duration of spawning/
replacement of brood stock

Approx. every 18 months

Size at final spawning
< marketable size

d>Q

Quality of strains
Hybrid fertility < intraspecific
ferti Iity

No larval culture for Oreo
chromis and Sarotherodon
spp.; brief larval phase for
Tilapia spp.

Production planning
Large number of broodstock
Asynchronous spawning
(hence large areas required)

Catfish

Spawning induction required;
60,000-80,000 eggs/kg of Q

6-8 weeks (CGA)
4-8 weeks (HLO)

Choice of mature broodstock
(biopsy and examination of the
genital papilla)
Hormonal induction of ovulation
Artificial fertilization incubation
of the eggs

CGA (?), HLO (> 6 years)

Size at final spawning <:
marketable size
(CGA, ZOO g; HLO. 300-1,500 g)

CGA:d>Q
HLO:d=Q

Hybridization CGA x HLO is possible

Larval culture required for CGA
and HLO

Induction of ovulation
Artificial fertilization and larval
culture are needed

depending on culture conditions
(Legendre et al. 1992). In the natural
environment, first sexual maturation is
thought to occur at two years of age
(Motwani 1970).

Fertility

In tilapias, as in other fish, absolute
fecundity increases with the size of the

females. In O. ni/oticus, the minimal ab
solute fecundity observed is 340 ova
for a 26-g female and the maximum
fecundity is 3,500 ova for a 550-g fe
male (Melard 1986). In 5. melanotheron,
the mean absolute fecundity (in pens)
is 450 eggs for a 1OO-g female, 700 eggs
for a 200-g female and 1,000 eggs for
a 300-g female (Legendre et al. 1990).
For similar weights, fecundity is 4,000,
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8,000 and t 2,000 eggs, respectively,
per female of T. guineensis reared in
pens (Legendre et al. 1990).

In contrast, relative fecundity (ex
pressed as the number of fertilized eggs
or fry produced per kilogram of female)
varies inversely with the mean body
weight of the female tilapia. This im
plies that in O. niloticus, large num
bers of small females of approximately
t 00- t 50 g must be kept in order to en
sure a maximal fry production with the
same biomass of brood stock (Melard
t 986).

In the clariid species studied here, the
average relative fecundity recorded per
kilogram of female varied little with in
dividual weight. In C. gariepinus, abso
lute fecundity was 39,000 eggs for a 500-g
female, 8 t ,000 eggs for a I-kg female
and t 32,600 eggs for a 1.5-kg female,
which is approximately 80,000 eggs per
kg of female (Hogendoorn 1983).

In H. longifilis, fecundity is maximal
in the rainy season. It averages 130,000

eggs for a 2-kg female and 344,000 eggs

for a 4-kg female (Legendre 1986). High

seasonal variations in fecundity are ob

served: 28,000 eggs per kg of female
in the dry season and 68,000 eggs per
kg of female in the rainy season.

Spawning Frequency

In tilapias, spawning frequency and
the quantity of fry produced are directly
correlated, and it seems more logical
to consider mean values during a given
spawning period than the results for sin
gle spawnings. In optimal conditions
and at a temperature of 25-28°C, a fe
male of 0. niloticus can spawn every
30-40 days (Ruwet et aI. 1976), but a
very high individual variability is ob
served (Mires 1982). Thus, according
to this author, the spawning frequency
in aquarium of a female of O. niloticus
of 400-500 g mean body weight var-

ied from 23 to 50 days with very great
variability in the total number of
spawnings obtained (from two to seven)
during the observation period (1 t
months).

In 5. me/anotheron and T. guineen
sis, the mean spawning frequency ob
served in 4-m 2 concrete tanks (sex ra
tio 1: 1) is significantly higher, with an
interval between two spawnings of two
weeks and three weeks, respectively
(Legendre et aI. 1990).

In general, spawning within a popu
lation of tilapia broodstock (of the same
age, size and stage of sexual maturity)
is irregular and asynchronous for the
various females.

In optimal farming conditions of C.
gariepinus (correct feed, temperature,
quality and water renewal), the mini
mal frequency of repeated induction of
ovulation by hormone treatment of the
same female is approximately six to eight
weeks without loss of fecundity per single
spawning (Hogendoorn 1983).

In H. longifills, the spawning frequency

of females treated with HCG is two

months without loss of fecundity

(Legendre 1986) and could certainly be
higher (one month; Z. Oteme, pers.
comm.).

Control of Reproduction

Hormonal induction of spawning is
not practiced in tilapias, but rigorous
management of broodstock is necessary
for the mass production of eggs and fry.
Thus, in O. ni/oticus, the best results
can be obtained with the following cul
ture conditions and techniques:

separation of the sexes before plac
ing broodstock in reproduction struc
tures (ponds, hapas and concrete tanks)
for more rapid and regular fry produc
tion (Guerrero 1987; Parrel et aI. 1990);

more frequent replacements of
broodstock: every 21 days in hapas ac-



cording to Lovshin and Ibrahim (1987),
which increases egg and fry production
by approximately 16%; and

stocking densities of 0.7 brood
fish'm- 2 in 400-m 2 ponds (Lazard 1984)
or 4-5 broodstock'm-2 in hapas (Bautista
1987; Guerrero 1987) and optimal sex
ratios (Q:d) generally of about 3: 1.

It should be noted that for S. melano
theron, in which mouthbrooding of the
eggs is done by the male, the optimal
sex ratio is 1: 1.

Reproduction with no hormonal in
duction of ovulation is possible in C.
gariepinus and H. longifilis, but gives
poor results in terms of the number of
eggs and fry produced. Thus, in C.
gariepinus, natural reproduction in ponds
where a flood is simulated (by filling
the pond in one day) leads to a pro

duction of approximately 145 fry per
100 m 2

, 1.5 months after stocking with
sexually mature brood stock.

The best results for C. gariepinus are
obtained by induction of ovulation with
different types of hormones: HCG, pi
tuitary carp extracts and LH-RHa with
pimozide. In H. longifilis, HCG gives a
100% induction response.

Rene wal of Broodstock

The most productive period for tilapia
broodstock is the first 18 months of
sexual activity (Rana 1988), after which
it is recommended that the broodstock
be renewed.

In contrast, no decrease in fecundity
seems to have been found among the
catfish in the experiments conducted
so far on each species studied here. For
C. gariepin us, no recommendation con
cerning the appropriate age at which
to renew the broodstock seems to have
been made and for H. longifi/is, no
decrease in relative fecundity has been
observed up to the age of six years (6
kg mean body weight).
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Maturation and Marketable Size;
Sexual Dimorphism in Growth

Among the main species of tilapia used
in aquaculture, sexual maturity occurs
well before marketable size is attained.
In addition, sexual dimorphism in growth
dimorphism in favor of males (the pre
cise cause of which is still unknown) is
observed in all tilapias: hence, the dif
ferent methods used to produce all-male
populations (mainly hormone treatments
and interspecific hybridization).

For H. longifilis, no significant differ
ence between male and female growth
has been shown (Legendre et al. 1992).
In contrast, a significant growth dimor
phism in favor of males was observed
in C. gariepinus (Henken et al. 1987).
After 307 days of culture in concrete
tanks, Legendre et al. (1992) reported
a mean body weight for H. longifilis of
700 g for females and 680 g for males,
and for C. gariepinus, of 260 g for fe
males and 450 g for males.

Hybridization

The production of Oreochromis hy
brids has been going on for 30 years
and by the 1970s, it was produced
commercially (initially in Israel, then sub
sequently in many other countries). The
goal of hybridization is generally two
fold: inheriting suitable parental qualities
(growth, cold resistance, better
catchability, mesentery coloration, etc.)
and obtaining a high percentage of males.

The use of these interspecific crosses
has always been faced with problems
of low fertility compared to intraspecific
crosses (Roth bard et al. 1983) and the
need to maintain pure broodstock lines
to produce progenies that are near 100%
male. Increased fry production has been
achiev€d by selecting parental strains
(Hulata et al. 1985) or by using F

1
hybrids

as broodstock, then applying a
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masculinizing hormone treatment to
progenies (Rothbard et al. 1983).

Hybridization is also possible in the
Clariidae using in vitro fertilization
(Legendre et al. 1992). The hybrid H.
longifilis x C. gariepinus shows growth
equal to or greater than (depending on
environmental conditions) that of the
best performing parent (H. longifjfis).
The sex ratio of the hybrids is balanced;
they are fertile, but gametogenesis is
relatively poor, and male and female
growth is equivalent. In contrast to the
use of H. longifilis, the aquaculture po
tential of such hybrids remains to be
seen (resistance to certain environmental
conditions and pathogens, etc.).

Size of Eggs and larval Culture

The eggs of Oreochromis and Sarothe
rodon are clearly larger (2.5-4.5 mm)
than those of Tilapia (1.5-2.0 mm) and
Clariidae, C. gariepinus and H. longi
fiJjs (1.5 mm).

This has a direct impact on the nurs
ing period: following resorption of the
yolksac, at the start of their trophic phase
(20 mg approximately), Oreochromisand
Sarotherodon already exhibit the defini
tive adult morphology; they are robust
and their food requirements are easily
met.

Conversely, c1ariid larvae, whose
weight is approximately 1.8 mg at the
start of the trophic phase, require a
specific feed and particular culture con
ditions.

Tilapias of the genus Tilapia that have
a brief larval period represent an inter
mediate situation, with the possibility
of high mortality during first feeding

(observations on T. guineensis; Legendre
et aI. 1990).

Blotechnlcal Data on fry
and fingerling Production

In Tllapla and Catfish

InFrastructure Used: Technical
and Biological Constraints

T1LAPIAS

At the start of African aquaculture
development, the same ponds were used
for all phases of production: reproduc
tion, nursing and grow-out (farming in
mixed-age classes). Results were poor
(overpopulation, competition for food
and cannibalism) for all three phases,
and the number of fry harvested was
low-between 0.5 and 1.2
individuals·m· l ·month· 1-with a great
heterogeneity in size. Furthermore, with
this system, it was not possible to dis
tinguish between recently hatched fry
and small-sized fish afflicted by stunt
ing and reproducing early (neoteny).

Two techniques that are more recent
and more efficient will be briefly de
scribed here: first, the production of fry
in ponds, which is the most widespread
technique and apparently the method
best adapted to Africa, and second, the
production of fry in hapas or small cages,
a technique widespread in Asia and po
tentially suitable for many African situ
ations since it requires little capital and
surface area.

In Ponds. The numerous attempts these
last few years to produce O. niloticus
fry have led to the recommendation for
pond production of the major methods
summarized in Table 2.

Concerning broodstock conditioning
and management, broodstock are given

a break from sexual activity and recon
ditioned for their next spawning by
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Table 2. Biotechnical data on the prod uction of Oreochromis niloticus fry in ponds of various
sizes (RB, rice bran; PC, peanut cake; and FM, fishmeal).

Mean weight of broodstock (g)

4,500 350

0.16 0.7

62-356 100(9)
240 (d)

3:1 3:1

250 120

60 35

30' 15'

organic 50% RB +
and mineral 50% PC
fertilization

8.0 45.4

4.3 g 0.7 g

Pond surface area (m ' )

Broodstock density (ind'm-l )

Sex ratio (d:9)

Duration of culture (days)

Fi rst harvest of fry
(days after stocking)

Harvest intervals
(days)

Feed/Fertilization

No. of fry produced
(ind "m-l'month-')

Mean weight of fry
produced

Reference Broussard et al. (1983) Lazard (1984)

ZOO

4

80-100

3:1

45-60

14

6 times/day at 2-hour
intervals starting at

0700"

organic fertilization
+ RB (75%)
+ FM (25%)

200-Z50

a few mg
to 0.1 g

Guerrero (1987)

'Using seine nets .
• 'Using small-mesh handnets.

separation of the sexes and the use of
a high-protein feed at the rate of 4%
of body weight·day-'. This reconditioning
lasts for one to two weeks (after three
to four weeks of reproductive sexual
activity in ponds of 300-500 m ' accord
ing to Guerrero [1985]), or for a pe
riod equal to the period of reproduc
tion [four months in 350-m' ponds ac
cording to P. Parrel (pers. comm.)].
According to Guerrero (1987), the fe
male broodstock must be slightly larger
than the male (by 20-30 g) for
broodstock weighing from 100 to 200
g. Lazard (t 984) uses males that are
larger than the females (240 versus 100
g) and Parrel et aI. (1990) recommend
mean broodstock body weights greater
than 200 g. For broodstocks of 50- t 00 g
reproducing in small ponds, Guerrero
(t 987) recommends replacement when
250-350 g mean body weight is reached.

Nursing in ponds, starting with fry of
0.5- t g, is done up to a weight of 5 g
at a density of 25 individuals'm" over
60 days with a compound feed that is
20% fishmeaI.

The nursing of fry with a body weight
lower than 0.1 g is done in hapas at a
density of 500-1 ,000'm- l over one to
two weeks, then in ponds at a density
of 200-400'm- l over two to four weeks,
depending on the final size desired.

In Hapas. The production of fry with
a mean body weight ranging from 60
to 80 g in small cages or hapas is gen
erally done at a density of 4 brood
stock'm-l

, with a sex ratio of 3: 1. The
frequency of fry harvests varies; daily,
with the first beginning 10- t 2 days af
ter the stocking of broodstocks (Guerrero
1987), or at intervals of t 5-21 days with
all fry harvested (Bautista t 987). Pro
duction in hapas has ranged from to
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to 15 fry'm-l'day-I, regardless of har
vest frequency. The duration of the pro
duction cycle in hapas can vary from
30 days (Guerrero 1987) to 1 t months
(Bautista 1987). The feed is 75% rice
bran and 25% fish meal, distributed at
a rate of 3% of broodstock biomass per
day in two distributions.

The first nursing phase is done in hapas
over three weeks (a density of 1,000'm- l

for the first week and up to 250'm· l for
the third week), with a feed contain
ing t 0% fishmeal and 40% copra cake,
up to a size of 0.5- t g (Guerrero 1987).
The grow-out phase that follows is gen
erally done in ponds.

CATFISH

Captive breeding methods for C.
gariepinus have already been substan
tially described (Hogendoorn 1983).

H. longifilis spawns year-round in la
goons, based on broodstock fish in pens

(1 individual'm'l ) (Legendre 1986). The

weight of the broodstock used is from

3 to 5 kg. After hormonal injection (HCG),
artificial fertilization takes place in a
hatchery and the average egg produc
tion is 68,000·kg· 1 of female in the rainy
season and 28,000'kg- 1 in the dry sea
son. A male, killed for the purpose, can
fertilize approximately 600,000 eggs.
An average 75% of normal larvae are
recovered after hatching, with a mean
body weight of 1.8 mg after yolksac
resorption.

In the hatchery, larvae receiving an
Artemia-based feed develop after two
weeks into fry with a mean body weight
ranging from 150 to 300 mg and an
average 65% survival rate (Legendre et
al. 1991).

In 1-m 3 small-mesh cages (0.6 mm)
placed in limed ponds (Legendre et al.
1991), 2-mg larvae reach between 100
and 300 mg after two weeks (natural

feed the first week, followed by a troutlet
feed the second week). Stocking den
sities per cage range from 2,000 to
15,000 larvae, or from 2,000 to
15,OOO'm-l

. After two weeks, the sur
vival rate in cages is approximately 25%
(between 1 and 50%). Fry are then placed
in a nursing pond at a density of 15·m·l .

Using an artificial feed of 35-40% pro
tein, fry reach a mean body weight of
30-50 g after 2.5 months with a mean
survival rate of approximately 60%.

Extent of Facilities Required for Fry
and Fingerling Production

If the annual production target is t
million fry or fingerlings, what are the
necessary resources in terms of infra
structure or broodstock for each spe
cies studied?

T1LAPIAS

In Ponds. Production of fry of 0.5

1 g. Using the "semi-intensive" method

to produce O. niloticus fry described
in Table 1 (Lazard 1984), the annual
production of 1 million fry of 0.5-1 g
requires 0.35 ha of ponds of 300-400 m l

and 1,550 broodstock (based on a 10
month culture period per year); but, to
allow for periods of sexual inactivity,
approximately double their number of
broodstock (t 00-300 g) are required to
ensure continued fry production.

Production of5-g fingerlings. To pro
duce 5-g fingerlings, the required ad
ditional pond surface area is approxi
mately 0.4 ha to account for rotations,
based on a stocking density of 60
individuals·m· l and a 70% survival rate.
That rate corresponds to the nursing of
1.4 million fry.

Production of30-g fingerlings. In this
case, the required additional pond sur
face area is approximately 1.2 ha to



account for rotations, based on 260
individuals'm-2 , a 90% survival rate and
an average cycle duration of 60 days.

In Hapas. In hapas, the production
of 1 million 0. niloticus fry of 0.5-1 g
requires:

350 m 2 of reproduction hapas and
100 m 2 for conditioning the broodstock
and

200 m 2 of nursing hapas (500'm- l ,

70% survival rate).
This production requires the perma

nent maintenance of 1,500 reproduc
tive broodfishes, ranging in mean body
weight from 60 to 80 g and the main
tenance of a resting brood stock (50%
of reproduction time, i.e., 700 brood
stock). A total of 2,200 broodstock must
be maintained.

CATFISH

The methods necessary to produce 1
million fingerlings of H. longifilis are
as follows".

A 3-kg female produces an average
of 144,000 eggs per spawning per year,
considering the s€'dsonal variations in
fertility. This results in the hatching of
approximately 100,000 larvae.

In one scenario (Case 1) of nursing
in a hatchery with an Artemia-based feed,
65,000 fry are obtained after two weeks
in a trough (approximately 10,000 lar
vae per 2xO.5-m trough).

In a second scenario (Case 2) of nursing
in cages immersed in ponds with natural
feed and the distribution of a compound
feed, 25,000 fry are obtained after two
weeks with an initial stock of approxi
mately 6,000-8,000 larvae per l-m 3

cage.
The nursing in ponds of fry weigh

ing 150-300 mg at a density of 15'm-l

'Data extrapolated from results obtained in ex
perimental stations.

85

leads, after 2.5 months, to the production
of 39,000 fingerlings (mean body weight:
30-50 g) in Case 1 and 15,000 fingerlings
in Case 2.

Assuming a frequency of 10 repro
ductions per year:

- Case 1 requires the use of three fe
males and one male per cycle, 30 lar
val culture troughs and 1.3 ha of ponds
to produce the fingerlings; and

- Case 2 requires the use of seven
females and one male per cycle, 70 larval
culture cages immersed in seven 500
m l ponds and 1.3 ha of ponds to pro
duce the fingerlings.

Whichever alternative is chosen, it is
recommended to keep a permanent
minimum stock of approximately 50
broodfish (mixed sexes), at a density
of 1 individual·m·l in pens (requiring a
penned surface area of 50 m l ), to sustain
the genetic variability of the species.

An experiment on C. gariepinus fry
production at the La Landjia Station in
the Central African Republic (CAR)
(Janssen 1984) suggested, in addition
to the use of a hatchery, the need for
17 ponds of 400 m 2 to produce
1,200,000 fry of 1-2 g per year in six
cycles. The number of 500 g broodstock
permanently in the ponds would be 400
per l·m- l

.

Economic Data

For comparability, only costs for the
African continent will be given here.

Production Costs of TiJapJa Fry
and Juveniles

The costs given here (Table 3) were
obtained from full-scale experiments in
ponds in Niger (Sona nursery station;
34 ponds of 350 m 2 and a pumped water
supply) and in small floating nursing
cages immersed in the Niger river.

Table 3 indicates:
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Table 3. Economic data on the production of Oreochromis niloticus fry (0.5-1 g), juveniles (5 g)
and fingerlings (30 g) in different production systems in Niger (Parrel et al. 1990).

Infrastructure

Fixed expenses'
Variable expenses'
Total expenses'
Unit price/
fish'

Earthen pond;; (Sona
nursery)

3.120.000 fry'year"

10,200.000
3,250.000

13,450,000

4.3

Earthen ponds (0.4 hal
3 cycles'year"

520.000 fingerlings'year'"

4,950,000"

9.5

Floating cages (5 m 3 )

3 cycles'year"
7,200 fingerlings'year"

13,800
144.000
157,800

2\.9

'In F CFA 1990 (US$1.00=250-300 F CFA).
"In the context of a private farm (no depreciation).
bIncluding profit margin.

a cost price (production cost) for
0.5-1 g 0. niloticus fry of 4.3 F CFAb
(3.67 F CFA without depreciation);

a cost price for 5 g O. niloticus
fry of 6.5 F CFA (without depreciation
of the ponds; 7.5-8 F CFA including
depreciation); and

a cost price for 20-25 g 0. niloticus
fingerlings produced in cages of 22 F
CFA (48 F CFA per male fingerling; sex
ratio = 45% d); in ponds, the produc
tion cost of the male fingerlings would
be 45 F CFA without depreciation (53
F CFA with depreciation) according to
Parrel et al. (1986).

Production Costs of Catfish Fry and
Juveniles

Production costs for C. gariepinus
fingerlings produced in CAR in 1984 were
as follows (Table 4):

for a 1-g fingerling produced in
a hatchery: 9.7 F CFA with deprecia
tion and 6.7 F CFA without deprecia
tion; and

for a 1 to 3-g fingerling produced
in a hatchery. then nursed in ponds: 8.2
F CFA with depreciation and 5.15 F CFA
without depreciation.

bUS$1 =250-300 F CFA until 1 January 1994;
US$1 =600 F CFA in 1996.

The production cost for H. longifilis
fry (150 mg) in a hatchery (fed with
Artemia and trout feed) is 4-6 F CFA
per fingerling. In cages immersed in
ponds, this cost is 3.6 F CFA (with a
20% survival rate) and 1.7 F CFA (with
a 50% survival rate). The production cost
of H. longifilis fingerlings (60% survival
rate) is 41 F CFA per fingerling (45 g
mean body weight). For the latter spe
cies, costs were calculated under ex
perimental conditions without consid
ering the investment depreciation (Barros
1990).

The comparative status of tilapia and

catfish production costs is given in Ta

ble 5.

fry Production of Aquaculture
and Development

General Operation

Fry intended for fattening after grow
out by artisanal fish farmers may come
from three sources (Lazard et al. 1991).

Option 1: from the farm itself
(backyard hatchery)C or from neighboring

<In this case, 10-20% of the total surface area
used for aquaculture must be devoted to O.
niloticus fry and fingerling production (20-30 g
required size for manual sexing; Lazard 1984).
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Table 4. Economic data on the production of six-day-old Clarias gariepinus fry in the Central
African Republic (Janssen 1984).

In frastructu res
Items

Fixed expenses'
Variable expenses'
Total expenses'

Unit price!
fish'

Hatchery
Spawning + fry raising

1.242,000 units'year"

5,3.30.000
6,740.000

12.070.000

9.7

Hatchery + earthen ponds
Spawning + start (6 days)

1.242.000 units·year· 1

5.770,000
4,490,000

10.260,000

8.2

'In F CFA 1990 (US$1.00=250-300 F CFA).

Table 5. Comparative economic data on the production cost of individual tilapia and catfish fry
and juveniles for: Oreochromis niloticus (Lazard 1984; Parrel et al. 1986; Parrel et al. 1990); Clarias
gariepinus (Janssen 1984); and Heterobranchus longifilis (Barros 1990).

Progeny weight

150 mg

0.5-1 g
(Oreochromis niloticus)

1-3 g
(Clarias gariepinus)

5g

10 g

40-50 g

F: in F CFA.
'Without depreciation.
"With depreciation.
a Production station.
b Experimental station.

Oreochromis niloticus"

Pond
3.7 F'
4.3 F"

Pond
6.5 F'
7.5 to 8 F"

Ponel
10 to 12 F'

Pond
20 F'
24 F"

Cage
25 F"

Catfish

Heterobranchus longifilisb

Hatchery: 4 to 6 F'
Hatchery + cage: 1.7 to 3.6 F'

Clarias gariepinus"
Hatchery + Pond: 5.15 F'
Hatchery + Pond: 8.2 P'

Hatchery: 6.7 F'
Hatchery: 9.7 F**

Heterobranchus longifilisb

Pond: 41 F'
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farms that have surplus fry or specialize
in the production of juveniles.

Option 2: from nurseries. Today,
these are still government-run opera
tions, managed by a project or by gov
ernment employees.

Option 3: from the wild. The fish
farmers catch the juveniles for stock
ing their ponds straight from the wild,
or buy it from a fisher.

These various options are chosen and/
or vary in time and space according to
three major criteria:

Culture Species: Only tilapia lends
itself to an artisanal and decentral ized
development of backyard hatchery (Op
tion 1) because its production and nurs

ing are simple and do not call for any
sophisticated techniques. Aquaculture

development of other species (catfish,

carps or other species being domesti
cated) involves a more or less complex
phase of reproduction and larval cul
ture that can hardly be considered, at
least for the moment, except in the con
text of a nursery or hatchery (Option
2). These species may also be caught
in the wild subject to all the risks in
volved in Option 3: seasonality, het
erogeneity of sizes, species mixing, need
for storing and transportation after the
capture.

Development Policy (who can be
fish farmers?): Because nursing is still
largely an "assisted" activity, the option
chosen depends in fact on the project's
(or the government's) philosophy.

Some development projects favor Op
tion 1 for tilapias, whereas others favor
Option 2 and perhaps even Option 3.
For tilapia, the use of nurseries poses
many problems (high production costs
that generally require a subsidized sale
price, transportation costs, the trans
fer of only a part of the profit from fry
sales to the nursery, etc.). These prob
lems also apply to the other species,
but those species can only be either cap-

tured in the natural environment or pro
duced in a hatchery. However, when a
mass production of tilapia juveniles is
necessary, the use of a hatchery is una
voidable.

Development over Time: The
projects that have opted for nurseries
have seen fish farmers move gradually
but systematically toward backyard pro
duction of tilapia fry. This can be ex
plained both by the professionalization
of some fish farmers and the economic
failure of the nurseries.

For Clarias, the rare existing hatch
eries heavily subsidize the fry and gen
erally hardly survive the projects that
created them: supply thus remains much

lower than demand and fish farmers must
often resort to Option 3.

Options 1 and 3 tend to become com

mon when projects relying on hatch
eries and nurseries end.

Case Studies

TILAPJAS

The majority of tilapia culture projects
in Africa have regarded fry production
as the cornerstone of their strategy
(Lazard et al. 1991). This is why many
fry production facilities have been built
or rebuilt in various countries (Cote
d'lvoire, CAR, Congo, Cameroon, Mada
gascar, Niger, etc.) in the last few years.

The experience of operating these sta
tions reveals the following constraints:

high operating costs for stations
running according to the administrative
model;

low levels of technical expertise on
the part of agents responsible for these
stations, leading to a low yield of fry per
unit area; and

problems of logistics in delivering
the fry or fingerlings to fish farmers.

Thus, operational problems of the La
Landjia Station in CAR (poor water supply



and lack of resources) have forced the
services responsible for aquaculture
extension projects to buy from some
fish farmers to resell to others.

In Cote d'ivoire; the situation is more
complex. The demand for til apia fry from
the FAO-Water and Forests Project is
decreasing because fish farmers tend to
produce their own fry and market them
directly among themselves. In 1989,60%
of all tilapia fry used by the project's
fish farmers were produced by the fish
farmers themselves (directly or selling
among themselves). The same year, the
project facilities produced 800,000 fry
of which only 300,000 were delivered
to fish farmers-the difference being due
mainly to the lack of resources for the
transportation of the fry. The cost price
of the O. niloticus fry (3-10 g) was 7 F
CFA per fry and that of the male
fingerlings (30 g) was 20 F CFA. The
selling prices to fish farmers were 3 and
10 F CFA per unit, respectively, the
difference therefore being subsidized by
the project.

CATFISH

In addition to the facilities necessary
for the different reproductive stages
(hatchery with tanks, Zoug jars or in
cubation troughs and nursing ponds in
good conditions), the captive breeding
of these species requires high quality
feed (for broodstock and juveniles), hor
mones to induce spawning and specific
feeds for the larvae (generally, Artemia).

These requirements are generally met
for as long as the project that initiated
the hatchery continues.

The initiating project ensures the tech
nical and scientific support necessary
for its smooth operation, and the op
erating costs-which are generally high
-usually result in a significant subsidy
to fish farmers.
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In Cote d'ivoire, for example, an ex
amination of the operation of the La Loka
catfish hatchery reveals:

difficulty in solving the technical
problem of nursing fry from 25 mg to
5 g, resulting in a very high mortality.
In 1988, there was a 2% survival rate
between the larval stage ex-hatchery
and the 5-g fingerlings delivered to the
fish farmers (39,000 fingerlings delivered
out of 1,500,000 larvae produced in the
hatchery);

the high subsidy level, with an es
timated cost price for Clarias fry of 15
20 F CFA and a selling price to fish farm
ers of 10 F CF A;

• the problem of the technical train
ing of station personnel, which became
obvious when a hatchery supervisor left
and was not replaced; and

• the difficulty of supplying expen
sive inputs (pituitary extracts and
Artemia) after the project ends.

In the CAR, the ending of the vari
ous development projects resulted in
the closure of the La Landjia Clarias
hatchery, which, by 1990, was no longer
producing Clarias fry for reasons detailed
earlier.

In Cameroon, the Ku-Bome nursery
hatchery (near Bamenda) produces tilapia
fry, common carp fry and C. gariepinus
fry. The hatchery, built in 1986, has never
functioned (in 1991) due to a lack of
funding to complete the incubation
facilities. The reproduction of carp and
Clarias therefore is done in ponds
(kakaban method for the former: simu
lated flood for the latter). Lack of credit
makes the acquisition of hormones to
induce spawning difficult. In 1989, this
station produced 20,000 common carp
fry and 15,000 Clarias fry (marketed at
25 F CFA per fry with a mean body weight
of 12-18 g). This volume of production
is still much lower than the demand also
because fish farmers, among whom
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farming techniques for these two spe
cies have been promoted, are reluctant
to return to tilapia culture. Furthermore,
the delivery of fry to fish farmers poses
unsolved problems of logistics (need for
vehicle and fuel).

Conclusion

Has the spontaneous reproduction of
tilapia in captivity been a true driving
force for the development of tilapia
culture in Africa?

In addition to the disadvantages of
tilapia sexuality for the production of
marketable fish (anarchic proliferation
of fry), it also involves a number of
constraints for the controlled and planned
mass production of fry and fingerlings
that relate to low individual fertility and
spawning asynchrony:

large pond surfaces:

high number of broodstock:

relatively complex management
of broodstocks to maximize the quan
tity and quality (grading, survival rate,
etc.) of fry production;

good level of technical competence
from fish farmers; and

relatively complex planning of
pond use (stocking of brood fish, spawn
ing and nursing of fry) for a regular supply
downstream of the fish farmers practicing
grow-out in various rearing structures.

In short, the low level of technical
competence apparently required for
tilapia culture has long led to the be
lief that it could be open to all, includ
ing fry production. Nursing has long been
done in the same ponds used for the
production of marketable fish.

Analysis of production costs for O.
niloticus fry indicates a relatively high
cost price for a good quality produc
tion (homogeneous and planned) that
should be tal<en into account in estab
lishing selling prices to fish farmers. The

failure of the nurseries was no doubt
largely caused by this high cost price
related to the lack of control of pro
duction costs and insufficient techni
cal competence. Nevertheless, tilapias
have the considerable advantage of being
producible by fish farmers, in ponds,
and as part of artisanal culture.

Catfish, whose production has long
been limited by a scarcity of fry, could
be the second group of fish to ensure
the development of African aquaculture.
Production costs of C. gariepinus and
H. longififis juveniles do not differ very
much from those of tilapia. In addition,
the level of technical competence
required to reproduce these species of
catfish is no greater than that needed
for the efficient operation of a tilapia
fry production station (planned, graded
and monosex).
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Abstract

Broodstock exchange and artificial incubation can be used to improve the productivity of intensive tilapia
breeding systems. Eggs and yolksac larvae are removed from the mouth of incubating female fish within a
five-day period. The exchange of females from spawning hapas, with fish conditioned for 10 (Tl), 15 (T2l
and 20 (T3) days in separate, single sex, high density groups was compared in a 1OO-day trial. The selective
exchange of females from spawning hapas, i.e., spawned or unripe fish females exchanged for fish that
were visually ripe and conditioned for a minimum of 10 days was also compared (T4). A further treatment
compared the exchange of males as well as females (T5); both sexes were conditioned in single sex, high
density groups for 10 days. Increasing the duration of female conditioning from 10 to 15 days did not
improve seed output, but doubling the conditioning period (20 days) reduced it by 18%. Total seeds harvested
from females selectively exchanged were almost 50% higher than if all females were exchanged at each
harvest (90.1 and 64.6 seeds·m·l of spawning hapa·day·I, T4 and Tl, respectively). Efficiency of brood
female production was also improved by selectively exchanging females (314 and 233 seeds' kg'1. day", T4
and Tl, respectively). Exchange of males also significantly increased seed output (80.5 seeds·m·l spawning
hapa·day·I). Clutch size of seeds removed from selectively exchanged female and male treatments was
significantly increased over the control treatment (Tl).

Introduction

A major problem for the mass produc
tion of Nile tilapia (Oreochromis niloticus)
fry is the asynchrony of tilapia breeding.
In contrast to the synchronous shoaling and
breeding of many other fish species, the
complex reproductive biology and behavior
of Oreochromis spp. constrain mass pro
duction of seeds. High and sustainable pro
duction of fry has been shown to be possi
ble in tank and hapa systems if manage-

apresent address: Institute of Aquaculture, Uni
versity of Stirling, Stirling, Scotland, UK.

ment practices are intensified. Broodfish
condition can be maintained by reducing
the period of natural spawning and incu
bation to only five days and then remov
ing the seeds from the mouthbrooding fe
male. Following seed harvest with a pe
riod ofsingle sex, high density "conditioning"
improves productivity further. A period of
10 days of such conditioning before release
into a lower density spawning environment
has been shown to improve synchrony of
spawning and productivity of the system
as a whole, but analysis revealed that the
mean spawning intervals (MSI) varied be
tween 15 and 20 days (Little 1989). A re
covery period of more than 10 days may



therefore further enhance seed production
and synchrony of spawning. However, a
longer period of conditioning would increase
production costs since the required number
of breeding fish would be increased sub
stantially.

These earlier experiments showed that
simple exchange of all female fish af
ter each five-day period of spawning
opportunity did not optimize the number
of ripe fish in the hapa; despite 10 days
conditioning, a proportion of females
did not develop obvious ripeness and
readiness to spawn. Also, after a five
day period of spawning opportunity, some
females not only did not spawn but also
remained in an unripe condition. Sorting
of females to be stocked in the spawning
hapa, in the same way that carp broodfish
are sorted for induced breeding, could re
sult in an increased proportion of breed
ing fish.

Readiness to spawn and fry production
have been assumed to be only dependent
on female condition (Uchida and King 1962;
Peters 1983) but the demands made on males
when spawned females are continually re
placed with conditioned, ripe females are
likely to be greater. Exchange of males was
found to improve 0. niJoticus seed output
more than female exchange alone in a hapa
system with a 21-day interharvest period
(Lovshin and Ibrahim 1989) but the con
sequences for male exchange in a more
intensive system in which spawning activ
ity is more concentrated are unknown. Fry
producers have normally allowed several
days for territory establishment and courtship
by maTes (Rothbard et al. 1983) and the
advantages of using conditioned males may
therefore be outweighed by lack of time
to court and spawn with receptive females.

Materials and Methods

Pure 0. niJoticus (Chitralada strain) were
obtained from an experiment on broodfish
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in which fry of the same origin (individual
size: 1.5-3 g) were raised over a period of
five months to maturity in fertilized earthen
ponds using supplementary feeding.
Broodstock were then sexed and maintained
in spawning and conditioning hapas sus
pended to a depth of 60 cm in the same
earthen pond (area 1,740 m 2) over an
experimental period of 106 days through
the hot dry season to the beginning
of the rains (March-June 1987). Ambi
ent daily temperature ranged from 26
to 35°C. Broodfish from different treatments
were released in single spawning net hapas
(8.0x5.0xO.9 m) at a rate of 2 fish'm-2 and
a sex ratio of 1: 1. Each treatment had a
minimum of three female replicate groups
(Table 1) which were exchanged succes
sively in the spawning hapa throughout the
experimental period; a total of 20 harvests
were made at five-day intervals. After each
five-day period, the bottom strings of the
hapas were untied, the broodfish were
concentrated at one end of the hapa using
a bamboo pole slid under the hapa and every
broodfish removed one at a time using a
double handnet. The mouth of each brood
fish was checked and any eggs and yolk
sac fry were removed by washing the seeds
from the females' mouth; seeds passed
through the coarse mesh and concentrated
in the fine mesh handnet below. Individual
seed clutches were held in plastic bowls
to allow staging before preservation in 4%
formaldehyde (Peters 1983) in sealed glass
or plastiC bottles. Same stage seeds from
females in the same treatment were com
bined. The numbers and average weight
of seeds were estimated by counting and
weighing three subsamples of 100 seeds
and then bulk weighing the total batch on
a top-pan balance (Mettler Pe 3600) to two
decimal places. Surface moisture was re
moved before weighing by holding the eggs
in a fine-mesh net on dry absorbent tis
sue. Seeds were staged at harvest using
an arbitrary scale of development that could
be determined at the pond side: (1 ) uneyed
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Table 1. Experimental design showing treatments and numbers of broodfish
(Oreochromis niloticus).

Duration of conditioning prior
to exchange (days)

Sets of broodfish
(x 40 individuals)

Treatment

T1

T2

T3

T4

T5

Females

10

15

20

A minimum of 10 days
and then used according
to ripeness

10

Males

10

Females

3

4

5

3

3

Males

3

eggs, (2) eyed eggs, (3) prehatched and
(4) hatched, yolksac larvae.

Harvested broodfish were placed in float
ing net hapas before being lifted onto the
pond side for estimation of weight change.

Female and male broodfish were condi
tioned separately, according to treatment,
in small nylon nets (3.0x1.8xO.9 m) at a density
of 7.5 fish'm-2 (Table 1). All female broodfish
were removed and replaced with conditioned
females after five days spawning opportu
nity in Treatments (T) 1, 2, 3 and 5. In Treat
ment 4 (T4), two categories of females, (a)
spawned remales and (b) unspawned but unripe
remales were removed at harvest and replaced
with an equal number of females selected
for ripeness from fish in the conditioning hapa.
The main criterion for selection of ripe fe
males was a soft, rounded abdomen. Selec
tion of females was therefore made to maxi
mize the number of such females stocked in
the spawning hapa at the beginning of each
spawning period.

In Treatment 5 (T5), males were also re
moved and replaced every five days with
fish raised in a conditioning hapa for 10
days.

All hapas were replaced every 10 days
and cleaned thoroughly with brush and hose
before reuse.

Early morning dissolved oxygen (Winkler
titration) and chlorophyll a, total ammo
nia and pH were measured in water sam
ples removed at 0900 hours.

Fish in spawning and conditioning hapas

were fed a floating catfish pellet (Charoen
Pokphand, Bangkok; crude protein 30%) to
satiation three times daily.

Observations of mean daily seed output,
number of seeds-kg female-day' and number
of seeds-kg fish-day" were statistically com
pared using a paired t-test.

Mean percentage of total seeds harvested
as uneyed eggs were compared using the
Kruskal-Wallis one-way analysis of variance
(ANOVA) test.

ANOVA was used to determine the relative
effects of stage and treatment on seed clutch
characteristics. Spearman rank correlation
was used to describe the relationship be
tween stage and clutch size of harvested
seeds.

Results

Mean daily seed output was significantly
increased (P<0.05) from hapas in which fe
males were selectively managed (T4) or in
which all males were exchanged compared



to treatment (Tt) where only females were
exchanged after a five-day spawning op
portunity (Fig. 1).

A conditioning period of 10-15 days gave
similar production in terms of total
seeds·m·2 ·day·1 but an increase to 20
days reduced seed output by around 18%
(53 seeds·m'2·day·1 compared to 65
seeds·m'2·day·l) (Fig. 1). Duration of female
conditioning more obviously affected the
number of seeds harvested relative to the
total weight of females used. Using fewer
total broodfish (Tt), the output of seeds
almost doubled compared to that when more
females were used to enable a period of
20 days conditioning (T3).

Productivity of females, and broodfish
total, declined with duration of condition
ing (Fig. 1). The use of selective female ex
change and a single group of males (T4)
gave the best efficiency of broodfish use
overall (T5, 120 seeds'kg broodfish
total·day'l). The variability of seed output
with time was high, particularly for selec
tive exchange of females (T4, Fig. 1).

There were no significant differences in
synchrony of spawning among treatments
(Table 2). Late spawning occurred within
a range of 23-35% of total spawns (Stage
1) and early spawning, as indicated by the
harvest of well-developed seeds (Stages
3 and 4), between 40 and 60%.

Individual mean seed weight was related
to stage but not treatment, hatched yolksac
larvae were heavier than unhatched eggs.

Variation in clutch size was explained by
both treatment and harvested seed stage
and there was significant interaction be
tween the two sources of variation. Mean
clutch size of seeds harvested from selec
tively exchanged females (872; T4) and
females spawned with exchanged males
(844; T5) was larger than from females sub
jected to a simple exchange strategy (673;
Tl) and this effect was pronounced when
yolksac fry were harvested (early spawned
seeds Tl, 249) (Table 3). Relative clutch
size (number of seeds·g·l female spawned)

95

did not vary between treatments. Mean clutch
weight and size were correlated with the
stage at which seeds were harvested
(P<0.001, r2 = 0.4). Late spawned clutches
ofseeds tended to be both heavier and larger
than early spawned eggs/hatched fry. Clutch
size after hatching (Stage 4) was nearly 20%
less than seed harvest as prehatched eggs.

A longer conditioning time inevitably
reduced the total time spent by individual
female fish in the spawning net from a to
tal of 35 days (Tl) to only 21 days (T3) during
the experiment. Although mean spawning
intervals (MSI) increased with female con
ditioning period (Table 4), there was no dif
ference in spawning intensity or the mean
number of spawns recorded per day indi
vidual females spent in the spawning hapa.
Females spawned more frequently after male
exchange (T5) or when females were se
lectivelyexchanged (T4) compared to simple
exchange of all females (Tl) (P<0.05).

Comparison with the productivity ofother
systems can be made after allowing for the
losses during artificial incubation. Seed pro
duction expressed as first feeding or yolksac
absorbed fry followed the same trends.

Discussion

The optimization of broodfish use is par
ticularly important for species that produce
relatively few seeds from each spawning.
The use of strategies to optimize individual
output needs to be balanced with the ex
tra cost of handling larger numbers of fish
in more complicated ways.

The type of broodfish exchange used to
increase spawning synchrony and produc
tivity in intensive systems (those in which
broodfish can be caught and handled eas
ily) has consequences for ease of manage
ment and cost of fry production. An opti
mum strategy would maximize breeding
activity and enhance readiness to spawn,
while reducing the number and hence the
cost of broodstock.
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Fig. 1 Mean values for performance of Nile tilapia (Oreochromis nifoticus) broodfish
spawned in large nylon hapas after different periods of female conditioning (10 days,
T1; 15 days, TZ; and ZO day~, T3), selective female conditioning (T4) and male conditioning
(males and females conditioned for 10 days, T5).

Table Z. Mean percentages of total seeds harvested
as uneyed eggs (Stage 1) from spawning hapas (area=40 m',
stocked with 80 broodfish per unit [female:male ratio= 1];
time= 106 days) managed under different conditioning and
exchange regimes.

Mean percentages of total harvested
Treatment stage 1 seeds (n)

T1 3Z.8 (ZO)

TZ 23.2 (ZO)

T3 34.4 (ZO)

T4 31.Z (19)

T5 31.8 (19)

Chi-square 5.1'

'Chi-square value of the Kruskal-Wallis one-way ANOVA; P>0.05,
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Table 3. Clutch size of seeds' harvested from mouthbrooding females
subjected to different broodstock management strategies.

Treatment Procedure Mean ± SE"

Tt 10 days conditioning 673 ± 58.7c

TZ 15 days conditioning 704 ± 38.9c

T3 20 days conditioning 721 ± 34.4c

T4 Selective exchange 872 ± 44.6d
of spawned females

T5 Male exchange only 844 ± 39.8d

'Mean weight of all seeds in a single clutch wet weight. Means with
the same letters are not significantly different (P>0.05).
·Standard error.

Table 4. Mean spawning intervals (MSI) and percentages of females spawning during a five-day
opportunity.

Treatment

Tt

TZ

T3

T4

T5

Procedure

10 days conditioning

15 days conditioning

20 days conditioning

Selective exchange
of spawned females

Male exchange only

MSI (± SE)

36.7±1.7

49.2 ± 4.6

67.0±5.1

34.4 ± 5.6

30.4 ± 2.5

Mean % spawning

41.0

43.0

38.5

48.0

51.0

This study indicates that individual
broodfish productivity is not improved if
females are conditioned for longer than to
days. Actual seed output declined with dura
tion of female conditioning, and when com
pared in terms of seeds produced per weight
of total broodfish, this tfend was even clearer.
Selective exchange of females optimized
total seed output and individual clutch size.
The improved performance of females
managed in this way could have been a
result of the selected fish spawning more
completely and/or the eggs produced be
ing of higher quality and thus surviving better.

Females conditioned for periods longer
than t 5 days in contrast may have produced

a larger proportion ofoverripe. poorer quality
eggs. Peters (t 983) observed that reabsorp
tion of eggs in the ovary began within as
little as one week of reaching a critical gona
dosomatic index (GSI) for Oreochromisspp.
but that this did not prevent spawning.
However, the eggs from "overripe" fish in
which the maximum GSI had been attained
for more than a critical period, gave rise
to poor embryo survival, which would ex
plain the smaller individual clutch size and
total seed output at harvest.

The high variability in seed output in the
selective exchange of females (T4) suggested
that the maintenance of ripe fish was not
always optimized. This was certainly
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influenced by the experimental design since,
if a high proportion of females spawned, a
large number had to be removed from the
spawning hapa and exchanged with fish
from the finite number mainfained in the
conditioning net.

The ability of Oreochromis spp. males to
spawn several times within the same day
(Lowe-McConnell 1959; Peters 1971; Pol
der 1971) is countered by a declining ca
pacity to fertilize successive clutches of eggs
(Rana 1986). The improved seed production,
larger clutch size and reduced MSI observed
in the male exchange treatment compared
to female exchange only may have resulted
from a higher level of fertilization in spawned
clutches of eggs and/or increased vigor of
courtship and spawning. The importance of
male "condition" has been recognized in
common commercial practice and reflected
in the sex ratios of broodfish stocked (Mires
1982; Hughes and Behrends 1983). How
ever, sex ratio may be a poor indicator of
actual availability of spawning males since
hierarchical effects may prevent subordinate
males from taking part in spawning activi

ties in intensive systems (Turner 1986; Little
1989). Moreover, regular spawning may be
constrained in intensive systems by a ten
dency for females to prefer unspawned males
with ripe gonads (Silverman 1978a, 1978b).
Nakatsuru and Kramer (1 982) reported that
lemon tetra (Hyphessobrycon pulchripinnis)
females tended to choose males that had not
recently spawned. The results of this study
support those ofLovshin and Ibrahim (1989)
who reported improved seed output after
male exchange.

Their results suggest that male exchange
is more important than female exchange
but their harvest, and therefore female con
ditioning interval, was prolonged (21 days)
which may have affected female producti
vity (see above). The fertilization capabili
ty of a single male Nile tilapia increased
from 22 to 100% after a rest period of one
week (Rana 1986) and it may be expected
that the conditioning period of males will

be reduced to five days, and that only two
groups of broodfish will be used, with con
sequent savings.

The reduction in individual clutch size
with harvested seed stage or duration of
natural incubation can be interpreted with
reference to Rana (1990). Removal of unfer
tilized eggs from the buccal cavity, con
tacts with pharyngeal teeth after hatching
and dislodgement of the yolksac during the
churning movements of natural incubation
were the most common causes of loss from
females held in tanks and aquaria. Marshall
(1979) found no relationship between the
number of eggs in the mouth and the egg
stage at harvest of 0. macrochir by seine
netting in a natural lake, but he rejected
females that appeared to already have lost
eggs or fry. Other authors (Aronson 1949;
Lowe-McConnell 1959; Riedel 1965) have
associated the decline in fry numbers dur
ing mouthbrooding to the limited size of
the buccal cavity but Rana (1 986) demon
strated that this was not a limitation.

There were no significant differences in
spawning synchrony between treatments, as

determined from differences in seed stages,
but more than 40% of all females spawned
within five days if conditioned for 10-15 days
prior to stocking. When females were selec
tively exchanged or males were also ex
changed, frequency of spawning improved
to around 50%.

Exchange and conditioning of both female
and male broodfish should be carried out
selectively and frequently to optimize seed
output and the productivity of individual
broodfish. Individual selection of female
broodfish for ripeness however requires extra
time and the maintenance of twice as many
males would increase broodstock costs. Early
and frequent removal of seeds also necessi
tates their artificial incubation before a strict
comparison with methods harvesting first
feeding or advanced fry can be made but
the current study obtained seed yields almost
twice the highest level previously reported
(Little et al. 1993).
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Abstract

Nile tilapia (Oreochromis niloticus) juveniles were manually sexed and 50, 80, 95, 98 and 100%
male populations (two replicates) were stocked at a density of 1 fish'm- 2 in 200-m 2 earthen ponds.
Growth of stocked fish and recruitment were assessed from biweekly sampling. Ponds were completely
harvested after 24 weeks. Recruitment was observed in all ponds with recruits representing 4.7 to
31.4% of total biomass at harvest. Errors from manual sexing resulted in small numbers of females
being stocked and subsequently some recruits occurring in the "all-male" ponds. Analysis of variance
(ANOVA) showed a significant (P=O.OI) effect of the proportion of males on biomass of recruits
and suggested an effect on mean weight gain of the stocked fish. Multiple regression analysis
showed a significant (P=O.OO 1) positive effect of proportion of males on the growth of the stocked
fish and a negative (P=O.Ol) effect on biomass and number of recruits. Growth and recruitment

patterns were similar in the ponds stocked with 95, 98 and 100% males. These data suggest that,
although increases in growth and decreases in recruitment were observed when ponds were stocked

with high proportions of males. recruitment ievels can still be unacceptably high in these ponds.
Efforts should be made to eliminate all femaies from ponds so as to negate fully the deleterious
effects of recruitment in tilapia growout ponds.

Introduction

The farming of monosex all-male tilapia
has long been proposed as the solution
to the problem of uncontrolled
reproduction and overpopulation in
tilapia culture ponds. Existing

"(CLARM Contribution No. 995.
·Present address: Freshwater Aquaculture Center,
Central Luzon State University, Nueva Ecija 3120,
Philippines.
<Present address: Thorbeckestraat 60, 6702 BS
Wageningen, The Netherlands.

methodologies (manual sexing.
hybridization and androgen sex reversal)
generally fail to give 100% male
progenies consistently. In research to
develop a technology for generation of
all-male Oreochromis niloticus by genetic
manipulation of sex determination to
produce novel YY males (Scott et at.
1989; Mair et at. 1991). we noted that
several YY male sires produced small
proportions of female offspring. If the
aberrant occurrence of this small
proportion of females is under genetic
control, contrary to the hypotheses of



monofactorial sex determination in this
species. it may be possible to select
against this over several generations of
production of YY males. However, such
a selection program would require
considerable investment. Thus, the
question "how desirable is it to produce
reliably 100%-male populations?" needs
to be addressed.

Several authors have suggested that
if >95% male progeny can be achieved,
problems related to reproduction and
overpopulation will be negligible (Mires
1977; Macintosh et al. t 988). However,
there is little data to support this. Studies
on the effect of small proportions of
females (as low as 2.5%) suggested that
these can have a very significant effect
on the growth of stocked fish and the
yields of culture ponds with recruits
forming up to 70% of the harvest. In
the case of sex reversed fish, harvests
including only a single female (0.35%)
still resulted in yields containing up to
44% recruits (Anderson and Smitherman
t 978).

In a study on the effect of the intro
duction of small proportions of female
O. ni/oticus to ponds stocked with alI
male hybrids (0. niloticus x U. urolepis
homorum), Lovshin et al. (1990) dem
onstrated that all-male fish grew t 2 t %
and 69% larger than those in populations
containing 2.5% and 5.0% females, re
spectively. Total yield, including recruits,
was highest in the 5.0% female popu
lations.

This study was designed to determine
whether there exists a minimum accept
able proportion of females in pond cul
tures of O. niloticus by determining the
effects of known proportions of females
on growth, yield and recruitment, con
centrating on populations containing very
high proportions of males.

tOl

Materials and Methods

First feeding fry were obtained from
mass spawning of a number of locally
available Philippine strains of O. ni/oticus,
including a proportion of red tilapia
(Oreochromissp.). Fry were divided into
four batches and stocked in 5-m 2 con
crete tanks at equal densities. Three of
the four batches of fry were given feed
containing t 7a-methyltestosterone (40
mg' kg- 1 of feed) for 28 days to gener
ate a surplus of males.

Following treatment, all fish were
pooled and grown for t t 4 days in fine
mesh hapas up to a mean weight of 20-24
g, at which size they could be sexed
by examination of the genital papilla.
Fish were sexed and divided into five
treatment groups: 50, 80, 95, 98 and,.
t 00% males, with each treatment du
plicated. Fish were then stocked at t
fish"m-2 in 200-m 2 earthen ponds in a
randomized complete block design.

Fish were grown for t 26 days with
biweekly sampling of approximately 25%
of the population. At sampling, the mean
weight of stocked fish (MWT), and to
tal biomass (FBIOM) and number
(FNUMB) of sampled recruits (fingerlings
>5g, caught by seine net) were ascer
tained. Ponds were fertilized biweekly
at a rate of t ,000 kg'ha- t of chicken
manure and 50 kg' ha- 1 of inorganic fer
tilizer (N-P-K, t 6-20-0). No supplemen
tary feeding was applied. Water qual
ity parameters, temperature, pH, and
dissolved oxygen were monitored bi
weekly at 0700 and 1600 hours.

At harvest, individual mean weights
were taken for stocked fish and recruits
(which could be easily distinguished from
the larger stocked fish by the significant
size differential) were graded, counted
and weighed. Mean weight (MWT) and
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biomass of stocl<ed fish (STBIOM), and
recruits (RECBIOM) and total biomass
(TOTBIOM) were analyzed by analysis
of variance (ANOVA).

Multiple regression analysis was used
to analyze the effects of a range of pre
dictor variables on three dependent
variables: growth rate of the stocked
fish (GRINC, in g'day-l), FBIOM and
FNUMB. The predictor variables were:
initial weight of the fish (INWT, in g);
percentage of males at harvest (PMALE,
in %); replicate (BLK, dummy variable);
age of stocked fish since first feeding
(AGE, in days); proportion of red tilapia
in the population (PRED, in %), survival
during pond growout (SURV, in %); dis
solved oxygen concentration (DO, in
mg'ml- 1); water temperature (TEMP, in
°C); and pH (PH). All variables were
measured for each 14-day sampling
period, resulting in a dataset of 90
records (N=90: 5 treatments*2 replicates
*9 sampling periods) according to a
method first developed by Pauly and
Hopkins (1983).

For each dependent variable and for
the log-transformations of FBIOM and
FNUMB, a regression model was con
structed by combining predictor vari
ables that together explained as much
of the variation as possible (highest
possible RZ). For each model, violations
of the assumptions of multiple regres
sion (multicolinearity, zero mean error,
constant error variance and autocor
relation of the residuals) were checked
for and avoided (Costa-Pierce et aI.
1993). Variables that expressed propor

tions (PRED, PMALE and SURV) were
transformed to the arcsine of their square

root (TPRED, TPMALE and TSURV). The
relative importance of predictor vari
ables in a model was assessed using
standardized regression coefficients
(Costa-Pierce et aI. 1993).

Results and Discussion

Errors in manual sexing at stocking
resulted in small deviations from ex
pected sex ratios at harvest. This is im
portant in the case of the ponds stocked
with "all-male" fingerlings. One female
was found in one "all-male" duplicate
pond and both contained recruits. Ponds
were supplied with pumped well wa
ter and the drains screened, so contami
nation from feral fish can be discounted.
It was assumed that "all-male"
populations contained 0.5-1.0% females,
making them almost indistinct from the
98% male treatment.

Highest mean weight gains were
achieved in the three treatments that
were 95% male or higher. Also, the
biomass of recruits in these treatments
was lower than in the 50 and 80% male
treatments (Table 1). The treatment effect
on mean weight gain, biomass of stocked
fish and total biomass was not signifi
cant, but there was a significant block
effect (ANOVA, see Table 2). For biomass
of recruits, the block effect was not sig
nificant, but the treatment effect was
(Table 2). However, linear contrasts
showed significant differences in mean
weight gain and biomass of stocked fish
between the 50 and 80% treatments,
on one hand, and the 95, 98 and 100%
male treatments, on the other (P=0.05;
see also Fig. 1). With only two repli
cates, the power of the ANOVA was low
(Van Dam 1990) and the probability
levels of the nonsignificant variables in
the ANOVA for MWT and RECBIOM (both

around 0.08) indicate that with more
replicates, these effects might have been

significant. The block effect was prob
ably due to differences in pond matu
rity: ponds in Block 1 were in their second
production cycle, whereas those in Block
2 were in their first cycle.
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Table 1. Weight gain and recruitment at harvest in Nile tilapia (Oreochromis niloticus) ponds stocked
at different sex ratios. Where no females were stocked, the observed recruitment was due to
sexing errors (see text).

Sex ratio Sex ratio Initial Harvest Weight Biomass of Recruits as %
stocked harvested mean weight mean weight gain Survival recruits of harvested
(0" : Q) (0" : Q) (g) (g) (g) % (g) biomass

100:100 97:87 2. 1.03 36.49 15.46 92..0 2.,847 2.9.55
100:100 94:91 19.61 44.59 2.4.98 92..5 3,825 31.45
160:40 164:2.5 2. 1.47 42..60 2. 1.13 94.5 1,517 15.72.
160:40 147:2.6 2.0.10 51.95 31.85 86.5 2.,157 19.18
190:10 181 :9 2. 1.81 46. I 3 2.4.32. 95.0 973 9.85
190: 10 170:9 2. 1.51 57.93 36.42. 89.5 654 5.87
196:4 181 :4 2.1.68 40.69 19.01 92..0 538 6.52
196:4 174:6 2.0.71 59.96 39.2.5 90.0 1,097 9.14
200:0 189:0 21.38 50.40 29.02 94.5 472. 4.68
200:0 174:1 2.1.25 58.91 37.66 87.0 1,063 9.25

Table 2.. Mean squares of the analysis of variance (ANOVA) on mean weight gain (MWT, in g),
biomass of stocl<ed fish at harvest (STBIOMJ, biomass of recruits at harvest (RECBIOM, in g) and
total fish biomass at harvest (TOTBIOM) for the whole 12.6-day experiment. Significance levels are
indicated (*=5%, **=1% and ***=0.1%).

Effect

Replicate
Treatment
Residual

OF

I
4
4

MWT

374.789**
49.089"
10.836

RECBIOM

604668.100b

2.482.037.650* *
116443.850

STBIOM

6571193.756*
1816682..803
514865.2.64

TOTBIOM

11 162500*
218532.696
609053.481

'Probability level was 0.086.
bprobability level was 0.085.
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Fig. 1. Growth of Oreo
chromis niloticus popu
lations stocked in ponds
at different sex ratios
(mean of duplicates).
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There were no clear trends in recruit
ment during the whole period and the
results were highly variable (Fig. 2),
possibly due to the inconsistency of
sampling procedure. However, recruit
ment commenced later and at a lower
rate in the high percentage male treat
ments. Also, recruitment declined over
time in all treatments, possibly due to
a reduction in spawning frequency of
the stocked fish as pond biomass in
creased, or to cannibalism of younger
fry by older juvenile recruits.

Total biomass was not significantly
different between any treatments sug
gesting that all the ponds may have
reached their maximum carrying capacity
(in the absence of supplementary feed)
and that differences among treatments
were manifested in the difference in
relative proportions of recruits and
stocked fish (Table 1, Fig. 3).

Multiple regression analysis resulted
in significant models for GRINC
(R2=0.669), FBIOM (R2=0.553) and
FNUMB (R2=0.432). The initial weights
of the fish and replicate number were
the most important explanatory vari

ables for GRINe (Table 3 and Fig. 4).

The proportion of males was positively
correlated with GRINe.

Age of the stocked fish was most
important in explaining the variability
in FBIOM and FNUMB (Fig. 4). The de
cline in recruitment (Fig. 2) over time
is not expressed in this analysis because
the effect of age is described linearly.
We did not attempt an analysis with
nonlinear effects of age.

DO was positively correlated with both
FNUMB and FBIOM, indicating the im
portance of oxygen in fingerling sur
vival and growth. Temperature affected
only the recruit biomass, suggesting that
it was less important for survival. Pro
portion of males was significantly and
negatively correlated with recruit num
bers and biomass.

There was no significant positive or
negative serial correlation of the residuals
(Durbin-Watson test, P=O.OOl). Using
lug-transformed values of FBIOM and
FNUMB resulted in a much better fit of
the models (Table 4; LOGFBIO: R2=0.773;
and LOGFNUM: R2=0.702). These models,
however, did show positive serial cor
relation of the residuals in the Durbin
Watson test.

These results showed that increasing
the male sex ratio at stocking did sig
nificantly affect marketable yield by
increasing weight of stocked fish and
decreasing recruitment. However, the
effect was not as great as that observed
in other similar studies (Macintosh et
al. 1988; Lovshin et al. 1990). This may
be due to the shorter growout period
used in the present study although it
is notable that all other studies incor
porated supplementary feeding which
may amplify the effects of direct com
petition among stocked fish and recruits.

There was no evidence to indicate that
predominantly male (>95%) populations
have more homogeneous individual weight
distributions. Indeed, there were few sig

nificant differences in the population char
acteristics in ponds stocked with 95, 98

and "100%" male populations. Evidence
from other studies (Lovshin et al. 1990;
Mair, unpubl. data) suggests that significant
additional increases in yield can be gained
from the absence of recruitment in com
pletely all-male populations and thus the
elimination of all females should be an
important objective in sex control pro
grams.
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Table 3. Multiple regression results for growth rate (GRINC. in g·day-l). biomass of recruits (FBIOM.
in g) and number of recruits (FNUMB) in every 14-day sampling period of the experiment with
various predictor variables (N =90). S-ignificance levels of variables are indicated (·=5%, •• = 1%
and ···=0.1 %). For explanation of predictor variable abbreviations. see text.

GRINC FBIOM FNUMB
b s.e. a b s.e. b s.e.

Predicted
variable

INWT
PMALE
BLK
TEMP
DO
AGE

-0.q31
0.379
0.488
0.050

0.002···
0.099···
0.057···
0.019·

-104.916

13.691
17.304
2.546

37.148··

7.194b

6.155··
0.259·· •

-38.843

4.794
0.541

10.836··

1.779··
0.076···

Constant
Adjusted R2
F-value
Durbin-Watson
Probability

-0.653
0.669

46.050
1.787

<0.001

-712.216
0.553

28.486
1.905

<0.001

-48.111
0.432

23.543
1.878

<0.001

·Standard error.
bprobability level was 0.060.

R2=0.702 LOGFNUMB

r==J c:::::::J

R 2 =0432 FNUMB

r=J
LJ

R2 =0.773 LOGFBIOM

r==J = =

R2 =0.553 FBIOM

r=J = c:::::::J

LOp0.6

0.2 '--'---'----'=='--__--,_..,-__
'0.2
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~::r R2

_=_0_.66_9.....=_'--OL..Jc:::::::JL--'--,GRINC
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Fig. 4. Standardized regression coefficients of models
for growth rate. recruit biomass and recruit numbers.
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Table 4. Multiple regression results for log-transformed values of recruit biomass (LOGFBIO) and
number of recruits (LOGFNUM) in every 14-day sampling period for the experiment with various
predictor variables (N=90). Significance levels of variables are indicated ('=5%, "= 1% and "'=0.1 %).
For explanation of predictor variable abbreviations, see text.

Predicted variable

TPMALE
TEMP
DO
AGE

Constant
Adjusted R'
F-value
Durbin-Watson
Probability

'Standard error.

b

-1.078
0.226
0.270
0.062

LOGFBIO

-14.688
0.773

76.623
1.280

<0.001

SP

0.515'
0.100'
0.085"
0.004'"

b

-1.319

0.ll8
0.041

LOGFNUM

-4.668
0.702

70.919
1.300

<0.001

SE

0.420"

0.069"
0.003'"
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Abstract

The results are presented of two growth trials using an indigenous tilapia species Oreochromis
karongae in ponds at Mzuzu, Malawi. The first compared the weight gain of O. karongae at two
stocking densities in 150-m 2 ponds (1 and 2 fish ·m·2 ) with that of O. shiran us, the most commonly
used species for aquaculture in Malaw i. At both densities, O. karongae grew from 54 g to 104 g
on average in 16 weeks, compared with O. shiranus which grew from 39 g to 55 g on average. O.
shiranus produced much greater number of fry and fingerlings (over 8,000/pond compared with
200-300 for O. karongae). The second trial compared the growth of juvenile O. karongae in 300
m 2 ponds, using three different fertilizers (chicken manure, diammonium phosphate and grass
compost) without feeding. Each treatment was triplicated. The fry grew from 1.3 g to 14-20 g in
12 weeks. There was no significant difference (P>0.05) in the final mean body weights of fish
from the three fertilizers. The results of these trials are discussed relative to the appropriateness
of O. karongae as candidate species for fish farming in Malawi.

Introduction

Malawi has a very rich fish fauna which
is divided into two main ecological
zones: the Lake Malawi catchment (in
cluding the upper Shire River) and the
lower Shire, which shares the same fauna
as the lower Zambezi. The Lake Malawi
fauna is particularly rich, with perhaps
1,000 fish species, many of which are
undescribed. The Central and Northern
Regions Fish Farming Project operates
wholly within the Lake Malaw i catch
ment. One of its main aims is to inves
tigate the suitability of indigenous fish
species for fish farming. Two indigenous
tilapias, Oreochromis shiranus and Tilapia
rendalli, have been used for farming in
Malawi since the 1950s, but are rela
tively slow growing and mature preco
ciously in ponds (Vincke 1981).

Indigenous tasselled tilapias assigned
to subgenus Nyasalapia: Oreochromis
lidoIe , O. saka, O. karongae and O.
squamipinnis (Trewavas 1983) are im
portant species fished for food, locally
referred to as chambo. Their aquaculture
potential has not been studied in detail
as they could not breed in shallow ponds
(Msiska 1988). However, a few chambo
stocked in a pond at Fisheries Station
at Nkhata Bay bred in early 1990 at the
same time work in southern Malawi was
also showing that chambo could breed
in ponds. These observations were en
couraging enough for more research
efforts to be directed at chambo as
candidates for fish farming.

Stocks of each of the species were
collected from Lake Malawi and allowed
to spawn at Nkhata Bay and Mzuzu.
Recent work by Turner at Monkey Bay



in southern Malaw i has suggested that
O. saka forms a subgroup of 0. karongae
and that there are only three species
of subgenus Nyasalapia: O. karongae,
O. lidole and 0. squamipinnis (Turner
and Robinson 1991). This fits with our
observations and is the nomenclature
used in this paper. We found that O.
karongae was the easiest species to
collect and breed in captivity.

The two trials described here were
to determine how O. karongae grew in
ponds. The first compared different stock
ing densities of O. karongae with O.
shiranus. The second trial used smaller
fish and different methods of pond fer
tilization, suitable for use by rural farmers.

Materials and Methods

Trial No.1

Five 150-mz ponds were stocked with
O. karongae fingerlings spawned from
wild broodstock originating from Nkhata
Bay and Monkey Bay, and with O.
shiranus fingerlings spawned from
broodstock at the station in Mzuzu.

The fingerlings were of the same age
(16 weeks) with average body weights
from 35 to 55 g. Each pond was ferti
lized every week with 200 g diam
monium phosphate and fed daily with
maize bran at 3% of total fish biomass.
At the start of the trial, 30 fish from
each pond were weighed and tagged.
The tags were for fisn identification dur
ing weighing, enabling the use of in
dividual weights for statistical analy
sis rather than replication of treatments.

Two-thirds of the fish in each pond
were bulk weighed in groups of 10 every
28 days to 1 g and the individual total
and standard lengths of 20 fish were
measured to 0.1 em.

Water from each pond was also sampled
at 0500 hours for measurement of dissolved
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oxygen, pH, total hardness, total alkalinity,
chlorophyll a, ammonia, nitrite, nitrate and
available phosphorus using methods
described by Stirling (1985). The trial was
terminated after 16 weeks when all the
fish were counted and weighed.

Trial No.2

Nine 300-mz ponds were each stocked
with 900 O. karongae fingerlings of
1.3±0.5-1.3±0.8 g average weight. The
following three treatments were each
randomly assigned to triplicate ponds:
dry chicken manure applied at 7
kg'pond-I'week- 1; diammonium phos
phate applied at 300 g·pond-l.week- 1;

and grass compost with an initial ap
plication of 1 m 3 of dry chopped grass
(6.5% crude protein) into a compost crib
in the corner of the pond, followed by
weekly additions of 10 kg·pond- 1•

No supplementary feed was given.
Each pond was sampled every 28 days
and the fish weighed and measured.
Water samples were collected monthly
and analyzed as in Trial 1. The trial was
interrupted by a flood soon after sam
pling at the end of week 12. Data analysis
was by Kruskal-Wallis nonparametric
ANaYA using Statgraphics (Statistical
Graphics Corporation, USA) software.

Results

Unfortunately, the fish lost their tags
so statistical analysis among treatments
was not possible. However, O. karongae
apparently grew more than O. shiranus
at both stocking densities (P<0.05 if all
results for each species are grouped
together) as shown in Table 1 for Trial
1. Overall production appeared to be
highest with O. karongae stocked at 2
fish'm-z, and these fish appeared to grow
just as well as the O. karongae stocked
at 1 fish·m-z.



110

Table 1. Results of Trial 1. Comparison of the weight gains of Oreochromis karongae and O. shiranus
stocked at 1 and 2 fish·m· 2 • (Ok=Oreochromis karongae, Os=Oreochromis shiranus; NB=Nkhata
Bay, MB=Monkey Bay, MZ=Mzuzu; MBWI ±SD and 2=stocking and harvesting mean body weights,
respectively; and SGR=specific growth rate. SD=standard deviation. Harvesting mean body weights
having the same letter are not significantly different IP>0.051 according to the Kruskal-Wallis
nonparametric ANOVA.)

Pond # 1 Z 3 4 5
Species and source Ok (NB) Ok (NB) Ok (MB) Os (MZ) Os (MZ)

Stocking density l·m· l Z·m·2 l·m·2 1-m·2 Z·m·2

MBW1±SD (g) 55±6 5Z±7 53±9 4Z±10 35±12
MBWZ±SD (g) 105±llb 106± 6b 10Z±9b 56±2Za 54±31a
SGR (OJo·day·t) 0.57 0.64 0.58 0.Z6 0.39
Mortality (0J0) 7.3 8.7 14.7 18.0 43.3
Weight gain (kg) 6.35 13.44 5.11 0.59 -1.3Z
Weight of fingerlings (kg) 1.6 Z.O I.Z 8.1 8.4
No. of fingerlings ZZ8 Z74 309 8,100 8,367

Trial Z was stopped by a flood and
the data (Table Z) are from a sample. It
was not possible to assess mortality or
total production. The growth of O.
karongae across the treatments was not
significantly different (P>0.05).

In both trials, the pond water param
eters remained within acceptable lim
its for tilapia growth. Water tempera
tures were within the range Z l-Z6°C.

Discussion

These trials suggest differences in cul
ture performance characteristics between
O. karongae and O. shiranus. O. shiranus
can breed at sizes as small as 8 g (Maluwa
1990), and once breeding commences,
growth slows dramatically. 0. karongae
tend to grow for a longer period, and to
a larger size, before breeding. At the start

of Trial 1, O. shiranus were already of

breeding size whereas 0. karongae, de
spite being larger at stocking, did not start
reproducing until attaining 90 g body'
weight. This difference would be impor-

tant where large fish are needed at har
vest; however, most markets in Malawi
readily accept small fish. In such cases,
it would not matter that 0. shiranus is
small at harvest. The yield, in terms of
weight per unit area, would be the most
important factor for farmers. Trial 1 also
suggests that 0. karongae can give higher
overall production than 0. shiranus.

Continuing research efforts are needed
to establish the future of O. karongae
in aquaculture. However, it does seem
to have advantages over O. shiranus for
culture in Malawi, and the greater one
is that of being an indigenous species.
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Table 2. Results of Trial 2. Growth of Oreochromis karongae fingerlings
under three fertilization regimes, without any supplementary feeding.
(MBW±SD; 1 and 2=stocking and harvesting mean body weights,
respectively. SD=standard deviation. Final mean body weights having
the same letter are not significantly different [p>0.05] according to
the Kruskal-Wallis nonparametric ANOVA.)

Chicken Diammonium Grass
Treatment manure phosphate compost

MBW1±SD (g) 1.3±0.5 1.3±0.7 1.3±0.8
MBW2±SD (g) 20.0±4.3a 14.0±5.7a 14.6±3.8a
SGR (%'day") 3.3 2.8 2.9
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Abstract

Two experiments were designed to differentiate and quantify the observed growth enhancement
due to sex reversal and the growth enhancement due to anabolic effects among 17a-methyltestosterone
(MT)-treated and control Oreachromis uralepis homarum, O. niloticus and their hybrid (0. niloticus
female x O.u. homorum male) cultured in hapas. Mixed-sex, all-male and all-female populations
of fish were utilized in the studies. All fish treated with 60 mg MT· kg't of diet showed a positive
growth response (P=0.05) when compared to their respective controls at the conclusion of the sex
reversal period (day 30). All-male hybrids showed a 10% increase in growth in response to MT
treatment. Since no sex reversal occurred among the hybrids, the observed growth enhancement
of these fish represents solely the anabolic effect of the MT at the conclusion of the sex reversal
period.

At 180 days, control male O. nilaticus average weight was similar to the MT-treated O. nilaticus.
Control and MT-treated hybrids also had similar average final weights. The O.u. homarum treated
fish had final weights significantly greater than the control O.u. hamarum males (P=0.05).

The growth of all-female tilapias was not significantly different from that of the all-female controls
after 30 days culture, but treated females were significantly heavier (16.2%) than control females
at the conclusion of the grow-out phase (180 days) (P=0.10). It was inferred from the data from
MT-treated females that MT-treated genotypic males had attained mean weights 55.3% and 23.0%
greater than nontreated male fish at 30 and 180 culture days, respectively.

Introduction

Control of reproduction is of funda
mental importance for the successful cul
ture of tilapia (Chimits 1957; Hickling
1967; Lovshin 1975). Various manage
ment strategies have been developed
to avoid unwanted reproduction in grow
out ponds (Hickling 1960; Clemens and
Inslee 1968; Guerrero 1982). The most

effective and, presently, most widely
used technique is the treatment of sexu
ally undifferentiated fry with synthetic
androgens to sex reverse genotypic fe
males.

Many investigators have reported en
hanced growth in fish treated with an
drogens compared with controls
(Yamazaki 1976; Donaldson et al. 1979).
Tilapia treated with androgens do not
always show superior growth compared



to untreated fish (Anderson and
Smitherman 1978; Hanson et al. 1983).
Androgen-treated tilapia are phenotypic
males, but the population consists of
both male and female genotypes. The
superior growth of tilapia males has a
genetic basis (Fryer and lies 1972;
Anderson and Smitherman 1978) and
it would be expected that a genotypic
female, sex reversed to the male phe
notype (genotypic female/phenotypic
male), would not grow as fast as a normal
male.

The objective of these experiments
was to differentiate and quantify the
growth enhancement due to sex reversal
and due to anabolic effects among
methyltestosterone (MT)-treated and
control Oreochromis urolepis homorum,
0. niloticus and their hybrid (0. niloticus
female x O.u. homorum male).

Materials and Methods

Fish Stocks

The experiments presented were con
ducted at the aquaculture facilities of
the Panamerican Agriculture School
(PAS), Honduras. Broodfish were ob
tained from the National Association of
Banana Producers, San Jose, Costa Rica,
and from the Pond Dynamics/
Aquaculture CRSP, Comayagua, Hondu
ras. Additional 0. niloticuswere selected
from PAS stocl<s.

Fry Production

All fry utilized for these experiments
were produced in outdoor concrete
tanks. Tanks were periodically seined
to remove embryos and sac-fry from the
mouth of incubating females. Yolksac
fry were transferred to plastic trays,
containing continuously aerated water,
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and embryos were artificially incubated
there.

Each experiment was begun using fry
that had completed yolksac absorption,
determined through microscopic exami
nation (15x) to ensure that all fish were
at the same development stage when
stocked. Body length was not used as
a criteria for stocking fry due to possi
ble maternal effects among tilapia species
(Siraj et al. 1983).

Feed Preparation

During the first 60 days of each ex
periment, fry and fingerlings were fed
a diet containing 42% crude protein.
The feed was finely ground to enable
ingestion of all particles and given to
the fish ad libitum four times a day.
During the remaining months of each
experiment, fish were fed a similar diet
containing 28% crude protein and fed
ad libitum three times daily.

Feed containing hormone (60 mg
MT'kg-1 of feed) was prepared as de
scribed by Shelton et al. (1978). Use
of hormone-treated feed was suspended
on day 30 of each experiment.

Experimental Units

Fish were initially reared in small hapas
(0.30xO.60xO.37 m) constructed of
fiberglass window screening material
(Tave and Tave 1984). Hapas were sus
pended in one concrete tank
(3.0x6.0xO.9 m). During a 15-day pe
riod, fish were stocked in the hapas as
they completed yolksac absorption.

In May 1988, 12 hapas were each
stocked with 50 O. niloticus, O. u.
homorum or tilapia hybrid fry. The hor
mone and control treatments were as
signed to hapas containing each type
of fry, in a completely randomized de
sign. There was a total of 36 hapas with



114

six replicates of each treatment. In the
second treatment, begun in August 1989,
24 hapas were each stocked with 50
O. niloticus, 12 with mixed-sex fry and
12 with all-female fry.

At 30-day intervals, all fish from each
hapa were anesthetized (200 ppm of
MS-222). counted, weighed collectively
and measured for total body length. On
culture day 30, fish from all replicates
of each treatment were pooled and re
allocated at 20 fish' hapa-1 for another
30 days. The hapas were maintained in

the same concrete tank. On culture day
60, fish were transferred to nylon hapas
(1 .2x2.4x 1.2 m with a 0.6-cm mesh)
suspended in a 0.06-ha earthen pond
for the remainder of the experiment.

StatIstIcal AnalysIs

The effects of the control and MT di
ets were compared among the differ
ent til apia in a factorial arrangement.
Analysis of variance (ANOVA) was con
ducted on the observed mean body
weights, mean body lengths and sur
vival percentage of fish. Differences
among treatment means were deter
mined by using Duncan's multiple range
test. Sex ratios were tested for good
ness of fit by chi-square analysis.

Results and Discussion

ExperIment 1

Pooled MT-treated fish had greater
(P=0.05) mean body weights than pooled
controls at 30 days (Table 1). No dif
ference was found when the mean fi
nal weights for pooled MT-treated and
control fish were compared.

MT-treated fish weighed significantly
more than their respective controls af
ter 30 culture days (Table 2). There was
no difference (P=0.16) between final

mean weights of the O. niloticus treated
and control fish. Mean final weights for
the treated and control hybrids were
also similar. Only the O. u. homoTum
MT-treated fish maintained a significantly
greater mean weight throughout the t 80
day experiment in comparison to their
controls. The differences in mean weights
of fish paralleled those of the mean total
lengths (Table 3).

Survival of O. u. homoTum was 69%,
significantly lower than the 90% sur
vival rate observed among O. niloticus
and hybrids (P=O.l 0). Control groups
of the two species were composed of
60% male fish, not significantly differ
ent from the 1: 1 ratio expected for tilapia.
Only a single female was found among
the control hybrids. All MT-treated fish
were phenotypic males.

These results indicate a growth en
hancement effect of the MT, observable
principally during the sex reversal pe
riod. During the remaining months of
the experiment, differences between
treated and control groups were gradu
ally reduced except for the O. u.
homoTum fish. Goudie (1984) found that
tilapia rapidly eliminated ingested ra
dio-labelled MT. Curtis et at. (n.d.) re
ported rapid biotransformation of MT
to polar metabolites and their excre
tion from tilapia within a few days.

The prolonged effect of the MT treat
ment on genotypically mixed-sex fish,
which results in growth enhancement,
is derived from the combination of the
sex reversal of genotypic females to the
male phenotype and of any anabolic
growth effect of the MT. It was not
possible to observe differences in the
growth rates between genotypic male
and female fish of the two species uti
lized in the present experiment.

At the conclusion of the sex reversal
period, the MT-treated hybrids had a
mean weight 10% greater than the hy
brid controls (P=0.05). As the hybrid
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Table 1. Mean weights (g) for combined MY-treated and control Oreachramis uralepis hamarum,
O. niloticus and their hybrid (0. niloticus x O. u. homarum) grown in hapas. Mean weights for
each culture period followed by the same letter are not significantly different (P=0.05)

Treatment
30 60

Culture days
90 lZ0 150 180

Control fish
MY-treated fish

0.80b
0.90a

5.54b
5.83a

33.8b
37.7a

66.1b
7Z.5a

95.0a
10Z.Za

119.4a
1ZZ.6a

Table Z. Mean weights (g) of Oreochramis urolepis hamorum, O. niloticus and tilapia hybrids (0.
niloticus x O.u. homorum) treated with MY and control fish grown in hapas. Mean weights for
each culture period followed by the same letter are not significantly different (P=0.05).

Fish type/ Culture days
treatment 30 60 90 lZ0 150 180

O. niloticus
control 0.95b 6.84a 36.0b 77.3a 108.Zab 138.8a
MT-treated 1.04a 6.93a 41.5a 77.1a 100.8b 144.4a

Hybrids
control 0.80d 6.5Za 40.7a 69.8ab 100.8b 118.3b
MT-treated 0.88c 6.Z8a 40.6a 73.8ab 10Z.6b 117.6b

O. u. hornorum
control 0.65e 3.Z6c Z4.9d 51.3c 66.4d 93.8d
MT-treated 0.79d 4.30b 30.9c 66.5b 8Z.6c 110.4c

Table 3. Mean weights and mean lengths at completion of the
30-day, sex reversal period for Oreochromis uralepis homorum.
O. niloticus and O. niloticus and tilapia hybrids (0. niloticus x
O.u. hamorum) treated with MT and control fish grown in hapas.
Means followed by the same letter are not significantly different
(P=0.05).

Fish type/ Mean weight Mean length
treatment (g) (TL; mm)

O. niloticus 0.99a 39.0a
controls 38.1ab
MT-treated 39.9a

Tilapia hybrids 0.84b 36.8b
controls 36.1 b
MT-treated 37.4b

O. u. harnorum 0.7Zc 35.1c
controls 33.8c
MT-treated 36.4b

fish were all males, no sex reversal
occurred among the treated fish and the
growth enhancement observed can be
attributed solely to the anabolic effect
of the MT.

Experiment 2

Combined MT-treated fish had signifi
cantly greater average weights and body
lengths compared to pooled controls
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at 30 and 180 culture days (Table 4).
Similar to the results of experiment 1,
the MT-treated O. niloticus had greater
average weights than their controls at
30 culture days (Table 4). The weights
of the treated all-female fish were not
significantly different from controls. On
culture day 180, treated females were
significantly heavier than controls by
16.2% (P=O. 10).

MT-treated fish were all phenotypic
males. No males were observed in the
all-female control groups. Mixed-sex
control groups comprised 52% males.

It is possible, using data from the all
female MT-treated groups, to infer the
weights of genotypic female/phenotypic
male fish in the mixed-sex treated fish

(Table 5). Taking into account the sexual
composition of the mixed-sex control
group, the inferred weight for a geno
typic male MT-treated fish would be 0.56
and 78.1 g at culture days 30 and 180,
respectively. Using a similar procedure
with the weights of control all-female
fish, the weight for control males at 30
days can be inferred equal to 0.38 g.

MT treatment produced an anabolic
effect in the genotypic male O. niloticus
fish which resulted in their attaining
average weights 55.3% and 23.0%
greater than control males at 30 and
180 culture days. This represents the
anabolic growth enhancement of the MT
treatment, independent of any sex re
versal effect in the 0. niloticus.

Table 4. Mean weights and body lengths of Oreochromis niloticus combined
control (mixed-sex and all-female) and combined MT-treated fish (mixed
sex and all-female). Means for each culture day followed by the same
letter are not significantly different (P=O.l 0).

Fish size 30 days 180 days

Combined control fish
Mean weight (g) 0.37b 54.0b
Mean length (TL; mm) 26.7b 142.4b

Combined MT-treated fish
Mean weight (g) 0.43a 62.4a
Mean length (TL; mm) 27.6a 147.4a

Table 5. Observed and inferred weights for mixed-sex and all-female
Oreochromis niloticus at the conclusion of the sex reversal period (30
days) and at 180 days. Inferred weights are indicated by an asterisk.

Sex of fish Mean weight (g)

Genotype/phenotype Treatment 30 days 180 days

Male/male Control 0.38* 64.4
Female/female Control 0.36* 52.5
Male/male MT 0.56* 78.1 *

Female/male MT 0.39· 56.8*
Female/female Control 0.36 48.9
Female/male MT 0.39 56.8
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Abstract

The study of constraints affecting the development of fish culture in rural Cote d'ivoire has
shown that it is impossible to use farming methods that require expensive inputs such as supplementary
feed. In contrast, farmers are willing to devote much of theIr time to fish culture if their work is
adequately compensated.

When available, most inputs really accessible to farmers have a poor nutritional and/or fertilizing
value. The efficient use of the limited trophic resources can be done through: (1) the qualitative
and/or quantitative improvement of the flow of substances in the different levels of the pond
trophic web (direct feeding, autotrophic productivity and heterotrophic microbial productivity)
and (2) improvement of the accessibility to trophic resources by the fish. The present study is
based on on-farm and on-station experiments focusing on: (1) the improvement of culture environment
(treatments based on use of rice bran to which green manure mayor may not be added, and on
combined fish and rabbit culture) and (2) the use of a substratum made of bamboo or branches
(acadja) to improve fish accessibillty to primary production (attempts to substitute commercial
feed by acadja system in lagoon pens have already been giving promising results).

'Current address: c/o PCAMRD, Dr. A[fonso Eusebio Bldg., BPI E.conomic Garden, Los Banos, Laguna,
Philippines.



119

The results from this study confirm the importance of adding substrate for primary producers,
of combining fish and rabbit culture and of using green manure for the improvement of pond
production. New approaches for research and R&.D in low input fish culture are suggested.

Introduction

During the last 15 years, consider
able efforts have been made to develop
tilapia culture in rural environments in
vast areas ofCate d'lvoire (see also Koffi
et aI., this voL). The extension of
aquaculture to these areas has been
based on three types of pond inputs:

- commercial feed containing about
25% protein;

- combined chicken and fish culture;
and

- the use, in the form of a compost
generally located in a corner of the pond,
of inputs available on-farm and often
of low nutritional and/or fertilizing value.

The treatments giving the highest fish
yields are-provided that fish farms are
adequately managed-those consisting
in commercial feed and combined live
stock farming. However, the use of these
techniques in rural areas is paradoxi
cally declining whereas "poor" treat
ments essentially based on the use of
refuse from artisanal processing of rice
or other cereals continue to develop
(Morissens et al. 1993). For Copin and
Oswald (1988), Oswald and Copin
(1992), and Koffi (1989 and 1992), this
phenomenon is basically due to the fact
that returns on cash investments are
considered by farmers to be lower in
fish culture than in other agricultural
undertakings. In contrast, farmers are
willing to devote a substantial part of
their time to fish culture if their work
is adequately remunerated. This trend
of culture diversification is reinforced
by the current crisis affecting cash crops
(coffee and cocoa).

Today, the development of fish cul
ture in rural areas is influenced to a large
extent by the possibility of introduc-

ing farming systems that are essentially
based on labor inputs. The establish
ment of these systems will be all the
more important as the requirements for
working capital will be low, even nil.

In addition, the absence of agricul
tural by-products for use in fish culture
is a general characteristic in most Ivorian
villages and, generally, on the African
continent. Only large villages, with small
artisanal hulling machines, can produce
rice bran or maize bran of relatively poor
nutritional and/or fertilizing value for
local use. In this context, the challenge
is to introduce farming systems that
would eliminate constraints related to
supply of inputs for most farmers. Pre
serving self-reliance, the only guaran
tee of a sustainable development in the
current context, is a concern that must
lead to studies on the efficient use of
fresh plant biomass (grass) for fish cul
ture, by perhaps establishing a small
scale animal breeding unit for its trans
formation.

In this context, the use of resources
of low nutritional and/or fertilizing value
is inevitable. One of the major charac
teristics of these "poor" treatments is
their poor palatability for the fish. Con
sequently, their effect through direct
consumption by the fish is limited, but
their fertilizing effect is certain (Dembele
et al. 1991).

The more efficient use of trophic re
sources produced by this type of ferti
lization is made possible through:

t. The qualitative and/or quantita
tive improvement of the flow of sub
stances in different trophic levels of the
"pond" ecosystem. Solutions proposed
in this area are:

combined rabbit and fish culture
without supplementary rice bran;



120

combined rabbit and fish culture
with supplementary rice bran; and

association of a burrowing fish,
to resuspend sediments, and thus stimu
lates the heterotrophic web.

2. Improved accessibility of the fish
to resources of the trophic web. Here,
the proposed systems are polyculture
(systematically practiced in rural areas)
and the establishment of a substratum
of bamboo or branches, based on the
acadja system used for capture fisher
ies in the lagoons of Benin. Experiments
using a bamboo substrate in freshwa
ter ponds have shown significant in
creases in biomass harvested compared
to control ponds without artificial in
crease of substrate (Hem 1991). This
technique mobilizes the mineral re
sources of the pond for growth of al
gae or related organisms (periphyton
or aufwuchs) around the bamboo poles,
a primary resource that is accessible to
fish. In the ponds without substrate, most

of the primary production derives from

nanoplankton that cannot be used by

filter-feeders such as tilapia (Spataru

1977).
Experiments with farmers combine

rabbit and fish culture, implantation of
acadjas and use of rice bran. Other re
lated experiments using green manure
and acadjas are conducted at the fish
research station of the Institut des
Savanes (lDESSA) in Bouake.

On-farm Experiments In Rural
Midwestern Cote d'ivoire

Methodology

The small group of test farmers with
whom experiments were conducted is
socially homogeneous (Koffi et aI., this
voL). All know fish culture well. Once
the phase of pond construction was
completed, all farmers met problems in

the supply of pond inputs (rice bran or
nutrients). This showed the poor level
of adaptation of the model to socioeco
nomic conditions. However, some fish
farmers showed interest in testing new
production models. In Midwestern Cote
d'lvoire, test farmers were extremely
motivated as fish culture constitutes an
essential activity of their work calen
dar and their ponds are well constructed
(dikes, monk drain and drainage system).

The results presented here are those
of culture cycles in farms that are fully
productive. This production setup im
plied a minimum of five ponds (aver
age surface = 0.045 ha) of which two
were used for broodfish and fingerling
production. The water used for these
ponds was not suitable for fish culture,
with pH values varying between 5.5 and
7, and very low conductivity (siliceous
soils or water high in humic acids).

Innovations for which the farmers
showed interest were:

1. The acadja system: In ponds that

can be drained, the implantation of a

substrate made of 10 bamboo'm'z rep

resents an investment that will be am
ortized over several years.

2. Combined rabbit and fish culture:
The association of livestock to other
cultures is always described as a very
efficient production system. Under small
scale farming conditions, the only
intensive (battery) production system
that requires hardly any of the costly
commercial feeds-and therefore in
volves limited cash expenses-is rabbit
culture. Farmers who attempted the
intensive farming of pigs and chickens
were soon confronted with diseases
caused by inadequate feeding practices.
Moreover, intensive farming systems
require large quantities of inputs and
a working capital that farmers cannot
sustain. The use of rabbits in integrated
farming systems has been described as
promising (Little and Muir 1987).



Fish culture here is always based on
polycuiture, the dominant species be
ing the male Oreochromis niloticus in
association with a strictly carnivorous
fish (Parachanna obscura or Hemichromis
fasciatus), Heterotis niloticus and cat
fish (generally, Heterobranchus isopterus
and rarely H. longifilis). Labeo coubie
was used on two occasions.

The proposed techniques were derived
from the results of a biotechnical and
socioeconomic analysis of the farms.
Discussions with fish farmers were es
sential to assess their constraints.

Support services proposed a range of
techniques among which the farmer
could choose. They also had the option
to reject the proposed techniques. When
a particular technique required funds,
the support services contributed to the
investment (purchase of rabbits, trans
portation of bamboos, etc.) but they
never contributed to operating costs.

It is difficult to draw scientific conclu
sions from the comparison of technical
results obtained from different fish farmers.
Too many varying factors are involved.
However, even under these conditions,
the results from a single culture operation
(and its development with time) are
interesting and their analysis by the fish
farmers themselves contribute to trying
new approaches when necessary.

Technical Results

Research was conducted on the fol
lowing farming systems (see also Ta
bles 1 and 2):

1. Rice bran-based treatments (Table
1):

- use of rice bran alone;
- use of rice bran in the acadja sys-

tem; and
- use of rice bran with rabbit culture

(rabbit pens on stilts).
2. Treatments without rice bran (Ta

ble 2):
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- rabbit culture alone;
- acadja fertilization using the feces

of rabbits reared outside fishponds; and
- acadja and rabbit culture (rabbit pens

on stilts).

Discussion and Conclusions

Technical Results

The acadja production system, and the
use of rabbits, are excellent techniques
to complement rice bran-based treat
ments. Yields of 2.3 t·ha-l.year- 1 (acadja
rabbits) are produced without any input
other than grass (fresh plant biomass),
Le., this technique does not require any
cash expense. Fertilization is assured
by using three rabbits, weighing a total
of about 5 kg and producing 800 g of
feces' day-I; which corresponds to about
200 g of dry matter (4.6 kg
DM·ha- 1·day·l). Inputs of dry matter
remain very low compared to the usual
standards applied to tropical integrated
livestock farming, i.e., 75-50 kg
DM·ha-t·day·1 (Hopkins and Cruz 1982;
Morissens et al. 1993).

It appears, but this should be confirmed,
that the association of tilapia-Labeo with
acadja is detrimental to tilapias because
of their identical, and therefore, competing
diet. It seems also that H. longifilis is a
predator of P. obscura, another predator
of tilapias. This arrangement would reduce
effective control of 0. niloticus populations.

Several parameters are still to be de
fined: stocking densities for different
species used, number of rabbits and
bamboo density. In any case, the acadja
rabbit technique can be efficient only
if fish farmers gain mastery of the stock
ing of ponds with carnivorous fish to
control the proliferation, due to sexing
errors, of tilapia fry and of the rigorous
management of pond water (no over
flow at the monk drain).



Table 1. Results of culture experiments using rice bran alone. rice bran and acadja. and rice bran with rabbits and 0.04 to

0.05-ha fishponds.

N
N

Treatment

Rice bran alone

Rice bran with

acadjab

Rice bran<and

rabbit culture

in pens on stilts

(283 rabbits'ha")

13 rabbits

/0.046 ha

Density Duration lOG" Net yield

Cycle Species (ind'm") (day) (g' day") (t· ha·l.year·')

1 Oreochromis niloticus 1.6 253 0.3 1.1

2 O. niloticus 1.7 181 0.3 1.3

3 O. niloticu5 1.3 95 0.6 1.6

O. niloticus 1.43 134 0.88 4.75

Heterobranchus isopteru5 0.1 134 0.86 0.3

O. niioticus 1.57 119 1.2 6.1

Heterotis niloticu5 0.01 119 2.9 0.1

fry H. niloticus 0.3

H. isopteru5 0.11 119 0.9 0.3

Parachanna obscura 0.03 119 0.2 0

"lOG: individual daily growth.

b6 kg rice bran'day" and 10 bamboos·m· ' .

<6 kg rice bran·day·'.
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Table 2. Combined fish and rabbit culture (hutch on stilts), with or without acadja. in 0.04 to 0.05-ha
earthen ponds + rice bran.

Density Duration IDGa Net yield

Treatment Cycle Species (ind'm-') (day) (g·day·l) (t· ha· 1·year· 1)

Rabbits I Oreochromis niloticus 1.8 82 0.3 1.5
17 rabbits/ Heterotis niloticus 0.01 82 0.3 0.2

(370 rabbits' ha- I
) 0.046 ha Heterobranchus isopterus 0.11 82 -0.3 0

Parachanna obscura 0.03 82 0.3 0

2
(180 rabbits·ha· l ) 9 rabbits/ O. niloticus 1.2. 168 0.13 <0.6

0.05 ha

Rabbits + acadja
+ fertilization b 1 O. niloticus 1.0 122 0.7 1.6

feces fry O. niloticus 0.9
8 rabbits/ H. isopterus 0.13 122 -0.6 0.2

(178 rabbits' ha· l ) 0.045 ha Heterobranchus longifilis 0.004 122 12.9 0.2
Labeo coubie 0.01 150 3.6 0.1

Rabbits + acadia' I O. niloticus 0.8 141 0.7 2.1
3 rabbits/ H. niloticus 0.2 141 3.0 0.1

(71 rabbits'ha- I
) 0.0425 ha fry H. niloticus 0.3

H. isopterus 0.08 141 -0.18 0
P. obscura 0.03 141 0.1 0
more fry
(mean weight about 2 g)

2 O. niloticus 0.6 56 0.6 1.2
7 rabbits/ H. niloticus 0.02 56 12.4 0.8

(156 rabbits'ha- I
) 0.045 ha H. isopterus 0.11 56 0.3 0.1

L. coubie 0.01 56 1.6 0
P. obscura 0.01 56 -0.2 0

"lOG: individual daily growth.
bAcadjas and fertilization using feces produced outside the farm. A bucket of the excreta of eight rabbits
was poured each day in the pond (an average of 3.75 kg of manure per day corresponds to 500-600 g of
dry matter. Pond = 0.045 ha).
'During this cycle. water management was poor: frequent overflow at the monk drain with possible negative
effects on production (loss of nutrients).

Changes in Fish Farmers' Behavior

Fish farmers have been favorably im

pressed by increases in yields and in

growth rates observed in the cycles

acadja+rice bran and rabbits+rice bran.

However, the supply of rice bran is still

a constraint for them. Surprisingly, the

model rabbit+bamboo has modified the

behavior of the two fish farmers con

cerned, Le., they have been devoting

more time to fish culture since they

obtained their first results. One of them

suggested to plant himself a second pond

with bamboos (only the transportation

of bamboo is subsidized). The most char

acteristic comment on their part was:

"these fish are gifts!"

Experiments without rice bran did not

yield expected results. Yields in marketa

ble fish remained low compared to the

amount of work involved. A significant

increase in yields is still possible with

a few improvements in water manage

ment, stocking. and in the number of

rabbits used.
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Nevertheless, the motivation expres
sed and demonstrated by the farmers
to continue the experiment, and their
appreciation of the first results, are
encouraging. This will contribute to the
establishment of culture systems likely
to resolve the constraints that today
hinder the development of fish culture
in rural Cote d'ivoire and generally in
subSaharan Africa.

On-station Experiments

Supplementary fertilization using
rice bran with dry chlcken manure
or grass

OBJECTIVE

The experiment aimed at assessing
the effects of supplementing coarse rice
bran (first polishing) as standard feed
in the fishponds with dry chicken ma
nure or grass. Dry chicken manure is
readily available in peri-urban areas.

METHODOLOGY

The experiment was conducted in 400
m Z ponds at IDESSA fish culture station
in Bouake using a mixed population of
O. niloticus males (1.95 ind'm-Z

) and
Clarias gariepinus (0.25 ind·m-Z

). Three
treatments were applied and replicated
at a different time: rice bran alone (con
trol); rice bran with supplementary fertili
zation using dry chicl<en manure; and
rice bran with supplementary fertiliza
tion using fresh grass (Pennisetum
purpureum) .

Daily rice bran application rates var
ied from 52 kg'day-1' pond- 1 at the start
of the culture period, to 11.6 kg·day-I.
pond-1 at the end of the period (sev
enth month). For the entire production
period, dry chicken manure was used
at a rate of 2.4 kg-day-1' pond'1and fresh

grass at 32 kg·day-l.pond- 1. These two
fertilization regimes were almost equiva
lent in terms of nitrogen input. At the
end of the culture period, the quantity
of dry matter used in the ponds reached
a maximum of 240 kg' ha-1·day·l for rice
bran alone, 300 kg' ha- I 'day-1 for rice
bran+chicken manure and 360 kg' ha- ' ·
day-1 for rice bran+grass.

RESULTS

Tables 3 and 4 present the results of

the experiment. Comparisons of treat

ments relying on randomized block

analysis of variance (ANOVA) did not
show any significant difference among
treatments in terms of yields for O.
niloticus and for combined O. niloticus
and C. gariepinus, nor in terms of feed
conversion ratios. However, results on
mean daily growth and mean yield were
higher in the grass treatments. Addi
tional replicates are needed to confirm
this trend. The analysis of variance re
vealed a "block" effect and significantly
higher values in terms of growth and
yield for C. gariepinus in the treatment
using rice bran+grass.

DISCUSSION

Yields ranging from 4 to 6.3 t·ha-l.
year-I are "normal" with regard to feed
and fertilizers. We can, of course,
question the need to cut and distrib
ute 292 t'ha-I'year- 1 of fresh grass for
an increase in production of 1.4 t·ha- I .
year-lover the volume obtained using
only rice bran. The remuneration for cut
ting the grass depends essentially on
the quantity of grass available and its
proximity, and on the time spent for a
given harvest. We can estimate, there
fore, that an annual distribution of 290
t'ha-1 will require a minimum of 4,500
hours of world However, it is possible
that in the context of small-scale farming



characterized by limited access to rice
bran and low or irregular inputs of this
resource, the "grass effect" could be
more significant even if the yields are
lower than those recorded here (see
above for the yield results in treatments
using rice bran in on-farm experiments).

The significant differences recorded
between the grass treatment and the
other treatments in terms of individual
growth and yield for C/arias show a link
between treatment and stimulation of
a trophic resource specifically accessi
ble to Ciarias. This demonstrates that
in these conditions, polyculture is more
likely to optimize the use of this treat
ment than monospecific stocking using
O. niloticus males.

It would be interesting to assess the
effect of a grass treatment on a culture
combining O. niloticus, catfish, and H.
niloticus. The burrowing behavior of H.
niloticus, which is largely established
in rural fish farms, is likely to promote
the suspension of great quantities of
grass-derived sediments which, in turn,
promote microbial production (Costa
Pierce and Craven 1987; Costa-Pierce
and Pullin 1989) and may have posi
tive effects on the entire heterotrophic
and autotrophic webs (Schroeder 1983;
Spataru et al. 1983).

In addition, following the first tests
conducted in lagoons and in ponds (Hem
1991), an experiment was set up at the
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IDESSA station using four replicated
treatments. These treatments consisted
in: (1) using rice bran (without substrate);
(2) providing a substrate made of 10
bamboos' mol without feed supplement;
(3) providing a substrate constituted by
10 bamboos' mol with rice bran as feed;
and (4) providing a substrate made of
32 branches of Cassia' mol with rice bran
as feed. The objective of this experi
mental design was to assess the sig
nificance of feed-substrate interaction
and the ability of a substrate made of
ordinary branches to provide a verti
cal surface roughly equivalent to that
of the bamboo substrate.

The few tests done so far on-farm as
well as on-station have not yet led to
the development of farming techniques
that would totally free the farmers from
their input constraints. Further testing
is needed on systems combining
substrate, green manure, polyculture and
resuspension of sediment, as well as on
the stocking densities best adapted to
the productivity of these systems. The
identification of the interactions that the
association of these techniques involves
requires much experimental support.
Ideally, this type of research should be
supported by a more fundamental study
of the complex trophic mechanisms that
link farming techniques and treatments,
on the one hand, and farming techniques
and production, on the other. Regarding

Table 3. Summary results from different tests (net yields in t·ha°l.year").'

Rice bran-based
treatment

Without rabbits With rabbits

Culture system
without rice bran

With rabbits

Without acadja
With acadja

< 2 (3)
5 (1)

6 (1)
(0)

< 2 (2)
2.3 (2)

'Figures in parentheses represent the number of cycles studied.



Table 4. Supplementary fertilization using dry chicken manure or grass in a culture experiment with Oreochromis niloticus and Clarias gariepinus fed
with rice bran in 400-m' ponds.

Density Individual daily growth Feed conversion Yield
(ind'm") (g'day") ratio (kg·ha·l.year·')

Species/treatment Block 1 Block 2 Block 1 Block 2 Mean" Block 1 Block 2 Block 1 Block 2 Mean"

O. niloticus
Rice bran alone 1.95 1.95 1.12 0.82 0.97 11.91 15.23 5,488 4,023 4,755.5

(0.15) (732.5)
Rice bran + manure 1.95 1.95 1.13 0.92 1.025 10.32 13.57 6,337 4,545 5,441

(0.115) (896)
Rice bran + grass 1.95 1.95 1.13 1.16 1.145 10.97 10.06 5,643 5,864 5,753.5

(0.015) (110.5)

C. gariepinus
Rice bran alone 0.25 0.25 0.55 0.30 0.425 11.91 15.23 236 44 140

(0.125) (96)
Rice bran + manure 0.25 0.25 1.56 0.30 0.59 10.32 13.57 379 23 201

(0.03) (178)
Rice bran + grass 0.25 0.25 0.96 0.62 0.79 10.97 10.06 674 294 484

(0.17) (190)

"Figure in parentheses are standard deviations.

N
0\



this point, research work based on two
complementary approaches is proposed:

1. Study of the flow of matter in the
different levels of the food chain by
plotting stable isotopes of carbon (CIZ
and C13) (Schroeder 1978, 1983 and
1987), and investigation on what be
comes of the major minerals contrib
uted by the treatments (Krom et al. 1985
and 1989).

2. Companion study on the environ
ment potential trophic resources and
of the fish's stomach contents (Spataru
et al. 1983; Milstein et al. 1985a, 1985b
and 1988; Hepher et al. 1989).

These approaches should lead to a
comprehensive assessment of the im
pact of different techniques or combi
nation of techniques used at different
levels of the ecosystem and to the iden
tification of bottlenecks and trophic
deadends.

The adaptability of the proposed tech
niques to rural conditions will be de
termined by the fish farmers themselves.
To this effect, it is important to note
that the feedback between fish farm
ers and support services has had a major
impact on the direction of the ideas
presented here on the use of "poor"
treatments.

It is possible to imagine that a tech
nical model tested in rural conditions
(example: acadja+grass+polyculture in
cluding burrowing fish) will be massively
adopted by farmers. In this context, there
will be scope for its rapid optimization
by the fish farmers themselves depending
on their specific constraints.
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Abstract

There are several tilapia species (Fam. Cichlidae) indigenous to Lake Malaw i whose growth
potential is little known outside their natural environment. Past aquaculture research efforts in
Malaw i have concentrated on Oreochromis shiranus and Tifapia rendalfi. The performance of both
species in ponds is limited by a high reproductive capacity and slow growth. Therefore, new
candidate species for aquaculture, such as Oreochromis lidole, O. squamipinnis and O. karongae,
are under investigation. O. fidole grows well in open waters (rI>' =logtOK+ZlogtOL~=Z. 79) but does
not spawn readily in ponds, while O. squamipinnis appears to have a low growth potential (rI>=Z.58,
also based on standard lengths). O. karongae, on the other hand, breeds in ponds. Selected growth
comparisons were made between their populations in Lake Malawi and those kept in fishponds at
the National Aquaculture Centre, Domasi, Zomba. Their growth potential is high, with rI>'=Z.76
and 3.03 for the lake and fishpond populations, respectively. Thus, growth performance and spawning
success in shallow pond make O. karongae an attractive candidate species for aquaculture.

Introduction

The need to increase fish production
in Malaw i to keep pace with increas
ing demand has been recognized
(DEVPOL 1987; GOPA 1987). One ap
proach is to expand and intensify fish
farming activities. Most aquaculture

'ICLARM Contribution No. 971.
bPresent address: University of Namibia, SADC
Fisheries Management Course, Private Bag 13301,
Windhoek, Namibia.
cPresent address: ZZZ South Helix Av. 1, Solana
Beach, California 9Z075, USA.

research in Malaw i has involved
Oreochromis shiranus (a microphagous
species) and Tilapia rendalli (predomi
nantly macrophytophagous). Tilapia
rendalli tastes good but is slow-grow
ing and broodstocks produce relatively
low numbers of fingerlings (Costa-Pierce
and Chikafumbwa, this vol.). 0. shiranus
shows fast growth while young but
matures early and can become stunted
in fishponds (Msiska and Cantrell 1985;
Pauly et al. 1988; Maluwa 1990).

The work of Lowe (1952) and Trewavas
(1983) suggest that the search for in
digenous tilapias that would perform
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better in aquaculture must consider O.
karongae and O. lidole. Recently, the
successful breeding of O. karongae in
shallow ponds (O.V. Msiska, unpub!.
obs.) has further spurred interest in this
species (see Maluwa and Dixon. this vo!.).

This paper compares the growth of
O. karongae, O. fidale and O.
squamipinnis from published data with
preliminary growth studies in ponds,
using ~' (=logloK+2IogloL) (Pauly 1979;
Pauly and Munro 1984) as an index of
growth potential. The technique was
chosen because of its demonstrated
applicability to tilapias (Moreau et al.
1986; Pauly et a!. 1988).

Methods

Capture Fisheries Data

Mean length-at-age estimates for O.
lidole, 0. saka (now regarded as a jun
ior synonym of 0. karongae), 0. shiranus
shiranus and O. squamipinnis as reported
by Lowe (1952), based on samples col
lected in 1945-1947. were used to es
timate the von Bertalanffy growth pa
rameters (L

oo
; K) from which the ~. val

ues were calculated (Table 1).

Capture and Transportation of live
Fish to Ponds

Fingerlings were collected by beach
seining, assisted by diving for specific
schools of fish. For pond studies, fish
were obtained from Cape Maclear and
Kakoma Bay in Lake Malaw i and from
Lake Malombe (Fig. 1). The most suc
cessful fishing season was from Janu
ary to March, after natural breeding.
when most fry had become free-swim
ming.

Before transferring fingerlings to the
National Aquaculture Centre (NAC),
Domasi, Zomba, they were kept unfed

in cages for at .Ieast 48 hours to allow
them to void their guts. During this
period, a prophylactic (terramycin) at
0.1 mg'I,1 and a vitamin premix were
given by adding the powder forms of
these medications into the cages. In the
absence of terramycin. egocin
(oxytetracycline hydrochloride and cal
cium pantothenate) was used. While the
former drug is approved by the US En
vironmental Protection Agency (EPA) for
use on food fish (Schnick 1988), the latter
is commonly used for poultry.

Gro wth Trials in Ponds

All tilapia fingerlings were initially
stocked into separate ponds, accord
ing to their origin. Various attempts at
visually separating these immature forms
into species proved futile, as were similar
attempts by other workers (Lowe 1952;
Tarbit 1969; Trewavas 1983; Turner et
a!. 1989). Thus, identification of fish was
not confirmed until they had attained
large sizes of over 100 g when breed
ing colors became conspicuous.

Sixty O. karangae fingerlings were
stocked in each of the two 500-m2 ponds.
One of the most reliable characteris
tics used to help separate the three
tilapias of subgenus Nyasalapia (0.N.
lidoIe, 0. N. karangae and 0. N. squami
pinnis) is the number of tooth rows on
the lower jaw and their mode of arrange
ment (Turner and Robinson 1991). Be
cause this parameter could be used
without killing fish, it was extensively
utilized in this study and fish which were
classified as O. karangae but had over
four rows were stocked separately from
those whose rows were less than four.
The two groups had, in an earlier study,
been observed to differ in spawning
requirements (Msiska. unpub!. obs.). The
mean size at stocking was (:+-SD) 19.5:+-1.8
em TL and 134.2+38.2 g body weight.
Further. morphometric measurements
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Table 1. Estimates of growth of Oreachromis spp. in Lake Malawi (adapted from Lowe 1952). The
mean length-at-age estimates (total length) were obtained by length-frequency analysis and the
counting of rings on the opercular bone. Standard lengths are in brackets.

Age groups

Species II III IV

O. shiranus shiranus Length (em) 10.0 (7.8) 18.0 (15.8) 22.0 (19.8) 25.5 (23.3)
Weight (g) 16.0 110.0 210.0 342.0

O. karangae Length (em) 12.0 (9.3) 22.0 (19.3) 27.5 (24.8) 30.0 (27.3)
Weight (g) 28.0 198.0 412.5 545.5

O. squamipinnis Length (em) 9.0 (7.0) 17.0 (14.3) 24.0 (21.3) 26.5 (23.8)
Weight (g) 12.0 86.0 264.0 366.0

O. lidale Length (em) 13.0 (10.3) 23.0 (20.3) 28.5 (25.8) 31.0 (28.3)
Weight (g) 40.0 220.0 463.5 609.0
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were obtained for the two populations
according to recommendations by Turner
et al. (1989).

Five hundred O. squamipinnis finger

lings were stocked in a 500-m 2 pond.
The mean size at stocking (±SD) was
16.4± 1.7 cm TL and 91.3±28.0 g body
weight. Confirmation regarding the iden
tification of these fish was done in con
sultation with G.F. Turner who has ex
tensively studied the taxonomy and
ecology of the wild stocks of
Oreochromis subgenus Nyasalapia in
Lake Malawi.

Every month, a sample of 20 to 30
fish per pond was taken to record lengths
and weights. During sampling, fish were
anesthetized using benzocaine (Ross and
Ross 1984). All the fish were fed maize
bran at 4% body weight which was ad
justed downwards to 2.5% body weight
per day six days per week, after the
fish attained an average weight of over
200 g, Data were collected for a pe
riod of 275 days and <1>' values were cal
culated from the von Bertalanffy param
eters L

oo
(SL; in cm) and K (year-I) fol

lowing Vakily (1988), Morphometric
measurements taken on the two groups
of O. karongae were first converted to

fractions of standard length and the
Microstat program of Ecosoft Inc. was
used to analyze the data on an IBM

compatible personal computer.

Results

Table 2 summarizes the growth pa
rameter estimated from wild and cul
tured til apia populations. Pond data are
restricted to O. karongae and O.
squamipinnis following confirmation by
G, F. Turner that these pond populations
did not contain O. lidole.

Discussion

The values of <1>' determined for O.
karongae, 0. lidoJe and 0. squamipinnis
are comparable to or higher than those
published for tilapias regarded as hav
ing acceptable growth performance: O.
niloticus (2.30-3,11), O. aureus
(2.31-2.61), O. andersonii (2.46-2.63)
and O. mossambicus (2.05-2.60) (Pauly
et al. 1988). If growth performance using
<1>' were the only criterion for selecting
species for aquaculture, then O. lidoJe

Table 2. Growth performance index (<\>')a and related statistics of wild (Lake Malawi) and captive
(National Aquaculture Centre, Zomba) stocks of Lake Malawi tilapia species.

W W L L mex

Species Stock (g) (g) (em) (em) K(year-') $' Source

O. shiranus Wild 27.8 39.0 0.481 2.57 This study
shiranus Captive 53.5 11.0 9.87 3.08 Pauly et al.

(1988)

O. karongae Wild 781 857 30.3 34.0 0.631 2.76 Lowe (1952)
Captive 656 27.7 1.391 3.03 This study

0. squamipinnis Wild 760 758 31.9 33.0 0.375 2.58 Lowe (1952)
Captive 537 23.6 1.739 2.99 This study

0. lidale Wild 891 1, t 10 31.3 38.0 0.631 2.79 Lowe (1952)
Captive

a<\>' = log,oK+2Iog'0L~; K(year-'), L)cm; SL).



would rank highest, with f =2.79. How
ever, its reluctance to breed in fishponds
should first be resolved before using it
in aquaculture (A.O.H. Maluwa and M.
Dickson, pers. comm.).

Our morphometric data (not shown)
suggest at least two variants of O.
karongae in the pond populations. The
presence of several strains in the wild
has since been confirmed by differences
in spawning success and nest charac
teristics, and tooth row arrangements
and pharyngeal dentition (Turner and
Robinson 1991). Consequently, it has
been suggested that 0. karongae is a
nominal species comprising several
variants of which 0. saka is a junior syno
nym (Turner et al. 1989).

According to Lowe (1952) and
Trewavas (1983), 0. lidole is the fastest
growing Oreochromis in Lake Malawi,
followed by 0. saka (now O. karongae),
O. squamipinnis and O. shiranus shiranus.
Such differences could not, however,
be distinguished by calculating specific
growth rates. Thus, the estimation of
~' appears to have more practical value
during initial screening of candidate fish
species than the conventional specific
growth rate. More research needs to be
done using this index of growth potential
to examine other species of Oreochromis
and/or Nyasalapia.
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Abstract

A pond management system and intensified activities were introduced into Mwanza and Zomba
West Districts, Malawi, through a development project, with the intention of achieving higher fish
production and self-reliance amongst the smallholder farmers who had ventured into aquaculture.
The extension efforts were simple and comprehensible. The major components of the model were:
a semi-intensive polyculture system with Oreochromis shiranus and Ti/apia renda/Ii, a stocking
density of two fish (mixed sex) per m'. a short culture period (four to six months) and complete
pond draining at harvest using a locally made basket. Particular emphasis was placed on feeding
with locally available resources.

Since January 1988. there has been a significant increase in the overall productivity from 303
kg·ha'l. year" to 804 kg·ha·l. year" with project farmer cooperators achieving 1,400 kg·ha'1. year"
in Mwanza. In Zomba West, farmers exhibit an average productivity of 1,900 kg·ha"·year". However,
observations at Zomba West Extension Station showed low average weights at harvest (30-50 g)
for both species. This was consistent with what the farmers obtained in their ponds.

The pond management system has two major constraints: farmers do not have enough of the
required resources (feeds and fertilizers) and the two species of fish do not grow to large enough
sizes to attract the more adventurous and commercially minded farmers.

Introduction

In t 988, a modified pond manage
ment system (MPMS) and intensified ex
tension activities were introduced in
Mwanza and Zomba West Districts in
Malaw i. The major objectives were to
achieve increased fish production and
self-reliance among the smallholder
farmers. It was hoped that the MPMS
would eventually spread to other parts
of the country where potential for fish
farming existed. Strong emphasis was

'Both authors are now deceased. Limited quan
tities of reprints are available from the senior
editor.

placed on the use of locally available
farm resources. The MPMS was devised
from trials made at the Zomba West
E.xtension Post, Chinseu (Otte t 990).

The MPMS was not drastically different
from the system used previously and
it was thought to offer a new option
while decreasing the dependence on the
scarce extension services of the Fish
eries Department: a constraint to
aquaculture development. The MPMS
placed emphasis on the following:

A suitable pond site with a per
manent water supply, ideally a perma
nent stream or spring which could easily
be diverted to feed the pond by grav

ity.
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Construction, for new farmers, of
<;Irainable ponds of at least 200 m Z in
size, because smaller ponds can be
uneconomical. However, farmers take
up fish farming for various reasons and
for extensionists to insist on the 200
m 2 minimum was unrealistic. Farmers
were encouraged to minimize the cost
for pond construction using family labor
and locally available materials.

Stocking with mixed-sex
fingerlings of Oreochromis shiranus and
Tilapia,rendalli (1: 1) at 2 fish·m·z.

Feeding with madeya (maize bran),
the most commonly available feed
(Msiska 1988) at rates determined from
,trials atChinseu. Farmers were advised
to feed at a rate of 4% of the total body
weight per day. To make such meas
.wements understandable to farmers, the
weights of feed were converted to fit
the receptacles (plates, buckets and other
containers) that the farmer might have.
Thee use ()f various other fish feed (on
farm by-products) were also encouraged.

Inorganic fertilization with diam
monium phosphate (DAP), chosen be
cause many farmers grow maize and are
encouraged by the agriculture exten
sion workers to apply this fertilizer. They
may-have some fertilizer left over which
could be applied to fishponds. DAP is
more effective in stimulating algal growth
in pohds than other locally available
fertilizers. The recommended rate of
fertilization was to be 1 g·m,z·weelc l .

Organic fertilization with livestock
manure, although most farmers do not
have enough livestock to accumulate
maliure toadd to the ponds. They were
~ncouraged to add as much manure as
possible anciwhere inorganic fertilizer
and manure were scarce, composting
of vegetation in the ponds was encour
aged.

Harvesting when the fish had pro
duced enough fingerlings for the next
culture period and had attained a mar-

ketable size: usually after four to six
months.

Harvesting by draining using a lo
cally made basket attached to the out
let pipe and saving the fry and fingerlings
and transferring them immediately to
an adjacent holding pond (10-50 m Z

).

The MPMS stressed the independent
production of fingerlings by farmers and
the farmers ability to harvest their own
ponds without dependence on the use
of a seine net provided by fisheries exten
sionists.

Results

Zomba West (Chinseu)

Up to the beginning of the program
(June 1988), the area had been served
by the Domasi Extension Service and
there were only seven farmers with a
total pond surface area of 1.44 ha. There
were no records of production. Most
of these farmers had been assisted by
an OXFAM project in the late 1960s and
early 1970s. By December 1988, there
were 19 farmers with a total of 1.78
ha of ponds which yielded 917 kg of
fish. In 1989, there were 60 farmers with
3.5 ha of ponds, yielding 2,467 kg. In
1990, 89 farmers produced 4,314 kg
from 4.8 ha. The number of farmers has
since risen to about 100, having a to
tal pond area of 5.2 ha and an estimated
annual productivity of about 1.9 t· ha· l

.

Between January and December 1990,
67 farmers were closely monitored with
monthly production figures (Table 1).

Mwanza (Kunenekude)

Until 1987, the Fisheries Department
had been providing very limited
extension services to farmers in Mwanza.
There were two extensionists, with only
one motorcycle, to cover 13 villages
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Table 1. Monthly production from fish farmers in Zomba West, Malawi: January
to December 1990.

No. of Total pond Fish
farmers No. of area production

Month per month ponds (m') (kg)

January 3 3 615 33.80
February 3 4 2,526 151.30
March 4 4 3,891 166.30
April 6 6 1,978 232.00
May 6 7 3,747 196.20
June 3 3 1,028 58.50
July 8 9 3,370 171.60
August 10 10 2,887 276.00
September 11 12 3,791 260.00
October 4 4 802 94.00
November 4 4 4,213 302.20
December 5 5 1,279 100.50

Total 67 71 3.01 ha 2,042.40'

'Probably an underestimate because of difficulties collecting data during
the farmers' second culture period. The annual total may be as much as
twice this figure.

and 513 farmers having 649 ponds
covering 6.72 ha. The budget set aside
for extension was at MK t ,000 (US$348)
per year. At the end of t 987, a survey
revealed a total production of 2,038 kg
of fish: about 300 kg' ha- 1·year- 1 •

In January 1988, t 1 farmers, with a
total pond surface area of 2,589 m',
adopted the program's MPMS concept.
Six months later, the net production was
measured at t 23 kg with an average
net productivity of 950 kg·ha-I. year-I.

By November, the number of farmers
adopting the MPMS had risen to 22 with
an average productivity reaching t ,400
kg' ha-I.year·l (Table 2).

Overall Production

The total numbers of ponds and farmers
(1983 to August t 99 t), for Mwanza and
Zomba West, are given in Table 3. The
figures for t 99 t were extrapolated since
the data for t 99 t were available only
up to August for Zomba West and no

meaningful data were available from
Mwanza.

Discussion

Increased extension efforts have here
certainly improved fish production. There
were a few technical problems with
launching the MPMS. The harvest method
by drainage and subsequent handling
of fingerlings proved very difficult for
farmers. In many cases, there was mas~

sive fingerling and fry mortality, resulting
in increased demand for fingerlings at
the extension posts, rather defeating
the self-reliance objective.

In Zomba West (Chinseu), extension
was done in an area where fish farming
had only been minimally practiced: only
seven farmers were known at the
beginning. The farmer's choice of pond
size, whether or not the pond was
drainabte, etc., depended on the
extensionist. The average pond size here
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Table 2. Fish production by the 22 farmers in Mwanza who adopted

the MPMS from December to November 1990 (average culture

period = 210 days).

Farmer

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Pond

area
(m Z)

270
756
176
302
1 19
216

188
NA

168
231

NA
144
2'70
120
150
171
253

145
452
264
576
330

Production
(kg)

10.5
58.0
16.0
5.5
5.0
8.2

18.0
NA
11.9
24.0

NA
6.0

27.8
12.0
10.0

5.0
15.0
14.3
69.2
19.5
61.7
38.0

Extrapolated

net
productivity

(kg·ha'l. year")

661
1.304
1,546

310
714
645

1,623

NA
1,204
1,766

NA
708

1,700
1,700
1,133

497
1,008
1,677
2,595
1,256
1,821
1,958

Table 3. Fish farming development among smallholder farmers in Mwanz.a and Zomba West. Malawi.

Production factors 1983 1984 1985 1986 1987 1988 1989 1990 1991'

No. of farmers 87 225 337 425 513 523 628 559 669
No. of ponds 105 300 405 512 690 714 806 818 967
Total pond area (ha) 1.6 4.5 6.1 7.7 9.7 11.2 14.6 15.85 21.67
Total production (I<g) 800 2,700 3,660 4.620 5,820 7,330 16,100 16,600 25,330
Value (MK)' 1,200 4,050 5,490 6.930 11,640 13,905 32,550 34,360 48,764

'Malawi Kwacha -2.00 in 1983; 2.71 in 1991 = US$1.
bExtrapolated data.



was about 335 m Z in Zomba West. The
average productivity in Zomba West was
recorded at 1,700 kg' ha- I .year-I, twice

that obtained in Mwanza.
[n Mwanza, a lot of ponds had been

constructed on sites that would not allow
a pond to be drained by gravity. To the
farmers, a pond is a small lal<e which
is not drained when fish are to be caught.
Moreover, the use of a basket for har
vesting is a strange and unconventional
method, not easily accepted.

The emphasis on a minimum pond size
of 200 m Z was viewed as unacceptable
by farmers in Mwanza: 649 ponds,
measuring little more than 100 m Z

, had
been constructed during an earlier pro
gram supported by UNICEF. Thus, the
200 m Z minimum caused confusion
among farmers. Under the UNICEF pro
gram, any waterbody was a "pond,"
regardless of size. Farmers could ex
pand its size if they benefitted and as
they saw fit, but it was difficult to in
crease the size of small ponds because
of land constraints. After all these ex
tension efforts, the average pond size
was still only about· 110 m Z and as the
project emphasized farmers with ponds
of at least 200 m Z

, many farmers were
left out.

The quality and quantity of inputs
required by the pond management sys
tem was almost impossible for the farm
ers to comprehend. Maize bran (madeya)
is seasonal and becomes human food
at some critical times of the year. Farmers
cannot afford adequate fertilizer even
for their maize. The assumption that
farmers would have surplus fertilizer from
the maize or other crops was wrong.

Although there are a lot of on-farm
resources which could be fed to fish,
the extension workers and farmers do
not know of any suitable rates of feed
ing. No systematic work had been con
ducted on conversion factors of such
resources. Most of these resources are
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also seasonal and are often available in
small quantities. Attempts are being
made to quantify these resources
throughout the year (see Noble, this voL).

The MPMS has been considered to se
lect genetically for small fish. Msiska
(1988) reported average weights of
farmed O. sMranus of 125 g, but cur
rent average weights are about 70 g
among farmers and 40-60 g at govern
ment stations.

It is very unlikely that the MPMS will
significantly increase production beyond
2 t·ha-l·year· 1 among smallholder farmers.
Farmers need more technological op
tions, including hatchery and broodstock
management to produce better quality
fingerlings. Also, different methods for
harvesting, presently being developed
at the National Aquaculture Centre at
Domasi, should be tried with farmers.

The experience gained during these
three years of extension has given food
for thought about how to continue the
extension program. Virtually all projects
enjoy a very positive response from the
target groups when a new idea/concept
is being introduced-in this case a better
pond management system. But it is
obvious that, when only one option is
given, it will only benefit a certain
percentage of the target group and upper
limits in outputs are easily reached. If
we compare the government's yearly
budget of MK 1,000 in extension for the
Mwanza District with the massive effort
spent by this externally-funded project
in the same area (years later), it is clear
that a positive benefit:cost ratio only
comes out during the first year. The
relative gain in production in subsequent
years, for both Mwanza and Zomba West,
does not seem to justify the effort.

It seems that any project which em
phasizes only one model/ technique will
only achieve part of their goals. It is
also clear that when a new project comes
into an area where another project has
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already been working, only marginal
changes may result.

The most important lessons learned from
this program are that: (1) any develop

ing country must, at the beginning of every
development project, have a clear con
cept/strategy which should be strictly
followed by the various development
agencies; and (2) such a concept/strat
egy must be dynamic. Development means
change and when addressing non-uniform
target groups, it should be the responsi
bility of those funding and executing the
project to develop and offer a "basket of
options" to the target groups, and leave
it up to them to choose which option(s)
best suit(s) their needs.

The present policy where new projects
only offer "their solution" will eventually
lead to more confusion and a detrimen-

tal outcome. Such efforts, time and money
cannot ensure self-reliance and
sustainability among farmers. Dynamics
and coordination seem to be two key words

which should be taken into account in
development projects.
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Abstract

In Africa, aquaculture has not been successfully adopted although it is the home of tilapias. A
major reason is that little account is taken of the bioeconomic resource base of rural African smallholder
farmers. Most agriculture is at subsistence level with only a small excess crop production providing
a meagre cash income for the rural household. Malawi provides an example; 85% of its eight
million people are involved in agriculture with smallholders contributing 84% of the agricultural
GDP. However, three-quarters of this contribution does not enter the cash economy. Under these
circumstances, aquaculture will only succeed if it is integrated into the farming system and is
based on recycling farm resources such as crop and livestock residues. Utilizing such materials as
pond inputs would not only result in production of a valuable crop of fish, but may also improve
the recycling efficiency of farm resources, thus enhancing overall farm productivity. Before taking
such an approach, the bioresource base of farms must be estimated. This was done for a variety of
crop and animal residues on 20 farms in Zomba Di~trict, Malawi. All the farms had ponds and
were growing Oreochromis shiran us and Tilapia rendalli. Residues from maize (i.e., bran, stovers,
and cobs) and rice (i.e., bran and straw), weeds from crop and fallow land, and animal manure
were estimated. All crop residues and weeds were estimated from 50-m 2 quadrats placed in several
fields and fallow areas on each farm. Resource-flow diagrams were produced showing the direction
of movement of major crop and animal residues in the farm system. From this flow model, it was
possible to pick out residues which could be redirected to the pond system to improve pond
fertility and provide direct feed for fish. Some smallholders had grasses and weeds on fallow land
(approximately end-of-season biomass, 7 t·ha- 1 dry weight), and ash from cooldng fires (over 500
kg·year· t per farm, dry weight) which went unutilized in the farm system. Approximately 2,500
kg·ha·1.year ·t (dry weight) of maize stovers are produced, a part of which could be used directly in
the pond, or composted to produce a high quality pond input. Most farms in this study did have
unutilized bioresources which could be used more efficiently by processing them through fishponds.
These provide the potential for increasing overall farm efficiency and production, by converting
low value agricultural wastes into a valuable fish crop at low cost to the farmer.

Introduction

Under current economic and environ
mental conditions in Africa, small-scale
aquaculture for rural families will only
succeed if it is ecologically based and
integrated into the diverse enterprises

alCLARM Contribution No. 950.
bCurrent address: 570 Hillsdale Avenue East,
Toronto, Ontario M4S lV2, Canada.

which are common to smallholder farms.
The usual commodity-oriented approach
to aquaculture has limited applicabil
ity in communities where farming is
operating at or close to subsistence, and
where cash incomes are too low to
purchase the required feed and ferti
lizer for fish culture. The World Resources
Institute and the International Institute
for Environment and Development (1988)
stated that average per caput GNP in
Africa was only US$300 in the late 1980s
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and the position has worsened since
then. In Malawi, which is the subject
of this paper, the average income of rural

families is just US$130 per year and such

smallholders comprise 75% of the popu
lation (Experiments in International Liv
ing 1991).

Low incomes are coupled to problems
of land availability. In Malaw i, the av
erage population density per square
kilometer of arable land is 169 persons
and this will rise to 242 by 2012 if popu
lation growth continues at its present
rate (3.3% per annum; Experiments in
International Living 1991). Currently,
a third of smallholders cultivate less than
0.5 ha. Such pressure on land will re
quire new ways to regenerate environ
ments and marginal areas so that house
hold income and nutrition can be im
proved (Lightfoot 1990).

Dommen (1988) pointed out that
African agricultural production under
growing population pressure is a con
stant struggle to maintain soil fertility
and crop yields as fallow periods shorten
and resources are used more intensively.
Intensification of recycling of farm re
sources and integration of agricultural
ente,prises will be essential in order to
maintain farm productivity when avail
able arable land is shrinking. Aquaculture
may provide a partial solution by aid
ing in efficiency of resource recycling
and farm integration.

However, small-scale aquaculture has
not been successful in alleviating nu
tritional problems in rural African com
munities or indeed improving the cash
income of farming families (Noble and
Costa-Pierce 1992). This is because
aquaculture has often been introduced
as a stand-alone enterprise in the farming
system requiring its own suite of off
farm inputs in order to produce a rea
sonable crop of fish (GOPA 1987). With
the land and income constraints expe
rienced by many smallholder farmers,

stand-alone enterprises are too risky and
capital intensive. Therefore, aquaculture
must operate within the resource base

of the smallholder and act as a prelimi

nary step to intensification of efficient
utilization of on-farm bioresidues and
integration of farm enterprises.

On-farm Bloresldues as Feed
or Fertilizer for Aquaculture

On Malaw ian farms, there is a range
of bioresidues which could act as suit
able feed and/or fertilizer inputs for
ponds. These are crop wastes, livestock
manure and vegetation from fallow land.
Ash from cooking fires also has poten
tial as a source of nutrients for improving
pond fertil ity.

Materials and Methods

Assessment of Blores/dues

MAIZE RESIDUES

In 1989, a small survey was conducted
to establish availability of on-farm re
sources for aquaculture on 20 smallholder
farms in Zomba District, Southern
Malawi. These smallholdings all had crop
based farming systems with maize as
the main food staple. Small-scale fish
farming was also a minor enterprise on
these farms. In total, 52x50-m 2 quadrats
were placed in maize fields on these
20 smallholdings. The biomass of maize
seeds and residues were measured from
each quadrat. The residues were maize
cobs, sheaths, stalks and maize bran (left
after seeds have been pounded).

WEED RESIDUES

End-of-season biomass of weeds in
1989 was also measured in 42x50-m 2

quadrats on 15 farms. Six farms also



had fallow land on which weed biomass
was estimated in 6x50-mz quadrats in
the same way as for maize fields.

In 1990, five 50-m z quadrats were
placed on "dambo" areas (low-lying land
with high water table) on four farms.
Six 50-mz quadrats were placed on fallow
land with low water table on four farms.
Productivity of weeds could be estimated
because the length of the growth pe
riod was known in each case.

Production figures for weed growth
were initially calculated as
kg·ha·1. month· 1 dry matter (OM) then
converted to kg·ha·l. year·] OM. Meas

urements were made during the wet sea
son (1990) and then extrapolated to
yearly production figures by assuming
that high dry areas have a shorter grow
ing season than low-lying damper ar
eas.

For those weeds growing in higher
parts of a farm where surface soils dry
out in May and remain dry till Novem
ber, the production period was taken
approximately as six months. For those
weeds growing in low-lying soils where
surface soil moisture persists till Au
gust, production period was taken as
nine months. For example, monthly grass
production for low-lying areas was es
timated as 745 kg'ha- 1 OM which con
verts to 6,705 kg·ha· l ·year- 1

, not 8,940
kg' ha-I'year- I if growing season is only
nine months.

DRY MATTER CONTENT
AND NITROGEN VALUES

All biomass and production estimates
for maize products and weeds were
converted to dry weights by measur
ing moisture content of samples of plant
material and drying them at 80°C until
constant weight was achieved. Protein
nitrogen content of maize residues and
grasses was estimated using data from
Miller (1975) and Gohl (1981).
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ASH PRODUCTION IN HOUSEHOLDS

Ash production from cooking fires was
estimated for six households. Total ash
was collected and weighed after a pe
riod of three to seven days. Samples
were taken to obtain dry weight meas
urements. Phosphorus content was es
timated using values from Jamu (1990).
The number of people involved in pro
ducing ash was noted so that ash pro
duction per head per day could be es
timated.

LIVESTOCK MANURE PRODUCTION

This was extremely difficult to measure
and the figures need to be treated with
caution. Chicken manure production was
estimated from four smallholdings by
measuring accumulated manure over a
period of days and converting to kg'day-l
DM. This could only be done for chicken
house manure accumulated overnight.

RESOURCE PATHWAYS

Farmers were asked to indicate what
happened to the maize, weed, ash and
manure residues on their farms and the
pathways for these resource flows were
diagrammed.

Results

Tables 1 to 4 show the amount of
bioresidues present on the smallholder
farms in this survey. The most common
bioresidue was maize stover (both hybrid
and local varieties combined) with a
mean production of approximately 2.5
t·ha-I. year-l (range: 470-4,930). This
presents about 186 kg' ha- 1 'year- 1 OM
nitrogen. This material was utilized as
mulch and turned back into the soils
or burnt at the end of the dry season
when maize gardens were being



144

Table 1. Average production of maize residues on farms with fishponds in Malawi, April
May 1989.

'Sample of 17 farms, 44x50-m 2 quadrats.
"Sample of three farms, 8x50-m 2 quadrats.
( )=Crude protein (CP) nitrogen estimated to nearest 1 kg.
'CP content taken as 46.6% per 1 kg OM (Miller 1975).
+CP content taken as 12.2% per 1 kg OM (Miller 1975). Conversions to kg OM nitrogen
= CP content/6.25. All figures are dry matter (OM) estimates.

Table 2. Average terrestrial weed biomass on farms with fishponds in Malaw i, June-July
1989.

Environment
Herbaceous plants Grasses

kg'ha- 1 kg/farm kg/farm

Maize fields'
Fallow land"

1,128
322

1,236
41

120
4,252

(2)

(54)
191

2,516
(2)

(32)

"Sample of 15 farms, 42x50-m 2 quadrats.
"Sample of 6 farms, 6x50-m 2 quadrats.
( ) = Crude protein (CP) nitrogen estimated to nearest 1 kg. CP content taken as
approximately 8.0% per 1 kg OM (Gohl 1981). Conversions to kg OM nitrogen = CP
content/6.25. All figures are dry matter (OM) estimates.

Table 3. Production of grasses and herbaceous weeds on smallholder farms in Malaw i,
1990.

Plants

Grasses
Herbaceous weeds

Low land/high water table"

6,705±2,763 (86)
1,602±1,233

High land/low water table"

kg' ha"'year- 1

4,026± 1,740 (52)
426± 222

"Sample of four farms, 5x50-m 2 quadrats (assuming nine months growth).
"Sample of four farms, 6x50-m 2 quadrats (assuming six months growth).
( ) = Crude protein nitrogen estimated to nearest 1 kg. CP content taken as approximately
8.0% per 1 kg OM (Gohl 1981). Conversions to kg OM nitrogen ~ CP content/6.25. All
figures are dry matter (OM) estimates.
± = Standard deviations.
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Table 4. Ash production from cooking fires on six smallholder farms in Malawi in dry season,
1990.

Farms Number Number Total ash Ash/head
of people of days collected (kg OM) (kg'day'1)

t 2 3 4.2 0.7
2 2 2 1.1 0.3
3 8 6 9.5 0.2
4 10 4 t 1.5 0.3
5 6 3 1.7 O. t
6 16 7 26.9 0.2

Mean 7.3 4.2 9.2 (0.5) 0.3 (0.02)
SO 4.9 8.8 0.2

( ) = kg of phosphorus. Phosphorus content estimated at 5.6% per kg OM ash (jamu t 990).

prepared for planting. Fig. 1 shows the
major pathways for maize residues on
farms in this study. The other residues
(cobs and sheaths) were used as fuel
for cooking.

Bran, which is the main food and fer
tilizer input for ponds, varied in pro
duction depending on whether farmers
grew local or hybrid maize. Local vari
eties of maize produce less bran (mean:
290; range: 15-689 kg·ha'1. year-l OM)
than hybrid varieties (mean: 660; range:
230-910 kg·ha-1.year- 1 OM). Bran as a
nitrogen source is also relatively poor
varying from 6 kg·ha-1. year-l (local) to
13 (hybrid).

Weed biomass and production were
fairly high on all farms. In maize fields,
end-of-season biomass for grasses and
herbaceous plants reached almost 1.5
t'ha-1 and on fallow land almost 4.4 t'ha- l

(fallow land only occurring on five farms).
These figures are probably underesti
mates of production because they were
measured after the maize harvests in
May-June and do not take into account
the weed production removed by farmers
early in the maize growing seasons.

Table 3 shows estimates for grass and
herbaceous weed production for different
areas of farms in 1990. Ory fallow land
productivity (4.5 t·ha-1.y ear- l OM) is very
similar to the end-of-season biomass

estimates in 1989 (4.4 t· ha- 1 OM) for
fallow land (see Table 2). "Oambo" ar
eas have the highest production of weeds
(8.4 t· ha-1. year -l OM) reflecting the
greater persistence of high soil mois
ture content throughout the year. Ni
trogen availability was estimated for
grasses and varies from 2 kg' ha-1 'year- l

(maize fields) to 86 kg·ha-1.year'l (Iow
lying fallow land).

Mean ash production per household
of five persons per year was 548 kg,
i.e, 31 kg of phophorus usable to ferti
lize ponds (Table 4).

A mean production of 0.7 t'year- 1 per
farm (SO: 0.4) of chicken manure were
produced by the four farms monitored
in the survey which is equivalent to 25
kg of nitrogen.

Discussion

From the survey of farm resources,
it is clear there are materials which might
prove useful as sources of nitrogen and
phosphorus for input to fishponds. The
next problem is to determine if the farms
have sufficient quantities of bioresidues
to meet the nutrient demands of small
scale aquaculture, without unduly af
fecting use of bioresidues for other farm
enterprises.
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Maize and Grass as Sources of
Nitrogen for Ponds

Chikafumbwa (1990 and this vol.) dem
onstrated that napier grass (Pennisetum
purpureum) input of 100 kg' ha·t·day·t
DM gave a relatively high on-station fish
yield (1.4 t· ha-t'yeact) for Tilapia rendaflj
and Oreochromis shiranus in polyculture,
slightly higher than on-farm (mean: 1
t· ha-t.year-t, Noble and Costa-Pierce
1992). Chikafumbwa stated that this in
put rate of napier grass is equivalent
to approximately 1.6 kg' ha- t .day-t N (ni
trogen). Edwards (1987) recommended
that the minimum input rate for nitro
gen is about 8 kg' ha-l.day-t N to sup
port good algal growth in fishponds.
However, Edwards (1987) stated that
if low quality plant material is used as
a nitrogen source, then maximum in
put rate should be adjusted to the equiva
lent of 4 kg·ha-t.day-t N to prevent or
ganic overloading of the pond.

The average size of ponds in Zomba
District where the bioresidue survey was
carried out was 338 m l (median: 196
m l , SE: 34 m l for 209 ponds; Noble and
Costa-Pierce 1992). Table 5 indicates
the minimum land area which would be
required to produce sufficient grass or
maize residues to meet Chikafumbwa
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and Edwards' nitrogen input needs for
aquaculture.

Excessive land areas are not neces
sary to produce sufficient maize stover
residue to meet nitrogen input require
ments for small fishponds. Between 0.1
and 0.3 ha of maize crops will supply
enough crude protein nitrogen from
stover residues to meet the annual needs
of one 300- to 400-m l pond. If farm
ers rely solely on grass from fallow land
to supply annual nitrogen input to ponds,
then land requirements are higher, 0.3
to 1.1 ha for 300- to 400-m l ponds.
Fallow areas are scarce because of pres
sure to use all available land for grow
ing crops. Therefore, fallow land is un
likely to provide significant contribu
tions of nutrients for pond systems.
Obviously, if a farmer does have fal
low areas, grasses and herbaceous weeds
can provide a nutrient supplement in
combination with crop residue inputs.
Clearly, for many farms, sufficient ni
trogen could be generated by maize
stovers to supply the input needs for
small-scale aquaculture.

Maize Bran Inputs For Fishponds

Chikafumbwa (this vol.) studied the
effect of combined maize bran and napier

Table 5. Land area requirements needed to produce grass and maize residues sufficient to meet
recommended annual nitrogen (N) pond input rates for tilapia polyculture.

Maize area (ha) Fallow land grass area (ha)

Pond size (m 2 ) A B A B

100 0.1 0.03 0.3 0.1
200 0.2 0.1 0.5 0.2
300 0.2 0.1 0.6 0.3
400 0.3 0.1 1.1 0.4
500 0.4 0.2 1.4 0.5

1.000 0.8 0.3 2.7 1.1

A = land area needed based on input rate of 4 kg·ha-t.day-t N (Edwards 1987).
B = land area needed based on input of 1.6 kg·ha'1.day·t N (Chikafumbwa. this vo!.).
Nitrogen data from Tables 1, 2 and 3 were used to compute area requirements.
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grass inputs to ponds. With a grass in
put of 100 kg' ha'l. day·1 OM and maize
bran input of approximately 24

kg' ha'l.day·1 OM, ponds yielded the
equivalent of 3 t-ha'l.year·1of 0. shiranus
and T. rendalli in polyculture. This is
between two and three times current
harvest yields from smallholder ponds.

Farms growing local maize varieties
produce about 290 kg-year·1of bran and
those growing hybrid, 660 kg·year·1(see
Table 1). Table 6 shows the maize crop
areas needed to support Chikafumbwa's
input rates. If farmers are only grow
ing local maize, then relatively large land
areas are needed to supply sufficient
bran (e.g., 0.9 ha for a 300-mz pond).
In contrast, hybrid maize areas can be
small (0.4 ha for a 300-mz pond) be
cause hybrid varieties produce large
quantities of bran on pounding.

Cooking Fire Ash as a Phosphorus
and BuFFering Source For Ponds

Jamu (1990) demonstrated that cook
ing fire ash was an effective liming agent
for ponds and could act as a phospho
rus source. Application of ash at a rate
of 0.75 t· ha·1 over a two-week period
neutralized the decrease in pH created
by input of maize stover at 300
kg-ha'l.day'1 OM. As mentioned before,
Chikafumbwa (1990 and this voL) found
that 100 kg' ha· l

. day·1 OM, in combina
tion with maize bran, gave the highest
fish yields (3 t·ha'l.year· I

). Assuming a
pond has no natural buffering capacity
to counteract lowering of pH by decom
position of grass, then to neutralize
Chikafumbwa's grass input rates, 6
t·ha·1. year·,l of ash would be required.
For a 500-mz pond, a household would
only have to produce 300 kg·year· 1 of
ash. Average household sizes in Malawi
are approximately five persons (ICLARM
and GTZ 1991). Such a household would
produce about 550 kg·year·1of ash based

on Table 4 and Jamu (1990). This ash
production is well within the require
ments laid down by Jamu (1990) for

ponds with no natural buffering capacity.
However, most ponds will have some
buffering capacity, so ash production
needs will probably be much lower than
indicated above.

Ash is also a source of phosphorus.
Edwards (1987) stated that minimum
input rates for phosphorus to sustain
algal growth is 0.8 kg·ha'1.day'l (Le.,
292 kg·ha· l ·year'1). Again, ash produc
tion by an average household can pro
duce sufficient phosphorus (P) (31
kg·year·1 P) to meet the requirements
of a pond up to 1,000 m Z (29 kg-year· 1

Pl.

Integrating Agriculture and
Aquaculture

Consideration has only been given to
necessary inputs which could act as feed
or fertilizer for ponds. However,
aquaculture cannot be operated just as
an isolated enterprise receiving farm
bioresources and not recycling materi
als back to other farm enterprises. Such
an arrangement is inefficient and will
ultimately lead to resource depletion
in other parts of the farming system.

For example, Chimatiro (1991) showed
clearly that ponds act as nutrient sinks.
He looked at several farms and moni
tored all inputs to fishponds compar
ing them with output of fish. For four
ponds, mean ecological efficiency of
conversion of plant material into fish
was 0.8% in terms of energy. Much of
the plant inputs were probably being
incorporated into the detritivore sub
system, thus leading to accumulation
of nutrients in the pond mud.

Chimatiro (1991) verified this by us
ing pond mud as fertilizer for cabbages.
Mud came from ponds that had received
napier grass as the sole input. Cabbage
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Table 6. Land area needed to produce maize bran sufficient to meet annual pond input requirements for
tilapia polyculture.

Land area of maize required to produce bran

Pond size (m')

100
200
300
400
500

1,000

Area of local maize"

0.3
0.6
0.9
1.2
1.5
3.0

Arec. 8f hybrid maizeb

0.1
0.3
0.4
0.5
0.7
1.3

'Local maize variety, bran production: 291 kg·ha- 1·year'.
bHybrid maize variety, bran production: 660 kg·ha-1.year-'.
Input rate from Chikafumbwa (1990): 8.8 t· ha·1.year-'.

yields on pond mud were equivalent to
120 t· ha-1'year- 1 compared with 76
t· ha-1. year -t for cabbages grown on
unfertilized top soil. Likewise,
Chikafumbwa (unpubl. data) demon
strated that very high yields can be
achieved for vegetables receiving pond
mud (Le., approximately 200 t·ha-l.year-1

of economic yield for Chinese cabbage).
Vegetable waste can also be recycled

back into ponds to act as feed and fer
tilizer. In the Chinese cabbage experi
ment, 74 t·ha-1.year-1 in waste leaf was
produced. If a farmer had at least 100
m 2 of cabbage beds, approximately 740
kg of leaf waste would be generated
each year. Assuming crude protein con
tent to be approximately 2.5%. this
would only provide 3 kg'year- t N. Al
though this appears to be insignificant
in terms of potential nitrogen input for
a pond, the leaves may contribute other
nutrients to the system.

Chimatiro (1991) and Chimatiro and
Costa-Pierce (this vol.) demonstrated that
waste cabbage or pumpkin leaves in
put at a rate of 50 kg' ha- 1

. day-1 DM into
tanks with a polyculture of O. shiranus
and T. rendal/i gave mean yields of just
over 1 t·ha-1 for a 134-day growth pe-

riod. In Malaw i, temperatures are
favorable for fish growth for eight months
of the year so the fish yield figures rep
resent approximately 2 t·ha-l.year-1when
adjusted for eight months growth. These
harvest yields are almost twice those
from smallholder ponds.

Linking vegetables and ponds in this
way can also improve income to farm
ers. Chikafumbwa found that sales of
Chinese cabbages generated an income
of US$25/month when sold locally in
villages. Current smallholder incomes
in Malawi average US$11 /month (Ex
periments in International Living 1991).
Thus vegetable-fish integration has the
potential to improve incomes signifi
cantly for farmers with water and land
resources to incorporate fishponds into
their farm system.

Other types of aquaculture-agricul
ture integration are developing in
Malawi. Farmers are just beginning to
grow rice and fish together. Yields from
rice-fish ponds vary from 2-4 t·ha-1.year-1
for rice and from 1.5-2.4 t· ha-1'year- 1

for fish (Noble and Costa-Pierce 1992).
Rice yields from fishponds are within
the yield ranges (i.e., mean: 3.5
t·ha-1. year-') expected from ricefields



150

receiving fertilizer and irrigation (Zomba
Rural Development Project 1990). How
ever, rice yields from fishponds are un

derestimates because figures represent

only one cycle of rice. Farmers are now
attempting to grow second crops of rice
during the dry season. This will prob
ably raise annual yields of rice from
integrated rice-fish enterprises above
3 t·ha'l·year,l.

A 90-kg sack of unpounded rice costs
US$18 (50 Malawian kwacha) at gov
ernment agricultural centers. With the
current yields from rice-fish ponds, farm
ers can expect to earn US$400 to
$800' ha,l'year'l for the rice irrespective
of any money earned from fish sales.

Concluding Remarks

This paper has tried to demonstrate
that within maize-based farming sys
tems, there are materials which have
the potential to be used as feed and
fertilizer for small-scale aquaculture. Fig.
1 shows that at present many materi
als such as cooking-fire ash, rotten fruit,
vegetable waste and possibly some
animal manure could be recycled through
fishponds.

Given the limited economic resources
of most Malaw ian farmers, more effi
cient utilization of on-farm bioresidues
presents the main hope for developing
sustainable aquaculture. However, a
major problem for farmers is maintain
ing soil fertility and agricultural produc
tion as arable land availability declines.
Therefore, aquaculture cannot be de
veloped in isolation from other enter
prises in the farming system. If food
security is to be maintained for rural
farmers, where they adopt aquaculture,
it must contribute to the rehabilitation
of the farming system by integration with
other farm enterprises. Such interlinkages
will aid in more efficient utilization and

recycling of nutrients within the farm
system.
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Abstract

An experiment to assess the effects of water mixing on production of Nile til apia (Oreochromis
niloticus) in fertilized earthen ponds was performed at the Asian Institute of Technology in Thailand.
Male fingerlings stocked at 3 fish'm- 3 grew to final weights of t 06-Z33 g in t 73 days in nine
ponds of approximately 370-m 2 individual surface area. Yields were statistically indistinguishable
among treatments, averaging 5.4 t·ha-1. year -l in three ponds of 1.5 m depth whose water was
mixed for two hours each day; 6.7 t'ha- 1 'year- 1 in three similar but unmixed ponds; and 6.9 t·ha-1.year·'
in three unmixed ponds of 0.9 m depth. Survival was significantly lower in the deep mixed ponds
(7Z% compared with 9 t -93%). Fish grew more rapidly and had larger final weights in the shallow
unmixed ponds, which had larger standing stocks of phytoplankton, as measured by chlorophyll
a, and greater rates of gross dissolved oxygen (DO) production per unit volume during most of
the growth period. Treatments did not differ in gross DO production per unit area. Daily mixing
produced higher nighttime bottom oxygen concentrations up until Z300 hours, but did not change
overnight DO minima. No treatment-related differences in ammonia concentrations or other water
quality parameters were found. The oxygen-conserving effect of mixing was not effective in enhancing
production of this species, which grows and survives well in unmixed ponds, tolerating or avoiding
waters of low oxygen content. Mixing and aeration strategies must be examined carefully for both
detrimental and beneficial effects.

Introduction

Tilapias are grown successfully in
waste-fed ponds in warm climates,
despite characteristic pond conditions
that would be unsuitable for other spe
cies. Warmwater ponds tend to exhibit
diel cycles of daytime density stratifi'
cation and nighttime convective mix-

ing. These create the potential for se
vere depletion of dissolved oxygen (DO),
particularly near the pond bottom (Boyd
1990), but tilapias generally suffer lit
tle or no mortality in such ponds be
cause they are tolerant of low DO and
able to relocate from oxygen-depleted
zones. Growth may nonetheless be in
hibited under suboptimal oxygen re
gimes.



Stratification may, in addition, affect
photosynthetic production of organic
matter, which is an important source
of the cultured animals' food. Under
certain conditions, stratification may be
beneficial in facilitating growth of the
phytoplankton community; on the other
hand, depletion of nutrient elements in
isolated surface waters may limit up
per-layer production of both organic
matter and oxygen. Costa-Pierce and
Pullin (1989) discussed observed and
potential effects of stratification and
mixing (including bottom turbation) on
fish production. They recognized the
species-specific nature of the relation
ships among fish production, produc
tion of microbial biomass and mixing,
which will be discussed below.

Szyper et ai. (1991) observed that:
(1) in earthen ponds of depths ranging
from 0.6 to 1.5 m, yields of Oreochromis
niloticus were proportional to total stock
ing and fertilization inputs; and that (2)
daytime pond mixing by internal wa
ter circulation can conserve DO during
the day and improve nighttime concen
trations near pond bottoms (Szyper and
Lin 1990). Because ponds produced
yields proportional to inputs, deeper
ponds produced more fish per unit area,
despite being more frequently and se
verely stratified. It was therefore rea
sonable to ask whether mixing might
enhance production in deeper ponds by
ameliorating conditions of low DO and
potential nutrient-limitation of primary
production. This paper reports the re
sults of an experiment aimed at discern
ing the effects of such mixing on pro
duction of Nile tilapia.

Materials and Methods

The experiment was conducted in nine
earthen ponds of about 3 70-mz surface
area, maintained at depths of 0.9 and
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1.5 m, at the Asian Institute of Tech
nology near Bangkok, Thailand. Tripli
cate ponds for each of three treatments
were stocked with juvenile male O.
niloticus of 10-13 g individual weight
(Chitralada strain: Tangtrongpiros 1988),
hormonally sex determined following
Guerrero (1979) and fertilized weekly
with chicken manure, industrial grade
urea and triple superphosphate (TSP),
as in earlier experiments reported by
Szyper et ai. (1991). Stocking and fer
tilization rates (3 fish'm,3 and 3.5
gN'm,3' wee lc l, respectively) were pro
portional to pond volume.

Three ponds were maintained at 0.9
m depth and never mixed mechanically;
three deeper ponds (1.5 m) were also
left unmixed. Three 1.5-m deep ponds
were mixed from 1500 to 1700 hours
each day. An 0.5-hp (373 W) submersible
pump took water in from 80-cm depth
(below the thermocline) and discharged
it horizontally at 10 cm, from a pipe of
6.4-cm diameter.

Standard methods were used to es
timate physical, chemical and biologi
cal properties of the pond ecosystems
(APHA 1985) with minor modifications
(Pond Dynamics/Aquaculture [PDfA]
CRSP 1989). Three pooled 90-cm wa
ter column samples were taken every
two weeks from each pond and analyzed
for total ammonia, oxidized nitrogen
(nitrate plus nitrite), total Kjeldahl ni
trogen, orthophosphate (soluble reac
tive phosphorus), total P, chlorophyll
a, total suspended solids (TSS) and to
tal volatile' solids (TVS). Biweekly diel
sampling programs determined DO and
temperature at three depths (25 cm
below surface, midwater, and 25 cm
above bottom), six times during the diel
cycle (at 0600 hours, 0900, 1200, 1600,
1800 and the following 0600). Gross
photosynthetic oxygen production was
estimated from each biweekly diel obser
vation series (n= 14 dates), according
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to a modification of the free-water
method of Hall and Moll (1975).

Fish were sampled monthly for length

and weight (230 individuals taken by
seining); total crop weight was taken
at harvest. A short-term study of diel
cycles of temperature and DO was con
ducted during the latter half of the trial
using an automated monitoring system
(Szyper and Lin 1990). Regression analy
sis and single-factor ANOVA were per
formed as described by Sokal and Rohlf
(1981). Significance is referred to P=0.05
unless otherwise stated. Further analyses
of effects of various factors on fish growth
were performed using expanded Gulland
and Holt plots (1957; see also Hopkins
et aI. 1988).

Results

Treatment mean values (n=3 ponds)
of survival, final individual fish weight,
extrapolated net yield and yield/input
efficiency are presented in Table 1.

Survival ranged from 66.7 to 100%
through the 173-day experiment; the
mixed deep ponds showed significantly
lower survival than the others (single-factor
ANOVA). Final individual fish weights
(pond means) ranged from 106 to 233
g'fish'l and were significantly greater in
the shallower unmixed ponds. Net yields,
extrapolated to a hectare and yearly ba
sis, ranged from 4.4 to 9.0 t'ha-t'year- t,
and did not differ significantly among treat
ments. Yield/input efficiencies ranged from
1.64 to 5.41 kg fish'kgN'l, with the mean
for shallower unmixed ponds significantly
greater than for the other treatments.

The patterns of fish growth (Fig. 1)
showed that growth was more rapid in
the shallow unmixed ponds during most
of the trial and that growth in both sets
of deep ponds essentially ceased be
tween three and four months while
continuing in the shallow ponds.

Temperature regimes differed among
treatments only in the degree of day
time stratification between surface and

bottom waters. There were no treatment
related differences in mean (for three
depths) water temperatures taken at
0930 hours on the days of the diel
samplings. The mean temperature for
the experimental period was 27 .6°C
(SD=2.1°C; range=22.9-31.6).

There were few treatment-related
differences among pond DO regimes.
The samples taken at 0930 hours dis
cussed above showed (1) statistically
indistinguishable mean DO concentra
tions among ponds of all treatments,
at all three depths; and (2) similar ranges
during the trial. Mean surface DO ranged
from 4.5 to 6.2 mg'I't; mean bottom
concentrations ranged from 1.9 to 2.4
mg·l- t. The deep circulated ponds pro
duced the lowest values in these ranges,
the shallower uncirculated ponds the
highest.

Diel patterns of DO were similar among
unmixed ponds of both depths, with
characteristic bottom DO levels < 1 mg'l- t

during most hours of the day and night,
and diurnal increases in surface waters
ranging to maxima >20 mg'l,t (Szyper
and Lin 1990). In the mixed ponds, ini
tiation of mixing at 1500 hours promptly
raised bottom DO concentrations from
< 1 mg'l- t to 2-4 mg'l- t with levels> 1
mg'l-t maintained up until 2300 hours.

Mean area specific gross photosyn
thetic production of DO was similar
among ponds of all treatments, aver
aging approximately 16 g Oz·m-z (Fig.
2A). Chlorophyll a (Chi) concentrations
were greatest in the shallower ponds
throughout the trial (Fig, 2B), as was
gross DO production per unit volume
(Fig. 2C). This pattern was also observed
for total slIspended solids and Secchi
disk depth. Nutrient analyses showed
concentrations of all dissolved forms of
Nand P to be continuously greater than
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Table 1. Survival, growth, yield and yield efficiency during growth experiments with Nile tllapla
(Oreochromis niloticus) In small ponds of different depths and with or without mixing. for details
of treatments, see text. The data presented are the means and standard deviations (SD) from
triplicate ponds, stocked at 3 fish·m". Treatment codes are: DM = deep (1.5 m), mixed; D = deep (1.5 m),
not mixed; and 5 = shallow (0.9 m), not mixed.

Survival Final individual Yield Yield/input efficIency
Treatment (%) weight (g) (kg·ha'1.year") (kg fish'kgN")

DM 76.0 lZ4.0 5,769 Z.15
66.7 113.0 4,431 1.64
73.9 13Z.0 6,079 Z.Zl

mean (SD) 72.Z (4.9) 123.0 (9.5) 5,4Z6 (876) Z.OO (0.31)

D 100.0 106.0 6,870 Z.55
88.1 117.0 6,766 Z.47
91.3 115.0 6,497 Z.40

mean (SD) 93.1 (6.Z) l1Z.7 (5.9) 6,711 (19Z) Z.48 (0.08)

5 85.7 187.0 6,ZZ3 3.74
98.8 Z33.0 9,004 5.41
88.0 144.0 5,485 3.30

mean (SD) 90.8 (7.0) 188.0 (44.5) 6,904 0,856) 4.15 (1.11)
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those known to limit phytoplankton
growth; means were generally lower in
the shallower ponds, probably reflect
ing the demand of the greater
phytoplankton stocks.

Discussion

There was no evidence of a positive
effect of pond mixing on tilapia
production during this study. The



shallower unmixed ponds produced and
maintained larger phytoplankton stocks
than either mixed or unmixed deep
ponds. These larger stocks presumably
constituted a direct and/or indirect
source of food for the fish (through the
food web: Orachunwong et al. 1988).
Phytoplankton stock and the primary
production per unit volume are the only
factors differing sufficiently to account
for the more rapid fish growth in the
shallower ponds.

Inclusion of volume-based gross pri
mary production (GPP) substantially
improved the fit of the Gulland and Holt
model. Without consideration of GPP,
the fit showed an R2=0.32 (df=52). When
GPP is added to the expression:

where .!iL/.!it is the change in aver
age length divided by the length of sam
pling period Lit; L is average length dur
ing the period; and GPP is the average
gross DO production per unit volume
during the period, the fit of this rela
tionship is R2=0.52 (df=51).

Mixing appeared to have little effect
on most other ecosystem properties. The
two sets of deep ponds exhibited
overlapping ranges of measured
parameters on most sampling dates. The
enhancement of bottom DO levels by
mixing appears to have been of little
consequence to fish growth and
production. If a mixing effect can be
discerned here, it is a negative one on
survival. The visible clay turbidity, seen
in all ponds, does not account for this
difference as levels of total suspended
solids did not differ among treatments.
It is possible that mixing in deep ponds
inhibited early development of
phytoplankton stocks during the first
two months by destroying stratification
during the time of highest DO
concentration in unmixed ponds. The
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sampling regime used here does not
permit detection of such an effect.

The results of this study are consist
ent with those reported by Szyper et
al. (1991) from an earlier comparison
among ponds of different depths, in that
similar area-specific gross DO produc
tion was observed in ponds of all depths.
Actual DO production rates were much
greater (150-200%) in this study, how
ever, as were the fish yield/input
efficiencies, reflecting the increasingly
effective fertilization protocols under
development by the PDfA CRSP (Knud
Hansen et al. 1991). Fish yields during
this study were somewhat greater than
in the earlier work, but stocking den
sities were greater here in about the
same proportion.

The two studies differed in relation
ships between pond depths and yields.
Based on the earlier results, we expected
yields from deep ponds to exceed those
from shallow ones in proportion to the
volume-indexed inputs (deeper ponds
received more fish and fertilizer). In
stead, we observed statistically indis
tinguishable area-specific yields from
ponds of the two depths. During this
study, ponds within treatments exhib
ited substantial variation in yield, rather
greater than that seen in the earlier study,
and there were fewer replicate ponds
at each depth.

There has been relatively little study
of mixing effects on pond production,
particularly compared with the common
demonstration of positive aeration
effects. Lorio (1990) reported enhanced
production of channel catfish in mixed
ponds; Fast et al. (1988) found no
significant effect of mixing on shrimp
production. Costa-Pierce and Pullin
(1989) discussed unpublished data
indicating enhanced growth of O.
mossambicus in ponds subjected to
stirring of both water and sediments.
All of these studies differed from the
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present one in that prepared feeds were
used.

The ambiguity attending effects of

mixing on pond production can likely

be attributed to the diversity of rela
tionships among cultured species, pond
microbial communities and diel oxygen
regimes in ponds. The hypotheses pre
sented by Costa-Pierce and Pullin (1989)
are direct reminders of this point in many
cases, and are indirectly related to it
in others. The review presents consid
erable support for potential general
enhancement of total microbial produc
tion by various mixing strategies. Dif
ferent forms of mixing, however, affect
diel oxygen regimes very differently,
and these then interact with cultured
species and their different sources of
food, as the authors recognized. These
latter factors might well confound the
influence of a positive effect of mixing
on total microbial production, even when
the total microbial community is the
major food source. A general connec
tion between total microbial biomass
production and enhancement of crop
production should not be expected.
Failure of the present controlled experi
mental application of water-column
mixing to enhance either fish or
autotrophic microbial production weighs
against such generality, though total
microbial production was not assessed
here.

Fertilization experiments with Nile
tilapia show increasingly that yields are
connected with either inputs aimed at
enhancement of autotrophic production,
or with actual measured levels of such
production (Knud-Hansen et al. 1991,
1993). The results presented here are
consistent with this developing trend.
One pertinent question to be addressed
in our work is whether the nature of
this connection is mediated more im
portantly through food itself or through
diel oxygen regimes.
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Abstract

Post-yolksac Florida red tilapia (Oreochromis sp.) fry (avg wt 0.010 g) were stocked in 530-1
cylindroconical tanks at 5.7. 9.4 and 13.2 '1- 1 and reared for 30 days on an androgen-treated diet
to induce sex reversal. Tanks were supplied with recirculated brackishwater (11-12 ppt). Final
weights (avg 0.478 g), coefficients of variation (CV) of weights (avg 64%) and survival (avg 58%)
did not differ significantly (P>0.05) among treatments, suggesting that higher densities are feasible.
In another study, post-yolksac fry (avg wt 0.014 g) were stocked at 5.7 fish'I- 1 and reared for 40
days under intermittent broadcast feeding (BF) or continuous automatic feeding (AF). Final weights,
coefficients of variation of weights and survival were significantly (P<=:O.Ol. 0.05 and 0.05, respectively)
higher in the AF group (4.04 g. 79% and 56%) than in the BF group (1.43 g, 70% and 38%). Thus,
continuous AF produced higher fry survival and growth. but with greater variation in growth.

Introduction

Intensive saltwater tank culture may
be preferable to large, open ponds for
production of tilapia seed in tropical or

I arid coastal areas where freshwater re
sources are often limited (Hida et al.
1962; Uchida and King 1962; AI-Ahmad
et aI. 1988; Ridha and Cruz 1989; Ernst
et aI. 1991). The technical feasi bility for
commercial-scale production of Florida
red tilapia (Oreochromissp.) seed (eggs,
yolksac fry and post-yolksac fry) in
brackishwater (12-18 ppt) tanks was
demonstrated in earlier studies

(Watanabe et al. 1989; Ernst et aI. 1991;
Smith et al. 1991; Watanabe et al. 1992).
Information concerning survival and
growth of seed is also required for eco
nomic assessments.

Stocking densities and feeding
regimens in fry culture tanks are often
not quantified in tilapia hatcheries and
many culturists "overstock" to
compensate for cannibalism (Macintosh
and De Silva 1984). High infrastructural
and labor requirements of intensive tank
culture necessitate that stocking densities
and feeding regimes be optimized. The
purpose of this study was twofold: (1)



to assess production of sex reversed
Florida red tilapia fry under intensive,
brackishwater tank culture at different
stocking densities; and (2) to compare
production under intermittent broadcast
feeding and continuous automatic
feeding, under commercial hatchery
conditions.

Materials and Methods

The study was conducted at the Car
ibbean Marine Research Center tilapia
hatchery (Ernst 1989) located on Lee
Stocking Island (Exuma Cays, Bahamas).

The red tilapia broodstock used is a
commercial strain known as Florida red
tilapia, descendants of an original cross
of Oreochromis urolepis homorum and
0. mossambicus (Behrends et al. 1982).
Yearclass-one breeders were maintained
in recirculating brackishwater (12 ppt)
tanks (34.2-m2.) at a ratio of 180 females
to 60 males. Seed, consisting of eggs,
yolksac fry and post-yolksac (i.e., free
swimming) fry were collected by remov
ing clutches from mouthbrooding females
(Ernst et al. 1991) over a period of three
days. Free-swimming fry were maintained
in indoor 530-1 tanks at 12 ppt, whereas
eggs were incubated in 6.5-1 upwelling
jars supplied with recirculated brack
ish-water (12 ppt). Swim-up fry (i.e.,
swimming yolksac fry) were transferred
daily to 530-1 tanl<s until sufficient num
bers were available for the experiments.

Production of Fry under Different
Stocking Densities

Post-yolksac fry (avg wt 0.010 g; total
length 9.6 mm) were stocked gravi
metrically into 10, 530-1 cylindroconical
tanks at 5.7 fish-I- l (3,000jtank) (three
replicates), 9.4 fish'I- 1 (5,000jtank) (four
replicates) and 13.2 fish'l- l (7,000jtank)
(three replicates). Coefficients of vari-
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ation (CV) of initial weights averaged
35% (Table 1). No significant (P>0.05)
differences among treatment groups
were observed for initial weight, length
and CV of weights (Table 1). Average
density ranged from 0.054 g'I-1 (5.7
fish'I-I) to 0.128 g'I-1 (13.2 fish'I-I) (Ta
ble 1).

Fry were fed Purina Trout Chow (48%
protein) containing 17a-ethynyltestos
terone (60 mg-kg- l feed) for 30 days
(Guerrero 1975) five times daily (at 0800,
1000, 1200, 1400 and 1600 hours) to
30-minute satiation and rations were
adjusted daily depending upon the
amount of food remaining on the tank
bottom the' next morning.

To monitor growth, a sample of 100
fish from each tank was weighed and
measured (total length) on days zero
and 30, whereas 50 fish were sampled
on days 10 and 20. Sampled fish were
not replaced. To assess survival, the
number of fish remaining in each tank
on day 30 was determined gravimetri
cally.

Rearing tanks were supplied with dif
fused aeration and water was recirculated
through a biofilter (Ernst 1989). Maxi
mum (30.4±0.1 °C=mean± s.e.) and mini
mum (29.7±0.2°C) water temperatures.
salinity (11 .6±0.2 ppt) and dissolved
oxygen (6.0±0.3 mg-I-l) were measured
daily. NH

4
-N (0.38±0.19 mg'I- I

), NOz
N (0.08±0.04 mg-I-l), alkalinity (232± 11
mg'I- I ) and pH (8.37±0.14) were meas
ured weekly.

Production of Fry under Intermittent
Broadcast Feeding and Continuous
Automatic Feeding

In another study, post-yolksac stage
(avg wt 0.014 g; total length 9.6 mm)
were stocked into six, 530-1 cylindroco
nical tanks at a density of 5.7 fish'I- 1

(3,000jtank) and reared for 40 days under
intermittent broadcast feeding (BF) or
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Table 1. Growth performance of post-yolksac Florida red tilapia (Oreochromis sp.) reared for 30
days in brackishwater (12 ppt) tanks (530-1) at three stocking densities.

Stocking density (fish'I-')

5.7 9.4 13.2 p'

Initial
Weight (g) 0.010 ± 0.001' 0.011 ± 0.001 0.010 ± 0.0003
Length (mm) 9.7 ± 0.2 9.7 ± 0.1 9.4 ± 0.1
CV of weights' 34.2 ± 1.6 33.4 ± 3.8 37.1 ± 8.2
Biomass (g'I") 0.054 ± 0.003' 0.099 ± 0.005 b 0.128 ± 0.004 c < 0.001

Final
Weight (g) 0.441 ± 0.033 0.485 ± 0.026 0.507 ± 0.003
Length (mm) 25.7 ± 0.3 26.3 ± 0.3 26.9 ± 0.2
CV of weights(%)' 68.3 ± 4.5 66.0 ± 1.8 57.7 ± 2.3
SGR (% bW'day-l)3 12.5 ± 0.4 12.8 ± 0.2 13.2 ± 0.1
Survival (%) 50.7 ± 4.7 65.9 ± 2.5 57.3 ± 6.1
FCR4 2.32 ± 0.26' 1.22 ± 0.07 b 1.31 ± 0.11" < 0.005
Biomass (g' I") 1.25 ± 0.07' 3.01 ± 0.17 b 3.84 ± 0.39c < 0.001
Yield (fish'I") 2.87 ± 0.26' 6.22 ± 0.23 b 7.56 ± 0.08 c < 0.001

* Probability level when ANOVA was significant.
, Data are presented as means ± s.e. (n=3 for 5.7 and 13.2'1-'; n=4 for 9.4'1-'). Means within a row

followed by different letters are significantly different (P<0.05, SNK).
, CV = coefficient of variation = s.d.' 1OO/mean.
3 SGR ~ specific growth rate = [(In final wt - In initial wt) ,1001/M.
4 FeR = feed conversion ratio = dry wt fed/wet wt gain.

continuous automatic feeding (AF). Three
replicate tanks were set up for each treat
ment. CV of the initial weights aver
aged 44.7% and biomass density aver
aged 0.08 g'I-1 (Table 2). No significant
(P>0.05) differences among treatment
groups were observed for initial weight,
length, CV of the initial weights or
biomass (Table 2).

Fish were fed the hormone-treated diet
for 30 days, then a nontreated diet for
the remainder of the study. Under the
BF treatment, fish were fed five times
per day (0800, 1000, 1200, 1400, and
1600 hours) by broadcasting feed manu
ally over the top of the tank. At each
feeding, fish were fed to satiation up
to 30 minutes and rations were adjusted
daily depending upon the amount of food
remaining on the tank bottom the next

morning.
Under the AF treatment, fish were fed

continuously over a period of eight hours

(0830-1630 hours) using automatic belt
feeders (Zeigler Bros. Inc., Gardners,
Pennsylvania, USA). Fish were fed to
satiation, with rations adjusted as de
scribed above.

One hundred fish were sampled from
each replicate tank on days 1, 10, 20,
30 and 40, weighed and measured, but
were not replaced. To assess survival,
the number of fish remaining in each
tank on day 40 was determined
gravimetrically.

Maximum (30.5±0. 1°C) and minimum
(30.1 ±O. 10c) water temperatures, sa
linity (11.4±0.3 ppt) and dissolved oxy
gen (6.0±0.1 mg'I- 1

) were measured
daily. NH

4
-N (0.39±0.06 mg' I-I), NO z

N (O.08± 0.03 mg'l-!), alkalinity (169±7
mg'I- 1

) and pH (8.11 ±O.06) were meas
ured weekly.

Treatment means for fish weights,
lengths, CV of the initial weights, growth
rates, survival, feed conversion ratios,
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Table 2. Growth performance of post-yoll<sac Florida red tilapia (Oreochromis sp.) reared for 40
days in bracl<ishwater (12 ppt) tanks (530 I) under intermittent broadcast feeding and continuous
automatic feeding.

Feeding method

Broadcast Automatic

Initial
Weight (g) 0.012 ± 0.001' 0.015 ± 0.002
Length (mm) 9.43 ± 0.18 9.77 ± 0.35
CV of weightb 44.6 ± 9.4 44.7 ± 1.4
Biomass (g' I-I ) 0.08 + 0.002 0.08 ± 0.001

Final
Wt (g) 1.43 ± 0.12 4.04 ± 0.35
Lt (mm) 39.9 ± 0.9 55.4 ± 1.2
CV of weight (%)b 69.6 ± 2.3 79.0 ± 0.01
SGR (% bW'day-')' 11.9 ± 0.4 14.0 ± 0.2
Survival (%) 37.9 ± 1.9 56.0 .± 6.2
FCRd 2.87 ± 0.46 0.74 ± 0.03
Biomass (g' I") 3.25 ± 0.47 13.0 ± 0.56
Yield (fish'I") 2.24 ± 1.60 3.27 ± 0.34

P'

< 0.01

< 0.001
< 0.05
< 0.01
< 0.05
< 0.001
< 0.05

'Probability level when a significant difference between treatments was observed.
"Data are presented as means ± s.e. (n~3).

bCV ~ coefficient of variation = s.d.' 1OO/mean.
'SGR = specific growth rate ~ [(In final wt - In initial wt)'1 OO]M.
dFCR = feed conversion ratio ~ dry wt fed/wet wt gain.

biomass and yield were compared by
ANOVA. Multiple comparisons among
means were performed by the Student
Newman-Keuls test. The significance
level for all tests was P-:::0.05.

Results

Production of Fry under Different
Stocking Densities

Mean weights of fry reared under the
different stocking densities were simi
lar throughout the 30-day study. Final
mean weights and lengths (avg 0.478
g, 9.6 mm), CV of weights (avg 64%)
specific growth rates (avg 12.8%
bw·day·l) and survival (avg 58%) did not
differ significantly among treatments
(Table 1).

Feed conversion ratio was significantly
(P<O.Ol) higher among fish stocked at
a density of 5.7.1-1 (2.32) than among

those stocked at 9.4'1- 1 (1.22) and 13.2·,-1
(1.31) (Table 1).

Final biomass increased significantly
(P<O.OO 1) with increasing stocking den
sity and ranged from 1.25 g·I·1 (2.87
fish'I- I) to 3.84 g.j-l (7.56 fish·I· I ) (Ta
ble 1).

Production of Florida Red TiJapia
under Intermittent Broadcast
Feeding (BF) and Continuous
Automatic Feeding (AF)

Mean weights of fish in the BF and
AF groups remained similar through 20
days, but diverged thereafter (Fig. 1).
After 40 days, mean weights and spe
cific growth rates were markedly higher
in the AF group (4.04 g, 14% bw·day·l)
than in the BF group (1.43 g, 11.9%
bw·day·I), with highly significant (P<O.01)
differences observed among treatments
(Table 2). CV of the final weights was
significantly higher in the AF (79%) group
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Fig. 1. Growth of post-yolksac Florida red tilapia (Oreochromis sp.) fry over 40 days in 530-1
brackishwater (12 ppt) tanks under intermittent broadcast and continuous automatic feedings.

than in the BF group (70%) (Table 2,
Fig. 2).

Survival was higher and feed conver
sion ratio lower in the AF (56% and 0.74)
than in the BF group (38% and 2.87),
with significant differences observed
among treatments (Table 2). Final
biomass and yield were higher in the
AF (13 g·l· l and 3.27 fish'I- I

) than in the
BF group (3.25 g'l-l, 2.24 fish'l-l), with
significant (P<0.001 and Po;:;:O.05, respec
tively) differences observed among treat
ments (Table 2).

Fish in both treatment groups were
initially fed at 17% bw·day-l. Total feed
dispensed to each tank over the 40-day
study was significantly (P<0.01) higher
in AF (avg 5,082±47 g) than in BF tanks
(avg 4,596±84 g). However, on day 40,
feeding rate in the AF group (4.52±0. 17%
bW'day'l) was significantly (P<0.01) lower
than in the BF group (16.5±2.6%
bw·day-l).

Discussion

Under commercial hatchery conditions,
growth and survival of post-yolksac Florida
red tilapia fry in brackishwater tanks were
not impaired under stocking densities
ranging from 5.7 to 13.2'1.1, suggesting
that higher stocking densities are feasi
ble to increase production. This is con
sistent with the results of laboratory studies
showing that survival and growth of post
yolksac O. mossambicus and 0. niloticus
x O. aureus hybrids in freshwater aquaria
were not correlated with stocking density
over the range of 2-12'1-1 (Macintosh and
De Silva 1984).

Average survival under all stocking
densities in the present study (58%) was
comparable to that reported for O.
spilurus (46-68%) reared at densities of
2-8,1- 1 in 0.5-m 3 low-salinity (3-4 ppt)
tanks (AI-Ahmad et al. 1988). Although
higher survival rates have been reported
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Fig. 2. Weight frequency distribution of Florida red tilapia (Oreochromis sp.) fry reared for 40 days
in 530-1 brackishwater (12 ppt) tanks under intermittent broadcast and continuous automatic feeding.
Weight class 1 refers to a weight range of 0.30 to 1.28 g with each subsequent class increasing by
0.98 g to a maximum of 15 g. Weight class 0 refers to a weight range of <0.30 g.

for O. niloticus (78.1 %) (Guerrero and
Guerrero 1988) and 0. aureus (82.3
96.8%) (Snow et al. 1983) in freshwa
ter tanks (7.3-10 m 3), much lower stock
ing densities of 0.062-0.25.1- 1 were used.

Under all stocking densities, few dead
or moribund fish were observed dur
ing the study, suggesting that most
mortalities were due to cannibalism
(Uchida and King 1962; Macintosh and
De Silva 1984; Pantastico et al. 1988;
Watanabe et al. 1992). However, similar
growth variation (Le., CV of weights)
and survival under the different densi
ties suggest that behavioral interactions
(Le., aggression among fish) were not
influenced by stocking density (Brett
1979), within the ranges used in this
study.

Continuous AF produced better feed
conversion ratios and higher growth and
survival of post-yolksac fry than inter
mittent BF, perhaps because the digestive
system of tilapias is adapted to proc
ess a continuous supply of small quan
tities of food (jauncey and Ross 1982).

As observed for fish reared under
different stocking densities, most
mortalities of fish reared under AF or
BF regimes were due to cannibalism.
However, AF, with continuous availability
of food, may have lowered the tendency
for cannibalism among fry and thus
improved survival. In O. niloticus, can
nibalism of fry fed manually three times
per day was inversely related to rate
of feeding (6, 12 and 24% bW'day-l)
(Macintosh and De Silva 1984). In the
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present study, more food was delivered
to the AF tanks, but the feeding rate at
the end of the study was much higher
in BF than in AF tanks (16.5 vs. 4.52%
bw·day·l) due to the relatively high

biomass in the AF tanks. Thus, feeding
regime may be more important than
feeding rate in reducing cannibalism.

Growth variation was higher under AF
than BF. Under AF, the introduction of
small quantities of food to the water
surface over a confined area may have
enabled dominant individuals to mo
nopolize feed more effectively than under
BF, where relatively large quantities were
delivered over short periods. This may
have intensified a size-hierarchy effect
(Koebele 1985) in automatic-fed tanks.
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Abstract

Sex reversed male Florida red til apia (Oreochromis sp.) fingerlings (5.36 g avg wt) were stocked
in nine seawater (37 ppt) pools (10 m 3 ) at densities of 15.25, and 35 fish·m· 3 and reared for 150
days on diets containing 32% and 20% protein. Each pool was supplied with aeration and flowthrough
seawater (800%·day·l). After 150 days. no significant (P>0.05) differences among treatments were
observed in fish weight (avg 462 g). specific growth rate (avg 2.98%-day·l). weight gain (avg
3.04 g·day·t). survival (avg 94.4%). feed consumption (avg 5.17% bw-day·l) and conversion ratio
(avg 1.80). Coefficients of variation of initial and final weights averaged 34.4% and 22.8%. respectively.
and did not differ significantly (P>0,05) among treatments. Final biomass (kg-m·3 ) increased with
increasing stocking density from 6.69. for tanks stocked at 15 fish-m·3

, to 15.4. for tanks stocked
at 35 fish·m· 3 • The results demonstrated that growth and survival in seawater were not impaired
and that growth variation was not increased under stocking densities up to 35 fish·m''. suggesting
that even higher densities are feasible to increase production.

Parasitosis by a marine monogenean (Neobenedenia mel/em) was occasionally observed in fish
under all densities. Treatment with brackishwater (18 ppt for 72 hours) alleviated symptoms of
parasitosis for periods of 26-91 days.

Introduction

Intensive culture of salt-tolerant

tilapias in flowthrough seawater tanks
may be commercially feasible on Car
ibbean islands and other tropical coastal
regions where seawater is abundant and
favorable temperatures exist year-round.
but where land and freshwater resources

are limited (Watanabe 1991). The suit
ability of the Florida red tilapia strain
(Oreochromis sp.) for culture at high
salinities has been demonstrated by high
growth rates and efficient feed conver
sion from fingerling to large, market
size fish in seawater (36 ppt) pools (Ernst
et al. 1989; Clark et al. 1990).

Although there have been a number
of studies on the effects of stocking



density on production of tilapias reared
in cages (e.g., Wannigama et aI. 1985;
Carro-Anzalotta and McGinty 1986;
McGeachin et aI. 1987; Watanabe et aI.
1990), little information is available on
these effects in tank culture. In this study,
the production of Florida red tilapia in
f1owthrough seawater pools was assessed
at three stocking densities.

Materials and Methods

This study was conducted at the Car
ibbean Marine Research Center (CMRC)
on Lee Stocking Island (Exuma Cays,
Bahamas) from May to October 1989.
The Florida red tilapia broodstock used
was a hybrid: descendants of an origi
nal cross of Oreochromis urolepis
hornorum (female) with O. mossambicus
(male) (Behrends et al. 1982). Broodfish
spawned naturally in outdoor pools
containing brackishwater (12 ppt).
Post-yolksac fry « 1 cm) were reared
in 0.56-m 3 indoor tanks supplied with
aeration and recirculated brackishwater
(12 ppt). Fry were fed Purina Trout Chow
(50% protein) with 17c:x-ethynyltestoste
rone (60 mg·kg· l feed) for 28 days to
sex reversed females (Guerrero 1975).
Fry were then transferred to four out
door pools (3.9 m 3

), acclimated to
seawater (37 ppt) at approximately 5
ppt·day·l, and reared for an additional
26 days. Fry were fed ad libitum three
times daily with Purina Tilapia Chow (32%
protein).

On 16 May 1989, fingerlings were
graded and stocked in nine plastic-lined
pools (5.4-m diameter, 10m3 ) at three
densities: 15 fish·m·3

, 25 fish'm' 3 and
35 fish·m·3

• There were three replicates
for each treatment. Each pool was sup
plied with aeration and flowthrough
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seawater at an exchange rate of
800%·day·l.

On the day of stocking (experiment day
0). 35 fish from each pool were anaes
thetized (0.3 ppt 2-phenoxy-ethanol),
measured, weighed and replaced. Initial
mean body weights (avg 5.36 g), total
lengths (avg 66.2 mm) and coefficients
of variation of initial weights (CYJ (avg
34.4%) and lengths (CYL) (avg 11.7%) did
not differ significantly (P>0.05) among
treatments (Table 1). Initial biomass ranged
from 0.08-0.19 kg'm'3 (Table 1). Fish were
sampled on days 15, 30,45, 60, 91, 120
and 150.

Fish were fed three times daily (0800,
1300 and 1600 hours) the 32% protein
diet from day 1 to day 55 and a 20%
protein feed (Zeigler Tilapia Grower) from
day 56 to 149. At each feeding, enough
feed was provided such that an excess
remained after 20 minutes, but was
consumed before 40 minutes. For the
20% diet, 10- and 20-minute observa
tion periods were used due to the feed's
lower stability.

Maximum and minimum water tem
peratures, salinity and dissolved oxy
gen (DO) were measured daily, while
NH

4
-N, NOz-N and pH were measured

weekly.
Infestation by a marine monogenean

parasite, Neobenedenia melleni, was ob
served during the study and was treated
by reducing salinity to 18 ppt. Treated
pools remained static for 72 hours before
seawater flow was resumed.

Data on growth, growth variation, sur
vival, feed consumption and conversion
were compared among treatments by one
way analysis of variance (ANOYA). If the
overall ANOYA was significant, differences
between treatment means were analyzed
using the Student-Newman-Keuls test. The
level of significance in all tests was P<0.05.
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Table 1. Growth. survival and feed conversion of all-male Florida red tilapia (Oreochromis sp.)
fingerlings. produced by hormone treatment and reared for 150 days in flowthrough seawater
pools (34 m') at three stocking densities.

Stocking density (fish'm")

15 25

InItial
Weight 5.63 ± 0.11" 5.10 ± 0.20
CVof weight (%)b 31.9 ± 1.2 35.5 ± 1.5
Length (mm) 67.3 ± 0.3 64.9 ± 0.7
CV of length (%)b 11.6 ± 0.09 11.7 + 0.4
Biomass (I<g'm") 0.08 ± 0.004a 0.13 ± O.OOSb

FInal
Weight 470 ± 10 452 + 9
CV of weight (%)b 22.5 .± 2.1 24.3 + 0.6
Length (mm) 273 ± 3 266 ± 3
CV of length (%)b 7.6 ± 1.2 12.0 ± 2.6
Survival (%) 94.9 ± 0.2 93.9 ± 0.7
DWG (g·day·l)c 3.10 ± 0.07 2.98 of: 0.06
SGRd(% bW'day") 3.00 ± 0.05 2.99 +: 0.01
Feed consumption" 5.15 ± 0.17 5.24 ± 0.12
(% bW'day'l)
Feed conversion" 1.81 .± 0.16 1.83 ± 0.06
(dry wt'wet wt)
Biomass (kg'm") 6.69 ± 0.15a 10.6 ± 0.16b

35

5.36 ± 0.12
35.7 ± 0.5
66.4 ± 0.8
11.9 ± 0.2
0.19 ± 0.007c

463 ± 11
21.5 + 2.0

270 +: 3
7.6 ± 1.4

94.4 +: 0.2
3.05 + 0.08
2.96 + 0.03
5.11 ± 0.13

1.75+ 0.08

15.4 ± 0.27c

"Data are presented as means ± s.e. (n=3). Means within a row followed by different letters are
significantly different (P<0.05. SNK).
bCV=coefficient of variation=SD'l OO/mean.
cDWG=daily weight gain=(final wt-initial wt)/M.
dSGR=specific growth rate=[(In final wt-In initial wt)·1001/Llt.
"Replicate data based on seven interval determinations during the ISO-day study period.

Results

Growth of fish under the different
stocking densities was similar throughout
the 150~day study (Fig. 1). Final mean
weights (avg 462 g), total lengths
(avg 270 mm) and coefficients of vari~
ation of final weights (avg 22.8%) and
lengths (avg 9.1%) did not differ sig~

nificantly among treatments (Table 1).
Thus, terminal weight data for all treat
ments were combined and the frequency
distribution of body weights was de
termined (Fig. 2). Individual weights
ranged from 98.6 to 688 g, with 75.2%

and 66.9% of the individuals exceed
ing 393 g and 430 g, respectively.

Survival (avg 94.4%), daily weight gain
(avg 3.04 g'day"), specific growth rate
(avg 2.98% bw·day·l), feed consump
tion (5.17% bW'day") and conversion
ratio (avg 1.80) did not differ signifi
cantly among treatments (Table 1). Fi
nal biomass increased with increasing
stocking density from 6.69 kg'm'3 (15
fish·m· 3 ) to 15.4 kg·m· 3 (35 fish·m· 3 )

(Table 1).
Average salinity (36.7 ppt), tempera

ture (27.9°C), NH
4
-N (0.1 t ppm) and

N02~N (0.005 ppm) did not differ
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significantly among treatments during
the 15D-day study (Table 2). Average
DO showed a significant decline with
increasing stocking density from 5.79
ppm (15 fish-m' 3

) to 5.26 ppm (35
fish-m·3 ) (Table 2).

On day 41, infestation by N. melleni,
characterized by reduced feeding, fish
resting on the pool bottom, excessive
mucus production and corneal opacity,
was detected among fish in one pool
stocked at a density of 15 fish-m· 3

•

Infestation was subsequently observed
in other pools at all stocking densities.

Treatment with brackishwater (18 ppt
for 72 hours) alleviated symptoms for
periods ranging from 26 to 91 days.

Discussion

Growth, survival and feed conversion
of Florida red tilapia reared in
flowthrough seawater pools were not
impaired under stocking densities of up
to 35 fish·m· 3 , and no effect of stock
ing density on size variation (Brett 1979)
was evident, suggesting that even higher
densities are feasible to increase pro
duction. Siddiqui et al. (1989) also
observed no difference in growth
(1.71-1.82 g·day·1) survival (96-1 000f0)
or feed conversion (1.85-1.95) of O.
niloticu5 reared in brackishwater (4 ppt)
tanks (3.75 m 3

) over 164 days at den
sities of 16, 32 and 42.6 fish·m· 3 •

In this study, water exchange was kept
constant (8000f0-day·1) and flow rate was
high (30-67 l·kg·1 fish-min·1) at stock
ing, declining to a minimum (0.36-0.83
l'kg,1 fish-min·1) when the study was ter
minated. Standing crops of up to 15.4
kg'm' 3 were maintained with minimal
effects on water quality. While initial
flow rates could be reduced to mini
mize pumping costs, a trend toward
lower average DO with increasing density

suggests that flow rates during the latter
stages of the study were suboptimal for
tanks stocked at higher densities. Wa
ter flow rates of 0.3-1.0 l-kg·1fish'min'!
have been reported to support tilapia
yields ranging from 7.1 to 50 kg'm'3 in
flowthrough tanks (Balarin and Haller
1982, 1983; AI-Ahmad et al. 1988;
Siddiqui et al. 1989; Cruz et al. 1990).
Yields of up to 52.2 kg-m·3 have been
reached for Florida red til apia grown in
marine cages (Watanabe et al. 1990).

A potential constraint to culture of
tilapias in_ full-strength seawater is
susceptibility to infestation by N. melleni
(Kaneko et al. 1988; Gallet de St. Aurin
et al. 1990). Short-term immersion of
infected fish in freshwater is known to
be an effective treatment (Kaneko et al.
1988), but may be impractical on a
commercial scale. In this study, a re
duction of rearing tank salinity to 18
ppt for 72 hours was an effective, al
beit temporary, therapeutic procedure.
Reinfection of brackishwater-treated fish
is probably due to the survivability of
the eggs of N. melleni, which are con
siderably more resistant to hyposaline
conditions than are the adults (Mueller
et al. 1992). Recent studies have shown
that exposure to 15 ppt for five days
eliminates hatching of eggs in vitro as
well as juvenile and adult stages of N.
melleniin situ (Ellis and Watanabe 1993).

These results demonstrate that Florida
red tilapia can be reared in flowthrough
seawater pools from small fingerlings
to market size (I.e., 5.36-462 g) in 150
days at densities of up to 35 fish-m· 3

•

Thus, each pool can produce 2.4 crops
per year with a yield of approximately
37 kg·m·3 ·year'1. It is likely that pro
ductivity can be increased by stocking
at higher densities and at larger initial
sizes. Further study is required to de
termine maximum standing crop and
associated water flow requirements for
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Table 2. Water quality during culture of all-male Florida red tilapia (Oreochromis sp.) fingerlings.
produced by hormone treatment, then grown for 150 days in f1owthrough seawater pools at three
stocking densities."

Stocking density (fish·m·3 )

15 25 35

Salinity (ppt)b 36.8 ± 0.1 36.6 ± 0.1 36.8 ± 0.1
Dissolved oxygen (ppm) 5.79 ± 0.06a 5.51 + 0.01 b 5.26 ± 0.02c
Temperature (0C) 27.9 ± 0.01 27.9 ± 0.01 27.9 ± 0.06
pH 8.23 ± 0.03a 8.14 ± 0.02b 8.00 ± 0.02c
NH

4
-N (ppm) 0.10 ± 0.01 0.11 ± 0.01 0.13 ± 0.02

NOz-N (ppm) 0.005 ± 0.000 0.005 ± 0.000 0.005 ± 0.000

"Data are presented as means ± SE (n=3 pools) and represent averages for the 150-day study
period. Means within a row followed by different letters are significantly different (SNK).
bSalinities were lowered to 18 ppt for three days in certain pools in each treatment to treat trematode
infection. Treatment periods were not included in the calculation of average salinities.

culture of the Florida red tilapia in
seawater tanks.
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Abstract

Terrestrial vegetation and agricultural crop residues have potential as fishpond inputs for farming
herbivorous and planktivorous tilapias in rural Africa. Five experiments were performed to assess
this for the culture of Tilapia rendalli and Oreochromis shiranus in Malawi. Screening of 29 terrestrial
plants was conducted in ponds: 80% were eaten by T. rendalli; consumption ranged from 9 to
90% of plant dry matter (OM) per day. T. rendalli and O. shiranus fed with either maize bran or
napier grass did not show significant differences (P>0.05) in growth or yield. Higher yields were
obtained in polyculture with a combination of maize bran and napier grass. Presentation of whole,
chopped and ground napier grass (Pennisetum purpureum) to a 50:50 polyculture of T. rendalli
and O. shiranus gave no significant differences (P>0.05) in water quality parameters or fish growth.
Application rates of napier grass to fishponds should not exceed approximately 50 kg·ha'1.day·l
OM. Higher loading decreased water quality. reduced fish growth and increased fish mortalities.
A 50:50 stocking ratio of T. rendalli and O. shiranus gave significantly higher yields than other
ratios.

Introduction

Development of aquaculture in rural
Africa is limited because of cost and
shortage of fish feeds and pond ferti
lizers, poor financial resources and
knowledge base of small-scale farmers,
plus the fact that it is a relatively new
farm enterprise (Weatherley and Cogger
t 977; Costa-Pierce et al. 1991; lCLARM/
GTZ 1991). Terrestrial vegetation and
agricultural crop residues are available
on most African farms and could have
potential as inputs for pond culture of
herbivorous and planktivorous tilapias
(Pullin 1986; Edwards 1987a). A sur
vey conducted in Zomba, Malawi, in
dicated that pond polyculture of indig
enous tilapias (Tilapia rendalli and
Oreochromis shiranus) is the most com-

alCLARM Contribution No. 990.

mon method adopted by smallholder
fish farmers (Noble and Costa-Pierce
1992). However, little research has been
done on the stocking ratios of these spe
cies for optimum utilization of the food
niches in the pond ecosystem.

To assess further the use of terres
trial plants in aquaculture on small-scale
farms, research was conducted at the
National Aquaculture Center, Domasi,
Malawi. This paper reports these results
and discusses future prospects.

Materials and Methods

E.xperiments were conducted in 200
m 2 ponds, 5-m3 (2.25x2.25x t m) and
500-1 (1x1xO.5 m) concrete tanks from
January 1989 to March 1991. T. rendaffi
and O. shiranus were stocked in mono
and polyculture at different stocking
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densities and mean body weights in tanks
and ponds. A completely randomized
design was used in all experiments.

Maize bran (MB) was given at 3% fish
body weight, adjusted every two weeks
at sampling; fresh napier grass (NG) was
given at 100 kg' ha'1. day·1 DM and a
combination (NG+MB) to indigenous
tilapias (T. rendalli and O. shiranus) in
mono- and polyculture in 200-mz ponds
(Table 1). The times for cutting, carry
ing and chopping napier grass were re

corded as person-hours·ha'1.day'l (Ta
ble 2). Fresh napier grass was given
whole, chopped (2-5 mm pieces) and
ground at 100 kg·ha'1.day'l DM to 50:50
polyculture of T. rendalli and 0. shiranus
in 500-1 tanks (Table 3). Different ap
plication rates of fresh napier grass was
given to 50:50 polyculture of T. rendalli
and O. shiranus in both tanks and ponds
(Table 4). T. rendalli and 0. shiranus were
stocked at different ratios (100:0, 75:25,
50:50 and 25:75) and were given whole
fresh napier grass at 50 kg'ha'l'day-l DM
in 200-mz ponds (Table 5).

Fish were sampled with a seine net,
sedated in benzocaine (Ross and Ross
1984), and individually weighed and
measured. Over 70% of the total number
of fish stocked in tanks and 15% in ponds
were sampled at each sampling.

Water quality parameters were moni
tored as follows: maximum and mini
mum air and water temperatures, daily;
pH, weekly (at 0800 hours); dissolved
oxygen concentration (DO), weekly (at
0500 hours); ammonia, every two weeks
(at 0800 hours); conductivity, weekly;
and alkalinity, every four weeks. The
methods used are outlined in APHA
(1985).

At harvest, tanks and ponds were
seined and drained to collect all fish.
Fish were counted to determine percent
age survival, weighed (g), and the to
tal and standard length (em) determined.
Specific growth rates (SGRs) and mean

final weights were compared statisti
cally (ANOVA). Differences among treat
ments were treated for significance
(P<0.05) using Tukey's test (Zar 1984).

Results and Discussion

PreFerence TastIng of Plants

Many types of plants are available on
farms, but most are left unutilized. Of

the 29 different terrestrial plants (natural
and cultivated) given fresh to T. rendalli
and 0. shiranus in 200-m z ponds, 23
were eaten by T. rendalli and six by O.
shiranus. The amount of dry matter con
sumed by T. rendalli was significantly
higher (P<O.Ol) than that consumed by
O. shiranus (Chikafumbwa et al. 1991).
T. rendalliseems to be a voracious and
nonselective feeder on plants, as also
found by Junor (1969). Among the plants
(Cucurbita maxima, Tridax procumbens,
Ipomoea batatas, Biden pilosa and
Mucuna pruriens) eaten, T. rendalli and
O. shiranus preferred some more than
others. Similar results were reported by
Chifamba (1990).

On-Farm Resources
as FIshpond Inputs

Highest final weights and SGRs for T.
rendalli(43.0 g; 0.52%dayt) and 0. shiranus
(41.3 g; 0.42%·day-!) in monoculture were
obtained in NG+MB, but were not signifi
cantly different (P>O.05) from MB or NG
individually (Table 1). Similar results were
obtained in a 50:50 polyculture for T. rendalli
(46.9 g; 0.57%·dayt) and 0. shiranus(41.9
g; 0.69%·day·l). Highest extrapolated net
yields for T. rendalli and 0. shiranus in
monoculture (2,598 and 2,749 kg·ha-l. year I ,

respectively) and in polyculture (3,015 kg'
ha-l.year· 1) were obtained with NG+MB.

Pruginin and Arad (1977) reported that
fish yields, using indigenous tilapias
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Table 1. Growth performance of Tilapia rendalli and Oreochromis shiranus in monoculture and 1: 1
polyculture in 200-m 2 ponds fed napier grass (NG) (100 kg·ha-1.day-l DM) and maize bran (MB)
(3% fish body weight), from 5 January to 11 May 1989_ Numbers in the same row having the same
superscript are not significantly different (P>0.05); NG/MB = combination of napier grass and
maize bran; net yield includes fry produced in a pond. The data are means of three replicates.

Pond inputs

a. T. rendalli monoculture

Initial weight (g)
Final weight (g)
Specific growth rates (%'day-l)
Fish survival (%)
Net yield (kg' ha-1.year-l)

b. O. shiranus monoculture

Initial weight (g)
Final weight (g)
Specific growth rates (OJo'day-l)
Net yield (kg'ha-'-year-')

Napier grass

20.8
35.5 a

0.42 a

93
2,303

22.9
36.9 a

0.37 a

1,657

NG/MB

20.5
43.0 a

0.52 a

87
2,598

24.1
41.3 a

0.42 a

2,747

Maize bran

21.9
34.8 a

0.37 a

89
1,585

23.5
34.2 a

0.32 a

1,069

No input

c. T. rendalli and O. shiranus 1: 1 polyculture

Initial weight (g)
T. rendalli 22.0 22.8 22.4 21.0
O. shiranus 21.1 17.4 19.0 18.6

Final weight (g)
T. rendalli 41.7 a 46.9 a 41.4 a 21.0b

O. shiranus 36.4 a 41.9 a 33.1" 22.5 a

Spedfic growth rates (OJo'day-')
T. rendalli 0.51" 0.57 a 0.49 a 0.01 b

O.shiranus 0.41 b 0.69 a 0.39 b 0.15<
Fish survival (%) 78 88 90 73
Extrapolated net yield 1,405 3,013 1,726 -183

(kg' ha- 1 'year- 1)

Table 2. Labor required for cutting and carrying fresh napier grass (80% moisture) at 100 kg'
ha-1.day-l dry matter as fishpond inputs_ Chopping was done using a hand-operated machine cutter
at a rate of 10.4 person-hours·ha- t •

Cutting and carrying Cutting
Person (person-hours- ha-1 ) (person-hours' ha-')

N Mean (SD) Range Mean (SD) Range

A 49 58.1 (15.6) 16.7-92.6 19.7 (4.8) 12.9-32.8
B 20 59.5 (13.3) 31.6-78.1 18.1 (4.1) 11.5-26.0
C 25 44.4(19.1) 11.1-72.6 15.3 (6.7) 5.7-27.3
C 11 33.3 (18.8) 73.5-12.6 17.1 (3.2) 12.3-24.2
D 11 55.5 (13.3) 24.1-70.4 18.8 (3.9) 11.7-25.9
E 19 48.0 (15.6) 22.7-70.4 13.3 (5.0) 5.0-24.2
F 17 59.6 (15.2) 19.6-79.4 19.8 (3.4) 15.3-26.9

N = number of days for cutting and carrying napier grass.
person-hours'ha- 1 = calculated from weight of fresh grass required per hectare divided by weight
of fresh grass cut and/or carried during a given period.
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Table 3. Effect of whole, chopped and ground napier grass (100 kg·ha·'·day·' DM) on the growth of Tilapia rendalli (TR) and Oreochromis shiranus (OS), and on water quality in 500
I concrete tanks. Numbers in the same column followed by the same letters are not significantly different (P>0,05).

Stocking data Harvesting data
Presentation
method Msw Nit Mhw Wg/dy SGRs Sv Eny

(g) (g) (%) (%)

TR as

Whole 10.05 12 14.40a 0.34 0.24a 0.29a 100 1,507

Chopped 9.75 12 15.05a 0.43 0.21a 0.36a 92 1,058

Ground 10.00 12 13.65a 0.29 O.llb 0.35a 66 839

No input 10.25 12 9.60b -0.51 -0.001 b 25

Msw=mean stocking weight.
Mhw=mean harvest weight.
N/t=number of fish per tank.
Wg/dy~weight in grams per day.
SGRs~specificgrowth rates (%·day·').
Sv=flsh survival.
Eny~extrapolatednet yield (kg·ha·l.an·').

Water quality

Ammonia Conductivity pH Alkalinity
(mg· I") (mmho·cm·') (mg· I")

Initial Final Initital Final Initial Final Initial Final

0.01 1.15a 145 440a 10.45 7.83b 39 169b

0.00 2.00a 144 570a 10.39 7.83b 40 243a

0.01 0.95a 146 645a 10.30 7.93b 40 268a

0.01 0.08b 145 160b 10.65 10.63a 39 63c



Table 4. Growth performance of Tilapla rendalll (TR) and Oreochromls shlranus (OS). survival and water quality for different rates of napier grass in 200-m' ponds. 5-m' and 500-1 concrete tanks. Numbers
in the same column, in the same experimental unit, followed by the same letters are not significantly different (P>0.05).

Stocking data Harvest data Water quality

Experimental units
App. rate

(kg·ha·l.day"DM) Msw N/p-t
(g)

Mhw

(g)

Wg/dy
(%)

SGRs Sv
(%)

Fry
(%)

Eny Ammonia
(mg"")

Conductivity
(mmho'cm")

pH Alkalinity
(mg' I")

DO,
(mg' I")

TR OS Initial Flnai Initial Final Initial Final Initial Final Initial Final

200-m' pond over 168 days 25 9.77 200 34.45b 1.5 0.67b 0.82b 83 IS 476 0.45 0.75 Z3 45 7.0 6.7 IS 19 7.4 3.8
(27 Oct. 1989 to 27 Feb. 1990) 50 8.84 200 43.55a 2.4 0.91a 0.98a 91 9 732 0.36 1.05 Z3 55 6.8 6.8 17 22 7.0 2.0
(a) TR and (b) 05 75 8.77 ZOO 41.29a 2.2 0.87a 0.98a 81 8 583 0.42 1.30 23 71 6.8 6.7 16 24 7.2 1.1

100 9.94 200 43.66a 2.0 0.77ab 0.98a 66 8 443 0.36 1.11 22 59 6.9 6.7 16 23 7.5 2.2

5-m' tanks over 126 days 0 10.52 12 11.99c 0.1 0.09b 0.23c 75 0 0 0 100 101 10.5 10.6 40 43· 7.7 7.9
(24 Jan. to 30 May 1989) 46 10.58 12 28.00a 1.3 0.73a 0.78b 100 0 1,216 0.88 104 398 10.0 7.7 38 160 6.8 0.7
(a) TR and (b) OS 92 10.94 12 31.26a 1.5 0.78a 1.01a 9Z 0 1,233 0.92 103 460 9.8 7.6 42 195 7.0 0.5

138 10.n 12 32.54a 1.6 0.74a 0.99a 75 0 950 1.01 102 478 9.6 7.5 39 217 7.8 0.4
184 10.89 12 Z3.94ab 0.9 0.28b 0.76b 75 0 486 1.33 lOS 535 9.5 7.4 43 265 7.3 0.4
278 10.75 12 17.00bc 0.5 0.38c 8 0 0 2.80 106 580 9.6 7.3 40 310 7.3 0.4

500-1 tanks over 70 days 10 15.00 12 15.40a 0.03 O.Olc 100 0 250 0.75 70 156 10.2 9.0 13 37 6.4 4.4
(12 Jan. to 29 May 1991) 20 15.90 12 17.30a 0.12 0.12b 96 0 0.68 7Z ISS 10.4 9.5 13 35 7.0 3.9
(a) TR and (b) OS 40 14.60 12 17.50a 0.28 0.26a 100 0 1,815 0.92 69 185 10.0 9.7 12 43 6.7 2.5

60 15.80 12 18.90a 0.28 0.26a 96 0 1,012 1.22 71 276 9.8 8.5 13 67 6.5 1.8
80 15.80 12 15.90a 0.01 0.02c 71 0 1.10 71 290 9.9 8.4 12 65 6.5 1.9

App=application rate.
Msw~mean stocking weight.
Mhw=mean harvest weight.
Wg/dy=weight In grams per day.
N/p-t=number of fish per pond or tank.
SGRs=specific growth rates (%·day").
Sv=fish survival.
Eny=extrapolated net yield (kg·ha·l.year").

.......
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Table 5. Growth performance of Tilapia rendalli (TR) and Oreochromis shiranus (OS) stocked at
different ratios at 1 fish'm-z in 200-mz ponds fed 50 kg·ha·l.day-l DM napier grass over 168 days (from 27
October 1989 to 27 February 1990). Numbers in the same row having the same superscript are not significantly
different (P>0.05). The data are means of three replicates.

Stocking ratios TR:OS (%) 75:25 50:50 25:75

Initial weight (g)
T. rendalli 9.55 8.70 9.63
O.shiranus 9.87 8.97 8.73

Final weight (g)
T. rendalli 36.75' 40.23' 38.06'
O. shiranus 56.18' 46.87' 38.06'

Specific growth rates
T. rendalli (%'day-l) 0.80' 0.91' 0.82 b

O. shiranus (%'day-') 1.03' 0.98' 0.87'

Fish survival (%) 86 97 85

Extrapolated net yields
(kg' ha"'year- ' ) 593 b 729' 534b

100:0

8.40

35.66

0.86

76

410<

without feeding or fertilization, were
about 300 kg' ha·l·year· l in Malawi. Noble
and Costa-Pierce (1992) found that
aquaculture ponds in Zomba district in
1989-1990 had total yields of 900
kg' ha·l.year· 1 • Use of green vegetation
(napier grass) and widely available ag
ricultural by-product (maize bran) have
here demonstrated a significant increase
in fish yields. Even higher yields (>3,000
I<g·ha'l.year·1) have been obtained in a

polyculture fed with a combination of

maize bran and napier grass. These re
sults are promising and suggest further
investigations on the polyculture of
different fish species with different com
binations of the low cost fishpond in
puts that are available on farms in
Malawi.

Application of fresh napier grass to
fishponds required 33-60 person
hours' ha-l.day·l for cutting and carry
ing. Cutting alone required 13-20 per
son-hours' ha"·day'l. Chopping required
additional 10 person-hours' ha-1

. day·l at
an application rate of 100 kg'ha- 1

.

day·l-DM (Table 2). Results obtained in
this study suggested high person-hours'
ha- 1·day·l requirement to feed fresh
napier grass to fishponds. Investigations
were conducted on presentation methods
and application rates to explore the
possibility of reducing person
hours' ha- " day·1 in feeding fishponds.
Results obtained indicated 50% reduc
tion in application rate (50 kg·ha·l·day·l

DM) and could be presented whole and
effectively reduce the person-hours' ha'l.

day-l by 50% for cutting and carrying,
and exclude additional the person
hours·ha·l.day·l requirement for chop

ping.

Presentation Methods
of Green Vegetation

Fish final weight and SGRs were not
significantly different (P>0.05) among
whole, chopped and ground grass treat
ments (Table 3). However, fish survival
was high (100%) when fed with whole
grass, but low (66%) with ground grass.



Extrapolated net yield was 1,507
kg' ha-1.year-l with whole grass.

Water quality parameters (pH, am
monia and conductivity) were not
significantly different (P>0.05) among
whole, chopped and ground grass
treatments (Table 3). However, alkalinity
and total hardness were significantly
higher (P<0.05) with chopped and
ground than with whole grass.

This study indicated that green grasses
should be presented whole to fishponds.
Chopping or grinding does not bring
significant advantages in terms of fish
growth and water quality, and requires
extra effort. However, presentation of
such feeds still requires further research.
This study was done in small concrete
tanks (500-1) and more work is needed
in pond systems.

Application Rates
of Green Vegetation

The application rates for low quality
vegetation in fishponds was recom
mended at 100 kg·ha-1.day-1 OM (Edwards
1987b). In these studies, in tanks and
ponds, highest final weight, SGRs, fish
survival and net yields (T. rendalli and
O. shiranus) were obtained at approxi
mately 50 kg'ha- 1 'day-1 OM. Increasing
application rates beyond 50 kg' ha-1.day-1
DM gave higher mortalities, decreased
SGRs and net yields, and lowered wa
ter quality, principally by increasing am
monia concentrations and lowering DOs
to critical levels (Table 4).

TJlapia Stocking Ratios

Final weights and SGRs for O. shiranus
were significantly higher (P<0.05) with
increasing T. rendallito 0. shiranus ratios.
T. rendalli growth was relatively sta
ble with different stocking ratios (Ta
ble 5). Net yield was highest at 50:50
stocking ratio. The increase in net pro-
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duction at a 50:50 ratio was probably
due to better utilization of different food
niches in the pond.

Conclusions
and Recommendations

These studies demonstrated that use
of green vegetation and agricultural by
products (maize bran) in fishponds, singly
or in combination, can significantly in
crease tilapia growth and production
among resource-poor farmers. These
inputs are commonly available on farms
and require labor input to produce fish
in ponds.

A wide range of green vegetation
could effectively be utilized as a direct
feed or fertilizer for tilapia in fishponds.
Application rates of green vegetation
should not exceed 50 kg'ha- 1 'day-l DM
for optimum tilapia growth and produc
tion, and to avoid destroying water qual
ity. However, further studies on the use
of green vegetation are required, because
the present studies were conducted using
indigenous tilapias (T. rendalli and O.
shiranus) and there are other fish spe
cies which are grown or of interest among
farmers.
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Abstract

Mixed sexes of Oreochromis shiranus and Tilapia rendalliwere stocked in 5-m 3 concrete tanks in the
ratios of 0:100.25:75, 100:0 and 75:25. at the rate of 6 fish·m'z. 0, shiranus and T. rendalliwere
stocked at mean body weights (±SD) of 12±0.4 g and 12±0.7 g. respectively. Cabbage and pumpkin
leaves were added to the tanks at a rate chosen to simulate pond conditions (50 kg dry matter IDM]·ha'1.day'l)
as bundles tied with wire, fully submerged at a depth of about 30 em. Maize bran was the control,
added at 50 kg DM·ha'1.day·l. Cumulative treatment effects on fish growth and water quality parameters
were explained using a nonparametric ranking order test and multivariate analysis.

Highest survival rate (98.4%) was obtained in 100:0 TR:OS ratio. Highest net yields (2,122 kg'
ha'1.134 days) were obtained in 0: I 00 TR:OS fed with maize bran followed by 25:75 TR:OS fed with
cabbage leaves (1,516 kg·ha·1.134 days). Two-way analysis of variance (ANOVA) indicated that pond
inputs had significant effects (P<0.001) on water quality (DO, chlorophyll a, Secchi disk visibility ISDVI.
total alkalinity and conductivity). Pond inputs also had significant effects on specific growth rate (SGR)
(P<0.05) and weight gain (P<O.OO I). Species stocking ratios had significant effects (P<0.05) on survival
rates and fry production. Pumpkin leaves had significant effects on chlorophyll a, SDV and DO, while
maize bran had significantly increased alkalinity (P<0.05).

In vegetable leaf treatments, best weight gains were obtained in monoculture of T. rendalli (225 g
and 325 g, in cabbage and pumpkin leaves, respectively). 0. shiranus monoculture performed poorly
in vegetable leaf treatments, but did better in polyculture with maize bran. Vegetable leaves have
good potential for being a pond input for small-scale, resource-poor farmers in Malawi. However, to
achieve an optimal compromise between weight gain and survival. a 25:75 TR:OS polyculture might
be the best combination.

Introduction

The use of terrestrial and aquatic veg
etation as fish feeds has been reported
by a number of workers (e.g., Pullin 1986;
Edwards 1987; Edwards et al. 1988; Hasan
et aI. 1990). Fish yields of about 5-6
t·ha-1.year'l are possible with vegetation

as the sole pond input (Edwards 1987).

'ICLARM Contribution No. 991.
·Present address: Center for Regenerative Studies,
California State Polytechnic University, 380 I West
Temple Avenue, Pomona, CA 91768, USA.

In Malawi, the majority of fish farm
ers grow a polyculture of the predomi
nantly herbivorous Tilapia rendalli and
microphagous Oreochromis shiranus.
Waste vegetable leaves are used rou
tinely as fishpond inputs, especially
during the hot. rainy season when maize
bran, the most common pond input, is
scarce (Chikafumbwa 1990). Maize bran
is diverted to household use during this
period to stretch the family's food supply
(Costa-Pierce et aI. 1991; ICLARM and
GTZ 1991).
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Cabbages and pumpkins are the most
important cultivated vegetables in
Malawi. For cabbages, large quantities
of vegetable wastes are generated, with
waste or insect-damaged leaves com
prising up to 45-49% of the total yields
(Chimatiro 1992). Whereas feeding of
vegetable wastes to fish in ponds is
practised widely in Malawi, little work
has been conducted to investigate their
use as feeds or fertilizers to fish. Our
objective was to determine impacts on
yields and water quality of different
tilapia polycultures in tanks fed with
vegetable wastes.

Materials and Methods

The experiment was done during the
hot season in Malawi over 134 days (from
18 September 1990 to 30 January 1991),
in 5-m3

, 1-m deep concrete tanks. Treat
ments were assigned randomly to t 2
duplicate tanks (Table 1). T. rendalli (TR)
and O. shiranus (OS) of mixed sexes
were stocked by number at four ratios
(25:75, 0: tOO, 100:0 and 75:25), at
6 fish'm-z with mean body weight
(MBW±SD) of t 2±0.4 g and t 2±O. 7 g,
respectively.

Cabbage and pumpkin leaves were
grown on fishpond dikes. Proximate
analyses of cabbage and pumpkin leaves
were done to determine dry matter,
crude protein, crude fiber, ether extract
and total phosphorus. Maize bran was
bought from villages around the National
Aquaculture Centre (NAC), Domasi.

Tanks were filled with water from the
Domasi River to 1-m marl< and regu

larly topped up to replace evaporative
losses. Ten water quality parameters were

measured at 0600-0800 hours in all tanks
at intervals, using the instruments and
methods detailed in Table 2. Minimum
and maximum temperatures were re
corded daily. All feedings were done

once a day at 1400 hours, five days a
week (Monday to Friday). Cabbage and
pumpkin leaves were added at a rate
chosen to simulate pond conditions (50
kg dry matter [DM1'ha- I 'day-l) as bun
dles tied with wire, fully submerged at
a depth of about 30 em. At each addi
tion of new material, the remnants from
the previous addition were left in the
tank water. Maize bran was the con
trol, added at 50 kg DM· ha-1.day-l.

Fish growth was evaluated fortnightly.
All fish in each tank were netted, se
dated with benzocaine (Ross and Ross
t 984), then weighed individually to the
nearest t g. Lengths (total and stand
ard) were measured to 0.1 em. Mortali
ties were recorded daily.

At harvest, all remaining fish were
individually weighed and measured;
tanks were drained and the accumulated
sediments collected and weighed. Fry
produced during the experiment were
collected, counted and weighed for each
treatment.

In order to explain the cumulative
treatment effects on fish growth and
water quality parameters, a nonpara
metric ranking order test was used (Siegel
t 956; Alder and Roessler t 972). Where
there were more than two variables, rank
multiple correlation was measured by
Kendall's coefficient of concordance (W)
(Zar t 984). To find out whether the
calculated We was significant, We was
converted to Friedman XZ. If significant
concordance occurred for two groups
of data, a multigroup coefficient of con
cordance was calculated (Schucany and
Frawley 1973).

Results

Proximate analyses of inputs are shown
in 1able 3. Overall nutritional quality
of inputs was very poor; the highest
crude protein concentration was in
pumpkin leaves (5.4%).
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Table 1. Treatments and application rates of vegetable leaves and maize bran. All inputs were
applied to 5-m3 tanks. Wet weights of inputs were as in Table 3. TR = Tilapia rendalli; OS = Oreochromis
shiranus.

Treatments

Number of fish
TR:OS Application rates (g'day") per m' tank
ratios

(by numbers) Inputs Cabbage Pumpkin Maize bran TR OS

25:75 Cabbage 292 8 22
0:100 Cabbage 292 0 30

100:0 Cabbage 292 30 0
75:25 Cabbage 292 22 8
25:75 Pumpkin 233 8 22

0:100 Pumpkin 233 0 30
100:0 Pumpkin 233 30 0
75:25 Pumpkin 233 22 8
25:75 Maize bran 39 8 22

0:100 Maize bran 39 0 30
100:0 Maize bran 39 30 0
75:25 Maize bran 39 22 8

Table 2. Water quality parameters measured: methods and instruments used.

Parameter

Total alkalinity

pH

Dissolved oxygen

Conductivity

Chlorophyll a

Secchi disk
visibility

Temperature
(min/max)

Ammonia

Units

mg' I" as CaC03

mg-l"

f.lmho-cm"

mg-l"

cm

°C

Instrument Frequency

Hach digital
titrator fortnightly

Hach one
meter weekly

YSI fortnightly
meter

WTW Lf 91
meter fortnightly

Spectronic 200
spectrometer fortnightly

Code 1062
disk weekly

Brannan
thermometer daily

Hach DRE.L/5 once/month
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Table 3. Proximate analysis (%) of maize bran (Kadongola 1990).
cabbage (Brassica oleracea var. capitata) and pumpkin leaves
(Cucurbita maxima).

Maize
Parameter Cabbage Pumpkin bran

Dry matter 9.9 17.9 93.0
Crude protein 2.3 5.3 2.1
Crude fiber 5.1 3.0 8.0
Ether extracts 5.1 3.0 13.8
Phosphorus 0.2 0.1

Table 4 summarizes fish yield param
eters and fry production for the three
inputs and stocking ratios. Parametric,
two-way ANOVAs indicated that different
inputs had significant effects on spe
cific growth rates (SGRs) and total adult
weight gain. Highest weight gains and
SGRs were with maize bran for all stock
ing ratios. Species ratios had significant
effects on adult survival and fry pro
duction. Kendall's coefficient of concord
ance with ties (W) for the 12 treatments
(species x feeds) for seven fish yield
parameters (total weight gain, net weight
gains, survival. fry production, SGRs,
net yields and FCRs) was significant
(P<0.05) (Table 5).

Mean water quality is summarized in
Table 6. Inputs had significant effects
on pH, dissolved oxygen (DO), total
alkalinity, Secchi disk visibility (SOV) and
chlorophyll a (chi) concentrations. Pump
kin leaves gave significantly higher mean
chi, lower SOVs and higher DOs. Maize
bran significantly increased alkalinity.
Overall water quality as indicated by
the sum of group ranks (I:R;) was best
in 25:75 TR:OS tanks fed with cabbage
leaves, followed by 100% OS fed with
pumpkin leaves. The best water qual
ity was achieved with pumpkin leaves,
followed by cabbage leaves and maize
bran (Table 7). Kendall's coefficient of
concordance with ties (W) for the 12
treatments for eight water quality vari
ables (pH, DO, chlorophyll a, SOV, to-

tal alkalinity, ammonia and total phos
phorus) was not significant (Table 7).

Discussion

In the cabbage and pumpkin leaf treat
ments, weight gains were highest in TR
monocultures. Monocultures gave best
weight gains when fed pumpkin leaves.
For both species, highest percentage
weight gains were achieved with 25%
polycultures for all inputs. Best survivals
were at 25:75 species combinations.
Higher fry production occurred with
higher proportions of OS and with the
cabbage and pumpkin leaf treatments.

Ayoade et al. (1986) and Rajadevan
and Schramm (1989) reported that
cabbage leaves had 8.9% and 13.4% fiber
contents, respectively, whereas Platt
(1962) found that pumpkin leaves had
0.8%. Therefore, in tilapia ponds,
pumpkin leaves may act more as direct
feed, and cabbage leaves as a fertilizer
to the pond environment.

Overall weight gains were higher with
maize bran. Although its crude protein
content was lowest of the three inputs,
it had 93% OM composed to 18% OM
for pumpkin leaves.

From the water quality data, pump
kin leaves gave a higher production of
natural foods as shown by the higher
pH values, DOs, chI, and lower SOVs
(Tables 6 and 7). This may be due to



Table 4. Yield characteristics for various ratios of Tilapia rendalli and Oreochromis shiranus in 5_m 3 tanks for 134 days. Weight gain is for adults only. Total weight gain includes fry. Two-way significance levels
are Indicated by asterisks (*=5%, **=1% and ·"",0.1%).

Treatments: (Feeds and species ratios)
Variable Significance

Cabbage Pumpkin Maize bran levels

---
25,75 0,100 100,0 75,25 25,75 0,100 100,0 75,25 25,75 0,100 100,0 75,25

Average initial weight (g) 12.27 12.67 11.97 12.14 11.84 12.17 11.95 11.84 12.07 11.65 12.5 12.05
range (g) (10-15) (l0-15) (10-15) (10-15) (10-15) (10-15) (10-15) (10-15) (10-15) (10-15) (10-15) (10-15)

Average final weight (g) 18.17 15.35 20.86 21.09 20.24 21.76 22.8 23.2 25.07 22.83 23.86 25.61
range (g) (15-25) (11-23) (14-28) (17-32) (17-29) (13-32) (16-35) (18-32) (14-35) (11-36) (15-34) (19-36)

Weight gain (g) 158 65 225 121 232 266 325 -8 364 312 317 355 Inputs**·
SurVival rate (%) 94.7 95.0 95.0 71.9 97.8 95.0 98.4 54.9 97.8 95.0 96.7 87.1 Ratios'
Fry production:-

Total (g) 600 451 114 354 481 456 4 576 261 749 280 135 Ratios'
% of total production 79 87 34 75 68 63 1 101 42 71 47 28

Total weight gain (g) 758 516 339 475 713 722 329 568 625 1.061 597 490

Mean net yield: -
kg· ha"·134 days 1.516 1.032 678 950 1.426 1,444 658 1,136 1,250 2.122 1.194 980

SGR (%/day) 0.36 0.16 0.40 0.47 0.43 0.45 0.49 0.47 0.53 0.51 0.48 0.61 Inputs·

FCR 3.6 5.3 8.0 5.7 3.9 3,9 8.5 4.9 4.5 2.6 4.7 5.7

Sediment yield (kg) 14.1 14.7 14.7 16.2 16.2 13.5 26 34.6 12.2 8.9 20.9 19.1

-00
""-I
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Table 5. Harvest data for Tilapia renda/Ii (TR) and Oreochromis shiranus (OS), Performance Is expressed by ranking. First row (not numbered) gives the combination ratios of TR:OS. Rows Z.
5.8.9, 14 and 23 are group ranks for effects of stocking ratios on fish performance holding feed constant, e.g. Row 2, are ranks .for effects of combination ratios on total weight gain (TR+OS)
where fish were fed on cabbage. pumpkin leaf and maize bran (madeya), respectively. Rows 3. 6.10.12,15,19,21 and 24 are ranks for the interactions between combination ratios and
feeds. e.g. Row Z data are ranks for the combined effect of combination ratios and feeds on total weight gain (TR+OS). Rows 1. 5. 7. 1 t. 13. 16. t 7, 18, 20 and 22 are the actual data in
grams (g); kg·ha· 1 per 134 days and/or percentage (%); FCRs have been calculated taking into consideration the weight of fry produced. (l:~) Is a summation of six-rank groups in rows 10.
12,15.19.21 and 25. # "" Treatments tied for ranks. hence given the average of the tied ranks (Friedman 1937). Kendall's coefficient of concordance, with ties (W() is 0.33 (Kendall 1962;
Zar 1984). We is significant at < 0.025 because: -X 2T""M(n-1):::22.011 is greater than 1.20.05. 11 ::: 19.675 where x 2, is Friedman Chi-square (Friedman 1937); M "" number of groups (6);
n=number of entities (group and total ranks minus rows 8. 9) ranked (12); and (R,) is the rank for (ER,)S.

Treatments

Row Results TR,05 25,75 00100 100,0 75,25 25,75 00100 100,0 75,25 25,75 0,1 00 100,0 75,25
Feed C.bb. C.bb. C.bb. C.bb. Pumpk. Pumpk. Pumpk. Pumpk. Madeya M.dey. Madeya Madeya

1 Tot.1 TR+05 158 65 225 121 Z32 216 325 -8 364 312 317 355
2 weight Group ranks 2 4 1 3 3 2 1 4 1 4 3 2
3 gain Total ranks 9 11 8 10 7 6 3 12 1 5 4 2

(g) TR+05
4 + fry 758 516 339 475 713 7Z2 329 568 625 1.061 597 490
5 Group ranks 1 2 4 3 2 1 4 3 2 1 3 4
6 Total ranks 2 8 11 10 4 3 12 7 5 1 6 9
7 Total TR+05 135.5 94.4 135.8 130.4 159.2 160 200.7 89.3 303.6 197.8 17Z.6 205.9
8 wet Group r.nks (TR) 1 2 3 1 2 3 1 3 2
9 weight Group r.nks (05) 2 3 1 3 2 1 2 3 1

10 gain Tot.1 r.nks (TR+05) 9 11 8 10 7 6 3 12 1 4 5 2
(%)

11 Survival TR+05 94.7 95 95 71.9 97.8 95 98.4 54.4 97.8 95 96.7 87.1
12 (%) Total ranks 9 6.5# 6.5# 11 2.5# 6.5# 1 12 2.511 6.5# 4 10
13 Fry (g) 600 451 114 354 481 456 4 576 261 749 280 135
14 production Group ranks 1 2 4 3 2 3 4 1 3 1 2 4
15 Total ranks 2 6 11 7 4 5 12 3 9 1 8 10
16 5GR TR 0.46 0.40 0.41 0.50 0.49 0.40 0.50 0.48 0.5.0
17 (%·d.y·') 05 0.25 0.16 0.52 0.36 0.45 0.54 0.56 0.51 0.71
18 TR+05 0.36 0.16 0.40 0.47 0.43 0.45 0.49 0.47 0.53 0.51 0.48 0.61
19 Total ranks 11 12 10 6.5# 9 8 4 6.5# 2 3 5 1
20 Net yield TR+05 1.516 1.032 678 960 1,426 1,444 658 1.136 1.250 2.122 1.194 980
21 (kg' h.·" 134 d) Total ranks 2 8 II 10 4 3 12 7 5 1 6 9
22 FCR TR+05 3.6 5.3 8.0 5.7 3.9 3.9 8.5 4.9 4.5 2.6 4.7 5.7
Z3 Group ranks 1 2 4 3 2 1 4 3 2 1 3 4
24 Total ranks 2 8 11 9.5# 3.5# 3.5# 12 7 5 1 6 9.5#
25 Sum of group ranks (ER,) 35 51.5 57.5 54 30 32 44 47.5 24.5 16.5 34 41.5

26 Overall ranks <R,) 6 10 12 11 3 4 8 9 2 1 5 7



Table 6. Overall mean water quality parameters in 5_m-3 tanks for 134 days. Two-way significance levels are indicated with stars ("<5%. ""< 1% and ***<0.1 %). Figures in parentheses are
ranges of the means. TR "" Ti/apia renda/Ii; OS "" Oreochromis shiranus. NS "" no significance.

Treatments: (Feeds and species combination ratios. TR:OS)

Water Cabbage leaves Pumpkin leaves MaIze bran
quality Significance

parameter 25,75 0,100 100,0 75,25 25,75 0,100 100,0 75,25 25,75 0,100 100,0 75,25 level

pH (unit) 8 8.2 8.5 8.3 9.1 8.9 9.2 9.3 8.2 8.1 8.2 8.4 Inputs·
(7.1-9.8) (7.3-9.7) (7.3-9.3) (7.5-9.5) (7.8-10.2) (8.5-9.6) (7.8-9.9) (7.8-9.8) (6.0-9.6) (7.3-9.5) (7.5-9.3) (7.6-9.9)

Dissolved
oxygen 3.9 4.1 4.4 3.6 6.1 4.3 6.2 6.5 2.6 2.9 2.6 3.1 Inputs···
(mgl') (1.3-9.0) (1.3-8.8) (1.6-9.3) (1.3-8.7) (4.0-9.9) (1.5-9.1) (1.9-10.9) (2.6-9.5) (1.0-9.1 ) (1.3-8.8) (0.9-9.3) (1.1-9.3)

Chlorophyll a 15.6 9.7 8.0 9.7 15.5 20.1 17.4 17.7 10.7 5.9 6.2 5.7 Ratios···
(mgl·') (5.8-29.0) (4.1-26.0) (0.8-20.0) (0.8-15.5) (3.4-39.2) ( 1.0-45.4) (2.0-43.8) (5.6-32.0) (2.2-19.1) (1.8-1 1.0) (2.1-9.1) (0.9-12.9)

Secchi disk
visibility 55.0 59.6 60.5 59.6 53.9 37.4 53.1 49.0 62.1 70.0 68.9 68.0 Inputs"
(em) (31-~100) (29-~ I 00) (28-~100) (26->100) (24->100) (14->100) (25-> 100) (26-> 100) (29->100) (35-> 100) (38->100) (35-> 100)

Total
alkalinity 75.2 69.5 63.9 69.1 57.4 68.6 60.7 61.3 84.3 83.8 82.3 80.7 Inputs···
(mg· I·') (28-120) (28-113) (30-90) (31-105) (28-88) (28-99) (29-89) (29-84) (31-130) (33-126) (26-124) (29-84)

Ammonia 0.55 0.504 0.503 0.756 0.528 0.783 0.544 0.622 0.53 0.431 0.552 0.569 NS
(mg I·') (0.29-0.83) (0.09-0.9) (0.07-0.87) (0.07-1.48) (0.07-1.1) (0.07-1.4) (0.08-0.93) (0.071.2) (0.06-0.86) (0.07-0.67) (0.08-0.95) (0.06-1.1)

Total
phosphorus 2.592 2.308 2.242 2.175 2.092 4.591 2.075 2.508 1.9 2.2 2.025 2.175 NS
(mg I') (0.9-5.4) (0.8-2.8) (0.9-3.3) (0.9-4.4) ( 1.2-2.8) (0.9-9.6) (0.8-4.3) (0.8-5.1) (1.0-2.3) (0.8-4.8) (0.9-5.7) (0.8-3.7)

Conductivity 154.2 141.5 139.8 145.5 127.8 148.3 133.5 133.6 173.3 161.3 175.8 162.1 Inputs'"
(~lmhocm·l) (63-229) (59-225) (58-217) (64-2.19) (57-149) (63-188) (67-174) (63-157) (63-2.51) (63-188) (56-245) (62.-220)

00
\0
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Table 7. Overall mean and rank orders for water quality parameters. pH values of 6.0-8.0 were assigned a rank of 1; every 0.1 pH unit <6 or >8 were assigned a rank of 2, etc. -Treatments that obtained equal scores thereby tied for ranks. hence
given the average of the tied ranks (Friedman 1937): Group 1 treatments tied for rank 3; Group Z treatments tied for ranks 11 and 12, hence given 11.5; Group 3 treatments tied for ranks 7 and 8, hence given 7.5; Group 4 treatments tied for
ranks 6 and 7, hence given 6.5; Group 7 treatments tied for ranks 7 and 8, hence given 7.5; (:E~) Is the sum of Groups 2. 3, 4, 5, 6, 7 and 8 (Group 1 Is excluded); Kendall's coefficient of concordance. with ties (W) is 0.065 (Kendall 1962; Zar
1984); We. is not significant at > 0.05 because x2, = M(n-1 lW = 5.72 < :x 2 0.05. 11 = 19.675 where x2

, is Friedman:x2 (Friedman 1937); M = number of groups (8); n = number of entities ranked (12); and 0)) is the rank for CE~)S.

Treatment
Sum of

Species Type Chlorophyll a Alkalinity Ammonia Orthophosphate Conductivity group Overall
ratios of pH DO (mgl·') (mg. I·' J SDV (em) (mg.I·' ) (mg· I·' J (mg. I·') (mg.'·' J ranks ranks
TR,OS feed Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 (ER,J (I)

25,75 Cabbage 8.0 1 3.9 7 15.6 4 55.0 5 75.2 5 0.550 7 2.592 2 154.2 5 36 1
00100 Cabbage 8.2 3" 4.1 6 9.7 7.5' 59.6 6.5' 69.5 6 0.504 3 2.308 4 141.5 8 44 3
100,0 Cabbage 8.5 6 4.4 4 8.0 9 60.5 8 63.9 9 0.503 2 2.242 5 139.8 9 52 7
75,25 Cabbage 8.3 4 3.6 8 9.7 7.5' 59.6 6.5' 69.1 7 0.756 11 2.175 7.5' 145.5 7 58.5 11.5'
25,75 Pumpkin 9.1 8 6.1 3 15.5 5 53.9 4 57.4 12 0.528 4 2.092 9 127.8 12 57 9
00100 Pumpkin 8.9 7 4.3 5 20.1 1 37.4 1 68.6 8 0.783 12 4.591 1 148.3 6 41 2
100,0 Pumpkin 9.2 9 6.2 2 17.4 3 53.1 3 60.7 11 0.544 6 2.075 10 133.5 11 55 8
75,25 Pumpkin 9.3 10 6.5 1 17.7 2 49 2 61.3 10 0.622 10 2.508 3 133.6 10 48 4.5'
25,75 Madeya 8.2 3' 2.6 11.5' 10.7 6 62.1 9 84.3 1 0.530 5 1.900 12 173.3 2 49.5 6
0,100 Madeya 8.1 2 2.9 10 5.9 11 70.0 12 83.8 2 0.431 1 2.200 6 161.3 4 48 4.5'
100,0 Madeya 8.2 3' 2.6 11.5' 6.2 10 68.9 11 82.3 3 0.552 8 2.025 11 175.8 1 58.5 11.5'
75,25 Madeya 8.4 5 3.1 9 5.7 12 68 10 80.7 4 0.569 7 2.175 7.5' 162.1 3 57.5 10



their fertilizing effect from high total
phosphorus (0.09%) and crude protein
(5.4%) (Table 3).

When treatment parameters were
subjected to parametric analyses, most
of the results were inconclusive. ANOVA
showed no significant difference among
treatments. However, ranking order tests
demonstrated significant effects on fish
yield parameters. Kendall (1962) sug
gested that the best estimate of the true
ranking of N treatments is given, when
We is significant, by the order of the
sums of ranks, I:R

j
• Using this, the best

fish growth here was achieved with maize
bran and 100% as, and with maize bran
and 25:75 TR:OS. These treatments gave
the lowest I:R

j
values of 16.5 and 24.5,

respectively. followed by that for 25:75
TR:OS with pumpkin leaves (I:R

j
=30). A

ranking order test also showed that
pumpkin leaves had the most influence
on water quality.

Overall, the best weight gains were
obtained in TR monoculture, and the best
weight gains in monocultures of both
TR and as were achieved with pump
kin leaves. This suggests that there is
little synergism in TR:OS polycultures.
However, to achieve an optimal com
promise between weight gain and sur
vival, a 25:75 TR:OS polyculture might
be the best combination. For resource
poor farmers, pumpkin leaves may form
a good substitute for maize bran. Be
cause fry production was higher for
vegetable treatments, feeding of such
vegetable waste may help alleviate
fingerling shortages among fish farm
ers. Further research is needed to test
whether these indications from tank
experiments hold true in farm ponds.
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Abstract

The effects of varying protein-energy levels were studied on males of Sarotherodon melanotheron
(7.5 g) kept in aquaria with the following results:

- the feed-energy level significantly affected food consumption while crude protein levels did
not;

- the highest weight gains. feed conversion ratios and protein efficiency ratios were reported
from individuals fed with a compound feed containing 30% crude proteins contributing about
1.700 kJ'l 00 g of feed". The optimum protein-energy ratio for this species was found to be 17 mg
protein·kf'. Increased or decreased values resulted in poorer growth performances; and

- body fat levels are directly related to diet lipid levels and are inversely related to protein
levels.

Introduction

Sarotherodon melanotheron is a
species of lagoon til apia much
appreciated by Ivorian consumers. Its
potential for aquaculture has already
been reported (Pillay 1965; Pauly 1976;
Silvalingam 1979; Legendre 1983;
Albaret 1987; Legendre et al. 1989).
Several studies were conducted by the
Abidjan Oceanographic Research Center
(CRO) to develop the aquaculture of this
species in Ivorian lagoon environments.
Preliminary results (Legendre 1983,
1986; Cisse 1986) showed high
variability in feed conversion ratios
depending on the compound feed used
and the culture system. This study
investigated different dietary protein
energy ratios and their effects on the
food consumption, growth and body
composition of the fish.

Materials and Methods

A 45-day experiment was conducted
at the Layo Station (Cote d'ivoire) in a
series of rectangular 175-1 aquaria with
recirculated water using an EHEIM 2013
biofilter. Water was recirculated at a rate
of 5-6 I· min-'. Physicochemical para
meters were measured giving the
following values: water temperature
(28± 1°C); oxygen concentration (5.5
6.3 mg'l-'); pH (6.2-7.5); and N-ammonia
and nitrite concentrations maintained
below 0.008 and 0.15 mg'I- I , respec
tively.

The experiment followed a 3x2
factorial model with feeding treatments
containing three crude energy levels
(1 ,600x 1,700 k1' 100 g of feed-I) for two
levels of crude proteins (20 and 30%).
The actual protein levels for each
treatment after chemical analysis are
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presented in Table 1. The energy levels
in all treatments were estimated using
the following coefficients: 5.5 Kcal'day,1
for proteins, 9.1 Kcal'day,l for lipids and
4.1 Kca!'day,1 for carbohydrates (Jauncey
and Ross 1982). Energy sources and
proteins were essentially of the same
quality in all treatments. Ground-nut oil
levels varied while cod liver oil was kept
at constant levels to reduce changing
palatability among treatments. The feed
was mixed, moisturized (20% water) and
extruded through the 1-mm orifices of
an Alexanderwerk AGM-8876 micro
pelleter. The moist pelleted feed was
steam-dried at 50 0 e to achieve a

moisture content ~ 10% before placing
it in airtight plastic bags and stored in
an air-conditioned room at 20-22°e until
utilization.

The fish used in this experiment were
young male S. meJanotheron (mean
individual weight: 7.5 g) from two pairs
of siblings. Fish previously receiving a
feed containing 45% proteins were
starved for two days before the begin
ning of the experiment. Six replicated,
experimental groups were set up with
30 individuals per aquarium. Each batch
was given a test feed distributed manu
ally twice daily, six days a week. The
daily feeding rate was determined at

Table 1. Composition of the experimental feed (% of dry matter).

Groups, feed (% DM)
Composition

Local fish meal'
Soy cake
Groundnut oil
Cod liver oil

Maize meal

Wheat bran

Binder (cassava

meal residues)
Vitamin mix b

Vitamin C
Mineralsc

Ash
Crude fiber
Crude proteins (Nx6.25)
Fat
Nitrogen-free extract

Crude energy (k)'1 00 g.l)

mg protein' kj"'

A

22.22
16.71
3.40
3.00

10.80

38.37

3.00

1.50
0.50
0.50

10.81
8.11

21.50
8.11

51.47

1.61
13.3

B C D E F

22.22 22.22 38.89 38.89 38.89
16.71 16.71 19.00 19.00 19.00
7.10 10.90 0.00 3.80 7.50
3.00 3.00 3.00 3.00 3.00

15.00 22.90 7.20 13.80 24.25

30.47 18.77 26.41 16.61 1.86

3.00 3.00 3.00 3.00 3.00

1.50 1.50 1.50 1.50 1.50
0.50 0.50 0.50 0.50 0.50
0.50 0.50 0.50 0.50 0.50

Analysisd (% DM)

11.50 12.90 13.31 13.52 15.15
7.02 6.32 6.32 4.83 4.33

22.00 20.98 31.07 30.75 30.45
10.10 12.40 5.02 6.80 7.50
49.38 47.40 44.28 44.10 42.57

Values

1.74 1.84 1.62 1.72 1.76
12.7 11.4 19.2 17.9 17.3

'Tuna residues from local canning industries.
bmg ·kg,l of feed - Vito E: 25.000; Vito B 1: 5.000; Vit. B2: 6,000; Vito B6: 5.000;
Vito PP: 40,000; Vito B 12: 4; AP: 16.000; Vit. K: 5,000; Folic acid: 1.000; and

Choline chloride: 250.
cmg'kg,1 of feed - Cobalt: 25; Iron: 22.000; Iodine: 2.500; Manganese: 13.500;
Copper: 1,500; Zinc: 7.500; and Selenium: 45.
dAnalyses done at the Central Laboratory for Animal Nutrition (LACENA).



10% of the total fish biomass. The feed
left unconsumed was recovered by si
phoning after each feeding. Daily mean
consumption was determined by sub
tracting the dry weight of the excess
feed from the quantity of feed distrib
uted. The feeding rate was adjusted each
week according to the fish biomass found
in each aquarium.

The feed conversion ratios (FCR), de
fined as the ingested dry feed/wet weight
gain ratio, were estimated. The protein
efficiency coefficient (PER = wet weight
gain/ingested proteins) and the energy
efficiency (wet weight gain/ 100 Kcal in
gested) were estimated based on ini
tial and final mean weights: ANOYA and
Duncan's Multiple Range Test (t 955)
were used for the interpretation of the
results.

Results

Food Consumption

In S. melanotheron, food consump
tion was significantly affected (P<0.05)
by feed energy level. In effect, food in
take decreased as the calorific content
of the feed increased. A change in protein
content from 20 to 30% did not have
any significant effect (P>0.05) on the
quantity of feed consumed (Table 2).

Weight Gain, FCR and PER

Results are summarized in Table 3.
At the end of the experiment, all batches
fed with a 20% crude protein diet clearly
showed poorer growth performance
compared to batches fed with a 30%
protein diet, irrespective of the feed
energy level.

FCR were generally high, especially
in batches fed with a 20% protein diet.
The PER also varied. Batch E gave the
best results but, in contrast to FCR, there
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Tal31e 2. Mean food consumption for Sarothero
don melanotheron over 45 days of experimenta
tion'.

Daily consumption' 100 g of fish-'
Batch

Dry feed Crude Protein
ingested (g) energy (k)) (g)

A 5.85 a 94.4 b 1.25 bc
B 5.01 b 86.9 d 1.10 cd
C 4.78 c 87.9 d 1.00 d
D 5.98 a 96.6 a 1.85 a
E 5.34 b 91.9 c 1.64 a b
F 4.99 c 87.6 d 1.51 b

'Values with the same letters are not statisti
cally different (1'>0.05).

was no clear difference between batches
fed with a relatively high protein diet.
In this experiment, individuals fed with
a 30% crude protein diet contributing
about 1,700 k1' 100 g of feed· 1 showed
the best performance. Under our experi
mental conditions, 17 mg protein' k1'1
was found to be the optimum protein/
energy ratio for S. melanotheron. In
creased or decreased values resulted
in poorer growth performance.

Body Composition
of the Experimental Fish

After 45 days of experiment, the over
all body composition of the fish was
clearly affected by feed quality,
particularly in body fat and water content
which varied in opposite directions (Table
4). For proteins, the highest level (t 6.3%)
was found in fish fed with a 30% pro
tein diet and the lowest (t 4.8%) in fish
fed with a 20% protein diet.

Discussion

These results show that low protein
diet was less efficient. Although fish were
fed twice a day, they seemed to be fed
to satiation considering the quantities
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Table 3. Effect of the different feeds on the growth perfomance of
Sarotherodon melanotheron after 45 days of experimenticn".

Weight gain (%)
Batch FCR PER

Weight Protein Energy

A 355 d 225 cd 240 d 3.89 c 1.19 c
B 339 cd 244 c 278 d 3.18 b 1.42 b
C 198 e 189 d 363 bc 5.25 d 0.91 c
D 470 b 374 a 310 cd 1.80 a 1.79 a
E 535 a 411 a 414 a b 1.54 a 2.11 a
F 380 c 312 b 467 a 2.22 a 1.48 b

"Values with the same letters are not statistically different (P>0.05).

Table 4. Body composition of Sarotherodon
melanotheron after 45 days of experimention".

Body composition (% wet weight)
Batch

Water Crude Crude
proteins lipids

A 75.10 a 15.60 a b 8.40 b
B 74.25 c 15.15 a b 10.30 a
C 73.95 d 14.80 b 10.85 a
D 74.47 bc 16.12 a 7.87 c
E 74.72 b 16.30 a 8.65 b
F 73.55 cd 16.10 a 10.40 a

"Values with the same letters are not statisti
cally different (P>0.05).

of feed freely consumed (Table 2).
However, the quantities ingested varied
from batches to batches. The differences
observed are most probably due to the
effects of the protein-energy ratio than
the lipid-carbohydrate ratio in the feed.
Our results support those of Shell (1969),
Winfree and Stickney (1981) and Jauncey
( 1982) on Oreochromi$ mossambicus,
O. aureus and O. niloticus, respectively,
in that tilapia regulate their food
consumption according to energy intake
not protein intake.

As Alliot et al. (1979) indicated, the
daily quantities of proteins ingested
under our experimental conditions may
be insufficient to respond to growth
requirements, and this may be accen-

tuated by the high levels of carbohy
drates in the feed. Palmer and Ryman
(1972) have shown that hyperglycemia
in trouts caused a fall in the serum free
amino acids, producing changes in
nutrient absorption. Our results also
confirm the observations made by these
authors on the importance of lipids as
a source of energy in fish.

From the viewpoint of body compo
sition, the feed energy levels did not
seem to have any effect on the accu
mulation of fat. In fact, body composi
tion seems to be directly related to the
crude lipid levels in the feed. In effect,
batches Band C were found to store
more fat than batches D and E. In general,
batches fed with a low protein diet



showed the highest crude lipid levels,
which can only be explained by an
important imbalance in the feed.

This study has certainly not assessed
all the nutritional requirements that must
be considered to improve the growth
performance of S. melanotheron but it
has shown some important factors that
must be taken into consideration when
developing experiments in which the
effects of natural productivity are added
to those of the feeds that are given.
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Abstract

The effect of cottonseed cake as a supplementary feed was tested in tilapia-catfish polyculture ponds,
which received dry cattle manure as a basic treatment. Cottonseed cake is relatively expensive while old,
dry cattle manure is freely available from the corrals left by pastoralists. Three treatments were tested in six
earthen ponds of 525 m Z each: (A) daily application of dry cattle manure at 266 kg-ha'1.day"; (B) daily
manure + cottonseed cake at a nominal daily rate of 3% of tilapia biomass; and (C) daily manure + cottonseed
cake at 6% of tilapia biomass. Stocking rates per pond were 250 male Nile tilapia, Oreochromis nifoticus
(mean weight 222 g); 150 female tilapia (202 g); 30 "large" North African catfish, C1arias gariepinus (198
g); and 30 "small" catfish (52 g). Feed was given six days per weel<, and the culture period was 100 days.
Feeding rates were adjusted monthly. Average extrapolated annual pond production including recruits
was: (A) -0.4 t-ha'1.year ' ; (B) 4.9 t·ha'1.year ' ; and (C) 6.5 t-ha'1.year". Best growth was observed in Treatment
C (male tilapia: 0.9 g'day" and large catfish: 6.9 g-day"), but production and growth in Treatments Band C
were not different (P>0.05). The mean production of tilapia fingerlings in Treatments B (1,539 kg·ha'1.year'
') and C (1,829 kg·ha'1.year") were not significantly higher than in Treatment A (468 kg-ha'1.year"), where
catfish predation was probably more intense (P>O.1 0).

Introduction

In northern Cameroon, the two most
important by-products available in large
quantities as fishpond inputs are brewery
waste and cottonseed cake meal. Brewery
waste has been used successfully
(Middendorp t 995a) but it is bulky, wa
tery and acidic. The more expensive

aA more detailed account of this work has been pub
lished; see Middendorp 1995b.
·Present address: Oxbow Lakes Small Scale Fisher
men Project, P.O. Box 12, Jessore 7400, Bangladesh.

cottonseed cake is a dry product, which
stores well and is easy to handle. It is used
primarily as cattle feed during the dry sea
son. Jackson et aI. (1982) marked cottonseed
cake meal as a superior source ofplant protein
for tilapias, compared to copra cake, soybean
meal or groundnut cake.

An experiment was set up to evaluate
the utility of locally available inputs, nota
bly old, dry cattle manure, which is freely
available from the temporary corrals when
the pastoralists have left after the rainy
season, and to investigate cottonseed cake
as a supplementary feed. An attempt was
also made to control the reproduction of



Nile tilapia (Oreochromis ni/oticus) stocked
as postfingerlings, by polyculture with the
omnivorous African catfish (Clar/asgariepinus)
as a potential predator: the "police-fish
concept."

The experiment was conducted at the
Lagdo Fisheries Station, near Garoua, north
ern Cameroon. The station is located in
an irrigation scheme of about 1,200 ha
(1993). Water is received by gravity from
the Lagdo dam (700 km 2

), which filled
up completely in 1988. Rearing tilapia
postfingerlings to harvest weights of 300
to 350 g is necessary at the Lagdo Fish
eries Station, in order to obtain competitive
market prices. Wild tilapia (5arotherodon
ga/i/aeus) of this size are caught in huge
quantities from the Lagdo reservoir (es
timated annual catch 8,000 to 10,000 t,
70% of which is 5. ga/i/aeus), thereby
depressing the market price for smaller
(cultured) tilapia.

Materials and Methods

Facilities and Fish

Six 525-m2 earthen ponds were stocked
with Nile tilapia and catfish at the onset of
the rainy season of 1991. The pond bot
toms had been previously cleared of mud.
Stocking rates (average weights) per pond
were: 250 male tilapia (222 g), 150 female
tilapia (202 g), 30 "large" catfish (198 g)
and 30 "small" catfish (52 g). The overall
fish densities were: 7,619 tilapia-ha- 1 and
1,143 catfish' ha- 1 • All tilapia came from the
same batch of broodstock and had been
raised in three parallel ponds on the same
diet. The numbers of tilapia stocked were
limited by their availability. The catfish came
from two different batches (Middendorp
1993). The large catfish were stocked on
the same day as the tilapias, as 20% of the
number of female tilapias. Small catfish were
added after 40 days (also as 20%) in a sec-
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ondary attempt to control the apparent large
numbers of swim-up tilapia fry in all ponds.

Experimental Procedure and Feeding

Three treatments were tested in dupli
cate. Treatment A was a daily application
ofdry cattle manure (bucket of 20 I, weighing
about 14 kg), which corresponded to 266
kg'ha-1.day-l. Treatments Band C comprised
this same manure application plus cottonseed
cake meal at nominally 3% (B) and 6% (C)

of the tilapia biomass per day. Feeding was
done six days per week, in the afternoon.
The cottonseed cake meal was allowed to
moisten during the day with a little water.
The percentage composition of the com
mercial pre-pressed solvent-extracted
cottonseed meal, as used in this experi
ment, was assumed to be similar to that
reported by Jackson et al. (1982): mois
ture 8.2, protein 42.7, ether extract 1.0,
ash 8.2, fiber 12.6, N-free extract 27.3,
available lysine 92 and free gossypol 0.03.
Its phosphorous content was assumed to
about 1.36% of dry matter (G6hl 1975 in
Jauncey and Ross 1982).

Feeding began on 2 May 1991, after five
days of acclimatization. Samples of tilapia
were weighed and measured every five
weeks (sample size: 10%) and feeding rates
were adjusted accordingly. The last feed
ing was on 8 August 1991 and the ponds
were drained and harvested in the follow
ing days. Total experiment time, which was
calculated from the first to the last feeding
day, was 100 days for the male and female
tilapias and for the large catfish. However,
rearing time for the small catfish was only
55 days (assuming five days of nonfeeding
right after stocking).

Pond oxygen and turbidity (Secchi disk)
were measured in all ponds once every week
at 0800 hours. On the last day of the trial,
about 15 minutes after feeding, two tilapias
per pond were killed to examine gut con
tents.
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Data Analysis

Fish were batch-weighed and counted
at stocking and at harvest. Average initial
(W0) and final weight (W

t
) were calculated.

Growth was expressed as daily growth rate
(DGR: g·day·l) and as specific growth rate
(SGR: OfoBW·day·I), calculated as:

Fish production per pond was defined
as the total yield minus the total stocking
weight. Extrapolated pond production
(t·ha· 1

) was adjusted for the shorter rearing
period of the small catfish.

Two different feed conversion ratios (FCR)
were calculated: the total quantity of
cottonseed cake meal given to the pond,
divided (t) by the combined production
of the tilapia and catfish originally stocked,
but not including their fingerlings; and (Z)
by the total pond production of tilapia, catfish
and their fingerlings.

At harvest, ZO female and ZO male tilapias
from each pond were measured individu
ally to the nearest 0.5 cm (standard length,
SL) and weighed (W). Condition factor (CF)
was calculated as by Pitcher and Hart (t 98Z):

Means and coefficients of variation (CV)

were computed. Differences between means
were tested by Tukey's multiple range test
(P<0.05). The general model tested was:
Y=m+Trj•3+eji , with W o' W t , DGR, SGR, Pro-

duction, FCRand Ras variables (Tr=treatment
factor; and j=Z: number of pond replicates).
The sampling results at harvest were analyzed
as: Y=m+Tr,.3+Poj.z+ejik' with SL, W, and CF
as variables (Po=pond factor; j=Z: number
of pond replicates; and k=Z5: number of
fish sampled).

Results

Mean pond temperature varied from
Z8.0°C in the morning to 3 t . t °C in the af
ternoon. Secchi disk readings and oxygen
measurements are presented in Table t.
Overall mortality of stocked tilapia was less
than t%. Tilapia fingerlings were numer
ous. All catfish were recovered, plus a few
catfish fingerlings that were found in four
of the six ponds.

Total weights of fish at stocking and harvest
are shown in Table Z. Daily growth rates
(DGR) and specific growth rates (SGR) were
significantly different between Treatment
A and both Treatments Band C for all types
of fish. Growth rates were not different bet
ween Treatments Band C, except for DGRs
of the small catfish. Within treatments, growth
of male tilapia was not significantly bet
ter than growth of female tilapia (Fig. t).
Both small and large catfish grew signifi
cantly faster than the tilapias and the SGRs
of small catfish in Treatments Band C were

significantly higher than that of large cat
fish.

Mean fish production in kilogram per pond
and per type of fish is presented in Table
3. Extrapolated annual pond production,
including fingerling yield, was: Treatment

Table 1. Mean Secchi disk depths and dissolved oxygen at 0800 hours. Treatment means within the same
time period, and with different superscripts are significantly different (Tukey's test, P=0.05).

Treatment A B C
Secchi Oxygen Secchi Oxygen Secchi Oxygen

(em) (mg"") (em) (mg"") (em) (mg"")

May, June 21.1 13.4 19.6 11.3 21.8 10.9

July 19.4' 10.6 15.0· 6.4 15.0· 7.1
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Table 2. Production parameters (two replicates per treatment). Pond size: 525 m'.
Rearing time: 100 days. except for small catfish (55 days). Treatment means with different
superscripts are significantly different (Tukey's test, P~0.05). See text for details of
Treatments A. Band C.

Treatment A B C

Tilapia males (250 fish per pond)
Initial weight (g) 224.0 226.3 216.2
Harvest weight (g) 184.8' 284.1 304.4b

DGR (g' day") -O.4a 0.6b 0.9b

SGR (%BW'day") -0.2a 0.2b 0.3 b

Tilapia females (150 fish per pond)
Initial weight (g) 201.8 200.7 204.0
Harvest weight (g) 148.3a 214.7b 241.9b

DGR (g'day") -0.5a 0.1" 0.4b

SGR (%BW'day-') -O.3 a 0.1" 0.2b

Large catfish (30 fish per pond)
Initial weight (g) 195.0 200.0 198.3
Harvest weight (g) 328.3a 756.7b 887.8b

DGR (g'day") 1.3a 5.6b 6.9b

SGR (%BW'day-') O.5a 1.3b 1.5b

Small catfish (30 fish per pond)
Initial weight (g) 48.3 56.7 51.7
Harvest weight (g) 91.9a 308.3 b 393.3 b

DGR (g'day") 0.7a 2.5b 3.4b

SGR (%BW'day-') 0.9 1.7 2.0
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Fig. 1. Growth curves of tilapia (Oreochrom/s n/loticus) males and females stocked with catfish (Cfar/as
gariepinus) in 525-m' experimental ponds. The plotted points are means of fish from duplicate ponds for
each treatment: (A) dry manure only; (B) dry manure and cottonseed cake fed at 3% biomass per day; and
(C) dry manure and cottonseed cake fed at 6% biomass per day.
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Table 3. Mean fish production in kilogram per pond of 525 m 2 • Tma~stocked male tilapia, Oreochromis
niloticus; Tfm=stocked female tilapia; Clg=stocked large catfish, C1arias gariepinus; Csm~stocked small
catfish; Tf=tilapia fingerlings; and Cf=catfish fingerlings. CSC is the total amount of cottonseed cake fed per
pond. FCRI is calculated over the stocked fish production only; FCRZ is calculated over total pond produc-
tion. Means with different superscripts are significantly different (Tul<ey's test, P<0.05).

Treatment Tma· Tfm Cig Csm Tf Cf Stock' Total" CSC FCRl FCR2

A -11.1' -8.1 ' 4.0' 1.2' 6.7 0.1' -14.0' -7.2'
CV% -7.2 -5.3 24.7 35.4 3.0 58.2 -18.9 -33.4

B 14.2b 1.6b 16.7b 7.6b 22.1 0.5 b 40.0b 62.7b 245.5 6.4 4.0
CV% 59.0 66.1 14.4 15.9 4.9 102.2 32.5 23.3 4.4 28.4 19.1

C 23.1 b 4.8< 20.7 b 10.3 b 26.3 0.5 b 58.9b 85.7 b 499.2 8.5 6.0
CV% 4.6 5.2 11.0 6.2 73.1 141.4 1.4 22.6 1.7 3.1 24.3

'Combined production of the originally stocked tilapia and catfish, not including their fingerlings.
"Total pond production of tilapia and catfish plus their fingerlings.

(A) -0.4 t·ha·1.year-'; (B) 4.9 t'ha"'year";
and (C) 6.5 t·ha-1·year'. Average male tilapia
production represented an increase of 25%
(B) and 42% (C) of the total weight of male
tilapia at stocking, compared to an increase

of 278% (B) and 345% (C) of large catfish

stocking weight. Small catfish production

even increased by 447% (B) and 644% (C).
Average tilapia fingerling yields in Treat
ments B (1,539 kg·ha·1.year·') and C (1 ,829
kg·ha·1.year·l) were nearly four times the
average fingerling yield in Treatment A (468
kg'ha-"year-'), although the differences were
not significant due to high variation in Treat
ment C (p>0. 10). Mean feed conversion rate
of cottonseed cake meal calculated over
the total pond production was 4.0 (B) and
6.0 (C) (P>O.05).

Tilapia standard length (SL), tilapia weight
(W) and condition factors (CF) at harvest
were significantly different between Treat
ment A and Treatments Band C (Table 4).
The poor condition of female tilapia in Treat
ment A, which continued to reproduce while
losing weight, was visible to the naked eye.

Tilapias from all treatments had fully filled
intestines and stomachs at dissection. How
ever, in Treatment A the gut contents con
sisted of a greyish muddy substance com
pared to the dark green algal mass found

in Treatments Band C. Some cottonseed
cake meal was also found, but the quan
tity was insignificant compared to the in
gested algae.

Discussion

The rationale of manuring all fishponds
at a relatively high rate was to establish a
basic level ofpond productivity against which
the supplementary effect of cottonseed cake
could be compared. However, application
of old, dry cattle manure alone led to a
significant decrease in tilapia body weight.
Fish were observed browsing through the
manure, but apparently did not gain any
thing from it. The old cattle manure, al
though applied at a relatively high rate, did
not introduce sufficient nutrients into the
pond in order to even maintain the total
fish biomass. It was presumably poor in
nutrients because of leaching during the
rainy season.

Cottonseed cake is both high in nitro
gen and phosphorous, and supports dense
algal blooms via decomposition or via fish
feces. Fish fed vigorously when cottonseed
cake was applied. The moistened cake
leached small milky "clouds" in the water.
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Table 4. Standard length and weight of male and female tilapias (n=2.0), and the condition factor (W/SL3).
Means within treatments, with different superscripts, are significantly different (Tukey's test, P=O.OS).

Treatment

A
B
C

Females Males

Length Weight Condition Length Weight Condition
(SL; cm) (g) factor (SL; cm) (g) factor

17.7' 160.7' 0.02.9' 18.6" 198.2.b 0.031"
18.8' 2.13.1' 0.032.' 2. 1.1 b 2.98.6 b 0.032.'
19.6' 2.49.S' 0.033' 2. 1.3b 312..0 b 0.032. b

It took about five weeks for the algal blooms
to develop (even longer before differences
showed in Secchi disk readings), occurring
a little sooner in Treatment C. Once estab
lished, the bloom was maintained until the
end of the experiment.

However, concerning the utility of
cottonseed cake-induced algal blooms as
nutrient resource for Nile tilapia, it has been
pointed out that if the examined tilapia guts
were filled with green algae instead of blue
green algae, the tilapia would then have
derived very little nutritional benefit from
these (R.S.Y. Pullin, pers. comm.). The al
gae had not been examined, but the wa
ter was dark green, suggesting blue-green
dominance. Hence, most fish growths in
Treatments Band C were probably derived
from the cottonseed cake.

Considerably lower quantities of tilapia
fly were harvested from Treatment A probably
due to catfish predation, although possi
bly the reproductive output of the tilapia
was also lower in this treatment. Catfish
clearly grew much better in Treatments B
and C, where they had access to the sup
plemental cottonseed cake meal and where
they were therefore probably less piscivorous
and not effective in controlling tilapia re
cruitment.
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Abstract

The adaptation of fish to a new feed was monitored for the first week of experiment by measuring
variations in the apparent digestibility coefficient (ADC) of dry matter, nitrogen and organic matter. Three
series of experiments were conducted on nine different feeds and one reference feed. Each feed was distributed
to two batches of animals. Each batch comprised 15 fish (87±4 g) for the first experiment, and 20
fish (177±3 g) for the secohd and third experiments. Feces were collected every 12 hours (0800 and 1700)
before each distribution of feed. The influence of the day/night cycle on digestibility was measured by

comparing feces excreted by day with those excreted by night. ADC values obtained during the first day of
distribution were significantly lower than those obtained over the following days. There was no difference
between day and night in the ADCs of nitrogen and organic matter, except for the first meal. However, a
slight difference between day and night in the ADC of dry matter does persist beyond the second day. To
determine the ADC of a feed, the first collection of feces must occur at least 24 hours after the first distribution
of feed. If fish are fed several times per day, it is best to use the aggregate of feces excreted in each 24
hour period to estimate a practical value for the different ADCs.

The ADCs of dry matter, proteins (nitrogen) and organic matter were determined for several by-products
available in Cote d'ivoire: fish meal, maize meal, cassava meal, copra cake, soy cake and cotton cake.

Introduction

The use ofagricultural by-products in fish
feed requires a good knowledge of the quality
of these by-products. From a nutritional
viewpoint, the digestibility of the nutrients
in a by-product is an essential criterion. The
results of digestibility studies are therefore
an essential tool, not only for researchers
but also for manufacturers of fish feed.

Digestibility measurements rely on the
use of an indigestible marker in the feed.

'Current address: ORSTOM-GAMET, BP 5095
F-34033, Montpellier Cedex, France.

Digestibility studies have caused many
controversies over the type of marker used
(Bowen t 978; Lied et al. t 982; De Silva
and Perera t983; Tacon and Rodrigues t984)
or the choice of collection method for feces
(Smith and Lowell t 973; Austreng 1978;
Windell et al. t 978; Cho et al. t982; Cho
et al. t985; Yens Cappell t985; Spyridakis
et al. t 989). In contrast, relatively few studies
have focused on the time needed for the
fish to adapt to the test feed and on the
diurnal or infradiurnaI variations of
digestibility (De la Nolie et al. t 980; De
Silva et al. t 990).

The objective of this study was there
fore to define the adaptation time of
Oreochromis niloticus to a marl<ed feed,
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where

PI' PM: protein concentrations in the in
gredient and mix;

Dp Dp Dp : ADCs of the proteins forR' I' M

the reference feed, ingredient and mix; and

The fish were fed ad libitum twice a day
(0800 and 1700). Feces were collected every
12 hours (before each meal) for seven days,
beginning with the second distribution of
the test feeds. The samples obtained were
deep-frozen and freeze-dried for analysis.

The effects of the day/night cycle on meal
digestibility were measured by comparing
all feces excreted by day to all those ex
creted by night.

The following analytical techniques
were used for feeds and feces:

- dry matter: l05°C, 24 hours;
- ash: 550°C, 24 hours;
- crude proteins: Kjeldahl nitrogen

total (catalyst, CuS0
4

and K2S0
4
); and

- Cr203: oxidation as per Stevenson
and de Langen (l 960), then determina
tion by atomic absorption (Lied et al.
1982).

The ADCs of each component (dry mat
ter, organic matter or proteins) and dry matter
of the test by-products were calculated for
each feed using the formulae of Cho et al.
(1985). For the ADCs of proteins (or or
ganic matter) in the test ingredients, the
formula used was:

37.62
53.13

3
1
2
0.25
0.5
2
0.5

PercentagesIngredients

Fish meal (imported)
Maize
Cod liver oil
Mineral premix
Vitamins
Ca propionate
Binder (CMC)
Chromium oxide
Dicalcium phosphate

Materials and Methods

and to test the effects of the day/night cycle
on the digestibility of dry matter, organic
matter and proteins (nitrogen). This study
paves the way for the practical use of the
digestibility of different agricultural by
products available in COte d'lvoire.

Digestibility was measured by the ap
parent digestibility coefficient (ADC)
using the "by incorporation" method
(Cho et al. 1985). The value of this
method has been shown for a related
species, Oreochromis aureus (De Silva
et al. 1990). Feces were collected using a
decanter system similar to the "Guelph
system" (Cho et al. 1982).

Three series of experiments were con
ducted at the Centre de Recherches
Oceanologiques (Abidjan, Cote d'ivoire) on
lO feeds: a reference feed (Table l) and
nine feed mixes (reference feed 70%: test
by-products 30%). The ratio of reference
feed to test by-product was confirmed by
analyzing the reference feed marker, chro
mium oxide, in the mix. The overall com
position of the different by-products tested
is given in Table 2. The by-products were:

- three fish meals: one imported (Chile
type) and two different samples of a
meal manufactured locally from the
residues of tuna canning industries;

- three cakes: soy, cotton and copra; and
- maize and cassava meals.
Each feed was distributed to two batches

offish selected randomly. The reference feed
was tested during each experiment. Each
batch comprised t 5 fish (87±4 g) for the
first experiment, and 20 fish (l 77±3 g) for
the second and third experiments. In the
laboratory, the fish were placed in 1 10-1
cylindroconical tanks with a recirculated water
system and were maintained naturally at a
temperature of 28 to 30°C. The photoperiod
remained natural, with 12 hours of day and
12 hours of night.
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Table 2. Overall composition (% of dry matter) of the different by-pr'Jducts tested. Local 1 and
Local 2 are two different samples of fish meals manufactured locally from the residues of tuna
canning industries.

Crude Fat Ash Raw NEA
proteins fi bers

Fish meals
Import 62.3 8.5 16.7 12.6
Local 1 62.9 3.7 24.3 9.1
Local 2 56.5 5.7 29.8 8.1

Cakes
Soy 50.5 1.5 7.4 6.7 33.9
Cotton 43.9 0.7 7.8 15.8 31.8
Copra 23.8 2.0 6.9 19.3 48.0

Miscellaneous
Maize meal 12.2 4.0 4.0 2.3 77.5
Cassava meal 3.0 0.2 0.2 7.9 88.7

a: percentage of the ingredient in the
mix.

The statistical analysis of the results was
done through an analysis of variance and
the Duncan multiple range test (SAS 1988).
The significance level used was 0.05.

Results and Discussion

For the reference feed, an apparent in
crease in ADCs was observed for dry mat
ter, organic matter or proteins when meas
ured from feces collected during the first
24 hours (Fig. 1). Beyond that, ADC val
ues stabilized and did not show any clear
difference between day-collected and night
collected feces.

The analysis of variance conducted on
all values obtained for each feed did not
show a day/night effect on the digestibil
ity of dry matter, organic matter or pro
teins that was independent of the day of
feces collection (Table 3). The multiple range
test on the different ADCs calculated from
samples of each batch indicated that only
results from the first collection (the first 12
hours) were different for organic matter or

proteins (Fig. 2). Beyond that, even though
differences persisted for dry matter, no clear
tendency was identifiable.

The time of adaptation of the fish to the
new feed was therefore limited to the 12
hours following the first distribution. This
adaptation time is substantially shorter than
for the trout Oncorhynchus mykiss
(Possompes 1973; De la Noue et al. 1980).
It is, however, in line with the differences
observed between gastric evacuations, 36
hours for trout (Windell and Norris 1969)
and eight hours for 0. niloticus (Ross and
Jauncey 1981). Beyond that, no clear trend
appears in the digestibility variations linked
to the day/night cycle. This supports the
results obtained for 0. aureus (De Silva et
al. 1990).

Using the mean values obtained for the
different feeds, the ADCs of dry matter,
organic matter and proteins were calculated
for the test by-products available in Cote
d'lvoire (Table 4). Several measurements
were made on the same fish meal samples.
Results showed consistency between meas
urements of ADCs for dry matter and pro
teins at weekly intervals (experiments a and
b) and measurements at five-month intervals
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Fig. 1. Changes in the apparent digestibility coefficients (ADCs) of dry matter,
organic matter and proteins for Oreochromis niloticus with the number of
days for fecal collection, following the first distribution of reference feed (day
0, night .).
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Table 3. Analysis of variance for the different apparent digestibility coefficients (ADCs): all feeds and all
observations aggregated.

Source of variation df Sum of Mean F rrob (f>F)
squares square

Dry matter
Day 7 852.38 121.77 18.1 0.0001
Hour 1 274.75 274.75 40.84 0.0001
Interaction Day X Hour 7 359.59 51.37 7.64 0.0001
Diet nested with trial 12 3,780.7 315.06 46.84 0.0001
Error 302 2,031.5 6.73

Organic matter
Day 6 235.05 39.18 7.42 0.0001
Hour 1 28.98 28.98 5.49 0.0201
Interaction Day X Hour 6 96.02 16 3.03 0.0073
Diet nested with trial 9 3,521.09 391.23 74.09 0.0001
Error 212 1,119.52 5.28

Proteins
Day 7 91.58 13.08 4.97 0.0001
Hour 1 13.41 13.41 5.1 0.0247
Interaction Day X Hour 7 69.49 9.93 3.78 0.0006
Diet nested with trial 12 765.49 63.79 24.26 0.0001
Error 302 794.17 2.63

lime (days)
Hour Dayl Night

Dry matter

Organic matter

1 2 3 4 5 6 7 a
1<1,!l];l1 , , , ,

, , , , b , ,, b b , , b, , , , , c , ,, d d , d d d
e

Crude protein

Fig. 2. Duncan multiple range test (a = 5%) for the different apparent digestibility
coefficients (ADCs). Each sampling (at a particular day and at a particular hour) is associated
with a group of letters. The groups of values that are not significantly different are
represented by identical letters.



(experiment c). Low AOC values for the "Local
2" meal resulted essentially from the par
ticularly high ash content of this sample.

The high ADC values for organic matter
in the fish meals can be linked to an in
crease in the digestibility of the organic matter
of the reference feed in the mix. The or
ganic matter of maize and cassava meals,
two compounds very rich in starch, is well
digested (ADC>75%). The cassava meals
is pre-cooked during manufacture. This proc
ess increases the digestibility of starch (Bergot
and Breque 1983) and could be the cause
of the high value of the apparent digest
ibility coefficient. However, in this case, the
maize did not undergo any particular
pretreatment. The ADC of organic matter
for maize in 0. niloticus is higher than in
trout or carp (Steffens 1989) and is similar
to the ADC of the energy obtained with
the same species by Hanley (1987) or for
the channel catfish, /ctalurus punctatus
(Wilson and Poe 1985).
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Conclusion

Tilapias adapt to a new feed rapidly. Twelve
hours after the first meal, the feces collected
reflect the new diet. The absence of day/
night variations implies that feces can be
collected less frequently. It is, however,
essential to collect all feces every 24 hours
to avoid excessive variability in the results,
especially for dry matter.

The tilapia seems to utilize the starch in
feeds like maize or cassava meals. This should
be confirmed by a study of its aptitude for
using such nonprotein sources of energy.
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Abstract

Two approaches are presented for the estimation of food consumption in wild and farmed tilapias. The
first which relies on diurnal changes in stomach contents is illustrated with three examples pertaining to
Nile tilapia, Oreochromis niloticus. The second is a multiple regression model which allows estimation of
daily ration (R

d
) in tilapia (genera Oreochromis, Sarotherodon and Tilapia). The model was derived from

empirical estimates of R
d

in 55 populations of marine and freshwater fishes from temperate and tropical
habitats, including 16 populations of (mainly) African tilapias. This model allows estimation of R

d
for different

food types in natural and captive tilapias, and should be particularly useful for parametrization of pond
dynamics models. The mathematical and conceptual relationships between these two approaches are discussed.

biologists and ecologists to establish trophic
links between an investigated population
and its prey and predators, such investi
gations often culminating in ecosystem
models (see, e.g., Palomares et al. 1993).

The approach most commonly used to
deal with food consumption in aquaculture
research is to report "food conversion ra
tios" (FCR), where:

Introduction

Estimation of food consumption, or more
precisely of "daily" ration (R) is even more
useful when applied to farmed fish than to
wild fish. In aquaculture, estimates of ra
tion can be used to devise appropriate feed
ing schedules, and to integrate fish into
pond dynamics models. Ration estimates
for wild fish populations enable fisheries

FCR =
food provided during an experiment

growth during that same experiment

•••1)

alCLARM Contribution No. 776.
bPresent address: International Center for Living Aquatic
Resources Management, MCPO Box 2631, 0718
Makati. Metro Manila. Philippines.
<Another contact address: Fisheries Centre, Univer
sity of British Columbia, 2204 Main Mall, Vancou
ver, B.C. Canada V6T 1Z4; e-mail: Pauly@fisheries.com.

Although perhaps appropriate for farm
ers, FCR estimates are not optimal in the
context of research, for two major reasons:
usually not all the food provided is con
sumed by the experimental fish; and the
denominator and numerator of equation (t )
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are usually not based on the same units,
Le., "growth" is usually expressed as wet
weight (Le., the difference between the
weight of fish harvested and those stocked),
whereas "food" is commonly expressed as
dry weight, thus often leading to FCR val
ues <1.

Hopkins (199Z) proposed the routine use
of the von Bertalanffy growth function (VBGF)
in aquaculture, instead of the absolute or
per cent growth rates commonly used. Simi
larly, we propose here that aquaculturists
use daily ration (R) instead of or at least
in addition to equation (1) to report the
results of feeding experiments. One rea
son for this is that those two concepts (the
VBGF and R ) are closely linked, and hence

d

allow for a consistent mathematical treat-
ment of one's result, and comparisons with
studies on the trophic dynamics ofwild fish
populations.

The VBGF takes for length the form:

(It will be noted that K
1
= 1/FCR when the

latter is based on food actually ingested,
expressed in the same units as growth rate).

The link between K1-and hence ration
and the VBGF is given by:

where Wand Ware as defined above and
t '"

B is a parameter whose value is obtained
from equations (5) and (6) and one or sev
eral estimates of R

d
, pertaining to given values

ofW and W (Pauly 1986; Silvert and Pauly
t '"

1987).
We present below two methods for es

timation of R
d

, of which the second relied
extensively on the application of equations
(1) to (6) to various published datasets (Table
1).

Method I: Estimation of Dally
Ration from Changes
In Stomach Contents

•••6)

•••5)

K = 1-(W/W )6
l(t) '"

...2)
L

t
=L

oo
(l- e -K(t-to))

dw/dt = 3KW/(WJW
t
)1/b_1) •••4)

The relationship between food consump
tion (R ) and growth rate is then captured
through the food conversion efficiency K1
of Ivlev (1945) defined by:

where It' W t are the length and respective
weight at age t; K is a growth constant; to
the arbitrary and usually negative "age" at
which size is zero; and b is the exponent
of a length-weight relationship of the form
W = alb. Numerous well-established methods
exist for estimating these parameters from
various input data (Gulland 1983; Pauly
1984). Given the VBGF, growth rate (dw/
dt, Le., as g'day-l) can be expressed as the
first derivative of equation (3) in terms of
weight, Le.,

In herbivores with well-established feeding
rhythms, stomach contents rapidly increase
during the feeding period. then decrease
when feeding stops. Thus, changes in the
fullness of stomach contents sampled over
a Z4-hour cycle can be used to infer feed
ing rate and feeding periods, and hence
ration. However, such analyses must take
account of the effect of evacuation during
the feeding period, which invalidates lin
ear models such as applied to tilapias by
Moriarty and Moriarty (1973) or Getachew
(1987). Sainsbury (1986) developed a par
simonious model to describe such dynamics
and this was implemented as a computer
program called MAXIMS byJarre et al. (1990.
1991). In its simplest form (one feeding
period per day, feeding rate independent
of stomach contents), the model used to
represent the nonfeeding period is:

and for weight

Wt = w",(1_e-K(t- to1t
•••3)

dS/dt = -E'S •••7)



Table 1. Estimates of ration (R
d

,) and related statistics of 55 species/populations of freshwater and bracklshwater fishes (adapted from Palomares 1991).

W, T A h P R,
No. Family Species Location (g) (oC) (day·l) Remarks

Clupeldae A/osa Lake Michigan. USA 40 20.0 2.32 0 0 1.39 R
d

back-calculated from K
1

; K
1

from bioenergetic
pseudoharengus model of Stewart and Binkowski (1986)

Z Salmonidae Oncorhynchus Lake Ontario, Canada 1.000 13.0 2.40 0 0 Z4.20 R
d

back-calculated from K
1

; K
1

from growth and
kisutch feeding experiments of Niimi (1981)

3 Salmonldae Oncorhynchus Oregon, USA 90 13.0 2.40 0 0 1.50 R
d

from MAXIMS using 24-hour cycle from
kisutch Brodeur and Pearcy (1987)

4 5almonldae Sa/mo trutta Brandstrup Brook. 39 15.5 2.21 0 0 0.62 R
d

back-calculated from K
1

; K, from estimates
Norway of populatIon consumption and production by

~
Rasmussen (1986)

5 Salmonldae Sa/mo trutta Dartmoor Stream, UK 51 9.0 2.21 0 0 0.93 R
d

from MAXIMS using 24-hour cycle from

~ Chaston (1969)

""'4 6 Salmonidae Salmo trutta France 20 16.0 Z.21 0 0 2.40 R
d

from MAXIMS using 24-hour cycle from Neveu

h (1980) in experimental canals

§
7 Esocidae Esox lucius UK 100 15.0 1.50 0 0 1.34 R

d
back-calculated from K,; K, from tank growth

and feeding experiments by Hart and Connellan

;:: (1984)

h 8 Esocidae Esox lucius River Frome, UK 840 15.0 1.50 0 0 18.70 R
d

back-calculated from K
1

; K, from growth and

~
feeding experiments by Mann (1982) in canals

9 Esocidae Esox lucius Q + d Lake Windermere. UK 4,600 7.0 1.50 0 0 32.20 K
1

from population estimates of consumption and

,." production by Johnson (1966a, 1966b)

8
10 Esocidae Esox lucius Q Lake Windermere, UK 5,000 7.0 1.50 0 0 19.70 K

l
from population estlmates.of consumption and

production by John~on (1966a, 1966b)

'"
11 Characidae Alestes baremoze Lake Chad, Africa liZ 25.8 2.52 0 0 1.59 R

d
from MAXIMS using 24-hour cycle from

"( Lauzanne (1969)
12 Characidae C%ssoma Amazonia, Brazil 200 Z4.5 2.37 0 1 Z.51 K

l
from FCR from feeding experiments by Merola

macropomum and Pagan-Font in (1988) In ponds
13 Cyprinidae Catla catla Pakistan 300 31.7 1.94 0 1 2.92 K

1
from FCR from polyculture feeding experiments

by Nadeem-Sheri (1984) In ponds
14 Cyprinidae Cirrh/nus mrigala Pakistan Z20 30.8 1.51 0 1 3.70 K. from FCR from polyculture feeding experiments

by Nadeem-Sheri (1984) In ponds
15 Cyprinidae Labeo rohita Pakistan 430 30.8 1.98 0 1 6.33 K

1
from FeR from polyculture feeding experiments

by Nadeem-Sheri (1984) In ponds
16 Cyprinidae Mirogrex Lake Kinneret, Israel 12 14.0 1.41 0 0 0.50 R

d
from aquarium experiments by Gophen and

terraesanctae Threikeld (1989)
17 Cyprinidae Rutilus rutilus Lake Pareloup, France 118 9.0 1.49 1 0 4.40 R

d
from MAXIMS using 24-hour cycle from Arlas-

Gonzalez and Richeux (1990)
18 Cyprinidae Rutilus rutilus Lake Sovdeborgssjon, 48 14.0 1.49 0 1 0.50 R, from Persson (1982, 1983)

Sweden
19 Cyprinidae Rutilus ruti/us Garonne River, France 67 12.4 1.49 1 0 3.53 R

d
from MAXIMS using 24-hour cycle from

Palomares (1991)

continued

N.....
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Table 1 (continued) N.....
W, T A h p R,

,j::.

No. Family Species Location (g) (oC) (day") Remarks

20 Ictaluridae Ictalurus nebulosus Garonne River, France 198 12.4 1.34 0 0 7.13 R
d

from MAXIMS using 24-hour cycle from
Palomares (1991)

21 Clariidae Clarias gariepjnus Africa 40 25.0 1.26 0 0 0.68 K
1

from laboratory experiments by
Hogendoorn (1983)

22 Clariidae Clarias gariepinus Lake Malawi. Africa 1000 22.5 1.26 0 0 4.78 R, from Willoughby and Tweddle (1978)
23 Gasteros- Gasterosteus Lake Frongoch, Wales 0.3 10.0 1.69 0 0 0.0038 R

d
from MAXIMS using 24-hour cycle from

teidae aeuleatus Allen and Wooton (1984)
24 Centropo- Lates nifotieus Lake Chad, Africa 665 25.0 1.09 0 0 11.20 K

1
from growth and feeding experiments by

midae Hamblyn (1966) in aquaria
25 Centrapo- Lates strappersil Lake Tanganyika. 264 26.0 2.40 0 0 4.36 R

d
from M. Pearce (pers. camm.)

midae Africa
26 Serranldae Dicentrarchus Thau Lagoon. France 4 15.0 1.76 0 0 0.43 R

d
from MAXIMS using 24-hour cycle obtained

labrax from tank experiments by Palomares (1991)
27 Serranidae Dieentrarehus Marseille. France 5 15.0 1.76 0 1 0.098 Kl from growth and feeding experiments by Alliot

labrax and Pastoureaud (1979) in tanks
28 Centrar- Lepomls gulosus USA 100 27.0 1.49 0 0 4.00 R, from Hunt (1960)

chidae
29 Centrar- Mlcropterus Minnesota. USA 186 27.0 1.69 0 0 4.50 Rd from Rice and Cochran (1984)

chidae sa/rno/des
30 Centrar- Micropterus USA 486 27.0 1.69 0 0 13.8 R, from Hunt (1960) and Lewis et al. (1974)

chidae salmoides
31 Percidae Perea f1avescens Lake Washington, USA 115 10.0 1.64 0 0 1.70 R

d
from MAXIMS using 24-hour cycle from

Costa (1979)
32 Percldae Perea f1uvlatilis Lake Botjorn. Sweden 46 9.0 1.94 0 0 0.670 K, from popUlation estimates of consumption

and production by Nyberg (1979)
33 Percidae Perea f1uviatilis Lake Ladoga, Russia 230 15.4 1.94 0 0 3.68 Rd from Federova and Drozzhina (1982)
34 Percidae Perea f1uviatilis Lake Vitalampa, 90 9.0 1.94 0 0 1.01 K

1
from population estimates of consumption

Sweden and production by Nyberg (1979)
35 Percidae Perea fluviatilis Loch leven, Scotland 200 16.5 1.94 0 0 8.52 Rd from cage experiments by Thorpe (1977a,

1977b)
36 Sciaenidae Plogioscion lake Janauaca, 43 27.0 0.91 0 0 3.00 Rd from MAXIMS using 24-hour feeding cycle

squamosissimus Brazil by Worthmann (1982)
37 Cichlidae Haplochromis Lake George, Africa 5 30.0 0.76 I 0 0.220 Rd from MAXIMS using 24-hour feeding cycle

nigripinnis from Moriarty and Moriarty (1973)
38 Cichlidae Oreochromis Lake Nakuru, Africa 3 20.5 1.32 1 0 0.393 K, from laboratory experiments by Vareschi and

alcalicus jacobs (1984)
39 Cichlidae Oreoehromis Virgin Islands, USA 200 25.0 1.20 0 1 3.92 K

1
from FCR obtained for cage-reared fish from

aureus Hargreaves et al. (1988)
40 Cichlidae Oreoehromis Africa 4 27.0 1.17 0 1 0.0684 K

1
from FCR for tank-reared fish from

mossambicus Jauncey (1982) and Micha et al. (1988)

continued



Table 1 (continued)

W, T A h P R,
No. Family Species Location (g) (oC) (day") Remarks

41 Cichlidae Oreochromis Parakrama Samudra. 19 27.0 1.17 1 0 6.00 R
d

from Hofer and Schiemer (1983)
mossambicus Sri Lanka

42 Cichlidae Oreochromis ni/oticus Africa 11 26.0 1.28 0 1 0.289 K
1

from FCR for aquarium-reared fish
43 Cichlidae Oreochrom/s niloticus Bouake, Cote d'lvoire 82 28.5 1.28 0 1 1.27 K

1
from estimates of growth and feeding for

cage-reared fish from Boidy (1984)
44 Cichlidae Oreochromis niloticus Lake Awasa. Africa 265 24.5 1.28 1 0 39.30 R

d
from MAXIMS using 24-hour feeding cycle

by Getachew (1987)
45 Cichlidae Oreochromis niloticus Lake George, Africa 213 30.0 1.28 1 0 9.50 R

d
from MAXIMS using 24-hour feeding cycle

by Moriarty and Moriarty (1973)
46 Cichlidae Oreochromis ni/oticus Lake Kossou. Africa 102 28.5 1.28 0 1 0.837 K

l
from FCR for cage-reared fish from Cache (1977)

47 Cichlidae Oreochromis ni/oticus Lake Turkana. Africa 137 30.0 1.28 1 0 9.30 R
d

from MAXIMS using 24-hour feeding cycle
by Harbott (1976)

48 Cichlidae Oreochromis niloticus Liege, Belgium 2 26.0 1.28 1 0 0.910 K, from FCR for tank-reared fish
from Appler (1985)

49 Cichlidae Oreochromis niloticus Thailand 7 27.0 I 28 0 1 0.263 K, from FCR for tank-reared fish from Wee
and Wang (1987)

50 Cichlidae Oreochromis niloticus Thailand 45 32.0 1.28 0 1 0.892 K
l

from FCR for tank-reared fish
from Edwards et al. (1985)

51 Cichlidae Sarotherodon galilaeus Lake Chad, Africa 603 25.8 1.56 1 0 23.70 R
d

from Lauzanne (1977)
52 Cichlidae Tilapia rendal/l Africa 10 26.0 1.48 0 1 0.262 K

1
from FCR for pond-reared fish

from Micha et al. (1988)
53 Cichlidae Tilapia zillii Africa 33 27.5 1.65 1 0 7.50 K

1
from growth and feeding experiments

by Legner and Murray (1981) in aquaria
and Saeed and Ziebell (1986) in tanks

54 Mugilidae Mugil cepha/us Thau Lagoon. France 4 15.0 2.55 1 0 0.580 R
d

from MAXIMS using 24-hour feeding
cycle under semi-controlled conditions
from Palomares (1991)

55 Mugllidae Mugil cephd/us Crystal River, Florida 597 23.0 2.55 0 0 15.60 R
d

from MAXIMS using 24-hour feeding cycle
from Collins (1981)

N-VI
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Method II

where 5 is the stomach content at time t
expressed as 5=50 exp (-E·(t-to»; E the
instantaneous evacuation rate (in hour-I);
50 the stomach content at the beginning
of the feeding period; and to the time at
the beginning of the interval in question.

Stomach contents are continuously pushed
along the intestine whether the fish actively

feeds or not. Thus, for the feeding period

we have:

An alternative approach to estimating
ration is to derive a predictive model, based
on a number of previous, suitably stand
ardized estimates of ration and a suite of
appropriate predictor variables.

Based on earlier models we developed
for marine fishes (Palomares and Pauly 1989;
Pauly 1989; Jane et al. 1991), we hypoth
esized the following variables to be related
to ration:

• body weight;

log loRd = -1.80 + O. 78161og,oW, + 0.5714Iog ,oT
+ 0.4248Iog ,0A- O. 1960v - 0.4030p

+ O.3445h ...10)

where W, is the weight (in g) of the fish; T
the mean annual water temperature (OC); and
A the aspect ratio of the caudal fin, all other
(dummy) variables being as defined above.

This model explains 89% of the varia
tion of the dataset in Table 1 (df =48) with
all except two partial slopes significantly
different from zero at the 5% level (Table
2).

Aspect ratio (A) was found to have no
significant effect on Rd for this dataset, al
though this was shown to have an impor
tant effect on relative food consumption
of marine fish populations (Palomares and
Pauly 1989; Pauly 1989; Palomares 1991).
We explain this by the overall similarity of
A values of the freshwater fish in Table 1.
The dummy variable accounting for taxono
mic status was also found to have no sig
nificant effect on Rd' This is not surprising:
once food type, weight and temperature
are accounted for, there is no reason why
fish should differ in their food consump
tion. Indeed, this confirms the results of
Palomares (1991) who found no difference

• environmental temperature (Regier et
al. 1990);

• aspect ratio of the caudal fin, as an in
dex of activity level (Pauly 1989; Palomares
and Pauly 1989; 5ambilay 1990; Fig. 2);

• taxonomic status (v=O for tilapias, and

v= 1 for nontilapias); and

food type, expressed via dummy vari
ables (Le., taking only the values 0 and 1).

We distinguished three types of fish based
on food types, labelled h (for herbivorous,
and including three cases of detritivorous
fish) and p (for those fed generally unspecified
pellets); these variables imply a third type
of fish, Le., those that are carnivores, when
h=O and p=O.

Table 1 presents the 55 cases assembled
for this exercise. From this, a model was
obtained of the form:

•••8)d5jdt = J - E·5

where:

where J is the ingestion rate (in units of
weight per hour) and where the first term
of equation (9) represents the amount evacu
ated from the stomach. The second term
incorporates into the evacuation term (rep
resented by 5) the amount of newly ingested
food that is being simultaneously evacu
ated from the stomach. Daily ration is then
estimated by integrating equation (8) over
the feeding period.

Fig. 1 presents three applications of this
model to three lake populations ofNile tilapia,
Oreochromis niloticus. As might be seen,
the model not only led to ration estimates
(Table 1), but also allowed the identifica
tion of very similar feeding rhythms in these
three tilapia populations.
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Table 2. Summary statistics of multivariate model for prediction of ration in freshwater fishes (equation [t OJ;
R'=0.886; F=62.44; df~54).

A. Lake Awasa; W; 265g

•

Fig. 1. Examples of populations
of Oreochromis niloticus for which
data on stomach contents over a
24-hour period were used to ob
tain estimates of daily rations us
ing the MAXIMS software of Jarre
et al. (1990). Adapted from
Palomares (1991) based on data
in (A) Getachew (t 987); (B) Moriarty
and Moriarty (1973): and (C) Harbott
(1976).C. Lake Turkana; Vi =137g

B. Lake George; W=213g

Partial slope Contrib. to
associated with: Estimate Prob. total R' (%)

Body weight (log,o g) 0.7816 0.000 83.78

Water temperature (log,o DC) 0.5714 0.020 1.85

Aspect ratio of caudal fin 0.4248 0.236 0.02

Not being a tilapia (dummy) -0.1957 0.106 1.44

Being a herbivore (dummy) 0.3445 0.006 2.22

Being fed with pellets (dummy) -0.4028 0.001 10.69
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h

s

Fig. 2. The Nile tilapia. Oreochromis niloticus. and the definition of the aspect ratio of its
caudal fin: A=h2/s. where h is the height of the fin and s its surface area (in black). In this
case. A= 1.28 (see also Table 1).

in the food consumption of marine and fresh
water fishes, once the above factors (and
the aspect ratios) were accounted for.

Re-expressing equation (10) as a model
for use exclusively with tilapias was achieved
here by solving this equation for the mean
aspect ratio value in the tilapia of Table 1
(A= t .32) and dropping the variable v. This
led to:

loglORd = - t.75+0. 782Iog lOW,+0.571Iog,oT

-0.403p + 0.344h ••• 11)

Fig. 3 shows a plot of predicted over
observed log R

d
values from equation (10)

for all fishes in Table 1 except the tilapia
and for equation (11), referring to tilapias

only. The even distribution of the points
around the 1: 1 line indicates that these

models are robust and that the (log) trans
formations used were appropriate for the
data in Table 1.

Discussion

That the two methods presented above
are straightforward to apply in an aquaculture
context hardly needs emphasizing. Indeed,
even Method I, which does require field
data, requires one 24-hour cycle (or pref
erably two or three cycles) of samples for

estimates of~ to be obtained, whose reli
ability, moreover, will increase rapidly as
the time intervals between successive sam
ples are reduced (those illustrated here in
Fig. 1 are actually based on too few data
points for the estimates of R

d
to be very

reliable; at least 16 points, with 1.5 hours
between them should have been used).

However, the relationships between R
d

and weight that will emerge will be differ
ent, depending on whether one uses a se
ries of predictions from equation (11) or a
single estimate of ration extrapolated to a
range of weights using equations (1) to (6).
This is here illustrated with a hypothetical
example.

For herbivorous tilapias living at T=26°C,
equation (1 t) predicts values of 1\ vary
ing with weight as shown on line A of Fig.
3; at 100 g, this corresponds to a ration of
9.25 g·day·l.

If those tilapias have the growth param
eters W",=200 g, K= 1.0 year-' (to=O) and
b=3, they will have, at a weight of tOo g,
a growth rateofO.214g·dayl (see equation
[4]). and hence a value of K

1
=0.0337 (see

equation [5]). Hence solving equation (6)
for B will give 0.0377. Turning equation
(5) into a model for predicting R

d
from dw/

dt and K, gives:
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o Equation 10
• Equation II

(tilapias)

T 3.0
>-.
0 2.5

"0

OJ 2.0
Q

1.5OJ
0

1.0
c

0.50
+-
~ 0.0

"0 -0.5
Q)
+-u -1.0
"0
Q) -1.5
l-

Cl.. -2.0
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Observed ration (log 10 g .day-I)

2.5 3.0

Fig. 3. Plot of observed V5. predicted log R
d

estimates obtained using equation (t 0) for all fishes
and equation (11) for the tilapias. Notice the even distribution of the points around the 1: 1 line.

...12)

Solved for different weights, and with
the parameters above leads to line B in Fig,
4.

As expected, these two lines cross at 100
g ; more importantly they almost completely
overlap over the entire range of weights
considered, showing that equation (11) has

a slope associated with weight which ap
propriately mimics the behavior of equa
tions (1) to (6) pertaining to change of R

d

due to individual growth.
This demonstrates that the two models

presented here to estimate ration in tilapias
are not only easy to apply-even in the
context of aquaculture-but also provide
results that are mutually compatible, hence
increasing our confidence in them.
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Fig. 4. Predicted rations
for herbivorous tilapias
kept at 26°C: A: from
equation (I O); and B: from
equations (l) to (6), as
suming that A=B at tOO
g body weight. Note the
nearly complete overlap
of both curves.
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Abstract

The study was carried out to determine the effect of hapa size on seed production during the female
conditioning period of Oreochromis niloticus in fertilized earthen ponds. An equal biomass of female broodfish
(average weight 84 g). was stocked in three hapas of different sizes: 10.78 m Z (low density); 5.29 m Z

(medium density); and 2.72 m Z (high density). Stocked biomass (kg'm'Z) was 0.6-0.8; 1.2-1.4; and 2.3-2.5
for low, medium and high stocking density treatments, respectively. Females were conditioned for a period
of 10 days and males for five days. Broodfish were allowed to spawn naturally for a period of five days in
40-m z hapas. The hapa depth was 0.9 m and the total hapa volume was 36 m 3

: water depth was 0.75 m
and water volume in the hapa was 30 m 3

• No significant differences (P>0.05) were observed in seed
production. However, production exceeded 30 seeds'kg total female biomass stocked'day" and 100 seeds'kg
female spawned·day-'. The number of seed produced per m' of conditioning hapa area was inversely
related to hapa size. Yields of 147 (+ 14); 299 (±34) and 575 (±60) seed'm"'conditioning hapa'day" were
obtained from low, medium and high stocking densities, respectively. There were no significant differences
(P>0.05) in the gonadosomatic indices (GSI) among the three stocking densities, but GSI increased over
the duration of the experiment. Water quality deteriorated during days 45 to 60 of the experimental period,
when early morning dissolved oxygen concentrations fell below 0.5 ppm. This coincided with a drop in
seed production.

Introduction

Low fecundity of commercially important
Oreochromis species means that large
numbers of broodfish must be kept. The
optimization ofstocking density of broodfish
is therefore of economic importance, es
pecially because of the density-dependent
nature of their spawning behavior. The

importance ofbroodfish density in the control
of spawning in Oreochromis spp. is well
established. The breeding territory required
by the male for making and defending a
"nest" has been used as a criterion in esti
mating optimal stocking densities (e.g.,
Uchida and King 1962; Fishelson 1966;
Balarin and Haller 1982). Manipulation of
density has also been used to inhibit breeding
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and to counter its negative effects on the
growth ofstocked fish (Mair and Little 1991).

The poor productivity of many Oreo
chromis breeding systems can be related
to the difficulties ofmanaging a population
ofasynchronously breeding fish and harves
ting the seed efficiently. Frequent harvesting
of seed from mouthbrooding tilapias
(Verdegem and McGinty 1987) or exchange
of broodfish (Lovshin and Ibrahim 1988)
is known to improve seed production and
this is enhanced if both practices are com
bined and female fish are "conditioned" by
holding in single sex groups at densities
that inhibit spawning behavior (Little 1990).
However, keeping all-female groups does
not by itself prevent ovulation (Silverman
1978) and high density appears to be an
important factor in restraining females from
breeding until they are released at a lower
density with males. The maintenance of
adequate water quality at high fish densities
has practical limitations depending upon
the type of system in which the fish are to

be conditioned. Little (1990) held broodfish
at densities between 1.2 and 5.0 kg·m-2

(10-25 fish·m-2) in nylon net hapas and in
tanks with a recirculated water supply, be
fore release, with males, for spawning.

This study was carried out to investigate
the effect of stocking density during
conditioning in hapas on the subsequent

reproductive performance of female Oreo
chromis niloticus broodfish.

Materials and Methods

Broodstock production and the experi
ment described were carried out in the same
earthen pond (1,740 m 2

) on the campus
of the Asian Institute of Technology (AIT),
50 km north of Bangkok, Pathum Thani,
Thailand. Pure Oreochromis niloticus
(Chitralada strain) were obtained as seed
from natural spawning females held in large
nylon hapas. After artificial incubation, early
nursing in hapas and growout in a fertilized
earthen pond, they were sexed and used
as broodfish. Initial mean body weights of
the female and male broodstock (seven
months old) were 84 g (range 50-120 g)
and 93 g (range 64-140 g), respectively.
Nylon net hapas (mesh 1 mm: 20 grade)
were suspended in the same pond for
conditioning an equal biomass of female

broodstock (Table 1), conditioning the male
broodfish used in all treatments (40 m 2 x
1 m) and natural spawning (40 m 2 x 9 m).

Each treatment was replicated six times;
five conditioning and spawning cycles were
run during a 75-day experimental period.
Females and males were conditioned for
periods of 10 and five days, respectively.

Table 1. Hapa size (length x width x height) used for each treatment during the
conditioning period of female broodstock (Oreochromis niloticus).

Treatment

Low density
Medium density
High density

Size of hapa
(m)

3.3 x 3.3 x 0.9
2.3 x 2.3 x 0.9
1.65 x 1.65 x 0.9

Area of hapa
(m 2 )

10.89
5.29
2.7Z

Stocking density
(kg·m 2 )

0.6 - 0.8
1.2 - 1.4
2.3 - l.5
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Fig. I. Total number ofseed produced from Oreochromis
niloticus broodstock in net hapas with three stock
ing densities during a 75-day experimental period.
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declined during days 46 to 75 (Fig. 1).
Depending on harvest date, seed produc
tion varied from 35 to t4 t seed'm'l-spawning
hapa-day,1. Total seed production in terms
of stocked or spawned female biomass

After conditioning, females from each rep
licate were stocked in a 40-m l hapa, to
gether with males, at a sex ratio of t: 1.
The broodstock were allowed to spawn natu
rally for a period of five days.

After the five-day spawning period, seed
was harvested and measured using meth
ods described by Little et al. (this vol.).

Broodstock biomass was maintained at
initial levels by killing four females from
each replicate every 15 days to minimize
the difference between the initial and the
final total biomass in each treatment. Two
females were killed after every conditioning
period and the other two after every
spawning period. The latter comprised one
female that had spawned and one female
that had not spawned. The gonadosomatic
index (GSI) of these females was determined

as:
Weight of gonads (g)

GSI(%)= xtOO
Total body weight (g)

Floating catfish pellets (30% crude pro
tein; Charoen Pokphand, Bangkok) were
fed to fish in the conditioning and spawning
hapas three times per day at 0900, t 300
and 1600 hours according to appetite.
Urea and triple superphosphate (TSP) were
applied weekly at a rate of 34.4 and 17.2
kg-ha'l, respectively. These inorganic
fertilizers were dissolved in water before
addition to the pond_ Water quality was
monitored every ninth and fourth day dur
ing the conditioning and spawning periods,
respectively. The parameters measured
were dissolved oxygen (DO) at 0600 and
t 800 hours, pH and temperature. Analysis
of variance was used to test for differ
ences between treatment means of re
productive parameters.

Results

Seed production increased during the first
45 days of the experimental period and

(seed'kg'1-female stocked-day,1) or unit area
(seed'm'l'spawning hapa'day'1) were not
significantly different between treatments
(P<O.05). Seed yields per unit area of con
ditioning net were improved using small
conditioning hapas (Table 2).

Use of conditioned males improved seed
production by almost 40% (92 seed-m'l.
spawning hapa-day'l compared to 66 seed,
m'L'spawning hapa-day'I).

The mean GSI (%) showed an increasing
trend throughout the experimental period
(Table 3). The differences in GSI were not
significant (P>0.05) among the three treat
ments. The mean GSl of spawned females
were lower than those of unspawned fe
males (Table 4).

The general trend observed was that DO
levels at dawn were higher at the bottom
of the hapa (75-cm depth) than at 15-cm
depth below the water surface. In the
conditioning hapas, the highest DO was
recorded on day 44 (mean = t .67 and t 1.8
mg'I,I) for readings taken at dawn and in
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the evening, respectively. After day 45, the
DO declined in all the treatments such that
at day 59 DO levels (expressed as means
ofbottom and surface readings) in the spawn
ing hapas were less than t.O mg'l- t in the

low density treatment and outside hapas
and less than 0.5 mg' I-I in the medium and
high density treatments. The relationship
between DO levels in the breeding hapas
and seed production was that the greatest
seed production coincided with the low
est DO level. Water temperature varied
between 26 and 3 t DC, and pH readings
between 7.27 and 8. t 5, and the variation
of both was density independent.

densities were used in large-sized hapas,
since water quality is easier to maintain in
large than in small hapas.

Differences in seed production occurred
over time and this is a common phenomenon
and a major limitation of hatchery systems
for Oreochromis spp. (Lee 1,979; Mires
t 982). In small and large spawning units,
decline in seed output has often been as
sociated with changes in the environment
and loss of broodstock condition. The main
cause of decline in seed production over
the latter part of this experiment was cor
related with low early morning DO, which
may have restricted spawning activity and/

Table Z. Mean seed production (±SE) from Oreochromis niloticus
broodstock at three stocking densities during conditioning.

Low Medium High
density density density

Seed'm-' spawninga 80 79 78
hapa'day" (±7) (±9) (±8)

Seed'm-' conditioningb 147 Z99 575
hapa'day" (±14) (±34) (±60)

Seed·kg-t.total 30 31 33
female stocked'day-t (±3) (±4) (±5)

Seed·kg-t.total 101 117 109
female spawned'day" (±7) (±5) (±4)

aBased on a 5-day spawning period, 40-m' hapa.
bBased on a 10-day female conditioning period (high ~ total 5-day
seed harvest/Z7.Z; medium = total 5-day seed harvest{5Z.9; low =
total 5-day seed harvest{1 08.9).

Discussion

The reproductive performance of these
female broodstock did not show any
relationship with conditioning density. These
observations support the hypothesis that
tilapia broodstock can be stocked at high
densities during the conditioning period
with consequent savings in broodstock
management costs. It can be expected that
similar results would be obtained if these

or an ability by the females to mouthbrood
successfully (Little t 990). It is also postu
lated that those females that spawned during
the first 45 days did not spawn again in
the following 20-30 days, thus reducing
seed production. Earlier studies on 0.
niloticus, carried out at AIT, reported spawn
ing intervals ranging from 25 to 35 days,
depending on the crude protein level in
the diet. The shortest interval was observed
in females fed a diet of 20% crude protein
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Table 3. Mean gonadosomatic index (±SE) of female Oreochromis niloticus after a 10
day conditioning period in nylon net hapas at three stocking densities.

Day

10 25 40 55 70

GSI % % % % %

Low density 3.42 3.89 4.09 4.26 4.65
(±0.52) (±0.55) (±0.43) (±0.28) (±0.24)

Medium density 3.23 3.56 3.80 4.20 4.70
(±0.48) (±0.42) (±0.36) (±0.35) (±0.33)

High density 3.43 3.69 3.87 3.87 4.08
(±0.37) (±0.29) (±0.44) (±0.27) (±0.26)

Table 4. Gonadosomatic indices (GSI) (means and
standard errors) of spawned and unspawned fe
male Oreochromis niloticus kilied after different
experimental periods. Each entry represents a mean
of 18 fish (2 fish per replicate x 6 replicates x 3
treatments ~ 36. of which half were spawned and
half unspawned).

Period GSI spawned GSI unspawned
(days) females females

Mean ± SE Mean ± SE

15 1.0 ± 0.09 2.1 ± 0.63
30 1.2 ± 0.07 2.4 ± 0.46
45 1.5 ± 0.25 2.8 ± 0.39
60 1.6 ± 0.23 3.1 ± 0.36
75 1.7 ± 0.15 3.5 ± 0.49

and the longest with 50% crude protein
(Tuan 1986).

The increase with time in GSI (Tables 3
and 4) and the decline in egg production
on days 60 and 75 (Fig. 1) suggest that
reproductive efficiency declined as the fish
grew. It is known that individual clutch size
in tilapias increases with age and size of
the fish (Siraj et al. 1983; Rana 1986), but
these results suggest that the proportion
of ripe eggs in the ovary that could be
spawned successfully is reduced. The num
ber of seed harvested from the mouth of
females relates not only to the number of

eggs in their ovaries, but also to the in

creased time required to spawn and to
fertilize a larger clutch of eggs in a densely
stocked spawning arena.

The differences in GSI of spawned and
unspawned females support earlier find
ings that efficiency may be improved and
seed production increased only if spawned
females are exchanged (Little 1990) or if
females are selectively exchanged when
judged visually to be ripe (Little et aI., this
voL).
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Abstract

The profitability of tilapia culture is directly influenced by the efficient control of its reproduction
througtl artificial means. Thus. many studies have focused on gonadal differentiation and sex
determination. In Oreochromis nifoticus, XX sex reversed males (produced by hormone treatment
and analysis of the sex ratio of their progenies from single pair matings) can be used as a reliable
tool to analyze both the efficiency of masculinizing treatments and sex determination. Twenty
two broodfish from two sets of sibling sex reversed males were tested through 35 single pair
matings by microscopic sexing of all 4,546 fry. The 35 crosses yielded progenies composed of a
majority of females, but all-female progenies were observed in only five reproductions. The other
progenies yielded sex ratios significantly different from 1: 1, ranging from 65 to 99% female with
an average of 85%. Three unexpected males from these crosses were further tested; their progenies
also included unexpected males. These results cannot be explained by a simple monofactorial sex
determining system. Environmental factors may be involved in the sex determining mechanisms
of O. nifoticus.

Introduction

Oreochromis niloticus is one of the
two major cultured species of tilapias
in the world (Pullin 1983). Its ability
to reproduce early (Baroiller and Jalabert
1989) leads, in controlled environments,
to rapid overpopulation with a tendency
to stunting. The efficient control of tilapia
reproduction through artificial means
directly influences the profitability of
its culture. Since growth potential is
higher in male tilapias than in females
(Hanson et al. 1983), three methods are

'Current address: CIRAD-EMVT, Laboratoire de
physiologie des poissons, INRA, Campus de
Beaulieu, 35042 Rennes Cedex, France.

usually proposed to produce all-male
populations. These are manual sexing,
hybridization, and hormonal sex reversal
(see reviews of Guerrero 1982; Lovshin
t 982; Wohlfarth and Hulata t 983;
Pandian and Varadaraj t 987). On the
average, manual sexing involves 2.7
10% error, and also requires the
elimination of 50% of the population
after two to three months of rearing
(Baroiller and Jalabert 1989). Because
of its efficiency and reliability, hormonal
sex reversal is today the most widely
used method among the three. However,
since the metabolism and the effects
on the environment of the degradation
products of synthetic androgen are not
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fully understood in fish, this technique
is not authorized in some countries.
Hybridization between two parental
species of aquaculture interest such as
Oreochromis niloticus and O. aureus
does not generally produce all-male

populations (Majumdar and McAndrew
1983; Wohlfarth and Wedekind 1991).

The viability of the YY genotype in
O. niloticus, as demonstrated by Baroiller
(1988b), Baroiller and ]alabert (1989)
and Scott et aL (1989), suggests a fourth,
intraspecific approach. In O. niloticus
where the male is heterogametic, a
feminization treatment produces XY sex
reversed females which, when crossed
with an XY male, produce a new YY
genotype. Each progeny from crosses
between this homogametic YY male and
any homogametic XX female is theo
retically an all-male population.

However, these inter- and intraspecific
crosses sometimes yield sex ratios which
cannot be explained by a simple XXI
XY monofactorial sex determining mecha
nism in O. niloticus. To explain these
unexpected sex ratios, three other
models have been proposed (see reviews
of Avtalion and Don 1990; Mair et al.
1991; Wohlfarth and Wedekind 1991):
a theory combining two alleles from an
autosomal locus and two of the three
sex chromosomes (Avtalion and
Hammerman 1978; Hammerman and
Avtalion 1979); a polygenic model
(Majumdar and McAndrew 1983); and
finally, a monofactorial sex determination
with the possible presence of a rare
autosomal gene, epistatic to major genes.
However, these three theories do not
explain all the results found in the lit
erature.

In order to analyze sex determina
tion in O. niloficus, two sets of sibling
sex reversed males were produced and
tested in single pair matings.

Materials and Methods

Animals

PRODUCTION OF TWO STOCKS
OF SEX REVERSED MALES (FIG. 1)

A progeny of fry from O. niloticus of
the "Bouake" strain (Baroiller et aI, in
press) was produced by crossing a male
with one of the four females placed in
the same 400-1 aquarium. The progeny,
removed after 10 days post-fertilization
(PF), was exposed to a hormonal sex
reversal treatment using 17a.
methyltestosterone added to the feed
at 30 llg'g-l (Baroiller and Toguyeni, this
voL). Thirty males from the resulting
all-male population were kept to analyze
the sex ratio of their progenies in 400
I aquaria. Twenty of these males were
bred with normal females. Thirty juve
niles of each of these progenies were
killed to determine the sex ratio of each
population. Sexing by gonadal squash
was done after 90 days PF when the his
tological characteristics of differentia
tion were already established for both
sexes (Baroiller 1988a and b). The 13
broodfish with progenies showing no
significant difference in sex ratio com
pared to a 1: 1 population were elimi
nated (sex ratios ranging from 33.3 to
60% male). The seven other males with
all-female progenies (30 females in the
sample of 30 juveniles sexed in each
progeny) were kept as sex reversed
males. One of them was crossed again
and its entire progeny was exposed to
a hormonal sex reversal treatment us
ing 11 B-OHL14 added to the feed at 30
llg'g-l (Baroiller and Toguyeni, this vol.).
The resulting all-male population was
theoretically an exclusively XX sex
reversed male population; 60 of them
constituted Stock 1 and were identified
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Fig. t. Production of two stocks of sex reversed males of Oreochromis niloticus.

by a letter. The progeny of one of them,
sex reversed male J, was exposed to a
hormonal sex reversal treatment using
11 B-OHi14 at 20 llg' g-1 (Baroiller and
Toguyeni, this voL). The resulting sex
reversed all-male population constituted
Stock 2, each broodfish being identi
fied by a number.

REPRODUCTIONS OF SEX REVERSED MALES
AND SEXING OF THEIR PROGENIES

Thirteen "sex reversed male" broodfish
from Stock 1 and nine sex reversed males
from Stock 2 were crossed in single pair
matings with one or several females in
400-1 aquaria. The water in the spawn
ing aquaria was filtered permanently and
maintained at 27°C using a ther
moregulation device. Each animal was
tagged in the dorsal musculature. Re
production was detected by the onset
of maternal mouthbrooding character
ized by dilation of the female's mouth.
As soon as this particular characteris
tic was observed, all other individuals
were removed to leave the female
mouthbrooding in the aquarium. Five

days after hatching, i.e., nine days PF,
the fry were removed from the moth
er's mouth. The entire progeny (or a sam
ple of at least 100 fry from the batch),
identified by its fertilization date and
the respective tags on the parents, were
transferred to 200-1 aquaria. The fry were
fed ad libitum six times a day, seven
days a week, with a first-feeding
salmonid feed (Aqualim) distributed by
automatic feeder during a 12-hour
photoperiod. The water, aerated and
filtered, was kept at 28± 1.5°C. After
three weeks of rearing in aquaria, when
the gonadal differentiation was already
well established (Baroiller 1988a and
b), fry were transferred to external 1.5
m 3 tanks until sexing and were given
the same feed. After 60-90 days PF, when
the histological characteristics of the
male and female differentiation were
already established (Baroiller 1988a and
b), all fry were sexed by examination
of the gonad squash at x 125 magnifi
cation. The presence of previtellogenic
or vitellogenic oocytes and the lobular
configuration showed the female and
male sexes, respectively.
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Four sex reversed males from Stock
2 (XX4, XX9, XX17 and XX18) were each
successively crossed with three or four
different females.

Results

The sex ratios of 22 progenies from
sex reversed males were determined by
sexing all 2,429 fry produced, i.e., ap
proximately 1 10 fish per batch. Four of
them, i.e., 18% of the progenies, gave
sex ratios of 0: 1 (male:female). In the
18 other progenies, unexpected males
based on a monofactorial sex determi
nation were produced in proportions
ranging from 1 to 40.5% (Table 1 and
Fig. 1). Only one of these sex ratios
(40.5% male) was not significantly dif
ferent from a 1: 1 ratio. Compared to
the ratio of an "average" synthetic popu
lation of 5,299 fry from crosses of 42
normal brood fish of the same species
(1.39: 1), the 40.5% male showed a highly
significant difference. The male frequency
distribution in these progenies was
unimodal, around 0-10% male.

Since the progeny of the sex reversed
male is theoretically composed of 100%
XX individuals, four of the naturally un
expected males from the XXI sex
reversed male (Stock I) were kept until
their sexual maturity to analyze the sex
ratio of their progenies. Three unex
pected males (01,02 and 03) naturally
originating from XXI sex reversed males
were bred with different females (Ta
ble 2). Their progenies. female for most

of them included, however, 2.5-9.2%
unexpected males. The sex ratios of the

progenies of the 01, 02 and 03 males
all differed significantly from the sex
ratios of the progeny of the XXI sex
reversed male. There was no significant
difference between two of the three
unexpected male progenies (02 and 03).

The XX4 sex reversed male was suc
cessively bred three times with two

females. There was no significant dif
ference between the three sex ratios
whether the progenies came from the
same pair or only had the same sire (Table
3).

Four progenies were produced by
crossing an XX9 sex reversed male with
four different females. Three progenies
(XX4 male x XX11, XX12 and XX16 fe
males) out of four yielded sex ratios
which did not differ significantly among
themselves. In contrast, the cross with
the XX 10 female gave a progeny with
a sex ratio differing significantly from
that of the progenies from the XX11 and
XX 12 females.

The same applied to the sex ratios
of progenies from XX 18 sex reversed
males as three of them did not show
any significant difference (progenies from
XX16, XX17 and XX20 females).

In the XX 17 male, there was no sig
nificant difference between the propor
tions of unexpected males in two out
of the three crosses (XX 17 x XX 15 and
XX11 females). However, only the XX17
x XX 11 cross produced an all
female population. The progeny from
the same male crossed with the XX 16
female gave 39.6% males. Therefore, the
same XX17 male successively produced
oand 39.6% unexpected males with two
different females.

Finally, a diallel cross experiment was
made involving two sex reversed males
and two females (Table 4). A maternal
influence was observed in the two prog
enies from XX9 sex reversed males. In

contrast, a paternal influence was ob
served between the two progenies from
the XX 16 female.

Discussion

In species such as O. niloticus where
the female is considered homogametic,
the progeny from a sex reversed male
is theoretically all-female, based on a
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Table 1. Single pair matings of sex reversed males from Stocks 1 and Z of Oreochromis ni/oticus
with XX females.

Crosses No. of Survival No. of No. of Males X2 (level of
(M x F) progeny at (%) males females (%) significance)"

sexing 1:1 1.39: 1

XXA x XXA 116 55 47 69 40.5 Z.1 (NS) 6.9(**)
XX7 x XX7 179 89.5 63 116 35.Z 8 (**)
XX9 x XX10 146 65.Z 50 96 34.Z 7.4 (**)
XXO x XXO 149 NO 38 111 Z5.5 18.9{***)
XXE x XXE 141 47 36 105 Z5.5 17.9(***)
XX10 x XXZO 89 NO ZI 68 23.6 13.3(***)
XXF x XXF 199 NO 45 154 22.6 32.2 (***)
XXG x XXG 152 NO 34 118 22.4 Z5.1 (***)
XXH x XXH 27 NO 6 ZI ZZ.3 4.44 (*) 7.7(**)
XXI x XXI 175 54.Z 35 140 20 34.5 (***)
XX8 x XX8 85 85 15 70 17.6 19.8 (***)
XX) x XX) 70 NO 11 59 15.7 18.6 (***)
XXK x XXK 119 95.Z 14 105 11.8 40.6 (***)
XXL x XXL 76 NO 6 70 7.9 32.7 (***)
XX18 x XX16 101 95.3 4 97 4 54.Z (***)
XX17 x XX15 54 51.9 2 5Z 3.7 Z9.5 (***)
XX4 x XX7 103 94.5 1 102 1 65.1 (***)
XXI x XXI 96 90.6 1 95 1 60.5 (***)
XXC x XXC 74 66.1 0 74 0 74 (***)
XXB x XXB 86 43 0 86 0 86 (***)
XXM x XXM 3Z NO 0 3Z 0 3Z (***)
XXII xXXII 160 93.6 0 160 0 160 (***)

"When X' is lower than or close to the level of significance vis-A-vis a 1: 1 population, sex ratios
are tested against a 1.39: 1 sex ratio which is the mean sex ratio (min.: 15.8% males; max.: 77.1 %)
from all 4Z single pair matings of XY males, i.e., 5,Z99 sexed fry. Levels of significance were:
*=p<0.05; **=p<O.OI; and ***=p<O.OOI.
NO = No data on survival: the initial number of fry was not recorded.

Table Z. Crosses of a sex reversed male Oreochromis niloticus with three of the unexpected males
found in its progeny: progenies from the same sex reversed male characterized with the same
lower case letter (a, b or c) show significant differences (p=0.05) in their sex ratios; ** = p<O.OI.

Crosses No. of Survival No. of No. of Males X' (level of
(M x F) progeny at (%) males females % significance)

sexing

Sire
XXI x XXI 175 54.Z 35 140 ZO a b

Progenies
01 x XXZl 317 9Z.9 8 309 Z.5 a b
OZ x XXZZ 314 89.4 Z9 Z85 9.Z 1Z.9(**) a
03 x XXZ3 10Z 86.4 8 94 7.8 b
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Table 3. Successive matings of four sex reversed Oreochoromis niloticus males: progenies from
the same sex reversed male characterized with the same lower case letter (a, b or c) show significant
differences (p=0.05) in their sex ratios; NS = Non-significant; ** *=p<O.OO 1.

Crosses No. of Survival No. of No. of Males
(M x F) progeny at (%) males females (%)

sexing

XX4 x XX5 101 84.2 4 97 4
x XX5 104 95.4 3 101 2.9
x XX7 103 94.5 1 102 1

XX9 x XX10 146 65.2 50 96 34.2
x XXII 211 98.6 20 191 9.5
x XX12 97 94.2 2 95 2.1
x XX16 21 19.6 3 18 14.3

XX17 x XX15 54 51.9 2 52 3.7
x XXII 99 93.4 0 99 0
x XX16 53 46.5 21 32 39.6

XX18 x XX16 101 90.9 4 97 4
x XX20 363 ND 3 363 0.8
x XX17 279 90.6 7 272 2.5
x XX14 56 56 9 47 16.1

Table 4. Sex ratio (cf:Q and % of males) in a
diallel cross expirement involving two sex reversed
males and two females: progenies from the same
sex reversed male characterized with the same

lower case (a, b or c) show significant differences

(p=0.05) in their sex ratios.

x2 (level of
significance)

1.8 (NS)

a b
57.5 (***) a

b

a
58.7 (***) b

a b

c
40.9 (***) b

a
abc

MXX17 d MXX9

FXXll

Q

0:99
(0)

a
b

20:191 a
(9.5)

FXX16 21 :32 a
(39.6)

3:18
(14.3) b

monofactorial system. Out of 35 crosses
of sex reversed males conducted in the
present study, only five progenies, Le.,
14.3%, correspond to the monofactorial
theoretical model. In the 31 other
progenies, 1-40.5% of unexpected males
were observed. These males did not
result from sexing errors during micros
copic examination of gonads and showed
normal fertility: three of them bred. For

O. niloticus, three other studies have
analyzed the sex ratios of progenies from
sex reversed males. In the first study
of eight male progenies produced by
masculinizing treatment, four progenies
were all-female, one showed a sex ratio
not significantly different from 1: 1 and
three yielded unexpected high propor
tions of females in the range 65.2-81.8%
(Jalabert et aI. 1974). However, it is



impossible to attribute the paternity of
these unexpected sex ratios to sex
reversed males rather than to XY males,
considering the large range of sex ratios
that these XY males show in 0. niloticus
(Shelton et al. 1983; Wedekind 1987
cited by Wohlfarth and Wedekind 1991;
Lester et al. t 989). In the second study
(Calhoun and Shelton t 983), sex reversed
males, produced by exposing the
progenies of a sex reversed broodfish
to a masculinizing treatment, were mass
bred (22 per experiment) with two
batches of females and a sample of 100
fry was sexed. In one of the female
batches, one progeny out of nine yielded
a 99% female sex ratio. In the other
batch, eight progenies out of nine yielded
87-99% females, and only one progeny
(I.e., 11 %) was a real all-female
population and therefore corresponded
to the monofactorial XX/XY theoretical
model. As in the present study, one of
the batches produced a majority of
progenies with unexpected sex ratios.
Finally, in the third study, four sex
reversed males were identified by the
sex ratio of their progenies in 1 t single
pair matings. Two progenies out of 11
yielded unexpected sex ratios, with 6.7
and 17.4% males. Nine other progenies
were considered all-female. However,
the number of sexed fish was still very
low, with an average of 20 fry per batch
(min.: 6; max.: 43), and low percentages
of unexpected males may therefore have
escaped notice.

These four different studies show sex
ratios that cannot be explained by a
monofactorial sex determination al
though they can constitute 50 (Calhoun
and Shelton 1983) to 88% (this study)
of the progenies. However, as the
number of these unexpected proportions
of males was often fairly low, they may
have been masked, at least partially,
in other studies based on a very lim
ited sample size.
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The percentage of unexpected males
in successive progenies from the same
sex reversed male differs from progenies
to progenies; a paternal and maternal
effect may be involved. A maternal in
fluence is also suggested by the differ
ences in the proportions of unexpected
males observed in the mass breeding
of sex reversed males depending on the
batch of females used (Calhoun and
Shelton 1983). In diallel crosses involving
five pairs of broodfish of O. niloticus,
there is no such maternal or paternal
influence (Mair et al. 1991).

Therefore, deviations from the theo
retical model may be found in high pro
portions and seem to be incompatible
with rare autosomal factors. The con
ditions under which these reversals occur
in relation to the expected phenotype
have not yet been clearly established.
The hypothesis of genetic contamina
tion seems unlikely since Majumdar and
McAndrew (1983) demonstrated the
presence of unexpected sex ratios in
isolated natural populations. More com
plex, polygenic genetic models could
be involved. However, the absence of
sex-specific genetic markers in tilapias
renders difficult genetic analyses such
as those conducted on platyfish
(Xiphophorus maculatus) (Kallman t 984).
The deviations observed could also re
sult from the potential effects of external
factors on differentiation. Depending on
the genotype, one or more external
factors could influence the phenotypic
sex of the fry during the gonadal dif
ferentiation of sex. This hypothesis, far
easier to test than a complex sex
determining mechanism, could explain
some unexpected results such as the
presence of males in progenies from sex
reversed males as well as the presence
of a natural XY sex reversed female in
O. niloticus (Scott et al. 1989; Mair et
al. 1991). Consequently, a study on the
effects of temperature on the sex ratio
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was conducted on progenies from these
sex reversed males (Baroiller et aI., this
voL).

References

Avtalion, R.R. and I.S. Hammerman. 1978. Sex
determination in Sarotherodon (tilapia). I.
Introduction to a theory of autosomal in
fluence. Bamidgeh 30:110-115.

Avtalion. R.R. and). Don. 1990. Sex determin
ing genes in ti lapia: a model of genetic
recombination emerging from sex ratio
results of three generations of diploid
gynogenetic Oreochromis aureus.). Fish BioI.
37: 167-1 73.

Baroiller, ).F. 1988a. Etude correlee de I'apparition
des criteres morphologiques de la
differenciation de la gonade et de ses
potentialites stero'idogenes chez Oreo
chromis niloticus. Universite Pierre et Marie
Curie, Paris, 89 p. Ph.D. dissertation.

Baroiller, J.F. 1988b. Etude des processus
morphologiques et endocrinologiques de
la differenciation naturelle du sexe chez
Oreochromis niloticus, appliquee a la pro
duction de populations monosexes : inter<~ts

et perspectives, p. 256-266. In G.M.
Bernacsek and H. Powles (eds.) Aquaculture
systems research in Africa. Proceedings of
a Workshop held in Bouake, Cote d'ivoire,
14-17 November 1988. International De
velopment Research Centre, Ottawa, Canada.

Baroiller, ).F. and B. )alabert. 1989. Contribu
tion of research in reproductive physiol
ogy to the culture of tilapias. Aquat. liv
ing Resour. 2: 105-116.

Baroiller, ).F., X. Rognon, V.c. Yapi and A. Cisse.
Genetic characterization and sex determi
nation in tilapia in Cote d'ivoire. In A. Eknath
and B. Acosta (eds.) Present progress, fu
ture direction and needs in fish genetics
research in Asia Pacific and Africa. Manila,
Philippines. (In press.)

Calhoun, W.E. and W.L. Shelton. 1983. Sex ra
tios of progeny from mass spawning of sex
reversed broodstock of Tilap/a nilotica.
Aquaculture 33:365-371.

Guerrero, R.D. 1982. Control of tilapia repro
duction, p. 309-316. In R.5.V. Pullin and
R.H. Lowe-McConnell (eds.) The biology
and culture of tilapias. ICLARM Conf. Proc.
7,434p.

Hammerman, 1.5. and R.R. Avtalion. 1979. Sex
determination in Sarotherodon (tilapia). Part
II. The sex ratio as a tool for the determi
nation of genotype - a model of autosomal
and gonosomal influence. Theor. Appl.

Genet. 55:177-187.
Hanson, T.R., R.D. Smitherman, W.L. Shelton and

R.A. Dunham. 1983. Growth comparisons
of monosex tilapia prod uced by separation
of sexes, hybridization and sex reversal,
p. 570-579. In L. Fishelson and Z. Varon
(comps.) Proceedings of the First Interna
tional Symposium on Tilapia in Aquaculture.
Tel Aviv University, Tel Aviv, Israel.

)alabert, B., ). Moreau, P. Planquette and R. Billard.
1974. Determinisme du sexe chez Tilapia
macroch/r et Tilap/a nilotica : action de la
methyltestosterone dans I'alimentation des
alevins sur la differenciation sexuelle; pro
portion des sexes dans la descendance des
males inverses. Ann. BioI. Anim. Bioch.
Biophys. 14(4B):729-739.

Kallman, K.D. 1984. A new look at sex deter
mination in poecil iid fishes, p. 95-171. In
B.). Turner (ed.) Evolutionary genetics of
Fishes. Plenum Press, New York, New Yorlc

Lester, L.)., K.S. Lawson, T.A. Abella and M.S.

Palada. 1989. Estimated heritability of sex
ratio and sexual dimorphism in tilapia.
Aquacult. Fish. Manage. 20:369-380.

Lovshin, L. L. 1982. Tilapia hybridization, p. 279
308. In R.S.V. Pullin and R.H. Lowe
McConnell (eds.) The biology and culture
of tilapias. ICLARM Conf. Proc. 7, 434 p.

Mair, G.c., A. Scott, D.). Penman. J.A. Beardmore
and D.O.F. Skibinski. 1991. Sex reversal,
gynogenesis and triploidy in O. n/loticus
(L.). Theor. Appl. Genet. 82: 144-152.

Majumdar, ICD. and McAndrew. 1983. Sex ra
tios from interspecific crosses within the
tilapias, p. 261-269. In L. Fishelson and
Z. Varon (comps.) Proceedings of the First
International Symposium on Tilapia in
Aquaculture. Tel Aviv University, Tel Aviv,
Israel.

Pandian, T.). and K. Varadaraj. 1987. Techniques
to regulate sex ratio and breeding in tilapia.
Curr. Sci. 56(8):337-343.

Pullin, R.S.V. 1983. Choice of tilapia species for
aquaculture, p. 64-76. In L. Fishelson and
Z. Varon (comps.) Proceedings of the First
International Symposium on Tilapia in
Aquaculture. Tel Aviv University, Tel Aviv,
Israel.

Scott, A.G., D.). Penman. ).A. Beardmore and
D.O.F. Skibinski. 1989. The YY supermale
in O. nilot/cus (L.) and its potential in
aquaculture. Aquaculture 78:237-251.

Shelton, W.S., F.H. Meriwether, K.). Semens and
W.E. Calhoun. 1983. Progeny sex ratios from
interspecific pair spawnings of Tilapia aurea
and T. nilot/ca, p. 270-280. In L. Fishelson
and Z. Varon (comps.) Proceedings of the
First International Symposium on Tilapia in
Aquaculture. Tel Aviv University, Israel.



Wohlfarth, G.W. and G. Hulata. 1983. Applied
genetics of tilapia, 2nd edition. ICLARM
Stud. Rev. 6, 26 p.

237

Wohlfarth, G.W. and H. Wedekind. 1991. The
heredi.ty of sex determination in tilapias.
Aquaculture 92: 143-156.



238

Comparative Effects of a Natural Androgen,
• • B-Hydroxyandrostenedione, and a Synthetic

Androgen, .7a-Methyltestosterone, on the Sex Ratios
of OreochromJs nJlotJcus

J.F. BAROILLER
A. TOGUYENI

Programme aquaculture et peche du Centre de cooperation internationale
en recherche agronomique pour Ie developpement,

Departement d'elevage et de medecine veterinaire (CIRAD-EMVT),
BP 5095, 34033 Montpellier Cedex I, France

Laboratoire de physiologie des poissons de I'lnstitut national
de la recherche agronomique (INRA),

Campus de Beaulieu
35042 Rennes Cedex, France

et
Departement piscicole de I'lnstitut des Savanes (IDESSA)

BP 621, Bouake 01, Cote d'lvoire

BAROILLER, J.F. and A. TOGUYENI. 1996. Comparative effects of a natural androgen, 11 B
hydroxyandrostenedione, and a synthetic androgen, 17a-methyltestosterone, on the sex ratios
of Oreochromis niloticus, p. Z38-Z45. In R.S.V. Pullin, J. Lazard, M. Legendre, J.B. Amon Kothias
and D. Pauly (eds.) The Third International Symposium on Tilapia in Aquaculture. ICLARM Conf.
Proc. 41, 575 p.

Abstract

Synthetic androgens are often considered to be more potent than natural androgens for sex
reversal treatments in fish. Preliminary experiments on the natural androgen, 11 B
hydroxyandrostenedione (1 1B-OHI',.4), recently identified in the gonads of fry of O. niloticus in
the early stages of testicular ontogenesis, showed a high masculinizing potential. Fry of 10-14
days post-fertilization (dPF) were produced from single pair matings using untreated females and
either normal or sex reversed males, to assess any significant deviation in sex ratio compared to
the controls. The fry were then treated during a minimum period of Z 1 days either with the natural
or synthetic androgen added to the feed at different concentrations. Complete sex reversal was
achieved with both steroids. All-male populations were produced in eight groups treated with
10-35 ~g 11 B-OHI',.4·g·! of feed and in two groups treated with 17a-methyltestosterone (17a-MT)
at 5 and ZO ~g'g" of feed, respectively. There was no significant difference in the potency of the
two androgens for concentrations higher or equal to 10 ~g'g". However, at 5 ~g'g", only 17a-MT
produced 100% male populations whereas 11 B-OHL'l.4 produced 88.9%. In contrast, the lowest
concentration of 11 B-OHL'l.4 (1 ~g' g") significantly deviated sex ratios whereas 17a-MT had no
effect compared to the controls.

The natural androgen 11 B-OHI',.4 can therefore constitute an alternative treatment to synthetic
steroids. Low concentration treatments can be optimized by increasing the duration of treatment.

Introduction

Today, with an annual global
production of approximately 500,000
tons (Lazard t 990), tilapias (Oreochro-

mis, Sarotherodon and Tilapia) constitute,
with the cyprinids and salmon ids, one
of the three most important groups of
freshwater fish for aquaculture. However,
in culture conditions where competition



for food is high, the highly efficient
reproduction of the species of
Oreochromis (Baroiller and Jalabert 1989)
and their early sexual maturity lead to
overcrowding and stunting, resulting in
limited economic yields for fish farms.
A solution to this problem consists in
producing monosex populations. AlI
male populations are preferred because
their growth performance is better
compared to females (Pruginin 1967;
Hickling 1968; Hanson et al. 1983).

Currently, two techniques are used
to produce monosex populations for fish
culture (Baroiller and Jalabert 1989):

Manual sexing. Based on the sexual
dimorphism observed in the urogenital
papilla, this technique entails the elimi
nation of all females, i.e., approximately
half of the initial population as soon as
possible (after a two to three month nurs
ing period). Manual sexing, which is used
in Africa, is time-consuming; it also re
quires qualified personnel, and includes
3-10% errors (Lazard 1980; Chervinski
and Rothbard 1982). [n addition, this
technique requires rearing a population
of fry for two to three months after which
half (the females) will be eliminated. Al
though manual sexing is simple, it is
expensive in terms of time and labor
and implies the underutilization of farm
ing infrastructures and lower feed pro
ductivity.

Hormonal sex reversal. This technique
consists in masculinizing the entire popu
lation of fry by adding a steroid to the
feed for a short period (Guerrero 1982;
Hunter and Donaldson 1983; Pandian
and Varadaraj 1987; Baroiller and Jalabert
1989). Hormonal sex reversal has been
commonly used for several decades by
a number of tilapia producing countries
such as Israel, Taiwan and the Philip
pines. This technique requires the sys
tematic treatment of every new popu
lation of fry. However, the use of hor
mones in the production of animals for
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human consumption is still prohibited
in many countries (France and the United
Kingdom, for example) which consider
that the treatment and the effects of
the synthetic steroid waste products are
still insufficiently understood, especially
their ecological impact.

In tilapias, as in all teleost fish, no
definite physiological proof supports the
hypothesis of Yamamoto (1969) that
steroids are the natural inducers of dif
ferentiation (Adkins-Regan 1987). The
modification of the natural process of
sexual differentiation by exogenous
steroids could be due to pharmacological
effects (Reinboth 1970). In fact, few
studies have investigated early
steroidogenesis during the gonadal sex
differentiation of gonochoristic fish (van
den Hurk et al. 1982; Rothbard et al.
1987; Baroiller 1988a and b; Baroiller
et al. 1988).

[n Oreochromis niloticus, early steroi
dogenous potential in male and female
gonads has been analyzed during the
first three months of their life; this pe
riod covers the entire process of testicu
lar and ovarian differentiation (Baroiller
et aI., in press). Testosterone can be
synthesized by the gonads of both sexes
whereas oestradiol is exclusively pro
duced by the ovaries (Baroiller 1988b).

[n contrast, certain androgens like 11 B
hydroxyandrostenedione (11 B-OHil4)
and adrenosterone prove male sex-spe
cific during the same period (Baroiller
1988a and b) and show masculinizing
potentialities (Baroiller 1988b).

Artificial steroids are generally more
potent in their masculinizing effects than
natural androgens (Hunter and Donaldson
1983). The potency of 17a
methyltestosterone (17a-MT) is attrib
uted to the presence of the 17a-me
thyl group which makes its elimination
slower than in natural androgen like
testosterone (Fagerlund and McBride
1978; Donaldson et al. 1979).
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A study of the masculinizing poten
tial of 11 B-OH~4 and 17a-MT was con
ducted in O. niloticus to compare the
respective performances of both artifi
cial and natural hormones; to test the
hypothesis of a possible role of 11 B
OH~4 in the process of testicular dif
ferentiation; and also to study possi
ble alternatives to traditional sex reversal
treatments.

Materials and Methods

Animals Tested

Two types of male broodfish of o.
niloticus of the "Bouake" strain (Baroiller
1988b) were used for the production
of fry families: normal males (XY) and
sex reversed males (XX). The latter came
from two related families and yielded,
for most of them, significant propor
tions of males in their progenies pro
duced by single pair matings (Baroiller,
this vol.).

Breeding

Single male broodfish were placed in
400-1 aquaria with normal females at a
sex ratio of 4: 1. The water in the breeding
aquaria was filtered and maintained at
a constant temperature of 27°C. Each
animal was identified by a mark inserted
in the dorsal muscles. Reproduction was
detected at the onset of maternal
mouthbrooding behavior which is char

acterized by a dilation of the mouth.
On the first day of incubation, all other
individuals were removed to leave the
mouthbrooding female on her own in
the breeding aquaria. Five days after
hatching. i.e., nine days post-fertiliza
tion (dPF), the fry were removed from
the mouth. Each brood, identified by

the fertilization date and the marks on
the respective parents, was divided into
two to five batches of at least 100 fry
reared separately in 200-1 aquaria.

Hormone Treatment

Steroids were administered through
the feed. A first feeding salmonid feed
(Aqualim) was impregnated with an
alcohol solution containing steroids.
Concentrations of 1 to 45 ug of ster
oids per gram of feed were tested. For
the control batches, the same prepa
ration was applied except that the feed
did not contain any steroid.

Fry were fed ad libitum six times daily
using an automatic feeder during the
12-hour photoperiod, seven days a week.

Fry at 10-15 dPF were treated thus
for 45 and 21 days. To avoid a poten
tial masculinizing effect from the tem
perature (Baroiller et al., in press), the
water, which was filtered and aerated,
was maintained at 28±1.5°C.

Nursing and SexIng the Fry

At the end of the treatment, fry older
than 31 dPF were transferred to 1.5
m 3 outdoor tanks where they were fed
the same diet until sexing was possi
ble. At 60-90 dPF, when the histologi
cal differentiation of the male and fe
male gonads had already taken place
(Baroiller 1988a and b), all fry were sexed
by microscopic examination of the gonad
squash (x 125). The presence of pre

vitellogenic (auxocytosis) or vitellogenic
oocytes, and the lobular configuration
showed the female and male sexes, re
spectively.

A XZ test was used to compare the
sex ratios of the batches that had re
ceived treatment and the control batches
(a=O.05).



Results

After treatment and at the moment
of sexing, there was no significant dif
ference in the survival rate of the fry
between the controls and the batches
that underwent hormonal sex reversal,
regardless of the treatment duration and
the concentrations used (Table 1).

The microscopic examination of the
gonad squashes of fry treated with t t B
OH~4 (1,631 sexed animals) or t 7a
MT (416 fry) did not show any hermaph
rodite characteristics, sterility, or struc
tural abnormality. The gonads of the
individuals treated with 11 B-OH~4 were
functional, irrespective of their geno
type: functional sex reversed male XX
and normal males were obtained and
identified by progeny testing at the end
of these treatments (Baroiller, this vol.).

Of the 17 batches treated with t 1B
OH~4, only one batch showed no de
viation of sex ratio compared to the
controls (Table 2). The progeny of the
XY4 male underwent hormonal sex re
versal only after treatment t 5 dPF
whereas the 13 other families received
treatment after 10-14 dPF. Since sex
reversal was produced in the four other
batches also treated with 5 ~g' g-l, this
concentration did not seem to be the
cause of absence of a deviation in sex
ratio. This result could instead indicate
a critical period of hormonal sensitiv
ity.

All treatments using 11 B-OH6.4 on
fry of less than 15 dPF significantly af
fected the sex ratio towards the male
sex compared to the controls, regard
less of the concentration used (Table
2).

In contrast, 17a-MT had masculinizing
effects only in a range of concentrations
between 5 and 45 ~g'g-l.

The 21-day treatment yielded all-male
populations using hormonal concentra
tions between to and 35 ~g' g-l (t t B-
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OH~4) and at 5 ~g'g'l (17a-MT). With
concentrations lower or equal to 5 llg
of 11 B-OH~4 per gram of feed admin
istered over a period of 21 days, the
percentage of males was proportional
to the concentration used (Fig. 1).

There was no significant difference in
masculinizing potency between the two
hormones for concentrations of 10-45
~g'g-l. With concentrations of 5 ~g'g,l
and higher, significant differences were
observed in the results of both treat
ments: using 5 ~g'g_l, only 17a-MT
yielded 100% male populations against
a maximum of 88% with 11 B-OH~4. In
versely, 17a-MT was not effective if used
at t ~g' g'l, whereas 11 B-OH~4 used at
the same concentration significantly
altered the percentage of males com
pared to the controls.

Replicates (2-4) were conducted for
four different concentrations of 11 B
OH~4 (5, 20, 30 and 35 ~g'g'l) (Table
2). There was no significant difference
in sex ratios between replicates of the
same treatment.

Discussion

The hormones used for masculiniza
tion of fish are generally artificial mol
ecules derived from testosterone: 17a
MT, 17a-ethynyltestosterone, dihydro
testosterone acetate and testosterone
propionate. These synthetic androgens
are considered more potent than natu
ral androgens for the hormonal sex re
versal of gonochoristic teleost fish spe
cies (Hunter and Donaldson 1983).

Many authors have also produced
t 00% male tilapia populations using
these steroids, despite a great hetero
geneity in the experimental conditions:
especially concentrations varying from
10 to 240 ~g'g'l of feed (Baroiller and
Jalabert 1989). The optimum concen
trations usually suggested are 30 ~g'g'l
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Table 1. Survival of Oreochromis niloticus fry according to hormone treatment applied for sex
reversal.

Treatment

1 1B-OHil4
17u-MT

Control

Survival Number Survival Number
after treatment of batches at sexing of batches

(%) tested (%) tested

83.8 15 55.2 17
85.6 4 56.7 4
79.6 12 50.2 14

Table 2. Sex reversal treatments administered to Oreochromis niloticus fry, the progeny of normal male (XY) or

sex reversed male (XX,) broodfish pairs.

Treatment characteristics Sexing characteristics

Broodfish Steroid Level in Initial age Final Duration Number Number Males

male type feed of progeny Age days of of (%)

and no. (flg·g·l) (dPF) (dPF) males females

XYI 11 B-OHLl4 35 12 57 45 81 0 100

Control 0 12 57 45 45 55 45

XY2 11 B-OHLl4 35 12 57 45 92 0 100

Control 0 12 57 45 45 41 52

XXl 1/ B-OHLl4 35 12 57 45 128 0 100

Control 0 12 57 45 64 56 53

XX2 lIB-OHM 30 13 55 42 64 0 100

11 B-OHLl4 20 13 55 42 51 1 98

Control 0 13 55 42 0 74 0

XX3 1113-0HM 30 14 42 28 129 0 lOr
1113-0HLl4 30 14 35 21 168 0 100

Control 0 14 42 28 47 69 41

XX4 1113-0HLl4 30 12 54 42 112 2 98

1113-0HLl4 20 12 54 42 103 1 99

Control 0 12 54 42 0 86 0

XX5 1113-0HLl4 20 11 32 21 74 0 100

17a-MT 20 11 32 21 110 0 100

Control 0 11 32 21 23 80 22

XX6 1113-0HLl4 10 10 31 21 100 0 100

17a-MT 10 10 31 21 172 1 99

Control 0 10 31 21 34 118 22

XX7 11 B-OHLl4 5 10 31 21 24 3 89

17a-MT 5 10 31 21 47 0 100

Control 0 10 31 21 6 21 22

XX8 1113-0Hli4 5 11 32 21 79 30 73

Control 0 11 32 21 28 96 23

XX9 1113-0Hli4 ., 11 32 21 71 30 70

Control 0 11 32 21 16 69 19

XY3 1113-0Hli4 5 11 32 21 46 20 70

Control 0 11 32 21 15 70 18

XY4 1113-0Hli4 5 15 36 21 79 30 73

Control 0 15 36 21 71 70 70

XX10 1113-0Hli4 1 13 34 21 41 72 36

17a-MT 1 13 34 21 12 74 14

Control 0 13 34 21 11 59 15

dPF=days post-fertilization.
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tested as masculinizing agents. Among
these, two 11-oxygenated derivatives,
administered through the rearing wa
ter and through the feed, respectively,
can modify the differentiation process
in tilapia: adrenosterone causes a de
struction of the ovarian structures in O.
niJoticus at a concentration of 5 mg'I,1
(Katz et al. 1976) and 11 ketotes
tosterone, at 200 llg_g'l, inhibits the for
mation of the ovarian cavity in 0_
mossambicus but does not prevent the
formation of young oocytes that will sub
sequently degenerate (Nakamura 1981).
However, considering the high levels
used, the hypothesis of toxic or para
doxical effects cannot be discounted
(Hunter and Donaldson 1983). In O.
niJoticus, the masculinizing effects of
adrenosterone have also been demon
strated after treatments through the feed
at 45 llg_g-l (Baroiller 1988b).

Until then, 11 B-OH6.4 had not been
used in hormonal sex reversal treatment
in til apia. This natural androgen shows
a masculinizing potency comparable to
that of 17a-MT at concentrations of 10
35 llg-g'1. In addition, deviations of sex
ratio are observed at concentrations
lower than 5 llg-g-', which is not the
case for 17a-MT.

The microscopic examination of the
gonads of fry treated for 60-90 days
did not show any abnormality in the
course of gonadal ontogenesis. Moreo
ver, the functional reversal of the go
nads was demonstrated by the identi
fication of the sex reversed males af
ter progeny testing of the individuals
treated in the present study (Baroiller,
this vol.).

The steroid 1 1B-OH6.4 was identified
in vitro in three species of teleost fish
in the early stages of differentiation: this
11-oxygenated steroid can be specifi
cally synthesized by the testes of the
rainbow trout Oncorhynchus mykiss (van
den Hurk et al. 1982), the catfish Clarias
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Fig. t _ Efficiency of hormonal sex reversal us
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tions in tilapia feed.

for 17a-MT and 60 llg-g-' for ethynyltes
tosterone (Pandian and Varadaraj 1987;
McGeachin et al. 1987; Rothbard et al.
1987; Baroiller and jalabert 1989). For
0. mossambicus, the minimum concen
tration for the production of all-male
batches using 17a-MT is 5 llg_g'l (Pandian
and Varadaraj 1987). Other artificial an
drogens such as 17a-methyl-5
androsten-3B-17B-diol (Varadaraj and
Pandian 1987) and mibolerone (Guerrero
and Guerrero, this vol.) have also been
used.

The present study indicates that in
O. niloticus, the minimum concentra
tion of 17a-MT yielding a 100% male
population is also 5 Ilg- g-1 for a 21-day
treatment period; there was no devia
tion in sex ratio with concentration of
1 llg·g-1.

As the steroidogenesis in the period
of gonadal differentiation has not been
extensively studied in teleost fish, par
ticularly in tilapia (Baroiller 1988a and
b; Baroiller et al. 1988), only a limited
number of natural androgens have been
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gariepinus (van den Hurk et al. 1989)
and 0. niloticus (Baroiller 1988b) dur
ing the early gonadal ontogenesis.

Administered through the feed (60
and 6 I-lg.g. 1) and through the rearing
water (300 I-lg'l-l), 11 B-OHLi4 produces
populations with high percentages of
males, yielding 76-78% in the trout (van
den Hurk and Lambert 1982; van den
Hurk and van Oordt 1985) and 77% in
the catfish (van den Hurk et al. 1989),
respectively, against 48 and 50% males
in the controls, respectively. In C.
gariepinus (van den Hurk et al. 1989),
17a-MT significantly biases the sex ratio
towards males (65%) at concentrations
of 30 I-lg·I·1 and towards the female sex
at 100 I-lg·I-1. In Oncorhynchus mykiss,
testosterone derivatives may not be es
sential for testicular differentiation:
testosterone and its 11-oxygenated
derivative can be synthesized by the
testis only stages beyond those at which
11 B-OHLi4 has been identified (van den
Hurk et al. 1982). Furthermore, a treat
ment using cyproterone acetate did not
affect the sex ratio of the batches of
trout (van den Hurk and van Oordt 1985)
and tilapia fry (Hopkins et al. 1979).
The androstenedione 11-oxygenated de
rivatives may be involved in some stages
of testicular differentiation in these three
species.

In O. niloticus, response to the hor
mone treatment is observed during a
determined critical period. To be effi
cient, treatment must begin between
nine and 13 dPF. Beyond this period,
differentiation seems definitively accord
ing to the genotype; from then on, it
could only be affected by exogenous
steroid factors.

The 21-day treatment is therefore ap
plied between 9-30 dPF. From a histo
logical perspective, at 2re, oogonia
proliferation occurs in females between
20-28 dPF and is followed by their first
meiotic prophase at 28-35 dPF (Baroiller

1988a and b). In males, a highly pro
gressive multiplication of somatic cells
and spermatogonia is observed during
the same period (Baroiller 1988 a and
b). Exogenous hormones are therefore
administered to the fry before the es
tablishment of these histological proc
esses.
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Abstract

In Oreochromis niloticus, hormonal sex reversal of an entire progeny from crosses between a sex
reversed XX male (produced by steroid treatment) and a normal XX female, resulted in a progeny of
sex reversed XX male siblings. The sex ratio of the progenies produced by single pair matings of 22 of
these sex reversed males is only rarely all-female, as opposed to predictions of a monofactorial sex
determination model. In order to assess a potential thermosensitive differentiation, progenies from
these sex reversed males were submitted to high temperatures for 21 days. Nine to 13 day-old fry
post-fertilization (PF) from 17 progenies were reared at high temperatures ranging from 30 to 36°C and
to an average control temperature of 28°C, respectively. No significant difference in survival was observed
between the two groups of fry with 76.2 and 74.2% survival rates at 28 and 30-36°C, respectively. All
surviving fry (an average of about 100 per batch) were sexed by histological examination of tissue
squashes at 60-90 dPF. High temperatures shifted the control sex ratios from 0 to 91 %. As the low
mortalities cannot account for these deviations, thermosensitivity is demonstrated in O. niloticus.

'Current address: C1RAD-EMVT. Laboratoire de physiologie des poissons, INRA, Campus de Beaulieu,
35042 Rennes Cedex, France.



Introduction

In controlled environments, the early
and prolific breeding of tilapias (Baroiller
and jalabert 1989) results in rapid over
population with a tendency to stunting.
The artificial control of tilapia reproduc
tion is therefore essential to make its culture
profitable. Since individual males show
better growth rates than females (Pruginin
1967; Hickling 1968; Hanson et aI. 1983),
three approaches have been suggested
to produce all-male populations: (1) manual
sexing by examination of the urogenital
papilla (Hickling 1963; Guerrero 1975);
(2) hybridization (reviews of Lovshin 1982;
Majumdar and McAndrew 1983; Wohlfarth
and Hulata 1983); and (3) hormonal sex
reversal (reviews of Guerrero 1982; Hunter
and Donaldson 1983; Pandian and
Varadaraj 1987). Manual sexing by
examination of the urogenital papilla (2.7
10% errors) results in the elimination of
half of the population after two to three
months (Baroiller and jalabert 1989). Al
though today, hormonal sex reversal is
the most widely used of the three
techniques because of its efficiency and
reliability, it is often questioned. For
example, the effects of the degradation
products of synthetic steroids have not
been studied sufficiently. especially for
their ecological consequences.
Hybridization using two parental species
ofculture interest like Oreochromis niloticus
and 0. aureus does not systematically
produce 100% males (Majumdar and
McAndrew 1983; Wohlfarth and Wedekind
1991).

A fourth, intraspecific approach was
suggested by Yamamoto (1969) and has
been used for the past ten years. This
technique consists in producing
homogametic male and female broodfish
which in turn produce all-male progenies.
In species like O. aureus, where the male
is homogametic (ZZ), feminization followed
by an analysis of the sex ratio of the

\
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progenies from the females produced by
single pair matings are sufficient steps to
produce such individuals (Hammerman and
Avtalion 1979; jensen and Shelton 1979).
In species like 0. niJoticus, where the male
is heterogametic, an additional step is
required to produce a new, viable and
fertile YY genotype (Baroiller 1988b;
Baroiller and jalabert 1989; Scott et al.
1989; Varadaraj 1989).

However, in most of these intra- and
interspecific studies, some sex ratios are
incompatible with a simple monofactorial
sex determination, XX/XY or ZZ/ZW
depending on the tilapia species (reviews
of Mair et aI. 1991 a, 1991 b; Wohlfarth
and Wedekind 1991). To explain these
unexpected sex ratios, two other models
were suggested: one suggests combining
two alleles from an autosomal locus and
two of the three sex chromosomes
(Avtalion and Hammerman 1978;
Hammerman and Avtalion 1979); the other
suggests a polygenic model (Majumdar
and McAndrew 1983; Mair et aI. 1987).
However, these two theories cannot ex
plain all the results found in the literature
(Avtalion and Don 1990; Wohlfarth and
Wedekind 1991).

However, in several species of inver
tebrates (Bacci 1965; Charnov and Bull
1977) and lower vertebrates (Conover
1984; Adkins-Regan 1987; Dournon et aI.
1990), environmental factors can determine
the phenotypic sex, independently of the
genotypic sex determined during
fertilization. Temperature is the major factor
in the environmental sex determination
of a majority of lower vertebrates (Bull
1983). In fish, the use of various hormone
treatments inducing functional inversions
artificially has shown a high level of
plasticity in gonadal differentiation
(Yamamoto 1969; Hunter and Donaldson
1983). Moreover, environmental factors
(social and thermal) are known to influ
ence sex determination in hermaphrodites
(Harrington 1967, 1968, 1971; Reinboth
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1975; Brusll~ and Brusle 1983; Chan and
Yeung 1983). It is only in the last ten years
that thermodependent sex determination
has been identified in a gonochoristic fish
(Conover and Kynard 1981; Conover 1984;
Conover and Fleisher 1986; Conover and
Heins 1987a, 1987b). In species where
heterogamety cannot simply account for
the varied sex ratios observed, environ
mental factors could be involved (Conover
and Fleisher 1986; Chourrout 1988). Sibling
sex reversed males of O. niloticuswith a
majority of progenies showing unexpected
sex ratios, based on a classic monofactorial
model, were recently produced (Baroiller,
this voL). Studies on the effect of high
rearing temperatures on the sex ratio were
consequently conducted on this type of
progeny.

Materials and Methods

Animals

Seven sex reversed males produced by
hormone treatment using a family of fry
of O. niloticus of the "Bouake strain"
(Baroiller et aI., in press) were identified
by their all-female individual progeny. One
of these sex reversed males was bred again
and a sex reversal treatment was applied
to its entire progeny (Baroiller, this voL).

Nine of the sex reversed males thus
produced were selected for breeding and

placed individually with normal females
at a sex ratio of 4: 1 in 400-1 aquaria. Most
of the sex reversed males originating from
the same stock produced theoretically
unexpected males (BaroilIer, this voL). One
of these males (male D3) naturally
originating from a sex reversed male was
used as a brood fish in the present
experiment. The water temperature was
kept at 2 JOC using a thermoregulating
device. Each animal was identified by a
tag inserted in its dorsal musculature.
Reproduction was detected by the onset

of maternal mouthbrooding behavior (eggs
then fry) which is characterized by the
dilation of the female's mouth. As soon
as this particular characteristic was
observed, all other individuals were
removed leaving the female to incubate
in the aquarium. Five days after hatching,
Le., nine days post-fertilization (dPF), fry
were removed from the mother's mouth.
Each progeny, identified by its fertilization
date and the tags on the parents, was di
vided into two to five equal batches of
at least 100 individuals. Each batch was
reared separately in 200-1 aquaria. The
water in the aquaria was filtered, aerated
and thermoregulated. Batches for exposure
to high temperatures were placed in small
0.5-1 plastic containers containing an air
stone. These containers were left afloat
in the aquaria for a few hours for
temperature adjustment before releasing
the fry which remained 21 days in the
thermoregulated aquarium. This period
corresponds to the optimum treatment
duration to produce all-male populations
by hormonal sex reversal with a natural
androgen, 1 1B-hydroxyandrostenedione
(1 1B-OH~4) (Baroiller and Toguyeni, this
voL). Fry were fed ad libitum six times a
day and seven days a week using first
feeding salmonid feed (Aqualim) distrib
uted by an automatic feeder during the
12-hour photoperiod. Seventeen sex

reversed male progenies were used in the
present study. After treatment, batches

of one month-old fry were stocked indi
vidually in external 1.5-m3 tanks where
they were fed ad libitum six times a day
and six days a week until sexing at 60
90 dPF.

Identification of the Phenotypic Sex

At a minimal age of two to three months,
when the histological characteristics of
the male and female differentiation are
already established (Baroiller 1988a,
1988b), all fry from each batch were



dissected and their gonads examined by
simple squash, using a 125X microscope.
The presence of previtellogenic or
vitellogenic oocytes and the lobular
configuration revealed the ovary and the
testis, respectively, and consequently the
phenotypic sex.

Results

The mean survival rate (5) at the time
of sexing did not differ significantly
between the control batches reared at
temperatures of 26-29°C (5 = 76.2% for
1,879 sexed fry) and the batches subjected
to higher temperatures ranging from 30
to 36°C (5 = 74.2% for 2,880 fry). These
survivals produced batches of an average
of 100 individuals at the time of sexing.

For three families of fry MXX9 x FXX10,
MXX9 x FXX11 and MXX7 x FXX7, two
control batches were reared at a mean
temperature of 28°C (Tables 1 and 2). No
significant difference was observed in the
sex ratio among batches of the same family.

Seventeen families of fry, each divided
into several batches, were reared at two
temperatures: 20 batches served as controls
(temperatures of 26-29°C); and 32 batches
were exposed to higher rearing tempera
tures ranging from 30 to 36°C (Table 3).
Compared to controls, 16 of these families
showed different sex ratios in at least one
of the experimental batches (Tables 1 and
2, Fig. 1). These deviations in sex ratios
cannot be attributed to differential
mortalities related to high temperatures.
The low mortality rate observed in most
batches does not sufficiently explain these
large deviations. In the XX17 x XX11 cross
especially, the seven and six deaths
observed in the control batch and in the
batch exposed to 36°C, respectively,
cannot explain the difference of 91 % of
males between the two populations of
99 and 100 fry previously identified. The
sex ratios of progenies from sex reversed
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males of O. niloticuswere therefore directly
influenced by the high rearing tempera
tures.

No significant difference in sex ratios
was observed between the batches
exposed to 31°C and the control batch
(Table 3). Among the sex ratios of six
batches exposed to 32-33°C, five of them
were significantly biased towards the males
compared to the percentages observed
in the control batches exposed to 2rC
(Table 3). Between 34 and 36°C, 20 batches
out of 23 showed significant changes in
the percentage of males as compared to
their respective control batches. For tem
peratures ~ 32°C, proportions of males
in experimental populations increased from
o to 91 % as compared to the control sex
ratios.

The intensity of response was neither
directly proportional to the temperature
applied, nor to the percentage of males
produced at the control temperature.
Progenies differed significantly in their
sensitivity to temperature, both vis-ii-vis
an effective minimal temperature and in
the extent of deviation in sex ratios in
identical culture conditions. In experiments
using the same temperature of 36°C,
changing male sex ratios (14.1 to 91 %)
were observed depending on the progenies
(Tables 1 and 2). Strong paternal (XX9 x
XX16jXX18xXX16) and maternal (XX17
x XX15jXX 17 x XX 11) influences were
observed on the thermosensitivity of the
progenies (Table 3). However, the
proportion of males increased with the
temperature in nearly all experimental
batches.

Out of all progenies used, only one family
showed no deviation in sex ratio regardless
of the temperature used. In contrast to
all other experiments, temperature
treatments were applied to fry from the
XX4 x XXS cross only after 15 dPF instead
of 9-13 dPF. This result probably reflects
a critical period of thermosensitivity.
Beyond certain stages of differentiation,



250

Table 1. Characteristics of Oreochromls nllotlcus fry reared at different temperatures: for details of parental crosses, see text.

Parental cross roc Initial age Survival Survival Males Control X' (level of significance)"
(M x f) (± range) (dPF) (no.) (%) (no.) (%)

XX xXX 27±2 13 141 47 36 25.5
35±2 13 67 22 56 83.6 62.05

XXO x XXO 26±2.5 10 152 76 34 22.4
34±1.5 10 125 62.5 107 85.6 109.74
36±1.5 10 23 11.5 20 86.9 39.1

XXI xXXI 27±2 9 96 90.6 1 1
31±1.5 9 78 73.6 0 0 0.011
36±2 9 80 25 20 25 21.61

XX4xXX7 29±1 10 103 94.5 1 1
31±1 10 109 100 2 1.8 0.002
35±1.5 10 105 96.3 13 12.4 9.04
36±1.5 10 54 49.5 15 27.8 24.96

XX4xXX5 28±1 15 101 84.2 4 4
34±1 15 110 91.7 9 8.2 0.97
35±1 15 98 81.7 5 5.1 0.002

XX4 x XX5 28±1.5 9 104 95.4 3 2.9
33±1 9 101 92.7 14 13.9 6.73
36±1.5 9 67 61.5 38 56.7 61.86

XX7 x XX7 28±1.5 11 90 90 34 37.8
28±1.5 11 89 89 29 32.6
35±2 11 88 88 54 61.4 16.4

XX9xXX10 28±1.5 11 78 69.6 27 34.6
28±1.5 11 68 60.7 23 33.8
34±2 11 79 70.5 41 51.9 6.63

XX9xXXll 28±1.5 10 104 97.2 10 9.6
28±1 10 107 100 10 9.3
34±1.5 10 98 94.2 30 30.6 20.5
35± 1.5 10 93 89.4 47 50.5 63.3

XX9 x XX12 27±2 10 97 94.2 2 2.1
33± 1.5 10 80 77.7 10 12.5 5.99
36±1.5 10 94 91.3 20 21.3 15.46

XX9xXX16 28±1.5 10 21 3 14.3
36±1.5 10 44 29 65.9 13.6

XXllxXX5 27±2.s 11 119 94.4 5 4.2
34±2 11 119 94.4 4 3.4 0.000
36±1.5 11 104 82.5 19 18.3 10.02

XX17xXXI5 27±2 10 54 51.9 2 3.7
32± 1.5 10 92 88.5 18 19.6 5.06
36±2 10 81 77.9 39 48.1 28.2

XX17xXXll 28±1.5 10 99 93.4 0 0
32±1.5 10 106 100 8 7.5 5.89
36±1.5 10 100 94.3 91 91 162.35

XX17xXX16 28±1.5 10 53 21 39.6
32±1.5 10 99 66 66.7 9.24

XX18xXX16 28±1.5 12 101 95.3 4 4
31 ± 1.5 12 101 95.3 0 0 2.29
32±1.5 12 93 87.7 1 1.2 0.66
35±1 12 105 99.1 2 1.9 0.214
36±2 12 67 63.2 22 32.8 23.5

XXD3 x XX17 28±1.5 10 102 86.4 8 7.84
34±1.5 10 118 100 71 60.2 62.83
34±1.5 10 102 86.4 66 64.7 68.89

"p<0.05; "p<O.OI; ···p<O.OO1.
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Fig. 1. Effects of temperature (27-36°C) on the percentages of males in the progeny of Oreochromis
niloticus from various parental crosses: for details on parental crosses, see Table 1 and text; scale bars
represent standard errors and asterisks represent levels of significant differences of the high temperature
from lower temperatures in that group (*p<0.05; **p<O.OI; ***p<O.OOt).

Table 2. Sex ratio responses in batches of
Oreochromis nifoticus fry reared at different
temperatures.

Table 3. Parental effect on the sex ratios of
Oreochromis nifoticus fry reared at different
temperatures: for details on parental crosses, see
text.

Temperatures No. batches No. significant
(0C) tested responses % Males

31 3 0 Parental Control at 36°C Difference'
32 4 3 cross M x F (%)
33 2 2
34 7 6 XX4xXX5 2.9 56.7 53.8
35 6 4 XX4 x XX7 1 27.8 26.8**
36 10 10 XX9xXX12 2.1 21.3 19.2

XX9xXX16 14.3 65.9 51.6***
XX17xXX15 3.7 48.1 44.4
XX17xXXll 0 91 91***
XX9xXX16 14.3 65.9 51.6
XX18xXX16 4 32.8 28.S**

the gonadal sex may no longer be
influenced by external factors such as
temperature.

The progeny from the XX17 x XX11 cross,
with a sex ratio corresponding to the ex
pected sex ratio following a simple genetic
model in a sex reversed male of 0. niloticus,

·*·p<O.OI; ···p<O.OOI.

also showed a thermosensitive differentiation.
Similarly, the progeny of an unexpected
male (male D3) from a cross between a sex
reversed male and a normal female also
showed a thermosensitive differentiation.
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Discussion

Very few studies have analyzed the
environmental factors possibly involved
in the sex determination of fish. Most
studies have focused exclusively on her
maphrodite species. In these species, the
influence of environmental factors on
natural sex reversal has been demonstrated
(reviews of Reinboth 1975; Chan and Yeung
1983). In Rivulus marmoratus especially,
low temperatures produced primary males
(Harrington 1967, 1968) and variations
in the photoperiod resulted in the pro
duction of secondary males (Harrington
1971). In gonochoristic species, only the
studies on Menidia menidia (Conover and
Kynard 1981; Conover 1984; Conover and
Fleisher 1986; Conover and Heins 1987a,
1987b) clearly demonstrated the effect
of external factors. Based on samples tal<en
from the wild, a species of the same genus,
M. peninsulae, may also show
thermosensitivity (Middaugh and Hem
mer 1987). Studies on viviparous species
such as Poeciliopsis lucida suggest an en
vironmental influence on sex determina
tion. However, the deviations observed
could be due to the effects of temperature
(Sullivan and Schultz 1986), or of pH (Rubin
1985) on the physiology of the maternal
parent, and might not reflect a direct effect
on the embryo. In the rainbow trout
(Oncorhynchus mykiss), heat shocl<s of
25 or 29°C or longer exposures to 23°C
do not significantly modify the sex ratio
(Van den Hurl< and Lambert 1982). In
tilapias, potential thermosensitivity has
been studied in three species. In 0. aureus,
0. niloticus and their hybrids, low survivals
(~ 26%) and the small average quantity
of fry (23-28) produced in batches ex
posed to extreme temperatures (19.5 and
3l°C) prevented differential mortality from

being excluded as causal factor (Mair et
al. 1990). In the same study, the sex ra
tios of two batches of O. mossambicus
exposed to 19-10°C differed significantly

from the sex ratios of their controls, with
a bias towards the male sex. However,
the survivals (10.6 and 35.3%) and the
number of fry (18 an~ 41, respectively)
from batches exposed to low tempera
ture did not lead to obvious conclusions.

In view of the relatively high survivals
and numbers of fry used in the present
study, the hypothesis of a differential
mortality cannot explain the deviations
observed in the sex ratio of progenies from
sex reversed males of O. ni/oticus.
Temperature may therefore have an effect
on sex determination in 0. niloticus. the
proportions of males within a single family
are, independent of the rearing temperature
(26-36°C), under high paternal and
maternal influences. At 34°C and above,
a clear environmental effect on the sex
ratio shows thermosensitive differentia
tion in progenies from sex reversed males
of O. ni/oticus. In M. menidia, the effect
of temperature on the sex ratio is also
under strong paternal influence; some prog
enies do not seem to be affected by the
rearing temperatures; significant male and
female percentages are observed at ex
treme temperatures (Conover and Heins
1987b). Sex determination in M. menidia
is considered to be an intermediate step
between an entirely genetic determina
tion and an exclusively environmental de
termination (Conover and Heins 1987b).
In reptiles showing environmental sex de
termination, an insignificant genetic base
is found only in narrow ranges (sometimes
only 2 DC) around the temperature
thresholds and only one sex is produced
at extreme temperatures (Bull et al. 1982);
sex determination in such situations thus
depends entirely on the environment.

In O. ni/oticus, the environmental
influence on sex determination can operate
during a specific critical period of

thermosensitivity: between 9 and 13 dPF.
Beyond this range, sex differentiation is
probably irreversible, at least vis-a-vis ex
ternal factors, and would then correspond



to the genotype. A 21 -day thermal treat
ment yields 91% maximum deviations if
initiated before the 15th dPF. Additional
experiments are, however, necessary to
determine accurately the duration of the
critical period. Histologically, two basic
events in oogenesis occur between 20 and
35 dPF at 2rC: oogonia proliferate be
tween 20 and 28, dPF followed by the
first prophase between 28 to 35 dPF, or
756 to 945 degrees x days (Baroiller 1988a
and b). During the same period, the highly
progressive multiplication of the somatic
and spermatogonia occurs in the testis
(Baroiller 1988a and b). The chronology
of these events depends on the rearing
temperature and seems to be more
accurately determined by a number of
degrees x days than by an absolute age
(this study). During a 21 -day treatment
beginning 10 dPF, high temperatures are
applied before and at the onset of these
events. In M. menidia, sensitivity to tem
perature also occurs during a precise critical
period at the end of which gonadal sex
differentiation takes place. The time of
occurrence and the duration of this period
depend upon the temperature (Conover
and Kynard 1981; Conover and Heins
1987b). The same occurs in turtles (Yntema
1979; Pieau and Dorizzi 1981) and in
alligators (Ferguson and Joanen 1982).

The chronological characteristics of this
period as determined in the present study
correspond, as in reptiles (Gutzke and
Chymiy 1988) to the period of sensitiv
ity to hormonal treatment in the same spe
cies (Baroiller and Toguyeni, this voL).
In O. niloticus, hormonal sex reversal treat
ments using an androgen identified in vitro
and testis-specific at the early stages of
its ontogenesis (Baroiller 1988a and b)
can be used to determine a period of
hormonal sensitivity: to be efficient, the
treatment with 11B-OHLl4 should begin
before 15 dPF (Baroiller and Toguyeni, this
vol.) and should last 21 days. However,
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in thermosensitive turtle species such as
Emys orbicularis, production of some ster
oids (estrogens), normally regulated via
the genotype, would become
thermodependent beyond certain critical
temperature thresholds (Dorizzi et at.
1991). A thermosensitive factor may be
involved in the regulation of the synthesis
of enzymes that are specific to the estrogen
production (Pieau et at. 1987). The level
of these steroids would then determine
the phenotypic sex. Such pattern may exist
in most species with thermodependent
sex determination (Zarborski et al. 1988).

Recent studies of O. niloticus show that
this type of environmental sex
determination is found in progenies from
normal males and females (Baroiller et aI.,
unpublished data).

In O. niloticus, sensitivity to tempera
ture similar to that observed in M. menidia
is described in the present study. The 34°C
thermal threshold for thermosensitivity
can be experienced by tilapias in the wild
as well as in culture conditions (Denzer
1968; Philippart and Ruwet 1982). This
characteristic in sex determination could
explain part of the unexpected results
described in the literature. Environmen
tal sex determination could be far more
common than initially believed (Conover
1984; Zaborski et al. 1988). In the platyfish
(Xiphophorus maculatus) in which genetic
determination is well-established, unex
pected sex ratios have also been observed,
including some within a population. Long
and complex studies have shown
autosomal interactions in species
possessing several sex-specific markers
(Kallman 1984). In view of these experi
mental difficulties, these analyses cannot
be reasonably conducted on all species
presenting unexplained sex ratios. The
present study suggests that a potential
thermosensitivity in the species studied
should first pe investigated before under
taking further studies.
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Abstract

Based on data derived from bidirectional selection for cold tolerance in tilapias, realized heritability
estimates were calculated according to the ratio response:selection differential. After one generation
of selection, estimates for up-selected populations (most cold tolerant) were: Oreochromis aureus,
0.33; O. niloticus, -0.05; and F3 hybrid, 0.31. Estimates for two down-selected populations (least
cold tolerant) were: O. aureus, 0.04; and O. niloticus, 0.42. Based on these initial estimates, it
should be possible to increase cold tolerance in O. aureus and related hybrids via directed selection.

Following two generations of bidirectional selection, companion studies were undertaken to
evaluate growth at low suboptimal temperatures. Fingerlings from up-selected populations grew
significantly faster (P<0.05) than fingerlings from down-selected populations at temperatures ranging
from 17.2 to 21.2°C. Under low temperature regimes, growth rate of O. aureuswas greater than
O. niloticus, irrespective of selection criteria (P<0.05).

Introduction

Rapid expansion of tilapia (Oreochro
mis spp.) culture into the warmwater
aquaculture industry of the United States
is hampered by their sensitivity to winter
temperatures, and in certain instances,
low market acceptability. Growth and
reproduction of commercial strains are
negligible at 20 and 22°e, respectively
(Behrends and Smitherman 1983).
Species specific mortality ensues after
prolonged exposure to temperatures of
10 to 15°C (Shafland and Pestrak 1982;
Wohlfarth and Hulata 1983; Behrends
et al. 1990a).

Red-colored tilapias are often per
ceived as being more attractive than
"normal-colored" tilapias and can

command a premium price. However,
many commercial strains of red tilapias
grow slowly, suffer high mortalities (EI
Gamal et al. 1988). and are more sen
sitive to low temperatures than other
commercial strains of normal-colored
tilapias (Behrends et al. 1990a).

It may be possible to develop fast
growing, cold-tolerant hybrid strains of
red tilapias via interspecific hybridization
and introgression coupled with directed
selection. This requires use of two
breeding schemes: introgression of the
red hereditary material into commercial
strains of wild-type colored tilapias, and
mass selection of improved cold
tolerance within specific populations,
or in segregating F2+ generations.
Introgression of desirable red coloration
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from otherwise unproductive strains into
valuable commercial strains has been
accomplished in the genus Oreochro
mis of which many species hybridize
readily (Behrends and Smitherman 1984;
Behrends et at. 1990b). However, im
proving cold tolerance in warmwater
fishes via directed selection has not been
previously investigated (Gjedrem 1983).
It requires establishing selection criteria
and adequate selection techniques.

Objectives of this research included:
(1) documenting first-order estimates
of realized heritability for cold toler
ance in several distinct populations of
tilapia and (2) evaluating growth of
bidirectionally selected strains over a

range of low suboptimal temperatures.

Materials and Methods

Fish Stocks

Populations tested included Oreo
chromis aureus (Israeli strain), O.
niloticus (Egypt strain) and a red and
normal-colored Fz+ hybrid strain (red
aureus females x red niloticus males).
Fingerlings used in tests of cold toler
ance, realized heritability and growth
at suboptimal temperatures were de
rived from populations encompassing
10 to 40 spawns per population.

Red and normally pigmented hybrid
strains of 0. aureusand O. nlloticuswere
produced over several generations via
introgressive hybridization (Behrends et
at. 1990a). This entailed, for example,
producing F

j
hybrids by crossing O.

aureus females with a red hybrid (pre
dominantly O. mossambicus) and sub
sequently backcrossing red hybrid males
to O. aureus females for multiple gen
erations. The two red hybrid strains were
subsequently crossed to combine the
cold tolerance of O. aureus with the su
perior growth of 0. nlloticus.

Realized Heritability Estimates

Three control populations of tilapia
(0. aureus, O. niloticus and a red Fz
hybrid strain), consisting of 600 finger
lings per population, were subjected to
standardized long-term, cold-tolerance
tests. Procedural details and phenotypic
responses are summarized in a compan
ion paper (Behrends et al. 1990a).
Individual weights of fingerlings used
in cold tolerance and selection trials
ranged from 2 to 90 g. Fingerlings were
challenged by slowly lowering water
temperature from 16°C (acclimation
temperature) to 5°C at a mean rate of
1°Cday-l. Selection criteria were based

on time (to the nearest hour) and tem
perature (to the nearest 0.1 0c) at loss
of response to stimuli due to cold nar
cosis. Mean cumulative degree hours
(MCDH) to an unresponsive state were
calculated for each population. MCDH
is the sum total of degree hours below
a set threshold (acclimation) tempera
ture, e.g., 16°C. For example, a fish held
for one hour at 14°C, would accumu
late two degree hours if the threshold
temperature was 16°C; if held an addi
tional hour at 13°C, the sum would be
(16-14)+(16-13), or five degree hours,
etc.

Within populations, bidirectional se
lection was accomplished by selecting
the most cold tolerant, i.e. those last
to lose responsiveness to stimuli (upper
10%) and the least cold tolerant, i.e.,
those first to lose responsiveness (lower
10%). Fifty to sixty broodstock from each
of the selected populations (up- and
down-selected) were assortatively mated
in replicate earthen ponds. Control
populations were recreated in each gen
eration by respawning the original pa
rental lines. Resulting offspring, con
sisting of several thousands of each
population, were cultured for
approximately three months, harvested



in the fall and overwintered at 16°C.
Two hundred randomly selected
fingerlings from each population were
subsequently cold-branded (Myers and
Iwamoto 1986), stocked communally into
replicate aquaria and subjected to a
standardized cold-tolerance test.

A second generation of bidirectional
selection was also completed during the
spring of 1990. Selection was accom
plished by retaining the upper 50% (100
most cold tolerant) and the lower 50%
(100 least cold tolerant) of the selected
fingerlings from the first generation
selection trial (see previous paragraph).
Second generation selects and their
respective control populations were
assortatively mated, fingerlings pro
duced, overwintered, freeze-branded and
subsequently subjected to a standard
ized long-term, cold-tolerance test.

Realized heritability estimates for the
first and second generations of selec
tion were calculated based on the ratio
response: selection differential (Falconer
1981). Standard errors of the estimates
were calculated for only the first gene
ration of selection, due to the limiting
assumptions of the formula (Prout 1962).

Correlated Responses: Growth
at Suboptimal Temperatures

0. aureus and O. niloticus fingerlings
used in this study were offspring from
second generation select broodstock and
appropriate controls. Fingerlings were
mechanically graded by population to
a mean weight of approximately 2 g to
eliminate, as much as possible, differ
ences in initial weight. Fingerlings were
randomly allocated by group to aquaria
and cultured for three contiguous 30
day trials at mean suboptimum tempera
tures of 17.2, 19.2 and 21.2°C, respec
tively. Each temperature-group treat.,.
ment was replicated three times with
20 fingerlings per replicate.
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All treatments received a salmon
starter diet (50% crude protein) at 3%
of body weight in equal morning and
afternoon feedings. Feed rates were
adjusted biweekly based on the aver
age biomass of the fastest growing
group. Water management was
passthrough with a retention time of 5
minutes. Thus, with the exception of
water temperature, water quality was
near optimum for realized growth po
tential. Fingerlings were weighed indi
vidually to the nearest 0.1 g at two
week intervals.

Two-way analysis of variance and
means separation tests were used to
detect differences in growth rates and
mean final weights (Barr et al. 1979).
Main effects were species (0. aureus
vs. O. niloticus) and selection criteria
(up-selected vs. down-selected vs. con
trol). Where warranted, covariance was
used to adjust final mean weights by
initial weights.

Results

Realized HerltabJllty Estimates

Table 1 summarizes cold-tolerance
means, standard deviations, coefficients
of variation and selection differentials
for three base populations and their re
spective bidirectionally selected
subpopulations. Tables 2 and 3 sum
marize analogous data for progeny from
select and control populations for
generations I and II, respectively.

Based on a single generation of bi
directional selection, realized heritability
estimates were calculated according to
the ratio response: selection differen
tial. The ratio can range from -1.0 to
1.0. Theoretically, O::::;h z::::; 1, but there
is no absolute limit for RjS: -oo<RjS<+oo
depending on experimental errors.

The estimates and respective stand
ard errors, based on cumulative degree
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Table 1. Cold-tolerance parameters for three populations of tilapia (Oreochromis spp.) and selected
subpopulations subjected to temperature declines of 1°C·day·'. Figures in parentheses indicate percentates.

Mean lower" Cumulative
critical degree hours

temperature (0C) (base 15°C)
n Selection

Population x SD CV x SD CV differential

O. aureus
Base 594 6.8 0.44 6.5 739 72.Z 9.8
Up-selected (10) 60 6.5 0.14 Z.1 844 13.8 1.6 +105
Down-selected (10) 56 7.6 O.5Z 6.8 593 72.3 lZ.Z -146

O. niloticus
Base 584 7.9 0.56 7.0 540 69.0 lZ.8
Up-selected (10) 60 7.4 O.IZ 1.6 644 19.6 3.0 +104
Down-selected (10) 60 8.8 0.40 4.5 415 43.1 10.3 -1 Z5

Red hybridb

Base 603 7.8 0.71 9.1 55Z 97.3 17.6
Up-selected (10) 60 7.0 0.46 6.6 698 19.6 Z.8 +146
Down-selected (10) 60 9.0 0.69 7.7 366 68.9 18.8 -186

"Temperature at which fish lose responsiveness to stimuli due to cold narcosis.
bF, hybrid derived from cross (red O. aureus x red o. niloticus).

Table Z. Cold-tolerance parameters for progeny from selected and control populations of tilapia
(Oreochromis spp.).

Mean lower" Cumulative
critical degree hours

temperature (0C) (base 15°C)
n Selection

Population x SD CV x SD CV response

O. aureus
Control Z04 6.4 0.49 7.6 853.5 75.2Z 8.8
Up-selected 189 6.Z 0.59 9.3 888.7 85.48 9.6 +35.Z
Down-selected Z08 6.4 0.72 11.3 847.6 114.99 13.6 -5.9

O. niloticus
Control 198 7.1 0.64 9.1 715.1 91.39 lZ.8
Up-selected Z09 7.1 0.5Z 7.Z 709.5 74.31 10.5 -5.6
Down-selected 196 7.3 0.60 8.1 66Z.Z 93.ZZ 14.1 -5Z.9

F
3

hybridb

Control 148 7.Z 0.56 7.8 699.5 77.99 11.1
Up-selected 172 7.0 0.67 9.6 745.1 8Z.45 1 1. 1 +45.6
Down-selected<

"Temperature at which fish lose responsiveness to stimuli due to cold narcosis.

b(O. aureus x O. niloticus).
cDown-selects last to oxygen depletion in nursery pond.
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Table 3. Cold-tolerance parameters (means±SD) for progeny of three populations of tilapia (Oreochromis
spp.) after two generations of selection." Means within columns followed by different letters are
significantly different (P<0.05).

Mean lowerb Cumulative
critical degree hours

temperature (DC) (base 15°C)
n

Population x SO CV x SO CV

O. aureus
Up-selected 53 6.6a 0.63 9.5 1,043a Ill.7 11.8
Control 44 6.4a 0.63 9.8 1,089a 118.2 10.9
Down-selected 42 6.4a 0.57 8.9 1,0Ba 113.9 10.6

O. niloticus
Up-selected 46 7.2a 0.40 5.5 920a 74.6 8.1
Control 44 7.2a 0.45 6.2 906a 79.0 8.7
Down-selected 50 7.4b 0.61 8.2 853b 98.1 11.5

Red hybrid (F-4)C
Up-selected 51 7.2a 0.96 13.4 931a 148.0 15.9
Control 50 7.1a 0.57 8.0 927a 102.8 11. 1
Down-selectedd 49 7.3a 0.51 7.0 870b 85.3 9.8

"Intensity of selection in Generation I is equal to 60/600; Generation II 1001200.
bTemperature decreased 1DC-day" from 16°C to 5°C.
cF. hybrid derived from cross (red O. aureus x red O. niloticus).
dDown-selects derived from lower 50% of the previous up-selected generation.

hours, are summarized in Table 4.
Estimates for up-selected populations
(most cold tolerant) were; O. aureus,
0.33; O. niloticus, -0.05; and F

3
red

hybrid, 0.31. Estimates for two down
selected populations were; O. aureus,
0.04; and O. niloticus, 0.42.

Second generation selection results
(Table 3) revealed that up-selection did
not lead to further improvements in cold
tolerance in any of the selected
populations (P>0.05). However, signifi
cant responses were still evident in
down-selected lines of O. niloticus and
the interspecific hybrid.

These first-ever heritability estimates
for cold tolerance in tilapias indicate
that at relatively high intensities of in
dividual selection, statistically signifi
cant responses can be obtained. How
ever, the magnitude and direction of
the responses appear to be species- or
strain-specific. For instance, results in-

dicate that selection may be useful for
improving cold tolerance in O. aureus
and its hybrids, but not in O. n i/oticus.
Conversely, relatively cold-intolerant
strains of O. niloticus and the interspecific
hybrid may be developed via down
selection, but not cold-intolerant strains
of O. aureus.

Correlated Responses: Growth
at Suboptimal Temperatures

At rearing temperatures of t 7.2°e,
absolute growth rates (g'indivi
dual-1 'month-') of selected subpopu
lations of O. aureus and O. niloticuswere
minimal, ranging from -0.04 to 0.29
g·individual-1.month" (Table 5). Although
there was little divergence of growth
rate among selected subpopulations at
this ter.nperature, it was apparent that
growth of O. aureus, irrespective of se
lection criteria, was superior to O.
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Table 4. Response to bidirectional selection for cold tolerance in tilaplas (Oreochromls spp.). Parameter measured was cumulative

degree hours below acclimation temperatures (15~ t 6"C). Standard errors calculated according to Prout (196z).a

Generation r Generation lId

Standard
Realized error Realized

Selection heritability (population Selection heritability
PopulatIon differential Response (R/5) mean) differential Response (R/5)

O. aureus
Up-selected +105 +35.2 0.33< 0.004 +46 -46.0 -1.00
Down-selected -146 -5.9 0.04 0.007 -59 -16.0 0.27

O. njfotlcus

Up-selected +104 -5.6 -0.05< 0.016 +37 13.0 0.35
Down-selected -125 -52.9 0.42 0.004 -72 -53.0 0.74

F3.4 hybrid
Up-selected +146 +45.6 0.31< 0.002 +54 4.0 0.08
Down-selected -186 -54.3 -56.8 1.05

aStandard error formula only applicable for first generation of selection.

bl00% mortality in fingerling production phase.
CSignificant response to selection.

dDown-selects In Generation" derived from lower 50% of the previous up-selected population.

Table 5. Growth rate data for selected~ populations of tilapia (Oreochromis spp.) cultured at suboptimal temperatures. Each mean

based on three replicates of 20 fish each. Growth trials at each temperature regime were conducted for 30 days.

17.2°C 19.2°C 21.2°C

Initial Final Differenceb Initial Final Difference Initial Final Difference

Population weight (gJ weight (g) (gJ weight (gl weight (g) (g) weight (gl weight (gJ (g)

O. aureus

Up-selected 3.11 3.30 0.19a 3.30 3.65 0.35a 3.65 4.71 1.06a

Control 2.62 2.91 0.29a 2.91 3.17 0.26a 3.17 3.94 O.77b
Down-selected 3.04 3.22 0.18a 3.22 3.40 0.18. 3.40 4.15 0.75b

O. nffotlcus
Upwselected 2.99 2.95 -0.04a 2.95 3.12 0.17a 3.12 4.03 0.91a

Control 3.08 3.17 0.09b 3.09 3.21 0.12. 3.23 3.72 0.49b

Down-selected 2.99 3.09 0.10b 3.09 3.15 0.06a 3.20 3.77 0.57b

~Bldlrectlonal selection for cold tolerance applied for two generations (see text for details).

bMeans followed by a different letter are significantly different (P<O.OS); vertical comparisons within species only.

niloticus. Similarly, 0. aureus outper
formed o. niloticus at 19.2 and 21.Z°C.
This is in contrast to growth perform
ance at higher temperatures (26 to 32°C),
where 0. niloticus generally grows faster
than O. aureus.

Divergence ofgrowth rates among selected
populations within species was weakly
manifested at 19.2°C (p>O.05), but readily
apparent W<O.05) at 21.2°C (Table 5). Results
indicate that directional selection for cold

tolerance in two species of tilapia may have
significantly influenced absolute growth rates
at suboptimal temperatures (P<O.05). However,
in several instances the results were un
expected. While there was no significant
response to up-selection after two generations
in 0. niloticus(Table 4), there waS a noticeable
improvement in growth rate of the up-selected
population at suboptimal growth temperatures
(Table 5). Conversely, two generations of
downward selection for cold tolerance resulted



in a subpopulation of 0. niloticus that was
significantly less cold-tolerant than its respective
control (Table 4). Despite this fact, growth
rate at suboptimal temperatures was not
significantly diminished by downward selection
(Table 5).

Discussion

Intraspecific differences in cold tol
erance among geographically distinct
strains have been reported for O.
niloticus (Khater 1985). The most north
erly distributed strain (Egypt 31 ON) was
significantly more cold-tolerant than
strains from COte d'ivoire (lOON) or
Ghana (6°N). Intraspecific hybridization
and backcrossing among the Egypt and
Cote d'lvoire strains revealed no sig
nificant heterosis (Tave et at. 1990), in
dicating that cold tolerance in those
populations is not controlled by domi
nant genetic variance. Furthermore, dinal
variation among strains within a species
(Khater 1985) indicates: (1) an
intraspecific component of additive
genetic variance and (Z) that natural se
lection has probably operated to extend
the range of certain Oreochromis species.
Statistically significant heritability es
timates for cold tolerance in tilapias
(Table 4) provide further experimental
evidence that cold tolerance is controlled
by additive genes. Therefore, progress
in either direction, upward or downward,
should be possible at prescribed
intensities of selection. The erratic and
asymmetrical responses observed within
and among species and hybrids during
two generations of selection (Table 4)
have many potential causes including:
random drift, experimental error, selec
tion differential, inbreeding depression,
maternal effects, genetic asymmetry,
genes with large effects, scalar
asymmetry and indirect selection (see
Falconer 1981).
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Responses to selection in the first gen
eration were attained at relatively high
levels of selection intensity, while re
sponses in the second generation were
achieved at much reduced levels of
selection intensity. Unfortunately, posi
tive gains made in cold tolerance in up
selected populations of O. aureus and
its hybrid during the first generation of
selection were lost during the second
generation of selection. In contrast, rapid
gains in down-selected populations were
achieved in O. niloticus, irrespective of
selection intensity. Such results may in
dicate that cold tolerance is near a se
lection limit in these populations. Lack
of response to up-selection in the sec
ond generation may have resulted from
a combination of factors including: sam
pling error, selection plateau,
misidentification of freeze brands and/
or a relaxing of the intensity of selec
tion. It should be noted that the selec
tion differential in the first generation
was based on the upper and lower 10%
of a base population consisting of 600
individuals. However, selection differ
ential in the second generation of
selection was based on the upper and
lower 50% of ZOO individuals/population.
Thus the intensity of selection in the
second generation was significantly less
than that practiced in the first generation.

It should be noted that many of the
causes for lack of response and
asymmetry of response are exacerbated
by small founding populations. In the
US, certain tilapia populations were
founded as early as 1957 with as few
as five broodstock (R.O. Smitherman,
Auburn University, pers. comm.). Also
many of the US populations have
experienced multiple and severe
bottlenecks, further reducing genetic
variance. Despite limited phenotypic
variance among several tested
populations (Behrends et at. 1990a), it
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was still possible to elicit selection
responses.

The positive correlated response be
tween cold tolerance and growth at
suboptimal temperatures needs to be
confirmed by further studies. Although
strains up-selected for cold tolerance
grew faster than control and down
selected populations at suboptimal
temperatures, the results in certain in
stances were confounded by differences
in initial starting weights. Controlling
differences in initial weight among test
strains either by statistical blocking or
mechanical grading is important since
even small differences in initial weight
can mask genetically mediated
differences in growth rate.

Correlated responses to selection re
vealed that it may be possible to im
prove growth at suboptimal tempera
tures by selecting for cold tolerance.
From a practical standpoint, this may
provide a marginal increase in the grow
ing season for temperate climates and
allow overwintering at lower tempera
tures. From a technical standpoint. such
a response indicates that indirect se
lection for cold tolerance may be possible
by selecting for growth at suboptimal
temperatures. From a logistical and
technical standpoint, this has important
implications. Growth at suboptimal tem
peratures is an indirect measure of cold
tolerance and is much easier to meas
ure than standardized cold-tolerance
tests. Measurements of growth can also
be monitored over longer periods of
time, with greater objectivity and pre
cision. A combination of direct and
indirect selection could conceivably

result in rapid gains.
In conclusion, these studies have re

vealed several important points that
should be understood by others under
taking similar studies: (1) cold toler
ance is a malleable physiological trait
apparently controlled by additive ge-

netic variance; (2) phenotypic expression
is greatly influenced by acclimation his
tory; and (3) within populations, geno
typic and phenotypic variances are
relatively small. Cold-intolerant strains
of tilapia may be desirable for culture
in states or regions where there are
restrictions against importation of rela
tively cold-tolerant strains (Kingsley
1987).
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Abstract

Restriction endonuclease analysis of mitochondrial DNA (mtDNA) and isozyme analysis were
used to characterize samples of three populations of Oreochromis niloticus: O.n. niloticus (Lake
Manzala, E.gypt), O.n. baringoensis (Lake Baringo, Kenya) and a "selected" strain of O. niloticus
derived from hybridization of different strains of 0. niloticus originating from Lakes Turkana, Victoria,
Baringo and Manzala. Samples of O. aureus and O. mossambicus were included for comparison.
mtDNA was examined with 14 six-base restriction endonucleases using ethidium bromide-staining
of 1.0% agarose gel to study fragment patterns. Of the 10 restriction endonucleases that cleaved
mtDNA, only one (Dral) could discriminate among the three 0. niloticus populations. Species
specificity of restriction endonucleases was shown by BglI, EcolN and Pvull.

Isozyme analysis was carried out at 10 enzyme loci that were known to be polymorphic in some
O. niloticus populations. Results showed introgression of O. aureus genes in the "selected" strain
of O. niloticus and in O.n. niloticus. Limitations of the two molecular techniques used in this
study are discussed.

Introduction

Tilapias are of great importance in the
tropics and subtropics as a cheap source
of animal protein. There has been wide
distribution of tilapia species beyond
their native range, especially for
Oreochromis niloticus (Welcomme
1981). In the Philippines, there are four
strains of O. niloticus that are presently
used for aquaculture. The consequences
and implications of introductions of

'Present address: Freshwater Aquaculture Center,

Central Luzon State University, Nueva Ecija,
Philippines 3120.

tilapia to Asia were extensively discussed
by Pullin and Capili (1988).

The possibility of marking these strains
and other stocks of O. niloticus from
hatcheries, genetically and biologically,
has been explored by means of
electrophoresis (Macaranas et al. 1986
and unpub!. data). They revealed the
introgression of O. mossambicus into
different stocks of O. niloticus. Strain
specific markers, however, have not yet
been identified. In parallel with this effort,
the use of morphometric and meristic

characters was tried by Pante et al. (1988)
using canonical discriminant analysis to

find indices that could be used by
culturists and field biologists. This



technique can only discriminate species
such as 0. niloticus and 0. mossambicus
and not strains or closely related hy
brids.

Although allelic data can sometimes
discriminate among stocks, there are
many instances in which electrophoresis
fails to identify genetically discrete
stocks. Such failures could be partially
due to the insensitivity of the technique
which reflects differences at the DNA
level (Ferris and Berg 1987).

It has been recognized that restric
tion endonuclease analysis of mtDNA
is an attractive method for quantifying
genetic differences among fish
populations. The use of this method with
tilapias from East Africa has been re
ported by Seyoum and Kornfield (1992).
Their success in identifying subspecies
of O. niloticus prompted the present
study, which aims to identify specific
diagnostic loci and mtDNA markers in
three populations of O. nilotieus which
are thought to be highly inbred, but are
widely used in genetic and aquaculture
research on tilapia. The identification
of such markers would be of value in
monitoring contamination and hybridi
zation among these and other strains
and species of tilapia. It was also the
aim of this study to evaluate the use
of rapid and simple technique of phe
nol extraction of mtDNA and visuali
zation of fragments on ethidium bro
mide-stained agarose gels for use un
der laboratory conditions in the Phil
ippines.

Materials and Methods

The three populations of 0. nilotieus
used in this study were: O.n. nilotieus,
origin Lake Manzala, Egypt; O.n.
baringoensis, origin Lake Baringo, Kenya;
and a "selected" strain of O. nilotieus
derived from hybridization of different
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strains of 0. niloticus from Lakes Turkana,
Victoria, Baringo and Manzala.
Fingerlings from two families of O.n.
baringoensis and three families each of
O.n. niloticus and the "selected" strain
of O. niloticus were reared for four
months in a recirculating water tank
system. Stocks of O. aureus and O.
mossambicus were originally obtained
from Kenya and Zimbabwe, respectively.

Liver and muscle tissues were used
for isozyme analysis. The enzyme loci
Adh, Ck-3, Gpi-l, Ga-3-pdh, Sdh, Sod,
Mdh-l, Mp-3 and Mp-7that had been
observed to be polymorphic by Taniguchi
et al. (1985) and Macaranas et al. (1986)
in 0. niloticus were electrophoretically
analyzed in this study. Ada which was
found to be polymorphic by McAndrew
and Majumdar (t 983) in Sarotherodon
and Oreochromis species was also in
cluded in the analysis. Isozyme meth
ods were based on the work of Taniguchi
et al. (1985) and Macaranas et al. (1986).

Mature ovarian tissue or liver was iso
lated from four to six individuals from
each family for mtDNA extraction. The
methods of mtDNA purification are based
closely on those described by Fisher and
Ski binski (1990). Mitochondria were
prepared by differential centrifugation
from tissue homogenized with a polytron
mechanical homogenizer. A phenol/
chloroform extraction procedure incor
porating a CTAB step was used to pu
rify mtDNA.

mtDNA digestion was carried out using
the conditions recommended by the
supplier (Bethesda Research Laborato
ries, Harthersburg, Maryland).

Restriction endonucleases used in this
study were: Apat, BamHl, Bell, BglI, BglIl,
BstElI, Drat, EcoRI, EcolN, Hindi II , Ndet,
Pstf, Pvull and Xbal.

Restriction fragments were separated
by horizontal electrophoresis in a 1.0%
agarose gel which was then stained with
ethidium bromide. Tris acetate buffer
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(0.4 M Tris Base; 0.2 M Na acetate; 0.02
M EDTA; 0.18 M NaCI; and pH 8.05)
was used for gel and electrode buffers.
Hindill-digest of Lambda DNA was used
as the molecular weight standard on all
gels. Electrophoresis was carried out for
four to five hours with current of 75 rnA.
Gels were illuminated with short wave
length UV light (260 nm) and photo
graphed through a Polaroid MP4 cam
era.

Results

Isozyme Analysis

In Table 1, alleles are designated with
capital letters and the fastest migrat
ing allele is designated as A. Allelic
expressions for Adh, Mdh-f and Ada
loci that were found polymorphic in the
three populations of a. niloticus are
shown in Fig. 1. The banding pattern
for the reference O. niloticus strain was
obtained from Macaranas et al. (1986).
Tissue samples from a. aureus and a.
mossambicus were run side by side with
the samples of 0. niloticus to see clearly
the allelic expression differences among
species of Oreochromis. Although the
number of samples from a. aureus and
a. mossambicus were very small, the
gene frequencies obtained from this

study and the work of Macaranas et al.
(unpubl. data) were similar. Gene fre
quencies for the seven protein loci ob
served in the three populations of a.
niloticus, a. aureus and a. mossam
bicus, and the results from Macaranas
et al. (t 986) are shown in Table 2.

Restriction Endonuclease Analysis
ofmtDNA

Of the 14 restriction endonucleases
used, four did not cleave the mtDNA
genome (Apal, Bstel, BamHl and BgJlI).
In the work of Seyoum and Kornfield
(t 992), Apal-digested mtDNA yielded
fragments which discriminated subspe
cies of 0. niloticus. It is possible that
in this study, impurities remaining in
mtDNA preparations inhibited this en
zyme.

mtDNA fragment patterns yielded by
digestion with Dral, BgA, EcolN and Pvull
are shown in Fig. 2. Variation among
the three families of the "selected" strain
of 0. niloticus was observed in the frag
ment patterns of mtDNA digested with
Dral. Families 1 and 2 of the "selected"
strain share the same three restriction
fragments with all the three families of
a.n. niloticus, whereas Family 3 shares
the same fragment patterns with the two
families of a.n. baringoensis.

Table 1. List of enzymes and proteins investigated in strains of Oreochromis niloticus. O. aureus
and O. mossambicus.

E.nzymes and proteins E.C no. Structure Locus Allele Tissue

Alcohol dehydrogenase (ADH) 1.1.1.1 dimer Adh A. B liver
Creatine kinase (CK) 2.7.3.2 monomer Ck-3 A. B muscle
Glucose phosphase isomerase (GPI) 5.3.1.9 dimer Cpi-I A, B muscle
Glyceraldehyde-3 phosphate 1.2.1.12 dimer Ca-3-pdh A, B muscle

dehydrogenase (GA-3PDH)
Sorbitol dehydrogenase (SDH) 1.1.1.14 dimer Sdh A. B liver
Superoxide dismutase (SOD) 1.15.1.1 dimer Sod A, B liver
Malate dehydrogenase (MDH) 1.1.1.37 dimer Mdh-I A, B muscle
Adenosine deaminase (ADA) 3.5.4.4 monomer Ada A-F muscle
Muscle protein (MP) monomer Mp-3 A,B muscle

Mp-7 A-C muscle



Fig. 1. mtDNA fragment patterns yielded by digestion with (a) Dral (lanes 1 and Z are two
fragment patterns from three families of the "selected" strain [sel]; lane 3 is the fragment
pattern of D.n. baringoensis [Onb]; lane 4 is the fragment pattern of D.n. niloticus [Onn];
and lane 5 is the standard which is a Hindill-digest of Lambda DNA); (b) BglI and (c) EcolN
(lanes 1 to 3 are the fragment patterns for all families from "selected" strain [sel], D.n.
baringoensis [Onb] and Q.n. niloticus [Onn]: lanes 4 and 5 are fragment patterns of D.
aureus lOa] and D. mossambicus [Om], respectively; and lane 6 is a standard Hindill-digest
of Lambda DNA); and (d) Pvull (lanes 1 to 3 are the fragment patterns for all families from
"selected" strain [sel], D.n. baringoensis [Onb] and D.n. niloticus [Onn]; lane 4 is the frag
ment pattern of D. aureus lOa]; and lane 5 is the standard which is a Hindill-digest of
Lambda DNA).
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Table 2. Gene frequencies at seven protein loci in Oreochromis spp.

O. niloticus O. aureus O. mossambicus

Locus Allele Reference "Selected" O.n. O.n.
of Macaranas strain baringoensis niloticus
et al. (1986) (27) (12) (24) (3) (1)

Adh A 0 0.042 0 0.426 1.000 0
B 1.000 0.958 1.000 0.574 0 1.000

Ck-3 A 0 1.000 1.000 1.000 1.000 0
B 1.000 0 0 0 0 1.00

Ga-3-pdh A 1.000 1.000 1.000 1.000 1.000 0
B 0 0 0 0 0 1.000

Gpi-1 A 0 0 0 0 0 1.000
B 1.000 1.000 1.000 1.000 1.000 0

Sod A 1.000 1.000 1.000 1.000 1.000 0
B 0 0 0 0 0 1.000

Mp-3 A 1.000 1.000 1.000 1.000 1.000 0
B 0 0 0 0 0 1.000

Ada A 0.020 0
B 0.140 0.265
C 0.240 0.647
0 0.300 0
E 0.300 0.044
F 0 0.044

Fragment patterns of mtDNA digested
with Bg/l show no variation among fami
lies and among the three populations
of O. niloticus. There were four restriction
fragments observed for this species,
whereas in the other reference species,
two restriction fragments were observed
in O. aureus and three in O.

mossambicus. The total summed approxi
mate sizes of restriction fragments for

O. niloticus populations, 0. aureus and
O. mossambicus were 13.8 kb, 9.4 kb
and 13.0 kb, respectively. The total frag
ment size of O. aureus was very small
as compared to the fragment sizes of
O. niloticus and O. mossambicus.
Kornfield and Bogdanowicz (1987) have
the same observation when they used
ethidium bromide-staining in their at
tempt to differentiate mtDNA in Atlantic
herring (Clupea harengus). This could
likely be due to the presence of small
fragments which could not be visual
ized on the agarose gel stained with
ethidium bromide. Another possible
explanation is that some bands reflected

doublets, that is, two co-migrating frag
ments of identical sizes.

Restriction fragments yielded by EcolN
and Pvull digests show no variation
among families and populations of O.
niloticus. However, variation was ob
served among the different species of
Oreochromis.

Other restriction endonucleases Bell,
EcoRV, Hindi II , Ndel, Pstl and Xbal
yielded invariant patterns across all
species.

Discussion

In this study, protein electrophoresis could
not easily discriminate among populations
of 0. niloticus. However, differences among
three species of Oreochromiswere observed
from the gene frequencies obtained from
six enzyme loci (Adh, Ck-3, Ga-3-pdh, Gpi
f, Sod and Mp-3). Most of the enzyme
banding patterns were identical for 0.
niloticusand 0. aureus, but different between
these two species and O. mossambicus,



Fig. Z. Allelic expression for three polymorphic locI observed In three populations
of O. niloticus (On); O. aureus (Oa); and O. mossambicus (Om); the reference
0. niloticus (On) strain obtained from the work of Macaranas et al. (1986)
is included in the diagram. Note that for the Ada locus, allelic expression
for the reference 0. niloticus strain of Macaranas et al. (1986) is not avail

able.
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except for Adh, where 0 niloticus and 0
mossambicus share the same pattern (allele
A) and 0 aureus has allele B (Table 2). Thus,
the On. niloticusand the "selected" strain
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of 0 niloticus studied
here are polymorphic at
the Adh locus. This sug
gests the possibility of
introgression of O.
aureus genes into these
two populations of O.
niloticus.

Restriction fragment
patterns of mtDNA
cleaved with BgA and

EcolN were observed to
be different among
species of Oreochromis.
There was no evidence

of introgression of
mtDNA which contrasts
with the results for Adh.
This points to a potential
limitation of mtDNA

analysis in stock identi
fication and monitoring.
The technique cannot, by
its nature, be informative
about nuclear contami
nation. The results for
DraI provide evidence of
mtDNA variation within
o niloticus. The families
of the selected strain
share restriction patterns
possessed by the two
other populations, On.
baringoensis and On.
niloticus. With data on
only a limited number of
families, it is difficult to
draw conclusions about
the ancestry or phyloge
netic relationships bet
ween these populations;
however, it is of interest
that the selected strain,
which may have a hete

rogeneous ancestry, possesses two different
DraI genotypes.

This study shows that mtDNA geno
types can be found for genetically
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marking different populations within a
species or even different strains within
a family, as with the selected strain in
this study. Thus, mtDNA techniques may
have some uses in aquaculture. Because
of the mode of inheritance of mtDNA,
it is likely that families will be fixed for
specific mtDNA genotypes in circums
tances in which isozyme variation is still
segregating. Thus, it may be easier to
develop mtDNA than isozyme markers
within strains.

In summary, results obtained in this
study showed that phenol extraction of
mtDNA and visualization of restriction
fragments on an ethidium bromide
stained agarose gel is feasible in these
tilapia species. Although only a few
restriction endonucleases cleaved the
mtDNA, this gave informative results
and diagnostic mtDNA markers were
identified among species of Oreochromis
and among populations of 0. niloticus.
Further investigations using similar tech
niques and more restriction endonu
c1eases should be tried.
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Abstract

Optimum conditions were sought for induction of triploidy by heat shock in tilapia. Oreochromis aureus.
Triploids were identified using karyological techniques that detected metaphase chromosomes in the tail
epithelial cells of larvae. Heat shock treatment at 4 t °C gave t 00% triploidy when started at the zygotic age
of 3 minutes and applied for 4 minutes. Higher percentages of triploidy were produced at higher
water temperatures at short duration times in a range of heat shock treatments (40-43°C) applied
for 2-8 minutes at the zygotic age of 3 minutes. No triploidy was induced when heat shock
treatment was conducted at the zygotic age of 7 minutes or at a temperature of 39°C within a
duration of 8 minutes. To produce t 00% triploidy in 0. aureus. heat shock treatment should be
conducted at the zygotic age of 3 minutes. temperatures of 40 or 4 t DC. and with durations of 8
or 4 minutes. respectively.

Introduction

Triploidy in fish leads to functional ste
rility (Gervai et al. 1980; Wolters et al. 1982;
Don and Avtalion 1986). Fish sterility is
potentially profitable in aquaculture espe
cially in precocious species with high re
productive capacities. A high reproductive
capacity can lead to overstocking in fish
ponds, which may have negative impacts
on growth and survival. The higher
heterozygosity of triploid fish may enhance
growth (Stanley et al. 1984; Thorgaard 1986;
Scheerer and Thorgaard 1987).

Triploidy in tilapias has been reported
by Valenti (1975), Chourrout and Itskovich
(1983), Don and Avtalion (1986, 1988a),
Penman et al. (1987a, 1987b), Pandian and
Varadaraj (1988) and Mair et al. (1991a,
1991 b). Although induction of 100% triploidy
had been reported, results have not been

consistent. The question remains as to the
suitable zygotic age for induction. In
the present study, the relationships between
heat shock intensity, zygotic age and du
ration of treatment for induction of triploidy
in Oreochromis aureus were investigated.

Materials and Methods

The study was conducted at the Tungkang
Marine Laboratory, Taiwan Fisheries Research
Institute. Four fiber-glass aquaria with a water
capacity of 0.35 t (1.2xO.6xO.6 m) were
used as breeding tanks. Each aquarium con
tained three females (395±113 g mean body
weight) and one male (500-700 g body
weight). The premaxillae of the males were
removed to prevent injury to the female
during courtship as suggested by Lee (1979).
The water was kept clean by pumping it
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through a filter. Observations were made
through the glass of the aquaria. E.el feed
containing 44% crude protein was given
two to three times per day. The experiment
was conducted under natural photoperiod
(t 2L: t 2D).

Artificial fertilization was conducted using
the methods ofRothbard and Pruginin (t 975).
The eggs obtained from one female was
mixed with 0.6- t.O ml ofspenn. After shaking
the mixture ofeggs and sperm several times
manually, about 50 ml of underground
freshwater at 30°C was added to activate
the sperm. This was considered to be the
start of fertilization. The eggs were
immediately divided among to plastic
bowls, and the contents of each poured
into a plastic tube (6 cm length and 4
cm diameter) sealed at one end with
a 0.8 mm mesh net. The tubes were put
into an incubation chamber at a
constant water temperature of 30°C
until the time of the heat shock treatment.

According to the experimental design
(Table t), the suitable zygotic ages for in
duction of triploidy were determined first
in Trial t. Then, durations of 2, 4, 6, and 8
minutes ofvarious heat shock temperatures
were used in Trials 2 to 6. The plastic tube
containing the eggs was put directly into
another incubation chamber for heat shock
treatment. After the treatment, the tube

was put back directly into the original in
cubation chamber with a water tempera

ture of 30°C. Every treatment was dupli

cated.
After counting, the eggs were incubated

in a plastic soda bottle using recirculated
underground water. The survival rate of the
yolksac larvae (fifth day) was calculated.
No disinfection treatments were used.

Identification of metaphase chromosomes
was modified from the methods of Kligerman
and Bloom (t 977), Chourrout and Itskovich
(1983), and Baksi and Means (1988). Three
to eight-day old larvae were put into a 50
or 100-ml beaker containing 10 ml of 0.03
0.05% colchicine for 2-4 hours. The tail part

Table 1. Summary of the experimental condi
tions and treatments used to investigate heat
shocking of Oreochromis aureus eggs for pro
duction of triploid larvae.

Heat shock

Temperature Zygotic age Duration
Trial (0C) (minute)" (minute)

1 41 1,3,5.7 4
2 39 3 2,4,6,8
3 40 3 2,4,6,8
4 41 3 2,4,6,8

5 42 3 2,4,6,8
6 43 3 2,4,6,8

"After artificial fertilization.

of the larva was cut off and put in distilled
water for 2 hours. After removing the distilled
water, the tissue was fixed for more than 30
minutes in a mixture of three parts methyl
alcohol and one part acetic acid. It was then
placed in 50% acetic acid and stroked with
the flat side of a forceps to form a cell
suspension. The cell suspension was extracted
with a pipette and dropped on to a prewanned
slide. A cell ring was fonned on the slide
after the solution (50% acetic acid) was
removed. The slide was then air dried for one
day after which the slide was stained in 6%
Giemsa for 1 hour and air dried again. For
every treatment, 20-30 larvae were killed for
preparations to identify metaphase

chromosomes. Two cell rings per larva were
made on each slide.

Results

Survival of Yolksac Larvae
and Induction of Trlploldy
by Heat Shock of 41°C at Different
Zygotic Ages

Trial 1. The survivals of the yolksac larvae
induced at 41°C lasting for 4 minutes at the
zygotic ages of 1, 3, 5, and 7 minutes were
54, 74, 55 and 93%, respectively, in com
parison with the control group (Table 2). There



were no significant differences (P>0.05) be
tween the survivals after a heat shock treat
ment beginning at the zygotic age of 7 min
utes (60%) and the control group (65%). Al
though the survival rate ofyolksac larvae from
eggs that had a heat shock treatment begin
ning at the zygoticage of7 minutes was highest
among these treatment groups, no triploidy
was induced. Triploidies of93, 100 and 80%
were obtained by heat shock treatment after
fertilization of 1, 3, and 5 minutes, respec
tively. There was no difference (Xz=O. 7, P>0.05)
between heat shock treatment at the zygotic
ages of 1 and 3 minutes, but a significant
difference (Xz=3.91 , P<0.05) was found be
tween heat shock treatments at the zygotic
ages of 3 and 5 minutes.

Because induction of triploidy was highest
at 3 minutes after fertilization in Trial 1 and
because this time was sufficient to put the
eggs in the bowls and tubes after fertiliza
tion, the zygotic age of3 minutes was chosen
for subsequent trials with different heat shock
temperatures and durations.

Survival of Yolksac Larvae
and Induction of Trlploldy
by Different Heat Shock
Temperatures and Durations

Trial 2. The survivals of the yolksac lar
vae from eggs that had a 39°C heat shock
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treatment beginning at a zygotic age of 3
minutes for 2, 4, 6, and 8 minutes dura
tion were 58, 47, 31 and 70%, respectively,
in comparison with controls (Table 3). No
triploidy was induced in this trial. A heat
shock treatment of 39°C for 8 minutes could
not restrain the release of the second po
lar body in meiosis II.

Trial 3. The survivals of the yolksac lar
vae from eggs that had a 40°C heat shock
treatment at a zygotic age of 3 minutes
for 2, 4, 6, and 8 minutes duration were
91,66,59 and 91 % (Table 4), respectively,
in comparison with controls. Triploidies of
4, 50, 94 and 100% were obtained at
durations of 2, 4, 6 and 8 minutes, respec
tively. There was no significant difference
among the percentages of induced triploidy
at a duration of 2 minutes and the control
group (Xz= 1.4, P>0.05), 6 minutes and 8
minutes (Xz=0.04, P>0.05).

Trial 4. The survivals of the yolksac lar
vae from eggs that had a 41°C heat shock
treatment at a zygotic age of 3 minutes at
durations of 2, 4, 6, and 8 minutes were
90, 84, 8 and 1%, respectively (Table 5),
in comparison with controls. No triploidy
was induced at a duration of 2 minutes;
100% triploidy was obtained at a duration
of 4 minutes. No yolksac larvae survived
at durations of 6 and 8 minutes for exami
nation of chromosomes.

Table 2. Survival and percent triploids of Oreochromis aureus yolksac larvae from eggs
subjected to heat shocks (of 4 minutes duration at 41°C), applied at various time inter
vals after fertilization (Trial 1).

Yolksac larvae

Survival Diploidy Triploidy
Duration of No. of
heat shock Initial % of fish
(minute)' no. No. % control sampled No. % No. %

Control 152 99 65 100 20 20 100 0 0
1 161 57 35 54 30 2 7 28 93
3 261 125 48 74 26 0 0 26 100
5 228 81 36 55 30 6 20 24 80
7 199 120 60 93 29 29 100 0 0

'After artificial fertilization.
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Table 3. Survival and percent triploids among Oreochromis aureusyolksac larvae from
eggs subjected to heat shocks (39°C at 3 minutes after fertilization) of various duration
times (Trial 2).

Yolksac larvae
Survival Diploidy Triploidy

Duration of No. of
heat shock Initial % of fish
(minute)" no. No. % control sampled No. % No. %

Control 329 108 33 100 20 20 100 0 0
2 327 62 19 58 30 30 100 0 0
4 337 52 15 47 30 30 100 0 0
6 334 34 10 31 29 29 100 0 0
8 304 70 23 70 30 30 100 0 0

"After artificial fertilization.

Table 4. Survival and percent triploids of Oreochromis aureus yolksac larvae from eggs
subjected to heat shock (40°C at 3 minutes after fertilization) of various duration times
(Trial 3).

Yolksac larvae
Survival Diploidy Triploidy

Duration of No. of
heat shock Initial %of fish
(minute)" no. No. % control sampled No. % No. %

Control 263 17 7 100 19 19 100 0 0
2 372 22 6 91 28 27 96 1 4
4 345 15 4 66 24 12 50 12 50
6 399 15 4 59 18 1 6 17 94
8 388 23 6 91 25 0 0 25 100

"After artificial fertilization.

Table 5. Survival and percent triploids of Oreochromis aureusyolksac larvae from eggs
subjected to heat shock (41°C at 3 minutes after fertilization) of various duration times
(Trial 4).

Yolksac larvae
Survival Diploidy Triploidy

Duration of No. of
heat shock Initial %of fish
(minute)" no. No. % control sampled No. % No. %

Control 178 157 88 100 20 20 100 0 0
2 214 170 79 90 29 29 100 0 0
4 202 150 74 84 30 0 0 30 100
6 217 15 7 8 0
8 195 1 1 1 0

"After artificial fertilization.



Trial 5. The survivals of the yolksac lar
vae from eggs that had a 42°C heat
shock treatment at a zygotic age of 3
minutes at durations of 2 and 4 min
utes were 76 and 49% (Table 6), respec
tively, in comparison with controls. Triploidies
of 18 and 97% occurred at durations of 2
and 4 minutes, respectively. No yolksac larvae
survived at durations of 6 and 8 minutes
for examination of chromosomes.

Trial 6. A survival of 71 % observed for
yolksac larvae (Table 7) was obtained
in comparison with controls and there
was 100% triploidy after a heat shock
treatment of 43°C at a zygotic age of
3 minutes, with a duration of 2 minutes.
No yolksac larvae survived in the other
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heat shock treatment groups for examina
tion of chromosomes.

Discussion and Conclusions

Triploidy of 100% was obtained by heat
shock treatment lasting for 2 minutes at
43°C at a zygotic age of 3 minutes, but
there was a lower percentage of triploidy
by heat shock treatment at 40-42°C at the
same duration. At 40°C, a longer duration
of 8 minutes was needed to obtain 100%
triploidy. These results suggest that the for
mation of microtubules was interrupted by
the shorter time with the higher tempera
ture or by the longer time with lower

Table 6. Survival and percent triploids of Oreochromls aureus yolksac larvae from eggs
subjected to heat shock (42°C at 3 minutes after fertilization) of various duration times
(TrialS).

Yolksac larvae
Survival Diploidy Triploidy

Duration of No. of
heat shock Initial % of fish
(minute)" no. No. % control sampled No. % No. %

Control 152 58 38 100 18 18 100 0 0
2 141 41 29 76 28 Z3 82 5 18
4 177 33 19 49 29 1 3 28 97
6 139 0 0 0 0
8 154 0 0 0 0

"After artificial fertilization.

Table 7. Survival and percent triploids ofOreochromis aureus yolksac larvae from eggs
subjected to heat shock (43°C at 3 minutes after fertilization) of various duration times
(Trial 6).

Yolksac larvae
Survival Diploidy Triploidy

Duration of No. of
heat shock Initial % of fish
(minute)" no. No. % control sampled No. % No. %

Control 135 34 25 100 20 20 100 0 0
2 167 30 18 71 25 0 0 25 100
4 139 0 0 0 0
6 162 0 0 0 0
8 169 0 0 0 0

"After artificial fertilization.
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temperature, thus in each case causing the
metaphase chromosomes that stayed on the
equator plate of the cell to fail to separate.
Diploidy was only obtained completely when
heat shock treatment was started at the zy
gotic age of 7 minutes. On the other hand,
the second polar body of the egg was re
leased completely after 7 minutes of ferti
lization. These observations do not match
those ofValenti (1975) who also produced
triploidy in 0. aureus after 15 minutes of
fertilization when the eggs were incubated
at 32°C. Don and Avtalion (1988a) found
that triploidy using cold shock treatment
(11°C for 60 minutes) could be induced within
a wide range of zygotic ages (0-15 minutes),
but the induction of triploidy using heat
shock was possible only within a nar
row range of zygotic ages: 2.5-3.5 and
3.5-4.5 minutes for O. aureus and O.
niloticus, respectively. These inconsistent
results are hard to explain.

In the present study, survival of yolksac
larvae was higher in the 100 and 0%
triploid groups for which heat shock
treatment was started at the zygotic
age of 3 and 7 minutes (Table 2). This
suggests that the embryos were more
tolerant to temperature shock when
the second polar body was retained

or released completely. Except in the

2-minute duration group, the same result
was obtained in Trial 3 (Table 4).

The identification ofploidy in tilapias using
karyological techniques has been widely
used (Chourrout and Itskovich 1983; Myers
1985; Don and Avtalion 1986, 1988a;
Pandian and Varadaraj 1988). In diploidy,
there are two distinct marker chromosomes
much larger than the others. On the other
hand, it is quite easy to identify triploidy
from metaphase chromosomes-it has three
larger chromosomes in comparison with the
others. The tissues commonly used for the
examination of chromosomes are the em
bryo, larval tail, gill and kidney. Although
pigmented tilapia embryos should have
abundant metaphase chromosomes due to

a lot of cell cleavage, it is difficult to sepa
rate the tail bud and yolk. Furthermore, yolk
particles can easily contaminate the slide.
A longer time would be needed to rear fry
if the gills and kidneys were to be used for
examination of chromosome. Undoubtedly,
using the tail part of three- to eight-day
larvae is the most convenient and effective
method for identification of ploidy.

Mass production of triploids by reten
tion of the second polar body in tilapias
would not be profitable because only a few
eggs could be squeezed out per spawning
female. Moreover, the spawning time is
difficult to control. The production of ster
ile triploidy by establishing tetraploid
broodstock with suppressed first cleavage
and crossing with diploids may be a po
tential way to overcome this problem as
suggested also by Chourrout et al. (1986)
and Don and Avtalion (1988b).
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Abstract

Effects of presence/absence of a spawning substrate, and of temperature and water quality
changes on seasonal fry production by Tilapia rendalli broodstock, were investigated from 29 December
1989 to 19 February 1991 (416 days) in tanks at the National Aquaculture Center, Domasi, Malawi. For
each of the two treatments (with vs. without substrate), four 5-m 3 tanks were stocked with T. rendalli
broodstock of similar mean size (35.8-44.2 g). Fish produced batches of sticky eggs which adhered strongly
to side and bottom walls of cement tanks. Fry production was not significantly different between treatments
(P>0.05, one-way ANOVA; n=81). Fry production was highly seasonal, with little or no fry production from
3 July to 25 September 1990 when minimum water temperatures dropped below 20°e. A multiple regression
on fry production as the dependent variable was significant (P<0.05; n= 136) with broodstock weight, temperature,
dissolved oxygen and Secchi disk visibility (all positive regression coefficients) and substrate (negative
coefficient) (as a dummy variable). Temperature was a highly significant positive predictor of fry
production (P<0.01; n= 136).

Introduction

TiJapia renda//i is one of the most im
portant cultured indigenous fishes in rural
areas of central and southern Africa
and has good potential for smallholder
aquaculture where vegetation is avail
able for feeding (Pullin 1982, 1988;
Chikafumbwa and Costa-Pierce 1992).
In Malawi, its firm flesh, harvestability with
traditional gears and ability to grow
when fed on the types of vegetation
available on the majority of smallholder
farms make it a desirable fish for low-cost
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bpresent address: 222 South Helix Av. 1, Solana
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aquaculture in rural areas. However, little
experimental work has been done to de
velop hatchery systems for T. rendalli. This
paper reports on seasonal variabilities of
fry production by T. rendalli broodstock in
tanks with and without a spawning substrate.

Materials and Methods

The study was conducted in eight 5-m 3

concrete tanks at the National Aquaculture
Center, Domasi, Malawi to test the effect
of providing a spawning substrate (a 10

em layer of washed river sand/small gravel

from the Domasi River [approx. 50:50% by

weight] at the tank bottom) and the resulting
seasonal water quality changes on T. renda//i
fry production.

Two treatments, with and without
substrate, were laid out in two randomized



blocks of four tanks. All substrates were
washed at least three times with new
water inside the tanks, or were washed
repeatedly until the washing water was
clear. Four tanks were left with bare
concrete walls and bases without
substrate.

T. rendalli broodstock (mean individual
body weights, 35.8-44.2 g) were stocked
at a 2: 1, female:male sex ratio; six
females:three males per 5-m 3 tank. Fish
were fed daily with maize bran at 5%
body weight'day-1, calculated for a
five-day week. The amount of feed
given was adjusted to the new mean
body weight every three weeks when
free-swimming fry were harvested from
each tank by draining half of its vol
ume and using a small mesh scoop net
to remove all fry and adults. Fry were
counted and each adult fish weighed
and measured individually for stand
ard and total length. The experiment
ran from 29 December 1989 to 19 Feb
ruary 1991 (416 days).

Fry production in the two treatments was
compared by one-way ANOVA. Water quality
was monitored every three weeks on the
day before fry harvests according to the
"checking" mode of Costa-Pierce (1990).
Dissolved oxygen (DO) was measured at
0600-0700 hours. On eight occasions when
pH exceeded 8.0, total ammonia concen
trations were checked using a Hach kit. Water
quality differences between treatments were
analyzed by paired t-tests. A multiple re
gression analysis was performed with fry
number/tank/harvest as the dependent
variable and broodstock weight, tempera
ture, dissolved oxygen and substrate (added
as a dummy variable) as independent vari
ables. Analysis was performed using methods
defined previously (Costa-Pierce et al. 1993).

A length-based growth index, ~' (Pauly
et al. 1988), was calculated using a growth
spreadsheet solution developed by Vakily
(1988). Standard lengths were used in the
calculations.
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Results

Over 416 days (19 fry harvesting peri
ods), broodstock in ponds with substrate
yielded a total of 18,217 fry, while the
broodstock with no substrate produced
22,220 (Table 1). Fry production was strongly
seasonal and very variable, being concen
trated from 16 October to 12 June when
minimum water temperatures were above
20°C (Fig. I). During the 76 sampling pe
riods, 40 periods (53%) yielded no fry in
the tanks with substrate and 29 periods
(38%) with no fry were experienced in the
no substrate tanks.

Mean (+SE) fry production ranged from
13.71 to 28.14 (6.68-37.35) fry' 100 g
broodstock day·1 (substrate) and from 5.72
to 32.44 (2.63-40.54) (no substrate). Mean
(+SE) fry production·m·z·day·1 ranged from
1.39 to 3.83 (0.66-5.15) (substrate) and
from 0.77 to 4.30 (0.35-5.35) (no substrate)
(Fig. 2). One-way ANOVA showed no
significant differences in fry production with
or without substrate (P>0.05; n=81 paired
comparisons).

Broodstock reached a mean (+5E) size
at harvest of 85.3 g (82.6-88.0 g) (substrate)
and 93.8 g (90.2-97.3 g) (no substrate) from
41.8 g (41.0-42.6 g) and 39.0 (37.6-40.4 g)
stocking weights. Calculations using a length
based growth index W) showed mean (+SE)
indices for 1. rendalliin tanks with and without
substrate of 2.31 +0.06 and 2.34 +0.08,
respectively (Table 2). No correlation was
found between growth indices and fry' 100 g
broodstock weight'day'! (P>O.05; n=8).

Weight-based estimates of broodstock
growth were very variable. Of the 72 growth
inte.vals measured (18/tank x 4 tanks), 11
(15%) showed weight losses where substrate
was present compared to 19 (26%) with
no substrate. Overall, of the 144 total weight
growth intervals, 30 (21 %) showed weight
losses of broodstock. Eighteen (60%) of these
weight loss periods occurred during the cool
season from 3 July to 16 October 1990.
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Table 1. Tilapia rendalli fry production in 5-m 3 tanks with and without a spawning substrate over
416 days.

Tank Fry number Fry/female

Substrate 1 3,568 595
Substrate 2 2,953 492
Substrate 3 3,935 656
Substrate 4 7,761 1,294

Range 2,953-7,761 492-1,294
Mean 4,554 759
SD 1,884 314

No substrate 1 5,240 873
No substrate 2 6,285 1,048
No substrate 3 1,972 329
No substrate 4 8,723 1,454

Range 1,972-8,723 329-1,454
Mean 5,555 926
SD 2,424 404
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Fig. 1. Seasonai pattern of free-swimming fry production by Tilapia renda/li in eight 5-m 3 con
crete tanks, with details of water temperature.
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Table 2. Growth parameters for Tilapia rendalli brood stock in tanl<s with and without a spawning
substrate, compared to results of a previous study.

Treatment

Substrate 1
Substrate 2
Substrate 1
Substrate 1

No substrate 1
No substrate 2
No substrate 1
No substrate 1

Growth parameters

L~ K
(SL, cm) (year-')

13.4 0.841
13.3 1.372
15.5 0.627
13.2 1.677

13.9 1.630
14.3 0.860
13.2 1.677
20.7 0.305

<jJ'
(~ log K + 2 log L

ro
)

2.18
2.39
2.18
2.47

2.50
2.25
2.47
2.12

Pauly et al. (1988), (Aquaculture)
Pauly et al. (1988), (Nature)
This study (Aquaculture)

Substrate
No substrate

n

4
16

4
4

<jJ'range

2.34-2.81
2.24-2.80

2.18-2.47
2.12-2.50

Mean <jJ' (SE)

2.60 (0.12)
2.45 (0.03)

2.31 (0.06)
2.34 (0.08)
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Fig. 2. Tilapia rendalli fry production per day in concrete tanks with (sub) and without (no) substrate. Fry
production is plotted per 100 g of broodstock biomass (top) and per m l of tank area (bottom). Lines and
rectangles are means + standard error (SE).
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Mean temperatures ranged from 23. t to
23.9°C in the eight tanks (Table 3), with
three distinct seasons (cool, 2 July-24
September; hot, dry, t 5 October-25
November; and hot, wet, t 7 December
30 April) separated by a transitional cooling
period (2 t May- t t June) (Fig. 3). The sea
sonal pattern of conductivity changes was
similar to water temperature. Correlation
of temperature with conductivity was highly
significant (P<O.OOt; n= t 36).

Mean Secchi disk visibilities (SDVs)
showed a similar trend in substrate/no
substrate treatments as phytoplankton
populations developed (Fig. 3); how
ever, SDVs were significantly lower
(paired t-test, P<O.OOt, n=68) in tanks
with substrate (Table 3). A multiple re
gression of SDVs as the dependent
variable with temperature and substrate
as independent variables was highly sig
nificant (P<O.OO t; n= t 36) (Table 4).

Dissolved oxygen concentrations
(DOs) showed a seasonal trend similar
to temperature and conductivity (Fig.
3). With one exception, the date of the

lowest DO was 17 December in all tanks.

Tanks with substrate had 12, and those

with no substrate, seven dates with DOs

below t.O mg·l- I
. DOs were significantly

lower (paired t-test, P<O.OOt, n=68) in
tanks with substrate (Table 3). The mean
pH was significantly higher (paired t
test, P<O.OOt, n=68) in tanks with no
substrate (Table 3).

In a multiple regression analysis of fry
production with broodstock weight, tem
perature, DOs and SDVs as independent
variables, temperature was the only sig
nificant positive predictor (P<O.Ot) of fry
production (Table 5).

Discussion

In natural waters, T. rendalli spawn in
grassy, shallow margins of lakes and riv
ers, usually at a depth of t 20- t 30 em, but

sometimes spawn in waters as shallow as
50 em (Caulton t 978). In this study, T. rendalli
did not need a substrate to spawn in t-m
deep concrete tanks. Nesting behavior,
fertilization and egg development were
readily accomplished on bare concrete tank
walls. When tanks were drained to collect
fry, egg masses were commonly seen sticking
strongly to tank walls in both treatments.
Jubb (t 967) reported that T. rendalli pro
duced sticky eggs which are "moved from
pit to pit, guarded and oxygenated by tail
fanning by both parents."

Fry production per female in this study
was, however, lower than reported
previously from wild and captive fish. The
24 females in the two treatments produced
a total of t 8,2 t 7 (substrate) and 22,220
(no substrate) free-swimming fry. During
the 4 t 6 days of the experiment, 2,953
7,76 t fry (492- t ,294/female) were
produced in six to t 2 spawnings (substrate)
and t ,972-8,723 fry (329-1 ,454/female)
in six to t 2 spawnings (no substrate) (Table
2). Kenmuir (1973) observed a pair of
T. rendalliin a tank could breed eight times

a year. A 21.1-cm (190-g) female produced

48,000 fry'year- I (8 broods x 6,000 fry/

brood), whereas a 3 t.5 em female

produced 70,000 fry'year- I (Kenmuir t 973).
De Bont (t 950) obtained t 4,380 T. rendalli
larvae from five pairs breeding in captivity
(2,876/female).

The lower fry production found in the
present study at Domasi may be attributed
to cooler temperatures and a shorter
reproductive season. Temperature was
found to be a strong predictor of fry
production. thus, a strong seasonality in
fry production was found. Reproductive
activity nearly ceased from July to
September when minimum water
temperatures fell below 20°e. Chervinski
(t 982) reported that T. rendalli is capable
of living at temperatures as low as t t °C,
but does not breed below 2 t 0e. Balarin
(t 988) reported spawning temperatures
of 20-28°C and de Pienaar (t 978) reported
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Table 3. Summary of water quality data in Tilapia rendalli tanks. Temperature in degrees
C; conductivity in flmho'cm-'; dissolved oxygen (DO) in mg-I-'; Secchi disk visibility (SDV) in cm; R
= ranges; M ~ arithmetic means; SD = standard deviations; and CV ~ coefficients of variation.
Values are all ranges of four tanks of two treatments.

Param ete r Statistics

Temperature R
M
SD
CV

Conductivity R
M
SD
CV

DO R
M
SD
CV

pH R
M
SD
CV

SDV R
M
SD
CV

Substrate No substrate

18.0 - 28.4 18.0 28.5
23.2 23.8 23.1 23.9

3.2 3.4 2.8 3.0
14 15 12 13

83.4 - 200.0 91.5 - 197.7
83.4 99.7 91.5 101.0
21.0 - 27.5 18.2 24.9
17 - 22 15 19

0.5 5.2 0.4 - 8.9
1.5 1.9 2.1 3.5
0.8 1.2 2.0 2.3

48 66 60 93

6.56 7.98 6.93 - 9.50
7.31 - 7.34 7.78 - 8.14
0.30 - 0.38 0.29- 0.65
4 5 4 8

0.25 1.00 0.33 - 1.00
0.69 - 0.73 0.77 - 0.91
0.21 - 0.28 0.10- 0.23

28 40 11 30

Significance levels
(n ~ 68)

P>O.OS

P>O.OS

P<O.OOl

P<O.OOl

P<O.OOI

Table 4. Multiple regression on Secchi disk visibility (SDV) in Tilapia
rendalli broodstock tanks. as the dependent variable, with
temperature and presence/absence of substrate as independent
variables. Significance levels are indicated with stars (*~0.05; **=0.01;
***=0.001); b ~ regression coefficient; and SE ~ standard error of
the regression coefficient.

Independent variables

Temperature
Substrate

Constant (a)
rl

F value
Probability
n

b

-0.030
-0.104

1.518
0.209

17.614
< 0.001
136

SE

0.006**
0.03S*-
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Table 5. Multiple regression on fry production by Ti/apia rendalli with broodstock weight, temperature,
dissolved oxygen, Secchi disk visibility and presence/absence of substrate as independent variables.
Dependent variable is the number of free-swimming fry/tank/harvest period. Significance levels
and symbols are as in Table 3.

Independent variables b SE

Broodstock weight 2.515 3.77
Temperature 35.396 11.864"
Dissolved oxygen 17.787 21.596
Secchi disk visibility 160.599 216.062
Substrate -14.296 90.636

Constant (a) -940.874
rZ 0.099
F value 2.856
Probability < 0.05
n 136

maturity as well as breeding are slowed
or cease below 21°C.

Up to 15 spawnings were noted in one
tank during this experiment (Table 1), with
spawnings concentrated during the rainy
season (November to March). In nature,
T. renda/Ii spawns as long as water tem
peratures remain above 21°C; and, in south
ern Africa, spawning reaches a peak during
the hot, rainy season (October to Decem
ber) (de Pienaar 1978; Kenmuir 1983).
The number of spawnings is determined
by the duration of the rainy season (De
Bont 1950) and suitable water tempera
tures (Kenmuir 1983). Spermatogenesis
is continuous but oogenesis is highly in
fluenced by temperature and photoperiod
(season) (Moreau 1982). During the hot,
rainy season, reproduction can take place
every four weeks (de Pienaar 1978).

Growth rates of broodstock using a
length-based index (<1>') were similar to
those reported from ponds in Zambia
and Uganda (Pauly et al. 1988). Growth
of T. renda/Ii was good compared to
previous trials using vegetation as a feed
input to earthen ponds at Domasi
(Chikafumbwa and Costa-Pierce 1992).

Fish reached mean weights over 80 g
in 417 days in both treatments with maize
bran as the only feed. Growth rates and
fish size at harvest in this experiment
were superior to those reported previ
ously in Malawi. Noble and Costa-Pierce
(1992) reported that the mean weight
of fish sold from 16 harvests of small
holder fishponds in the Zomba District
was only 26.6 g, T. rendaJJi is not strictly
herbivorous but feeds actively on par
ticles of maize bran.

Fry production in tanks could have been
affected by at least two factors: water qual
ity and the choice of a 2: 1, female:male
broodstock ratio. Water quality conditions
differed between the two treatments. Tanks
with substrate had lower SDVs, likely due
to more dense natural food concentra
tions. Therefore, early morning DOs and
pHs were lower in tanks with substrate.
However, all water quality conditions in
the two treatments were within ranges
acceptable for T. rendaJJi (Philippart and
Ruwet 1982). When water quality was
suspect (e.g., pH>8.0 when ammonia con
centrations were checked), toxic
concentrations were not found.
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T. rendalfi are known to be
monogamous; one spawning female pairs
with a single male (De Bont 1950). In
this study, suboptimal sex ratios with
some females being "surplus" may have
constrained maximum fry production.
As pointed out by Philippart and Ruwet
(1982), substrate spawners form stable
territorial pairs Surplus fish do not
participate in breeding but can disturb
breeders.
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Abstract

Exact quantitative measurements of reproductive traits such as variation in age and size at
maturity, frequency of spawning and their relationship with growth performance require regular
draining of ponds and sampling of all individuals, which is impossible to carry out during routine
production cycles. The method proposed here attempts to utilize the information on morphological
and behavioral changes associated with reproduction that can be routinely recorded during regular
random sampling of individuals, to construct a "reproduction index." A total of 7,652 individually
tagged fingerlings of seven strains of Oreochromis niloticus were communally reared in diverse
farming systems including ponds, cages and rice-fish systems. Regular random sampling (about
30% of the population) was done every three weeks during a 90-day production cycle. Individual
females were scored from 0 to 5 based on condition of the genital papilla and belly, and the
presence. of eggs/fry in the mouth. A reproduction index value of 0 indicates that the population
is reproductively inactive, whereas a value of 5 indicates that all individuals have completed reproduction.

alCLARM Contribution No. 973.
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The reproductio.n in.dex was low i~ cages « 1) and rice-fish systems (2), and was high in ponds (4
to 5). Re~roductlOnI~dexeswere highly variable among the different strains. but relatively consistent
acr~ss dl~ferent farml~g syste~s. Reproductive activity starts much earlier and at lower mean body
weights In slow growing strains than in the faster growing strains.

Introduction

Tilapias are widely recognized as one
of the most important species for farming
in a wide range of aquaculture systems
from simple small-scale waste-fed fish
ponds to intensive culture systems
(Maclean 1984; Pullin 1985). They form
the mainstay of many resource-poor fish
farmers. One of the major problems
associated with tilapia culture, however,
is its ability to reproduce at small sizes
and consequent overcrowding of cul
ture environments. Controlled reproduc
tion has been an area of considerable
research (Mair and Little 1991).

The present study forms part of a major
collaborative research effort of the Ge
netic Improvement of Farmed Tilapias
(GIFT) project. A sequential approach
has been followed in the GIFT project,
from systematic documentation of the
poor status of the Asian farmed stocks
and identification of .wild tilapia genetic
resources in Africa; evaluation of prom
ising strains of Oreochromis niloticus;
and then the establishment of base
populations and plans to develop a more
productive tilapia (Pullin et al. 1991).
The primary focus of the GIFT project
is selection for fast growth. Inclusion
in a selection index of important repro
ductive traits, such as age and size at
maturity, is also being envisaged for
possible selection for late maturity.

The results presented here are based
on a preliminary attempt to quantify
reproductive activity of individual fe
males of different strains of O. niloticus
under communal stocking. The approach
is to score individual females based on
their morphological and behavioral char
acteristics associated with reproduction.
The objective of this study was to com-

pare the relative reproductive activity
of different strains of O. niloticus in
different farm environments.

Materials and Methods

This study was a part of an experi
ment designed to evaluate the growth
performance of seven strains of O.
niloticus reared in 1 1 different test en
vironments (Eknath et al. 1993). Alto
gether, 7,652 individually tagged
fingerlings of three newly imported
African strains (Egypt [E 1], Ghana [Gh]
and Senegal [Se]) and four established
Philippine farmed stocks (locally known
as "Israel" [Is], "Singapore" [Si], "Tai
wan" [Tw] and "Thailand" [Th]) were com
munally reared in a wide range of Phil
ippine low input tilapia farming systems
(test environments): fertilized ponds
(with and without supplementary feed
ing), ponds fertilized with on-farm ag
ricultural residues (ipil-ipilleavese

, and
leaves and vines of sweet potato), rice
fish systems, cages (different stocking
densities; with and without feeding) and
three hatcheries (BFAR satellite stations)
located in different regions of the is
land of Luzon (Table 1). The origin of
strains and the experimental set-up were
described in detail by Eknath et al.
(1993) .

Single-pair mating (25 breeding pairs
of each strain) was done in 175 hapas
(1 m 3

) installed in breeding ponds. The
progeny of each strain were reared sepa
rately in hapas until they reached a mean
body weight of 3-5 g. The fish were
individually tagged and reared in dif
ferent test environments for 90 days.

"Leguminous tree.
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Table 1. Description of test environments for genetic research on different strains of Oreochromis
niloticus, from which data were gathered to assess reproductive activity.

Environment
code

SI

S2

S3

PI

Cl

C2

C3

WI

W2

W3

RF

Description

Philippine Bureau of Fisheries and Aquatic Resources (BFAR) satellite station located
in the lowlands near Laguna Lake. southern Luzon. Pond culture. Standard"
management and fertilization. Stocking density: 0.6·m·2 •

BFAR statellite station located in the coastal region of northwest Luzon. Pond
culture. Standard" management and fertilization. Stocking density: 0.6·m·2 •

BFAR satellite station located in the highlands of central Luzon (temperature
range 18-20CC). Pond culture. Stocking density: 0.6·m· 2

•

On-station". Pond culture. Standard" management and fertilization. Stocking density:
0.6·m·2 •

BFAR statellite station located in the lowlands near Laguna Lake, southern Luzon.
Cage culture in a farm reservoir without fertilization or feeding. Stocking density:
SO·m·2 •

On-station". Cage culture in reservoir without fertilization. Feeding at 20% body
weight once daily (70% rice bran and 30% fish meal). Stocking density: 30·m·2 •

On-station". Cage culture in ponds (Standard" management and fertilization) with
supplementary feeding at 10% body weight twice daily (70% rice bran and 30%
fish meal). Stocking density: 22-m·2 •

On-station". Pond culture. Fertilized with chicken manure (1.000 kg'ha") every
second week. Stocking density: 0.6·m·2 •

On-station". Pond culture. Fertilized with untreated ipil-ipil leaves (Leucaena sp.)
at 50 kg dry matter·ha· 1 daily. Stocking density: 0.6·m·2 •

On-station". Pond culture. Fertilized with untreated leaves and vines of sweet
potato (Ipomea batata) at 50 kg dry matter-ha-' daily. Stocking density: 0.6·m· 2 •

On-station". Rice-fish culture. Trench refuge system (0.75 m wide x 0.5 m deep).
Plots planted to IR-70 variety of rice. Stocking density: 0.S·m·2 •

"Inorganic fertilizer (16-20-0) at 50 kg· ha" and chicken manure at 1 ,000 kg- ha" every second
week.
"The BFAR national broodstock center and the Freshwater Aquaculture Center of Central Luzon
State University facilities. Munoz. lowlands of central Luzon.

The mean age and mean initial body
weights of tagged fingerlings at stocking
were 108 days (range 98 to 121) and
5.34 g (range from 1.6 to 14.6), respec
tively. Regular sampling (about 30% of
the population) to record individual body
weights and reproductive activity was
done every 21 days, except in the rice
fish systems.

Individual females were scored from
o to 5 based on the condition of the
genital papilla and belly, and the pres
ence of eggs/fry in the mouth as fol
lows:

score 1 - genital papilla reddish
and swollen, genital pore
slightly open;

score 2 - genital papilla swollen,

genital pore fully open,
abdomen fully swollen,
ready to spawn;

score 3 - mouthbrooding, eggs in
the mouth;

score 4 - mouthbrooding, fry in the
mouth;

score 5 - spent females with de
pressed abdomen, swol
len jaw, emaciated ap
pearance; and

score 0 - none of the above, fe
males not reproductively
active.

The frequency of individuals by strain
and test environment in a given stage



was used to construct the reproduction
index. A reproduction index of 0 indi
cates that the population is immature
or reproductively inactive, whereas a
value of 5 indicates that all individuals
are sexually mature and have spawned.

Results

Mortality and Sex Ratio

The total numbers of individually
tagged fingerlings, estimated percentage
total mortality and sex ratio at harvest
across strains within each test environ
ment are presented in Table 2. Mortal
ity was variable across different test
environments, but was not strain-spe
cific (Eknath et al. 1993). Sex ratios across
test environments were not significantly
different (P<O.05) from 1: 1.

Growth

The mean body weights of females
of the different strains in different test
environments were highly variable (Table
3). Among strains, strain E1 was con
sistently the fastest growing and Gh the
slowest. Growth performance of other
strains was intermediate. The mean body
weights of females of all strains across
test environments (environment means;
Table 3) were also highly variable. They
range from 107 g in 51 to 9.1 g in C 1.

Reproduction Indexes in DiFFerent
Test Environments

The reproduction indexes of all strains
in each of the 11 different test environ
ments at successive samplings are pre
sented in Fig. 1. They were highly vari
able, ranging from almost 0 in environ
ments C1, C2, W1, W3 to 4.6 in 51, at
harvest. Interestingly, the reproduction
indexes were highly variable in some of
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the test environments (C2, 53, W1, W2
and W3) where the final mean body weights
were similar (Fig. 1 and Table 3). Test
environment RF registered a relatively
higher reproduction index when compared
to its environmental mean value.

Reproduction Indexes of Strains
Across Environments

The reproduction indexes of the dif
ferent strains across test environments
at successive samplings are presented
in Fig. 2. Onset of reproductive activ
ity occurred 42 days after stocking. The
reproduction index was highly variable
among strains. The Philippine strains
exhibited relatively higher reproduction
index values on day 63 (poststocking)
than the African strains. At harvest,
however, strains Gh and Se showed
higl;ler reproduction index values than
the other strains.

The reproduction indexes of strains
in four representative environments
(farming systems) presented in Table 4
indicate the following:

Ponds (51). The reproduction indexes
were highly variable on day 63, with
Philippine strains showing relatively
higher values than the African strains.
However, at harvest, all the strains were
reproductively active and showed similar
reproduction indexes.

Low-temperature Ponds (53). For the
few surviving females, the reproduction
index at harvest was highly variable.
The reproduction indexes of strains Gh
and 5i were considerably lower than the
other strains.

Cages (C3). Although the mean body
weight for these environments was rela
tively high (Table 3), the reproduction
indexes of the different strains were low.
At harvest, strain Gh showed the highest
reproduction index and E 1 the lowest.

Rice-fish (RF). Reproduction indexes
in this environment were considerably
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Table 2. Numbers of tagged Oreochromis niloticus fingerlings
stocked; estimated total mortality (%) and sex ratio at harvest
in different test environments.

Test No. of fish Estimated 5ex ratio
environment stocked mortality' (M:F)b
(see Table 1) (%)

51 829 10 1.20:1
52 702 12 0.95:1
S3 680 59 1.20:1

PI 2,714 25 0.96: 1

Cl 693 5 0.90:1
C2 104 4 0.79: I
C3 596 16 0.79:1

WI 212 49 1.10:1
W2 214 32 0.96: 1
W3 218 38 0.97: 1

RF 690 51 0.95: 1

'From Elmath et al. (1993).
bNot significantly different from 1: 1 sex ratio (P<0.05).

Table 3. Mean body weights (g) of females of seven strains of Oreochromis niloticus after 90 days
of rearing in different test environments.

Test 5trains (see text) Environment
environment El Gh 5e Is 5i Tw Th mean
(see Table 1)

51 117.0 76.9 99.8 92.0 90.3 101.2 106.8 99.4
52 55.3 33.5 39.7 45.9 48.5 49.0 49.8 46.5
53 32.9 27.2 28.9 27.4 27.5 30.4 26.2 28.7

PI 75.4 42.1 57.1 57.8 55.9 65.6 60.7 59.0

Cl 8.3 8.3 9.7 8.1 7.4 8.9 9.1 8.4
C2 26.4 22.2 28.3 21.5 18.1 23.6 30.2 22.7
C3 70.1 47.0 67.0 63.5 63.1 63.8 62.1

WI 26.8 23.4 23.2 23.9 19.9 22.0 19.3 22.7
W2 37.5 1"9.3 23.3 23.5 25.7 27.9 25.3 25.1
W3 26.2 18.5 25.2 27.7 24.9 30.5 26.1 25.3

RF 20.0 12.0 17.2 14.2 13.7 17.5 14.8 15.5

Mean across strains 66.7 38.2 49.1 46.2 41.3 52.2 51.8
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Table 4. Reproduction indexes of seven strains of Oreochromis niloticus in four representative
test environments.

Strains Sampling Days (poststocklng)
(See Text) 0 21 42 63 90

El 0 0 0.07 0.45 4.67
Gh 0.1 0 0.23 0.34 4.55
Se 0.13 0.04 0.29 0.63 4.65
Is 0 0.12 0.13 1.10 4.69
51 0.15 0.10 0.41 1.27 4.51
Tw 0.30 0.13 0.43 1.57 4.57
Th 0.23 0 0.40 0.57 4.63

El 0 0 0 0 0.89
Gh 0 0 0 0 0.21
Se 0 0 0 0 0.86
IS 0 0 0 0 0.78
Si 0.17 0 0.33 0 0.33
Tw 0 0 0.35 0.75 1.20
Th 0.22 0 0 0 0.94

El 0 0 0.04 0 0.13
Gh 0 1.10 0 0.03 0.90
Se 0 0.06 0 0.06 0.17
Is 0 0.10 0 0.19 0.56
51
Tw 0 0.06 0 0.06 0.50
Th 0 0 0.07 0.11 0.30

El 0 0.58
Gh a 3.30
Se 0 2.03
Is 0 2.20
Si 0 1.19
Tw 0 1.22
Th 1.61

RF

Test
environment
(See Table 1)

C3

53

SI

• = strain 51 not stocked in C3.
- = no intermediate sampling.

higher than for other test environments
relative to the environmental mean value.
The reproduction indexes among strains
were highly variable. Interestingly, the
slowest growing strain (Gh) showed the
highest reproduction index and the fast
est growing strain (E 1) the lowest.

Reproduction Indexes and Growth

The relationship between reproduction
index and the mean body weights of the
different strains across test environments

is presented in Fig. 3. Onset of reproductive
activity and the corresponding mean body
weights were highly variable. The slow
est growing strain (Gh) was at its high
est reproductive activity when the mean
body weight at harvest was less than 40
g, whereas in the fastest growing strain
(E 1), the onset of reproduction occurred
at a higher mean body weight (52 g). Et
reached its highest reproduction index
value when mean body weight was about
67 g (about 68% higher mean body weight
compared to strain Gh).
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Fig. 3. Reproduction index as a function of the mean body weight (g) of seven strains of female
Oreochromis niloticus across test environments.

Discussion

The reproduction index developed here
provides valuable insights into the repro
ductive activity of the different tilapia
strains across diverse test environments.
As can be expected, the reproduction index
of females of comparable mean body
weights was relatively lower in cages than
in other environments. In fertilized earthen
ponds, where an adequate substrate for
nesting is available, the reproduction in
dex was relatively high. Across test en
vironments, it appeared that reproduc
tion commenced when females reached
a mean body weight of about 25 g. The
apparent exceptions were RF and one of
the pond environments fertilized with
leaves and vines of sweet potato (W3).
In the RF environment, reproductive ac
tivity commenced a! lower mean body

weights, while in W3 there was no sign
of reproductive activity. It is possible that
the exudates from the leaves and vines
may deter reproduction. This is being in
vestigated in the GIFT project.

There was considerable variation in
reproduction indexes among the strains
tested (Fig. 3). In general, the slower
growing strains commenced reproductive
activity earlier and at relatively smaller
body sizes than the faster growing strains.
In a related study, it has been shown that
the divergent growth performance of sexes
is strain-specific. Divergence of growth
rates occurred at later ages and at higher
mean body weights in the fastest grow
ing strain (E 1) than in the slowest grow
ing strain (Gh) (Palada-de Vera and Eknath
1993).

Overall, the results here suggest that
the reproductive activity of the strains
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is relatively consistent across these test
environments (Fig. 2). The relative growth

performance of the same strains was also
shown to be consistent across a range
oftest environments (Eknath et al. 1993).
The GIFT project has now built a base
population composed of best performing
strains and their crosses. Selection for
fast growth is in progress. The future
strategy is to incorporate the procedure
outlined here to estimate the reproduc
tive activity of full- and half-sib fami
lies, and to include this trait in a se
lection index. Families in representa
tive test environments will be screened
for reproductive activity once during the
production cycle. The approach is to
assign lower weighting to families with
relatively higher reproduction index
values when estimating breeding val
ues. Meanwhile, research will continue
to develop more objective criteria for
assessing reproductive performance of
both males and females.

This study focused on estimating the
reproductive activity of female tilapias.
An analogous reproduction index for
males, based on their nuptial colora
tion, stripping of milt by applying gentle
pressure on the abdomen and count
ing of nests following draining of ponds,
was also attempted. This was found
impractical because nuptial coloration
was highly variable among strains, ex
pression of milt was difficult to quan
tify, and nests were almost invariably
destroyed during seining and draining
operations. Furthermore, counting of

nests was almost impossible in the RF
environment.
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Abstract

In tilapia, especially in species belonging to the genus Oreochrom/s, hybridization occurs
spontaneously at a high rate. It therefore does not seem to happen by accident. Given its consequences
which differ according to the environment (disastrous in the wild, desirable in a controlled culture
system), there is a need to determine the factors which are involved in this process. The present
analysis focuses on behavior. Using mainly two species, O. niloticus and O. mossambicus (two
strains), but including in some experiments O. macrochir, O. aureus or O. salin/colus, several
experiments were run in which intra- and interspecific communication during courting and mating
was studied. Although visual, chemical and/or acoustic signals contributed to the identification of
the homospecific mate, their importance seems to be limited, the major mating barrier being the
species-specific aggression level, which characterizes not only the sexes but also the species.

Introduction

In tilapias, hybridization is a common
phenomenon in natural and artificial en
vironments such as lakes, ponds or tanks,
The consequences may be considered
either as disastrous (natural environment)
or as beneficial (human-controlled en
vironment). During the last decade, many
studies and experiments have been
performed to evaluate the biological and
economic impacts of tilapia hybrids.
However, little effort has been spent
on the study of the mechanisms which
actually enable hybridization, i.e., spawn
ing between heterospecific mates.

There are three major reasons for
studying these mechanisms. First, hy
brids challenge the concept of species
(Templeton 1989). In tilapias, this is re
flected by the different criteria used in
several classification systems, the ge
nus being characterized either by cri-

teria on which the natural populations
diverge or, in contrast, by those on which
they converge. Second, once two spe
cies meet in open waters subsequent
to a voluntary or accidental introduc
tion of at least one of the species, the
possible spontaneous apparition of the
hybrids generally has a negative effect
on the natural production of the wa
ters (Daget and Moreau 1981). Improved
knowledge of the mechanisms involved
in hybridization would lead to more ac
curate predictions on the consequences
of such introductions. Third, since the
culture of hybrids in human-controlled
rearing systems can be attractive for eco
nomic reasons, insight into the under
lying mechanisms could not only im
prove the techniques of hybrid produc
tion, but also might encourage the breed
ing of new hybrid crosses with good
potential for culture in extreme habi
tats like those with high salinity.
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Since interspecific mating in tilapias
primarily involves behavioral factors, the
present analysis used ethological meth
ods to investigate possible behavioral
isolating mechanisms. It was limited to
maternal mouthbrooding species, a
subgroup in which spontaneous hybridi
zation occurs most frequently and is of
most practical and economic interest.

Isolating Mechanisms
In Oreochromls spp.

Applying the categories of isolating
barriers described by Dobzhansky (1970)
to the genus Oreochromis, Table 1 for
mulates them in behavioral terms when
ever behavioral mechanisms are in
volved. The development control in
cludes parental care, such as mouthb
rooding in this genus. It can be seen
from this table that even when the topic
is limited to behavioral mechanisms, a
multitude of factors, including those con
cerning the nest site or the time of
spawning, must be studied in the natural
environment, those related to commu
nication between mates being more
easily tested in the laboratory.

The present paper focuses on inter
specific mate communication by test
ing the effect of visual, chemical or acous
tic signals on the behavior of the hetero
specific mate and by analyzing the se
quence of behavioral interactions dur
ing interspecific courtship.

VIsual SIgnals

Vision plays a dominant role in cichlid
behavior, including spawning (Baerends
and Baerends-Van Roon 1950). Mates are
visually informed of the sexual status of
a potential partner either by its morpho
logical characteristics, which may be per

manent (secondary sexual characteristics)

or temporary (protrusion of specific or
gans, Le., genital papilla, exhibition or
specific color pattern), or by the form and
the sequence of its behavioral display.

In order to evaluate the ease with
which cichlids recognize conspecifics on
the basis of visual cues, an experiment
was designed in which the behavior of
O. niloticus, O. mossambicus (albino
strain) or F1-hybrid females that had
ovulated towards males of the two pure
species was recorded. Males of similar
weight were confined behind a sealed
glass pane and presented first separately,
then simultaneously, to the females as
described in Falter and Charlier (1989).
Once the experiment was completed,
females were given access to the males
they had chosen.

Females generally chose the males of
their own species, although some fe
males were not only attracted to, but
also accepted spawning with a
heterospecific male (Tables 2 and 3).
Also, according to the species to which
the male and the female belonged, the
probability of mating differed. Crosses
between O. mossambicus females and
O. niloticus males regularly resulted in
oviposition, whereas the reverse cross
only reached this point with difficulty
due to the excessive aggression of the
O. niloticus female. Mate choice in the
hybrid females was less restricted than
in the pure females, with hybrid females
accepting the males of both parental
species equally.

From this experiment, it can be con
cluded that in most of the encounters,
visual cues alone ensure mate recog
nition. Nevertheless, these stimuli are
not sufficient to prevent interspecific
matings in all cases, since a few females
were significantly more attracted by the
heterospecific male despite its differ
ences in cotoration, and in the form and

frequency of its courting behavior.



Table 1. Isolating mechanisms between species of Oreochromis.
Barrier

for males

Pre
mating

None
(mating)

Post
mating

Male
of one species

Mature and having specific
requirements concerning the
place and the time of spawning

Innate mate scheme. and
possible individual experience
with previous mates

Balance between sexual.
fight and flight motivation

Fertilization

Development controlled
in some cases by the male

Process
and results

Encounter
Same place. same time

Mutual acceptance
as potential mate

Reciprocal adjustment
of the behavior during

courtship to reach
synchronization

of mating (90 seconds)

Gamete fusion

Egg stage
Wriggler stage

Fry stage

Viability and flexibility
of the FJ' F2 and Fn-hybrids

Female
of another species

Mature and having specific
requirements concerning the
place and the time of spawning

Innate mate scheme. and
possible individual experience
with previous mates

Balance between sexual.
fight and flight motivation

OViposition

Development controlled
in most of the cases
by the female

Barrier
for females

Etholo
gical

None

Multiple

w
o-
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Table 2. Time (in seconds) the three categories of female spent near the Oreochromis niloticus, O.
mossambicus male or in the neutral zone (means and standard error of means) (Wilcoxon test).

Type of O. mossambicus 0. niloticus Neutral zone Probability
females male male

Hybrid 426 (317) 498 (372) 876 (312) N.S.
O. mossambicus 766 (196) 259 (180) 775 (276) <0.0001
O. niloticus 227 (148) 881 (358) 692 (249) <0.0001

Series 3:
O. niloticus c:f : ovulated O. mossambicus 9

vs.
ovulated O. niloticus 9

Series 2:
O. niloticus c:f : ovulated O. niloticus 9

vs.
non-ovulated O. niloticus 9

Series 1:
0. niloticus (j : clean water

vs.
ovulated O. niloticus 9

In series 1, 0. ni/oticus males directed
nearly all their behavior towards the side
containing the sample taken from the
tank of the ovulated female (Table 4).

ovulated O. mossambicus 9
vs.
ovulated O. niloticus 9

Series 4:
F"hybrid c:f :

the test male could direct its sexual and/
or aggressive behavior.

Four series of experiments were car
ried out in which O. ni/oticus or FI-hy
brid males (parents: 9 = 0. ni/oticus,
cJ = O. mossambicus) were provided

with pairs of test substances:

Chemical Signals

Since sexual pheromones are released
by female cichlids subsequent to
ovulation, the role of these chemical
signals was determined in a second series

of tests (Falter and Dolisy 1989). This

time, the aim of the experiments was

to ascertain the existence of sexual

pheromones in prespawning 0. ni/oticus
and O. mossambicus females, to
determine the specificity of these
substances and to evaluate the
preference of hybrid males (parents: 9
= 0. ni/oticus, cJ = 0. mossambicus albino
strain) for the chemical signals released
by the females of both parental species.

Samples of water, presumed to con
tain the pheromones, were collected from
small tanks in which ovulated females
of either species had been isolated for
four to six hours. The samples were trans
ferred into Baxter bottles and released
drop-by-drop in the two opposite cor
ners of the test tank containing the males.
A mirror was placed in each of these
corners to provide a neutral cue to which

Table 3. Occurrence of oviposition during and after mate seiection tests.

During the test near:
During the 15 hours

foilowing the test near:

Type of
Femaies Frequency

of oviposition
O. mossambicus 0. ni/oticus

male maie

O. mossambicus O. n//ot/cus
male male

Alone

Hybrid
O. mossamb/cus
O. ni/oticus

14/17
3/13
0/12

o 1
1 0
o 0

5/6 6/6
0/4 2/4'
0/4 0/4

215
0/5
0/4

'One O. mossamb/cus female was placed in the compartment of the O. nilot/cus maie after the test.
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Table 4. Differences in biting and digging frequencies (and time in seconds) between
Oreochromis niloticus (M) or F, hybrid (H) males (both types with n= I 2) exposed to
either an ovulated 0. niloticus female or another treatment.

Series Behavior Ovulated Q Other treatment Prob. of difference

I(M) Clear water
Biting 42.9 7.7 <0.01
Digging 21.5 0.6 <0.02
Time 631 260 <0.001

2(M) Non-ovulated Q 0. nl/oticus
Biting 14.6 4.3 <0.001
Digging 14.5 3.4 <0.001
Time 600 299 <0.001

3(M) Ovulated Q O. mossambicus
Biting 38.1 10.4 <0.01
Digging 11.4 2.8 <0.01
Time 587 313 <0.001

4(H) Ovulated Q O. mossambicus
Biting 7.2 4.4 <0.05
Digging 11.7 3.7 <0.001
Time 486 414 <0.05

In series 2, O. niloticus males displayed
more sexual activity to the side which
contained the sample taken from the
ovulated female as opposed to a
nonovulated female. In series 3, O.
niloticus males preferentially displayed
near the sample from their own females,
but also displayed near the heterospecific
one. In series 4, F.-hybrid males were
more attracted by the sample taken from
the tank of O. niloticus females, the
species to which their mother had be
longed.

The conclusions concerning the chemi
cal signals are therefore similar to those
mentioned above for visual cues. Fe
males, once they have ovulated, release
chemical attractants which are perceived
by the males. In addition, males are able
to discriminate between pheromones
released by different species, although
the substances released by heterospecific
females remain attractive to them.

Acoustic Signals

Cichlids also communicate by acoustic
signals, especially during territorial
defense and courtship, hence some
preliminary studies were also made of
this aspect. In this experiment, males
of several Oreochromis spp. were placed
in large noise-attenuated tanks in which
they defended a breeding territory. For
each species, a sonogram reflecting the
frequencies of the emitted sounds was
established confirming species-specific
differences. Using a hydrophone, these
differences were discernible by the hu
man ear, with territorial O. niloticus
emitting single bursts of clearly distinct
emissions (four to five knocks) and
territorial 0. mossambicus males emitting
several bursts consecutively with less
distinct emissions (drumroll). Females
also emitted sounds, but only when they
were aggressive, never when they were
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spawning. Cross-species communication
was not examined.

Taken together, all these results con
cerning sensory communication confirm
that each species has developed its
distinct visual, olfactory and acoustic
signals which enable it to distinguish
between its own and a closely related
species. However, these distinctions do
not appear to be of the all-or-none type
but rather reflect some kind of specific
preferences, which may lead, in some
cases, to a preference by an individual
for the other species.

Courtship Sequences In Intra
and Interspecific Encounters

It is apparent from the above that sen

sory cues are not sufficient to prevent

hybridization. Behavioral premating bar
riers, if they exist, should therefore be
likely to occur during the courtship phase
and to operate by disrupting the
behavioral interactions which are nec
essary for the mutual synchronization
of the mates. Since pairbonding is ab
sent in the Oreochromis species, the
courtship phase is generally short, vary
ing, under laboratory conditions, be
tween a few minutes and several hours.
As a consequence, isolating mechanisms

have to be effective within this short
period.

The behavioral dynamics during the
courtship phase were examined in an
experiment in which males and females
of O. niloticus and O. macrochir met
each other in intra- and interspecific en
counters (Falter and Dufayt t 99 t).
Records were taken of the sequence of
the different male and female behavioral
patterns, with observations lasting ei
ther until the female laid her first clutch
of eggs or until one fish definitively
moved away.

Spawning success depends upon the
type of cross, with a strong barrier pre
venting hybridization between O.
niloticus females and O. macrochirmales
(Table 5). A possible explanation of the

mechanism by which hybridization is

prevented in this cross was provided

by the comparison of the behavioral
interaction sequences shown by the four
crosses. This analysis revealed that the
behavioral sequences were composed
of two separate classes of behavior, the
first comprising the acts performed out
side the nest (mostly aggression and
courtship), and the second comprising
the behavioral patterns performed in
side the nest (mostly related to court
ship and spawning). Species-specific dif
ferences mainly appeared in the first

Table 5. Spawning success in two intra- and interspecific encounters of Oreochromis
spp. (Falter and Dufayt 1991).

Males
Females

O. niloticus

O. macrochir

0. niloticus

6 spawnings from
11 attempts

6 spawnings from
10 attempts

O. macrochir

o spawning" from
7 attempts

6 spawnings from
7 attempts

'Six of these seven O. niloticus females spawned immediately when
confronted afterwards to a male of their own species.



class; O. niloticus males and females
were more aggressive than O. macrochir
males and females. Differences in ag
gression also characterized the two
interspecific encounters: aggression was
almost absent in the cross culminating
in oviposition, whereas aggression was
the dominant feature in the other cross
in which interactions between mates
broke off before spawning had occurred.

The results suggested that the inter
actions between O. niloticus females and
O. macrochirmales had been disrupted
by the excessive aggression level of the
female. Two explanations could account
for this: either the O. macrochir males
were not aggressive enough to with
stand the aggression of the O. ni/oticus
females or, since territorial O. niloticus
males are brightly colored, the O.
niloticus female did not accept the black
colored O. macrochir male as a poten
tial mate and therefore reacted aggres
sively.

To investigate these two explanations,
an additional experiment was designed
in which O. niloticus females were con
fronted with FI-hybrid males which
combined the "wrong" color pattern
(nearly as black as the O. macrochir
males) with the "right" aggression level
(nearly as aggressive as the 0. ni/oticus
males). In six out of nine attempts, O.
niloticus females readily accepted spawn
ing with the FI-hybrid males, revealing
that an appropriate aggression level was
essential for the mating success, sexual
coloration playing only a secondary role,
if any.

These results clearly show that
Oreochromis species have developed
species-specific signals and ways to in
teract. Within this maternal mouth
brooding group, the species-specific
characteristics appear to have evolved
in a quantitative rather than qualitative
manner, the animals expressing stronger
preferences for the traits of their own
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species but still remaining receptive to
signals emitted by other species.

This quantitative rule applies to ag
gression, the only efficient barrier which
was found to operate at the behavioral
level. Aggression is a major component
for success in breeding. Males gener
ally have to eject a territory owner from
its nest site by aggression to get ac
cess to the territory. Once they have
succeeded, they have to fight either to
attain a better territory or just to de
fend it against other competitors. When
a female starts visiting a male's nest,
she is often initially treated like a male
and chased away. Females, whose own
aggression level has drastically increased
during the period preceding ovulation,
generally withstand these attacks and
return to the male. In most cases, males
adapt their behavior after a while, switch
ing from aggression to courtship. In some
cases, however, males, especially those
who have to defend a coveted area, fail
to change their strategy and continue
to attack the females. In this case, fe
males switch to another male who courts
them more readily but who is still able
to keep away other intruders. The role
of aggression in spawning success was
investigated in an experiment in which
behavioral interactions between O.
mossambicus males and females were
followed over several months in small
breeding colonies (Falter and Foucart
1991). Thus, although aggression can
sometimes endanger spawning even
within a homospecific population, the
aggression level between the two sexes
is generally equilibrated, i.e., high
enough in the females to resist the at
tacks of the males of their own species.

One of the consequences of these
quantitative barriers is that differences
among individuals are of major impor
tance for hybridization. In fact, it is
possible to rank the species on an ag
gression gradient with overlapping zones
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between species. Moreover, byadapt
ing the environment to the behavioral
requirements of the most demanding
species, it shoul'd be possible to enlarge
the extent to which individuals of the
two species would accept to interact
with each other.

This analysis leads to two major prac
tical applications. Concerning the ques
tion whether to introduce a tilapia spe
cies into a natural environment, the de
cision should depend on the inventory
of the species already existing in this
habitat. In the case where two species
of the same genus would meet, the risk
of spontaneous hybridization would be
high due to the large behavioral plas
ticity of the individuals. In contrast, this
risk is limited in the case of intergeneric
encounters, voluntary hybridization being
absent between Sarotherodon and
Ore0 chromis species (Fishelson 1988)
as well as between Tilapia and
Oreochromis species (Lovshin 1982).

These findings could contribute to a
more systematic exploitation of the spon
taneous tendency that tilapias have to
hybridize. New crosses could be tested.
In this respect, the cross between O.

niloticus and 0. salinicolus seems to be

particularly promising because it could
produce a hybrid which resists high
salinity and extreme temperature fluc
tuations. O. salinicolus is a maternal
mouthbrooding species which lives in
the saline springs of Mwashia (Shaba,
Zaire) and resists the extreme environ
mental conditions of high temperature
and high salinity. In the wild, their growth
seems to be stunted, the total length
ranging between 1.5 and 9.0 cm (Thys
van den Audenaerde 1964). Under labo
ratory conditions, progressively adapted
to freshwater, their growth rate is much
higher: one individual reached 22.5 cm
TL and weighed 217 g after three years

(unpubl. data). Individuals caught in the
wild are extremely aggressive under
laboratory conditions requiring there
fore to be housed in very large aquaria,
but their spawning behavior is similar
to other Oreochromis species and hy
bridization should therefore be possi
ble.

Conclusion

Hybridization occurs frequently in
tilapias, with barriers acting as spac
ing rather than isolating mechanisms.
Moreover, among the tilapiine cichlids,
the speciation rate has been considered
low, the fish considered generalists and
hybridization thought of as accidental.
An alternative hypothesis could, how
ever, be suggested. Given the special
features (e.g., broad ecological toler
ance, good resistance to diseases, ef
ficient breeding systems, high behavioral
plasticity, etc.) which characterize this
group (Fryer and lies 1972), hybridiza
tion could also be considered an active
process by which these species coun
teract their tendency to speciate and

which helps them to remain generalists.

This view would fit the cohesion con
cept of species proposed by Templeton
(1989) who defines a species as the most
inclusive population of individuals having
potential for phenotypic cohesion
through genetic and/or demographic ex
changeability, a definition which goes
beyond the solely reproductive crite
ria.
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Abstract

Applied to mouthbrooding females of Oreochromis niloticus, the cross-adoption method (adoption
of young fry after removal of the eggs or adoption of eggs after removal of the fry) shows plasticity
in the maternal behavior of this species. Brood rejuvenation (adoption of eggs) is accompanied by
a significant increase in the total duration of the parental cycle and of each of its phases (incubation
before and after release, and aggressive behavior). The aging of the brood (adoption of fry) produces
the opposite effects of which the reduction of the incubation period after release of the fry is the
clearest.

This shows that the females tend to adjust their parental behavior to the spawn age. However,
this adjustment is not optimal in relation to the age of the fry at the time of first release. This
suggests a double control in maternal behavior: an external control involving buccal stimulation
by the brood and an internal control the nature of which is not yet fully understood.

Introduction

The complex nature of their parental
behavior is one of the major character
istics of the reproductive cycle in spe
cies of the genus Sarotherodon and
Oreochromis (Cichlidae) (Ruwet et aI.
1976; Perrone and Zaret 1979). The
physiology of reproduction in these
species has been the subject of many
studies which have significantly contrib
uted to the development of their culture
(Baroiller and jalabert 1989).

The objective of our study on
Oreochromis niloticus was to analyze
the regulation of maternal behavior. After

"Research conducted under the auspices of the
Groupement de concertation scientifique sur les
bases biologiques de I' aquaculture, "Groupe
aquaculture tropicale."

spawning and fertilization of the eggs,
the female takes them in its mouth and
incubates them, and then the fry, until
hatching which also takes place in the
mouth.

This first period of normally uninter
rupted mouthbrooding ends with the
mass release of all fry. Then the sec
ond period begins, characterized by
incubations of variable duration of all
or part of the fry with a total reabsorption
at night, and by the aggressive behavior
of the female to protect the fry. This
behavior persists even after all diurnal
incubations have stopped. Later, the
female loses interest in the fry and
cannibalism is frequent if the fry and
the female are kept in the same aquarium.

The aim of the present study was to
establish the role of the buccal
stimulations by the eggs and the fry in



the sequential organization, and the
duration of the different periods of the
maternal cycle. To do this, we used the
cross-adoption method leading either
to the rejuvenation or to the aging of
the incubated brood (eggs or fry).

Materials and Methods

Animals and Maintenance

The fish (0. niloticus) used in this study
came from the Pisci-Meuse fish culture
station in Tihange, Belgium. The female
and the male mean weights were.304.6
g (±7.8) and 450-500 g, respectively.
Females taken from a mass production
pond where males and females live
separately were weighed, identified in
dividually using Alcian blue, then
regrouped at the rate of three to six
individuals per 300-1 aquaria with gravel
at the bottom. Recirculating warm water
(26± t .5°C) was used to supply the
aquaria, which were located in a room
with a t 2/ t 2 photoperiod. Animals were
fed a supplementary feed twice a day
(2 g per tOO g of body weight).

When a female showed signs of sexual
receptivity, particularly the enlargement
of the genital papilla, it was transferred
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to a 300-1 aquarium where a male breeder
was established. After spawning and fer
tilization, the female was transferred to
a t 20-1 aquarium. Mouthbrooding fe
males were isolated, keeping only visual
contacts with their conspecifics. They
were no longer fed until the release of
the fry.

Experimental Batches

Three batches of females were used:
one "control" batch, n=2 t; after

fertilization of the brood, females in
cubated their eggs then the fry with
out being subjected to any particular
experimental procedure;

one batch labeled "adoption of
eggs," n= t 0; after incubation of their
eggs then of their young fry, the fe
males were subjected to an egg adoption
procedure (Table t); and

one batch labeled "adoption of fry,"
n= t 2; females incubating their eggs were
subjected to a procedure of adoption
of young fry (Table t).

Cross-adoption Technique

The female incubating the eggs and
the female incubating the fry were again
removed from the aquarium. Then, each

Table 1. Age of the adopted spawn (eggs or fry of Oreochromis nifoticus) and intervals between
the dates of spawning and the dates of adoption.

Adoption of eggs

Adoption of fry

Age of the adopted spawn:
eggs or fry

1-3 days

7-12 days

Intervals spawn-adoption

7-12 days

1-3 days
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of the females was captured by hand
to induce the regurgitation of the eggs
or of the fry into a bucket. The eggs
and the fry were then deposited at the
bottom of the aquarium in an area where
the gravel had been removed, and the
adoptive female was introduced into the
aquarium immediately afterwards.

The first adoption tests were conducted
without anesthesia. Later, phe
noxyethanol was used to anesthetize
the females in the bucket to reduce the
effects of stress produced during the
procedure. Since light anesthesia did
not affect the behavior of the females,
they were anesthetized routinely. The
age of the adopted eggs as well as the
intervals between spawn and adoption
are shown in Table t.

Measurements

We used four parameters expressed
in days: the total incubation period from
spawning up to the "first release" of
the fry (100% of the fry released); the
real age of the fry at first release; the
incubation period after release of the
fry corresponding to the number of days
after the first release during which the
female takes back all or part of the fry
into its mouth, particularly at night; and
the duration of the aggressive behavior
of the female after first release. The ag
gressive behavior displayed in response
to the introduction of the hand along
the aquarium was recorded every day.

Statistical Analysis

An analysis of variance was done to
compare the three experimental batches.
When F values were significant, the mean
results of the different treatments were
compared at the probability level of 5%
(ANOVA and Scheffe's test).

Results

Behavior ofFemales
during Adoption

ADOPTION OF THE FRY

The experiment was conducted on t 4
females, but due to technical problems
(capture of one female and imprecise
date of release of fry for another female),
results were analyzed for t 2 animals only.
The process of uptake of the fry into
the mouth of the female was rapid, usu
ally starting when the fry and the fe
male met. In our experiment, the uptake
was total or near-total in less than 30
minutes for nine of the females and in
40-90 minutes for three others. How

ever, it took over six hours for the uptake

of the fry to be completed in two females.
The number of adopted fry varied from

100 to 500, and on the day of release
their number decreased only slightly or
not at all, except in two instances where
fry decreased from 200 to 100 and from
500 to 50. In these instances, the fry
were not very vigorous.

ADOPTION OF EGGS

The experiment was conducted on t 4
females, but one female did not incubate
the eggs; two females stopped mouth
brooding two and three days after the
adoption and ate the eggs; and one fe
male only incubated a few fry after their
release. Therefore, results were analyzed
for to animals only. Although the in
cubation periods were variable from
female to female, the adoption of eggs
was slower than for the fry. While seven
females incubated more than half of the
eggs in 30 minutes, the adoption was
slower for the others, reaching up to
six hours and over in some instances.



Only a small number of females adopted
all eggs present in the aquarium.

The number of adopted eggs varied
from 100 to 400 and the number of fry
released decreased very little or not at
all, except in two females (50-60 fry
at the moment of release). The same
phenomenon was observed in the control
animals.

Comparison between Batches

An analysis of variance showed sig
nificant differences among batches with
P<0.05 for each of the four parameters
established (see results summarized in
Fig. 1).

Incubation period before first release
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The adoption of eggs (corresponding
to a brood rejuvenation) caused the in
cubation period before release to
lengthen compared to the controls
(P<0.02), whereas the adoption of fry
(corresponding to the aging of the brood)
caused the incubation period before
release to shorten (P<O.05).

The examination of the age of the fry
at the time of release supplemented the
analysis. When eggs were adopted, they
were on the average three days younger
than the controls (P<0.02). Therefore,
despite the lengthened incubation
period, fry were released too early. On
the other hand, when fry were adopted,
they were five to six days older than

AIle of fry at first release
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Fig. 1. Results of experiments on adoption of eggs or fry by females of Oreochromis niloticus (mean values
and standard deviations of the four parameters: incubation period before first release of the fry; real age of
the fry at first release; incubation period after release of the fry; and duration of the aggressive behavior of
the female after first release).
Eggs: adoption of eggs by the females (n= 10).
Controls: control females (n=21).
Fry: adoption of fry by the females (n= 12).
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the controls (P<0.02) at the time of first
release. The adopted fry were therefore
..abnormally" aged at the time of release
despite the shortened period of incu
bation by the adoptive females.

Concerning the last two parameters,
the incubation period after release was
longer in females adopting eggs than
in controls (P<O.OS) and in females

adopting fry (P<O.02) where it was
actually nonexistent in eight females.
However, the difference between con
trols and adoptions of fry did not reach
the 0.05 level of significance.

The mean values for the duration of
the aggressive behavior after release of
the fry followed the same tendency as
with the previoils criterion, but the
difference was significant only between
adoption of eggs (9.7 days) and adoption
of fry (4.4 days).

Discussion

Females of 0. niloticus can adopt either
eggs or fry after the removal of their
own brood. Females adopt fry easily,
probably because they see them better
than the eggs since the fry are capable
of small movements (seven-day-old fry)
or start swimming (1 0-12-day-old fry).
Moreover, older fry (12 days) facilitate
their rapid adoption as they move
towards the female. This stimulation of
the females by the fry may explain the
rapidity with which all fry are adopted.

Females encounter more difficulties
with immobile eggs lying at the bot
tom. Eggs are detected and adopted by
searching the bottom of the aquarium.
On the other hand, females that are dis
tressed by the removal of their own brood
tend to swim in midwater. This may
explain the failures observed and the
longer periods of time needed to
reabsorb the eggs into the mouth com
pared to the time needed for the fry.

Finally, the females return several times
above the brood to take up again the
eggs into their mouth; these movements
disperse the brood and eggs that are
too scattered are left on the bottom.

This cross-adoption technique shows
the plasticity of the parental cycle in
the females of O. niloticus. Adoption
of eggs causes a significant increase in

the total duration of the parental cy
cle and in that of each of its phases:
the incubation period before and after
first release of the fry and the period
of aggressive behavior both lengthen.
However, the cycle plasticity is not
optimal because fry are released prema
turely, despite the extension of the
incubation period before release.
However, because the post-release
incubation is longer than in controls,
this compensates for the lack of incu
bation before release. Fry from adopted
eggs and controls enjoy the same
incubation period when the incubation
periods, before and after release, are
added. After the adoption of fry, females
shorten the incubation period before,
and especially after, release and shorten
the duration of the aggressive behavior
period as well. But here again, the
incubation period before release is not
optimal. These females continue to
incubate abnormally-aged fry.

To conclude, females try to adjust their
behavior to the age of the brood: the younger
the fry, the more maternal they become
(incubation and defense of the fry); and they
quickly lose interest in the older fry after
their first release. Although the incubation
period before the first release of the fry is
modified by the adoptions, it seems to be
the least elastic phase of the parental cycle.

These results suggest a double control
of the maternal behavior: onthe one hand,
an external control shown by the above
adjustments, and involving stimulation of
the mouth of the females by the eggs and
the fry; and on the other hand, an internal



control, probably related to hormonal
balance, which could oppose the optimal
adjustment of the female's behavior to
the age of the fry. This hormonal component
remains to be identified. Smith and Haley
(t 987) compared non-incubating females
of Oreochromis mossambicus (eggs were
eaten by the females) with incubating
females and obselVed that in the incubating
females, the next oocyte development was
slower and the post-ovulatory follicles did
not degenerate as fast. These authors sug
gest that follicles have an inhibiting effect,
at least partially, on oocyte development.
This hypothesis is supported by the study
on the hormonal profiles of incubating and
nonincubating females (eggs removed or
eaten within 24 hours after spawning).
Comparable levels of t 7-13 oestradiol and
testosterone were observed later in in
cubating females (Smith and Haley 1988).
Follicles could also be involved in main
taining the parental behavior.

On the other hand, the influence of
prolactin on behavior is not excluded.
In fact, prolactin is known to stimulate
ventilation in cichlids (Blum and Fiedler
t 965; Blum t 966). Although Wendelaar
Bonga et al. (t 984) did not show any
increase in prolactin production during
the parental cycle in O. mossambicus,
Tacon (1991) had opposite results (ten
dency of the prolactin to increase during
maternal care) in O. niloticus.

These data are not incompatible with
the hypothesis of the buccal stimula
tion by the eggs and then by the fry,
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which, through a neuroendocrine reflex,
would allow the post-ovulatory follicles
to remain with their secretions and their
inhibiting effects on oogenesis.
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Abstract

Oreochromis niloticus (L.) fry were subjected to immersion treatments in three different estrogens at
concentrations of between 4 and 500 I1g'1-1 for durations of up to 30 days. Ethynylestradiol (EE) proved the
most successful in inducing feminization, although 17B-estradiol and diethylstilbestrol achieved significant
conversion to female in some treatment groups. The optimal time of starting treatment was found to be on
or before the first feeding stage and the optimal duration of treatment was 18 days at a concentration of
170-200 I1g'I" EE.. Implications for the production of all-male fry for aquaculture are discussed.

Introduction

Culture of all-male tilapia populations has
been proposed as the best solution to the
problem of precocious sexual maturity,
unwanted reproduction and overpopula
tion in tilapia ponds. Although alternative
methods exist whereby this can be achieved,
recent research has concentrated on the
production ofgenotypic males through the
manipulation of sex determining mecha

nisms in broodstock (Shelton 1987; Scott
et al. 1989). The production of the novel

genotypes, heterogametic XY females in
Oreochromis niloticus and homogametic
ZZ females in O. aureus, provide models
for all-male fry production in these spe
cies. Two fundamental problems in the use
of this approach are the unreliability of treat
ments to induce sex reversal of males to
females (feminization) and the conflicting
evidence on the precise mechanisms of sex
determination in Oreochromis species.

Large-scale production of YY male
broodstock in 0. niloticusis dependent upon
the efficient feminization of sexually
undifferentiated fry. Masculinization of fry
for the production of male fish with female
genotypes needed for breeding programs
and direct stocking is readily achieved by
adding androgens to fry food (Guerrero
1975). Tayamen and Shelton (1978)
demonstrated that 0. niloticus could be
feminized by feeding of diethylstilbestrol

(DES) at 100 mg-kg,1 of food and Varadaraj

(1989) reported 100% feminization of 0.
mossambicus by feeding DES at concen
trations of 100 mg'kg'l or more to young
fry. However, routine use of this treatment
on 0. niloticus fry in our laboratories has
produced highly variable rates ofsex reversal
and there is some evidence of strain-specific
susceptibility to sex reversal in this species
(G.c. Mair, pers. comm.). In this paper, we
present the results of attempts to feminize
0. niloticus fry by immersing them in water



containing three estrogens at a range of
concentrations.

Materials and Methods

The species initially used was a strain of

0. niloticus which had been selected at
Baobab farm (Kenya) for fast growth, light

body color and high depth to length ratio.

Individual sexually mature males and fe

males were kept in 200-1 glass aquaria with

undergravel filtration at 2rC with a t 2
hour light photoperiod and fed a commercial

trout feed at approximately 5% body weight
per day. Males and females were separated
by a perspex sheet but when a female showed

signs of imminent spawning (extended

genital papilla and intense nest-building
activity), the male was introduced and spawn

ing was allowed to occur.

After three days, the eggs were removed
from the female and placed in incubators

until the start of the hormone treatment.

Larvae were placed in vigorously aerated
20-1 aquaria at a stocking density of ap

proximately 3 per liter and were fed on
Artemia nauplii for the first few days, prior
to a powdered commercial trout diet fed
ad libitum. Water was changed and the tanks

thoroughly cleaned every other day.
All hormone treatments were conducted

in a constant temperature room at 28°C,
until the fry had reached a mean standard
length (SL) of 20 mm (regardless of the
duration of hormone treatment). They were
then transferred to plastic bins in a dosed
recirculating system where they were grown
on to 60 mm SL. fish were sexed by re
moving the gonads, staining squashes with
acetocarmine and examining them under
40x magnification (Guerrero and Shelton
1974).

Data from each replicated experiment were
subjected to heterogeneity Chi-squ2Iied
analysis and, where samples were homo
geneous, data were pooled. Treatment data
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were then tested against thenr contro! group

for goodness of fit using a Chi-squared

contingency test.
The hormones used were 371B-estradiol

(BE). DE.S and ethynylestradiol {[[p, all

obtained from Sigma Chemicals, UK. They

were dissolved in 95°/'0 ethanol at a con

centration of 2 g·I". This solution was added

to the water afiter each tank water chang'e

to make up the requimd concenltration. The

initial number of fiy in each treatment was

the same as that of the control grm!lp. High
mortality has been reported in salmonid

fry immersed in estrogen solutions at high
concentrations !(Na!{amura 1981». So, ini

tially, a range of concentrations olf between
4 and 500 pg·lil was used and mortality

was monitored over a 30-day period.

R,esults

Hormone ,Concentration
and Mortality

Table 1 shows the results oif the initial
trials. DES proved to be the most toxic and

BE the least. Conoent:rations equal to or
greater than 150 pg_i!-l [[ produced an

unacceptable level of mortality !(>50%}, as
did 500 pg·l-I DES. few fiy 'SLJrvived !for more

tl1an 38 days in 200 pg·ll DiES. ~rnaiJI cases,
mortality was correlated with increasing
hormone concentration. Treatrl1'ent mortallity

is given as a percerntage of the number remai
ning in its control glfOup at the time of re
moval from the tanks to bins in the recarCLJ
lating systems ((30 days ,afiter first feeding).
Mean survival in control groups was 96.4'<l/o.

Concentrations of100pg-II 8IEcmd greatei.
100 pg_I-1 [[, and 100 pg·l-'I DiES gave a

significant: bias towards lfiemales in treated
groups. In addition to causing high mor
tality, very high concentrations olfhormone
(500 llg-lil BE., and 300 pg·n-'I [[ and DES»

did not feminize all of the few fish that
survived.
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Table 1. The effect of three estrogens in inducing feminization of Oreochromis niloticus (Baobab strain) fry.
Data are from crosses where control sex ratios did not differ significantly from 1: 1. (NS = not significant;
···P<O.OOI; ··P<0.025; NA = Chi-squared test not applicable due to low survival: BE = 17B-estradiol; DES
= diethylstilbestrol; and EE = ethynylestradiol.)

Hormone
concentration Duration No. of % Proportion Chi-

(llg·I-I) (days) replicates Mortality Q d r1 of females squared

BE 4 30 2 0 68 62 0 0.52 0.139 NS
20 30 2 2 70 63 0 0.53 0.184 NS

100 30 4 5 99 77 3 0.55 1.008 NS
200 30 5 18 159 50 21 0.69 17.474'"
250 30 2 68 19 4 3 0.73 2.925 NS
250 14 3 18 96 20 7 0.78 38.704'"
500 30 2 94 3 2 0 0.60 NA
500 14 2 42 62 14 2 0.80 10.268"

EE 4 30 2 0 77 69 0 0.53 0.219 NS
20 30 2 0 56 64 0 0.47 0.267 NS

100 30 8 7 384 41 43 0.82 107.215'"
200 30 2 79 23 3 2 0.82 6.452"

300 30 1 93 1 Z 1 0.25 NA
400 30 1 100 NA

DES 100 30 1 17 32 Z 0.91 14.380'"
200 30 1 70 19 2 0.86 6.482"
300 30 1 95 3 1 0.60 NA
400 30 1 99 NA

Timing ofStart of Treatment

There would be an advantage for fry sur
vival if treatment could be started as late
as possible, when fry had first fed and would
therefore be fitter, with corresponding lower
rates of mortality. This would also permit
treatment of fry of differing ages collected
from various waterbodies. A series of treat
ments was set up using 250 I1g·I-1 BE for
14 days because this concentration had been
successful in feminizing fry with acceptably
low mortality. Treatments were started at
first feeding and six, 12 and 18 days after
first feeding. Only the first treatment had
a significant effect on the sex ratio (Table
2).

Similar experiments were undertaken,
starting treatment with tOO I1g·I-1 EE for
14 days starting two days or one day be
fore the swim-up stage, when fry (in incu
bators) are free swimming but still absorb
ing the yolksac; at swim-up, and three and
six days after swim-up. The results (Table
3) indicate that there is no significant ad-

vantage in starting immersion treatments
earlier than swim-up when fry are able to
survive without an incubator. These data
also confirmed that hormone treatments
are not effective if initiated more than three
days after swim-up.

Duration of Treatment

Treatments with 100I1g·I-1 EE were started
at first feeding and continued for six, 12,
18, 24 and 28 days. The results (Table 4)
indicate that sex reversal started after 12
days, but an optimum is reached between
12 and 24 days. Mortality appeared to be
correlated with duration of treatment.

Discussion

In our laboratory, 95-100% female progeny
is now routinely achieved by treating fry
from crosses where control groups approxi
mate to 1; 1 sex ratios. EE is used in pref
erence to BE since it is more effective at



317

Table 2. The number of females, males and intersexes produced from immersion of Oreochromis niloticus
(Baobab strain) fry in 250 I-Ig'l-l 17B-estradiol (BE) for 14 days starting at first feeding, six, 12 and 18 days
later. Data are pooled from three homogeneous replicates. (Data bearing different suffix letters are significantly
different; "'P<O.OOI; NS = not significant; and P>O.OS.)

Start of treatment
(days after % No. of No. of No. of Proportion of

first feeding) Mortality females males intersexes females Chi-squared

Control 3.4 64 54 0 0.54"
0 10.3 99 19 3 0.82" 24.292'"
6 8.0 7S 56 0 0.56" 0.228 NS

12 5.2 70 53 0 0.57" 0.173 NS
18 3:1 62 60 1 0.51" 0.281 NS

Table 3. The number of females, males and intersexes produced from immersion of Oreochromis niloticus
(Baobab strain) fry immersed in 100 I-Ig'l-l ethynylestradiol (EE) for 20 days, starting two days before to six
days after the swim-up stage. Data are pooled from two homogeneous replicates. (Data bearing different
suffix letters are significantly different; "P<0.025; NS = not significant; and P>O.OS.)

Start of treatment
(days after % No. of No. of No. of Proportion of

first feeding) Mortality females males intersexes females Chi-squared

Control 4.1 40 40 0 0.50"
-2 6.1 50 8 14 0.69" S.932*'
-1 5.4 40 6 11 0.70" 9.568"
0 3.9 50 10 6 0.76" 10.146"

+3 4.9 39 30 12 0.48" O.OOS NS
+6 6.8 37 42 1 0.46" 0.22S NS

Table 4. The number of females, males and intersexes produced from immersion of Oreochromis niloticus
(Baobab strain) fry in 100 I-Ig'I- 1 ethynylestradiol (EE) for six, 12, 18, 24 and 28 days starting at the swim-up
stage. Data are pooled from three homogeneous replicates. (Data bearing different suffix letters are significantly
different; "'P<O.OOI; and NS = not significant. Data with the same suffix letter were not significantly
different [P>O.OS]).

Start of treatment
(days from % No. of No. of No. of Proportion of
swim-up) Mortality females males intersexes females Chi-squared

Control 2.0 62 60 0 0.51"
6 1.5 63 58 0 0.52" 0.037 NS

12 2.9 139 38 S 0.76" 21.290'"
18 8.4 93 12 3 0.86" 32.468'"
24 6.3 57 3 5 0.88" 24.91S'"
28 7.2 68 13 7 0.77" 15.170'"
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lower com:entrations. The two molecules
arevery sinillar but EE is slightlly more soluble
in water and this may be the reason for its
relatively greater success. DES is usually
the preferred artificiatll estrogen for oral
administration. Initiatlltriatlls with DES were
promising but fears about its carcinogenic
properties (lARC Monographs 1974) have
inhibited its use in our laboratory.

Administration of EE at a concentration
of 100 pig'I-' fur 12+ days is the optimal
treatment. FlY attained a standard length
of 13-15 mm at this age under the grow
ing conditions used, but it is probable that
a lower plrotein diet or lower temperatures
would necessitate a longer treatment pe
riod because of reduced growth. This treat
ment has no significant deleterious effects
on growth and survival in comparison with
controls. Eckstein and Spira (1965) induced
sterility in O. iWrel1JS when administering
estrogens fur fIVe to six weeks, commenc
ing at fuur to fIVe weeks post-hatching. With
the longer treatment periods there appeared
to be a lessening of oogonia development
(Gilling et al. 1992) at 60-10 mm standard
length, but most adults matured normally.

Srisakultiew and Rima «1991) reported
that sexuatll differentiation can be seen in
histological preparations of tilapia gonads
at 14 days after fertilization. Our results
indicate that germ cells are developing prior
to this and that, for environmental influ
ences to overcome any genetic influences,
they must be initiated at first feeding or

soon after.
It is hoped that, through progeny test

ing, it will be possible to isolate YY males
amongst the progeny nom sex reversed
fematlles and that, using the method des
cribed, lfemales can be produced with a YY
genotype. These could then be backcrossed
to YY males giving atIIl YY progeny which
would furm the basis ofa broodstock produ
cing all-male by fur ongrowing under com
mercial conditions. However. deviations from
the sex ratios predicted by a theory of mono
fadorial sex determination as described by

Mair et al. (1991) may prove to be a limi
tation to the success of this approach. In
addition, the viability of the YY genotype,
especially in a female phenotype, needs
investigation.
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Abstract

The effects of triploidy on sexual development and reproduction were examined in female and male Nile
tilapia (Oreochromis niloticus L.). Triploidy was induced by exposing newly fertilized eggs to either a
hydrostatic pressure shock (8,000 psi for 2 minutes) at 9 minutes after fertilization (a. f.) or a heat shock
(41°C for 3.5 minutes) at 5 minutes a.f. Highly significant differences in ovary weight and GSI were observed
between triploid and control diploid females from 5 months of age to the end of the growing period (t 0
months). The string-like ovaries of triploid contained mainly oogonia and very few small oocytes; in contrast,
diploid ovaries were packed with developing or well-developed secondary and vitellogenic oocytes. Triploid
testes contained watery milt with a very few motile spermatozoa, while diploid testes were full of motile
spermatozoa. The results of 10 different crosses between triploid males and diploid females revealed that
triploid spermatozoa were mostly unable to fertilize normal eggs. In a few crosses, where fertilization
occurred, the hatched larvae were deformed and died before yolksac resorption. Karyotypic analysis revealed
that hatched embryos from such crosses were all aneuploid. The impact of such reproductive sterility of
triploid individuals on the mixed-sex farming of Oreochromis spp. is discussed.

Introduction

Tilapias (Oreochromis, Sarotherodon and
Tilapia spp.) are fishes of major economic
importance in tropical and subtropical coun
tries, but their uncontrolled and prolific
breeding at a small size in mixed-sex cul
ture constitutes a serious constraint on their
efficient production. Production ofall-triploid
progeny of Oreochromis spp., by genome
manipulation techniques or by crossing

diploid and tetraploid individuals, has great
potential for commercial application to re
place hybridization or the use of hormones

'Present address: Fisheries Research Institute,
Mymensingh 2201, Bangladesh.

as means of producing all-male or other
nonbreeding til apia production stocks.
Triploid individuals are expected to be func
tionally sterile because of the failure of
homologous chromosomes to synapse
correctly during the first meiotic division.
Triploidy in tilapias has been achieved in a
number of studies (Valenti 1975; Chourrout
and ltskovich 1983; Penman et al. 1987;
Don and Avtalion 1988; Varadaraj and

Pandian 1988; Hussain et al. 1991). In other
teleost-fish species, the ovaries of female
triploids contain few oogonia and primary
oocytes fail to mature with the result that
the ovaries remain smaller at all stages of
development compared to those of the
diploids (see, e.g., Thorgaard and Gall 1979;



Chrisman et aI. 1983; Lincoln and Scott 1984;
Richter et aI. 1987). In male triploids, the
size of the testes do not differ significantly
from diploids. During spermatogenesis, when
the primary spermatocytes start to develop
into secondary spermatocytes there is mass
atresia and degeneration of these germ cells.
Ifactive division of spermatocytes does occur,
and they are transformed to spermatids, a
few aneuploid spermatozoa are produced.
This ultimately leads to functional sterility
of the testes (see, e.g., Wolters et al. 1982;
Richter et aI. 1987).

In tilapia, there are a few reports on sex
ual maturation and fertility of triploids (Pen
man et aI. 1987; Pandian and Varadaraj 1988;
Varadaraj and Pandian 1990), but the na
ture of sterility in these fishes is still un
clear due to lack of follow-up trials, par
ticularly on the histological and endocrino
logical aspects of triploid and diploid go
nads.

In this paper, we aim to summarize the
results of our experiments on the condi
tion of functionally but reproductively sterile
gonads (having nonviable gametes) in suc
cessive age groups of triploid Nile til apia,
Oreochromis niloticus L. and the implica
tions for the culture of this species.

Materials and Methods

The O. niloticus L. broodstock used in
this study came from the Tilapia Reference
Collection maintained at the Institute of
Aquaculture, University of Stirling, Scot
land and were descended from a pure stock
originally obtained from a wild population
in Lake Manzala, Egypt in 1979 (McAndrew
and Majumdar 1983). The husbandry of the
stock, stripping, egg fertilization and in
cubation protocols were as described by
Hussain et aI. (1991).

Eggs stripped from a female fish were
fertilized with fresh spermatozoa and were
then divided into three equal batches. The
first batch of eggs was exposed to a heat
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shock (41°C for 3.5 minutes) at 5 minutes
after fertilization (aJ.) and the second batch
to a hydrostatic pressure shock (8,000 psi
for 2 minutes) at 9 minutes a.f. (Hussain et
aI. 1991). The third batch was used as a
control.

The ploidy status of all treated and con
trol fish was assessed by chromosome prepa
rations from newly hatched or one-day-old
larvae, using the technique of Hussain et
aI. (1991). The ploidy of individual large
fish in the ongrowing trial was checked by
estimating the mean erythrocyte nuclear
major axis. Blood smears from individual
fish were made on glass slides and stained
with Wright's blood stain (10 red blood cell
[RBC] nuclei were measured per fish with
an eye piece graticule at x 1,000 magnifi
cation using an Olympus compound mi
croscope [penman et aI. 1987]).

The first feeding triploid and diploid fry
(10-12 days aJ.) were transferred from in
cubating jars into 20-1 tanks, provided with
a recirculated, aerated and controlled tem
perature (28± 10c) water supply. Triploids
and diploids were kept separately at a stock
ing density of 100 fry·tank! for five weeks.
No differences in triploid treatment groups
were noted so, at the end of this period,
triploid sib fry from the two shock treat
ments were stocked together for ongrowing.

The early fry were fed commercial trout
feeds following the methods of McAndrew
and Majumdar (1989). At the end of the
initial rearing period, the triploid (mean
weight 0.35±0.13 g) fry were stocked sepa
rately into 500-1 tanks at a density of 70
fish·tank-1 and kept on a t 2-hour photoperiod
in a recirculated water system maintained
at 28°e. Ongrowing fish were fed twice
daily at 3-5% body weight with trout pel
lets (Ewos Baker, Nos. 3, 4, and 5 pellets;
35-50% protein).

Monthly estimates of standard length,
body weight and gonad weight for male
and female triploid and diploid fish (5 fish/
sex/treatment) were made on random
subsamp[es of total fish in each category
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from four months of age to the end of the
growing period (10 months). The values
for gonadosomatic index (GSI) were cal
culated as individual gonad weight x 1001
individual body weight.

The ovaries and testes collected were
transferred to Bouin's fluid overnight, fixed
in 70% ethanol, and examined by routine
histological methods (paraffin wax embed
ding; haematoxylinleosin staining).

Ten crosses were made between triploid
males and diploid females. Some males and
females were used more than once, but in
different crosses. All the milt from sexu
ally ripe triploid and diploid males was
checked under a microscope to assess the
motility and density of spermatozoa. Eggs
collected from a normal female were di
vided into two batches, one being ferti
lized with triploid and the other with dip
loid sperm. The survival rate of embryos
from all the crosses was estimated at four
development stages: morula (MOR), pig
mentation (PIG), hatching (HAT) and yolk
sac resorption (YSR). The numbers of nor

mal and deformed fry at HAT and YSRstages

were also recorded.
Data on standard length, body weight,

gonad weight and GSI were collected from
all groups. Differences between groups for
these variables were analyzed using a one
way analysis of variance (ANOVA). The
relationship between gonad weight and body
weight was analyzed by simple regression
analysis, using Statgraphics (Version 3.0).

Results and Discussion

Mean standard length, body weight, gonad
weight and GSI for both sexes of triploid
and diploid fish belonging to successive
age groups are given in Table 1. In this
preliminary growth study, no significant
length differences were found between the
treatments within a sex. Diploid females
were significantly heavier (P<O.OS) at four
months than their triploid sibs, but this

disappeared in succeeding samples (S-l 0
months). Diploid males always showed
increased body weight over triploid males
throughout the growing period but this was
not significant except in month 6. These
measurements were mostly incidental for
calculation of GSI and a more indepth in
vestigation on comparative growth of triploid
and diploid individuals is in progress.

Highly significant differences in ovary
weight and GSI were found between triploid
and diploid females from five to 10 months
of age (Table 1). Diploid ovaries were 20
50 times heavier than ovaries of their triploid
sibs. The former were packed with numer
ous developing oocytes from four months
of age to the end of the growing period
(10 months). In contrast, triploid females
showed very poor development of the
urogenital papilla and the ovaries were very
thin, string-like and sometimes short and
plump. The mean ovary weight and body
weight for females of both ploidy levels
were positively correlated during the course
of the study period and the values of cor

relation coefficients (R) for linear regres
sion equation were mostly significant.

Diploid testes were soft, elongate, milky
and full ofmotile spermatozoa. Triploid testes
were more or less of similar size, some
times thin and flat: all had watery milt. No
significant differences in testes weight and
GSI were found between triploid and dip
loid males. A positive correlation was also
found between mean testes weight and body
weight for diploid and triploid males. Triploid
males, like diploids, developed secondary
sexual characters such as a prominent
urogenital papilla and the shiny body color.

Diploid ovaries from fish of six to eight
months of age contained oogonia and many
maturing previtellogenic and vitellogenic
oocytes with irregular nuclei and vacuolated
cytoplasm associated with endogenous and
exogenous yolk formation (Plate 1A). Triploid
ovaries contained mainly oogonia and a few
small primary or previtellogenic oocytes
(Plate 1B). In the earlier stages (four to seven
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Table 1. Mean standard length, body weight, gonad weight and gonadosomatlc Index. (GSI) for female and male triploid and diploid Oreochromls
nflotlcusln successive age groups (4.5,6,7.8. and 10 months). All values are mean ± SE based on five fish in each category. Significance
levels of ANOVA for comparisons between Zn and 3n fish of each sex, at every age. are given against the 3n sex.

Age (months)
Ploidy/Sex

4 5 6 8 10

Length 2n Female 11.10 ± 0.20 13.10±0.50 13.20" ± 0.90 15.90 ± 0.50 1i50 ± 0.40 18.00 ± 0.04
(em) 3n Female 10.10 ± 0.20 11.70 ± 0.80 13.60 " 0.30 14.50 ± 0.40 17.70 ± 0.40 19.00 ± 0.30

2n Male 12.20 ± 0.40 14.50 ± 0.10 15.60 ± 0.80 17.80 ± 0.40 18.20 ± 0.40 18.80 ± 0.30
3n Male 11.60 ± 0.40 13.40 " 0.30 14.20" 0.60 16.40 " 0.60 17.60 ± 0.50 18.60 ± 0.20

Weight 2n Female 56.80 ± 3.00 88.20 ± 7.90 95.90 ± 19.10 164.20 ± 18.60 212.90 ± 14.70 227.00 ± 9.50
(g) 3n Female 44.20 ± 2.80' 73.90 ± 0.30 123.90 ± 6.00 147.90±14.10 238.60 ± 10.50 257.50 ± 5.30

2n Male 71.60 ± 7.70 119.70 ± 5.00 193.40 ± 10.70 231.40 ± 17.30 252.70 ± 11.30 305.90 ± 20.80
3n Male 70.80 ± 4.70 100.00 ± 6.60 118.70 ± 9.90" 210.30 ± 22.90 219.30 ± 9.90 280.70 ± 17.90

Gonad Zn Female 0.50 ± 1.60 1.60 ± 0.20 1.70" 0.20 3.30" 0.40 4.60" 0.50 5.50 ± 0.90
weight 3n Female 0.01 ± 0.00 0.03 ± 0.01'" 0.08" 0.01'" 0.10,,0.01'" 0.20: 0.02'" 0.30 ± 0.02"
(g) 2n Male 0.40 ± 0.10 1.70 ± 0.60 2.30" 0.30 2.70 ± 0.30 4.50 ± 1.10 S.50 ± 0.60

3n Male 0.40 ± 0.10 1.40 ± 0.20 1.90 ± 0.60 3.30 ± 0.30 3.80 ± 0.40 4.80 ± 0.40

GSI 2n Female 0.82 ± 0.44 1.80 ± 0.30 1.80 ± 0.20 2.00 ± 0.30 2.20 ± 0.30 2.40 ± 0.40
3n Female 0.02 ± 0.00 0.04: 0.10'" 0.06 ± 0.10'" 0.07 ± 0.01'" 0.08 ± 0.01'" 0.10 ± 0.01"
2n Male 0.55 ± 0.09 1.40" 0.38 1.20 ± 0.20 1.20 ± 0.20 1.80 ± 0.40 1.80 ± 0.20
3n Male 0.56 ± 0.13 1.40:0.19 1.60 ± 0.30 1.60: 0.20 1.70 ± 0.20 1.70±0.10

'P<0.05; "P<O.OI; and "·P<O.OOr.

Plate 1. Histological sections of Nile tilapia (Oreochromis niloticus) ovaries at 10 months of age (x63). (A)
Diploid ovary showing oogonia (Og), primary oocytes or previtellogenic oocytes (POe) and vitellogenic
oocytes (VOc), all oocytes with nucleus (N). (B) Triploid ovary containing mostly oogonia (Og) and few
small primary oocytes or previtellogenic oocytes (POe).

months), most of the cells were of a simi
lar size with very few undergoing division.
In the later stages (eight to 10 months),
some of the primary or young previtellogenic
oocytes started to show retarded devel

opment.
Diploid testes of successive age groups

contained highly distinct cysts surrounded
by the basal lamina at all stages of
development. Spermatogonia, primary and
secondary spermatocytes. spermatids and
a large number of spermatozoa were

observed in all age groups after maturation
(Plate 2A). Triploid testes contained mostly
cysts with spermatogonia and spermatocytes,
In testicular sections of some triploids, germ
cells were under active division and had
developed into spermatids and spermatozoa:
others were blocked during the course of
spermatogenesis possibly in prophase 1 of
the first meiotic division as suggested by
Richter et al. (1987). In later stages (eight
to 10 months), most of the cysts began to
fuse with degenerating sperm cells resulting
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in nearly empty tubules having lightly stained
seminal fluid consisting ofa few spermatozoa
with large nuclei (Plate 2B). Triploid milt
contained a few spermatozoa most of them
displaying an abnormal or highly abnormal
morphology and motility.

Similar observations were made also for
the ovaries and testes of triploid individu
als ofother teleost fishes (see, e.g., Chrisman
et aI. 1983; Lincoln and Scott 1984; Suzuki
etaI. 1985; Richter et aI. 1987). Vitellogenic
oocytes have been observed in triploid
ovaries ofsome species, including 0. aureus
(Penman 1989).

As some triploid males were able to pro
duce motile spermatozoa, these males were
crossed with normal females to test the via
bility of their spermatozoa. The results of
10 different crosses between triploid males
and diploid females revealed that triploid
spermatozoa were mostly unable to ferti
lize normal eggs. In a few crosses, where
fertilization (2.7-44%) occurred, the hatched
larvae were found to be deformed and died
before YSR (Fig. 1). Karyotypic analysis re
vealed that hatched embryos from such
crosses were all aneuploid (between 2n=44
and 3n=66). In contrast, all crosses between

Plate Z. Histological sections of Nile tilapia (Oreochromis niloticus) testes at to months of age (xZ50). (A)
Diploid testis showing spermatogonia (Spa), spermatocytes (SpC), spermatids (SpT) and a large number of
spermatozoa (SpZ). (B) Triploid testis containing cysts mostly with spermatogonia (Spa), spermatocytes
(SpC), some spermatids (SpT) and a few spermatozoa (SpZ) in seminal fluid (SF) .
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diploid males and females were normal and
about 98- t00% eggs were fertilized. Em
bryo survival to YSR ranged from 62.5 to
93.7% and all individuals were normal
diploids (2n=44). For 0. aureus, Penman
et at. (t 987) observed no viable progeny
from crosses between triploid males and
diploid females.

This study has confirmed that both fe
male and male triploid 0. niloficus are func
tionally and reproductively sterile. Such
reproductive sterility in mixed-sex culture
of Oreochromis spp. would improve pro
duction by preventing precocious sexual
maturation, particularly in ponds. The use
of sterile triploid fish could also be a way
to avoid the risk of gene introgression from
farmed stocks into native wild stocks. Wide
spread use of triploid tilapias will depend
upon techniques to produce large numbers
at a reasonable cost.
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Abstract

The size at first sexual maturity, absolute fecundity and egg and spawn weight were compared
in females of Sarotherodon melanotheron (RGppel, 1852) collected in the wild (Ebrie Lagoon) and
reared in different lagoon culture conditions: intensive farming in pens and extensive farming in
"acadja-enclos" (pens fitted with branches or bamboo poles).

In pens, females reach maturity at a smaller size and produce smaller eggs and in larger quantities
than in the wild. In "acadja-enclos" where conditions are intermediate between intensive culture
and natural conditions, an intermediate situation is also observed in fecundity and in the size of
eggs produced. However, the size at first maturity is similar to that observed in the wild.

In contrast, the relationships between spawn weight and female weight hardly vary with the
different growth environments. These results suggest that the quantity of matter produced during
a breeding cycle (based on the spawn weight) is a specific constant that may be genetically determined.

Environmental conditions have an effect on the gonadal material division process and on the breeding
strategy: many small eggs or large ones but few.

Introduction

Sarotherodon melanotheron (Ruppel,
1852) is a typical estuarine species found
in large quantities in most West Afri
can lagoons and estuaries where it lives

'Current address: ORSTOM, Kemang Indah Kav. L2,
)1. Kemang Selatan 1, 12730 Jakarta, Indonesia.

and breeds in a wide range of salinity
conditions (0-90 ppt; Albaret 1987).
Its potential for aquaculture has been
noted by several authors (Pauly 1976;
Sivalingam 1976; Legendre 1983).
However, the different tests done in
intensive culture conditions using ar
tificial feeds yielded disappointing re
sults (slow growth and poor feed con
version), making this species at present
a poor candidate for this type of cul
ture (Legendre et al. 1989).



What seems to be giving more prom
ising results is the extensive farming
of S. melanotheron in "acadja-enclos"
(Hem t 992), a farming system derived
from the highly productive traditional
fishery in acadjas developed in the la
goons of Benin (Welcomme t 972).
Acadjas are organized stacks of branches
submerged in shallow lagoon waters
where some species of the natural stock,
including S. melanotheron, converge and
multiply. The power of these structures
to attract fish seems to result, on the
one hand, from a significant increase
in the surfaces on which microfauna and
epiphytes (source of food for fish) de
velop and, on the other hand, from their
function as shelter. Based on the same
principle, the objective of the "acadja
enclos" is to promote the growth of
natural food in the culture environment,
hence considerably reducing the need
for artificial feed and, consequently, the
costs of production (Hem t 992). The
first extensive culture experiments us
ing the "acadja-enclos" technique have
given encouraging results: annual fish
yields of over 8 t· ha- 1, of which 60-90%
composed of S. melanotheron, are pos
sible without adding any artificial feed
(Legendre et aL t 989; Hem t 992; Hem
and Avit, this voL).

Considering this new orientation given
to the culture of S. melanotheron, it may
be useful to specify the major charac
teristics of the reproduction of this spe
cies in this particular environment. In
the present work, the size at first ma
turity, the absolute fecundity, the egg
and spawn weight have been estimated
for two different "acadja-enclos" designs
(stacks of branches or bamboo poles).
Results are compared to those of a pre
vious analysis of the reproduction of S.
melanotheran based on samples col
lected in the wild (Ebrie Lagoon) and
in intensive pen culture (Legendre and
Ecoutin t 989). Whether in the wild or
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in culture conditions, sexually mature
females of S. melanotheron display suc
cessive breeding cycles throughout the
year without interruption.

Materials and Methods

All culture experiments were con
ducted at the Layo Aquaculture Station,
40 km west of Abidjan, in an oligo
mesohaline area of the Ebrie Lagoon
(COte d'ivoire).

Fish Origins and Culture Conditions

Four populations of S. melanotheron
were studied: one natural population,
one population reared in pen using ar
tificial feed and two populations reared
in two different "acadja-enclos" with no
complementary feed.

Wild specimens were collected in
oligohaline areas of the western part
of Ebrie Lagoon. They were bought di
rectly from lagoon fishers soon after
capture and dissected the same day in
the laboratory.

The intensive culture of S. melanotheron
of different sizes was conducted in asso
ciation with Tilapia guineensis in a 625
m 2 pen without acadja, at an initial stocking
density of 5 individuals·m-2 • Fish were given
pelleted feed with 3 t % crude proteins
(Legendre t 986), distributed twice daily
six days a week at a daily ration of 5% of
total fish biomass. Initially, these fish were
captured in the station ponds which they
had spontaneously colonized from the
lagoon (Albaret and Legendre t 983). Test
fish were both individuals that penetrated
the ponds while at the fry stage and first
generation fish hatched in the ponds.

In the first "acadja-enclos," an artificial
reef made of 200 stacks of branches was
submerged in an area covering 200 m 2 in
a 625-m2 pen. This structure was stocked
with t ,000 individuals of cultured S.
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melanotheron (initial mean body weight =

40 g) at a density of 1.6 fish·m-z.

The second "acadja-enclos" was made

of 4,000 bamboo poles planted verti

cally in the sediments in an area cov

ering 800 m Z in a 1,250-mz pen. This
structure was stocl<ed with 4,000 ju
veniles of cultured S. melanotheron with
initial mean body weight of 5 g at a
stocl<ing density of 3.2 fish·m-z.

The juveniles used to stocl< the "acadja
enclos" were produced from broodfish
initially captured in the Ebrie lagoon
and frequently renewed with wild in
dividuals.

Samp/lng and Study
of the Fish Reproduction

Monthly samplings of over 30 indi
viduals were tal<en simultaneously in the
wild and in the pen over a period of
16 months, between 1982 and 1983.
In the two "acadja-enclos," fish were all
harvested in one harvest, 12 months after
stocl<ing. In both cases, observations
were made on a sample size of approxi
mately 250 individuals. The first "acadja
enclos" was harvested in November 1986
and the second in March 1988.

In all cases, forI< length (Fl± 1 mm)
and weight (W± 1 g) were estimated
for each individual. Sexual maturity was
determined by macroscopic examina
tion of the gonads using the scale de
fined by legendre and Ecoutin (1989).
After dissection, gonads were weighed
to the nearest 0.1 g to estimate the
gonadosomatic index (GSI = [gonadal
weight x 100ll fish weight).

The size at first sexual maturity (lso)
is defined here as the forI< length at which
50% of the fish are sexually mature, Le.,
their first sexual cycle is at an advanced
stage (ongoing vitellogenesis for the

females or presence of intratesticular
sperm for the males). Moreover, in or
der to determine the size range in which

first maturity is lil<ely to occur, it is useful

to specify, in addition to Lso ' the length
of the smallest mature individual as well
as the size at which nearly all (95%) the
observed fish are at an advanced stage
of maturity.

Fecundity, determined from the ovaries
of females at the end of the matura
tion process, represents, in this study,
the number of oocytes belonging to the
modal group with the largest diameter.
This group of oocytes is clearly distin
guished from the rest of the egg popu
lation and corresponds approximately
to the ova that will be spawned. The
mean weight of the eggs was determined
by weighing (to the nearest 1 mg) 50
oocytes carefully cleared of all traces
of superficial moisture using absorbent
paper. The spawn weight (Le., the to
tal weight of oocytes ready to be
spawned) was estimated by the prod
uct: fecundity x mean weight of one
oocyte. The estimation of the spawn
weight being relevant only in individuals
with completed oocyte development,
oocyte mean weight was determined
only for females with a GSI>5. No re
lationship existed between the oocyte
mean weight and GSI as defined here
in S. melanotheron studied here (unpubl.
data).

The mean oocyte weight of S.
melanotheron in the four environments
was compared using one-way ANOYA
and the Duncan multiple range test. The
relationships between fecundity and
female weight, on the one hand, and
between spawn weight and female
weight, on the other, were compared
using covariance analysis applied to the
slopes of the regressions.



Results

Size at First Sexual Maturity
(Fig. 1, Table 1)

In pen culture conditions with artifi
cial feed, females of S. melanotheron
reach maturity at a much smaller size
(Lso= 140 mm) than that observed in the
wild (176 mm). A higher proportion
of small, sexually active individuals is
also observed in the pen population (Fig.
1). In contrast, the size at first sexual
maturity of the populations of the two
"acadja-enclos" is high (166 and
189 mm), bracketing the values for
females in the natural environment.
Results indicate, furthermore, that first
sexual maturity occurs at a similar size
in males and in females (Table 1).

Fecundity, Egg and Spawn Weight
(Figs. 2 and 3, Table 2)

NATURAL AND PEN-CULTURED POPULATIONS

In the wild as in pen culture condi
tions, the absolute fecundity and the
spawn weight are positively correlated
with the body weight of the females (Fig.
2). However, in both cases, the esti
mated correlation coefficients between
spawn weight and body weight are
higher than between fecundity and
weight of female (Table 2). In each en
vironment, individual fecundity varia
tions are compensated, in terms of spawn
weight by chances in opposite direc
tion of egg weights. Egg weight and
fecundity are thus inversely related such
that for equal weight, females show
ing the highest fecundity produce smaller
eggs (Fig. 3, based on the natural
populations of females).

There are significant differences in the
reproductive characteristics of the natural
and pen-cultured populations of s.
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melanotheron. For an equal weight of
female, the eggs produced in culture
conditions are systematically smaller and
produced in larger quantities than in
natural conditions. In contrast, relation
ships between spawn weight and female
body weight are equivalent in both
environments (Fig. 2 and Table 2).

COMPARISON WITH THE "ACADjA-ENCLOS"
POPULATIONS

In the "acadja-enclos" system, con
trasting with the previous description,
the correlation coefficients between
spawn weight and female body weight
are not higher than between fecundity
and female body weight (Table 2). How
ever, this may be due to the smaller
number of females considered in the es
timation of spawn weighe(females with
GSI>5 only).

In both "acadja-enclos" (Fig. 3), the re
lationships between fecundity and weight
of female are similar. In contrast, these
relationships are clearly intermediate with
those observed in pens and in the wild,
differing significantly by the slope or by
the position (P<0.001). Additional obser
vations (unpublished) have shown that the
fecundity of S. melanotheron varies with
season and is slightly higher in the dry
than in the rainy season. Individuals (la
goon and pen populations) considered for
this study were sampled throughout the
annual cycle-and therefore reflect this
seasonal variability-while sampling for
the "acadja-enclos" experiments was done
at specific intervals. It is clear, however,
that the difference in fecundity observed
between the females from the "acadja
enclos" and the females from the other
two environments exceeds that which
could be due to seasonal variability, there
fore reflecting a real difference between
populations.

The mean egg weight of the females
reared in "acadja-enclos" no. 1 (19 mg)
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Table 1. Size at first maturity (fork length) observed in Sarotherodon
melanotheron collected in the wild (Ebrie Lagoon) and in two
different culture systems (pens and "acadja-enclos").

No. of fish SMla Lso
b L

95
c

Environment Sex observed (mm) (mm) (mm)

Lagoon F 365 146 176 2.23
M 96 148

Pens F 783 100 140 180
M 2. 1 1 105 138 2.00

"Acadja-enclos" 1 F 170 173 189 2.2.0
M 62. 153 170 199

"Acadja-enclos" 2. F 158 161 166 2.05
M 91 152. 170 2.03

aSMI: smallest mature individual.
bL so : size at which 50% of the fish are sexually mature.
<Los: size at which 95% of the fish are sexually mature.

100
)fir"

/
/-
~

/
I'

50 .,
/~Lagoon

/
~ /./
II) /Ql a ~,

"0
E
Ql-
~ 100
~ ,.."<J
~ ,-

0/,
I

"Acadja-encl05' No.2

I~ .50 t¥xx:Ijo -encl05 No.1

I
Ie
I

J
/

a
85 105 125 145 165 185 205 225 245

Length ( FL i rnm)
Fig. 1. Size at first sexual maturity in fe
males of Sarotherodon melanotheron in
different environments.



331

Table 2. Relationships between fecundity (F) and weight (W) of female; between spawn weight (5)
and weight of female; and mean egg weight in Sarotherodon melanotheron collected in the wild
(Ebrie Lagoon) and in two different culture systems (pens and "acadja-enclos").

Relationship Mean egg 95% Conf.
Environment N (regression) weight (mg) Int. (±)

Lagoon 31 F=-15.0+1.72 W 0.871
31 5=1.60+0.041 W 0.963 28.03 1.90

Pens 46 F=203.9+2.61 W 0.777
46 5=0.32+0.045 W 0.939 12.06 1.28

"Acadja-enclos" 1 31 F=132.6+1.81 W 0.881
12 5=2.29+0.034 W 0.832 18.94 2.28

"Acadja-enclos" 2 24 F=267.3+ 1.25 W 0.874
18 5=0.38+0.043 W 0.870 15.07 1. 74
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Fig. 3. Relationship between fecundity and egg
weight in female Sarotherodon melanotheron in
the natural environment (Ebrie Lagoon). Each data
pair (fecundity, egg weight) placed on the same
vertical line corresponds to one female. Individual
variations in fecundity and egg weight show a
mirror effect.

also shows an intermediate position
(P<0.05) in comparison with that of
females cultured in pens (12 mg) and
females in the natural environment
(28 mg; Fig. 2). For females reared in
"acadja-enclos" no. 2, mean egg weight
does not differ significantly from that
observed for females cultured in pens
or in "acadja-enclos" no. 1. Other ob
servations have shown that egg size
tends to increase with the weight of the
fish, up to about 100 g, then reaches
a plateau. Thus, for the pen population
where the sample included few small
individuals (Fig. 2). the mean egg weight
(12.06 mg±4.20) was slightly under
estimated and became 13.35 mg±3.70
when only individuals weighing over
100 g were considered. This, however,
does not invalidate our previous con
clusions concerning the comparison
between different populations.

The relationships between spawn
weight and body weight are considered
equivalent regardless of the origin of
the females (Table 2; Fig. 2) as there is
no significant difference between the
regression lines estimated for the four

environments (natural environment, pen
culture with or without complementary
feed) either in the slope or in the posi
tion. In contrast to fecundity and egg
size, spawn weight appears here as a
variable that is independent of the en
vironment of the fish.

Discussion

In this study, all fish have the same
origin-the Ebrie Lagoon, i.e., do not
originate, for the cultured individuals,
from a strain of broodfish long isolated
from the natural population. In addi
tion, it seems that even when the "acadja
enclos" is artificially stocked, part of the
population is composed of wild indi
viduals that entered into the structure
as juveniles and grew there until the
nets could no longer let them through
(Hem, pers. comm.). It is considered,
therefore, that all fish studied under this
experiment are genetically similar, and
the differences observed in their breeding
characteristics seem to be adaptive
(phenotypic) responses to the different
envi ronments.

Size at First Sexual Maturity

In pen culture conditions, the size at
first sexual maturity (Lso) is much smaller
than that observed in Ebrie Lagoon. In
contrast, first maturity in the "acadja
enclos" occurs at a size similar to that
of the natural population of females,
slightly smaller in one instance and
slightly bigger in the other.

The fact that the surface areas and
the sites for pens and "acadja-enclos"
are similar indicates that neither cap
tivity in the Layo site nor available vi
tal space (in terms of enclosed lagoon
volume) seems to be responsible for the
significant decrease in Lso observed in
intensive culture.



Lowe-McConnell (1982) reported that,
in Oreochromis niloticus, natural
populations composed of individuals
with a low weight for their length tend
to reproduce at a size smaller than that
observed for populations composed of
individuals in better condition. The
present study yielded similar results:
fish with a low weight for length had a
smaller size at first maturity (Fig. 4).
Although these results suggest a trophic
effect in the determinism of sexual
maturity, they do not imply that food
supply is the only important factor.

Although authors are not unanimous
on the subject (see Noakes and Balon
1982), it is generally agreed that in
tilapias, the reduction of the size and
age at first sexual maturity is an adap
tation to adverse life conditions (Fryer
and lies 1972; Ruwet et al. 1976; Lowe
McConnell 1982). This tends to be sup
ported by the poor condition observed
for fish reared in pens which also dis
played the lowest Lso '

In intensive culture conditions, S.
melanotheron's first sexual maturity
occurs at the age of six to eight months.
But in the absence of data on the growth
of this species in Ebrie Lagoon or in
"acadja-endos," it is not clear whether
the differences in Lso result from a dif
ference in growth or are also coupled
with a difference in age at first matu
rity. Eyeson (1983) reported that when
fish are kept in captivity, S. melanotheron
can be sexually active as early as four
to six months at a size as small as 4
5 cm (standard length).

Fecundity dnd Egg Size

This study shows two distinct fecun
dity levels with variations observed
between individuals of a same popula
tion and strong variations observed
between populations. At the intraspe
cific level, results showed that for fe-
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males of equal body weight, variations
in fecundity are coupled with a varia
tion of egg weight in the opposite di
rection, thus confirming the observa
tions of Peters (1963) on the same spe
cies. This also applies to interspecific
comparisons: females from populations
with the highest fecundity levels also
produce the smallest eggs. This balance
between fecundity and egg size results
in a relationship between individual
spawn weight and weight of female that
remains unchanged regardless of the
population considered. The quantity of
matter produced during a breeding cycle
(based on spawn weight) is, therefore,
a specific constant that may be deter
mined genetically, the environment in
fluencing the division of the gonadal
material and the breeding strategy: many
small eggs or few large ones.

At the interspecific level, the exist
ence of an opposite relationship between
fecundity and egg size is well-known
in fish (Bagenal 1978; Mann and Mills
1979; Albaret 1982; Elgar 1990). This
balance between the number and size
of eggs produced was also shown or
suggested for different groups or popu
lations of a same species (Mann and Mills
1979; Springate et al. 1985; de Silva
1986). However, this balance does not
seem to exist in all species studied (Mann
and Mills 1979). To our knowledge, there
is no other dearly demonstrated example
where the compensation number/size
of eggs observed for various populations
of the same species implies a constant
spawn weight. Variations in fecundity
have sometimes been analyzed in con
nection with variations in GSI this gives
only an approximate measurement of
the reproductive effort and can change
with the number or the stage of devel
opment of the groups of young oocytes
which, apart from those that will be
spawned, are present in the gonads
(Scott 1979; Mann et al. 1984).
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Fig. 4. Relationship between the size at first sexual maturity (L so ) and the condition (weight at
length) of females of Sarotherodon melanotheron in different environments: natural (Ebrie Lagoon)
or culture (pens, "acadja-enclos" nos. 1 and 2) environments. The condition is here estimated by
the weight of a fish at FL~200 mm. This weight is estimated by the length-weight relationship
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Three physiological processes are likely
to cause variations in fecundity: the rate
of oogonia multiplication, the recruit
ment of oocytes beginning vitel
logenesis and the atresia of part of the
developing oocytes (Springate et al.
t 985). Observations of the ovaries of
prespawning females of S. melanotheron
from the four environments have gen
erally shown atresia. The exact proportion
of atresia has not been determined but
it is always low, which compares well
with the condition reported by Peters
(t 963) in Sarotherodon galilaeus. These
observations, however, do not consider
the potential extent of atresia at dif
ferent stages of oogenesis and the sig
nificant effect that it can finally have
on fecundity.

Townshend and Wootton (t 984) re
ported that in laboratory conditions, the
egg size of Cichlasoma nigrofasciatum
increased with increasing spawning in
tervals. Thus, in the present study, the
higher egg weight and lower fecundity
levels observed in wild females could
be explained by the combined effect of
longer spawning intervals and higher
levels of atresia (or the same level over
a prolonged period) compared to what
has been observed in cultured females.
While the mean spawning interval of
S. melanotheron cultured in tanks is
approximately two weeks (Legendre and
Trebaol, this vol.), there are no avai
lable data on the spawning frequency
of this species in the wild. The rate of
oocyte recruitment and the atresia level



can, however, vary simultaneously with
certain environmental factors.
Townshend and Wootton (1984) attrib
uted the low fecundity of C. nigrofas
datum reared with restricted feeding
regimes both to a decrease in recruit
ment and to an increase in atresia. At
present, the relative importance of these
processes in the control of fecundity is
not very well-understood in fish and can
vary with species (Springate et al. 1985).
Several scenarios are therefore possi
ble to explain the responses observed
and may involve different rates in oocyte
growth. An in-depth, histological com
parative study of the ovarian develop
ment of S. me/anotheron maintained in
different environments would be nec
essary to clarify this problem.

Among the external factors likely to
have an effect on the production of eggs,
feeding has been the subject of the larg
est number of experiments in fish. A
decrease in absolute fecundity is gen
erally observed with a reduction of feed
ing levels (Bagenal 1969a; Wootton
1979; Billard and de Fremont 1980;
Springate et al. 1985). Wootton (1982)
indicated, however, that considering the
positive relationship between fecundity
and size of females, the effect of feed
on fecundity can be difficult to sepa
rate from that resulting from a simple
difference in growth and therefore in
fish size. For Cichlidae, Mironova (1977)
reported that, in Oreochromis
mossambicus, a decrease in feeding
levels had a limiting effect on growth
and reduced the number of eggs pro
duced per spawning, but increased
spawning frequency and total number
of eggs produced. In C. nigrofasciatum,
Townshend and Wootton (1984) also
observed a decrease in fecundity at the
lowest feeding levels. In our study, it
is therefore difficult to suggest inad
equate feeding to explain both the low
condition and the,high fecundity of the
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fish reared in pens. Since high levels
of feed (5% of fish biomass) were dis
tributed daily to the fish reared in pens,
this raises questions about feed qual
ity rather than quantity. In addition, al
though the feed is natural and appar
ently found in sufficient quantity in the
"acadja-enclos" and in the lagoon, this
does not exclude possible differences
in the nature and nutritional quality of
the organisms (animals and plants) avail
able for fish in both environments.

The effect of the dietary proteins on
the production of eggs and fry was stud
ied recently in various species of tilapias.
In S. me/anotheron, Cisse (1988) did
not observe any significant difference
either in spawning frequency or in
number of eggs produced per spawn
ing with varying protein levels, which,
however, could be explained by the small
number of fish used in this study. San
tiago et al. (1985) and Chang et al.
(1988), studying O. ni/oticus and the
red hybrid (0. mossambicus x O.
niloticus) , respectively, showed a sig
nificant increase in the production of
fry by broodfish fed with a protein-rich
diet. Although there was no direct evi
dence, these authors attributed this
response to an increase in spawning
frequency and fecundity due, in turn,
to a higher weight of female. In a de
tailed study, Wee and Tuan (1988)
analyzed the reproductive characteris
tics of 0. ni/oticus fed ad libitum with
five isocaloric feed containing 20-50%
proteins. They showed that fish fed with
a lower or intermediate protein diet (20
35%) had a higher fecundity and pro
duced smaller eggs than fish fed with
a higher protein diet (42-50%). In ad
dition, fish receiving a feed relatively
poorer in proteins had a higher spawning
frequency. These results contrast with
those of studies previously cited, but
tend to confirm the notion of a com
pensation between fecundity and egg



336

size, and conform to the general trend
of our observations. These results could
also suggest that natural feed consumed
by S. melanotheron in the lagoon or in
the "acadja-enclos" has, in fact, a higher
protein content than the artificial feed
(31 %) distributed in the pens.

Other environmental factors such as
reduced vital space, increased density
or repeated harvests (in pens) may con
stitute factors of stress and directly or
indirectly affect the production of eggs.

For example, the varying fecundity levels

observed between different Sri Lankan

reservoir populations of 0. mossambicus
do not seem to be related to feeding
levels, but are positively correlated with
the fishing pressure applied to the
waterbodies (de Silva 1986).

In addition to feeding levels, the or
ganization of the available vital space
constitute the major difference between
pens and "acadja-enclos." While pens are
limited areas of open waters, the stacks
of branches or bamboo poles placed in
"acadja-enclos" multiply the hide-outs and
shelters which can have an effect on the
behavior of this territorial species and on
the social interactions among individu
als. In this study, since the surface areas
covered by "acadja-enclos" and pens are
similar, the perception that the fish have
of the available vital space seems to be
more important than the actual space avail
able. In Ebrie Lagoon, mangroves or bay
zones strewn with decomposing branches
constitute the preferred biotopes for S.
melanotheron (Albaret, pers. comm.). Since
the "acadja-encIos" can be viewed as an
intermediate environment between the
natural environment and the pen, it is not
surprising that the fecundity of this spe
cies is also intermediate in this particu
lar environment.

This discussion implies that the varia
tions observed in the reproductive strat
egy of S. melanotheron are most certainly
due to a combination of the different factors

mentioned above (and perhaps others)
rather than to a single factor. This is also
illustrated by the comparison of the re
productive characteristics observed in this
species in the natural environment and
in "acadja-enclos" no. 1. In this acadja,
fecundity (for an equal female weight) is
significantly higher than in the lagoon (Fig.
2) while size at first maturity and fish
condition (weight for length) are similar
(Fig. 4). This suggests, on the one hand,
that reduced size at first maturity and high

fecundity do not necessarily go together

and, on the other hand, that these char

acteristics may be influenced by differ
ent proximate factors.

In aquaculture, early sexual maturity
and high fecundity are two negative
characteristics for fish in the grow-out
phase because of the resulting prolif
eration of fry and the likely stunting
effects. In contrast, these characteris
tics are positive in tiIapia broodfish stock
management as the production of fry
can be optimized. However, as increased
fecundity is negatively related to egg
size, a negative effect on the fry sur
vival rate is to be expected. It is well
known that in the wild, larvae from small
eggs are smaller and their chances of
survival are reduced (Bagenal 1969b,
1978: Mann and Mills 1979). However,
in culture conditions where fish are more
protected, there is no indication of dif
ferences in survival rates between lar
vae or juveniles produced from eggs
of different sizes (Billard and de Fremont
1980; Springate et al. 1985). In S.
melanotheron, a high rate of survival
has been observed in the larvae from
the smallest eggs produced by females
cultured in pen. Mortality is low dur
ing the mouth-brooding phase (Legendre
and Trebaol, this vol.) and there is still
about 95% fry survival after four weeks
of culture in tanks (Legendre 1983).

To conclude, the present results il
lustrate the remarkable flexibility of the



reproduction of S. meJanotheron under
varying environmental conditions. Im
portant variations are observed for size
at first maturity, fecundity and egg size
except for spawn weight which remains
constant.

In intensive farming (using artificial
feed), S. meJanotheron reaches matu
rity at a smaller size and produces more
eggs and smaller ones than in the wild.
In "acadja-enclos" where conditions are
intermediate between intensive farm
ing and the natural environment, an
intermediate situation is also observed
for fecundity and egg size, the size at
first maturity remaining similar to that
observed in the wild.

However, taken together, the results
of this study are not sufficiently explicit
to imply any causal effect between the
different environmental factors involved
and the reproductive characteristics. In
tilapias, knowledge on the nature, role
and possible interactions between the
external factors (biotic and abiotic) in
volved in the control of the different
stages of gametogenesis is still gener
ally insufficient. An experimental ap
proach remains necessary and could
greatly contribute to the understand
ing of the adaptative strategies devel
oped by these species. Furthermore, this
approach could also, in time, contrib
ute to an improvement in breeding prac
tices through a better control of the
influence these external factors have on
fecundity, spawning frequency and first
sexual maturity.

References

Albaret, J.J. 1982. Reproduction et fecondite des
poissons d'eau douce de Cote d'lvoire. Rev.
Hydrobiol. Trop. 15 :347 -3 71.

Albaret, J.J. 1987. Les peuplements de poissons
de la Casamance (Senegal) en periode de
secheresse. Rev. Hydrobiol. Trop.
20:291-310.

337

Albaret, J.J. and M. Legendre. 1983. Les especes
colonisatrices des etangs d'une station de
pisciculture lagunaire en Cote d'lvoire.
Description et incidence sur I'elevage.
Doc. Sci. Cent. Rech. Oceanogr. Abidjan
ORSTOM 14:57-67.

Bagenal, LB. 1969a. The relationship between
food supply and fecundity in brown trout
Salmo trutta L. J. Fish BioI. 1:167-182.

Bagenal, T.B. 1969b. Relationship between egg
size and fry survival in brown trout Salmo
trutta L. J. Fish BioI. 1:349-353.

Bagenal, T. B. 1978. Aspects of fish fecundity,
p. 75-101. In S.D. Gerking (ed.) Ecology
of freshwater fish production. Blackwell
Scientific Publications, Oxford.

Billard, R. and M. de Fremont. 1980. Taux d'ali
mentation pendant la gametogenese et
performance de reproduction chez la truite
fario. Bull. Fr. Peche Piscic. 279:49-56.

Chang, S.L., e.M. Huang and I.e. L1ao. 1988.
The effect of various feeds on seed pro
duction by Taiwanese red tilapia, p. 319
322. In R.S.V. Pullin, T. Bhukaswan, K.
Tonguthai and J.L. Maclean (eds.) The Second
International Symposium on Tilapia in
Aquacuiture. ICLARM Conf. Proc. 15, 623
p.

Cisse, A. 1988. Effects of varying protein lev
els on spawning frequency and growth of
Sarotherodon melanotheron, p. 329-333.
In R.S.V. Pullin, T. Bhukaswan, K. Tonguthai
and J.L. Maclean (eds.) The Second Inter
national Symposium on Tilapia in Aqua
culture. ICLARM Conf. Proc. 15, 623 p.

de Silva, S.S. 1986. Reproductive biology of
Oreochromis mossambicus populations of
man-made lakes in Sri Lanka: a compara
tive study. Aquacult. Fish. Manage.
17:31-48.

Elgar, M.A. 1990. Evolutionary compromise be
tween a few large and many small eggs:
comparative evidence in teleost fish. Oikos
59:283-287.

Eyeson, K. N. 1983. Stunting and reproduction
in pond-reared Sarotherodon melanotheron.
Aquaculture 31:257-267.

Fryer, G. and T.D. lies. 1972. The cichlid fishes
of the great lakes of Africa. Oliver and Boyd,
Edinburgh. 641 p.

Hem, S. 1992. Acadja-enclos : de la peche de
cueillette it la peche de culture, p. 101-113.
In G.M. Bernacsek and H. Powles (eds.)
Recherches sur les systemes aquacoles en
Afrique. Workshop, 14-17 November 1988,
Bouake, Cote d'lvoire. IDRC-MR308 ef.
International Development Research Cen
tre, Ottawa, Canada.

Legendre, M. 1983. Observations preliminaires
sur la croissance et Ie comportement en



338

elevage de Sarotherodon melanotheron
(RUppel, 1852) et de Tilapia guineensis
(Bleeker, 1862) en lagune Ebrie (Cote
d'ivoire). Doc. Sci. Cent. Rech. Oceanogr.
Abidjan ORSTOM 14: 1-36.

Legendre, M. 1986. Influence de la densite, de
l'elevage monosexe et de I' alimentation
sur la croissance de Tilapia guineensis et
de Sarotherodon melanotheron eleves en
cage-enclos en lagune Ebrie (Cote d'ivoire).
Rev. Hydrobiol. Trop. 19:19-29.

Legendre, M. and ).M. Ecoutin. 1989. Suitabil
ity of brackishwater tilapia species from the

Ivory Coast for lagoon aquaculture. 1-Re

production. Aquat. Living Resour
2:71-79.

Legendre, M., S. Hem and A. Cisse. 1989. Suit
ability of brackishwater tilapia species from
the Ivory Coast for lagoon aquaculture. 2
Growth and rearing methods. Aquat. liv
ing Resour. 2:81-89.

Lowe-McConnell, R.H. 1982. Tilapias in fish com
munities, p. 83-113. In R.S.V. Pullin and
R.H. Lowe-McConnell (eds.) The biology
and culture of tilapias. ICLARM Conf. Proc.
7,432 p.

Mann, R.H.K. and e.A. Mills. 1979. Demographic
aspects of fish fecundity. Symp. Zool. Soc.
Lond.44:161-177.

Mann, R.H.K., e.A. Mills and D.T. Crisp. 1984.
Geographical variation in the life-history
tactics of some species of freshwater fish,
p. 171-186.lnG.W. Potts and R.J. Wootton
(eds.) Fish reproduction - strategies and
tactics. Academic Press, London.

Mironova, N.V. 1977. Energy expenditure on egg
production in young Tilapia mossambica and
the influence of maintenance conditions on
their reproductive intensity. J. Ichthyol.
17:627-633.

Noakes, D.L.G. and E.K. Balon. 1982. Life his
tories of tilapias: an evolutionary perspective,
p. 61-82. In R.S.V. Pullin and R.H. Lowe
McConnell (eds.) The biology and culture
of tilapias. ICLARM Conf. Proc. 7, 432 p.

Pauly, D. 1976. The biology, fishery and poten
tial for aquaculture of Tilapia melanotheron
in a small West African lagoon. Aquaculture
7:33-49.

Peters, H.M. 1963. Fecundity, egg weight and
oocyte development in tilapias (Cichlidae,

Teleostei). Translated from German by D.
Pauly. ICLARM Transl. 2, 28 p.

Ruwett, ).e., J. Voss, L. Hanon and J.e. Micha.
1976. Biologie et elevage des tilapias, p.
332-364. In Proceedings of the FAO/CIFA
Symposium on Aquaculture in Africa, Accra,
Ghana. CIFA Tech. Pap. 4.

Santiago, e.B., M.B. Aldaba, E.F. Abuan and M.A.
Laron. 1985. The effects of artificial diets
on fry production and growth of Oreochromis
niloticus breeders. Aquaculture 47: 193-203.

Scott, C.B.C. 1979. Environmental timing and

the control of reproduction in teleost fish.
Symp. Zool. Soc. Lond. 44: 105- 132.

Sivalingam, S. 1976. The biology of cultivable
brackishwater and marine finfish in Africa,
p. 283-291. In Proceedings of the FAO/
CIFA Symposium on Aquaculture in Africa,
Accra, Ghana. ClFA Tech. Pap. 4.

Springate, J.R.C., N.R. Bromage and P.R.T.
Cumaranatunga. 1985. The effects of dif
ferent ration on fecundity and egg quality
in the rainbow trout (Salmo gairdnen) , p.
371-391. Ine.B. Cowey, A.M. Mackie and
J.G. Bell (eds.) Nutrition and feeding in fish.
Proceedings of the Fisheries Society of the
British Isles. Academic Press, London.

Townshend, T.J. and R.). Wootton. 1984. Effects
of food supply on the reproduction of the
convict cichlid, Cichlasoma nigrofasciatum.
J. Fish BioI. 24:91-104.

Wee, K.L. and N.A. Tuan. 1988. Effects of di
etary protein level on growth and repro
duction in Nile tilapia (Oreochromis
niloticus) , p. 401-410. In R.S.V. Pullin, T.
Bhukaswan, K. Tonguthai and J.L. Maclean
(eds.) The Second International Symposium
on Tilapia in Aquaculture. ICLARM Conf.
Proc. 15, 623 p.

Welcomme, R.L. 1972. An evaluation of the
acadjas method of fishing as practiced in
the coastal lagoons of Dahomey (West Af
rica). J. Fish BioI. 4:39-55.

Wootton, R.J. 1979. Energy costs of egg pro
duction and environmental determinants of
fecundity in teleost fishes. Symp. Zool. Soc.
Land. 44: 133-159.

Wootton, R.J. 1982. Environmental factors in fish
reproduction, p. 210-219. InC.).). Richter
and J. Th. Goos (eds.) Reproductive physi
ology of fish. PUDOC, Wageningen.



339

Mouthbrooding Efficiency and Spawning Frequency
of Sarotherodon meJanotheron (Riippel, .852) in Culture

Environments (Ebrie Lagoon, Cote d'ivoire)

M. LEGENDRP
L. TREBAOL

/nstitut fran~ais de recherche scientifique pour
Ie developpement en cooperation (ORSTOM)

213, rue Lafayette 75480 Paris Cedex 10, France
Centre de recherches oceanologiques (CRO)

BP V1S, Abidjan, COte d'/voire

LEGENDRE. M. and L. TREBAOL. 1996. Mouthbrooding efficiency and spawning frequency of Sarotherodon
melanotheron (Riippel, 1852) in culture environments (Ebrie Lagoon, Cote d'ivoire), p. 339-348. In
R.S.V. Pullin, J. Lazard, M. Legendre, J.B. Amon Kothias and D. Pauly (eds.) The Third International
Symposium on Tilapia in Aquaculture. ICLARM Conf. Proc. 41, 575 p.

Abstract

In Sarotherodon melanotheron, mouthbrooding efficiency and spawning frequency are two important
parameters to consider in the practical management of broodfish reared in captivity. In this species,
where males practice mouthbrooding, the number of eggs or fry incubated is positively correlated to
male body weight (study made on a population reared in lagoon pens). Mouthbrooding efficiency is
discussed in relation to female fecundity, the capacity of the males' mouth, the development stage of
the incubated fry and the size ratio between males and females during pairing.

Individual spawning frequency was studied in concrete tanks with isolated pairs and families of
different sex ratios. While sex ratios shifted toward the males do not increase spawning frequency
significantly, sex ratios shifted toward the females decrease it considerably. The most suitable sex ratio
for the production of fry of S. melanotheron in captivity is 1: 1. Using this sex ratio, mean individual
spawning intervals are generally 10-16 days. Annual egg production of this species is estimated, based
on long periods of observation (174-587 days) using isolated pairs.

Introduction

Contrary to what has been observed
for most cultured fish species, tilapias re
produce spontaneously and rapidly in cap
tivity. Improved reproduction manage
ment and planning of fry production for
fish culture rely on the assessment of egg
production of each species. In sexually
mature fish, egg production is measured
using the number of fry produced per
spawning episode and the spawning in
tervals.

'Current address: ORSTOM, GAMET, Groupe
aquaculture continentale mediterraneenne et
tropicale, BP 5095, 34033 Montpellier Cedex 1,
France.

In mouthbrooders (genera Oreochromis
and Sarotherodon), the number of fry pro
duced in each spawning depends, in turn,
on two elements, namely, female fecun
dity and successful mouth brooding
(Welcomme 1967; Marshall 1979). The
latter point is very important when mouth
brooding is practiced by the male as is
the case in Sarotherodon melanotheron.
Here, the mouth capacity can be a limit
ing factor for the incorporation of the brood
in the mouth and for the development
of the offspring after hatching (Aronson
1949).

In the present study, efficiency ofmouth
brooding was studied in S. melanotheron
in relation to the fecundity of females,
the mouth capacity of the males, the stage
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of development of the incubated fry and
the size ratio between males and females
during pairing. Spawning frequency was

observed in concrete tanks using isolated
pairs of fish and families of different sex

ratios. Based on these observations, the

annual egg production of S. meJanotheron
was estimated.

In this species, contrary to other mouth
brooding tilapias, protective parental
behavior is abruptly interrupted upon
release of the swim-up fry, which then
becomes totally independent (Aronson
1949; Lowe-McConnell 1955).

Materials and Methods

The study was conducted at the Layo
experimental fish culture station, 40 km
west of Abidjan, in an oligomesohaline
part of Ebrie Lagoon (Cote d'ivoire). In
Layo, seasonal salinity ranges between
o and 10 ppt with a mean monthly water
temperature of 27-32°C and pH values
ranging between 6.5 and 7.5.

Mouthbrooding

Female fecundity and the number of eggs
or fry incubated by the males were stud
ied in a population of S. melanotheron
of different sizes reared in a 625-m 1 la
goon pen with an initial stocking den
sity of 5 individuals·m-z. The fish were fed
with pelleted feed containing 31 % crude
proteins, distributed at a daily rate of 5%
of fish biomass.

Fish fecundity was studied as described
in Legendre and Ecoutin (this vol.). Male
brooders (n= 127), identified underwater
using diving equipment-by the charac
teristic deformation of their mouth, were
captured individually with a handnet and
immediately placed in a basin where the
offspring was generally spat out right away.

These males were killed soon afterwards,
weighed to the nearest 1 g and dissected

to count the number of fry swallowed
during capture. In some, the mouth ca
pacity was determined by filling the mouth

with a silicone paste using a method similar

to that described by Drenner (1972). The

dry casts were then removed and cleaned
while their volume was measured by the

displacement of water in a graded test
tube.

Eggs and fry were preserved in 4% for
malin and counted individually. Six arbi
trary stages, visible to the naked eye, were
considered to characterize the develop
ment stage of each clutch (Table 1). The
mean volume of eggs or fry was deter
mined using batches of 50 individuals in
a graded test tube and the total volume
of the clutch was estimated using the prod
uct: number of eggs or fry incubated x
mean volume of the fry.

Spa wning Frequency

ISOLATED PAIRS

Spawning frequency or the time inter
val between two successive spawning
episodes was first studied in four pairs
of fish placed in four different concrete
tanks (4 m Z

; water depth = 0.5 m) us
ing lagoon water. These pairs, composed
of broodfish of different sizes (120-270 g)
and given feed containing 31 % crude
proteins at a daily rate of 3% of the fish
biomass, were observed over a period of
174-587 days. Each week, the tanks were
drained and spawnings were recorded.
Eggs or swim-up fry were removed from
the mouth of the males and counted in
dividually. The actual spawning date was
estimated based on the development stage
of the offspring collected. In all cases, the
offspring were removed from the tanks.

FAMILIES OF BROODFISH

In a second experiment conducted in
similar conditions over a period of 76 days,
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Table 1. Definition of arbitrary stages used for the characterization of ontogenic development of eggs and
fry incubated by the males of Sarotherodon melanotheron, details of with the mean age, size and volume of
eggs and fry: figure in parentheses are ranges of mean values.

Stage

2

3

4

5

6

Description

From fertilization to
formation of melanophores

From first melanophores to
pigmentation of the eyes

From pigmentation
of the eyes to hatching

From hatching to first
phase of yolksac absorption

Second phase
of yolksac absorption

Swim-up
stage

Age (days)a

0-2

2-4

4-6

14-15

Size (mm)b

3.4
(3.3-3.5)

3.3
(3.2-3.4)

3.5
(3.1-3.7)

7.5
(5.5-8.8)

10.1
(9.0-10.8)

11.4
(10.7-13.0)

Volume (ml)

17.4
(13.9-21.3)

18.4
(15.2-22.7)

22.7
(18.8-25.0)

26.0
(19.5-40.5)

aAge post-fertilization; based on Shaw and Aronson (1954) and Shaw (1956).
bMean diameters for eggs; total length for fry.

spawning frequency was compared in
families composed of to individuals of
similar weight (200-230 g) with differ
ent sex ratios (F:M): 5:5; 9: t; and 1:9 (two
replicates per treatment). Two additional
pairs were placed in two concrete tanks
and observed during the same period. Each
week, all tanks were drained and the fish
with eggs in their mouth were counted.
Several times during draining, some fish
spat out the eggs which were immedi
ately cannibalized by the other fish in the
tank. Because of this, the number of eggs

produced by the families could not be
determined. This problem did not occur
with the isolated pairs as capture was easier
and faster. At the end of the experiment,
all individuals were killed for macroscopic
examination of the gonads.

Results and Discussion

Mouthbrooding EFFiciency

Of the 127 males sampled from the pen
population, 30% swallowed part of their

brood during capture. This indicates that
the stomach of the fish should be rou
tinely examined to obtain an accurate
estimate of the number of incubated eggs
or fry. One male swallowed nearly half
of its brood (207 newly hatched individu
als). However, in most cases, the number
of eggs found in the stomachs did not
exceed 5% of the total offspring.

A positive linear relationship (r = 0.793)
was found between the number of incu
bated eggs or fry and the weight of the
male brooders (Fig. 1). Covariance analysis
was used to compare the regression lines
between incubated stock and weight of
the males, on the one hand, and fecun
dity and weight of the females, on the
other hand. No difference was found be
tween slopes; in contrast, the Y intercepts
differed significantly. The two regression
lines can therefore be considered paral
lel (Fig. t). This result suggests a prefer
ential size ratio between males and fe
males during pairing, this size ratio be
ing close to parity. The high increase in
the number of incubated eggs with male
weight shows that the largest males do
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not mate spontaneously with the small
est females.

When the incubated stocks are exam
ined with regard to their development
stage (see Table 1), the scattergrams ap
pear to be similar for eggs and for swim
up fry (Fig. 1), suggesting a very limited
loss in eggs and fry during incubation.
This was confirmed by estimating, for each
individual, the ratio (R) between actual
incubated stock and stock estimated by
the general model describing the increase
in average size of clutch with male weight
(Fig. 1): R = observed stocl</(2.29 Wm +
107.15). Results showed that uR" remains
close to 1 (Table 2) regardless of the de
velopment stage of eggs and fry. This
confirms that embryonic mortality is very
low during the mouthbrooding period in
S. melanotheron.

In Oreochromis leucostictus, where the
females incubate the eggs, Welcomme
(1967) defined mouthbrooding efficiency
as the ratio of incubated stock (fertility)
and number of eggs initially produced (fe
cundity),

In S. melanotheron, as incubation is
practiced by the male, the estimation of
mouthbrooding efficiency must be based
on hypothetical size ratios between males
and females during pairing. Since we have
already observed that the preferential size

fig. 1. (Al Relationship between number
ofeggs or fry incubated (N) and body weight
ofmales (Wm) in Sarotherodon melanotheron
reared in pens; N = 2.29 Wm + 107.15 (r
= 0.793). The development stage of the
clutch is indicated for each individual. (B)
Relationship between fecundity (f) and body
weight of females (Wf) in 5. melanotheron
reared in pens; F = 2.61 Wf + 203.91 (r =
0.777).

ratio is close to parity, three hypotheti
cal ratios were considered: (1) males and
females of equal body weight; (2) males
with a body weight 25% higher than that
of the females; and (3) males with body
weight 25% lower than that of the females.

In case no. 1 (equal weights), mouth
brooding efficiency is minimal (60%) when
the male is small (25 g). Efficiency gradu
ally increases with male weights of about
150 g, but does not exceed 80% in males
of 400 g (Fig. 2).

When the male is slightly larger than
the female (case no. 2), mouthbrooding
efficiency improves significantly, reach
ing a value of 100% for males with body
weight> 300 g. In contrast, when male
weight is lower than female weight (case
no. 3), mouthbrooding efficiency decreases
significantly, never exceeding 65% (Fig.
2).

In S. melanotheron, mouthbrooding
efficiency is similar to that observed in
Oreochromis macrochir(60-1 00% depend
ing on female sizes; Marshall 1979) and
significantly higher than that reported for
O. leucostictus (where it is never> 50%;
Welcomme 1967). It should, however, be
noted that both studies were conducted
on mouthbrooding females captured in
the wild with a seine net, and that the
eggs and the fry that may have been
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Table 2. Values of "R" (observed incubated stock! estimated
incubated stock [see text]) in relation to the development
stage of eggs and fry incubated.

Development
stage

2

3

4

5

6

R No. of clutches
observed

0.99 16

1.01 15

1.01 18

1.06 38

0.87 11

0.98 26
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Fig. 2. Mouthbrooding efficiency in S .
melano/heron based on different hypotheti
cal ratios between the weight of males (Wm)

L- .-J and the weight of females (Wf) during pairing.

swallowed were not counted. Therefore,
it is possible that the broods incubated
by these species were underestimated.

In S. melanotheron, mouth capacity is
related to male weight by a positive lin
ear relationship (r = 0.927; Fig. 3). The
comparison of this relationship with the
increase in mean volume of eggs produced
in relation to female weight (Fig. 3) shows
that mouth capacity increases faster with
male weight than the spawn volume in
creases with female weight. The spawn
volume of females with body weight <
100 g does not differ noticeably from the
mouth capacity of males of similar weight.
The mean buccal volume of males with

body weight < 50 g is too small to al
low the complete development of the
average clutch produced by a female of
similar weight. Only males with body
weight> 150 g have a buccal volume
always higher than the mean clutch vol
ume at the end of its development (Fig.
3). Therefore, when pairing is between
males and females of equal weight, mouth
capacity constitutes a limiting factor for
mouthbrooding only in males of body
weight < 150 g.

The percentage of the male mouth ca
pacity occupied by the clutch (clutch vol
ume x 100/mouth capacity) was deter
mined for 30 male brooders of different
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sizes (Fig. 4). This proportion is higher
(about 40-90%) in males of body weight
< 150 g than in larger males, in which it
never exceeds 60%. These observations
provide a reasonable explanation of the
fact that mouthbrooding is less efficient
in males with body weight < 150 g than
in males with higher body weight (Fig.
2). These observations also tend to con
firm that. in a population of individuals
of different sizes, pairing preferentially
takes place between males and females
of similar size. As mentioned previously
(Fig. 1), the largest males do not mate
spontaneously with the smallest females.
The fact that the proportion of the mouth
occupied by the clutch does not exceed

60% in males with body weight> 150 g
(Fig. 4) confirms that males neither mate
spontaneously with females that are much
bigger than they are.

In the wild (Ebrie Lagoon), where the
size at first sexual maturity is higher than
in culture conditions (Legendre and Ecoutin,
this voL), mouthbrooding efficiency is likely
to be higher. The fork length of the smallest
mature male observed in the lagoon en
vironment reached 148 mm (80 g)
against 105 mm (22 g) in pen culture.
Because of the limited mouth capacity of
the small males, the stunting (or sexual
precocity) observed in culture conditions
should result in lower yields of fry per
single spawn.
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Fig. 3. (A) Relationship between the mouth capacity (Vm) and the body weight of males (Wm) in
Sarotherodon melanotheron. Vm = 0.114 Wm + 2.21 (r = 0.927). (B) Eggs: mean increase in spawn
volume with weight of female. Spawn volume = fecundity x mean volume of one egg (17.4 pI). (C)
Swim-up fry: mean increase in spawn volume with weight of female. Spawn volume = fecundity x
mean volume of one fry (26.0 pi). In Band C. fecundity is estimated by the relationship F = 2.61
Wf+ 203.91. where Wf = female body weight (Fig. 1).
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Spawning Frequency and Number of
Eggs Collected

In isolated pairs, the mean spawning
interval is generally 10-16 days (Tables
3 and 4). Only one pair composed of a
large female and a small male showed
higher mean intervals (25 days; Table 3).
For all pairs combined, 6 and 39 days were
the extreme values in the range. There
fore, the spawning frequency of S.
melanotheron reared in 2-m3 tanks is very
regular compared to the values observed
in other species of tilapias such as 0.
niloticus or O. vulcani (Mires 1982).
Aronson (1945) reported that the spawning
intervals of S. melanotheron reared in
aquarium varied between 8 days and one
year with a mode of 15 days, the latter
value being in agreement with our ob
servations.

The routine counting of clutches from
each pair of the experiment showed that
compared to the number of eggs or fry
produced at longer spawning intervals,
shorter cycles (six to eight days) never
imply a significant reduction in eggs or
fry production. therefore reflecting a faster
vitellogenesis which involves total spawn
rather than partial spawning occurrence.

In general, the mean spawning interval
is shorter in S. melanotheron (two weeks
approximately) than in the species of
Oreochromis(generalIy, four to six weeks;
Baroiller and Jalabert 1989). In
Oreochromis, it is established that the
presence of eggs or fry in the mouth of
the females has an inhibiting effect on the
development of oocytes (Smith and Haley
1988). In O. niloticus, the frequent re
moval of incubating eggs is one of the
methods used to increase spawning fre
quency and fry production (Verdegem and
McGinty 1987).

The average number of eggs collected
per spawning episode for the different
pairs observed varied between 368 and
718 (Table 3). This quantity is closely re
lated to the size of the males used in this
experiment and does not seem to be much
affected by female fecundity. Indeed, the
relationship (Fig. 1) between the incubated
stock and the weight of males appears
highly suitable for use as a model for es
timating the production of eggs by the
broodfish of S. melanotheron reared in
culture conditions (Table 3). When the
weight of the males (about 200 g) is higher
than the weight of females (about 150 g),
the annual production of eggs for a pair



Table 3. Spawning frequency and number of eggs collected in isolated pairs of S. melanotheron in concrete tanks. Comparison between observed and
estimated productions of eggs.

Pair Observation Mean body weight No. of Mean Total Number Average Estimate of egg no.
no. period of broodfish (g) spawns spawning number of eggs number

(day) observed interval of eggs collected of eggs incubated per produced per
Female Male (day) collected per year per spawn male' female"

587 172 194 43 14.0±t.7 24,754 15,392 576 551 653

2 475 164 130 31 15.8±3.5 15,473 11,889 499 405 632

3 398 152 269 34 12.1±0.9 24,425 22,400 718 723 601

4 174 243 118 8 24.8±7.5 2,942 6,171 368 377 838

'Average number estimated using the relation between the number of eggs or fry incubated (N) and the weight of males (Wm): N=2.29 Wm
+ 107.15 (r=0.793).
"Average number estimated using the relation between fecundity (F) and weight of females (Wf): F=2.61 Wf + 203.91 (r=0.777).

~
Q\
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Table 4. Spawning frequency in S. melanotheron for families of different sex ratios
over a period of 76 days in concrete tanks. Values are the means of two replicates.

Composition of Average no. Mean no. Mean
the families of spawns of spawns spawning

(No. females/no. males) observed per female interval (day)

1/1 6 6" 13.1"

5/5 29 5.S" 13.2"

1/9 7.5 7.5" 10.6"

9/1 14 1.6" 49.5"

Values with the same letter in a same column are not significantly different at
the 5% significance level.

varies between 15,000 and 23,000 (Ta
ble 3). However, it should be noted that
in the same culture conditions, the spawn
ing frequency of S. melanotheron is higher
in the dry season (two to three spawns
per month) than during the rainy season
(1.5 spawns per month; Legendre and
Ecoutin 1989).

In 2-m3 tanks, the spawning frequency
per female in an isolated pair or in a family
of 10 broodfish with equal sex ratios is
identical (Table 4). Annual production of
eggs in such a family can be directly es
timated using the model linking the number
of eggs or fry incubated to male weights.
When the sex ratio is strongly in favor of
males (9: 1), the mean spawning interval,
although slightly lower, does not differ
significantly from that observed in fami
lies with equal sex ratios (Table 4). In con
trast, when the sex ratio is in favor of the
females (1 :9), the spawning interval is con
siderably increased (50 days on average).
The macroscopic examination of the go
nads of these females at the end of the
experiment showed that in 25% of the
cases, post-vitellogenesis oocytes present
in the ovaries showed high levels of atresia.
This suggests that females are capable of
completing normal cycles ofvitellogenesis.
but that lack of males in sufficient number
regularly causes the total reabsorption of
the oocytes ready for spawning. It is also

possible that in this particular situation,
the spawning frequency was underesti
mated: 29% of the observed incubations
were done by females (with nonfertilized
eggs); however, females have a strong
tendency to swallow the eggs that they
incubate (Aronson 1949).

Taken together, these results indicate
that the most suitable sex ratio for the
production of eggs and fry in S.
melanotheron reared in captivity is 1: 1.
A higher male sex ratio does not signifi
cantly increase individual spawning fre
quency while a higher female sex ratio
decreases it considerably.

From a practical point ofview, the above
mentioned problem of cannibalism on eggs
and fry spat out by the mouthbrooders
during draining indicates that this par
ticular system, with weekly collection of
the offspring, is poorly adapted for the
efficient management of broodfish. In the
future, this problem should be solved by
maintaining fish in hapa-like structures
which are easier to handle (Hugues and
Behrends 1983) and allow rapid and si
multaneous capture of all broodfish.

Conclusion

In S. melanotheron, mouthbrooding
efficiency is reduced in males with body
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weight < 150 g compared to larger in
dividuals. Smaller males have a limited
mouth capacity which can hardly take in
all the eggs produced by the smallest fe
males. Due to this physical constraint,
mouthbrooding efficiency is significantly
improved when a female mates with a
larger male. Egg and fry mortalities ap
pear to be low during the mouthbrooding
phase. When creating broodfish families,
it is recommended not to use males with

body weight < 150 g and to always choose
males larger than females.

In captive S. melanotheron, spawning
intervals are about two weeks. The most
suitable sex ratio for the constitution of
families of broodfish for egg and fry pro
duction in culture conditions is 1: 1. Ob
servations on egg production by isolated
pairs over a long period of time indicate
that the relationship between the number
of eggs and fry incubated, and the weight
of the males can be used to predict and
plan the production of fry in a fish farm.
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Abstract

A study was undertaken to identify sex-specific regions of the genome in Oreochromis niloticus,
using probes which give sex-specific hybridization patterns in other organisms: pDP1007, a human
Y chromosome-specific probe sequence and pUGD0600, a W chromosome-specific sequence in
chickens. DNA was extracted from sibling males and females, and hybridized to the probes after
cutting with a number of restriction enzymes. No sex-specific patterns were observed but the
results suggested further lines of comparative work using similar techniques.

Introduction

Since the work of Hickling (1960), sex
determination mechanisms in tilapias
have been studied by intra- and
interspecific crosses (Jalabert et al. 1974;
Majumdar and McAndrew 1983; Hanson
et aI. 1983); hormonal sex reversal and
progeny testing (Clemens and Inslee
1968; Jalabert et al. 1974; Mair et al.
1987; GiIling et aI., this vol.); and in
duction of diploid gynogenesis
(ChoUTfout and Itskovich 1983; Penman
et al. 1987; Avtalion and Don 1990; Mair
et at. 1991a, 1991b). In O. mossambicus
and O. niloticus, there is evidence for
a basic system of female homogamety

'Present address: Department of Biology, Dalhousie
University, Halifax, N.S., Canada B3H 3)5.

(XX) and male heterogamety (XY),
whereas O. aureus demonstrates female
heterogamety (WZ) and male
homogamety (ZZ) but inconsistencies
in the sex ratios from both sex reversal
(Calhoun and Shelton 1983) and
gynogenesis (Avtalion and Don 1990)
experiments have resulted in other
models of sex determination being put
forward (Avtalion and Hammerman 1978;
Hammerman and Avtalion 1979; Avtalion
and Don 1990).

Sex-specific DNA sequences have been
observed in a number of organisms rang
ing from Schistosoma spp. to humans
(e.g., Kodama et at. 1987; Walker et
at. 1989; Page et at. 1990).

Recent studies have attempted to find
sex-specific genomic DNA banding
patterns in fish using a variety of sex
specific and tandem repeat probes from
other phyla and synthetic oligo
nucleotide repeat sequences. Ferreiro
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et at. (1989) hybridized Page's mam
malian Y chromosome-specific probe
(Page et at. 1990) to trout and sturgeon
genomic DNA and observed nonsex-spe
cific banding patterns. Lloyd et al. (1989)
found that GATA-GACA repetitive se
quences, first isolated as a female-specific
satellite DNA fraction in the banded krait
(Bkm sequences; Singh et at. 1980),
cross-hybridized to trout genomic DNA

but gave nonsex-specific banding pat

terns that revealed fingerprint

polymorphisms. Nanda et at. (1990),
using a (GATA)4 oligonucleotide probe,
found a male-specific simple tandem
repeat locus in outbred populations of
the guppy (Poed/ia reticu/ata), but this
was only observed in two out of eight
laboratory strains. Devlin et at. (1991)
have recently succeeded in isolating a
Y chromosome-specific DNA probe for
Oncorhynchus tshawytscha using
subtractive hybridization.

In this study, two labelled probes, a
tandem repeat probe cloned into vec
tor pUGD0600, which is sex-specific in
Ga//us spp. (Kodama et at. 1987), and
a human Y chromosome-specific probe
cloned into vector pDP 1007 (Page et
aI. 1990), were hybridized to genomic
DNA from O. ni/oticus to investigate
their specificity in discriminating between
males and females. Both probes are
nonradioactively labelled. In the past,
nonradioactive labelling has not proved
sensitive enough for routine detection
of single copy sequences. However, the
chemiluminescent labelling technique
used in this study promises sensitivity
equal to that of p32, Moreover, radio
chemical facilities are not required and
these chemiluminescent probes are stable
for up to one year compared to a few
days for radioactively labelled probes.

This study was specifically aimed at
finding simple differences in the geno
mic DNA of male and female 0. ni/oticus,
and assessing the feasibility of using

chemiluminescent probes in work with
fish DNA.

Materials and Methods

Samples

Work was carried out on an O. ni/oticus
(Lake Manzala) stock maintained at Swan

sea and originally obtained from Stir

ling University. Blood samples were taken
from the caudal vein under anesthetic
and fin clippings from the caudal and
dorsal fins. Seven males and 10 females
were used in hybridization experiments
with probe pDP 1007. With probe
pUGD0600, five males and five females
were used.

DNA Extraction

High molecular weight DNA samples
were extracted from blood and fin sam
ples by overnight digestion in proteinase
K (Boehringer Mannheim GmbH; 10
\lg'ml- 1

) in STE DNA extraction buffer
(0.1 M NaC!, 0.05M Tris base and 0.1 M
EDTA) and 0.5% SDS (sodium dodecyl
sulfate) followed by phenol/chloroform
extraction and precipitation by
isopropanol. DNA sample concentration
was determined by fluorimetry (Hoefer
Scientific Instruments, TKO 100 mini
fluorimeter).

Electrophoresis and Blotting

DNA samples of 10-20 \lg were diges
ted overnight with EcoRl and run on a
0.8% agarose gel for eight hours in TEA
(0.4M Tris Base, 0.2M Na acetate, 0.02M
EDTA and 0.18M NaCI) buffer and then
denatured before posiblotting for one
hour (Stratagene) onto a positively
charged nylon membrane (Boehringer
Mannheim GmbH) and fixed by baking
at 120°C for 25 minutes.



Probes

Two probes were used: plasmid
pDP 1007 (Page et al. 1990), which con
tains a 1.3kb Hindlll fragment of the
human ZFY gene, cloned into the Hindlll
site of pUC 13-the probe sequence was
recovered from a low melting point
agarose gel after digestion with Hindlll;
and plasmid pUGD0600 (Kodama et al.
1987) containing a W chromosome
specific 0.7kb repeat unit from the fe
male White Leghorn chicken in the Sal
1 site of pUC9-the probe was recov
ered by digestion with Pstl and £eaRl.
Both probes were labelled by random
priming with dioxigenin-duTP
(Boehringer Mannheim GmbH).

Hybridization

Filters were prehybridized for three
hours in a solution of 50% (w/v)
formamide; 2% (w/v) blocking reagent
(Boehringer Mannheim GmbH), added
from a 10% sterile stock solution; 0.02%
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(w/v) SDS; 0.1% (w/v) N-Iauroyl
sarcosine; and hybridized according to
a protocol supplied by Boehringer for
16 hours at 42°C with 30 f..ll (approxi
mately 300 ng) of digested/labelled
probe in 4 ml of prehybridization solu
tion. Filters were then washed at low
(2xSSC, 0.1 % SDS; 2x 10 minutes at room
temperature: 1xSSC, 0.1% SDS; 2x20
minutes at 60°C) or high (2xSSC, 0.1%
SDS; 2x 10 minutes at room tempera
ture: 0.5 or 0.1xSSC, 0.1% SDS; 2x20
minutes at 68°C) stringency. Digested/
labelled probes were detected using
AMPPD (Tropix Inc., Bedford, Massa
chusetts, USA) as a chemiluminescent
subst.ate for anti-dioxigenin-AP-conju
gate and visualized by auto-radiogra
phy (10-80 minutes exposure).

Results and Discussion

When hybridized to O. nilatieus DNA
(EeaR1 digest, Fig. 1), the probe cloned
into plasmid pDP 1007 gave a single

0.5
0.7 - -
2.0 -2.3 -

.0 3.6 -..:..:: 4.0 - - -- - -- -4.3 -
5.6 -6.6 -
9.4 -
23 -

2 3 4 5 6 7 8 9 10 "Lane

Fig. 1. Results of
hybridization with
the probe se
quence cloned in
plasmid pDP1007 .
Lanes 1-4 contain
EcoRl restricted male
O. niloticus DNA;
lanes 5-8 contain
EcoRt restricted fe
male O. niloticus
DNA. Lane 9 is male
human DNA restricted
with EcoRl. Lane 10
is lambda DNA re
stricted with Hindlll
and digested/la
belled. Lane 11 is
the probe se
quence.
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4kb band in both male and female
individuals, while an EcoR1 digest of
male human DNA gave two bands at
3.6 and 5.6kb. The 3.6kb band corre
sponds to the Y-specific band seen by
Page et aI. (t 990). Ferreiro et aI. (1989)
observed no variation in banding pat
terns between male and female rainbow

trout when Taq I, Hae III and Kpnl di
gests of trout genomic DNA were hy
bridized to pDP1007.

When the sequence cloned into
plasmid pUGD0600 was hybridized to
O. nilotjcus genomic DNA, a strong sig
nal throughout each lane on the filter
occurred even at high stringency with
no clear bands visible. This is a repeat
sequence probe and the results from its
use point to the presence of many re
peat sequences scattered throughout the
genome.

While no sex-specific patterns were
observed, the presence in O. nilotjcus
of a sequence homologous to that of
the human ZFY gene was demonstrated
even under high stringency wash con
ditions. Thus, although the molecular
basis of the sex determining "switch"
is different in fish and mammals, the
ZFY gene is conserved between these
lineages. It has also been demonstrated
that nonradioactive chemiluminescent
probes are capable of detecting single
copy sequences in tilapia.

In taxonomic groups where the evolu
tion of sex has been well-studied (e.g.,
mammals and reptiles), similarities have
been observed in the organization and
evolution of sex chromosomes (Jones
and Singh 1985; Page et aI. 1990). This
is particularly true of the accumulation
of repeat sequences on the heterolo
gous sex chromosome (Y chromosome
in mammals; W chromosome in birds).
The conse..-vation of sequences involved
in sex determination may be determined
by cross-taxonomic hybridization of sex
specific probes. This approach will prove

useful in the study of the evolution of
sex-determining mechanisms. Both
probes used in this study cross-hybridize
widely and give sex-specific patterns
in the taxa from which they were iso
lated.

A more immediate approach to study
ing the molecular basis of sex deter

mination in the tilapias may be the iso
lation of tilapiine sex-specific sequen
ces using subtractive hybridization tech
niques (Devlin et al. 1991).
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Abstract

Based on the hypothesis of an introgression with slowed growth between two mouthbrooding
species of Oreochromis niloticus and O. macrochir introduced into different African lakes, we
performed a series of hybridizations up to the third generation then compared, in controlled conditions
(aquarium), the growth of the individual juveniles (from 5 g to ± 100 g) from parental strains and
different progenies. Results show that the heterosis effect in the F" Fz and F3 hybrids is relatively
low and no more determining than the intraspecific variation. However, the pure O. niloticus
strain grows faster than either O. macrochir or the different hybrid strains, except for the F, hybrid
O. niloticus female x O. macrochirmale (NM). This seems to confirm the hypothesis of an introgression
of part of the O. macrochir gene pool into the O. niloticus gene pool. However, the presence of
two hybrid subgroups with different growth rates does not seem to be confirmed by our aquarium
growth results, which are limited to the early stages (7 to 100 g).

Introduction

In the 1950s, the production results
of farmed tilapia credited this animal
for being the miracle fish capable of
putting an end to malnutrition problems
in developing countries (Micha 1974;
Powles 1987). Amidst the general en
thusiasm, various species-not always
correctly identified-were introduced
into many African lakes. The idea was

not a bad one, at least for lakes with
vacant ecological niches for this type
of species. Unfortunately, insufficient
knowledge of til apia taxonomy, the ab
sence of fauna inventories in the dif
ferent lakes and ignorance of the mecha
nisms of speciation resulted in a dis
ruption of the biogeography of this
African genus and, in many cases, in
hybridization between native and intro
duced species.



In general, hybridization is a technique
used by farmers to select faster-grow
ing strains. "Semi-natural" hybridization
in lakes-Lake Itasy in Madagascar
(Daget and Moreau 1981) and Lake
Ihema in Rwanda (Plisnier et al. 1988)
is seen as a failure of specific repro
ductive isolation that often leads to a
deterioration in the genetic stock of the
parental species. Thus in Lake Itasy,
which harbored a flourishing popula
tion of previously introduced Oreo
chromis macrochir, the additional in
troduction in 1961 of O. niloticus re
sulted in the disappearance of O.
macrochirin favor of 0. niloticus. In Lake
Ihema, the introduction of 0. macrochir
(circa 1970), after the introduction of
O. niloticus (circa 1950), led to the ap
pearance of hybrids (circa 1979). Fish
counts from 1983 to 1987 (Kiss 1976;
Plisnier 1984; Mughanda and Micha
1988) indicate that the phenotype of
O. niloticus decreased in size during this
period (from 30 to 20% of individuals),
while the phenotype O. macrochir re
mained at 60%, and the other individuals
showed a variety of intermediate types
(hybrid swarms: 10 to 20%). The
hybridization pattern between these two
close parent species introduced in two
different lakes therefore seems to have
evolved along different paths.

To test this hypothesis of introgression,
using a comparison of the morphological
characteristics and growth of hybrids,
controlled aquarium experiments were
performed hybridizing Fl' F2 and F3 gen
erations and their backcrosses, and
measuring and comparing growth per
formance of fry.

Materials and Methods

The broodfish of O. niloticus (16
individuals, including eight males) came
from the Egyptian strain bred at Auburn
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University and introduced to Rwanda.
The broodfishes of O. macrochir origi
nated from the Kigembe fish-farm in
Rwanda.

The growth tests and the preliminary
stages of the experiments (reproduc
tion, nursing and pre-experimental
growth) were conducted in the M. Huet
laboratory facilities of the College of Ag
riculture Science at the Louvain Catholic
University (UCL), Louvain-Ia-Neuve
(Kestemont et al. 1989), where there
are many 200-, 100- and 70-1 aquaria
(L: 58 cm, W: 48 cm and H: 50 cm).
The water was maintained at 28±2°C
and a 12-hour (0700-2100) photoperiod
using three 40-watt fluorescent bulbs
was applied. The aquaria were drained
daily to remove organic residues from
the bottom. During experiments, the oxy
gen concentration varied between 70
and 100% saturation, while the nitrate
concentration never exceeded 1 mg'I,l.

To obtain the desired hybridizations
(the female sibling is conventionally
indicated first), the arena system of Haller
and Parker (1981) was adapted by
equipping aquaria (200 and 100 I) with
two plastic-coated lattice partitions
separating the females' areas (Fig. 1).
A third partition with openings allowed
the passage only of females smaller than
the males. This system protected females
that were not ready to spawn from the
unceasing attacks of the territorial male.
Each aquarium contained a group of four
fish: one male and three females. The
condition of the females was monitored
several times daily. As soon as one of
them was incubating (mouth enlarged
with eggs, feeding stopped), the male
was removed. Six to seven days later,
the two other females were also
removed. Swim-up fry appeared two to
three days later. Ten days later, the fry
were separated from their mother and
placed in pre-growout aquaria (50/
aquarium), where they were fed ground
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Fig. 1. Arena system of Haller and Parker (1981) adapted to the scale of the aquarium.

pellet (Trouvit K30) at 6% of the fish
biomass in three daily rations. For growth
rates, two groups of 16 individuals per
aquarium (70 I), with 7.0 g mean body
weight and individual tags (burned with
a pin head), were monitored over 10
weeks. Each week, all fish were measured
(standard length to the nearest 0.1 mm)
and weighed individually after wiping
on paper towels (weight in g to the
nearest 0.1 g). The sex of each individual
was determined by binocular examination
of the genital papilla.

The increase in weight was estimated
using the standard exponential model
(Wheaterley 1976), and the growth
comparison of the different strains was
done using the mixed nested ANOVA
lor II (Dagnelie 1975). The "aquarium"

random variable consists of two levels
that are further subdivided into four or

six levels of the "strain" independent
variable. This is an unbalanced equa
tion, given that the different combina
tions of the two factors comprise a dif
ferent number of observations (random
number of females among the t 6 indi
viduals in each aquarium). For this analy-

sis, we used the Statistical Analysis
System (SAS) software of the UCL Cal
culation Center at Louvain-Ia-Neuve.

Results

Comparative Growth of Pure Strain
BroodFishes and £, Hybrids

The parental strains (0. niloticus and
O. macrochir) and the F1 hybrids from
the crosses of 0. niloticus female x O.
macrochirmale (NM) and of O. macro
chirfemale x 0. niloticus male (MN) were
monitored over the to-week experiment.
The mean b0dy weight of the fish in
creased from 7.0 g to nearly tOO g.

The statistical analysis revealed no

significant difference between aquaria

of the same strain (replicate). This re

sult allowed us to gather the data for
each strain from the two aquaria and
to test the strain effect by comparing
a bigger number of observations with
greater accuracy. Only the male data
were used to test the different strains
(0. niloticus: t t males, 0. rnacrochir:



18 males; and F] Nfemale x Mmale: 32
males, F

1
Mfemale x Nmale: 18 males).

The growth results, presented in the form
of linear regressions (weight vs. time)
(Fig. 2), showed that:

- F
1

Nfemale x Mmale (NM) hybrids
have the highest growth rate;

- the O. niloticus (M) strain ranks in
second;

- F1 Mfemale x Nmale (MN) hybrids
rank third; and

- the O. macrochir (M) strain has the
poorest growth rate.

The four-level (four strains) ANOVA
I statistical test confirmed that:

- F] Nfemale x Mmale (NM) hybrids
have a growth rate significantly higher
than 0. niloticus (P=0.05);
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- F
1

Nfemale x Mmale (NM) hybrids
have a growth rate significantly higher
than their reciprocal hybrid (P=O.Ol);

- F
1

Mfemale x Nmale (MN) hybrids
have a growth rate significantly higher
than O. macrochir (P=O.Ol); and

- O. macrochir has a growth rate sig
nificantly lower than all the other strains.

Furthermore, it must be noted that
the /cross Nfemale x Mmale yielded a
homogeneous hybrid progeny (100%
male), while the opposite cross, female
O. macrochir and male O. niloticus,
yielded a heterogeneous progeny with
75% males and 25% females, each sex
showing two clearly different pheno
types (pink-red and gray in equal pro
portions).
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Fig. 2. Regression lines of In weight (g) vs. time for the four Oreochromis niloticus (N) strains, O.
macrochir (Ml, F, hybrids (Nfemale x Mmale: 100% males) and F, reciprocal hybrids (Mfemale x
Nmale).



358

Comparative Growth of Pure Strain
Broodfishes, Fz Hybrids
and Backcrosses

In the second generation, three types
of crosses were performed:

- female hybrid x male hybrid, gray
variety (g): Mng x Mng,

red variety (r): Mnr x Mnr:
- pure O. macrochir female x male

hybrid: MM x NM, MM x MN: and
- female hybrid x pure male: MN x

NN, MN x NM.
The cross of pure female x male hy

brid of O. niloticus was not successful.
The pure intraspecific crosses of 0. niloticus
(N) and O. macrochirserved as reference.
The comparative growth of the pure strains,
second generation hybrids and backcrosses
(Table 1) showed that the red-colored F

L

hybrids (MNrMNr) and the backcross
(MMNM) between O. macrochir females
and NM hybrids, as well as the pure strain
of O. niloticus (N), had significantly higher

growth rates than the other crosses.
Ranking next were the two gray-colored
MNgMNg crosses and the MNMM cross.
The growth rates of the MMNN and MNNN
crosses, which are backcrosses between
females of O. macrochir and MN males
and between MN females and males of
0. niloticus, respectively, can be described
as relatively low. Finally, the pure strain

of 0. macrochir(M) showed a significantly
lower growth rate than F2 hybrids and
backcrosses.

Comparative Gro wth of Pure Strain
Broodfishes and F

3
Hybrids

(Backcrosses)

For the third generation, a multitude
of crosses were possible. However, ac
cording to the description of the
introgression phenomenon, the crosses
that occur were backcrosses between
various levels of hybrids and parental
species. There were therefore two types
of crosses to conduct:

Table 1. Comparisons of weight increase expressed as slopes and their standard deviations in
Oreochromis niloticus (N) and Oreochromis machrochir (M). Items MN,MN, to M refer to parental
strains. F2 hybrids (MN,MN, and MNgMNg• with rand g referring to red and gray, respectively) and
backcrosses with pure (underlined) females (M1IINM, NNMN) or males (MNMM. MNNN). Items
MNNNNN to N refer to male fingerlings from parental strains (N.M) and two F] hybrids between
hybrid females and pure (underlined) males (MNNNN and MNMMMM).

Slopes

Item Mean SD CV (%)

MN,MN, 0.0224 0.0032 14.3
MMNM 0.0223 0.0031 13.9
N 0.0218 0.0036 16.5
MNgMNg 0.0182 0.0038 20.9
MNMM 0.0181 0.0039 21.6
MNNN 0.0176 0.0048 27.3
MMMN 0.0174 0.0034 19.5
M 0.0155 0.0036 23.2

MNNNNN 0.0223 0.0032 14.4
MNMMMM 0.0230 0.0043 18.7
M 0.0232 0.0043 18.5
N 0.0256 0.0035 13.7



pure female x male hybrid; and
female hybrid x pure male.

However, the cross of female O.
niloticus x male O. macrochir is very
difficult to produce (Falter, this voL) and
the cross between pure females of O.
niloticus and male hybrids of 0. macro
chirhas not taken place in the aquarium
(problem of aggressive behavior). We
therefore limited ourselves to back
crosses of female hybrids x pure males.
The chosen female hybrids (MNMM and
MNNN) were second generation
backcrosses in which the female was also
a hybrid. The comparative growth of the
male fry of the four strains (Table 1)
showed O. niloticus in first place, fol
lowed by O. macrochir. Next came the
F

3
hybrids, the two genotypes of which

seemed to show no difference in growth
rate. The statistical analysis revealed a
significant difference only between the
genotype O. niloticus (N) and the three
other genotypes.

Discussion

A heterosis effect with respect to
growth, brought about by interspecific
hybridization in the genus Oreochromis,
has already been shown in several
crosses. 0. niloticus is involved in several
of these: with O. homorum (Pruginin
1968); with 0. mossambicus (Avault and
Shell 1966, Kuo 1969); and with O.
macrochir (Jalabert et al. 1971). Our
results show, like those of Jalabert et
al. (1971), that the cross of O. niloticus
and O. macrochiralso exhibits a heterosis
effect and all the more so because the
female belongs to the faster-growing
species (0. niloticus). This could reflect
a direct maternal effect (Falter and de
Jaegere 1989).

The genotype O. niloticus was sig
nificantly different from the other geno
types. Moreover, the genotype
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MNNN!"Jl'J that was most similar to the
genotype 0. niloticus showed a growth
rate much closer to that of the geno
type O. macrochir.

The absence of replicates in crosses,
means, however, that caution is needed
in drawing conclusions.

Finally, the genotype O. macrochir
generally showed the lowest growth rate
compared to the F1 and FI hybrids, but
it showed no difference compared to
the F3 genotypes (backcrossed).

These results tend to support the Daget
and Moreau (1981) hypothesis of
introgression of the gene pool of O.
macrochirinto that of 0. niloticus, which
is the only remaining phenotype in Lake
Itasy, but the results cannot explain the
strange persistence in Lake Ihema of O.
macrochir (60% of tilapia catches) and
the low representation of O. niloticus
(20%).

Finally, we must emphasize the im
portance of environmental factors that
were not considered here, but that ob
viously create different life conditions
that can modify the dynamic balance
between species within a defined
biocenosis.
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Abstract

Growth performance and characterization of three strains of Oreochromis niioticus present in
Cote d'ivoire were compared through a study of enzyme polymorphism: the "Bouake" strain at
the Institut des Savanes ODESSA) research station in Bouake; the same strain kept in confinement
for the past six years by a small-scale fish farmer in Western Cote d'ivoire (Daloa); and a strain
(named "Burkina Faso") from the Volta basin recently introduced at the IDESSA station in Bouake.
The results of tests run for a duration of four months indicated that the growth performance of the
three strains met the requirements of commercial aquaculturists (mean individual growth 22.5 g·day·').
All three strains were identified and differentiated using electrophoretic techniques. Results showed
high levels of polymorphism, particularly in the "Bouake" strain kept at IDESSA.

The authors conclude that all three strains show good potential for aquaculture. The strains
present at the IDESSA station ("Bouake" and "Burkina Faso") are also polymorphic stocks that can
be used in genetic improvement programs.

·Current address: c/o PCAMRD, Dr. Alfonso Eusebio Bldg., BPI Economic Garden, Los Banos, Laguna,
Philippines.
bCurrent address: Institut national agronomique Paris-Grignon (INA P-G), Departement des sci
ences animales, GER amelioration genetique et elevage, 16, rue Claude Bernard, 75231 Paris Cedex
05, France.
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Introduction

The Institut des Savanes (lDESSA) re
search station (formerly the "Centre tech
nique forestier tropical" [CTFT]) in
Bouake, Cote d'ivoire is at the origin

of many transfers of 0. ni/oticus not only

to different African countries but also

to Brazil (Lazard 1990). From Brazil, the
"Bouake" or "Cote d'ivoire" strain was

transferred to Auburn University (Ala
bama, USA) (Lovshin and da Silva 1975).
Individuals of 0. ni/oticus originally from
Cote d'ivoire also occur in Israel (Hulata
et al. 1985).

Results from experiments using the
Ivorian strain at Auburn University and
in Israel showed the relatively low fe
cundity of this strain compared to a
Ghanaian strain (Hulata et al. 1985;
Smitherman et al. 1988), difficulties in
improving its growth performance
through selection (Teichert-Coddington
1983) and inferior growth potential
compared to an Egyptian strain ([(hater
1985). A review of the current status
of these strains of 0. ni/oticus in COte
d'lvoire was found necessary and it is
in this context that the growth perform
ance of the three Ivorian strains were
tested at the IDESSA station in Bouake.

Materials and Methods

Origin of the Test Strains

The three test strains are the follow
ing:

1. The "Bouake" (Bk) strain result
ing from tne progressive mixing at the
IDESSA station in Bouake of fish intro
duced in 1957 from Burkina Faso (Volta
basin) and in 1968 from Uganda, but
originally from the Nile basin. It is this
mixed or "synthetic" strain that was
transferred to other countries and in-

troduced in vast areas of the Ivorian
water system. As the Bk strain is the
result of different genetic contributions,
it may have been less homogeneous in
the past than it is today. Therefore, dif
ferences may be found in the charac

teristics of the fish of this strain depend

ing on the time of transfer.

2. The "Daloa" (Da) strain derived di

rectly from the Bk strain. It is used by

rural fish farmers in Midwestern Cote
d'Ivoire where the strain was introduced
several years ago. The fish on these very
small farms live in confinement which
may lead to genetic drift.

3. The "Burkina Faso" (BF) strain in
troduced at the Bouake station in 1987
from the [(ou valley (Volta basin) to
renew, if necessary, the Bk strain (Lazard
1990).

Evaluation of the Gro wth
Performance of the Three Strains

in the Context of an Experiment
for the Production of Table Fish

TEST FISH

Manually sexed male fingerlings were
used for this experiment. Whereas the
fingerlings of the Bk ann BF strains were
nursed at the Bouake station under
comparable conditions, the fingerlings
of the Da strain were introduced already
sexed from the fish farms in Midwest
ern Cote d'(voire. The nursing condi
tions for the Da strain were different
from those adopted for the two other
strains but one cannot tell the impact
this may have had on the differences
in growth observed between strains.

PONDS AND EXPERIMENTAL DESIGN

Nine 50-mz ponds were used for this
experiment (four-month test period) at
the Bouake station using a randomized
block experimental design (three replicates



per "strain"). A summary evaluation of
the pond fertility was done to determine
block allocation before the beginning of
the tests. To this end, male fingerlings
of 0. niloticus Bk were stocked in each
pond at a density of 0.8 ind'm-I and reared
for a duration of one month during which
no treatment was applied to the ponds.
Pond production varied from a maximum
of 530 g·pond-l.month-1 (1,272 kg·ha-l.
year-I) to a minimum of 150 g·pond-l.
month-1 (360 kg·ha-l. year-I), Ponds with
the three highest-ranking yields were as
signed to Block 1; the three following yields
to Block 2; and the last three to Block 3.
The allocation of the different strains within
each block was done by drawing of lots.

Stocking was done with 1 10 male
fingerlings (2.2 ind'm-I

) with individual
mean body weight of 28.55 g for the
Bk strain, 31.79 g for the Da strain and
39.61 g for the BF strain.

FISH FEED

Throughout the experiment, the fish
received an industrial pelleted feed
produced in Cote d'ivoire ("2GE" from
FACie containing 30% protein, 10% of
which was of animal origin). The feed
was distributed ad libitum via feeders
at equal daily rates in all ponds. Feed
ing rates were adjusted to the lowest
consumption rates among the nine
ponds, and were increased or decreased
depending on the consumption levels
recorded at the end of the day.

The relationship between the mean
monthly feeding rates per pond and the
estimated mean fish biomass per pond
(estimation based on an evaluation of
all ponds) gave feeding rates of 4.7,
2.6, 1.8 and 1.6% of the fish biomass
for each of the four months of experi
mentation, respectively.

cFACI: Fabrique d'aliment de la Cote d'ivoire (Feed
Producers of Cote d'ivoire).
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TEST HARVESTS

Twenty-five to 55% of the fish were
harvested in each pond every month
using a seine net to estimate the in
creases in individual weight.

FINAL HARVEST

All ponds were totally drained after
122 days of experimentation. The fish
from each pond were counted and
weighed together.

Electrophoretic Characterization of
the Three Strains

Thirty individuals per strain were ran
domly sampled at the end of the cul
ture experiment. Samples of muscle, eye
and liver tissues were taken from each
individual and deep-frozen. These sam
ples were pounded in distilled water
(muscle 1 g'ml- I , eye 1 g·0.5 ml- l ) and
centrifuged to 5,000 r'min- I for 30 min
utes. For the eye tissues, one-third chlo
roform was added to eliminate glycopro
teins and glycolipids that can induce
distortions during enzyme separation.

This study was done using electro
phoretic techniques on starch gel. The
separation and staining techniques used
were modified from Krieg (1984) and
McAndrew and Majumdar (1983), fol
lowing a protocol established by Rognon
and Guyomard (this vol.). Eighteen en
zyme systems coded by 30 loci were
analyzed (Table t).

Results

Comparison of Gro wth PerFormance

Complete results are presented in Table
2, Table 3 gives the mean daily indi
vidual weight gain (MDWGl, mean yields
and mean feed conversion ratios (FCR),



Comparison of the Electrophoretic
Characteristics

Fig. 1. Increases in individual weight and monthly
growth for the three strains of Oreochromis
niloticus. Standard deviations are given in
parentheses.
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tistical analysis. The analysis of variance
and Student's t-test showed highly sig
nificant differences (at the 1% signifi
cance level) between the yields of the
Bk strain (20.376 kg·ha·l·year- I), on one
hand, and those of the Da and BF strains
(18,812 and 17,742 kg·ha-1. year-l, re
spectively), on the other. The differences
in yield between the Da and BF strains
were at the significance level of 5%.
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Table 1. Ust of the enzyme systems studied:
location in the tissues, structure and the enzyme
separation buffer used. Tissues: L = liver, M ~

muscle, E = eye. Enzyme separation buffers: MCZ
= morpholin citrate-pH 6.Z (gel = 5%), MC4
morpholin ~itrate-pH 6.6 (gel = 10%), RW ~

ridgway, TEB = tris-EDTA-borate.

System Locus Tissues Buffer

AAT 1' LME MCZ
Z' LE MCZ
3' ME MCZ

ADH I' L RW
AK I' M MCZ
CK I' ME RW

Z' E RW
EST Z' ME RW-TEB
LBP I' M MC4

Z' L MC4
LH 1' M MCZ
G3PDH I' M MC4

Z' LM MC4
GPI 1' ME RW

Z' LE RW
IDDH I' L RW
IDHP I' L MC4

Z' M MC4
LDH I' ME RW

Z' LME RW
3' E RW

MDH I' ME MCZ
Z' LME MCZ
3' M MCZ

MEP I' M MC4
Z' LM MC4

MPI 1' M TEB
PGDH 1' LM MC4
PGM I' M TEB
SOD I' L RW

Fig. 1 shows increases in mean individual
weight and mean daily weight gain re
corded during the monthly test harvests
and the final harvest.

All three strains gave satisfactory in
dividual growth results although the Bk
strain scored higher with 2.85 g'day-I
and a peak >3 g'day-I during the fourth
month of experimentation. Relatively
weak FCR(Bk 1.58; Da 1.72; and BF 1.85)
were records.

Yields were compared in terms of

growth and survival rates through sta-

Allelic frequencies at the polymor
phic loci, polymorphism and heterozy
gocity are presented in Table 4. Eight
loci are polymorphic in the Bk strain,
four in BF and five in Da.

The stock used for aquaculture in Daloa
is originally a strain of O. niloticus from
Bouake which was dispersed allover
Cote d'ivoire in the context of projects
for the development of inland
aquaculture. Compared to the other

strains, that from Da shows the high

est rate of heterozygosity (7.32% versus



Table 2. Comparison of the growth performance of three Ivorian cultured strains of O. nl/oticus. Results from a four-month culture experiment in 50-m 2 ponds at the IDESSA station in Bouake.

Test strains/replicates

O. niloticus O. n/loticus O. ni/oticus
Parameters "Bouake" (Bk) "Daloa" (Da) "Burkina Faso" (BF)

Block 1 Block 2 Block3 Block 1 Block 2 Biocl< 3 Block 1 Block 2 Block 3

Date of stocking 03/18/91 03/18/91 03/18/91 03/15/91 03/15/91 03/15/91 03/15/91 03/15/91 03/15/91
Date of harvest 07/22/91 07/22/91 07/22/91 07/22/91 07/22/91 07/22/91 07/22/91 07/22/91 07/22/91
Number of days of experimentation 122 122 122 122 122 122 122 122 122
Number of fish stocked 110 110 110 110 110 110 110 110 110
Stocking density (ind·m·') 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Number of fish at halVest 100 100 100 105 107 99 97 101 98
Survival (%) 90.90 90.90 90.90 95.45 97.27 90.00 88.18 91.82 89.09
Initial mean individual weight (g) 27.64 28.20 29.82 30.82 32.55 32.00 39.73 40.20 38.91
Final mean individual weight (g) 370.5 360.90 384.40 326.86 342.81 341.52 362.06 336.22 336.22
Mean daily weight gain (MDWG) (g·day·\) 2.810 2.727 2.906 2.427 2.543 2.537 2.642 2.426 2.437
Total initial weight (kg) 3.04 3.10 3.28 3.39 3.58 3.52 4.37 4.42 4.28
Total final weight (kg) 37.05 36.09 38.44 34.38 36.68 33.81 35.12 33.96 32.95
Production (kg) 34.01 33.00 35.16 30.93 33.10 30.29 30.75 29.54 28.67
Yield (kg·ha·l.year·\) 20,350 19,739 21,038 18,707 19,807 18,124 18,399 17,673 17,155
Quantity of feed distributed (kg) 53.9 53.9 53.9 53.9 53.9 53.9 53.9 53.9 53.9
Feed conversion ratio (FCR) 1.58 1.68 1.53 1.74 1.63 1.78 1.75 1.82 1.88
Production of fry (kg) 2.72

VJ
0\
U'I
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Table 3. Summary comparison of the mean growth performance of three populations of O.
niloticus during a four-month culture experiment in nine 50-m 2 ponds at the IDESSA station in Bouake.

Parameters 0. niloticus 0. niloticus 0. niloticus
"Bouake" (Bk) "Daloa" (Da) "Burkina Faso" (BF)

Survival (%) 90.Z (0)' 94.Z4 (3.09) 89.69 (1.55)
MDWG (g) 2.81 (0.07) 2.50 (0.05) Z.50 (0.10)
Yield (kg' ha-I.year-l) 20,376 (531) 18.812 (719) 17,742 (510)
FeR 1.58 (0.04) 1.72 (0.06) 1.82 (0.05)

'Standard deviations are indicated between parentheses.

Table 4. Allele frequencies at polymorphic loci. mean heterozygosity (H) and mean polymorphism (P~95

and 99%) for the three strains of O. niloticus used in the growth experiments in ponds.

Locus Allele O. niloticus 0. niloticus 0. niloticus
Bk BF Da

(30) (30) (30)

sAAT' '100 0.600 0.467 0.683
'55 0.400 0.533 0.317

FH' '120 0.500 0 0
'100 0.500 1 1

IDDH' '169 0.100 0.500 0
'100 0.750 0.150 0.533
'16 0.150 0.350 0.467

LDH-Z' '100 0.950 0.767 0.733
'52 0.050 0.233 0.267

MDH-3' '119 0.017 0 0
'100 0.983 1 1

MEP-l' 'IZ5 0.050 0.183 0.517
'100 0.950 0.817 0.483

MEP-2' '120 0.183 0 0
'100 0.817 1 1

MPI' '107 0.100 0 0.Z50
'100 0.900 1 0.750

H (%) 6.96 5.86 7.32
P95 (%) 23.33 13.33 16.67
P99 (%) 26.67 13.33 16.67

6.96% and 5.86% for Bk and BF,
respectively) although levels of
polymorphism are lower in this strain
than in the Bouake stock.

Discussion

These growth performances obtained
in pond-culture conditions character
ized by poor water renewal and the ab
sence of artificial aeration, compare well
with the growth of 0. niloficus recorded

in the specialized literature (Melard
1986).

The low FCR reflect not only the good
potential of the test strains, but also
good feed quality and efficient
distribution and feeding techniques.

While the differences in growth per
formance between the Bk and BF strains
are most probably due to differences
among these strains, a more cautious
approach is needed regarding the dif
ferences observed in the Da strain. These
may be due to the fact that the nursing



conditions (very long period of nursing
with feed of poor quality) for the Da
strain were less favorable than for the
other strains.

Heterozygosity was higher in the three
populations studied than in the natural
populations from the Nile (McAndrew and
Majumdar 1983), the Volta or the Niger
water systems (Rognon and Guyomard,
this vo!.). These observations can be ex
plained by the history of the Bk strain origi
nally constituted by mixing from 1968
onward (see above) of two populations
of 0. niloticus originally from the Volta
and the Nile basins, respectively. Other
cultured populations ofeate d'lvoire, origi
nally of the Bk strain and used for
aquaculture or for stocking hydroelectric
reservoirs, have also shown similar lev
els of heterozygosity and polymorphism
(Rognon and Guyomard, this vo!.).

By contrast, in cultured stocks reared
in other countries, very variable
heterozygocity levels have been ob
served, such as t .35% for one popula
tion in Thailand (Macaranas et a!. 1986)
or 8.88% in Japan (Basio and Taniguchi
t 984). The high heterozygosity levels
that are often observed in stocks of O.
niloticus used for aquaculture in the
Philippines are due to a genetic
introgression by O. mossambicus
(Taniguchi et a!. 1985; Macaranas et al.
1986).

Conclusion

The growth performance and the
electrophoretic characteristics of the
three cultured strains of O. niloticus
tested in our study do not reflect any
loss in genetic variability in compari
son with the original natural populations.
Founding and maintaining these stocks
in captivity seem to have had little nega-
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tive impact (such as founder effect, bot
tlenecks and inbreeding) on genetic vari
ability. In terms of growth performance
and genetic variability, the Bouake strain
dominates all others.
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Abstract

Enzyme protein polymorphism was studied in 1Z stocks of Tilapia guineensis (B8 individuals)
and seven populations of Sarotherodon melanotheron (2.2. t individuals) from Cote d'ivoire, Senegal
and Gambia. Of the 28 loci coding t 5 enzyme systems, 17 were found to be polymorphic in T.
guineensis and 11 in S. melanotheron. In both species, the Senegalese stocks are clearly differentiated
from the Ivorian populations. Within each group, each population is clearly distinguishable. The
high polymorphism observed in the stocks of both species warrants their use in programs of genetic
improvement through selection or interspecific crossbreeding.

Introduction

Sarotherodon melanotheron and
Tilapia guineensis are two species of la
goon tilapia found along the West Af
rican coastal zone, from Senegal to
Congo. They can live in freshwater or
in saltwater (salinity of tOO ppt). S.
melanotheron is mainly phytophagous.
In Cote d'ivoire, it is used in acadja
based farming systems. Because of their
high resistance to salinity, both species
offer possibilities for crossbreeding with
species that grow fast but have poor
salinity tolerance, like Oreochromis
niloticus. The aim of this study was to
increase knowledge on the genetic
polymorphism of both species and their
use in interspecific breeding programs.

Materials and Methods

Four hundred and fifty-nine individu
als from t9 populations were studied. Sam
pling areas are shown in Fig. t (note that
all sampling sites for Senegambia are in
Senegal, except for Banjul, Gambia). Upon
capture, the specimens were kept in ice
for a few hours then dissected in the labo
ratory. Eye, muscle and liver tissues (ap
proximately t cm 3

) were taken from each
individual and each tissue sample was
preserved in liquid nitrogen until it was
analyzed. Enzyme electrophoreses using
starch gel were conducted following the
protocols of Pasteur et al. (t 988) and
McAndrew and Majumdar (t 983).

Table t shows the enzyme systems
investigated, the buffers used and the
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Senegal

o 300Km

o 500Km

Cole d'ivoire

o oOKm

Fig. 1. Location of sampling areas. For Tilapia guineensis. in COte d'ivoire: (1) Adiapote, (2) Layo,
(3) Adiopodume, (4) Tupah, (5) Bietry, (6) Abenguru Bridge and (7) Anga: in Senegambia: (8)
Missirah, (9) Fundiugne, (10) Jiffer, (11) Banjul and (12.) Pikine. For Sarotherodon melanotheron, in
Cote d'lvoire: (13) Adiopodume, (14) Anga and (15) Bietry: in Senegambia: (16) Dakar. (17) Somone,
(18) Banjul and (19) Missirah.
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Table 1. Enzyme systems. organs (L=Liver; M=muscle; and Y~eye) and buffers used
during the analysis. The systems were coded following the recommendations of
Shaklee et al. (1989). The buffers are those of McAndrew and Majumdar (1983).
Basio and Taniguchi (1984) and Pasteur et al. (1988).

System Enzyme no. Locus Tissues Buffer

AAT 2.6.1.1 AAT-I L MY TC 6,7
AAT-2 L Y TC 6,7
AAT-3 MY TC 6,7

ADH 1.1.1.1 ADH-I L MC 2

AK 2.7.4.3 AK-I M MC 2

ALP 3.1.3.1 ALP-I L TC 6,7

CK 2.7.3.2 CK-I MY MC 2
CK-2 Y MC 2

EST 3.1.1.- EST-I L paULIK 1/2
EST-2 Y RW, TEB 8, 6
EST-3 Y TEB 8,6
EST-4 L paULIK 1/2

FBP 3.1.3.11 FBP-I M MC 2
FBP-2 L MC 2

FH 4.2.1.2 FH-I M MC 2

GPI 5.3.1.9 GPI-I MY RW
GPI-2 L Y RW

IDHP 1.1.1.42 IDHP-I L MC 2
IDHP-2 M MC 2

LDH 1.1.1.27 LDH-I MY MC 2
LDH-2 L MY MC 2
LDH-3 Y MC 2

MDH 1.1.1.37 MDH-I MY MC 2
MDH-2 L MY MC2

PGM PGM-I M TEB 8,6

PROT PROT-I M MC 2
PROT-2 M MC 2

SOD 1.15.1.1 SOD-I L MC 2



organs in which the various loci are
expressed. The nomenclature is that
proposed by Shaklee et al. (1989).

The electrophoretic data were analyzed
using the BIOSYS 1 program of Swofford
(1989). The genetic distance index used
was calculated following Nei (1978).

Results and Discussion

Tables 2 and 3 present the allele fre
quencies and the heterozygosity esti
mated for the different test populations.

In T. guineensis, observed hetero
zygosity varied between 0.015 (Lake
Pikine, 12) and 0.132 (Adiapote, 1). On
the whole, these are comparable to the
values found in previous studies of other
tilapia species (McAndrew and Majumdar
1983; Basiao and Taniguchi 1984).

Very few significant differences were
found between the allelic frequencies
observed and those expected follow
ing Hardy Weinberg's equilibrium hy
pothesis. These can be considered as
panmictic populations.

The dendogram (Fig. 2) generated us
ing Nei's genetic distance matrix (Table
4) shows the grouping of the Ivorian la
goon populations and of the Senegambian
lagoon stocks. Only two stocks are out
side these groups: the Pikine stock (12)
and the Abenguru Bridge stock (6). Both
are characterized by the lowest
heterozygosities (0.015 for the Pikine stock
and 0.0 t 9 for the Abenguru Bridge stock).
These low H values partly explain the
greater genetic distances observed be
tween both stocks and the geographic
groups from which they originate.

The Pi kine stock was captured in a
pond fed by the water-table also sup
plying the nearby suburbs of Dakar. When
water level is low, the surface area and
volume of water available to fish de
crease considerably (depth < 1 m/km 2
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of surface). Consequently, predation by
birds and humans is high.

At the end of the low water level
period, the population size is thus low.
These regular bottlenecks may explain
the very low rate of polymorphism ob
served in this population.

The Abenguru Bridge stock shows two
diagnostic alleles (LDH-f Band LDH-3
Cl, that is, alleles that are specific to this
population and that are absent in the
potentially sympatric populations of Ebrie
Lagoon: Adiapote (1), Layo (2),
Adiopodume (3), Tupah (4) and Bietry (5).
There is a gene flow barrier between this
population and those occurring down
stream from the Comoe basin. The
Senegambian stocks seem well differen
tiated from each other, often by several
diagnostic alleles: FBP- f D and PGM C
for the Pikine stock, AAT-2 E (Fundiugne,
9 and Banjul, 11), EST-4 D (Missirah, 8;
Fundiugne, 9; and Pikine, 12), FH- f D
(Missirah, 8; Fundiugne, 9, Banjul, 11),
PGI-2 F(Missirah, 8; Fundiugne, 9; Jiffer,
10; and Banjul, 11) and PGM- f B (Missirah,
8 and Banjul, 11).

In S. melanotheron stocks, observed
heterozygosity varied between 0.035
(Anga, 15) and 0.071 (Dakar, 16). There
was no significant difference between the
allelic frequencies observed and those
expected following Hardy Weinberg's
equilibrium hypothesis.

The dendogram (Fig. 3) generated
using Nei's genetic distances (Table 5)
shows the grouping of the Ivorian stocks
and the Senegambian stocks. In the
Ivorian group, two populations of Ebrie
Lagoon, Adiapote (13) and Bietry (15),
are grouped together, in contrast to the
Aby Lagoon population (Anga, 14). There
are diagnostic alleles in all these stocks:
AAT-3 C and PGI-2 E (Anga, 14), FH B
(Bietry, 15), PROT-f D (Dakar, 16), FBP
f A and PGM C (Somone, 17), PGI-2 D
(Banjul, 18) and IDH-2 A (Missirah, 19).
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Table 2. Genic frequencies observed at polymorphic loci and sample size (N) of Tilapia guineensis. List of stations.
in Cote d'lvoire: (1) Adiapote, (2l Layo, (3) Adiopodume, (4) Tupah, (5) Bietry. (6) Abenguru Bridge and (7)
Anga; in Serlegambia: (8) Missirah, (9) Fundiugne, (10) Jiffer, (11) Banjul and (12) Pildne. The loci AAT-I. CK-I.
CK-Z, FBP-Z, GPI-Z, IDHP-Z, PROT-Z and SOD are monomorphic for the same allele in the samples.

Populations 1 2 3 4 5 6 7 8 9 10 11 12
(N) (7) (10) (10) (18) (13) (19) (47) (14) (33) (3) (34) (30)

Locus Alleles

AAT-Z A .79 .85 .90 .86 .81 .00 .97 .32 .42 .83 .47 .05
B .21 .15 .10 .14 .19 1.00 .03 .68 .56 .17 .51 .95

E .02 .02
AAT-3 A 1.00 .94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .97 1.00

D .06 .03
ADH A .64 .45 .44 .61 .50 .89 1.00 .91 1.00 1.00 .92

D .36 .55 .56 .39 .50 1.00 .11 .09 .08
AK A 1.00 1.00 1.00 .94 1.00 1.00 .96 1.00 1.00 1.0 1.00 1.00

B .06 .04
ALP A 1.00 1.00 .95 1.00 1.00 1.00 .93 1.00 1.00 1.00 1.00 1.00

D .05 .07
£ST-I A .21 .65 .55 .50 .45 .89

B .36 .25 .03 .17 .22 .07
D .64 .02 .75 .97 .83 .78 .93
£ .79 .35 .45 .50 .55 .09

£ST-4 A 1.00 .90 1.00 .92 1.00 1.00 .95 .75 .97 1.00 1.00 .97
C .10 .08 .05 .02
D .25 .03 .01

FBP-I A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D 1.00

FH 'A .50 .80 .70 .93 .50 1.00 .89 .86 .97 1.00 .75 1.00
D .14 .03 .25
£ .50 .20 .30 .07 .50 .11

GPI-Z A 1.00 1.00 1.00 1.00 .69 .99 .64 .50 .17 .63 1.00
C .11
F .36 .50 .83 .37
H .31 1.00

IDHP-I A 1.00 1.00 1.00 1.00 1.00 1.00 .94 1.00 1.00 1.00 1.00 1.00
£ 0.06

LDH-I A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
B 1.00

LDH-3 A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
C 1.00

MDH-I A .93 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
8 .07

MDH-Z A .57 .85 .75 .75 .83 1.00 .97 1.00 1.00 1.00 1.00 1.00
B .14 .15 .12 .25 .12 .02
C .29 .13 .05 .01

PGM A 1.00 1.00 1.00 1.00 1.00 1.00 .99 .38 1.00 1.00 .19
8 .62 .81
C 1.00
G .11

PROT-I A .50 .75 .42 .55 .30 .96 .17 .17
C .20 .03 .05 1.00 .14 .05
D .29 .80 .50 .25 .68 .04 .86 .83 .78 1.00
F .21 .25 .05 .15 .02

H .132 .086 .080 .089 .127 .019 .048 .101 .059 .051 .077 .015
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Table 3. Genic frequencies observed at polymorphic loci and sample size (N) of Sarotherodon melanotheron
in COte d'lvoire: (13) Adiopodume, (14) Anga and (IS) Bietry; and In Senegambia: (16) Dakar, (17) Somone,
(18) Banjul and (19) Misslrah. The loci AAT-I, AK, FBP-2, CK-I, CK-2, EST-2, EST-3, GPI-I, IDHP-I, LDH-
I, LDH-2, LDH-3, MDH-I, MDH-2, PROT-2 and SOD are monomorphic for the same allele in all populations.

Populations 13 14 15 16 17 18 19
(N) (13) (40) (44) (27) (29) (32) (36)
Loci Alleles

AAT-2 A 1.00 .95 .97 .97
B 1.00 1,00 1.00 .05 .03 .03

AAT-3 A .50 .10 ,03 .07
B 1.00 .81 1.00 .50 .90 ,97 .93
C .19

ADH A .01 .04 .05 .18
B 1.00 ,99 ,96 1.00 1.00 ,95 .82

ALP A 1.00 1.00 1.00 .35 .55 .56 .51
B .65 .45 .44 .49

EST-I A .11 .89 .40 .35 .02 .53 .21
B .89 .11 .60 .65 .98 .47 .79

FBP-I A .14
B 1.00 1.00 1.00 1.00 .86 1.00 1.00

FH A 1.00 1.00 .11 1.00 1,00 1.00 1.00
B .89

GPI-2 B .04 .03 .07 1.00 1.00 .95 1.00
C .96 .86 .93
D ,05
E .11

IDHP-2 A .07
B 1.00 1.00 1.00 1.00 1.00 1.00 .93

PGM B 1.00 1.00 1.00 1.00 0.90 1.00 1.00
C ,10

PROT-I A .35 .03 .40 .0 ,09 .01
B .58 .89 .99 .52 ,90 .89 .18
C .07 .08 .01 .06 .02 .81
D ,02

H .020 .032 ,024 .067 ,049 .054 .063

1- 6 Abenguru bridge Fig. Z. Dendogram showing the
genetic relationships between the
various populations of Tilapia
guineensis. This dendogram was
generated using Nei's distance
matrix (1918) (Table 4) and the
BIOSYS 1 program of Swofford
(1989).

1 Adiapote

5 Bietry

2 layo

3 Adiopodume

4 Toupah
7 Anga

8 Missirah

11 Banjul

9 Foundiugne

10 Djffer

o0.10

Nei's genetic distance

L 12 Pikine

0.20



Table 4. Nei's genetic distance (1978) for the various stocks of Tilapia guineensis obtained from the allelic frequencies (see Table 2) using the
BIOSYS 1 program of Swofford (1989).

Populations 1 2 3 4 5 6 7 8 9 10 11

1 ADIAPOTE
2 LAYO .987
3 ADIOPODUME .985 .977
4 TUPAH .990 .993 .994
5 BIETRY .997 .994 .995 .999
6 ABENGURU .770 .785 .788 .782 .805
7 ANGA .964 .976 .983 .988 .970 .753
8 MISSIRAH .918 .927 .891 .923 .921 .786 .913
9 FUNDlUGNE .923 .914 .929 .940 .926 .816 .940 .947
10 DJIFFER .920 .914 .933 .939 .927 .787 .943 .941 .992
11 BANJUL .911 .901 .918 .923 .911 .777 .925 .972 .968 .961
12 PIKINE .833 .8ll .848 .850 .829 .729 .850 .880 .904 .871 .908

UJ

~
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Fig. 3. Dendogram showing the
genetic relationships between the
various populations of Sarotherodon
me/anotheron. This dendogram was
generated using Nei's distance matrix
(1978) (Table 5) and the BIOSYS 1
program of Swofford (1989).

Table 5. Nei's genetic distance (1978) for the various stocks of Sarotherodon me/anotheron obtained from
the allelic frequencies (see Table 3) using the BIOSYS 1 program of Swofford (1989).

Populations 13 14 15 16 17 18

13 ADIOPODUME
14 ANGA 0.972
15 BIETRY 0.992 0.990
16 DAKAR 0.898 0.888 0.894
17 SOMONE 0.918 0.893 0.917 0.983
18 BANJUL 0.913 0.919 0.924 0.985 0.989
19 MISSIRAH 0.902 0.881 0.894 0.974 0.974 0.973

The significant differentiation observed
between these populations supports
Trewavas (1983), who distinguished
several subspecies in West Africa. The
populations of Banjul (18) and of Missirah
(19) may be identified as the subspe
cies S. meJanotheron heudeJotii, and the
population of Dakar (16) as S. meJano
theron paJudinosus. No morphometric
study has ever been conducted on the
individuals of Somone (17). All the
Ivorian stocks, Adiopodume (13), Anga
(14) and Bietry (15), may be identified
as the subspecies S. meJanotheron
melanotheron.

The genetic variability in both T.
guineensis and S. melanotheron shows

a sharp differentiation between the
Ivorian and Senegambian stocks. This
significant differentiation warrants per
formance comparisons among strains
from both regions.

Some populations of both species
show high heterozygosity rates (0.132
for the Adiopote stock [1] of T. guineensis
and 0.067 for the Dakar stock [16] of
S. melanotheron). Individuals from these
stocks could be used in interspecific
crossbreeding where they would be likely
to contribute many new genes.

Lastly, the high level of polymorphism
observed warrants further studies in other
sampling areas (Guinea, Cameroon and
Congo) using other genetic techniques
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such as sequencing of mitochondrial
DNA.
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Abstract

Triploidy was induced by heat-shock in 50 egg batches of tilapia. Determination of triploidy
was done by chromosome examination during the embryonic phase. For growth and gonadal development
studies, a treatment was chosen which gave 100% triploid embryos in the samples used for chromosome
examination. After optimizing temperature treatment, time of exposure and duration of shock,
growth and gonadal development of triploids till the age of 220 days were studied in 18 full-sib
families. Half of each full-sib family was maintained as a diploid control over the whole period. At
the 336th day, half of each batch (diploids and triploids) was killed and the following parameters
were examined for each individual fish: body weight, body length, sex, gonadal weight and development,
and number of chromosomes. The procedure was repeated on the 178th and the 220th day. In
total, 1,304 diploid and 1,228 triploid fishes were analyzed. In generai, triploids showed poorer
growth performance than diploids. At all ages, the gonadal development in the triploid groups
was significantly poorer than in diploids. Triploids proved incapable of producing viable progenies.

Introduction

Stunting is the main problem in til apia
production, caused by early and uncon
trolled reproduction before fish achieve
marketable size. Triploidy of fish could
be a simple solution. Few attempts have
been made to produce triploid tilapia
(Valenti t 975; Chourrout and Itskovich
t 983; Penman et al. t 986; Pandian and
Varadaraj t 990). Comparative studies
on gonadal and growth development
of diploid and triploid tilapia have been
carried out so far only with small stocks
of fish and for relatively short periods.
This study aimed to optimize a tech
nique to obtain triploid Nile tilapia
(Oreochromis niloticus) and to test

triploid tilapia for growth and gonadal
development in comparison with dip
loid full-sibs for a period including sexual
maturation.

Materials and Methods

0. niloticus (Lake Manzala, Egypt)
received from the Institute of Aquacul
ture, Stirling, Scotland, were used as
broodstock. In total, 40 females and 40
males derived from this broodstock
served as parents in this experiment.
The studies were carried out in the
recirculation system of the Institute of
Animal Husbandry and Genetics,
University of Gottingen under
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standardized environmental conditions
as described by Kronert et al. (1989).

Egg batches were produced by sin

gle-pair matings carried out in 125-1

aquaria, applying a 12L/12N photo
period regime. Immediately after depo
sition of the first few eggs on the bot
tom of the tank, the females were re
moved from the tanks, anesthetized and
stripped. Eggs were collected in small
sieves (75 cc) without water contact.
Milt was obtained by dry stripping. For
fertilization, milt was diluted 1: 1 with
0.9% NaCI solution and mixed by drawing
it up into a pipette repeatedly. The eggs
and sperm solution were gently'shaken.
Immediately thereafter, the egg batches
were covered with tap water at 31°C
with pH 8.1. After addition of water,
the egg batches were constantly stirred
for 30 seconds and then divided into
two groups. For each trial, one group
was triploidized while the other group
served as a diploid full-sib control.

For retention of the second polar body,
a heat shock treatment was applied. After
testing with modification of the treat
ments described by Chourrout and
Itskovitch (1983) and Penman et al.
(1986) on 32 batches, the following
method was chosen based on experi
ence of successful triploidization and
hatching with 18 batches (see Puckhaber
1992). Four minutes after fertilization,
the sieves with batches to be triploidized
were carefully transferred to a constant
temperature water bath at 41°C, then
slightly stirred and after 4.5 minutes
returned to the plastic bowl. After 15
minutes, eggs from control and treated
groups were counted and transferred
to the hatching unit.

For artificial hatching of the eggs, a
special incubator was used at 2rC with
constant water inflow. Further informa
tion concerning this hatching unit is given
by Habitsky-Biester (1987). For detecting
triploidy in the treated egg batches,

chromosome examinations were carried
out on embryos and adult fish. Ten

embryos out of each treated batch were

examined. Only batches in which all 10
embryos proved to be triploid were
chosen for rearing.

For chromosome examination, a tech
nique used by Kligerman and Bloom
(1977) was modified as follows: 40-hour
old embryos were kept for 4 hours in
0.4% colchicine solution at 26°C; then
moved to a Petri dish containing 0.7%
NaCI solution and dissected. Afterwards,
they were transferred to a 1.1 % sodium
citrate solution for 10 minutes. There
after, the samples were fixed in an ethyl
alcohol (3): acetic acid (1). (vol:vol)
solution. This fixative was changed twice
after 30 minutes, respectively. After
wards the embryonic tissue in the fixative
was left overnight at -20°e. For the dis
sociation of cells, a 50% acetic acid so
lution was used. After 5 minutes, the
cell suspension was mixed in a pipette
and dropped on to a prewarmed' slide
(50°C). The air-dried slides were then
stained with Giemsa.

For chromosome examination of treated
adults, colchicine solution (2%) was in
jected into the dorsal muscle (2 mg'l,OOO
g.l) 4 hours before the fish were killed.
Gill tissue was then taken and treated like
the embryonic tissue described above.
Feeding and rearing of the diploid and
triploid full-sib groups were as described
by Kronert et al. (1989). A summary is
shown in Table 1.

To ensure the same environmental
conditions for triploids and their cor
responding diploid full-sib groups, stock
ing densities were equalized by random
sampling every two weeks. At the age
of 136 and 178 days, half of each dip
loid and triploid group, and on the 220th
day the rest of each group, were killed.
The following parameters were recorded:
body weight, total length, sex, gonadal
weight, stage of gonadal development
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Table 1. Rearing and feeding regimes of diploid and triploid Oreochromis
niloticus families in 80-1 tanks.

No. of full-sibs
per family Daily ration as Crude protein

Age (days) Diploid/Triploid % (body weight)o.9 content (%)

24 - 37 150 /150 9 50
38 - 93 no /120 5 50
94 - 135 80 / 80 3 25

136 - 177 40 / 40 3 25
178 -220 20 / 20 3 25

and chromosome number. The gonadal
development was classified according
to Kronert et al. (1989) and Oldorf et
al. (1989) (Table 2). A total of 2,532
fishes was examined, 1,304 of which
were diploids and 1,228 triploids. For
testing reproductive capability, one male
and one female from each batch were
kept and tested in the spawning area.

Results and Discussion

A total of 18 full-sib families was stud
ied over 220 days. The average sex ra
tio (male:female) was 1:0.86 in diploids
and 1:0.87 in triploids. The chromosome
set examination of the 1,228 triploidized
fish revealed, in three batches, one fish
to be diploid (0.24%). As these were
single cases, an escape from the dip
loid control groups during handling is
the most likely explanation. The modi
fied heat shock method resulted in 100%
triploidization and may be used for large
scale triploidization, even under tropical
farm conditions.

Growth Comparison

In general, triploids showed poorer
growth performance than diploids, as
also observed by Penman et al. (1986).
Even after sexual maturation, growth
performance of triploids was not found
to be better than that of diploids as

observed, for example, in trout
(Thorgaard 1986). However, growth
differences between diploid and triploid
full-sibs varied distinctly among batches.
Minimum and maximum weights be
tween triploids and diploids within
batches were in the range of +36% to
-48%.

Fig. 1 shows the average growth de
velopment of the groups examined, at
three ages. At all ages, the triploids had
significantly (P<0.01) lower body weights
than the diploid control groups. Body
weight of triploid males was on aver
age 38% lower than that of diploid males.
For females, a mean body weight dif
ference of only 29% was found between
diploids and triploids. Females in both
(diploid and triploid) groups showed a
poorer average growth rate than males,
except triploids on the 136th day. The
average weight difference between males
and females in the triploid groups was
lower (13.3%) than in the diploid groups
{24.6%} (P<O.Ol).

Gonadal Development

Under our laboratory conditions,
spawning activities as well as egg depo
sition of diploids were suppressed by
the limited space. This was indicated
by the gonadal development of diploid
females. At the age of 220 days, 75%
of diploid females were found to be
overripe (maturity stage 6 = spent).
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Table 2. Gonad development stages in female and male tilapia.

Stage

1. immature/inactive
2. inactive-active
3. active
4. active-ripe
5. ripe/ripe-running
6. spent

Stage

1. immature
2. inactive
3. inactive-active
4. active

5. active-ripe
6. ripe

7. ripe-running

Females (Kronert et al. 1989)

no eggs visible
<20 eggs visible, size <0.2 mm
>20 eggs visible, size <0.2 mm
eggs yellow, size 0.2 - 1.1 mm
eggs yellow, size> 1.1 mm
absorption of yolk material. eggs white

Males (Oldorf et al. 1989)

thread-like, colorless
translucent, wider than above
flesh colored, still thin
white/yellowish, thickened, no milt
apparent when cut
cream-colored, thick and enlarged
distended fully over length of visceral
cavity, milt evident when testis cut
white/silvery, milt runs freely under pressure

100

80

~60
..c·r
~ 40
o
aI

20

136 178 220

Age (days)

(M) ~Tri(M)c=JDi(F) _Tri(F)

Fig. 1. Growth of diploid (Di) and
triploid (Tri) Oreochromis niloficus
(M=males; F=females) (and standard er
rors) as a function of age.

Fig. 2 illustrates the average gonadal
development of the diploid and triploid
groups. At all ages, the gonadal devel
opment in the triploid groups was sig
nificantly poorer (P<O.Ol) than in the
diploid full-sib control groups. The dif
ferences in gonadal development be
tween diploids and triploids were more
pronounced in females (60.6%) than in
males (34.7%). The testes of triploid

males appeared to be shorter and more
translucent than those of diploid males.
Gonads of triploid males classified "ac
tive" contained a clear liquid in which
only a few deformed spermatozoa were
found. The triploid females showed only
ova with underdeveloped white oocytes.
The mean gonadosomatic index (GSI)
shown in Fig. 3 also proved to be sig
nificantly lower (P<O.Ol) in triploids than
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Fig. 3. Gonadosomatic
index (GSI and standard
errors) of diploid (Dj) and
triploid (Tri) Oreochromis
niloticus (M=males;
F=females) as a function
of age.
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in their diploid full-sibs. All tests showed

a lower average GSI (49.4%) for triploid
males than for diploid males. In females,
the GSI difference was even more dis
tinct (91.3% lower for triploids than for
diploids).

Ster;flty

For testing sterility, triploid fish were
paired with diploid partners. The pairs
of triploid females and diploid males
were observed for three months; no
spawning occurred during this period.
Mating of triploid males with diploid
females resulted in spawning in all cases,
but gave no viable larvae. Triploid O.
niloticu5 thus proved incapable of pro
ducing viable progenies.

More testing of triploids will now be
started under practical extensive pond
conditions. When compared to diploids,
the advantage of functional sterility of
triploids may result in better growth
performance than under these labora
tory conditions. Studies of net carcass
and meat quality of triploids will be
included. Special attention will be given
to pond productivity.
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Abstract

Parental behavior in tilapias is generally considered to have evolved to enhance the survival of
the progeny. Under cultured conditions, however, breeding conditions and aspects of their reproductive
behavior may be altered and this may affect the quality of the brood. Aspects of the breeding
behavior were therefore investigated under hatchery conditions in Oreochromis niloticus and O.
mossambicus to determine the influence of male spawning frequency on the fertility rates of eggs;
the influence of female brooding on fry quality; the growth of artificially incubated and naturally
brooded siblings; and the influence of delayed initial feeding on fry quality. In both species, the
number of developing eggs in a clutch declined rapidly with the increase in male spawning frequency
on a given day. With four spawnings per day, the fertility rates achieved by the males declined
from over 90% to below 30%. The relationships between the buccal cavity, total egg and fry volumes
suggest that the egg and fry volumes are considerably lower than the buccal cavity volumes. For
11 - 12 cm O. niloticus and O. mossambicus females' egg clutch volumes were only 10- 1'5% and
15-40% of the buccal volumes, respectively. Losses of newly hatched fry increased linearly between
five and eight days postspawning and up to 25% of the clutch were damaged. The types of fatal
damage are presented.

In all clutches, the artificially reared fry were significantly heavier and longer (P<0.05) than
their naturally reared siblings. This difference depended on the timing of the initial release and
differences of up to 200% were observed. Delaying initial feeding beyond six days posthatching
decreased growth significantly (P<0.05). This decrease was greater if the fry originated from smaller
broodstock and hence smaller eggs. The implications of these findings are discussed in relation to
hatchery production.

Introduction

In Oreochromis species, mate selec
tion and successful prespawning court
ship between a male and female can lead
to a temporary pair bonding and even
tual spawning. The female remains in
the males' courtship territory and will
release several batches of eggs (20-50
eggs/batch) which are immediately fer
tilized by the male, over a period of
45-120 minutes (Trewavas 1983). On
completion of spawning, the female

·Current address: FAO of the United Nations, Viale
delle Terme di Caracalla, 00100 Rome, Italy.

leaves the spawning site to rear her
clutch. Under hatchery conditions, how
ever, aspects of this behavior may be
perturbed such that the overall produc
tion of fry may be reduced. Specific
aspects of the reproductive behavior
under captive conditions were there
fore identified for investigation (Fig. 1).

To ensure their paternity of offspring,
Oreochromis males establish and
vigorously defend nest sites on common
breeding grounds. A prespawning
female, on the other hand, visits breeding
grounds to select one of a few males
to fertilize her clutch. Consequently,
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Fig. 1. Breeding events in Oreochromis
species.

infighting among males may result in
a few dominant males fertilizing eggs
of a disproportionately large number of
females.

To sire as many offspring as possi
ble, one would expect the male to shed
sufficient milt to maximize the fertili
zation in each batch of spawned eggs
and to ensure the female deposited all
the eggs in his nest.

The first trial described here was there
fore conducted to test the hypothesis
that if the male fertilizes several batches
of eggs, the fertilization rates of subse
quent batches of eggs may decline.

The female, however, collects the eggs
into her buccal cavity and leaves the
spawning site to rear her clutch, dur
ing which time the viable eggs hatch
and the total volume of the clutch in
creases. The second trial was therefore
conducted to determine if buccal vol
ume was a limiting factor as suggested
in earlier studies by Aronson (1949) and
Baerends and Baerends van-Roon (1950),
and to evaluate the implication of oral

rearing under hatchery conditions on
fry damage.

The duration of buccal rearing, espe
cially the time at first release of fry in
Oreochromis species, can vary among
females and between spawnings of the
same female (Rana 1986, 1990). Clearly,
if the final release of fry is delayed be
yond their first feeding stage, their growth
and survival potential may be reduced.

In view of the possible implication
of the above interacting factors of re
productive behavior on egg viability and
the quality of the fry, in terms of sur
vival and growth, trials were conducted
to determine the effects of:

t. male spawning frequency on fer
tility rates of egg clutches;

2. buccal volume and rearing on fry
survival;

3. mouthbrooding on the growth of
naturally reared fry when compared to
their artificially reared siblings; and

4. delayed initial feeding on the
growth and survival of fry of 0. niloticus
and O. mossambicus.



Materials and Methods

Effect of Male Spa wnlng Frequency
on Fertility Rates of Naturally
Spa wned Egg Clutches

Males and females were conditioned
separately in 1-m2 tanks and were fed
three times a day on a daily ration of
1-2% of their body weight. The females
were starved 24 hours prior to the com
mencement of each trial. Eight females
and one dominant male were selected
and transferred to a 3-m 2 spawning tank
containing 35 em of water. Females were
identified with a numbered tag and were
color-coded with subcutaneous injec
tions of Alcian blue dye. The fish were
fed ad libitum three times a day and
observations were made daily for spawn
ing activity and the sequence noted in
which individually tagged females
spawned. Twelve hours after the last
spawning of the day, the eggs from all
the females were separately removed,
number identified and then returned to
the spawning tank. A random sample
of about 100 eggs from each clutch was
preserved in Bouin's fluid and the number
of developing eggs noted. Each trial,
which lasted for 5-18 days, was repeated
four times for each species.

Fry Losses Associated with Mouth
brooding

Tagged and color-coded females (t 2
t 8 months of age) were stocked in t
and 3-m L breeding tanks (water depth
35 em) at a sex ratio of 3 females: t male
(8 fish) and 100-1 glass aquaria (4 fish),
fed 1-2% body weight per day and held
at 28°C.

Tanks were observed several times a
day and spawning dates of individual
fish were recorded. Brooding females
were allowed to rear their clutches for
between 5 to 12 days. The hatchlings
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were then carefully removed in a dou
ble netted net; an outer 1-mm and in
ner 5-mm mesh to facilitate the sepa
ration and collection of eggs and
hatchlings from parent with minimal
damage. The clutch was then placed in
a 15-cm diameter Petri dish contain
ing clean water. Damaged fry were then
quickly separated and examined under
a dissecting microscope. Damaged fry
with a heart beat were assumed to be
an artifact of handling and therefore these
were added to the undamaged total.
Five brooders were sampled for each
brooding period.

Estimation of Buccal Cavity and
Clutch Volumes

Buccal cavity volumes were deter
mined indirectly by water displacement
of cavity casts made from expandable
foam (Handy foam plus-FEB [Great Brit
ain] Ltd., Manchester, England).

Various sizes of females were killed
with an overdose of benzocaine, tagged
for later identification and their weights
and standard lengths recorded.
Expandable foam was injected into all
areas of the oral cavity and the mouth
was held shut with a bent syringe nee
dle and allowed to set for 90 minutes.
During the setting stage, a syringe needle
with the tip bent to form an "L" was
inserted into the body of the cast to
facilitate later handling. The casts were
then removed by cutting along the floor
of the buccal cavity and lower jaw,
washed and dried at room temperature.
Triplicate estimates of volumes of the
casts were determined by weighing the
displaced water on a tared top-pan
balance.

To determine egg numbers, eggs from
varying sizes of females were placed
in a Petri dish and photocopied. Egg
volumes were determined by the
displacement method using a 5-ml
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graduated measuring cylinder to an
accuracy of 0.1 ml. The volume of 100
swim-up fry from these egg clutches were
similarly measured and maximum clutch
volumes were calculated, assuming all
eggs developed into fry.

Gro wth of Artificially and Naturally
Reared Siblings

Spawning tanks of broodstock were
set up in l-m2 tanks as described in the
section on fry losses above. In addition,
when the broodstock were fed, ground
and sieved (250-500 Ilm), feed contain
ing 40% protein (Pellet No.4, Edward
Baker Ltd., Bathgate, Scotland) was also
added to the tanks in excess as a source
of food for any fry that may be released.
Brooders were observed daily for
spawnings. Brooders were gently guided
into a large net and their mouths quickly
held shut to prevent release of eggs.
The mouth of each female was then
gently partially opened to release about
100 eggs before returning her to rear
the remainder of her clutch naturally.
The date of spawning and tag identifi
cation was noted. To minimize the mixing
of fry released from different females,
eggs of brooders spawned within two
days of the last recorded spawning were
removed and discarded. The eggs re
leased were artificially incubated in
round-bottomed incubators (Rana 1986).
Swim-up fry were stocked at 10 per liter
and fed to excess four times per day
on the same feed as used in the spawning
tanks.

Feeding of the artificially reared fry
was terminated when their naturally
reared siblings were first observed to
be released from the female. The natu
rally reared fry were carefully collected
and they and their artificially reared
siblings were held separately for four
to five hours in clean water to evacu-

ate their gut contents. They were then
killed in benzocaine and the standard
lengths of duplicate random samples of
20 fry were measured (to 0.1 mm), and
their mean moisture (%) and dry weights
(to 0.1 mg) determined.

Results and Discussion

EfFect of Male Spa wnlng Frequency
on the FertJIlty Rates of Naturally
Spawned Clutches

These studies suggested that although
a male may readily court and success
fully mate with several females in a day,
his ability to maximize fertilization rates
declines with an increase in spawning
frequency.

In both species, between two and four
spawnings per day were obtained (Tables
1 and 2). In both species, the proportions
of developing eggs declined rapidly with
an increase of spawning frequency, irre
spective of male age; in the case of 0.
niloticus, from 96% in the first spawning
to 22% in the fourth spawning. A similar
trend was observed for 0. mossambicus.
Unfortunately, data on only four males
are available, but the trend in fertiliza
tion rates are consistent for all males stud
ied (Tables 1 and 2).

Fry Loss and Types of Damage
Associated with Mouthbroodlng

In both species, the cumulative losses
of fry increased linearly up to eight days
postspawning (Fig. 2). Thereafter, the
rate of losses decreased, and by day
10, were nearly zero. By day 12, be
tween 25 and 30% of the batch were
fatally damaged. Numbers of damaged
fry were not significantly correlated with
fry numbers (r2 =0.042 and 0.167 with
df= 15 and 18, respectively, P>0.05).
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Table 1. Effects of repeated matings by Oreochromis niloticus males on the viability of naturally spawned
egg clutches.

Egg viability (% of clutch)
Male Spawning

no. Date of Number of order of Nonviable UnfertiliZf~d Developing
(age) spawnings matings/day females" eggs (%)b eggs (%)C eggs (%)d

(26 months) 2/24/84 4 4,383e 3 1 96
4,377 4 16 80
4,883 e 5 2.6 69
4,384 8 70 22

4/3/84 2. 4,375 0 0 100
4,381 3 27 70

8/3/84 2. 4,377 4 96
4,384 7 21 72

2 (8 months) 6/7/84 3 4,894 5 11 84
4,895 4 33 63
4,891 3 90 7

"Tag no. of individual females ranked in the sequence of their spawning.
bDefined as those eggs in which the germinal disc was not visible.
<Defined as eggs remaining in the germinal disc stage.
dEggs in blastula-embryonic shield stage.
eRefers to a female which spawned twice.

Table 2. Effects of repeated matings by Oreochromis mossambicus males on the viability of naturally
spawned egg clutches.

Egg viability (% of clutch)
Male Spawning

no. Date of Number of order of Nonviable Unfertilized Developing
(age) spawnings matings/day females" eggs (%)b eggs (%)< eggs (%)d

(16 months) 4/27/84 4 4,820 2. 6 92
4,890 5 15 80
4,441 3 41 56
4,277 2 70 2.8

4/2.9/84 2 4,2.72. 6 14 80
4,068 2. 30 68

2. (9 months) 2./6/84 2. 4,882. 2. 19 89
4,889 4 33 63

10/7/84 2 4,889 1 14 85
4,881 2 2.7 71

"Tag no. of individual females ranked in the sequence of their spawning.
bDefined as those eggs in which the germinal disc was not visible.
<Defined as eggs remaining in the germinal disc stage.
dEggs in blastula-embryonic shield stage.
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Fig. Z. Physical damage to fry within the buccal cavity
associated with natural rearing under hatchery
conditions: (a) Oreochromis niloficus and (b) O.
mossambicus. • denotes average and vertical bars
show the range of fry damage during each brooding
period. Note the large range for O. niloticus at six
days was due to the inclusion of two parents kept in
100-1 aquaria in which high numbers of fry were
damaged; the remaining broodfish were kept in l
and 3-m tanks.

Displacement of the yolksac ac
counted for 81-87% of the total damaged

Comparison of Naturally and
ArtIFIcially Reared Siblings

fry. In addition to this, 11-16% of
the fry had eye damage and 5% had
crushed heads.

These types of damage were prob
ably due to physical injuries sustained
during the churning of the clutch by
the female. Under normal conditions,
the churning frequency decreases
from 95 to 105/min to 25-30/min
by the third day of spawning and
decreases to 3-8/min towards the
later stages of rearing (Rana 1986).
When females are harassed by
dominant fish in a confined
environment, increases in churning
frequency and opercular movement
may result in the fragile fry being
damaged by the pharyngeal teeth.

Differences between the expected
egg numbers and the numbers of fry
reared have been attributed to buccal
volume adjustments (Aronson 1949;
Lowe-McConnell 1959; Riedel 1965).
Based on the measurements of buccal
cavity cast volumes, manual strip
ping to avoid partial spawning and
maximum swim-up fry volume, this
study suggests that even though the
clutch volumes increase from 90 to
100% by the swim-up stage, they
are well below buccal cavity volumes.
It is therefore unlikely that buccal
volume is a limiting factor for
mouthbrooding (Fig. 3).

The weights of artificial and natural
siblings are shown in Fig. 4. The time
of initial release of fry varied between
11 and 18 days postspawning. In all
clutches, artificially reared 0. niloticus
and O. mossambicus fry were signifi
cantly longer and heavier (P<0.05) than
their naturally reared siblings. Artifi-

cially reared fry were between 14 and 211 %
heavier than naturally reared siblings: the
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Fig. 3. Comparison between the buccal volume (BV), total egg volume (EV) and
total fry volume (FV) of females of various sizes: (a) Oreochromis niioticus and (b)
O. mossambicus. Curves relate to: • buccal volume; • egg volume; and .... fry volume.
Equations given are based on the natural logarithmic transformation of data.

9 6. 7.

8 (a) 0 niloticus

7

6

5 ~,

Ol
4E

3.
>.
L. 3 60- 50
'0 2. 4°

1: 2
~8

Ol ,.
'iii ,0
~

>.
"0 00
..a
>. (bl 0 mossambicus

.,.
L.

"0 8.
C 2.0 ~ 6-
0 60
Q)

::2: aO
4 0 703- se,- 2-

50
1.0 3°

,0

20

Fig. 4. Comparison between the mean body
(fry less yolk) weights of artificially and natu-

0
, , , I I ,

rally reared "siblings" from the same clutch:
10 12 13 14 15 16 17 18

(a) Oreochromis niioticus and (b) O.
Days ofter spawning mossambicus. 0 and • refer to naturally

and artificially reared "siblings," respectively.



390

later the initial release, the greater the
difference. In both species, the onset of
feeding commences between five and six
days posthatching (9-10 days
postspawning) at 27-28°C (Rana 1985,
1986). In these trials, the first release times
ranged from 11 to 18 days postspawning
and consequently first-feeding
opportunities were delayed for varying
periods of time resulting in lost growth
opportunities. Delaying the initial feeding
of artificially reared fry beyond six days
significantly decreased (P<0.05) the growth
of fry, especially if they originated from
small eggs (Rana 1990).

The above trials suggest that breed
ing behavior under captive conditions
may affect the quantity and quality of
tilapia eggs and fry. Fertilization rates
and, hence, the proportion of viable lar
vae may be influenced by the male
spawning frequency. In addition, the
number of damaged larvae can be in
creased if the brooders are kept in
suboptimal conditions. The quality of
the fry in terms of growth may be re
duced if the initial and irreversible re
lease of fry is delayed beyond the on
set of feeding.
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Abstract

This study describes the hatchability. growth. sex ratios and reproductive behavior of intergeneric
hybrids between !ilapia zillii (Linneus) and Sarotherodon galilaeus (Linneus). and between T. zillii and
Oreochromis andersonii (Castelnau). O. aureus (Steindachner). 0. macrochir (Boulenger). O. mortimeri
(Trewavas). 0. mossambicus (Peters). 0. niloticus (Linneus). 0. placidus (Trewavas). O. spilurus (Gunther)
and O. tanganicae (Gunther). Only hybrid crosses using T. zillii as the maternal parent were successful.

Mean fertilization rates of the pure T. zillii cross and the hybrid crosses were similar and ranged
from 91 to 98%. Hatching rates varied from 67 to 91%. The growth of the juveniles varied among
the hybrids, but the growth patterns were similar to T. zillii. The sex ratios of the hybrids also
showed marked differences and ranged from all males in the T. zillii x 0. andersonii and O. tanganicae
to all females in the T. zillii x O. niloticu5. O. placidu5 and O. aureU5. By convention. the female
parent is named first. The hybrids in all crosses produced mature gonads. The characteristics of
the eggs in all crosses were closer to the maternal parent.

Introduction

In recent years, many approaches have
been used to resolve the problems of
relatively low-farmed tilapia yields and
the low proportion of marketable fish
caused by uncontrolled breeding in
poorly managed tilapia production sys
tems. To minimize or eliminate this
unwanted reproduction, the central aim
of all approaches has been to produce

'Current address: FAO of the United Nations, Viale
delle Terme di Caracalla. 00100 Rome. Italy.
dDr. Wohlfarth, one of the pioneers of research on
fish culture and genetic improvement of fish in Israel,
was killed in a car accident on 22 August 1994.

all-male tilapia seed for culture. Tech
niques such as hand-sexing, x-rays,

chemical sterilization, interspecific hy
bridization and hormone therapy have
been used with varying degrees of suc
cess. Hybridization has also generated
considerable interest and controversy
concerning the sex-determining mecha
nism of tilapias.

In the last decade, interspecific
hybridization between mouthbrooding
species such as Oreochromis niloticus,
O. aureus, O. mossambicus and O.
urolepis hornorum has been widely used

to produce predominantly male off
spring for culture (Hulata et al. 1983).
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These species have compatible breeding

behavior, readily hybridize under culture

conditions and therefore are easily
produced and studied. In contrast, there
appears to be little information on the
biology of intergeneric tilapia hybrids,
especially hybrids between the substrate
spawners and mouthbrooders. Investiga
tions on intergeneric hybrids between
the female Tilapia thol/oni and the males
O. niloticus and O. mossambicus
suggested that all F

1
hybrids were female

and that reciprocal crosses were
unsuccessful (Heinrich 1967; Bauer
1968). A study by Fishelson (1988) on
intergeneric hybrids between
Sarotherodon galilaeus and 0. niloticus
suggests that even though these hybrids
were easy to produce, their reproductive
performance was reduced due to various
levels of gonadal deformity.

In view of the incompatibility of the
breeding behavior of substrate spawners
and mouthbrooders, their progeny may
not breed naturally. Previous studies have
indicated biased sex ratios in some
crosses and such hybrids may help to
elucidate the basis of sex determina
tion in tilapias.

In the present study, intergeneric
hybridization between the substrate
spawning T. zillii and 10 mouthbrooding
tilapias were conducted to determine
if such crosses are able to produce vi
able offspring and to gain information
on growth, sex ratios and reproductive
biology of these hybrids.

Materials and Methods

Procurement of Tllapla Eggs and
Sperms

The substrate spawner T. zillii served
as the dam in all the intergeneric hy
bridization trials. A different female was
used for each trial; the numbers of crosses

and trials for a given species pair are

given in the Results Section (Tables 3

and 4). Six attempts to produce hybrids
from all the reciprocal crosses were
unsuccessful.

Single pairs of T. zillii (100-200 g)
were introduced in 140-1 glass aquaria
supplied by a recirculatory system main
tained at 28°C and checked daily for
spawning activity. Prespawning females
were removed and held in a covered
10-1 plastic aquarium containing clean
aerated water at 28°C.

Three spermiating S. galilaeus, 0.
andersonii, O. aureus, O. macrochir, O.
mortimer!, 0. mossambicus, 0. niloticus,
O. placidus, 0. spilurus and 0. tanganicae
were transferred into separate contain
ers until required.

Manual Stripping and Fertilization
of Gametes

To avoid cross-contamination of sperm
during hybridization, disposable pipettes
and Petri dishes were used for each cross
and were immediately discarded.
Approximately 150-300 eggs were
stripped onto labelled 25x5 cm-perspex
slides and spread into a monolayer with
a fine paint brush. Milt was collected
from three conspecific males, pooled
in a Pasteur pipette, and then spread
over the eggs and activated with warm
water (28°C). Samples of the diluted milt
mixture, collected from the slide, were
then checked under a microscope to
ensure the presence of sufficient mo
tile sperm. After 5 minutes, the eggs
were gently rinsed with water (28°C)
and incubated in individual 2-1 containers
of a recirculatory incubating system con
taining UV-treated water (Rana 1986).

Since the eggs were sequentially
stripped from the female for each cross,
the pure T. zillii cross was carried out
last to ensure that all the eggs stripped
from the female were viable.



Fertilization rates in all the crosses
were determined within 24 hours. The
number of pigmented eggs in a random
sample of 50-100 eggs was counted on
each slide using a dissecting microscope.
The eggs were kept submerged in a Petri
dish for this procedure before being
returned to the incubator.

The time to 50% hatching was noted
for each cross. After completion of hatch
ing, each slide was shaken to dislodge
the larvae. To estimate the hatching rate,
the numbers of unhatched and empty
egg shells adhering to the slide were
counted. The pre-swim-up larvae (three
day-old) were transferred and reared in
20-1 plastic tanks before being used in
growth trials.

Survival, Gro wth and Sex Ratios
of Intergeneric Hybrids

Thirty fry from each of the above
crosses were transferred to duplicate
30-1 plastic rearing tanks served by a
recirculatory system. They were fed three
times a day at a daily rate of 10% body
weight on a trout feed containing 40%
protein (No.4, Edward Baker Ltd.,
Bathgate, Scotland). Random samples
of to fry were bulk-weighed every two
weeks and feeding rations adjusted, after
accounting for mortalities. The growth
trials were terminated after eight weeks.

The validity of significance was es
tablished using ANOVA after arc sine
transformation of data. The fish were
weighed and each cross transferred to
60-1 tanks for ongrowing to sexual
maturity and then killed in an overdose
of benzocaine. The fish (50- t 50 g body
weight) were sexed by examination of
the genital papillae, internal identifi
cation of the gonads and, in uncertain
cases, by gonadal squash preparation.
Fish were weighed and gonads were
removed, then weighed and representa
tive samples fixed for histology.
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Breeding of Hybrids

For each hybrid cross, hybrid females
were introduced, with either male T. zilfjj
or a male of the Oreochromis species
used as the hybrid parent, into 120-1
aquaria for observation of spawning
activity.

Results and Discussion

Fertilization, Hatching Rates and
AlorphologicaI DiFFerences

Mean fertilization rates of the pure
T. ziJlii and the intergeneric hybrids were
similar (P<0.05) and ranged from 91 to
98%. The hatching rates, however, were
variable and ranged from 67% in the T.
ziJlii x O. mossambicus cross to 9 t %
in the pure T. zillji (Table 1). Hatching
times of the hybrids were similar and
eggs from all the crosses hatched within
48 hours of fertilization. The length of
the hybrids and T. zi//ii larvae at hatching
were not significantly (P<0.05) differ
ent and ranged from 4.8 to 5.0 mm.

T. zi//ii and all the hybrid larvae pos
sessed two pairs of head glands, but
the amount of mucus produced by the
hybrids was reduced resulting in the
hybrids being free of the substrate a day
earlier. The intensity of melanophore
pigmentation on the yolksac epithelium
also varied between the hybrids, but T.
zillii controls showed the greatest in
tensity. The hybrids and T. zi/Iii fry be
gan feeding four to five days
posthatching (at 28°C).

Early Fry Survival and Gro wth

The survival and growth of the vari
ous hybrids are given in Table 2. The
mortality patterns between the repli
cates were similar, suggesting a genetic
basis. Survival of fry between hybrids
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Table 1. Means (and SE) for the fertilization and hatching rates
of intergeneric hybrids between Ti/apia zil/if females and males
of various Sarotherodon and Oreochromis species.

Male parent

T. zi//if (control)
S. ga/i/aeus<
O. andersoniJb

O. aureus"
Q. macrochir'
O. mortimenb

O. mossambicus"
O. ni/oticus"
O. p/acidusb

O. spi/urus"
O. tanganicaea

Fertilization
rate (0J0)

96.8 (1.4)
98.7 (0.86)
91.1 (4.54)
95.0 (2.9)
93.3 (3.75)
96.0 (1.84)
93.8 (2.85)
93.5 (2.05)
95.0 (1.70)
95.0 (1.7)
92.1 (-)

Hatching rate
(0J0)

91.0 (3.29)
87.7 (2.82)
89.0 (5.02)
88.0 (2.65)
78.3 (8.43)
84.5 (8.48)
67.1 (3.10)
78.6 (2.45)
85.0 (4.03)
83.5 (4.25)
87.4 (-)

a: N=I; b: N=2; c: N=3; and d: N=4 (no. of attempts).

Table 2. Means (and SE) for the growth characteristics of intergeneric hybrid tilapia
juveniles: all with Ti/apia zil/ii as the female parent and various Sarotherodon and Oreochromis
species as the male parents.

Initial Final weight' SGR (SE)'·2 Survival'·2
Male parent weight' (g) (g) (OJo'day") (%)

T. zi/Iii (control) 0.076 2.38 6.4a 81.5 ed

(0.003) (0.035) (0.099) ( 1.61)
S. ga/i/aeus 0.132 3.49 6.1" 81.5 ed

(0.027) (0.11) (0.179) (1.66)
O. andersonii 0.072 3.24 7.1 ab 98.5d

(0.006) (0.057) (0.198) (1.5)
O. aureus 0.087 2.49 6.2a 98.5d

(0.004) (0.134) (0.198) (1.50)
O. macrochir 0.096 3.06 6.18a 76.5ed

(0.006) (0.10) (0.18) (3.5)
O. mortimer! 0.093 3.19 6.55a 50ab

(0.007) (0.028) (0.049) (9.9)
O. mossambicus 0.170 5.02 6.25a 37a

(0.003) (0.30) (0.148) (-)
o. ni/oticus 0.058 3.68 7.65b 48.5a

(0.002) (0.636) (0.247) ( 1.5)
O. p/acidus 0.115 3.33 6.25a 61.5abe

(0.002) (0.010) (0.049) (8.5)
O. spi/urus 0.070 2.29 6.45a 88.5<d

(0.002) (0.042) (0.049) (11.5)
O. tanganicae 0.093 3.79 6.9ab 78.5 bed

(0.003) (0.071) (-) (1.5)

'Means based on duplicate treatment.
2Means within columns having the same letters are not significantly (P<0.05) different.



at the end of the trial varied significantly
(P<0.05). Hybrids with 0. mossambicus
and O. niJoticus, and 0. andersonii and
0. aureus had the lowest and highest
survival rates, respectively. Despite these
differences, the growth rates of the
hybrids at the end of the trial were not
significantly (r=-O. 145, df=21, P<0.05)
correlated with the survival rates.

Mean initial weight of the different
hybrid groups varied between 0.06 and
0.17 g and were significantly correlated
with the final weight (r=O. 712, df=21,
P<0.05) and weight gain (r=0.699, df=21,
P<0.05). This association presents a
problem since these growth estimators
may result in growth being biased by
variation in initial weights. In an attempt
to reduce this bias, weight data were
transformed and growth of the hybrids
was compared as specific growth rate
(Table 2). Hybrids of O. tanganicae, O.
andersonii and O. niJoticus showed the
highest growth rates. The high appar
ent growth rates of 0. niJoticus hybrids,
however, may have been influenced by
their low survival rate.
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Reproductive Behavior, Gonadal
Development and Sex Ratios

All the hybrid females lacked the typi
cal breeding behavior of either of their
parental species and no spawning oc
curred in the breeding tanks. One "ac
cidental" spawning did occur with a T.
zillii x O. mossambicus female. This
female was held on her own in a plas
tic tank and therefore no information
on the viability of the eggs was obtained.
The eggs were laid on the tank bottom.
They were partially adhesive and simi
lar to those of a substrate spawner. In
addition, the female guarded and pe
riodically fanned the eggs.

From the observations performed to
determine the sex of the hybrids, not
all fish could be classed as male or fe
male. In some crosses, between 1 and
6% of the fish were sterile (Table 3).
These fish lacked any gonadal tissue and
contained instead a clear, viscous fluid.

Depending on their paternal species,
the sex ratios of hybrids fall into three
main groups: predominantly male, pre-

Table 3. Sex ratios of intergeneric tilapia hybrids having Tilapia zillii as the female parent and
various Sarotherodon and Oreochromis species as the male parents.

Trial 1 Trial 2 Trial 3

Male parent M F S M F S M F S

T. zillii (control) 15 8 10 16 14 34
O. niloticus 0 21 3 0 Z3 0 27 2
O. placidus 0 32 2 0 46 0 65 2
O. mortimeri 0 27 4 2 27 1
O. aureus 2 52 1 0 53
O. mossambicus 5 17 1 0 50 0 33
O. spilurus 7 36 0 25
S. galilaeus 9 24 12 13
O. macrochir 81 36
O. tanganicae 31 0 ZZ 0
O. andersonii 52 0 49 0

M: male; F: female: and S: sterile fish (see text).
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dominantly female and an approximately
equal number of both sexes (Table 3). It
is difficult to see any obvious pattern re

lated to the presumed sex-determination

system from other studies (McAndrew
1993) as O. macrochir and O. aureus
(homogametic males) occur in different
groups. There is no firm evidence that the
observed sex ratios are based on any
phylogenetic relatedness, as suggested
by Sodsuk and McAndrew (1991) who
found 0. andersoniito always be closely
grouped with 0. mossambicus and O.
mortimeri. In this study, 0. andersonii
appears to be clearly separated from the
two other species.

The gonads of hybrids, where recog
nizable, were of particular interest. In
all cases, the gonadosomatic indexes
of both sexes were significantly (P<0.05)
lower than those of pure T. zillii prog
eny, and ranged between 0.005 and
0.36% for the males and 0.32 and 1.74%
for the females (Table 4). The majority
of the hybrid female ovaries contained
relatively few oocytes compared to those

of pure T. zillii. The majority of the gonads
examined contained previtellogenic
oocytes up to stage 3, and few gonads

contained mature oocytes at stages 5

and 6. Even though the testes of the
hybrids with O. andersonii and O.
tanganicaewere significantly smaller than
those of pure T. zillii, they contained
gametes at all stages of development.
In some fish, mature spermatozoa were
present in the tubules of the testes.

It is difficult to derive any hypothesis
from this study on sex determination
in til apia. Hybrid sex ratios are a noto
riously difficult analytical character
(Majumdar and McAndrew 1983). As
a result of the difficult statistical prob
lems in identifying and separating ex
pected sex ratios and our limited knowl
edge on the genetic mechanisms in
volved in sex determinations in pure
species, the consequences for hybridi
zation are impossible to predict. The
observed sex ratios, the reduced repro
ductive performance and the phytopha
gous feeding habit of the substrate

Table 4. Means (and standard deviations) for the gonadosomatic indexes (GSI)
of intergeneric tilapia hybrids from Tilapia zillii female parents and various
Sarotherodon and Oreochromis species as male parents.

Mean body GSI'
Male parent No. Sex weight (g) (%)

T. zillil (control) II M 78.5 (36.Z) 1.47 (0.47)"
6 F 51.5 (Z3.3) Z.8 (O.ZO)'

S. galilaeus 7 M 101.7 (ZO.6) 0.36 {O.30)b
O. andersonii 10 M 136.6 (4Z.6) O.OZ (0.013)b
O. aureus ZI F 101.Z (46.6) I.Z6 (0.96)'
O. macrochir 33 M 14Z.7 (5Z.7) 0.19 (0.05)b

8 F IZ5.0 (31.9) 0.50 {O.56)2
O. mortimeri 14 F 103.9 (ZZ.8) 0.67 (0.ZZ)2
O. mossambicus 6 M 67.0 (34.4) O.OZ (.005)b

5 F 64.1 (55.5) 0.3Z (0.10)2
O. niloticus 16 F 132.4 (Z9.4) 1.74 (1.Z8)'
O. placidus 11 F 53.7 (16.7) 0.35 (0.1 Z)2
O.spilurus Z5 F 74.4 (38.8) 0.51 (0.53)2
O. tanganicae 10 M 75.5 (30.5) 0.05 (0.OZ6)<

'Means with different letters (for males) and numbers (for females), respectively,
are significantly (P<0.05) different.



spawner parent may, in themselves, be
of some advantage in possible future
uses of these hybrids.
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Abstract

An electrophoretic study of enzyme polymorphism was conducted on five species of tilapia of the genus
Oreochromis: O. niloticus, 0. aureus, 0. mossambicus, 0. urolepis homorum and 0. macrochir. For 0.
niloticus, five farmed populations were analyzed, as well as two natural populations from the Volta and the
Niger rivers. Eighteen enzyme systems, coded by 30 loci were studied. Heterozygosity and genetic distances
between the different samples were calculated. The study of the genetic diversity of 0. niloticus shows the
resemblances and dissimilarities that exist among these populations, as well as the maintenance of variability
in farmed stocks. Analysis of the results obtained for one of the populations of 0. aureus and 0. mossambicus
suggests a case of genetic introgression due to the continued use of these populations in interspecific
hybridization. An analysis was conducted to estimate phylogenetic relationships between the different
populations.

Introduction

The production of tilapia has made great
strides in subtropical and tropical countries.
Some 20 species, often originating from
introductions (Welcomme 1988; Lazard
1990), are used for aquaculture with
Oreochromis niloticus as main species. It
seems that most of these stocks have not

'Current address: Institut national agronomique Paris
Grignon (INA-PG), Department des sciences animales,
GER amelioration genetique, 16, rue Claude Bernard
75231 Paris Cedex 05, France.

been produced and managed in a rational
way for aquaculture (Wolfarth and Hulata
1983; Thys van den Audenaerde 1988). They
have often been developed from broodstock
taken from a limited number of sites, some
times even a single site, and in small numbers.
Moreover, some farmed populations have
had a quite complicated history, with suc
cessive transfers multiplying the risks of ge
netic bottlenecks. Thus, the genetic poten
tialities of these species are perhaps not
totally exploited and some genetic dete
rioration may have occurred over generations.



Finally, cases of genetic introgression have
been described (Taniguchi et al. 1985;
Macaranas et al. 1986) in aquaculture strains,
whether due to interspecific hybridization
programs or to the introduction of exotic
individuals into farming areas. This situa
tion has led to an increased interest over
the last few years in describing the genetic
diversity of the principal species of tilapia
used for aquaculture to identitY the different
populations with aquaculture potential and
to improve the management of culture stocks.

In Cote d'lvoire, farmed populations of
Oreochromis are all of exotic origin, although
0. niloticus exists in a few rivers belonging
to the Niger and Volta river basins. The first
introductions were made by the Tropical
Forestry Technical Center (CTFT) in 1957
(Lazard 1990) at the Bouake station (currently
IDESSAb

), and have continued, particularly
in the search for species adequate for la
goon aquaculture, up until the 1980s. The
preliminary results of the study on gene
tic diversity in these lvorian populations,
using the electrophoretic characterization
of enzyme polymorphism, are presented
here.

Materials and Methods

Randomly selected individuals were
harvested from 11 farmed populations be
longing to five species of Oreochromis, as
well as from two natural populations of 0.
niloticus (Table 1).

Samples of muscle, liver and eye tissue
were taken from each individual and deep
frozen to -IOCe. Samples were homogenized
in distilled water (muscle 1 g'ml-1 , liver
1 g·1.5 ml-t and eye 1 g·0.5 ml- t ) and cen
trifuged to 5,000 r·min· l for 30 minutes.
For the eye tissue, chloroform was added
to eliminate the glycoproteins and glycolipids
that can cause distortions during enzyme
separation.

blnstitut des Savanes.
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Electrophoretic analyses were done on
12% starch gels. The separation and stain
ing techniques used were those described
by Krieg (1984) and McAndrew and
Majumdar (1983). Eighteen enzyme sys
tems coded 30 loci were analyzed (Table
2). The designation and numbering of the
different loci are as proposed by Shal<lee
et ai. (1990). The numbering of the differ
ent loci in a given enzyme system is based
on their mobility, that closest to the cathode
receiving number one. For each locus, the
most frequent allele in the Bouake strain
of 0. niloticus (the point of reference) re
ceived the index 100, the other alleles be
ing designated according to their relative
mobility. Alleles migrating to the cathode
are numbered according to the same prin
ciple, their index being preceded by a nega
tive sign.

Allelic frequencies were estimated from
the breakdown ofthe alleles. For polymorphic
loci, the agreement to Hardy Weinberg's
equilibrium was verified by the exact test
(BIOSYS-1 / 1.7) of Swofford and Selander
(1989). Polymorphism was calculated tak
ing into account that a locus is polymor
phic when the frequency ofthe most common
allele is lower than 0.95 (P95) or 0.99 (P99).
Genetic distances and heterozygosity were
calculated following Nei (1975). Based on
the genetic distance matrix, a dendogram
was created with the Kitsch program of Phylip
(Phylip Package), using the methods of Fitch
and Margoliash (1967) and the least squares
method, with constant evolution rates. Finally,
a hierarchical breakdown of genetic diver
sity following Nei (1973) and Chakraborty
(1980) was conducted on populations of
0. niloticus.

Results

Allelic frequencies at the polymorphic
loci, polymorphism and heterozygosity are
presented in Table 3. Of 30 loci studied,
17 proved polymorphic among or between
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Table 1. List of populations of Oreochromis spp. studied. The symbols used to represent populations in the
following figure and tables are indicated in parentheses.

Populations Origin Sampling area Number

of samples

O. nifoticus (BK)
O. nifoticus (KO)
0. nifoticu5 (BU)

O. nifoticus (OA)
O. nifoticus (00)
O. niloticus (KU)
O. niloticus (NI)
O. aureus (AI)
O. aureus (AM)
O. aureus (AE.)
O. mossambicus (MO)
O. urolepis homorum (HO)
O. macrochir (MA)

Volta+NiI river basins
"Bouake" strain
"Bouake" strain
"Bouake" strain
"Bouake" strain
Volta river
Niger river
Israel (via Belgium)
idem (via Bouake)
Nile (Lake Manzalla)
Mozambique
Malaysia
Zaire

Bouake station
Lake Kossou
Lake Buyo
Oaloa fish farm
Odiene fish farm
Kou valley
Niger (near Niamey)
Bouake station
Mopoyem station
Bouake station
Bouake station
Bouake station
Bouake station

30
30
14
24
15
20
17
30
14
30
30
20
30

Fig. 1. Genetic structure of populations of Oreochro
misspp.

w:~ ~-------~
AE ,=

'----- MA c=:r---I

MO ~ --I

HO L~ I
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,

DA c:=
~

NI c=----I

KO , ---I

~ ~:~ =
~ ---I

BK L --I

of 0. niloticusand (4) 0. mossambicusand
0. urolepis homorum. Genetic distances
between species are small, but they are
compatible with those calculated by
McAndrew and Majumdar (1984) with the
exception of 0. mossambicusplus 0. urolepis
homorum. The diagnostic loci, identified
by Brummett et al. (1988) among American
populations of these two species, share
common alleles in the two Bouake
populations (in the two studies, 0. urolepis
homorum had the same origin). Apart from

Intrapopulation variability

o 5 10 15 20 25
Polymorphism and heterorygosily (x100)

==:=J heterozygosity

-- polymorphism (95)

- - -f polymorphism (P99)

Interpopulation variability

30 20 10 0
Genetic distance (xlQO)

(Kllch,program
Felsenstain,1990)

Discussion
Comparison of the results from all

populations of the five Oreochromis species
show four different groups: (1) 0. macrochir,
(2) populations of 0. aureus, (3) populations

populations. Diagnostic loci were shown,
mainly in O. macrochiras compared to the
other species. The Hardy Weinberg pro
portions were tested in all populations. Three
tests out of 67 are significant at the 5%
level. The Hardy-Weinberg equilibrium is
generally respected and the populations
can be considered panmictic.

For each population, rates of P95 and
P99 polymorphism are close enough, ex.,;
cept in the case of the "Israel-Bouake" strain
of 0. aureuswhere all polymorphic loci have
a majority allele of a frequency higher than
0.95 (except for IDHP-1 *).

Heterozygosity varies between 0 (0.
aureus"Israel-Mopoyem" strain) and 8.4%
(0. niloticus "Buyo" strain). Heterozygosity
in farmed populations of 0. niloticus is higher
than in natural populations.

The genetic distance matrix is given in
Table 4 and the resulting dendogram is
presented in Fig. 1. Four groups are dis
tinguished: (1) strains of 0. niloticus, (2)
0. mossambicusand 0. urolepis homorum,
(3) 0. aureus and (4) 0. macrochir.
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Table Z. List of enzyme systems studied with their location in the tissues. their genetic structures and the
migration buffers used. Tissues: L = liver. M = muscle and E = eye.

System Locus Tissues Buffer Remarks

AAT l' L.M.E MCZ MCZ (Morpholin citrate)
Z' L.E citric acid 0.08 M. adjusted to pH 6.Z
3' M.E with morpholin

ADH l' L RW 300 V-II 0 rnA - 3 hours and 30
minutes

AK l' M MCZ gel: dilute buffer to 5%
CK l' M.E RW

Z' E MC4 (Morpholin citrate buffer)
EST Z' M.E RW citric acid 0.08 M, adjusted to pH 6.6
FBP l' M MC4 with morpholin

Z' L ZOO V-II 0 rnA - 3 hours and 30
minutes

FH 1" M MCZ gel: dilute to 10%
G3PDH 1" M MC4

Z' L.M RW (Ridgway buffer)
GPI l' M,E RW electrode buffer: LiOH 0.06 M.

Z' L.E H3B03 0.3 M.
IDDH t· L RW gel buffer: tris 0.03 M, cetric acid
IDHP l' L MC4 0.005 M

Z' M 350 V - 80 rnA - Z hours and 15
minutes

LDH l' M.E RW gel: gel buffer + 1% electrode buffer
2' L.M,E
3' E TEB (Tris-EDTA-Borate)

MDH l' M.E MCZ tris 0.5 M EDTA 0.016 M. H3B03
Z' L.M.E O.24M
3' M ZOO V - 100 rnA - 3 hours

MEP l' M MC4 gel: dilute to 10%
Z' L,M

MPI l' M TEB
PGDH 1" L.M MC4
PGM l' M TEB
SOD l' L RW

the action of genetic drift among American
populations, in which polymorphism is zero
or greatly reduced, such a difference could
be due to the introduction of exotic alleles
as a result of introgression between them
or with the other species present at the
Boual<e station.

Heterozygosity in the Ivorian farmed
populations of 0. niloticu5 is higher than
in the natural populations of the Niger and
Volta rivers and in the natural population
of Lake Manzalla (Nile basin) studied by
McAndrew and Majumdar (1983). Such a

level ofvariation among these populations
that originated from the Boual<e strain can
be explained by the double origin of the
strain. which resulted from a 1971-72 mixing
of the station's Volta and Nile populations.
In this hypothesis, the polymorphism ob
served in certain fixed loci of the Volta popu
lation (which originates from the same place
as the founder population of the "Bouake"
strain) could be due to the genetic
contribution of the Nile individuals.

The Daloa, Odilme, Kossou and Buyo
populations originated from the "Bouake"
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Table 3. Allelic frequencies at polymorphic loci, mean heterozygosity (H) and polymorphism (P at 95 and
99%) for the different populations of Oreochromis spp. (see Table 1 for letter codes).

LOCUS ALLELE BK KO BU DA OD KU NI

AAT-2* * 117
*100 0.600 0.607 0.633 0.813 0.633 0.300 0.500

*55 0.400 0.393 0.367 0.187 0.367 0.700 0.500
AAT-3* * 100 1.000 1.000 1.000 1.000 1.000 1.000 1.000

*78
ADW *-50

*-100 1.000 1.000 1.000 1.000 1.000 1.000 1.000
CK-l * *100 1.000 1.000 1.000 1.000 1.000 1.000 1.000

*56
EST-I* *105 0.017

*100 1.000 0.983 1.000 1.000 1.000 1.000 1.000
FH* *120 0.500 0.017 0.071 0.133

*100 0.500 0.983 0.929 1.000 0.867 1.000 1.000
GPI-2* *114

*100 1.000 1.000 1.000 1.000 1.000 1.000 1.000
IDDW *169 0.100 0.143

*100 0.750 0.375 0.643 0.646 0.800 0.684 0.500
*16 0.150 0.482 0.357 0.354 0.100 0.316 0.500

IDHP-l * *108
*100 1.000 1.000 1.000 1.000 1.000 1.000 1.000

*70
LDH-2* *100 0.950 0.833 0.750 0.750 0.967 0.800 0.971

*52 0.050 0.167 0.250 0.250 0.033 0.200 0.029
*46

MDH-l* *100 1.000 1.000 1.000 1.000 1.000 1.000 1.000
*42

MDH-3* * 119 0.017
*100 0.983 1.000 1.000 1.000 1.000 1.000 1.000

MEP-l * *125 0.050 0.083 0.286 0.229 0.100 0.200. 0.286
*100 0.950 0.917 0.714 0.771 0.900 0.800 0.714

MEP-2* *120 0.183 0.017 0.179 0.033
*100 0.817 0.983 0.821 1.000 0.967 1.000 1.000

*80
*70

MPI* *107 0.100 0.050 0.250 0.208
*100 0.900 0.950 0.750 0.792 0.100 1.000 1.000

*92
PGDW *100 1.000 1.000 1.000 1.000 1.000 1.000 1.000

*69
SOD* *100 1.000 1.000 1.000 1.000 1.000 1.000 1.000

*19

H(%) 6.96 5.68 8.40 6.06 4.41 4.97 4.88
P95 (%) 23.33 16.67 23.33 16.67 13.33 13.33 10.00
P99 (%) 26.67 26.67 23.33 16.67 20.00 13.33 13.33

(cont.)
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Table 3. (cant.}

LOCUS ALLELE AI AM AE MO HO MA

AAT-Z* *117 0.183
*100 0.983 1.000 1.000 0.467 0.450 1.000

·55 0.017 0.350 0.550
AAT-3* ·100 0.033 0.983 1.000 1.000

·78 0.967 1.000 1.000 0.017
AOW *-50 0.967 0.883

·-100 0.033 1.000 0.117 1.000 1.000 1.000
CK-l* ·100 1.000 1.000 1.000 1.000 1.000

·56
EST-Z* *105 0.967 1.000 0.987 0.050 1.000

*100 0.033 0.033 0.950 1.000
FH* *IZ0 0.017 0.117

*100 0.983 1.000 0.883 1.000 1.000 1.000
GPI-Z· *114 0.950 0.583

*100 1.000 1.000 1.000 0.050 0.417 1.000
IDOW *169 0.033 0.850 0.575

*100 0.967 1.000 1.000 0.150 0.4Z5 0.36Z
*16 0.638

IDHP-l* *108 0.950 1.000 0.950 0.033
·100 0.050 0.050 0.967 0.9Z5 1.000

*70 0.075
LDH-Z* ·100 1.000 1.000 0.630 1.000 1.000

·52
·46 0.367 1.000

MOH-l· ·100 1.000 1.000 1.000 1.000 1.000
·42 1.000

MOH-3· ·119 1.000 1.000 1.000 1.000 1.000 1.000
·100

MEP-l· ·125 O.ZOO
·100 1.000 1.000 0.800 1.000 1.000 1.000

MEP-2* ·120 0.033
·100 1.000 1.000 1.000 0.967 0.750 0.550

·80 0.250
·70 0.450

MPI· *107
*100 1.000 1.000 1.000 1.000 1.000
·92 1.000

PGOW *100 1.000 1.000 1.000 1.000 1.000 0.900
·69 0.100

SOO* *100 0.967 1.000 1.000 0.317 0.Z50
·19 0.033 0.683 0.750 1.000

H (%) 1.60 0.000 4.52 5.55 7.87 3.79
P95 (%) 3.33 0.000 20.00 16.67 20.00 10.00
P99 (%) 26.67 0.000 20.00 26.67 20.00 10.00
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Table 4. Matrix of standard genetic distances (Nel 1973) estimated among the different populatIons studied.

BK KO BU OA 00 KU NI AI AM AE MO HO

KO 0.0164

BU 0.0124 0.0061

OA 0.0178 0.0052 0.0030

00 0.0079 0.0062 0.0067 0.0064

KU 0.0179 0.0067 0.0072 0.0110 0.0063

NI 0.0181 0.0034 0.0063 0.0076 0.0056 0.0039

AI 0.1974 0.1934 0.1987 0.1881 0.1815 0.2010 0.1973

AM 0.2118 0.2075 0.2126 0.2014 0.1950 0.2151 0.2113 0.0004

AE 0.2000 0.1984 0.1982 0.1885 0.1861 0.2036 0.2009 0.0066 0.0069

MO 0.1189 0.1059 0.1204 0.1197 0.1126 0.1162 0.1135 0.2201 0.2374 0.2334

HO 0.0913 0.0835 0.0930 0.0943 0.0843 0.0862 0.0872 0.1951 0.2121 0.2076 0.0109

MA 0.3129 0.2884 0.2905 0.2828 0.3030 0.3119 0.3046 0.3355 0.3464 0.3150 0.2761 0.2495

strain. Some differentiation is observed com
pared to this strain and between the
populations, particularly in the number of
polymorphic loci. Two hypotheses, not mu
tually exclusive, can address this. On the
one hand, the separation of these stocks
took place at different times and therefore
at various stages of mixing of the two ge
netic pools originating from the "Bouake"
strain. It will be noted that, although ge
netic distances are all very small, the farmed
population most similar to that of the Volta
river comes from Lake Koussou, which was
stocked close to the time when genetic
mixing began. This may explain the weaker
influence of the original Nile population
whose presence at the station is limited
tQ few individuals. On the other hand, such
differencescan be accounted for simply by
the effect ofgenetic drift acting independently
on these groups that originate from the same
genetic pool.

Other studies on farmed stocks of O.
niloticus show great variations, with
heterozygosity ranging from 0 to t t .5%
(Basiao and Taniguchi t 984; Taniguchi et
al. t 985; Macaranas et al. t 986; Brummett

et al. t988). The highest rates are obtained
in Philippine populations for which genetic
introgression by 0. mossambicus has oc
curred. In the populations of Bouake and
Kossou, a locus (MDH-3* and EST-Z*, re
spectively) possesses an allele (* t t 9 and
* tOS, respectively) that is present at a very
low frequency (f=O.O t 7) and that is not found
in any other population of 0. niloticus. This
presence could be the sign ofan introgression
that occurred before the separation of the
two populations. In any case, this
introgression is probably very weak.

The study of genetic distances and the
distribution ofgenetic diversity in 0. niloticus
(Table 5) shows that most genetic diversity
is of intrastock origin (90% of the total gene
diversity). This confirms the relative
homogeneity among Ivorian farmed stocks
and between them and the two natural po
pulations. The differentiation between the
two natural populations could be the sign
of a certain homogeneity in stock arising
from periods of contact between these two
basins.

0. macrochirshows a relatively low mean
heterozygosity (3.8%), but that is close to



Table 5. Hiereu:chical breakdown of total genetic
diversity (Hr = H + D) in Oreochromis nl/oticus:
90% of the genetic diversity is of intrastock origin.

Total gene diversity (Hr )

-
Intrastock gene diversity (H)

Interstock gene diversity (D)

6.56%

5.90%

0.66%
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to describe the different allelic forms present
in this species; and

- to develop other techniques to reveal
an introgression, such as mitochondrial DNA
analysis.

Conclusion

the rate found by McAndrew and Majumdar
(1983, H=3. t%) in another farmed popu
lation. This species has been present at the
station since t958, and comes, via Cameroon,
from a stock created in t945 in Zaire (Thys
van den Audenaerde t 988) from to pairs.
This history suggests a significant risk of
bottleneck.

The intrastock variability found in the two
stocks of 0. aureus "Israel" is zero in the
Mopoyem stock, and very low in the Bouake
stock where the most common alleles at
the polymorphic loci show frequencies higher
than 0.95 (except for IDHP-t*). This may
be due to bottlenecks that have occurred
during the successive transfers
(Israel-7 Belgium-7 Cote d'lvoirejBouake-7
Mopoyem). In this case, the Bouake popu
lation could show a residual state of the
initial polymorphism of the Israeli strain, a
polymorphism that would have been lost
during the constitution and maintenance
of the Mopoyem stock. It is also possible
that the Mopoyem stock represents the initial
state of the Israeli strain upon its arrival in
Cote d'lvoire. In this case, variations ob
served in the Bouake stock could be due
to an introgression-particularly by O.
mossambicus, with which many interspecific
hybridizations have been performed and
which shows specific alleles of 0. aureus
at frequencies similar to those of the poly
morphic loci of O. aureus "Bouake". These
two hypotheses are not exclusive, and to
better assess the respective influence of these
two phenomena, it will be necessary:

- to study the genetic diversity of the
wild populations of 0. aureus, particularly

Based on these preliminary results, and
compared to other studies, it seems that
farmed populations of O. niJoticus in Cote
d'lvoire have been constituted, then main
tained as aquaculture stocks without loss
of variability or evident introgression by
the other species.

For populations of 0. aureus used in
experiments on lagoon aquaculture, the
existence of a weak introgression is possi
ble. Since this can have significant
consequences on culture performance (fer
tility, growth and survival), the actual state
of the populations will have to be monitored
and, if necessary, a new strain should be
constituted.

Finally, it will be noted that there is a
great similarity between the natural O.
niJoticus populations of the Volta and Niger
river basins..
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Abstract

This study compared the social hierarchy of three groups of five males of two tilapia species:
Oreochromis niloticus and Oreochromis mossambicus. Measurements of circulating steroid (testosterone,
1 1-KT and 17.lOP) showed high testosterone levels in dominant males of O. niloticus, whereas no
significant difference was observed in the levels of testosterone between dominant and dominated
males of O. mossambicus. In O. niloticus, highly aggressive and territorial behaviors are correlated
whereas O. mossambicus has low endocrine levels and does not have a highly hierarchical social
behavior. In O. niloticus, the color of the dominan·t male is testosterone-dependent and has an
appeasing function: pre-spawning females adopt this color after a sharp increase in testosterone
and are thus able to enter the nest guarded by the male.

The use of different steroid implants confirms the role of testosterone in the aggressive behavior
of the tilapia, allowing some fish to rise in the social hierarchy. The effects of 1 l-KT are more
obvious for nest-digging activities than for chasing behavior.

Introduction

Previous studies have shown a cor
relation between gonadal cycles, cir
culating steroid levels and sexual
behavior in many fish, especially in
salmonids (Liley and Stacey 1983),

In cichlids, Aronson (1945. 1951) de
scribed the role of external stimuli (visual
stimuli, sound emission, contact between
the lateral lines and chemical commu
nication) produced by other mates on
spawning frequency. In Oreochromis
mossambicus, Silverman (1978a, 1978b)
suggested an effect comparable to
pheromones as shown by Solomon
(1977) in other species. In O. mossam
bicus, males as well as females can in
crease spawning frequency.

This study compares the social beha
vior and the endocrine levels of two
species of tilapia: Oreochromis niloticus
and O. mossambicus.

Materials and Methods

Fish

The fish used in the experiments were
O. niloticus from a laboratory strain ori
ginally coming from Bouake (Cote
d'ivoire). All animals came from the same
culture batch and were one year old.
They measured 14.5± 1.29 cm and
weighed 96.3±3.5 g (mean body
weight). Experiments were performed
every year between April and Septem
ber from 1989 to 1992.
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For 0. mossambicus, the animals came
from a strain developed in Louvain-la
Neuve (Belgium) by Ursula Falter. In this
experiment, 10 females of O.
mossambicus and eight females of O.
niloticus were used as well as t 5 males
of each species.

Culture Conditions

Outside experimental periods, males
and females were separated and placed
in tanks containing 0.5 m 3 recirculated
water kept at 2re. These tanks con
tained only tilapias. During experimental
periods, the animals were placed in 300
I glass tanks containing adsorbing sand
at the bottom and were transferred
during tests to an 800-1 tank also con
taining adsorbing sand at the bottom.

Experimental Protocols
and Ethograms

Males were divided into groups of five
animals. An ethogram was used to es
tablish the social hierarchy for each of
these groups and to visualize the so
cial relationships within the group. For
easy identification, the animals were
tagged by fixing a nylon string with
different colored beads forming a de
termined pattern on the posterior part
of the head. The frsh were anesthetized
and a blood test was done before and
after a series of behavioral tests con
ducted over a five-day period to evaluate
their social hierarchy. These tests were
triplicated for each groups.

On the ethogram where the five fish
are represented in a circle (see Fig. 1).
the dominant male, i.e., that which di
rects the greatest number of activities
towards its conspecifics, is placed at
the top. The dominated animal. i.e., that
which sustains the greatest number of
aggressive actions without reciproca
tion. is placed at the bottom. Interac-

tions between animals are represented
by arrows oriented in the direction of
the action. The thicker the line, the higher
the number of aggressive actions be
tween fish. The number of fish is indi
cated in circles.

Social and Sexual Behavior

The different elements of the social
and sexual behavior were recorded
during a series of 1O-minute tests every
hour. eight times a day. This behavior
was characterized by pursuits, mouth
to-mouth contacts. mouth-to-f1ank con
tacts, parallel swimming. erection of the
dorsal fin and nest-digging with removal
of sand.

Each group studied was composed of
five males of similar size and body
weight.

Blood Tests

The animals were anesthetized indi
vidually with a solution of phenoxye
thanol at 2 ml'I- 1 of water poured in a
10-1 water tank. Blood was taken
(1-1.5 ml) between 0900 and 1100
hours using a 2-ml heparinized syringe,
and preserved in an ice box before cen
trifugation of all samples in a refriger
ated centrifuge (4°C) for 10 minutes at
2,500 revolutions per minute.

Hormone Assay

Hormone concentrations were deter
mined by radio-immunology. Testos
terone and 11-KT were measured us
ing the method developed by Fostier
et at. (1982), giving a coefficient of
variation of 8.12% (18.4 ng'ml-1

, n= 15)
for testosterone and 6.37% (17.5 ng'ml-1,

n= 15) for 11-KT. The method described
by Fostier et at. (1981) was used to
measure 17.2P with a coefficient of
variation of 5.74% (9.25 ng. n= 15).
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Fig. 1. Ethograms for three groups of five males of Oreochromis niloticus. The numbers in circles
indicate individual fish. Numbers along arrows indicate the numbers of aggressive actions (see
text).

Statistical Analysis

Paired comparison was done after an
analysis of variance and Barlett's test.
Data were compared using at-test.
Unless otherwise indicated, the level
of significance was P=0.05.

Results

Ethograms of the Male Groups

The study of the three groups of five
males clearly showed the presence of
a dominant male in two groups, whereas
social relationships in the third group
were much more homogeneous although
a dominant male could be recognized.
Interactions between the fish also
showed a second dominant animal. This
was confirmed by the withdrawal of the
dominant animal. Fig. 1 shows three
diagrams summarizing all activities di
rected to the other fish within the groups:
pursuits, mouth-to-f1ank and mouth-to
mouth contacts, and erection of the dor
sal fin when approaching another fish.

Hormone Levels and Social
Hierarchy In O. nllotlc.us and O.
mossamblc.us

The comparison of social hierarchies
observed during pursuits showed clear

differences between the two species of
Oreochromis.

In 0. ni/oticus, the social hierarchy
is clearly established with a strictly domi
nant fish, with the greatest number of
activities. Only the dominant male has
access to the substrate and digs the nest.
Its body color pattern is pearl white,
with tinges of salmon pink, and the
extremity of the fins is black. The other
fish, males and females, are consigned
to the upper corner of the aquarium.
They are stressed and their color pat
tern ranges from greenish dark gray to
black.

In contrast, O. mossambicus shows
little signs of pursuit and there is no
apparent social hierarchy in this spe
cies. Interactions between individuals
are few and similar in all animals.

The comparison of hormone levels for
the three steroids in these two species
(Fig. 2) showed a very high level of
testosterone in O. niloticus (52 ng·ml· 1 )

in comparison with O. mossambicus
(8 ng·ml'l). Levels of 11-KT and 17.20P
were also higher in O. niloticus than
in O. mossambicus.

Moreover, in O. niloticus, plasma
levels of testosterone were very different,
depending on whether the animals are
dominant or dominated, whereas in O.
mossambicus, no significant difference
was observed. The same differences were
observed, although somewhat reduced,
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Fig. 2. Steroid hormone levels and social hierarchy in Oreochromis niloticus and O. mossambicus.
On the ethograms, (I = dominant. Nand M refer to the species used. and D = dominated (see text
for discussion of comparisons and significance of differences).

in the levels of the two other steroids
(l 1-KT and 17.20P).

Hormone levels and Sound
Emission In Males

In a collaborative study with U. Fal
ter and Olivier Dufayt from the University
of Louvain-Ia-Neuve (Belgium), we have
for the first time established a correlation
between sound emissions in males of
these two species and other behavior
patterns.

The male defending its territory chases
the other fish (other males or females
that are not ready to spawn) and emits
a brief sound for less than half a sec-

ond. The frequency of this sound emis
sion is high: 400-700 Hz in 0. niloticus
and approximately 250 Hz in O.
mossambicus.

These emissions which are characte
ristics in dominant males are, like in the
defense of the territory, dependent on
plasma testosterone. Only the dominant
males can emit these sounds.

Hormone levels and Acceptance
of the Female by Territorial Males

In 0. niloticus, the color taken by the
pre-spawning females (which is iden
tical to that of the dominant male) is
related to the high level of aggressive



behavior in this species. This color pattern
inhibits the aggressive behavior of the
male that accepts the female of the same
color. We have observed that some males
with strong color patterns are some
times accepted in the nest of the terri
torial male. The analysis of the female
hormone levels (Fig. 3) showed that the
change in color is correlated to an im
portant testosterone level, particularly
when the female is ready to spawn.

In 0. mossambicus, although the same
high testosterone level has been ob
served in the pre-spawning females,
changes in the color pattern cannot be
perceived by the human eye. The other
steroids, circulating at relatively low
levels, involve very few changes regard
less of the species.

EFFect of Steroid Implants on the
Social Behavior oFO. nilotlcus

In order to complete our study and
to confirm the action of steroids on the
social behavior of fish, we used implants
with various quantities of several ster
oids in the fish and studied their effect
by observing the corresponding etho
gram. Three animals out of a group of
five received steroid implants while the
two others were used as control.

First, we studied the dynamics of re
lease of pure testosterone from the im
plants at 0.5 mg'1 00 mg- 1 implant
50 ml- I saline solution. Between 6 and
36 hours, the quantity of hormone re
leased was relatively stable for 1.75±
0.25 ng·ml- 1

• The animals receiving
testosterone implants showed increased
aggressiveness, thereby rising in the
social hierarchy (Fig. 4), the number of
pursuits increasing four hours after the
implantation of steroids. The nest-dig
ging behavior did not vary significantly
in the three days following the implan
tation (Fig. 5).
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The controls' aggressive behavior
decreased significantly in terms of pur
suits and nest-digging activities. This
reduced activity can be explained by
increased activity and aggressiveness
of the animals with implants living with
them (Fig. 6).

There was also a significant increase
in nest-digging activities in the animals
with implants of 11-KT after implanta
tion (Fig. 7). In contrast, the implanta
tion of 17.20P did not cause any sig
nificant change in behavior aside from
a general reduced level of activity (Fig.
8).

Conduslon

These results show the significant role
of testosterone in the territorial behavior
of males and in the species' level of
aggressiveness. The sounds emitted by
dominant males during pursuits against
con specifics, or to accompany and guide
the female ready to spawn to the nest,
are testosterone-dependent. This hor
mone is also responsible for the change
in color pattern in the dominant male.
This phenomenon is also observed in
pre-spawning females which can thus
enter the nest. The adoption of this male
specific color by the female has an in
hibitory effect on the aggressive behavior
of the territorial male.

In O. mossambicus, the aggressive
behavior is practically nonexistent and
endocrine levels are also much lower.
The female does not need to take on
the male-specific color pattern to be ac
cepted by the male.

Ketotestosterone has a more obvious
effect on nest-digging activity. Hence,
the various hormones have each a spe
cific action on social and reproductive
behaviors. However, the steroid 17.20P
does not seem to have any direct ac
tion on male behavior when implanted.
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Yet, studies by Stacey and Sorensen
(1991) have shown that this steroid may
act as a pheromone in goldfish (Carassius

auratus). The different steroids thus
appear to have a specific role in the dif
ferent sequences of behavior involved
in the defense of the territory and in
the development of the reproductive
behavior.
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Abstract

A study to characterize the eight strains of Oreochromis niloticus (Egypt, Ghana, Senegal, Kenya, Israel,
Singapore, Taiwan and Thailand) was conducted using truss morphometries. To remove the effects of size,
a standard body size for each sex was established. Principal Component Analysis (PCA) was used to explore
intraspecific variation by plotting the principal component (PC) scores. PCA was performed in two stages:
(1) using all truss lengths (p=21) for each sex and both sexes combined; and (2) using only selected truss
lengths for each sex and both sexes combined. Selection of trusses was by discriminant analysis (selection
criterion, Wilk's Lambda=O.05). Analysis of variance (ANOVA) was performed on all PCs to detect strain
differences. The PCs which revealed significant strain differences were used for XY plots. To determine error
of strain classification. a discriminant analysis was performed using a priori strain groupings.

The pattern of variable loadings across the first eight PCs indicated significant differences between males
and females of the eight strains. ANaYA on PC7 scores showed significant differences (P<O.05) and relatively
clear separation of strains. For females, the plot of PC8 against PC7 shows slight separation of Kenya and
Thailand strains from the cluster. A similar but weaker separation of strains was observed for males. Overall,
the results indicated few truss morphometric differences among the eight strains.

Introduction

Morphometric and anatomical measure
ments have traditionally been used to
differentiate populations in general and stocks
of fish in particular (Ihssen et at. t 981).
Morphometric characterization of strains
within a given species, however, involves
detection of subtle differences in shape,
independent of size. The truss network
method (truss morphometries) is a powerful

method for this (Strauss and Bookstein 1982;
Winans 1984). Truss morphometries
overcome the biases of traditional measure
ments (standard and total lengths, body
depth, etc.), namely, dense measurements
in some areas of the body and a paucity
elsewhere, and biased and uneven coverage
of the body. The truss method involves
measuring distances between homologous
(or landmark) points along the body that
form a regular pattern of contiguous
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quadrilaterals or cells. These measurements,
after appropriate data manipulation, are
subjected to multivariate statistical analysis

discriminant analysis or Principal Component
Analysis (PCA)-depending on a priori
recognition of groups. A comprehensive
account on the truss network method and
its application to carps and tilapias can be
found in Brzeski et al. (1989).

Previous studies on truss morphometric
characterization of tilapias include those of
Brzeski and Doyle (1988) and Pante et al.
(1988). The former study reported successful
discrimination ofsexes long before discernible
size differences occur. The study of Pante
et al. (1988) suggested successful discrimi
nation between tilapia species, and rela
tively weaker separation of strains and
introgressed hybrids.

This paper describes morphometric char
acterization of eight diverse strains of Nile
tilapia (Oreochromis niloticus), based on
size and shape, using a total of 21 land
mark points. This study builds on that of
Pante et al. (1988) and describes several
methodological modifications to discrimi-

nate strains. It was conducted under the
auspices of a collaborative research project
on the Genetic Improvement of Farmed
Tilapias (Glff) (Pullin et al. 1991; Elmath
et al. 1993).

Materials and Methods

Random samples of 27-30 individuals from
a pool of offsprings (Table 1) from single
pair matings (17-25 pairs each) of eight 0.
niloticus strains were used. The four Phil
ippine commercial strains (termed Israel,
Singapore, Taiwan and Thailand) and four
African strains were collected from Egypt,
Senegal, Ghana and Kenya (Eknath et al.
1993). The procedures for collection of truss
morphometric data are described by Velasco
et al. (1992). A truss network of 21 land
mark points (Fig. 1) along the body was
measured, using a Computer Aided
Monoscopic Analysis (CAMA) program
designed to record linear measurements
of objects on a photographic image. To
remove the effects ofsize, a standard measure

Table 1. The eight Nile tilapia (Oreochromis ni/oticus) strains and the numbers of
males and females used for truss measurements.

Strain Strain code Male Female Total
(M) (F)

African wild strains
Egypt E 14 15 29
Ghana H 15 14 29
Senegal S 15 15 30
Kenya K 15 15 30

Subtotal 59 59 118

Philippine farmed strains
Israel I 15 15 30
Singapore G 15 15 30
Taiwan W 14 15 29
Thailand T 15 12 27

Subtotal 59 57 116

Total 118 116 234
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Fig. 1. Truss network of 21 landmark
points on the body outline, meas
ured during morphometric charac
terization of eight test strains of
Oreochromis niloticus. For explanation
of various homologous points, see
Table 1.

A. Antero-dorsal
measurements

Mouth tip-1st dorsal-
spine

Mouth tip-premaxilla
Mouth tip-dorsal line
Premaxilla-dorsal spine
Premaxilla-lateral line
Premaxilla-pectoral fin
Premaxilla-pelvic fin
Dorsal spine-lateral line
Lateral line-pectoral 'fin
Pectoral fin-pelvic fin

MTDS
MTPM
MTDL
PMDS
PMLL
PMPC
PMPV
DSL
LPF
PCPF

B. Length and body
measurements

Dorsal spine-pelvic fin
Pelvic fin-anal spine
Pelvic fin-dorsal ray
Dorsal spine-anal spine
Dorsal spine-dorsal ray
Dorsal ray-anal spine

DPF
PSAS
PFDR
DSAS
DSR
DRAS

C. Caudal measurements
Anal spine-top

caudal peduncle ASTC
Dorsal ray-bottom

caudal peduncle DRBC
Dorsal ray-top

caudal peduncle DRTC
Top caudal-bottom

caudal peduncle TCBC
Bottom caudal

peduncle-anal spine BCAF

.••1)

of body size for each sex was estimated as
the geometric mean of all truss lengths
(Brzeski et al. t 989):

21
X = L: logpl 21

p=l

where x = measured truss lengths (p=21 )
p

and X = standardized measure of body size.
The log truss lengths (x

p
) were then re

gressed on the X values from equation (1),
leading to the allometric growth function:

~ =BX
k

p ...2)
where Band k are derived from the slope
and intercept, respectively, of the linear re
gression, From this regression, the predicted
measure of each truss length (~ ) was ob-

p

tained, The corrected truss lengths, expressed
as the ratio of (x IS< ) were used in further

p p

analysis.

Due to sexual dimorphism (Chervinski
t 983) and in the absence of unequivocal
techniques to correct for this, males and
females were analyzed separately and the
data were later pooled for comparison.

PCA was performed in two stages: (1) us
ing all truss lengths (p=2 t) for each sex and
both sexes combined; and (2) using only
selected truss lengths for each sex and both
sexes combined. Selection was by discrimi
nant analysis (selection criterion, Wilk's
Lambda=O.05). Analysis ofvariance (ANOVA)
was performed on all PCs to detect strain
differences. The PCs which revealed signifi
cant strain differences were used for X'{ plots.

To test the separation of strains further,
discriminant analysis was performed using
the a prioristrain groups and their correspond
ing selected truss lengths (stage 2, above).
The error rate of classification of individuals
to their respective a priori strain groupings
(Le., their origins) was also estimated.
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Results

peA on All Truss Lengths

The variable loadings of the first eight
PCs are presented in Table 2. The total cu
mulative variation explained by the first eight
PCs was about 80%.

The pattern of variable loadings for PC 1
was similar for males and females: head
measurements loaded negatively whereas
body and tail measurements loaded posi
tively. A close similarity of coefficients for
PC2 and PC3 for both sexes described body
length and diagonals as well as head meas
urements. PC4 revealed contrasting differ
ences between sexes, the tail region that
loaded negatively in females loaded posi
tively in males. PC5 showed similar pat
terns in the two sexes for the opercular
measurements except that no significant
coefficients were observed for the tail re
gion in males. For PC6, more variability in
head, body and tail measurements was
observed in males than in females. PC7 and
PC8 exhibited contrasting patterns of co
efficients between the sexes. PCA on pooled
data of males and females revealed PC
patterns either similar to males or females.

ANOVA on PC7 scores showed signifi
cant differences (P<0.05; Table 2, last row)
and relatively clear separation of strains
(Duncan's multiple range test). For females,
the plot of PC8 against PC7 (Fig. 2) showed
slight separation of Kenya and Thailand strains
from the cluster. A similar significant but
weaker separation of strains was observed
for males.

Overall, the differences between sexes
were due to differences in head and tail
measurements.

peA on Selected Truss Lengths

The proportions of the total variation in
truss lengths (cumulative RL) explained by
the first eight PCs, using the full dataset
(p=21), were 81%,80% and 78% for fe-

males, males and females+males, respec
tively (Table 2). These proportions of total
variation increased to 97%, 95% and 90%,

respectively, when only selected truss lengths

were used (Table 3). PC1 revealed a con

trasting pattern ofcoefficients between sexes.
For all other PCs, the pattern was similar.
PC7 and PC8 differentiated the head and
tail regions. The plots of PC3 against PC2
(Figs. 3a and 3b) show slight separation of
Egypt and Israel strains among females and
Egypt and Senegal strains among males.

The selected truss lengths were further
used in discriminant analysis to estimate
the error rate of classification of individu
als to their respective a priori strain groups.
Results for males and females are presented
in Tables 4 and 5. The strain classification
error was high, ranging from 8 to 60% for
males and 7 to 47% for females.

Discussion

Overall, the results indicate few signifi
cant morphological differences among the
eight Nile tilapia strains. Note also the high
classification error in discriminant analysis.
Data reduction using stepwise discriminant
analysis (I.e., by selective removal of re
dundant and highly correlated truss lengths)
improved strain separation, but only mar
ginally. For example, in the case of males,
the PC 1 using the full dataset (p=21) ac
counted for 17.8% of the total variation,
whereas the PC 1 of the reduced dataset
accounted for 24.5% of the total variation.
The plots of PCs (Fig. 3) from the reduced
dataset also reveal only weaker separation
of strains.

One of the reasons for the poor separa
tion ofstocks could be the number of samples
used and the number of truss lengths meas
ured. Misra and Ni (1983) suggested that
using a large number of characters with lim
ited samples can be inappropriate in dis
criminant analysis. Harris (1975, cited in
Corti et al. 1988), however, suggested that



TC\ble 2. PCA using all 21 truss measurements made on eight strains of Nile tilapia (Oreochromis nilotlcus): Patterns of coefficients for the first eight PCs for males. females and males+females.
A '+' or '-' Indicates a positive or negative coefficient which absolute value Is greater than half the maximum coefficient for the relevant PC. Values for truss leng~hs which are below the
cutoff point are left blank. For explanation of abbreviations, see Fig. 1.

Females Males Both sexes

Truss length

Head,

PCl PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCl PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

MTDS
MTPM
MTDL
PMD5
PMLL
PMPC
PMPV

D5L
LPF

PCPF
Body,

DPF
P5A5
PFDR

D5AS
DSR

DRAS
Tail:

ASTC
DRBC
DRTC
TCBC
BCAF +

+

+

+

+
+
+

+

+

+

+

+

+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+
+

+

Eigen value

R2 cumulative (%)

3.74 3.08 2.59 2.16 1.73 1.57 1.17 0.89 3.79 2.69 2.37 2.11 1.64 1.61 1.25 1.20 3.64 2.55 2.48 2.21 1.77 1.59 1.21 0.95

17.8 32.5 44.8 55.2 63.4 70.9 76.5 80.8 18.1 30.9 42.2 52.3 60.1 67.8 73.7 79.5 17.3 29.5 41.3 51.9 60.3 67.9 73.7 78.2

ANOVA R' 15 15 6 16 7 9 23 22 7 34 12 20 22 10 20 6

~.....
\0
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Fig. 2. Plot of PCS versus PCl using all truss lengths (p=21) of female for eight strains.



Table 3. PCA using only selected truss measurements made on eight strains of Nile tilapia (Oreochromis niloticus): Patterns of coefficients for the first eight pes for males, females and
males+females. A '+' or '-' indicates a positive or negative coefficient whkh absolute value Js greater than half the maximum coeffIdent for the relevant PC. Values for truss lengths which are
below the cutoff point are left blank. Shaded roWS represent truss lengths that were dropped from the analysis. For explanation of abbreviations, see Fig. 1.

Females Males Both sexes

Truss length PCI PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCI PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCI PC2 PC3 PC4 PC5 PC6 PC7 PC8

Head,
MTDS
MTPM
MTDl
PMDS
PMll
PMPC + + + + + + + + +
PMPV

DSl
lPF

PCPF
Body,

DPF
PSAS
PFDR

DSAS
DSR + + + + + + + + + +

DRAS + + + + + + + +
Tail,

ASTC + + + + + +
DRBC + + + + + +
DRTC_7BiIfffff!J&~ + + + +
TCBC
BCAF

Eigen value 2.20 1.70 1.47 0.99 0.76 0.56 0.53 0.47 2.38 1.86 1.45 1.30 0.88 0.66 0.47 0.42 2.44 1.84 1.59 1.10 0.92 0.82 0.65 0.57

R2 cumulative 24.5 43.4 59.8 70.9 79.4 85.6 91.5 96.8 23.9 42.6 57.2 70.2 79.1 85.8 90.5 94.8 22.2 39.0 53.5 63.5 71.9 79.3 85.3 90.5

ANOVA-strain R' 13 20 14 13 12 14 20 23 8 33 27 18 18 11 19 18

.j::o
N-
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Fig. 3a. Plot of PC3 versus PCZ using selected truss lengths (m=9) of female for eight strains.
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':>\

423

Table 4. Females: results of discriminant analysis. The values represent individual Nile tilapia (Oreochromis
nifoticus) as belonging to a given strain. The corresponding classification error is given in parentheses
along the diagonal. For explanation of code letters, see Table 1.

Strains E. G H K S T W All

6 2 0 2 0 3 15
E. (60.0)

1 8 0 0 2 14
G (42.90)

0 13 0 0 0 0 15
H (13.3)

0 2 0 11 0 0 15
(26.70)

0 0 0 1 12 0 2 0 15
K (20.0)

0 0 0 0 0 12 2 15
S (20.0)

0 0 0 0 0 1 11 0 12
T (8.3)

3 2 0 0 0 0 10 1 15
W (33.3)

All 11 14 13 14 16 15 17 16 116

if the number of individuals minus the number differences to some extent. Our technique
of variables measured is greater than 30, for size correction used a combination of
then the sample can be considered as large. regression coefficients and ratios. There have
According to this principle. the sample size been serious arguments on the use of ratios
adopted in this study is inadequate. because of the statistical and conceptual

The size correction procedure followed difficulties that they can pose. Ratios vary
in this study may have also masked strain with the values of their denominators and

Table 5. Males: results of discriminant analysis. The values represent individual Nile tilapia (Oreochromis
nifoticus) as belonging to a given strain. The corresponding c1assilkation error is given in parentheses
along the diagonal. For explanation of code letters, see Table 1.

Strains E. G H K S T W All

11 0 0 0 0 0 2 14
E (21.4)

1 10 0 0 15
G (33.33)

3 8 0 0 15
H (46.6)

0 0 1 11 0 2 0 15
(26.70)

0 2 0 9 2. 0 15
K (40.0)

0 2 0 9 0 2. 15
S (40.0)

0 0 0 0 0 14 0 15
T (6.67)

0 0 1 9 14
W (35.7)

All 16 13 13 16 13 14 17 16 118
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numerators, and alter the factor structure
of the covariance matrix (Thorpe 1976, cited
in Corti et al. 1988). Regression coefficients,

on the other hand, assume linearity between
variables.

In a previous study, the same strains as

in the present study were characterized by
isozyme electrophoresis, and a dendogram
of genetic distances between the strains
was constructed (Elmath et al. 1991;
Macaranas et al. 1995). The Asian farmed
strains were found to be closely related to
the wild strains collected from Egypt and
Ghana. This is in agreement with the his
torical documentation records collected by
Pullin and Capili (1988). The strain collected
from Kenya showed the greatest genetic
distance to the other strains, as expected
from the recognition by Trewavas (1983)
of the Kenya strain as a separate subspe
cies. As may be seen from Fig. 3, the gene
tic distances between the strains are not
reflected in the morphometric separation
of the strains. The strains showing a tenden
cy to separate were Egypt and Israel (among
females), and Egypt and Senegal (among
males). The Kenya strain was almost com
pletely overlapping with the other strains.

Strain characterization and their evalua
tion in applied breeding programs will con
tinue through the GIFT project. The emphasis
in the future will be on a combination of
techniques to characterize strains: electro
phoresis, truss morphometries, and the use
of hemoglobin and other blood parameters.
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Abstract

Heterosis, maternal and additive effects and general combining ability for fry growth during nursing
(length and weight at 75 and 120 days post-fertilization) were evaluated in three strains of Oreochromis
spp. (0. ni/oticus Bouake strain, O. aureus Israel strain and O. aureus Manzallah strain, Egypt) in a 3x3
diallel system. Mean heterosis for fry production (comparing all crosses within and among species and
strains) was 11.2%.

Mean heterosis values were negative for all growth traits studied (-0.13 cm and -0.22 cm for length;
-0.10 g and -0.31 g for weight). The absolute values for additive effects were very high in the Israel and
Manzallah strains compared to the Bouake strain. The maternal effect in the Bouake strain was higher than
in other strains. The general combining ability in the Bouake and Israel strains showed positive values,
whereas these values were negative in the Manzallah strain.

Introduction

In farmed animals, the importance of
heterosis has been recognized for years.
This can be explained genetically by the
dominance of favorable alleles; the
overdominance or superiority of hetero
zygotes (intra-allelic interaction); or the
epistasy-the interaction of alleles not be
longing to the same locus (inter-allelic in
teraction). Determination of the basis of
heterosis is important to maximize heterosis
in crossbreeding programs. Estimation of
genetic parameters in populations of hy
brids and pure breeds can point to the most
effective breeding methods.

In aquaculture, and particularly in cul
tured tilapias, numerous hybridization studies
have been conducted (Wohlfarth and Hulata
1983). However, most were performed to
produce monosex populations, for the male
growth advantage, and to control early and

'Current address: 04 B.P. 304 Bouake 04, Cote d'lvoire.

prolific reproduction (Lovshin 1982;
Wohlfarth and Hulata 1983). Growth per
formance was mostly overlooked, as an
economically important trait of its own.

Inland fisheries and aquaculture in Cote
d'ivoire are dominated by Oreochromis niloti
cus. Several Oreochromis spp. and strains
of 0. niloticus have been introduced and
stocked at the Institut des Savanes (lDESSA),
Fish Culture Research Station since 1950
(Nugent 1988). These have been used in
various studies including those of various
production systems, growth comparison,
adaptability to the environment, sex ratio
in crossbreeding, etc. (lDESSA 1989). Almost
none of the previous studies considered
growth performance of crossbred indi
viduals. In reorganizing the research acti
vities in 1988, IDESSA launched a large
program for the simultaneous comparison
and characterization of various species and
strains of Oreochromis, based on their
production, morphometric traits and protein
specificity.



This study was undertaken under this
program and its objective was to charac
terize hybrids among two strains of 0. aureus
and one strain of 0. niloticus, with respect
to additive and nonadditive genetic param
eters of the length and weight of fry.

Materials and Methods

Experimental Material

One strain of 0. niloticus, Bouake (NB)
and two of 0. aureus, Manzallah, Egypt (AM)
and Israel (AI) were crossed in a 3x3 diallel
system. The Bouake strain of 0. niloticus,
described by Nugent (1988) is the most
commonly used for fish culture in Cote
d'lvoire. The strains of 0. aureus were in
troduced at the IDESSA in the 1980s; the
AI strain came from Israel via Tihange, Bel
gium in 1981 (Nugent 1988); and the MA
strain, from Lake Manzallah, Egypt in 1988
(lDESSA 1989).

The study was conducted at the IDESSA
station from April to October 1989. Breeding
groups (three females and one male per
group) were assembled in 200-1 aquaria,
with water temperature varying from 20
to 25°C. To reduce injuries on females, the
premaxillae of males were cut before their
introduction in the aquaria. All broodfish
were identified using Floy tags.

These aquaria were observed during the
day to identify mouthbrooding females. Once
a female was mouthbrooding, the two other
females and the male were transferred to
storage tanks. After 1 1 (±2) days post-fer
tilization (PF), larvae were removed from
the mouth of the female, counted and then
transferred to mosquito-net cages placed
in the aquaria for up to 20-23 days PF. Fry
of approximately 23 days PF were trans
ferred from the aquaria into 0.5x0.5x 0.75 m
mosquito-net cages in cemented tanks up
to 75 days PF, with an initial density of 300
500 fry per cage. They were later trans-
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ferred to 1x 1x 1 m cages up to 120 days
PF.

The fry were fed with a vitamin-enriched
compound feed for salmonid fry, six times
a day at a rate ranging from 6 to 20% of
the biomass.

Fifty fry per spawning (unless lower num
bers prevented it) were weighed (g) and
measured (cm total length) at 75 and 120
days PF.

Statistical methods

The statistical models applied to the data
collected were those described by Becker
(1984) and Bulmer (1985). Two types of
analysis were conducted: one on the mean
values obtained for each crossbreeding type
(Analysis I), the other on the individual data
obtained for each fry measured (Analysis
II) .

ANALYSIS I, MODEL 1

where Vii' ll, G; (Gi) and m
j

represent the
mean value observed in the ij-th crossbreed
ing type; the general mean value; the general
combining ability of the i-th strain (j-th strain);
and the maternal effect, respectively. Ma
ternal effect was considered instead of re
ciprocal effect because there was only one
spawning in some crosses and the pres
ence of maternal effect is the most likely
biological reason underlying the presence
of reciprocal effect.

ANALYSIS I. MODEL Z

E(Y;j) = II + ~;

E(\) = II + h + (1/2 a; + hi) + (1/2 a
j
+ hi); i"q

where h, h; (hi) and a; (a
i
) represent the

average heterosis among all strains in all
crosses; the heterosis of the Hh (j-th) strain
and the additive genetic effect of the Hh
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(j-th) strain, respectively. All estimates are
measured as deviations from the overall
mean.

ANALYSIS II

where Yllk" C" Mil' F'lk and e'lkl represent the
value observed of the Hh fry of the ijl<
subclass; the effect of the i-th genetic type;
the effect of the j male in the i crossbreed
ing type; the effect of the female I< crossed
with the j male in the i crossbreeding type;
and the residual error, respectively. This
error was used to test the effects of the
models of Analysis I. Statistical analysis was
done using the least squares method (Harvey
1988), F- and Bonferonni t-tests (Bailey 1977;
Gill 1978).

Results

In total, 16 spawnings tool< place between
12 males and 14 females. The distribution
of spawnings for each crossbreeding type
is presented in Table 1. In general, crosses
between species and between different
strains with 0. aureus produced more than
crosses with strains of the same species.
However, with so few data, the heterosis
value in Table 1 should be treated with
caution.

Table 2 shows that the general combin
ing ability had a very significant effect on
the traits at 75 days, and less effect (P<0.01)
at 120 days. The additive effect was high
(P<0.01) for length at 75 days. The other
factors had no significant effects on the length
and weight of fry. Of the two random vari
ables, only the dam within sire variable for
each genetic type had a significant effect
on length at 120 days and weight at both
ages.

Genetic parameter estimates are presented
in Table 3. For all traits studied, average
heterosis estimates were negative. This

indicates that the "within" strain fry per
formed better that the "among" strain fry.

The differences were 0.13 and 0.23 cm

for total length, and O. to and 0.3 t g for

weight at 75 and 120 days, respectively.
Among strains, crosses involving NB and
AI contributed positively to the overall
performance of the fry. On the other hand,
the total length and weight mean values
of the fry from crosses involving the AM
strain were lower than the overall mean
value.

The additive genetic effects among the
three strains (Table 3) were significantly
different (P<0.01). The AI strain showed
the highest additive genetic estimate, fol
lowed by the NB and AM strains. Signifi
cant differences of additive genetic effect
were observed only for total length at 75
days.

A similar ranking was observed for gen
eral combining ability, with significant dif
ference among strains for both total length
and weight. The use of the AI strain increased
the length and the weight at 75 days by
2.20 cm and 1.17 g, respectively, com
pared to the AM strain. The same applied
to the NB strain (0.70 em and 0.20 g).
The general combining ability of the strains
was less pronounced at 120 days (Table
3). NB and AI strains did not differ with
respect to length. For weight, the contri
bution of the NB strain compared to the
AM strain was twice as high as that of the
AI strain (1.29 g against 1.5 t g).

Table 4 shows the mean values of the
least squares for each trait by genetic type.
The fry in AI had a higher performance,
followed by the fry in NB then by the fry in
AM. But at t 20 days, there was no differ
ence between NB and AI. Fry from NBQxAMd
and AIQxNBd crosses had the highest
weights and lengths. Fry from AIQxAMd
crosses, as well as those from AMQxNBd
crosses, had very poor growth.

It is important to emphasize that the
datasets here were very limited and should
not be used for firm conclusions. The intention
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Table 1. Reproduction and production of fry among different species and strains of Oreochromis spp.: AI =
O. aureus (Israel); AM = O. aureus (Manzallah); and NB = O. niloticus (Bouake) for each cross.

Cross'

Within species or strains

NBxNB
AMxAM

AlxAI

Among species or strains
NBxAM
AMxNB
NBxAI
AlxNB
AMxAI
AlxAM

Mean weight (g)
of broodfish

Number of Total number Number of fry/
spawnings Male Female of fry weight of female

5 202.3 137.1 3,122 4.55
1 133.6 126.0 1,082 8.59
1 219.0 120.0 644 5.37

3 123.6 83.9 1,365 5.42
2 172.0 126.0 1,148 7.98 b

1 277.0 187.0 1,050 5.61
1 179.0 121.0 375 3.09
1 183.0 113.0 1,078 9.,54
1 133.6 100.0 977 9.77

Mean values
Within species

or strains
Among species

or strains

Heterosis %

7

9

185.0

178.0

127.7

121.8

693"

731

6.17

6.90

11.2

'The female parental strain is mentioned first.
bThe second spawning was not considered; the female rejected more than half of her eggs.

"Number of fry per spawning.

Table 2. Analysis of variance for weights and lengths at 75 and 120 (d) days of Oreochromis fry obtained
from the crosses (in Table 1).

Source
of

variation

Average heterosis
Strain heterosis
Additive effect
Maternal effect
General combining ability
Genotype
Sire within genotype
Dam within sire/genotype
Error

Degree
of

freedom

1
2
2
2
2
8
4
2

(a)

Mean squares of deviations

Total length (em) Weight (g)

75 d 120 d 75 d 120 d

0.032 0.091 0.021 0.192
0.305 0.058 0.101 0.146
1.746* 1.085 0.673 1.744
1.488 1.737 0.783 4.259
6.549" 2.627* 2.446" 3.863

26.277 32.125 18.464 85.161
46.788 154.164 34.972 404.074

1.302 8.611" 6.031 .* 96.504*'
0.370 0.541 0.292 1.549

'P<O.Ol; '*P<O.OOl.
(a) Degree of freedom = 438 and 571 for measures at 75 and 120 days, respectively.
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Table 3. Values estimated using the least squares method for genetic parameters of growth traits in hybrid
fry of Oreochromis spp. (see Table 1).

Total length (em) Weight (g)
rarameters

75 d 120 d 75 d 120 d

General mean values
Within species and strains 3.73 5.09 1.08 2.51
Among species and strains 3.60 4.87 0.98 2.20

Average heterosis (h) -0.13 -0.22 -0.10 -0.31

Strain heterosis (h/h,)
0. niloticus NB 0.23 0.14 0.240.22
O. aureus AM -0.55 -0.24 -0.300.16
O. aureus AI 0.32 0.10 0.06 -0.38

Additive effect (a)
O. niloticus NB 0.08" 0.37 -0.03 0.94
O. aureus AM -1.36' -1.18 -0.80 -1.51
O. aureus AI 1.28' 0.81 0.83 0.57

General combining ability (G)
O. nifoticus NB 0.27" 0.33' 0.23"0.69
O. aureus AM -1.23' -0.83" -0.70'-0.60
O. aureus AI 0.97' 0.50' 0.47'-0.09

Maternal effect (m)
0. nifoticus NB 0.25 0.23 0.21 0.58
O. aureus AM -0.26 -0.10 -0.31 -0.53
O. aureus AI -0.01 -0.13 0.10 -0.05

Values with different letters in a single column are significantly different (P<O.OO1).

Table 4. Mean values estimated using the least squares method for each hybrid cross among different
strains of Oreochromis spp.: AI = O. aureus (Israel); AM = 0. aureus (Manzallah); and NB = 0. nifoticus
(Bouake).

Total length (em) Weight (g)
Cross' Gain (g'day'!)"

75 d 120 d 75 d 120 d

General mean values 3.77 5.01 1.07 2.28 0.027

Within species and strains
NBxNB 3.89 5.38 1.13 3.22 0.047
AMxAM 2.51 4.05 0.29 1.08 0.018
AlxAI 5.06 5.96 1.94 3.12 0.026

Among species and strains
NBxAM 4.68 5.85 2.05 4.21 0.048
AMxNB 2.71 4.14 0.34 1.18 0.019
NBxAI 3.89 4.64 1.13 1.48 0.008
AlxNB 4.86 5.71 1.82 2.67 0.019
AMxAI 3.51 5.41 0.58 2.49 0.042
AlxAM 2.83 3.97 0.38 1.06 0.015

Coef. Var. % 15.9 14.5 49.0 48.2

'The female parental strain is mentioned first.
"Differences between the mean values at 75 and 120 days PF.



was to demonstrate the approach and work
in progress. For example, although Analysis
I above is based on the mean values of each
cross, some crosses produced one single
spawning only. In such cases, the error term
from the analysis of individual observations,
expressed as the variance of means, was
used to test the significance of the effects
in Analysis I.

Discussion

Results of this study give negative heterosis
values. However, positive heterosis values
for growth have been reported in Oreochro
misspp. (jayaprakas et al. 1988; Tave 1988).
The study ofJayaprakas et al. (1988) showed
that at 60 days, the Egypt strain of 0. ni/oticus
had a higher growth (P<0.05) than the strain
of Cote d'ivoire. The heterosis values for
F

1
Cote d'ivoire x Egypt (CE) and its recip

rocal (EC) were 9.5 and 28.3% for length
and weight, respectively. For the growth
of Fj hybrids of three 0. niloticus strains
(Cote d'ivoire, Ghana and Egypt) at 47 days,
Tave (1988) found heterosis values between
3.0 and 11.8%.

In the present study, negligible or negative
values of heterosis for hybrids of strains of
different origins could be attributed to
epistasy (Falconer 1981). It is also impor
tant to note that in the above studies, the
different strains are of the same species
whereas in our study the strains are from
two species of Oreochromis.

The estimated parameters in the AM strain
all showed negative values. Similarly, the
fry from the AM intra-strain crosses had
the lowest growth among the three strains.
This poor performance is possibly due to
the great number of fry (8.59·g· l ) produced
by weight of female by this strain. This may
imply smaller eggs and smaller fry.

The estimated values of the additive (a)
genetic effect in the AI strain were very
high compared to those of the nonadditive
(G, hand m) parameters. In view of its positive
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values of G, hand m, the NB strain seems
to show an interesting potential for hybridi
zation. It appears to be a good strain for
dams. This study has shown that positive
additive genetic effects were present in the
NB and AI strains. Moreover, maternal ef
fect was important in the NB strain for the
growth traits studied (total length and
weight). This may offer opportunities for
selective breeding and hybridization to
improve growth of fry of Oreochromis spp.
by combining selection and crossbreeding.
However, the limited data used in this analy
sis does not allow for any conclusive re
sults. Further studies would be required.

References

Bailey, B.J.R. 1977. Tables of the Bonferroni t-statis
tics. j. Am. Stat. Assoc. 72:469-478.

Becker, W.A. 1984. Manual of quantitative genet
ics. 4th ed. Academic Enterprises, Pullman,
Washington. 186 p.

Bulmer, M.G. 1985. The mathematical theory of
quantitative genetics. Clarendon Press, Oxford.
255 p.

Falconer, D.S. 1981. Introduction to quantitative
genetics. 2nd ed. Longman, London. 340 p.

Gill, j.L. 1978. Design and analysis of experiments
in the animal and medical sciences. Vol. 1. Iowa
State University Press, Ames, Iowa.

Harvey, W.R. 1988. User's gUide for LSMLMW PC
1 version. Mixed model, least squares and maxi
mum likelihood computer program. Columbus,
Ohio. 73 p.

IDESSA. 1989. Rapport annuel du Departement
piscicole de I'lnstitut des Savanes. 14 p.

jayaprakas, V., D. Tave and R.O. Smitherman. 1988.
Growth of the two strains of Oreochromis niloticus
and their F

"
Fz and backcross hybrids, p. 197

201. In R.5.V. Pullin, T. Bhukaswan, K. Tonguthai
and j.L. Maclean (eds.) The Second Interna
tional Symposium on Tilapia in Aquaculture.
ICLARM Conf. Proc. 15, 623 p.

Lovshin, L.L. 1982. Tilapia hybridization, p. 279-308.
In R.5.V. Pullin and R.H. Lowe-McConnell (eds.)
The biology and culture of tilapias. ICLARM
Conf. Proc. 7, 432 p.

Nugent, C. 1988. The status of wild and cultured
tilapia genetic resources in various countries:
Cote d'lvoire (freshwater culture), p. 22-24.
In R.5.V. Pullin (ed.) Tilapia genetic resources
for aquaculture. ICLARM Conf. Proc. 16, 108 p.

Tave, D. 1988. Genetics and breeding of tilapia: a



432

review, p. Z85-Z93./nR.S.V. Pullin, T. Bhukaswan,
K. Tonguthai and j.L. Maclean (eds.) The Sec
ond International Symposium on Tilapia in

Aquaculture. ICLARM Conf. Proc. 15, 623 p.
Wohlfarth, G.W. and G. Hulata. 1983. Applied ge

netics of tilapia. ICLARM Stud. Rev. 6, 26 p.



433

SESSION IV. BIOLOGY AND ECOLOGY

A New Method for Comparing the Growth Performance
of Fishes, Applied to Wild and Farmed Tllaplasa

D. PAULYb
Internatipnal Center for Living Aquatic

Resources Management (ICLARM)
MCPO Box 2631, 0718 Makati

Metro Manila, Philippines

J. MOREAU
Ecole nationale superieure agronomique

de Toulouse
145, avenue de Muret

31076 Toulouse, Cedex, France

F. GAYANILO, JR.
International Center for Living Aquatic

Resources Management (ICLARM)
MCPO Box 2631,0718 Makati

Metro Manila, Philippines

PAULY, D., J. MOREAU and F. GAYANILO, JR. 1996. A new method for comparing the growth performance
of fishes, applied to wild and farmed tilapias, p. 433-441. In R.S.V. Pullin, J. Lazard, M. Legendre, J.B.
Amon Kothias and D. Pauly (eds.) The Third International Symposium on Tilapia in Aquaculture. ICLARM
Conf. Proc. 41, 575 p.

Abstract

This paper documents a new, computer-based method for identifying via "auxirnetric grids" (Le., double
log plots of the von Bertalanffy parameters K and Woo as ordinates and abscissa, respectively) the range of
growth performances likely to occur in a given taxon, of which several populations have been studied in
terms of growth. This method is applied to wild tilapia, notably Oreochromis niloticus which is defined in
terms of the growth parameter "space" it occupies and which is contrasted with that of other species of
tilapias and other fishes.

Introduction

Organismic growth, including growth of
fishes (e.g., tilapias) is a process through
which size (weight or length) changes with

'ICLARM Contribution No. 864.
bAnother contact address: Fisheries Centre, Univer
sity of British Columbia, 2204 Main Mall, Vancou
ver, B.C. Canada V6T 1Z4; e-mail: Pauly@fisheries.com.

time. Thus, any attempt to depict or com
pare growth must deal with both dimen
sions. However, comparing growth curves,
which link size and time, is not straight
forward. Indeed, depending on one's defi
nition of "slow" or "fast" growth, one can
get into serious contradictions when growth
curves cross one another. Thus, Kinne (1960)
writes that "the difference in growth rate
established in young fish does not persist
throughout life. Initially slow-growing fishes
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...2)

for length and

...3)

also have the correct dimension ofa growth
rate, and are now widely used to compare
the growth performance of different fishes
and invertebrates, owing to their being
normally (and narrowly) distributed for dif
ferent populations of the same species
(Moreau et al. 1986; Vakily 1992). The lat
ter feature also allows estimation of ({'from
Loo or W"when their (mean)~'or ~ is known
from a (number of) population(s).

The slopes of 2 and 2/3 in equations (3)
and (4), respectively, which make these
indices perform as they do, were estimated
by Pauly (1979) from a large dataset in
cluding numerous tilapia populations docu
mented in Pauly (1978, t 979). Equation
(3) implies that plots of logloK vs logloL"
will have, on average, a slope of 2. Corre
spondingly, equation (4) implies that plots
of loglOK vs logloWoo will have, on average,
a slope of 2/3.

The auximetric (from the Greek for
"growth" and "measure") grid is a double
logarithmic plot of the parameter K of the
VBGF vs asymptotic size (L

oo
or W). Herein,

a population with a given set of growth
parameters (Loo' K or Woo' K) is represented
by a single point, and different populations
of the same species will tend to form a cluster
of points. Since equations (3) and (4) imply
that these clusters can be fitted with

and

has by itself the dimensions of growth (i.e.,
length vs time or weight vs time); Loo and
Woorepresent size alone, and K and to have
the dimensions time-I and time, respectively.

However, various combinations of these
parameters, e.g., Loo 'K have a suitable di
mension (here: lit), i.e., that of a growth
rate (Gallucci and Quinn 1979). Although
put on a logarithmic basis, the indices of
growth performance:

...0

for weight, where L
t

and W
t

are the pre
dicted mean sizes at age t, Loo and Woo the
asymptotic sizes, Le., the mean size that
the fish from a given population would reach
if they were to grow indefinitely, K the
parameter expressing the curvature of the
curve, to the "age" at which size = 0, and b
the exponent of a length-weight relation
ship of the form W = aU (with b usually
close to 3, Le., proportional to "length
cubed", or volume). Given appropriate
parameter values, equations (1) and (2) can
fit a wide variety of sets of size-at-age data;
numerous methods exist to estimate these
parameters (Gulland 1983; Pauly 1984).

Important in the context of this contri
bution is that none of the VBGF parameters

may surpass initially fast-growing fishes,
and finally reach a greater length-at-age".

Contradiction of this kind, combined with

a general preference, by of aquaculturists,
for expressions of growth other than full
growth curves, e.g., of the von Bertalanffy
type (Hopkins 1992) may have prevented
intra- and interspecific comparisons ofgrowth
in tilapias, and hence appropriate selection
of species and/or strains with high growth
potential among a wide range of habitats
(Pullin 1988).

To address this issue, we combine here
two measures of growth performance de
veloped by Pauly (1979) and now referred
to as ~ and ~' (Munro and Pauly 1983; Pauly
and Munro t984) which have been widely
applied to tilapias (Moreau et al. 1986; Pauly
et aI. 1988a, 1988b) with the auximetric
grid concept of Pauly (1979, 1980). Both
rely on the von Bertalanffy growth func
tion (Bertalanffy 1938) or VBGF, of the form,
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regression lines ofknown slope, the clustering
also implies that ellipses can be superimposed
on the clusters of points, with long axes
parallel to both slopes in (3) or (4), intercepts
equal to <p' or <p, and surface areas related
to the variance of the datasets that are
represented.

Thus ellipses, with circumference con
taining the 95% confidence area (5) of a

cluster of Loo ' K (or Woo' K) values, can be
readily estimated. Moreover, the value of

S expressing the Loo ' K (or Wec' K) space
occupied by a given species can, beyond
a critical number of data points (n~5-6),

be readily made independent of n. A sim-

pie resampling method which allows this
is presented in Fig. 1.

The auximetric grid approach thus allows
quantifying the similarity of growth pat
terns of fishes through:

the overlap of ellipses (implemented
here through an index of overlap between
pairs of ellipses, see below)

the distance between the center of a
larger number of ellipses, and the subse
quent construction of a dendrogram.

These approaches were implemented in
the form ofa computer program called AUXIM,
which has major routines, documented in Figs.
1-4, and in the text below.

LOa

a A B
[00=29.3 0.75 5j= 0.1608+1109' n-

6405

~ 0.25 K=0.355, ii'=2A9...
0
Q)

0.50
:::: 0.50
::.::

Q
0>
0 0.75 0.25

....J

1.00
1.00 1.25 1.50 1.75 2.00 a 6 12 18 24

C 1.00 0a
C>J -4.412- ~00=35A 51=0.2502+16.18' n'c 0.75

~ 025
= 0.368

.Q
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~ '0.50
0
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~ 075
::J •(f)

LOa a
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Fig. t. Confidence ellipses 95% bounding the '"growth space'" occupied by two species of
tilapia. and the plot used to estimates these ellipses:
A = Ellipse for Oreochromis mossambicus. based on data in Table t;
B = Plot based on resampling the data in Table t and allowing estimation of 5~ in 0. mossambicus;
the points shown are n-2 (see also Appendix 2);
C = Ellipse for 0. nifoticus. based on data in Table 2;
D = Same as in B, but for 0. nifoticus and data in Table 2.
Note that for O. mossambicus, 5

20
(dotted) is very close to 5~, while for O. nifoticus, 5

16

overlaps completely with 5~.
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Fig. 4. Dendrogram of
the similarities of L~ and
K in the 1Z species of
fish in Tables 1-3 and
Fig. 3. Note that the
Tilapia spp., Oreo
chromis spp. and
Sarotherodon gali/aeus
form a rather tight
cluster, to which S.
melanotheron can be
added (at a lesser level
of similarity), to form
a well defined cluster
for the tilapiines.



Applications to Tllaplas

Fig. 1, illustrating the first routine of
AUXIM, is a representation, using an
auximetric grid, of the data in Tables 1 and
2. As might be seen on Figs. 1A and 1C,
ellipses can be readily fitted to the data
point, showing their 95% confidence in
terval.

Figs. 1Band 10 illustrate our method
for estimating the asymptotic surface area
(5J for the dataset illustrated in Figs. lA
and 1C, respectively. Herein, each point
(i) represents the mean of 20 estimates of
the surface area (51) for a randomly selected
set of Loo' K or Woo' K data pairs, with i==3,
4 ... n; the 5

j
values are then fitted with an

equation of the form
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Fig. 3 shows the auximetric grid result
ing from the files in Table 3, which enable
comparison of various species of tilapias
with various "outgroups" included here for
illustrative purposes.

As might be seen, the ellipses represen
ting different tilapiine species show strong
overlap, indicating similarity in their growth
performance. Moreover, their growth per
formance appears to be well separated from
that of other fishes in terms of "the growth
parameter space" they occupy on the
auximetric grid. The same features are il
lustrated by the dendrogram of Figure 4,
where the tilapiines form a homogeneous
group, well separated from other fishes,
at least with regard to the species used
here for comparison.

5 == 5 + a'nk
I 00

...5) Discussion

As might be seen, 5
j
decreases with n;

this is because the values of the t-statis
tic associated with the degrees of freedom
(i- t) decline faster than the 5

j
increase with

n (see also Appendix 1).
Figs. tA and tC also include the asymptotic

ellipses for the data in Tables t and 2, re
spectively. As might be seen, these asymp
totic ellipses are close (Fig. 1A) or equal
(Fig. 1C) to the ellipses obtained without
resampling, due to the n values in these
two cases being »6.

Fig. 2 shows the overlap between two
ellipses and hence between two sets of
growth parameters (from Tables 1 and 2).
In this example, the overlap index is 0.89,
a high value indicating a strong similarity
in the growth performance of the two species
compared here [this index can range from
1 when the smallest of two ellipses is con
tained completely within the larger one,
to 0 when the two ellipses are completely
separated].

Figs. 3 and 4 illustrate the third major
routine of AUXIM, which enables compari
sons of up to 20 files containing up to 200
pairs of estimates of Leo K or W)( each.

Obviously, the new methodology pre
sented here will need to be further devel
oped, and applied to numerous other spe
cies, before its potential usefulness is fully
realized.

Here, we discuss only our two overlap
ping tilapia species, Oreochromis niloticus
and 0. mossambicus. As might be seen on
Fig. 2, the overlap between them occurs
in conjunction with medium and low val
ues of f in 0. niloticus. On the other hand,
there is no overlap for the highest values
of $' which express the growth of 0. niloticus
in large (natural and artificial) lakes of Af
rica (Moreau et al. 1986). This then, would
define in terms of growth that part of the
niche of O. ni/oticuswhich it does not share
with O. mossambicus.

Similar consideration may apply when
considering several species as illustrated
in Fig. 3, and by the dendrogram in Fig. 4
which allows ecological interpretations of
differences in species-specific growth
performance. For instance, Tilapia renda/Ii,
O. mossambicus and O. niloticus form a
cluster in Fig. 4. This is matched in the field
by their very similar, predominantly
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Table 1. Example of a file such as required by AUXIM: von Bertalanffy growth parameters for 20 populations
of Oreochromis mossambicus (adapted from Moreau et al. 1986, who give details on sources, locations,

methods of parameter estimation, etc.); note that AUXIM requires LooorWoo' not both.

No. Woo{g) Loo{SL, em) K{year")

1 408 21.6 0.36
2 410 21.7 0.24
3 3,082 38.7 0.20
4 1,725 30.7 0.24
5 655 24.5 0.39
6 1,729 35.1 0.21
7 1,671 34.7 0.30
8 876 28.0 0.38
9 1,450 33.0 0.26

10 897 28.2 0.63
11 1,326 32.0 0.21
12 1,259 32.0 0.41
13 1,082 28.6 0.40
14 770 26.0 0.68
15 719 25.8 0.44
16 737 27.0 0.42
17 675 25.8 0.37
18 1,277 31.2 0.64
19 1,979 37.6 0.36
20 1,132 31.3 0.39

Table 2. Von Bertalanffy growth parameters for 16 populations of Oreochromis nifoticus (adapted from
Moreau et al. 1986, who give details on sources, locations, methods of parameter estimation, etc.).

No. Woo{g) Loo{SL, em) K(year l )

1 1,214 33.4 0.23
2 387 n.8 0.44
3 851 28.6 0.51
4 745 Z7.2 0.50
5 7,059 57.2 0.14
6 1,579 34.7 0.28
7 1,061 29.4 0.59
8 1.635 34.4 0.45
9 780 27.1 0.58

10 1,013 29.4 0.29
11 1,373 32.6 0.36
12 1,985 36.8 0.28
13 3,504 39.2 0.50
14 7,134 56.3 0.41
15 3,984 46.2 0.55
16 5,663 57.1 o.n
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Table 3. Details on growth parameter files used, together with Tables 1 and 2, to create Figures 3 and 4
(adapted from Pauly et al. 1988, Moreau et al. 1986, and Pauly 1978, who give details on sources, locations,
methods of parameter estimation, etc.). All L

oo
values are in em and were converted to TL, all K values are

in year· l .

Sarotherodon Sarotherodon Tilapia Tilapia Squalus
melanotheron gali/aeus zillii rendalli acanthias

L K L K L K L K L K
'" 00 00 00 00

19.4 1.73 37.2 0.465 29.8 0.538 27.0 0.667 132.0 0.074
21.8 1.37 34.7 0.490 26.3 0.603 26.2 0.528 102.0 0.071
19.6 1.65 35.9 0.337 32.9 0.632 36.1 0.523 153.0 0.036
20.9 2.19 27.8 0.670 30.6 0.720 29.3 0.324 84.7 0.092
25.9 1.68 29.0 0.976 27.7 0.334 32.6 0.526 125.0 0.031
26.6 0.30 3 1.9 0.601 20.4 0.660 29.9 0.504 96.1 0.067
25.9 1.24 32.6 0.660 22.7 0.385 34.9 0.745 129.0 0.034
18.2 2.55 36.6 0.530 18.6 0.510 29.2 0.479 79.7 0.210
19.0 2.93 34.2 0.540 47.9 0.128 101.0 0.110
15.2 7.25 24.1 0.530 33.4 0.467
33.0 0.16 49.2 0.288 31.6 0.456

58.1 0.469 48.0 0.138
31.8 0.313
48.2 0.177
49.3 0.157
39.7 0.230

Thunnus Thunnus Gadus Esox Lebistes
albacares obesus morhua lucius reticulatus

L K L
'"

K L K L K L K
00 00 00 '"

189 0.560 206 0.380 132.0 0.200 75.0 0.238 5.0 1.74
178 0.660 260 0.125 154.0 0.069 100.0 0.264 2.4 6.90
190 0.660 214 0.106 120.0 0.125 93.3 0.310 3.0 5.11
214 0.420 244 0.183 111.0 0.333 80.6 0.204 5.0 2.12
186 0.564 186 0.608 99.5 0.200 64.4 0.322 2.3 6.87
210 0.327 244 0.114 106.0 0.177 97.5 0.208 6.1 1.10
209 0.454 216 0.167 102.0 0.234 106.0 0.123 4.4 1.98

112.0 0.154 141.0 0.097 2.6 6.74
108.0 0.153 4.9 1.77
123.0 0.232 5.0 1.56
122.0 0.247 2.2 5.46

4.2 2.30

'We used for tuna FL x 1.1 = TL. well aware that TL does not mean much in tuna, given the rigidity of their
forked tail.

microphagous/omnivorous feeding habits
(Costa-Pierce, this vol.). The other cluster
includes 5arotherodon galilaeus and T. zillii,
two floodplain species; 5. m elan0 theron,
a detritivore of West African coastal lagoons
(Pauly et al. 1988b) complements the tilapia
cluster, which is well separated from the
other fish groups.

Conclusion

Our contention is that the concept of
"growth space" presented therein, and the
use of ellipses for bounding that space, offer
considerable scope for advance in study
ing the ecology of tilapia and other fish
species.
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We shall support this by sending the
AUXIM program to anyone requesting it
(c/o ICLARM, MCPO Box 2631, 0718 Makati,

Metro Manila, Philippines).
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Appendix 1

Fig. 5 summarizes the key features of the approach
used in AUXIM to draw ellipses. (The equations
are expressed for growth in weight, but may be
easily adapted to growth in length); from (4) above,
we have

which is the equation of the major axis of the ellipse,
with cjJ as the intercept with the ordinate.

Simultaneously, and because it is perpendicular.
the equation for the ellipse's minor axis is

where Y is the ordinate at the intercept With the
ordinate a;is. The abscissa of the intercept of the
minor axis with the abscissa axis is
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Fig. 5. Schematic representation of method used to derive ellipses from the mean and variance of
log K and log Woo values (see text).

If an ellipse is to refer to the 95% confidence
interval of a cloud of points, the length (Z'a) of
the major axis must be related to the standard
deviation of X o; at the same time, the length of
the minor axis (Z'b) must be related to the standard
deviation of $, or

Z'a ~ 2·t·sd(X )'3/2'(1/«1 +(3/2)')1/'»
2·b ~ Z·t·sd($)·3/2·(1/«I+(3/Z),)1/,»

where the value of the t-statistic is related to
the number of points n, with t~ 1.96 when n~co

(Sokal and Rohlf 1981), and where the factor
3/Z'(1/«1 +(3/2)')1/')) takes into account the fact that
the axes of the ellipses are not parallel to the axes
of the coordinate system.

When the ellipses refer to the standard deviation
of the average values of 10glOWoo and log10K. sd(XJ
and sd (cjl) are replaced by standard errors, Le .• by

se(xo) and se(~J' respectively.

Appendix 2

AUXIM estimates the surface area (5
00

) of asymptotic
ellipses by random resampling of data points, as follows:

For all values of n, from 4 to the actual number of
data points (with n»4), take, at random, ZO sUbsamples
of (Woo' K) sets and, for each, compute the ellipses as
shown in Appendix 1. Then compute their average
values of logWoo' 10gK, $, Xo' Z'a, Z'b and. from these,
the area of the mean ellipse corresponding to any value
ofn. Finally, fit Equation (5) to the series of data points
thus obtained (see Fig. 1).
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Abstract

Survival of Tilapia guineens;s acclimated to a salinity of 10 ppt and a temperature of Z9°C was
assessed at dissolved oxygen (DO) levels between 5.05 and 0.15 mg'I-', and low pH levels between
3.5 and Z.O. The lethal DO level was 0.18±0.IZ mg·I·'. The routine metabolic rate of small fish
(1 .4±0.8 g) was 734 mg' kg·1.hour-' at high ambient oxygen concentrations (6.3±0.79 mg·'-'). For
medium-sized fish (10.6±3.0 g), the routine metabolic rate was Z93 mg·kg-1.hour-' at high ambient
oxygen concentrations and 47 mg'kg"'hour-' at low ambient oxygen concentrations. For pH, the
median lethal time (LTso) increased with pH from I.Z hours at pH Z.O to 6Z hours at pH 3.0. The
critical median lethal pH was 3.3.

Introduction

Tilapia guineensis is a euryhaline
substrate-spawning til apia important in
the lagoons and estuaries of coastal West
Africa (Philippart and Ruwet 1982). T.
guineensis has continued to attract at
tention as a possible candidate for
aquaculture in this environment (Payne
1983). This has made it imperative to
study factors likely to affect its survival
under cultivation.

Aquaculture in this coastal and es
tuarine zone involves making use of the
prevalent acid sulfate soils and coping
with and controlling water parameters
such as pH. dissolved oxygen (DO) and
ammonia. all of which affect the health
and growth of fish. In addition, tradi-

tional aquaculture involves creating and
managing algal blooms. This provol<es
DO fluctuations in the water body (Boyd
1990). Knowledge of lethal DO levels
and oxygen consumption of the cultured
species helps pond management, but
such information is lacking for T.
guineensis. We therefore studied the
pH and DO tolerance of T. guineensis,
and its rate of oxygen consumption in
relation to size and ambient oxygen.

Materials and Methods

A total of 150 fish (size range
0.01-25.0 g), out of a sample of 200,
were used for the experiments. All fish
were obtained from a pond in the



brackishwater fish farm of the African
Regional Aquaculture Centre at Buguma
in the Eastern Niger Delta, Nigeria. Pre
vailing physicochemical parameters in
the pond water at the time are presented
in Table 1. The fish were kept in creek
water in a plastic pool (pH 6.6±0.59,
DO 6.8 mg'l- t and salinity 10.2± 1.8 ppt;
means and standard deviations) for a
minimum of 24 hours without feeding,
prior to usage.

Lo w pH Experiments

Two experimental procedures were
adopted. In the first, 10 fish of differ
ent sizes were abruptly transferred to
aerated water at a particular pH, and
left there until they died.

For the second procedure, water with
a particular pH and DO, held in a raised
90-1 reservoir, was made to flow through
the chamber containing 10 fish, at 60
ml per minute. At that rate, the reser
voir water could sustain the experiment
for a day before being recycled.

For both procedures. the desired pH
was obtained by mixing small amounts
of sulfuric acid into the test medium:
read from a L1TMAX pH meter model
cp-20 and checked with litmus paper.
The time to mortality was recorded for
each fish. Fish were considered dead
when the opercular beat ceased and the
fish failed to respond to touch stimuli.
The experimental procedure was as
described by Alabaster and Lloyd (1980)
and Mohamed and Kutty (1987).

Lethal Oxygen Levels

Test fish were placed singly in a sealed
respirometer (1 .155 ml or 300 mI). The
fish reduced the oxygen content of the
water until it became asphyxiated (Kutty
1972). The lethal (asphyxial) oxygen
concentration was determined directly
from the water through a probe con-
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nected to an oxygen meter, and con
firmed by titration using the unmodi
fied Winkler technique (APHA 1975).
The experiment was terminated when
all movements of the test fish ceased.

Oxygen Consumption

T. guineensis of sizes ranging from
0.5 to 14.4 g were used. Fish were con
fined individually in a sealed respirometer
and depleted the oxygen in the water.
The oxygen content of the medium was
monitored every 30 minutes by oxygen
probes until the fish became asphyxi
ated.

Results

Low pH Experiments

The relationship between resistance
times and fish mortality can be represented
by a series of sigmoidal curves, repre
senting resistance times against fish
mortality (Fig. 1). These curves are dis
placed to the right with increase in the
pH of the medium. The upper flexion points
on the curves denote the times to death.
The times to 50% mortality are indicated
by the broken line, and the values plot
ted are 75 minutes at pH 2.0, 145 min
utes at 2.5, 420 minutes at 2.7 and 3,695
minutes at 3.0.

There is, however, a very close rela
tionship between acid pH and LT50 (Fig.
2): LT50 increases until the pH becomes
too high for 50% mortality to occur in
the experimental time frame.

Assessment of Lethal DO
Concentration

Fig. 3 shows the relationship between
asphyxial dissolved oxygen concentra
tion and the weight of the fish. Though
smaller fish had a higher asphyxial level
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Table 1. Characteristics of the pond water from which test fish (Tilapia gUineensis) were
obtained and of the acclimation media. The values given are means and standard deviations,
or ranges.

Parameters Pond water Acclimation medium

pH 4.33 - 4.68 6.6 ± 0.6
Temperature (0C) 29.5 ± 2.0 29.3 ± 0.5
Salinity (ppt) 9.4 - 10.1 10.2 ± 1.8
Ammonia (mg'I-') 1.77 - 2.63 0.56 + 0.20
Dissolved oxygen (mg'I-') 3.16 - 4.04 6.80 ± 0.70
Nitrate (mg'I-') 1.52 - 3.76 Same
Phosphate (mg'I-') 1.46 - 2.30 Same
Sulfide (mg'I-') 0.01 ± 0.21 Same
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Fig. 1. Time to death of Tilapia guineensis juveniles (acclimated to pH 6.6 brackishwater) in vari
ous low pH media.
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Fig. 2. Relationship between pH and median lethal time (LTso ) for juvenile Tilapia guineensis.
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Fig. 3. Asphyxial oxygen concentration
in relation to weight for Tilapia guine
ensis. (Each plotted point is a mean of
two observations.)
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(0.35-0.4 mg'I,t), the mean asphyxial
level (±SD) for all fish was 0.1 8±0. t 2
mg·I,I.

OXY8en Consumption

Analysis of data from this series of
experiments showed that, generally,
there was a decrease in oxygen con
sumption as the ambient oxygen level
of the medium fell, up to the point of
asphyxiation when the oxygen consump
tion became inadequate to sustain
metabolism.

Fig. 4 shows that the rate of oxygen
consumption decreased with the increase
in the weight of fish, thus small fish had
a higher consumption rate than larger
fish. Bigger fish, of course, consume more
oxygen per unit time than small fish.
Fig. 5 shows the relationships between
oxygen consumption and fish weight at
normoxic and hypoxic levels.

900

Discussion

Survival ofT. gulneensls at Low pH

From our results, it is clear that all pH
values below 3.0 are lethal to T. guineensis,
with 100% mortality in all cases. At pH
3.0, however, survival can be as high as
40%, rising to 70% at pH 3.3 and to 100%
at pH 3.4. Therefore, pH 3.3 may be re
garded as the incipient lethal pH, at which
the medium becomes unsuitable for the
fish, whereas pH 3.3 to 3.5 correspond
to a tolerance zone. Alabaster and Lloyd
(t 980) believed that it was "unlikely that
any fish can survive for more than a few
hours in this pH zone" (3.0-3.5). Balarin
and Hatton (1979) also gave the lethal
pH for tilapia as approximately 3.5. With
t 00% survival at pH 3.4. T. guineensis
appears to be quite resistant to low pH,
and should cope with any acid conditions
that may be generated within ponds. It
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Fig. 5. Log oxygen consumption (mg'hour") in relation to log weight of Tilapia guineensis under
(normoxic and hypoxic) oxygen conditions. (A point represents the mean of two observations.)

is, however, not clear to what extent prior
acclimation to the fairly low pH of the
ponds (4.33 to 4.68) may have contrib
uted to the good survival of the test fish
at low pH. Even so, for 40% of the test
fish to have survived at pH 3.0 for one
week is remarkable, and marks T. guineensis
as one of the most resistant tilapia spe
cies to low pH.

like another estuarine tilapia, Oreochro
mis mossambicus, is capable of anaero
biosis at very low DOs (Kutty 1972).
From the point of view of the tropical
aquaculturist, this makes the species very
desirable for culture in fertilized ponds
where nighttime and early morning DO
values can plummet catastrophically
(Boyd 1990).

lethal (Asphyxial) DO levels

The asphyxial DO level of O. 18 mg'l- t

obtained for T. guineensis is well be
low the 1.0 mg'l-t projected by Magid
and Babiker (1975) as critical for most
tropical fish, but is within the range found
for some other cichlids (Balarin and
Hatton 1979; Philippart and Ruwet 1982).
The survival of T. guineensis at such a
low DO level could be because this fish,

Oxygen Consumption in Relation to
Ambient Oxygen Concentration and
Size

The sigmoid curves (not shown) obtained
for each test fish show that oxygen con
sumption increases with the level of am
bient oxygen concentration up to a point.
beyond which it becomes independent of
oxygen concentration. Similarly, with re
duction of oxygen concentration, oxygen



448

consumption decreases with lowered ac
tivity (Fry 1957, 1971), beyond which
anaerobiosis occurs, followed by asphyxia.
The lowest metabolic rate for T. guineensis
from this work was 46.6 mg'kg-1'hour1±

16.5 g (n=8) which, according to Kutty
(1987), appears to be the closest value to
the standard metabolism of the fish.

From our experiments, the rate of
oxygen consumption in r. guineensis
is negatively correlated with unit weight.
For the comparison between oxygen
consumption and fish weights under
normoxic and hypoxic conditions (Fig.
5), the slopes of the lines (0.56 and 0.48)
were not significantly different (ANOVA)
and are quite close to the value 0.5
reported by Fry (1971) for other tilapia
species.
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Abstract

Many studies have shown the essential role of prolactin (PRL) in osmoregulation. When tilapia
are transferred to hyperosmotlc environments. an increase is observed in plasma ion concentrations.
in the rate of ion turnover and in gill Na/K-ATPase activity. Plasma PRL concentrations decrease.
Hypophysectomy of freshwater fish causes an imbalance in the hydromineral equilibrium leading
to the animals' death. Supplements of PRL allow their survival by re-establishing the sodium net
flux. In hyperosmotic environments. hypophysectomy does not lead to the animals' death. In this
environment, PRL reduces sodium permeability and causes an increase in plasma sodium concentrations.
PRL seems to have an effect on chloride cells but does not decrease gill Na/K-ATPase activity.
Stress related to anesthesia. to confinement or to the water's physicochemical characteristics causes
an increase in plasma PRL concentrations.

Introduction

The fish of the genera Tilapia, Saro
therodon and Oreochromis are charac
terized by a great tolerance to a wide
range of environmental conditions. They
tolerate great temperature variations
(Chervinski 1982) as well as salinity
(Dharmamba and Nishioka 1968 on O.
mossambicus; Fukusho 1969 on O. nilo
ficus) and some species known to be
freshwater species are found in estuaries
or in the sea (Stickney t 986). The range
of tolerance also extends to water qua
lity: anoxia, pH and dissolved nitrogen.

Efforts have been made to develop
tilapia culture in marginal areas, such
as in brackishwater or in seawater (Payne
1983). However, the intensive develop-

ment of this farming system presents
several difficulties. For example, species
with a high culture potential such as
O. ni/oticus have low euryhalinity, while
species with poor growth such as O.
mossambicus show adequate euryhali
nity. Consequently, Doudet (1986) and
Morissens (1987) report high mortalities
associated with low growth rates in
tilapias that are or could be farmed in
brackishwater lagoons. These results,
which show the low resistance of tilapias
to salinity, contradict the laboratory
findings. Environmental fluctuations dur
ing culture cycles, which are not repro
duced in the laboratory and which the
animals must resist for long periods of
time (temperature, salinity and quality),
could account for the observed differ
ences.
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Changes In Some Physiological
Parameters during the
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of Tllaplas to Hyperosmotlc

Environments

In order to understand these morta
lities, it is necessary to analyze the influ
ences of the environmental parameters
on fish physiology, and especially on
the endocrine control of osmore
gulation. Knowledge on the subject is
still fragmentary (see review of Prunet
and Bornancin 1989).

This paper is limited to the study of
prolactin (PRL), and reviews both the
major bibliographic data and our spe
cific results about this hormone and its
role in osmoregulation.

In tilapia, prolactin is found in two
forms (Specker et aI. 1985; Rentier
Delrue et aI. 1989) which are synthe
sized by two distinct genes (Rentier
Delrue et al. 1989). The complete se
quences of both PRL are well known
(Yamaguchi et al. 1988; Rentier-Delrue
et al. 1989). The heavier of the two,
PRL-I (24 kDa, 188 amino acids) contains
11 more amino acids than the other,
PRL-II (20 kDa, 177 amino acids).

Descriptive Analysis of Some
Parameters during the Adaptation
to a Hyperosmotlc Environment

In tilapias (0. mossambicus) adapted
to seawater, the plasma Na and plasma
CI concentrations, and the osmotic
pressure are slightly higher (5 to 10%)
than those of animals kept in freshwa
ter (Table 1) (Dharmamba et al. 1973;
Dharmamba et al. 1975; Dange 1985;
Young et al. 1988). In O. aureus, the
direct transfer from freshwater to
brackishwater (14 ppt) results in an in
crease in plasma chloride levels, followed
by a rapid decrease. After three days

Fig. 1. Changes in plasma CI. PRL-I and PRL-lIlevels
in the adaptation of Oreochromis aureusto a brackish
environment (14 ppt). Experiments were conducted
on animals of 70 g mean body weight. The samples.
taken at different dates after the beginning of treatment.
were always taken at the same hour. Each point rep
resents nine animals. 0: control animals in fresh
water; Ll: animals transferred from freshwater to
brackishwater (14 ppt). ': P<0.05; .. P<O.Ol.

in brackishwater, the chloremia of the
animals transferred is no longer
significantly different from that of the
animals kept in freshwater (Fig. 1).

The adaptation of O. mossambicus to
brackishwater results in an increase in
gill Na/K-ATPase activity as shown either
by direct measurement (Table 1)
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Table 1. Effect of salinity on plasma Na and CI concentrations, gill Na/K-ATPase activity. transbranchial po
tential and Na fluxes (Dharmamba et al. 1973. 1975; Dange 1985; Young et al. 1988) in Oreochromis mossambicus.
Values are means ± standard errors with numbers of determination in brackets.

Environment

Freshwater 1/3 seawater Seawater

Plasma values (IlEq'I-I) Na
CI

NA/K-ATPase activity
of the microsomal fraction
of gill epithelium
(Ilmol of phosphate/hour'milligram
of proteins)

158.5 ± 2.2( 12.)
139.0 ± 1.0( 12.)

1.5 ± 0.1( 12.)

163.2 ± 2.5(9)
149.5 ± 2.2(9)

2.8 ± 0.7(9)

163.8 ±
146.2 ±

3.5 ±

2.0( 11)
1.7(11)

0.8(11)

Transbranchial potential
(Int-Ext) mV
Na flux
IlEg' lOO g·t.h- I

inflow
outflow

13.6 ± 2.5(8)
8.4 ± 1.3(8)

14.7
116
123

± 1.8(3)
± 29 (6)
± 56 (5)

35.2
746

1,651

± 3.7(3)
± 79 (6)
± 171 (8)

(Dharmamba et al. 1975; Dange 1985;
Young et al. 1988) or by fluorescence
measurements on the opercular mem
branes using fluorescent ouabain
(McCormick 1990).

Finally, during adaptation to seawater,
the transbranchial potential and the
transepithelial potential, which are
positive compared to the external
environment. increase strongly in O.
mossambicus (Table 1) (Dharmamba et
al. 1975; Young et aI. 1988).

Analysis ofIon Movements Involved
In Plasma Ion Variations

Experiments were conducted on Na
fluxes in order to understand better the
variations observed in plasma ion
concentrations. In O. mossambicus
reared in freshwater, the rate of Na
turnover is 0.1 5%'hour (Dharmamba
et al. 1973) with a positive net flux of
sodium (inflow). This Na turnover value
increases to 26%'hour in animals
adapted to seawater (Dharmamba et aI.
1973).

This increase in turnover in seawater
can be explained by an increase in the

sodium (and chloride) outflow at the
gill level, which is multiplied 10 times
for diluted seawater (1/3 part) and 200
times for pure seawater (Table 1)
(Dharmamba et al. 1975). The increase
in CI fluxes at the opercular membrane
level is just as strong in seawater (Ta
ble 2) (Foskett et al. 1981).

In addition to this modification in ion
fluxes, the adaptation of O. mossam
bicus to seawater results in reduced
water permeability compared to fresh
water fish (Potts et aI. 1967).

Concomitance between Ion Movement
Variat/ons and Gill Cell Modification
during Adaptation to a HyperosmotJc
Environment

The increase in chloride excretion des
cribed previously, and demonstrated by
Foskett et al. (1982), can be correla
ted to a modification of chloride cells
at the gill and opercular membrane
levels. These structures are rich in
chloride-excreting chloride cells (Foskett
and Scheffey 1982). For example,
chloride cells are small and poorly
developed in freshwater, but in seawater
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Table Z. Fluxes of 36CI measured under short-circuit current at the level of the oper
cular membranes Isolated in Oreochromls mossamblcus adapted to different envI
ronments (Foskett et al. 1981) Values are means ± standard errors with numbers of
determination in brackets.

~Eq·cm,z·h·l Freshwater After 10 days adaptation
to seawater

Outflow 0.26 ± 0.07(6) 2.60 ± 0.30(5)
Inflow 0.18 ± 0.04(6) 0.50 ± 0.08(5)
Net flux 0.07 ± 0.07{-) 2.10 ± 0.30(-)

they are rich in mitochondria and show
a well developed tubular system (seat
of the Na/K-ATPase activity) in connection
with the basolateral membrane (Foskett
and Scheffey 1982; Foskett et al. 1982).

Foskett et al. (1982) describe two pe
riods in the relationship between the in
crease in chloride excretion and the modi
fications observed at the chloride cell
level. The first period in the increase in
chloride excretion, which lasts three days,
seems to be related to an increase in the
number of chloride cells. The second
period in the increase of excretion, noted
after three days, seems to be due to an
increase in chloride cell diameter and,
therefore, to an increase in secretion in
each cell.

These electrophysiological and micros
copic studies allow us to conclude that
the increase in transopercular ion fluxes
observed during adaptation to seawater
are closely related to an increase in the
number of differentiated chloride cells
which are responsible for the excretion
of chlorides.

Plasma Endocrine Parameters

In endocrine terms, the adaptation of
O. mossambicus to brackishwater results
in a decrease in the circulating levels of
prolactin. Such decrease occurs as soon
as salinity drops 10% below seawater
salinity (Nicoll et al. 1981).

Studies conducted on O. aureus
transferred to brackishwater (14 ppt) show
that the drop in PRL-I and PRL-II circulating

levels occurs in 24 hours (Fig. 2) (RIA
titration: Auperin et al. 1994). The
evolution of both PRL-I and PRL-II
plasma levels follows the same pat
tern, but the PRL-II concentration is
higher than the PRL-I concentration after
two weeks adaptation in brackishwater.
This seems to indicate a coordinated
regulation of the secretion of both PRL
forms.

These results concur with the stud
ies conducted in vitro on O. mossam
bicus, which show that the hypophyses
of animals reared in freshwater syn
thesize and secrete more PRL than those
of animals reared in seawater
(Nagahama et al. 1975; Grau et al.
1981).

Therefore, the adaptation of tilapias
to seawater results in a slight increase
in plasma ion concentrations, an in
crease in their turnover rate, an increase
of the gill Na/K-ATPase activity and a
decrease in plasma PRL concentrations.
It also results in an increase in the
transmembrane potential which is held
responsible for the passive Na outflow.

Effects ofHypophysectomy
and Prolactin Supplement
in Animals Reared in Different
Salinity Environments

The studies of Handin et al. (1964)
and Dharmamba et al. (1967) on hy
pophysectomized tilapias (0. mos
sambicus) have shown that these ani
mals were unable to survive in
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Fig. 2. Effect of sheep (s) or tilapia (til PRL treatments on the osmotic pressure (OP) and plasma Na concentrations
in Nile tilapia (Oreochromis niloticus) adapted for 15 days to brackishwater (20 ppt) at the time of the first
injection. PRL was injected every other day, 1 hour after daybreak (12/12) with a total of four injections.
Injected doses are: sPRL: 10 IJg·g·1 of wet weight per injection; tiPRL: 0.25 IJg·g" of whole weight per
injection (ti PRL's I and II were provided by F. Rentier-Delrue).
*: P<0.05; **: P<O.OI.

freshwater, but that treatments using
sheep prolactin (sPRL) allow their
survival. These first results have led to
many other studies showing the role of
prolactin in osmoregulation ..

Hypophysectomized Animals
Reared in Freshwater

The culture of hypophysectomized 0.
mossambicus in a Ringer environment
(isotonic environment) allows the survival
of the animals. The transfer to fresh
water causes 100% mortality in 10 days
(Dharmamba et al. 1967; Dharmamba 1970).

These mortalities in freshwater are due
to an imbalance of the hydromineral equi
librium, which results in a continuous
decrease in osmotic pressure (OP) and
in Na concentrations as compared to
the control animals reared in freshwa
ter or to hypophysectomized animals
kept in Ringer (Dharmamba et al. 1967;
Dharmamba 1970).

The analysis of Na fluxes shows that
the hypophysectomy of tilapia transferred
to freshwater results in an inversion of
the sodium net flux: from an inflow to
an outflow. This inversion is due to a
large increase in the passive outflow
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and a decrease in the inflow (Table 3)
(Dharmamba and Maetz 1972).

These results concur with the decrease

in gill Na/K-ATPase activity, and in the

decrease in transepithelial potential
responsible for the passive Na outflow
observed in hypophysectomized animals
(Young et al. 1988).

Hypophysectomized Animals Reared
In Freshwater and Supplemented
with Prolactin

Daily injections of sheep prolactin (10
pg' g.l of wet weight) in hypophysecto
mized O. mossambicus allow the sur
vival of these animals in freshwater for
several days. The osmotic pressure and
the plasma Na concentrations in these
animals are, based on the number of
days of treatment, slightly lower than
or equal to those in operated yet not
hypophysectomized control animals
(Dharmamba et al. 1967; Dharmamba
1970).

Similar results were obtained with in
jections of tilapia PRL (PRL-I, PRL-II or
a mix of the two forms) before the trans
fer of hypophysectomized animals to
freshwater. Thus these treatments allow
the maintenance of plasma Na and CI
concentrations, the OP, and the transe
pithelial potential in the control animals
(Specker et al. 1985; Young et al. 1988).
Specker et aI. (1985) did not observe

any difference between the two forms
of PRL in the retention of Na.

The analysis of the Na fluxes in hypo

physectomized animals transferred to

freshwater shows that injections of sheep
PRL in O. mossambicus reestablish a net
inflow by decreasing the outflow, but
do not seem to act on the inflow (Ta
ble 3) (Dharmamba and Maetz 1972).

Intact Animals in HyperosmotJc
Environments

In tilapias (0. mossambicus) adapted
to seawater, injections of sheep prolactin
over a period of five days produce a
40 to 50% increase in plasma Na and
CI concentrations and an increase in
osmotic pressure (Table 4) (Clarke 1973;
Dharmamba et al. 1973; Dharmamba and
Maetz 1976; Herndon et al. 1991). In
0. niloticus adapted to the brackishwater
(20 ppt), injections of til apia prolactin
(PRL-l or PRL-II) also cause an increase
in plasma Na and Cl concentrations and
in the OP (Fig. 2).

This increase in plasma Na after the
ir1'jections of PRL can be explained by
a modification in the hydrogen and
sodium balance. For example. the re
sults of Wendelaar Bonga and Van Der
Meij (1981) on tilapias (0. mossambicus)
adapted to a calcium-poor, 9 ppt saline
environment (isoosmotic) indicate that
sheep prolactin reduces the osmotic

Table 3. Na Flux (~Eq'l00 g-1.h- ' ) at the gill level in Oreochromis mossambicus after six to seven days in
freshwater: Effect of the hypophysectomy and the sheep PRL supplement (1 0 ~g'g-l. one injection per day
for five days). Values are means ± standard errors (Dharmamba and Maetz 1972).

Inflow Outflow Net flux

Whole animals (8) 13.63 ± 2.49 8.43 ± 1.27 +5.19 ± 1.66
Hypophysectomized animals (6) 5.58 ± 2.83 21.56 + 3.18 -15.98 + 2.32
Hypophysectomized animals (7)
+ NaCI (0.9%) 9.42 ± 0.89 14.81 ± 1.35 -5.40 + 1.40
Hypophysectomized animals (13)
+ sPRL (10 ~g'g") 9.87 ± 1.24 8.74 ± 0.94 +1.13+0.81
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Table 4. Osmoticpressure (OP), plasma Naconcentration and Na inftow and outRow (IJEq'hour"lOO g') In Oreochromis mossambicus
adapted to seawater. Effect of the hypophysectomy and the sheep PRL supplement (10 IJg'g,l, one injection per day for five
days) (Dharmamba eta!. 1973; *: Dharmambaand Maetz 1976; and **: Dharmambaetal. 1975). Values are means ± standard
errors with number of determinations in bracl<ets,

OP Plasma Na Inflow Outflow
(mOsmol'I,I) concentration (IJEq'I'I) (IJEq·h,1.100g") (IJEq·h'1.100g· l )

293 ± 7 165.7 ± 4.5 746 ± 79 (6)*' 1.651 ± 17 (S)'*

294 ,± 9 161.7 ± 2.5 739 ± 141.2 1,275 ± 199.5

414 ±10 (7) 230.6 ± 5.2 (7) 191 ± 23.6 (5) 321 ± 61.S(5)

153,6 ± 4.S*

175.7 ± 1.5*

Whole animals
in seawater (5)

Hypophysectomized
animals in seawater (6)

Controls in seawater (7)

Whole animals in
seawater + Injections
of sheep PRL

Whole animals in
seawater + injections
of NaCi (5)

water inflow and outflow at the gill level.
In the same species adapted to seawater,
the increase in plasma Na after a sheep
prolactin treatment causes 70 to 75%
decrease in the Na turnover (Dharmamba
et al. t 973). This coincides with the de
crease in sodium permeability (Young
et al. t 988) which results in a fivefold
reduction of the Na inflow, and a four
fold reduction of the outflow (Table 4).
Under these conditions, the net outflow
is inhibited by 75% (Dharmamba et al.
t 975).

These studies support the results of
Foskett et al. (t 982) which indicate that
in tilapias (0. mossambfcus) adapted
to seawater, sheep PRL inhibits, in a
dose-dependent manner, the excretion
of chloride and conductance at the
opercular membrane level. Similar ef
fects are observed during injections of
PRL from the rostral pars distaJis of the
PRL-rich adenohypophysis.

Foskett et al. (t 982) also suggest that
the inhibition of chloride (and conse-

quently Na) secretion after an injection
of PRL occurs due to a decline- in the
population of sodium-excreting chloride
cells and/or a decline fn the active
transport to the remaining cells. In fact,
recent studies (Herndon et al. t 99 t) have
shown that a treatment using sheep
prolactin inhibits chloride cell differen
tiation. For example, the number of
chloride cells at the opercular membrane
level does not vary, but the average size
(diameter and depth) decreases. These
chloride cells are therefore no longer
in contact with both the external and
internal environments. The effect of
prolactin seems to be to inhibit
hypertrophy and the differentiation of
new chloride cells (Herndon et al. t 99 t ).

Jointly, these results suggest that
sheep prolactin inhibits the gill Na/K
ATPase in animals adapted to seawater
(Dharmamba et al. t 973). However,
under the conditions used by Young et
al. (t 988) (two injections to hypo
physectomized animals kept in 25%
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seawater), the two prolactin isoforms

do not change the Na/K-ATPase activ

ity. These results support those of Herndon
et al. (1991) (Table 5), who did not observe
any variation in the Na/K-ATPase activ
ity after five injections of sheep prolactin.

These two sets of results (decrease
in the number of chloride cells and
absence of variation in the Na/K-ATPase
activity) seem to be contradictory and
suggest a complex effect of prolactin
on chloride cells.

Hypophysectomized Animals in
HyperosmotJc Environments

Hypophysectomy performed on O.
mossambicus reared in seawater does
not significantly modify Na and CI con
centrations as found in whole animals
reared in the same environment (Table
4) (Dharmamba and Maetz 1976), but
it produces an inhibition of 50% of the
Na outflow (Dharmamba and Maetz
1976).

Whatever the environment salinity,
sheep PRL or its equivalent leads to an
increase in OP and plasma Na and CI
concentrations. But the action of pro
lactin on sodium movements seems to
be different depending on whether ani
mals are kept in fresh- or seawater. In
freshwater, prolactin acts only on the
outflow, whereas in seawater, it reduces
both inflow and outflow.

These results suggest that the decrease

in plasma PRL concentrations is a

necessary condition to ensure the
animals' survival and an optimal salt
excretion at the gill level in seawater
animals. However, the effect of hypo
physectomy in tilapias adapted to
seawater, which leads to an inhibition
in the Na outflow, suggests that other
endocrine mechanisms are involved.

Effects of Stress
on Prolactin Levels

Two types of stress must be distin
guished: stress related to farming con
ditions (stocking density, manipulation
of the animals, etc.), which causes modi
fications in plasma PRL concentrations
in salmonids (Avella et al. 1991), and
stress related to the physicochemical
characteristics of the environment (acidic
pH, pollution by heavy metals, etc.)
which causes an increase in hypophyseal
prolactin cell activity in 0. mossambicus.

Stress Related
to Farming Conditions

Two types of experiment have pro
vided the means to trace the plasma
PRL-I and PRL-II levels. In 0. niloticus,
an analysis of the following effects was
conducted:

Table 5. Number and size of chloride cells at the opercular membrane level and gill Na/K-ATPase activity
in Oreochromis mossambicus adapted to seawater. Effect of the sheep(s) PRL supplement (10 J.lg- g-1, one
injection per day for five days) (Herndon et al. 1991). Values are means ± standard errors.

Number of chloride cells (cells-cm-Z)

Size of chloride cells (J.lm Z)

Gill Na/K-ATPase
activity (mmol ADP'mg'prot'hour-')

Animals iniected
with NaCl

6.979 ± 1,825

325 ± 55

9.9 ± 1.4

Animals injected
with s-PRL

7,499 ± 1.258

130 ± 17

11.0.+ 1.8
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1) the effect of the sampling method:
rapid sampling without anaesthesia upon
release from the culture tank. This
technique was used as a control. Also
a sampling of the animals after anes
thesia in 4 min (0.5 ml phenoxyethanol'I- 1

of water) or in 1 min (1 ml phenoxye
thanol'I- 1 of water); and

2) the effect of stress when animals
(five fish in a 10x40x45 cm space) were
confined in a reduced volume of water
for 1 hour, then anesthetized in 4 min.

PRL circulating levels (Fig. 3) are higher
(but not significantly different) in animals
anesthetized in 1 min than in control
animals. In contrast, stressed animals
(showing plasma cortisol concentrations
[93.1 ±6.3 ng'ml-1] significantly higher

than those in control animals [2.4± 1.5
ng'ml- 1] or animals anesthetized in 4 min
(cortisol concentrations = 113 .8± 10.6
ng'ml-1

]) show PRL circulating levels sig
nificantly higher than those of control
animals. However, the increase in PRL
c"irculating levels in stressed animals is
not significant when compared to ani
mals anesthetized in 4 min.

Environment-related Stress

The exposure of O. mossambfcus to
acidic pH (pH 3.5) causes severe stress
leading to a continuous decline in the
plasma osmotic pressure (Wendelaar
Bonga et al. 1984). This reduction is
accentuated in the first six days after
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Fig. 3. Effect of anaesthesia and stress on plasma PRL-I (bars with no shading) and PRL-II (shaded bars)
concentrations in Oreochromis niloticus. Animals were adapted to farming conditions for seven days. Two
doses of anesthetic (phenoxyethanol) were used. Stress was produced by confining the animals in a reduced
space in the aquarium for periods of 1 hour. a: P<O.05 compared to control animals.
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the transfer, then a partial restoration
occurs after t 4 days. The authors de
scribe a rapid change (in 24 hours af

ter the transfer to an acidic environment)

in the ultrastructure of the prolactin cells,

and after 14 days, an increase in the

size of the rostral pars distalis, from 31 %
to 47% of the total hypophysis volume,
suggesting an increase in the synthesis
and release of PRL.

Subsequent to a three-month adapta
tion in acidic pH (4.5), there is no longer
any difference between plasma Na
concentrations in animals adapted to
acidic pH and those in the control animals
(Flick et al. t 989).

These authors indicate that at the
beginning of the experiment, the so
dium inflow is reduced by 55% and the
outflow by 70% of the value found in
control animals. In contrast, they de
scribe a restoration of the outflow af
ter to days. At the end of this period,
the net flux reaches zero, while there
is an inflow of93 nmol'hour-1'g-1 in ani
mals with pH 7.0.

These results support the observations
made previously, i.e., that the increase
in prolactin secretion observed in the
adaptation to acidic pH seems to be
causing the decrease in Na outflow ob
served in these animals.

The effect of cadmium pollution also
causes a temporary decline in plasma
electrolytes as well as an increase in
prolactin cell activity. But such an in
crease is only temporary, and it ceases
when metallothionines appear in the liver
and the gills (Fu et al. t 989; Pratap et
al. 1989). These detoxifying proteins
apparently protect osmoregulating
mechanisms against cadmium.

Conclusion

This study shows that prolactin plays
an important role in freshwater tilapias.

It is essential to their survival because
it reduced the Na outflow. On the other
hand, the absence of prolactin in ani

mals adapted to a hyperosmotic envi

ronment also seems essential, since this

hormone causes a retention of the plasma
Na, which leads to their death. In this
environment, prolactin acts by reduc
ing Na inflow and outflow.

Incidents of stress (manipulation, con
finement, modification of the quality of
farming conditions) lead to a significant
and rapid increase in plasma PRL levels.
If these factors also cause a similar
increase in plasma PRL concentrations
in brackishwater, it is likely that it will
lead to an imbalance of the hydromineral
equilibrium in these animals. Such an
imbalance, if it persists in a hypertonic
environment, could cause death and
could account for the unexplained
mortalities in some cultures in
brackishwater lagoons. The hypothesis
of an increase in plasma PRL
concentrations following environmen
tal fluctuations during culture cycles
should be studied further.
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Abstract

Experiments in lvorian lagoons on the tolerance of tilapias to brackishwater showed significant
differences among species and hybrids of Oreochromis, particularly in their survival rate. To document
these differences, the physiological adaptation to salinity was studied by choosing the species
most tolerant to lagoon environment, O. aureus, and the least tolerant, O. niloticus. This study
was conducted on populations from Cote d'ivoire (field strain: FS) and on a population of O.
niloticusofthe same origin; but cultured in laboratory conditions (laboratory strain: LS). The populations
were transferred from freshwater (FW) to brackishwater (BW) both progressively (FW~BW 10 ppt
~BW 20 ppt) and rapidly (FW~BW 20 ppt~BW 30 ppt). Four parameters were used to assess the
adaptability to saltwater: mortality rate, plasma natremia, gill Na+/K+-ATPase activity and the presence
of gill interlamellar chloride cells.

Results showed that O. niloticus (LS) is the only strain to adapt rapidly to 30 ppt while O.
niloticus (FS) had difficulties tolerating the progressive transfer to 20 ppt. However, such a transfer
was well-tolerated by O. aureus. Plasma natremia increased (15%) in each strain only when the
maximum level of salt tolerance was approached. Mortalities occurred at 190 11M natremia. Gill
Na+/K+-ATPase activity was stimulated, but its kinetics was different from that of the natremia.
Interlamellar chloride cells, apparently rare in freshwater, occurred after transfer to brackishwater.
These cells were found in large numbers in O. niloticus (LS) and O. aureus.

Based on the results, the following classification was established for progressive adaptation to
salinity: O. niloticus (FS) < O. aureus (FS) < O. niloticus (LS). A number of hypotheses are derived
from these findings.

aA more detailed account of this study, induding a description of the gill ultrastructure, has been
published by M. Avella, J. Berhaut and M. Bornancin. 1993. Salinity tolerance of two tropical fishes.
Oreochromis aureus and O. niloticus. I. Biochemical and morphological change in the gill epithelium.
J. Fish BioI. 42:243-254.
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Introduction

Competition with agriculture over land
use and water resources, and the will
of some African countries like Benin
(Morissens et al. 1986) and Cote d'ivoire
(Doudet 1992) to use lagoon water
bodies, have encouraged the develop
ment of til apia culture in brackishwater.
In effect, many tilapias show a distinct
euryhaline nature (Chervinski 1982;
Payne 1983) as also described by many
studies on the species of African coastal
areas (Daget and lltis 1965; Payne and
Collinson 1983).

However, high tolerance to salinity
and high culture potential are not nec
essarily synonymous, as highly euryhaline
species respond generally poorly to
profitability criteria in intensive produc
tion. This is particularly true of Oreo
chromis mossambicus although the same
observation was made in Sarotherodon
melanotheron and Tilapia guineensis,
both native species of West African la
goon environments (Legendre et aI.
1990). In COte d'Ivoire, this situation
has prompted the development of a
comparative program of species and
hybrids of the allochtonous genus
Oreochromis to breed a tilapia for
aquaculture in lagoon environments

(Doudet 1992). Significant differences
among species and hybrids have been
observed, particularly in their survival
(Table 1).

As these differences could be ex
plained by the species' greater aptitude
to osmoregulate in hypertonic environ
ments, a laboratory study on the physi
ological adaptation to salinity was con
ducted using O. aureus and O. niloticus.
These two species were selected because
of their highly dissimilar survival in la
goon environments.

The study consisted mainly in observ
ing the evolution of plasma sodium and
gill Na+jK+-ATPase activity as well as
the morphological changes occurring in
the gill epithelia during transfers from
freshwater to saltwater.

Materials and Methods

Biological Material and Adaptation
Environments

The study was conducted on
populations of 0. aureus and 0. niloticus
transferred directly from COte d'Ivoire
(field strains: FS) and on a population
of O. niloticus cultured for several years
at the National Institute of Agriculture

Table 1. Survival (%) of species and hybrids of Oreochromis observed during tests conducted in
lagoon environments in Cote d' Ivoire. Maximum salinity; 15 ppt; mean temperature: 27 -30.5°C;
and duration of tests: 45-153 days (from Doudet 1992).

Species or hybrids
Test

number Oa On x Oa Om x Ouh Om Ouh On x Ouh Om x On On

1 96 a 92· b 91·b 86 b 57<

2 98 a 85 b 85 b 80 b 80 b 67 c

3 99 a 84 b 74< 77< 78 c 58d

4 85 a 77 a 55 b

5 91" 80 a

In a single test, mean values with the same superscript letter do not differ significantly (P>0.05).
Oa: Oreochromis aureus; On: O. niloticus; Om: O. mossambicus; and Ouh: O. urolepis hornorum.



Research (INRA) laboratory in Rennes,
France (originally from Bouake, Cote
d'lvoire, then kept as a laboratory strain:
LS). In Cote d'lvoire, the fish were main
tained at a density of 9 g",1 in 7 _m 3

well water-fed PVC tanks. The animals
were transferred at different periods of
the year to the University of Nice where
they were maintained in 2 JOC recircu
lated freshwater (FW) with an 8-9 hour
photoperiod. Controls were stocked at
a density of 3-12 g'I'! in rectangular PVC
tanks. Cement tanks (140-1) were used
for the adaptation periods at a density
of 3 g·I'I.

The transfer experiments in brackish
water (BW) were conducted at differ
ent intervals after the initial arrival of
the fish at the laboratory: 15 days or
three months later for O. niloticus LS,
six months later for O. niloticus FS, and
three months later for O. aureus FS.

The physicochemical composition of
the freshwater in Cote d'ivoire was (mM):
[Na+]=220; [1(+]=30; and [Ca++]= 125; and
in Nice: [Na+]=148; [CI']=116; [1(+]=14;
[Ca++] = t ,585; and pH=7.89.

The different brackish environments
were prepared using seawater from the
Mediterranean (osm: t ,000 m Osm'l'l;
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salinity: 36 ppt) diluted with freshwa
ter.

The study was conducted on animals
of approximately 30 g mean body
weight. These were transferred to
brackishwater either progressively or,
whenever possible, rapidly. The trans
fer protocols and the sampling frequency
for analysis are summarized in Fig. t.

The animals were initially starved and
were not fed throughout the experiment.

Plasma Analysis

Blood was taken from the caudal vein
and centrifuged. The plasma sodium was
measured using an Eppendorf flame
photometer.

Gill Na+/K+-ATPase Activity

After killing the fish, gills were im
mediately removed, homogenized and
placed in a solution containing t 0%
sucrose and t IlM dithiothreitol
(pH= 7.41). Later, the preparation was
successively centrifuged at 2,000 G for
10 minutes, t t ,500 G for 30 minutes
and finally 30,000 G for 30 minutes. The
microsomal activity level was determined

Oreochromis aureus .field strain
Oreochromis niloticus field strain
Oreochromis niloticus laboratory strain

FW ~ BW10ppl

BW 10 ppt ~ BW 20 ppl

FW ~ BW10ppt

Day 13"

Oreochromis niloticus laboratory strain

FW ~ BW20ppt
DayB

BW 20 ppt ~ BW 30 ppt

Day 13"

*11' : sampling procedure for analysis
Fig. 1. Protocols for trans
ferring tilapias Is from fresh
water (FW) to brackishwater
(BW).
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by assessing differences between the
quantities of inorganic phosphate re
leased by the membrane preparation ob
tained in the presence or absence of
ouabain at 10-3 M. These measures were

done using a TECHNICON auto-analyzer
following the methods described by
Bornancin and de Renzis (1976).

MorphologIcal Study

For the light microscopic study, small
gill fragments, collected immediately
after killing the fish, were fixed in the
Champy-Maillet solution (Maillet 1959)
for about 10 hours after which they were
rinsed and dehydrated. This fixative,
which allows an excellent preservation
of the tissues, stains chloride cells black
by reduction of osmium tetroxide on
membrane phospholipids. Since chlo
ride cells possess a highly developed
endoplasmic reticulum and a largely
invaginated plasma membrane, they are
easily stained (Garcia-Romeu and Masoni
1970).

StatIstIcal AnalysIs

One-way ANOVA was used to inter
pret the results and mean values were
compared in sets of two using the small
est significant difference method.

Results

Tolerance to SalinIty

O. niloticus FS showed the poorest
adaptability to salinity (Table 2). This
strain had difficulties tolerating a pro
gressive transfer in 10 ppt brackishwater
(10% mortality) and in 20 ppt (65% fi
nal mortality rate), and does not toler
ate rapid transfer FW~BW 20 ppt (100%
mortality). No mortalities were observed
for either 0. aureus FS and O. niloticus
LS when transferred progressively. How
ever, 0. aureus did not adapt when trans
ferred rapidly from FW~ BW 20 ppt
(100% mortality) while O. niloticus LS
easily tolerated this transfer and could
even tolerate a transfer to water up to
30 ppt salinity (25% mortality).

Plasma Natremla

When the fish were kept in freshwa
ter for a long time, all strains showed
constant levels of plasma Na+, but these
levels were always lower in O. aureus
(144.1 ±2. 1; n= 11) than in O. niloticus
(160.7±2. 3; n= 19) regardless of the ori
gin of the strain (Fig. 2). For O. niloticus
LS, the rapid increase of external sa
linity to 20 ppt did not modify the
natremia which increased significantly

Table 2.. Mortality of Oreochromis aureus and 0. niloticus during transfers from freshwater
(FW) to brackishwater (BW). FS = field strains: LS = donating strain.

Mode of transfer

FW7BW 10 ppt72.0 ppt
(6 days) (7 days)

FW7BW 2.0 ppt7 30 ppt
(2 days) (4 days)

n: initial number of fish studied.

O. aureus FS

o
(n=16)

100
(n= 11)

O. niloticus FS O. niloticus LS

65 0
(n=14) (n=15)

100 25
(n= 10) (n=20)
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(+ 13.5%) only after a transfer to 30 ppt.
For O. aureus FS, the progressive in
crease in salinity produced a temporary
rise (+ 12.5%) in plasma Na+ at 10 ppt,
but these levels returned to normal dur
ing transfer to 20 ppt. Finally, in pro
gressive transfer to 20 ppt, natremia
levels in 0. niloticus FS were sharply
increased (+18.8%).

Gill Na+/K+-ATPase Activity

Enzyme activity, measured only in O.
niloticus LS and O. aureus FS, appeared
twice as low in freshwater in the latter
species (Fig. 3). The effects of progressive
transfer from FW~ BW 10 ppt~ BW 20
ppt on enzyme activity were similar in
these two strains. Enzyme activity was
stimulated significantly only during trans
fer from BW 10 ppt-.7 BW 20 ppt by a
factor 1.6 for O. niloticus and by a fac
tor 3 for O. aureus. The rapid transfer
from FW-.7 BW 20 ppt-.7 BW 30 ppt, pos
sible only for O. niloticus LS, had a tem
porary stimulating effect (by a factor 2

after four days) on gill enzyme activ
ity, which returns to normal after a week.

Gill Morphology

In freshwater, regardless of the spe
cies or strain studied, lamellar chloride
cells (CC) are absent (secondary lamella)
and interlamellar CCs were rare (primary
lamella) (Fig. 4A). During transfer to
brackishwater, the following was ob
served in 0. niloticus LS:

- a significant occurrence of
interlamellar CCs at 10 ppt (Fig. 4B);

- an increase in the number of
interlamellar CCs at 20 ppt (Fig. 4C);
and

- a stable number of interlamellar CCs
at 30 ppt (Fig. 4D).

The same morphological development
was observed in O. aureus FS, but the
increase in the number of CCs seemed
lower than in O. niloticus LS when the
external salinity was 20 ppt. Finally, a
small number of CCs was observed in
O. niloticus FS at the same salinity.
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Fig. 3. Changes In physiological parameters in Oreochromis niloticus laboratory strain (LS) and O.
aureus FS during transfer from freshwater (FW) to bracklshwater (BW): Na+/KP-ATPase activity.
The number of experiments Is Indicated between parentheses. Statistical comparisons: values significantly
different from controls· for P<O.05 and •• for P<O.001.
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Fig. 4. Morphology of the gill epi
thelium of Oreochromis niloticus
laboratory strain (LS) during transfer
from freshwater (FW) to brackish
water (BW). Observations made by
light microscopy (x330). A: fresh
water; B: brackishwater at 10 ppt;
C: brackishwater at 20 ppt; D:
brackishwater at 30 ppt after four
days of adaptation. PL: primary
lamella; SL: secondary lamella; and
CC: chloride cell.

'------------------------------'
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Discussion

Mortality rates observed here during
the progressive transfer from FW-'? BW
10 ppt -7 BW 20 ppt clearly indicate a
much higher tolerance to salinity in O.
aureus than in O. nifoticus for the two
strains transferred directly from Cote
d'ivoire. These findings support the re
sults of studies conducted in lagoon en
vironments (Doudet 1992), as well as
in laboratory conditions (Watanabe et
at. 1985) and in natural environments
(Payne and Collinson 1983). None of
these two strains survived a direct trans
fer to 20 ppt without a preacclimation
at to ppt. This step is therefore neces
sary to reduce osmotic stress.

The gill morphology of freshwater
tilapias resembles that of other fresh
water stenohaline fishes. However, trans
fer to brackishwater caused a proliferation
of interlamellar CCs as salinity increased.
This morphological change is similar to
that observed in euryhaline fishes trans
ferred to seawater (Maetz and Bornancin
t 975) a priori pointing to a real potential
for adaptation to external salinity in
creases since interlamellar CCs are in
volved in the excretion of seawater salt
(Maetz and Bornancin 1975). Moreo
ver, Foskett et al. (1981) observed the
development of typical CCs on O.
mossambicus' opercular membranes dur
ing acclimation to seawater. These au
thors first noticed an increase in the
number of CCs during the first three days
following transfer in seawater, then they
observed an hypertrophy of these cells.

If the increase in the number of CCs
is associated with the adaptability to
brackishwater, our results show a greater
cell development in the species or strains
which best tolerate the increase in sa
linity, Le., O. nifoticus and LS and, to
a lesser extent, O. aureus FS.

In O. nifoticus and O. aureus, the in
crease in salinity, particularly the transfer

to 20 ppt, is accompanied by a stimu
lation of gill enzyme activity. This sup
ports the results of studies on other
euryhaline fishes (de Renzis and

Bornancin t984), especially O. mossam
bicus (Dange t 985). As Na+/K+-ATPase
is responsible for the excretion of
seawater salt (Foskett et at. t 98 t), an
increase in its activity occurs with the
increased number of CCs. This response
to osmotic shock thus contributes to
osmoregulation. The gill structures ob
served in freshwater prove therefore to
be functional in brackishwater. The values
of the enzyme activity measured dur
ing this study (between 5 and 34 Ilmol
Pi/h.mg of proteins) are within the range
of available data on tilapias, Le., 1.5
(Dharmamba et al. 1975), t 4.4 (Ho and
Chan 1980) and 66 Ilmol Pi/h.mg of
proteins (Balm et at. 1988). The differ
ences observed could result either from
the sample preparation method or pertain
to the species studied, the values re
ported in freshwater during this experi
ment being for example twice as high
in O. nifotictls than in O. aureus.

Foskett et al. (198 t ) saw a strong cor
relation between the increase in the
excretion of salt and the proliferation
of CCs. This can be explained by the
presence of a larger number of enzyme
sites (Thompson and Sargent t 977) lo
cated at the level of the interlamellar
CCs baso-Iateral membranes (Karnaky
1980).

During the progressive transfer to 10
and then to 20 ppt, the increase in en
zyme activity was accompanied, for the
two strains that were perfectly accli
matized, either by a stable or a tem
porarily fluctuating natremia. However,
following direct transfer to 30 ppt, the
increase in natremia in O. niloticus LS
was associated with a very important
increase (by a factor 3) in the Na+/K+
ATPase activity. Dharmamba et al. (1975)
showed an interesting parallel between



the evolution of the gill Na+ flows and
the Na+jK+-ATPase activity in O.
mossambicus. For euryhaline species,
it would appear that it is the rate of
plasma Na+ which stimulates enzyme syn
thesis (Valverde et al. t 982). For O.
nifoticus FS, a strain adapting particu
larly poorly to salinity, transfer to
brackishwater was accompanied by a
marked increase in natremia (t 90 IlM)
which was certainly responsible for the
high mortality observed.

The differences observed between
these two sources of 0. nifoticus were
unexpected, with regard to survival and
the physiological or morphological
changes. Several hypotheses can be
proposed to explain this situation. Breed
ing numerous generations from an ini
tially limited number of animals in labo
ratory conditions can lead to genetic
drift. Intraspecific variability has been
reported in the adaptability to salinity
in Oncorhynchus mykiss (Leary et al.
t 98 t), and Pora (1960) and Kiener (1978)
have shown in Leander squiffa and
Aphanus fasciatus, respectively, that
many populations are adapted to
biotopes characterized by waters with
different ion concentrations. Moreover,
the aptitude of animals to adapt to
brackishwater might depend upon the
quality of their original freshwater (in
spite of the fact that the fish were kept
in the laboratory for several weeks to
several months). Studies by Avella et
al. (1987) on Oncorhynchus mykiss
showed that the term "freshwater" in
fact covers different situations in terms
of pH, Na+, CI- or Ca++ for the adapta
tion of the fish. When fish are exposed
to freshwater with different ion concen
trations for long periods of time, changes
in the gill tissue morphology as well
as in the epithelium physiology occur,
which could condition the subsequent
adaptability to brackishwater.
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A further hypothesis could be that an
animal, cultured in Cote d'ivoire in con
ditions close to its original natural en
vironment (0. nifoticus FS), could hardly
tolerate transfer to and prolonged cap
tivity in laboratory conditions (physi
cal, chemical, chronic stress, different
feeding habits, etc.) and would there
fore be weakened, which could,explain
a decrease in its adaptability to salin
ity.

In practice, a phase of preacclimation
to 10 ppt salinity seems to be neces
sary for freshwater tilapia strains used
in Cote d'ivoire before transfer to a higher
salinity. Moreover, changes in morpho
logical and physiological parameters
show that these parameters can be used
as indicators of potential adaptation to
brackishwater by observing the gill struc
ture, the plasma sodium or the gill Na+j
K+-ATPase activity (Avella et al. 1993).
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Abstract

This paper describes the technical and economic efficiency of tilapia aquaculture in small ponds and
ditches in Trishal, Fulbaria and Mymensingh thanas (village units), Bangladesh. Sample surveys of 113 and
46 farmers were used in estimating linear and log-linear (Cobb-Douglas) production functions, respectively.
Results from the linear model which gave the better fit showed that the rate of fingerling stocking and the
use of rice bran have significant effects on tilapia production. This model also indicated that there were
different productivities across locations and pond sizes. Estimates also indicated that the current rate of
stocking, inorganic fertilizer application and feeding of rice bran were below optimum levels. Increased use
of commercial inputs, as suggested by the economic efficiency criteria, may not be realistic given the
subsistence nature of these tilapia farms. Assured availability of commercial inputs and cash are prerequisites
to exploit further production and income from tilapia aquaculture by these small-scale farmers.

Introduction

Fish is an important source ofdietary animal
protein for the rural farming population of
Bangladesh. The bulk of fish at present comes
from capture ofwild fish from vast f100dlands
and rivers. Culture of fish in the sense of
regular stocking and harvesting for
consumption and sale is not a very common
practice among farm households, although
the country has 1.3 million ponds of about
147,000 ha that are potentially available
for such practices. Only 46% of the ponds
or about 52% ofthe area are currently stocked
with fingerlings. Eighty percent of these

alCLARM Contribution No. 967.

ponds receive no preparation prior to
stocking of fingerlings; 92% are never
fertilized (World Bank 1991). Polyculture,
using Indian major carps together with
recently introduced Chinese and common
carps, has been the major aquaculture
technology proven suitable only in ponds
which are relatively large in size and have
perennial water supply.

Research and extension currently
emphasize improving culture practices
in ponds that are suitable for polyculture,
but around 14% of the ponds in the
country are small and have seasonal
water supplies. There are thousands of
ditches, roadside canals and borrow pits
which could be used for culture of fish with
a short growing cycle, such as the Nile tilapia
(Oreochromis niloticus) (Gupta et at. 1992).
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where:

(t) Linear

ment and attitudes of farmers to the tech
nology can be found in Gupta et al. (1992).

The hypothesized production function

model was specified as:

.•• 1)

Two algebraic forms of the production
function were estimated to determine the
influence of inputs and/or factors on fish
yield from small waterbodies utilized for
tilapia aquaculture. These are:

Y=yield of tilapia (kg'm-Z
);

Xt=pond age (years);
Xz=no. of fingerlings stocked per m Z

;

X
3
=quantity of inorganic fertilizer (urea

and triple superphosphate [TSPJ) applied
(g'm-Z);

X
4
=quantity of organic manure (cattle

manure) applied (g'm-Z);

Xs=quantity of feed (rice bran) applied
(g'm-Z);

X
6
=production cycle (days);

X
7
=pond size (m Z); and

Xs=water retention (days'year-t).

On-station and on-farm farmer partici
patory research have produced a simple
technology for the culture of Nile tilapia in

seasonal ponds and ditches of the type to

which millions of rural households have
access. With collaboration of NGOs, the
technology was transferred to several thanas
(village units) of Mymensingh, Tangail and
Norshingdi Districts (Gupta et al. t 992).
Simple and inexpensive management
practices requiring minimal inputs for
pond preparation and poststocking
feeding and fertilization were easily
adopted by the farmers.

Aside from stocking materials (finger
lings), other production inputs that are
presently used by the operating farm
ers include organic manure (e.g., cattle
manure), inorganic fertilizers (e.g., urea
and triple superphosphate) and rice
bran. Positive benefits of the technol
ogy on the farm households in terms
of income and nutrition have also been
reported: an average of 343% return
on investment after four to five months
rearing of fish in seasonal ponds and
ditches (Gupta et al. t 992).

The objective of this paper is to ex
amine the technical and economic
efficiency of current use of inputs for
tilapia culture in small ponds and ditches
operated by rural households.

Materials and Methods
(2) Cobb-Douglas

Cross-sectional input-output data on pond
culture of 0. niloficus in Trishal, Fulbaria
and Mymensingh thanas in Bangladesh were
used. The survey interviews were conducted
as part of the ICLARM-assisted Bangladesh
Agricultural Research Project funded by the
US Agency for International Development.
The data, collected in July t 990, covered
the past year's production period. More
details on the selection of the thanas, pond
characteristics, management practices, in
come from tilapia culture, and the assess-

•••2)

where a, B
1

, ... Bs are the production
coefficients that were estimated.

To reflect the influence of locations of
ponds and water quality on tilapia yields,
dummy variables (D

1
, Dz and D

3
) were also

included, such that:
D

1
= 1 if the ponds are located in Trishal;

zero, otherwise;
Dz= 1 if the ponds are located in Fulbaria;

zero, otherwise; and
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D
3
= t if the pond water is turbid; zero, if

the pond water is green/brown.

Economic Efficiency
of Production Inputs

The economic efficiencies of pro
duction inputs were determined by
equating the marginal physical prod
ucts of the inputs with their respec
tive input-output price ratios. Tilapia
producers are said to be economi
cally efficient when the value of the
marginal physical product of an in
put is equal to the input-output price
ratio. Algebraically,

MPPx,=marginal physical product of the
input i;

Px,=price of input i;
Py=price of output or tilapia; and
VMPxJ=value of marginal product of input

L
If the MPPx, is greater (less) than the price

ratio, the use of the input should be in
creased (decreased) (equation [3]). Alter
natively, the economic efficiency ofan input
can be examined by comparing the VMPx,

Linear and log-linear (Cobb-Douglas)
production functions were estimated for
tilapia culture in ponds and small ditches
(Table t). In both models, t t explanatory
variables could explain 4 t % of the variations
in tilapia output. However, in the linear
model, five variables were statistically sig
nificant whereas in the Cobb-Douglas model,
there were only two significant variables.

The linear model revealed that stocking
density, quantity of rice bran used as sup
plementary feed, pond size and location
significantly influenced tilapia production.
Assuming all other factors are held con
stant, tilapia output is increased by 0.03%
for every t% increase in stocking density.
Likewise, a t % increase in rate of rice bran
use would correspond to a 0.07% in·crease
in tilapia output. A negative relationship
existed between pond size and tilapia output;
Le., for every 1% increase in pond area,
there is a 0.00028% decrease in tilapia
output. Dummy variables representing
location of farms were significant at
5% level of confidence which implies
that there are differences in tilapia
productivities among the three thanas.
The coefficient of inorganic fertilizer rates
resulted in the expected economic
relationship but was not statistically sig
nificant: a 0.00034% increase in tilapia
output will be realized when applica
tion rates of urea and TSP are increased by
1%. The inorganic fertilizer application rates,
currently averaging 80 kg· ha-t , are very low.

The Cobb-Douglas production function,
which employed the same explanatory
variables in the linear form revealed that
stocking density and pond size are the factors
that significantly influenced tilapia output.

Results and Discussion

with Px
l
• If the VMPx, is greater (less) than

Px
l
, profit could be increased by increasing

(decreasing) the use of that input (equation
[5]).

•••3)

•••5)
.••4)

where:

MPPx
j
= Px/Pyor

(MPPx
j
) (py)=Px

j
or

VMPx,=Px,

In the linear formulation (t) the B coeffi
cient represents constant marginal
productivities of individual factors or
inputs.

In the Cobb-Douglas formulation (2),
the sum of the coefficients will indicate
returns to scale. Constant returns to scale
(:2:B= t) means that doubling all inputs will
result in doubling the output. A value of
:2:B> t implies that doubling all inputs would
result in more than doubling the output,
and conversely for :2:B<1 .



Table 1. E.stimated production functions and output (per hectare) of tilapia farms in Trishal, Fulbaria and Mymensingh thanas, Bangladesh. 1989-90. For
explanation of variables. see text.

Characteristics

,j:::.
'-l
,j:::.

+ 0.21865 Dz
(1.28)

Functional form

Model specification

RZ

RZ (adjusted)
F-value
n
E.stimated output at X

Linear

Y = 0.0675 - 0.00079 XI + 0.03055 Xz
(1. 13) (-1.26) (2.88)****

+ 0.00034 X
3

- 0.07300 X 4 + 0.06660 X s
(0.50) (-0.14) (1.56)*

+ 0.00009 Xo - 0.00028 Xl + 0.00160 Xa
(0.61) (-3.13)**** (0.38)

+ 0.04203 D I + 0.85300 D
2

- 0.01110 D
3

(1.65)*** (2.85)**** (-0.72)

0.46
0.41
7.97****

113
1.890 t·ha- I

Log-linear ( Cobb-Douglas)

log Y = log 182.47
(219)**

- 0.15530 log X 3 +
(-1.26)

+ 0.181871ogXo -

(0.89)

+ 0.15592DI
( 1.16)

0.56
0.41
3.88****

46
1.460 t·ha- I

0.01572 log XI + 0.66145 log X z
(-2.50) (2.84)*** *

0.08162 log X
4

- 0.03580 log X s
(0.93) (-0.25)

0.52934 log Xl + 0.09413 log Xa
(-2. 12)** (0.27)

- 0.05396 D
3

(-0.94)

Note: Significant levels: ****= 1%; ***=5%; ** = I 0%; and *= 15%.
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Table 2. Marginal physical product, input price and price efficiency
of tilapia farms in Trishal, Fulbaria and Mymensingh thanas,
Bangladesh, 1989-90'. (Using linear model; price of output = Tk 27.09'
kg"; Tk 36=US$1 in 1989.)

Fingerlings Rice bran Inorganic fertilizer

MPPx, 0.0306 0.0670 0.0003

VMPx, 0.8290 1.8150 0.0081

Px, 0.1900 1.1700 0.0052

VMPx/Px, 4.36 1.55 1.56
Input use increase increase increase

'MPPx, = marginal physical product of input i; VMPx, = value of marginal
product of input i or (MPPx, x price of output); and Px, = price of input i.

A 1% increase in stocking density would
increase tilapia output by 0.66%, assum
ing all other factors are held constant.
Likewise, a 1% increase in pond size would
bring about a decline in tilapia output by
0.53%. The sum of all partial output (B,)

elasticities was 0.60 which indicates di
minishing returns to scale.

Using the linear model, price
efficiencies were calculated for three
main inputs (Table 2). The estimates
showed that fingerlings, rice bran or
inorganic fertilizers were used inef
ficiently. The values of the marginal
physical products of these inputs were
greater than their respective prices. This
implies that profit from tilapia culture
can still be increased by increasing
either the stocking density, the appli
cation rates of rice bran or the inorganic
fertilizers.

There is scope for further increasing the
production of til apia in small waterbodies

in Bangladesh. Survey results suggest that
given the present prices of inputs and out
put, increasing the stocking density, the
use of rice bran and the rates of inorganic
fertilizer application will increase the eco
nomic efficiency of tilapia production op
erations. However, with the subsistence
nature of the tilapia farms, increased use
of commercial inputs may not be affordable
by poor farmers. Input-support and credit
facilities may enable farmers to exploit
further the production and income from
tilapia aquaculture.
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Abstract

The tremendous growth in tilapia (Oreochromis spp.) production in the Philippines during the 1980s has
been attributed to the increasing profitability of tilapia as a cultured fish for producers and its acceptability
as a table fish for consumers. Tilapia production from aquaculture registered a 7% annual growth from 1983
to 1990, whereas supply from small-scale fisheries catches declined at 5%. This paper investigates
the development prospects of tilapia aquaculture in the twelve regions of the country. The
demand for tilapia was analyzed in terms of its own price movements and in relation to price
movements of competing fish at the regional markets. The strengths and constraints of promoting
tilapia aquaculture in each region of the country have also been assessed.

Introduction

Oreochromis niloticus, introduced in the
early 1970s, is the main cultured tilapia
species in the Philippines. It has replaced
0. mossambicus which has been cultured
since its introduction in the 1950s. O.

mossambicus was perceived by producers
and consumers as an inferior species
(Guerrero 1985). With the farming of O.
niloticus, tilapia has become a popular spe
cies, particularly il) freshwater ponds, pens
and cages, and there has been tremendous
growth in the industry (Bimbao and Ahmed
1990). Tilapia production grew annually at
7% from 62,179 t in 1983 to 97,424 t in
1990 (Table 1). A great percentage of this
increase came from aquaculture: its
contribution to total tilapia production in-

'ICLARM Contribution No. 977.

creased from 49% to 78% during. this pe
riod. While tilapia production from small
scale inland fisheries declined at 5% from
31,407 t in 1983 to 21,282 t in 1990,
aquaculture production increased at 14%
from 30,722 t to 76,142 t. The highest

production came from freshwater ponds and,
in 1990, accounted for 36% of total tilapia
production. Tilapia is the main species farmed
in freshwater ponds and cages and accounts
for 91% and 95%, respectively, of total fish
production from these systems. The con
tribution of tilapia to national aquaculture
and total fish production increased from
5% to 11 % and from 3% to 6%, respec
tively, from 1983 to 1990.

This paper examines the trends in tilapia
production in different regions in the Phil
ippines. The aquatic resources of the twelve
regions are presented and discussed in terms
of their development and potential for tilapia
culture. Regional trends in prices of
tilapia and prices of other alternative
fish are also examined.
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Table 1. Tilapia production and value by culture system and capture fisheries and its contribution to total
fish production and value, Philippines, 1983-1990. (Source: BAS 1991 b).

Growth
1983 1984 1985 1986 1987 1988 1989 1990 rate (%)

Tilapia
Quantity (t) 62,179 54,297 61,836 79,517 93,593 95,006 100,747 97,424 7
Aquaculture 30,772 32,002 43,780 55,836 75,769 75,046 81,675 76,142 14

Freshwater ponds 11,315 11,602 13,874 14,064 26,751 30,149 30,900 35,169 18
Freshwater cages 4,664 7,070 7,187 8,921 16,823 17,249 18,449 18,220 21
Freshwater pens 9,387 16,313 14,264 9,470 9,246 3,948 -16
Brackishwater 14,793 13,330 13,332 16,538 17,931 18,178 23,080 18,805 3
ponds

Capture fisheries 31,407 22,295 18,056 23,681 17,824 19,960 19,072 21,282 -5

Value
(million pesos)' 506 670 t,195 1,904 1,801 2,086 2,462 2,925 28
Aquaculture 250 394 844 1,337 1,459 1,648 1,995 2,327 38

Freshwater ponds 106 146 253 337 542 691 780 1,316 43
Freshwater cages 37 86 131 214 341 395 456 515 46
Freshwater pens 217 391 289 217 233 102 -15
Brackishwater 107 162 243 396 287 345 526 393 20
ponds

Capture fisheries 256 275 351 567 342 438 467 598 13

Total fish production
quantity ('000 t) 2,110 2,080 2.052 2,089 2,213 2,270 2,371 2,504 2

Aquaculture 445 478 495 471 561 600 629 671 6
Freshwater ponds 12 13 16 16 30 33 34 36 17
Freshwater cages 5 7 7 9 18 18 20 21 24
Freshwater pens 82 82 52 41 36 24 24 24 -16
Brackishwater 184 199 198 207 234 240 254 268 6
ponds

Value
(million pesos)
Aquaculture 4,799 7,266 8,724 10,832 11,421 15.213 15,673 20,466 23
Total fish 18,982 25,650 31,297 37,331 37,350 42,118 45.094 52,177 16

% of tilapia Average
production in
Aquaculture 6.9 6.7 8.8 11.8 13.5 12.5 13.0 11.4 10.6

Freshwater ponds 93.9 88.5 87.4 90.7 88.7 91.6 90.2 98.2 91.1
Freshwater cages 100.0 100.0 96.6 95.2 94.6 94.5 94.6 87.1 95.3
Freshwater pens 18.1 39.5 40.1 39.8 38.3 16.2 32.0
Brackishwater ponds 8.1 6.7 6.7 8.0 7.6 7.6 9.1 7.0 7.6

Total fish 3.0 2.6 3.0 3.8 4.2 4.2 4.2 3.9 3.6

% of tilapia value in
Aquaculture 5.2 5.4 9.7 12.3 12.8 10.8 12.7 11.4 10.0
Total fish 2.7 2.6 3.8 5.1 4.8 5.0 5.5 5.6 4.4

'US$1 = P14.002 (1983); P28.000 (1990)
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The Philippine Fisheries Profile

The Philippines is an archipelago of 7, 101
islands with a land area of 30 million ha. It
is divided geographically into three major
areas: Luzon, the Visayas and Mindanao,
which are further divided into five, three
and four regions, respectively (Fig. 1). The

aquatic resources of the country comprise

marine waters (220 million hal, brackish

waters (swamplands: 232,000 ha; fishponds:

210,319 hal and freshwaters (lakes: 22 million
ha, rivers: 31,000 ha; reservoirs: 19,000
ha; swamplands: 106,238 ha; fishponds:
13,398 hal (BAR 1989). Marine waters ac
count for 75% of total fish production; com
pared to freshwater, 15% and brackishwater,
10% (Table 2).

Freshwater aquaculture production is
highest in the Southern Tagalog Region which
produces 62% of the total regional production
followed by Central Luzon at 21 % (Table
2). Tilapia is a major species cultured in
freshwater ponds in all regions except in
the Eastern Visayas. Brackishwater
aquaculture production is highest in Cen
tral Luzon and the Western Visayas which
account for 32% and 30%, respectively, of
total regional production. Western Mindanao
accounts for almost 77% of regional
mariculture production.

Regional Production Trends

Tilapia aquaculture production in all re
gions posted positive growth rates from
1983 to 1990 although production in some
regions fluctuated in some years (Table 3).
The bull< of til apia production came from
Central Luzon and the Southern Tagalog
Region, accounting for an average of 43%
and 26% of total aquaculture production,
respectively. Production from the Central
Visayas, Eastern Visayas, Northern
Mindanao and Central Mindanao each
accounted for less then one per cent

of the national aquaculture production. These
regions, except Central Mindanao, have
extensive marine resources which implies
that there is little incentive to culture tilapia
as a good supply of marine fish exists. On
the other hand, although Central Mindanao
has one of the most extensive freshwater
resources among all regions, tilapia
production is insignificant because the region

has a relatively small area (11 5 hal devoted

to fishponds and these are also utilized for

common carp (Cyprinus carpio) and catfish
(C1arias spp.) culture.

Luzon, which has the largest developed
areas of freshwater and brackishwater ponds,
tops all regions in the Visayas and Mindanao
in tilapia production. Freshwater ponds in
Central Luzon account for the highest con
tribution (78%) to total production, followed
by Ilocos (9%) and Cagayan Valley (6%) (Fig.
1). Tilapia production from cages is high
est in the Southern Tagalog Region which
contributes 81 % of total production. Un
like the other culture systems for which tilapia
production is concentrated in Luzon, pro
duction from brackishwater ponds is con
siderable in some regions in the Visayas
(Western Visayas, 10%) and Mindanao
(Southern Mindanao, 6%; Western Mindanao,
4%), although the highest production still
comes from Central Luzon (44%).

Regional Price Trends

Retail Prices in Current and Real
Terms

Nationwide, tilapia retail prices in cur
rent (nominal) terms increased at an an
nual rate of 18% from P10.53/kg in 1982
to P25.96/kg in 1988 (Table 4). However,
in real terms (deflated or at constant prices;
Le., after adjusting for inflation) they increased
by only 2% for the said period. Increases
in tilapia retail prices in current and real
terms were greater in Mindanao, although
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Western Mindanao
852 t (55"10)
[28, 1, 5, 66]
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Sicol Region
7,092 t (32%)
[2, 83, 0, 15)
[[<1, 29, 0, 3]]

D

Central Mindanao
2061(0.5%)
[59, 15, 0, 26]
[[1,<1,0,<1]]

Fig. 1. Map of the Philippines shoWing 1990 tilapia aquaculture production in t and per cent growth rates
(parentheses) for the period 1983 to 1990; and per cent production from freshwater ponds, freshwater
cages, freshwater pens and brackishwater ponds to total production [within regions] and [[across
regions]]. (Source: BAS 1991 b).



Table Z. Regional distribution of aquatic and fisheries resources, Philippines. (Source: BAR 1989).

freshwater Brackishwater Marine

Fishponds &
0

Major Communal Major
Developed species freshwater Production Developed species Production Major species caught Production

Region (ha) cultured (ha)" (tl (ha) cultured (tl (t)

I. lIocos 1,453 tilapia, Z4 6Z7 16,631 shrimp, Z5,145 tuna and tuna-like species; ZZ,4Z9
carp, (capture) milkfish, (culture) demersals (capture)
catfish 1,787 siganids 9,531

(culture) (culture)

II. Cagayan l,Z37 tilapia Z,4Z3 Z,8Z5 1,469 shrimp, 993 small- and medium-size pelagics; 13,119
Valley (capture) milkfish, (culture) demersals (capture)

1,793 crabs 8
(culture) (culture)

III. Central 9,105 tilapia 37,365 5,714 5,34Z shrimp, 69,319 tuna, flying fish; demersals Z8,886
Luzon (capture) milkfish (culture) (capture)

lZ,63Z 514
(culture) (culture)

IV. Southern 37Z tilapia, Z05,789 Z3,984 shrimp, 17,979 anchovy; tuna; demersals 384,741
Tagalog carp (capture) milkfish (culture) (capture)

37,991 18,759
(culture) (culture)

V. Bicol 131 tilapia 3,161 II,OZ8 shrimp, 7,791 small pelagics, tuna; demersals 118,364
(capture) milkfish, (culture) (capture)

4,005 crabs Z45
(culture) (culture)

VI. Western 118 tilapia Z,Z7O 5,894 shrimp, 64,95Z small pelagics; demersals Z63,136
Visayas (capture) milkfish, (culture) (capture)

685 crabs Z,644
(culture) (culture)

VII. Central tilapia, 99 ZI 7,110 shrimp, 7,675 small pelagics; demersals 51,986
Visayas carp (capture) milkfish (culture) (capture)

10,691
(culture)

"Include major river systems, lakes/dams, reservoirs and swamplands/mashes. continued



Table 2. (continued)

Freshwater Brackishwater Marine

Fishponds

Major Communal Major
Developed species freshwater Production Developed species Production Major species caught Production

Region (ha) cultured (ha)a (t) (ha) cultured (t) (t)

VIII. Eastern 93 558 5,740 shrimp, 2,200 small pelagics; coralline species 48,247
Visayas (capture) milkfish (culture) (capture)

253 6,7Z3
(culture) (culture)

IX. Western 148 tilapia 1,167 16,375 shrimp, 9,181 tuna, sardines; demersals 262,049
Mindanao (capture) milkfish (culture) (capture)

374 170,076
(culture) (culture)

X. Northern 385 tilapia 561 2,550 4,289 shrimp, 2,370 small pelagics, tuna; 81,543
Mindanao (capture) milkfish (culture) elasmobranchs, coralline species (capture)

739
(culture)

XI. Southern 241 tilapia 9,284 7Z2 7,241 shrimp, 6,065 tuna, small pelagics; demersals 92,152
Mindanao (capture) milkfish (culture) (capture)

573 315
(culture) (culture)

XII. Central 114 tilapia, 28,621 3,986 shrimp, 3,446 tuna, small pelagics; demersals 1,749
Mindanao carp, (capture) milkfish (culture) (capture)

catfish 123
(culture)

alnclude major river systems, lakes/dams, reservoirs and swamplands/mashes.

&.....
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Table 3. Tilapla production from aquaculture and its percentage to total Wapla production by region, Philippines. 1983-1990. (Source: BAS

1991b).

Growth

1983 1984 1985 1986 1987 1988 1989 1990 rate (%)

Philippines 30.772 32,002 43,780 55,836 75,769 75,046 81.675 76,142 13

NCR/MM' 2 3 2,082 3,092 3.117 1,800 2.014 1,069 145

I. Ilocos 5.979 4,487 4,894 5.243 5,690 5,828 6,414 6,164 0,4

II. Cagayan Valley 902 1.111 1,308 1.636 1,690 1,625 1.793 2,017 12

III. Central Luzon 15.667 13,318 15,309 18.131 31,453 34,784 35.723 37.447 13
IV. Southern Tagalog 4.926 6,248 14,173 18.991 23,469 19,851 20.821 15,145 19
V. Blecl 1.011 2,418 1.881 4,351 5.881 6,060 6,419 7,092 32

VI. Western Visayas 72 2.026 1.821 1.993 1.726 858 3,792 3.342 73

VII. Central Vlsayas 46 3 16 13 14 _ 213 24

VIII. Eastern Visayas 110 218 87 152 171 199 261 299 15

IX. Western Mindanao 40 75 821 903 1.196 1,688 1.766 852 55

X. Northern Mindanao 77 246 324 322 331 348 397 382 26

XI. Southern Mindanao 1.741 1.671 862 842 869 1,837 2.093 1,914 1

XII. Central Mindanao 199 18t 215 164 163 154 182 206 0.5

% to total tilapia production Average

NCR/MM' 0.01 0.01 4.76 5.54 4.11 2.40 2.47 1,40 2.59

I. Ilocos 19,43 14.02 11.18 9.39 7.51 7.77 7.85 8.10 10.66

II. Cagayan Valley 2.93 3.47 2.99 2.93 2.23 2.17 2.20 2.65 2.70
III. Central Luzon 50.91 41.62 34.97 32.47 41.51 46.35 43.74 49.18 42.59

IV. Southern Tagalog 16.01 19.52 32.37 34.01 30.97 26.45 25.49 19.89 25.59
V. Blea! 3.29 7.56 4.30 7.79 7.76 8.08 7.86 9.31 6.99
VI. Western Visayas 0.23 6.33 4.16 3.57 2.28 1.14 4.64 4.39 3.34
VII. Central Visayas 0.15 0.00 0.01 0.03 0.02 0.02 0.00 0.28 0.06

VIII. Eastern Visayas 0.36 0.68 0.20 0.27 0.23 0.27 0.32 0.39 0.34
IX. Western Mindanao 0.13 0.23 1.88 1.62 1.58 2.25 2.16 1.12 1.37
X. Northern Mindanao 0.25 0.77 0.74 0.58 0.44 0.46 0.49 0.50 0.53
XI. Southern Mindanao 5.66 5.22 1.97 1.51 1.15 2.45 2.56 2.51 2.88
XII. Central Mindanao 0.65 0.57 0.49 0.29 0.22 0.21 0.22 0.27 0.36

Luzon (I-V and

NCR/MM) 92.57 86.19 85.80 86.60 89.99 90.81 87.14 89.13 88.53
Visayas (VI-VIII) 0.74 7.01 4.37 3.87 2.52 1.43 4.96 5.06 3.75
Mindanao (IX-XII) 6.68 6.79 5.08 4.00 3.38 5.37 5.43 4.40 5.14

"National Capital Region/Metropolitan Manila

price levels in these regions were lower
than in Luzon.

With reference to Metropolitan Manila,
considered here as the central market, retail
prices in some regions in Luzon were generally
above Metropolitan Manila prices (Table 4).
From 1983 to 1989, Metropolitan Manila retail
prices were lower by 73% (current) and 63%
(real) compared with prices in Ilocos; 77%
(current) and 79% (real) in Cagayan Valley;
and 90% (current) and 76% (real) in Central
Luzon. Tilapia retail prices in the other regions
were lower compared to Metropolitan Manila
prices with Central Visayas registering the
lowest prices, representing only 47% of the
prices in Metropolitan Manila.

Wholesale Prices In Current
and Real Terms

Tilapia wholesale prices in current and
real terms increased at 20% and 6%, re
spectively, from 1982 to 1989, the same
growth registered for retail prices (Table
4). Tilapia wholesale prices in current terms
in Luzon posted an average growth of 18%,
in Visayas, at 19%, and in Mindanao, at
36%. However, in real terms, the South
ern Tagalog Region and Central Visayas
registered negative growth rates - which
means the increases in wholesale tilapia
prices were lower than the general increase
in prices in these regions.



Table 4. Tilapia retail and wholesale prices and price margins (Pesos1jkg) in current and real terms by region, PhilIppines, 1982-1988. Retail price data For Eastern Visayas and wholesale price data for the

National Capital Region/Metropolitan Manila (NCR/MM) are not available. (Source, BAS 1982-1988. unpublished data).

Average annual Average annual
growth rate growth rate

1982 1983 1984 1985 1986 1987 1988 (%) 1982 1983 1984 1985 1986 1987 1988 (%)

Retail price in current terms Deflated retail price in real terms

Philippines 10.53 11.25 17.85 21.94 23.57 23.50 25.96 18 19.91 20.42 21.85 21.94 23.29 22.82 22.89 2
NCR/MM 21.95 11.57 18.14 21.63 22.60 24.54 32.87 13 39.20 20.23 21.19 21.63 21.36 22.29 25.07 -4
Ilocos 15.68 15.84 23.50 27.94 27.97 31.78 36.76 18 31.05 29.72 30.56 27.94 27.83 31.34 33.88 2
Cagayan Valley 14.67 14.61 ZZ.23 28.79 28.88 29.69 35.94 18 23.55 23.15 28.32 28.79 24.92 25.01 28.55 4
Central Luzon 12.47 13.18 21.74 25.31 25.73 25.39 30.02 18 26.65 26.20 27.52 25.31 27.64 26.70 29.72 2
Southern Tagalog 10.56 11.04 17.46 19.28 18.16 18.57 23.34 16 19.45 19.33 21.29 19.28 18.25 18.30 20.93 2
Bicol 9.75 10.31 14.42 17.73 19.13 18.79 20.58 14 17.73 19.06 18.09 17.73 18.83 18.14 17.74 <1
Western Visayas 6.95 7.68 13.91 17.52 21.ZZ 16.74 18.66 22 14.10 14.46 18.16 17.52 14.12 16.32 16.78 -4
Central Visayas 5.68 5.19 9.23 9.03 11.39 12.84 18.17 25 9.36 7.97 10.27 9.03 11.56 12.37 14.89 10
Western Mindanao 6.25 7.32 14.63 15.79 16.84 18.02 17.45 23 12.11 13.71 18.33 15.79 17.06 18.99 17.68 8
Northern Mindanao 4.44 7.71 18.60 14.33 19.74 15.15 21.16 41 8.38 14.44 22.85 14.33 19.15 14.54 21.61 25
Southern Mindanao 7.39 7.97 12.69 18.97 20.05 20.91 21.99 22 14.72 15.30 15.76 18.97 19.45 19.49 18.70 4
Central Mindanao 4.44 7.76 12.75 21.07 21.24 20.29 20.38 34 8.06 13.52 15.42 21.07 20.58 19.18 18.07 17

Wholesale price in current terms Deflated wholesale price in real terms

Philippines 5.88 9.86 10.81 16.31 18.12 17.00 14.61 20 11.12 17.89 13.23 16.31 17.91 16.50 12.88 6
Ilocos 8.52 11.55 20.10 23.90 23.93 24.99 18.75 18 16.87 21.67 26.14 23.90 23.81 24.64 17.28 14
Cagayan Valley 8.82 11.96 18.20 23.54 23.61 27.04 21.21 18 14.16 18.95 23.18 23.54 20.37 22.78 16.85 5
Central Luzon 6.78 6.54 15.06 12.78 24.19 23.14 17.10 26 14.49 13.00 19.06 23.78 25.98 24.33 16.93 6
Southern Tagalog 7.30 10.57 12.35 14.99 15.00 14.17 11.86 10 13.44 18.51 15.06 14.99 15.08 13.96 10.64 -2
Blcol 5.71 7.46 10.76 12.92 15.07 14.62 14.31 18 10.38 13.79 13.50 12.92 14.83 14.11 12.34 4
Western Visayas 4.12 5.35 8.73 11.84 14.21 12.63 12.77 23 8.36 10.08 11.40 11.84 9.45 12.31 11.48 7
Central Visayas 5.33 4.87 8.66 8.47 9.55 8.77 6.60 8 8.78 7.48 9.63 8.47 9.70 8.45 5.41 -5
Eastern Visayas 5.34 9.13 4.70 11.46 11.84 12.22 9.51 25 10.68 17.49 5.47 11.46 13.05 13.49 9.83 16
Western Mindanao 5.76 6.75 5.61 13.00 14.33 15.68 12.42 44 11.16 12.64 7.03 13.00 14.52 16.52 12.58 9
Northern Mindanao 3.38 5.87 6.12 8.77 10.70 12.62 13.36 28 6.38 10.99 7.52 8.77 10.38 12.11 13.65 18
Southern Mindanao 5.14 5.54 6.42 8.76 12.63 16.50 14.57 21 10.24 10.63 7.98 8.76 12.25 15.38 12.39 6
Central Mindanao 3.02 5.84 2.38 4.11 11.66 14.56 13.96 52 5.48 10.17 2.88 4.11 11.30 13.76 12.38 41

Price margin in current terms Deflated prIce margin in real terms

Philippines 4.65 1.39 7.04 5.63 5.45 6.50 11.35 68 8.79 2.52 8.62. 5.63 5.39 6.31 10.01 35
!locos 7.16 4.29 3.40 4.04 4.04 6.79 18.01 38 11.48 8.05 4.42 4.04 4.02 6.70 16.60 20
Cagayan Valley 5.85 2.65 4.03 5.25 5.27 2.65 14.73 17 9.39 4.20 5.13 5.25 4.55 2.23 11.70 55
Central Luzon 5.69 6.64 6.68 1.53 1.54 2.25 12.92 77 12.16 13.20 8.46 1.53 1.65 2.37 12.79 64
Southern Tagalog 3.26 0.47 5.11 4.29 3.16 4.40 11.48 176 6.00 0.82 6.23 4.29 3.18 4.33 10.30 115
Bicol 4.04 2.85 3.66 4.81 4.06 4.17 6.27 11 7.35 5.27 4.59 4.81 4.00 4.03 5.41 -3
Western Visayas 2.83 2.33 5.18 5.68 7.01 4.11 5.89 23 5.74 4.39 6.76 5.68 4.66 4.01 5.30 2 ,j::o.

Central Visayas 0.35 0.32 0.57 0.56 1.84 4.07 11.57 100 0.58 0.49 0.63 0.56 1.87 3.92 9.48 59 00
W

Western Mindanao 0.49 0.57 9.02 2.79 2.51 2.34 5.03 255 0.95 1.07 11.03 2.79 2.54 2.47 5.10 161
Northern Mindanao 1.06 1.84 12.48 5.56 9.04 2.53 7.80 132 2.00 3.45 15.33 5.56 8.77 2.43 7.97 94
Southern Mindanao 2.25 2.43 6.27 10.21 7.42 4.41 7.42 38 4.48 4.66 7.79 10.21 7.20 4.11 6.31 19
Central Mindanao 1.42 1.92 10.37 16.96 9.58 5.73 6.42 7B 2.58 3.34 12.54 16.96 9.28 5.42 5.69 43
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Tilapia wholesale prices in current and
real terms in all regions were also com
pared to prices in Central Luzon, consid
ered here as the central point of produc
tion (Table 4). Compared with prices in Central
Luzon, the prices in 1I0cos were higher at
an average of 21 % (current) and 16% (real)
and in Cagayan Valley by 24% (current) and
6% (real). Tilapia wholesale prices in the
other regions were lower than the prices
in Central Luzon: Central Visayas registered

the lowest where prices, on average, were

39% (current) and 56% (real) lower than
prices in Central Luzon.

Price Margins In Current
and Real Terms

Price margins, computed here as the dif
ference between retail and wholesale prices,
either indicate the profits or the extent of
marketing activities from the two points
of sale. Tilapia price margins in current terms
averaged P5.57/kg in Mindanao and P5.36/
kg in Luzon for the period 1982 to 1988
(Table 4). The price spread in the Visayas
is lower at P3.74/kg.

Across regions, tilapia price margins in
current tenns ranged from P2.75/kg in Central
Visayas to P7.49/kg in Central Mindanao
(Table 4). However, in real terms, price
margins were highest in 1I0cos at P8.29/
kg and lowest again in Central Visayas at
P2.50/kg.

Comparative Price Analysis
with Other Fishes

Price Trends of Tilapia
and Competing Fish

Price trends of four competing fish were
compared with til apia prices. The criterion
for competition is that fish is readily avail
able at regional markets. The preference
of consumers was stratified by income level.
Tilapia is a second class fish and was com-

pared to two other fish on the same group:
fusilier (Caesio spp.; locally called dalagang
bukk!) and threadfin bream (Nemipterusspp.;
bisugo). Tilapia was also compared to milkfish
(Chanos chanos; bangus) and roundscad
(Decapterus maerosoma; galung-gong),
considered first and third class fish, respec
tively.

In most regions in Luzon, tilapia prices from
1982 to 1989 moved closely with fusilier,

threadfin bream and mill<fish prices (BAS 1982
1989). However, in the Visayas and Mindanao

(except for Central and Eastern Visayas), tilapia
prices moved closely with roundscad prices.
This implies that tilapia is less attractive in
these regions than in Luzon. This can be at
tributed to the wide range ofalternative marine
fish in the Visayas and Mindanao. In terms
ofyearly fluctuations, tilapia prices exhibited
a similar behavior to other fish except for
Northern Mindanao where fluctuations in tilapia
prices were more pronounced compared to
other fish prices.

Price Ratios of Tilapia
and Competing Fish

Generally, fusilier retail prices were
higher than tilapia prices (Table 5).
However, the trend from 1982 to 1989
showed that tilapia retail prices have
increased relative to fusilier prices. In
1989, fusilier/ tilapia price ratios dropped
to less than 100% in four regions in Luzon
which means that tilapia prices are
higher in these regions. On the other
hand, although fusilier/tilapia price ratios
were declining since 1982, fusilier re
tail prices were still higher than tilapia
prices in the Western Visayas and the
regions in Mindanao. These price
changes indicate an increase in tilapia
demand relative to Fusilier.

Threadfin bream/tilapia retail price ratios
also showed a declining trend from 1982
to 1989 (Table 5). But in 1989, threadfin
bream retail prices were still greater than
tilapia prices, except in the Cagayan Val-



Table 5. Deflated retail price ratios of tilapia [Oreochromis spp.I with competing species (Fusilier [Caeslo spp.J, threadfin bream [Nemipterus spp.1, milkfish [Chanos chanos]

and roundsead [Decapterus macrosoma)l in regional markets, Philippines. 1988-1989. (BAS 1982-1989)

198Z 1983 1984 1985 1986 1987 1988 1989 198Z 1983 1984 1985 1986 1987 1988 1989

Fusilier/tllapia deflated retail price ratio Threadfin bream/tilapla deflated price ratio

Philippines 118 124 116 III 110 117 113 84 130 143 139 IZ9 lZZ 123 113 106
Iloeos 103 106 98 98 113 104 99 85 114 114 114 114 lZ8 116 108 106
Cagayan Valley 98 108 lIZ 101 107 108 101 90 104 116 113 110 III 106 97 9Z
Central Luzon 105 101 106 103 106 108 105 104 155 148 139 131 13Z 13Z 114 117

Southern Tagalog 118 109 123 127 137 139 lIZ 88 143 146 153 158 151 145 123 119
Bleol 116 108 108 100 90 105 113 87 110 104 109 108 99 108 lIZ 114
Western Visayas 172 178 IZ5 130 lZ1 135 lZ4 98 177 162 155 148 130 142 136 128

Central Visayas 207 207 200 218 203 186 150 157 198 208 195 217 175 164 130 190
Western Mindanao 175 140 113 123 99 104 129 107 180 150 124 133 121 118 135 131
Northern Mindanao 274 157 102 155 124 178 138 129 Z78 166 112 165 138 178 134 167

Southern Mindanao 201 193 170 138 136 163 167 125 227 207 169 138 143 142 141 148
Central Mindanao 331 186 168 113 12Z lZ5 152 135 316 183 178 125 127 147 161 135

Milkfish/tilapia deflated retail price ratio Roundsead/tilapia deflated retail price ratio

Philippines 121 112 120 122 125 1Z7 126 131 84 88 99 94 88 85 88 79
Ilocos 104 93 106 119 130 117 115 127 67 66 84 82 78 74 78 71

Cagayan Valley 105 101 III 115 114 IZI lIZ 116 68 67 81 8Z 80 80 76 74
Central Luzon 115 108 113 114 123 125 118 131 54 60 41 34 70 85 80 80
Southern Tagalog 130 120 130 140 167 154 135 129 95 88 111 115 116 105 88 85

Bieol 143 130 141 100 136 143 142 157 96 105 113 110 109 107 107 100
Western Visayas 157 149 138 140 137 153 154 165 124 III 118 105 98 97 103 99
Central Visayas 177 193 178 Z07 183 167 131 192 170 181 176 194 173 141 121 145

Western Mindanao 170 144 122 130 124 123 138 145 115 100 96 94 82 71 89 80
Northern Mindanao 274 160 104 152 125 172 140 158 231 126 91 120 96 134 108 101
Southern Mindanao t77 167 167 139 137 136 136 14Z 119 118 114 94 94 96 100 88
Central Mindanao 295 174 161 114 123 140 159 173 227 139 136 99 101 94 IZI 125

<5J
\Jl
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ley where threadfin bream prices were lower
by 8.4%. Regions in the Visayas and
Mindanao have higher threadfin bream/tilapia
retail price ratios compared to other regions.

Milkfish/tilapia retail price ratios exhib
ited a fluctuating but increasing trend from
1982 to 1989 except in Southern Tagalog
and the regions in Mindanao (Table 5). On
average, milkfish retail prices were higher
than tilapia prices by 24% in Luzon, 64%

in the Visayas and 49% in Mindanao.
Roundscad retail prices were generally

below tilapia prices in lIocos, Cagayan Valley
and Central Luzon; were higher in the Central
Visayas and Central Mindanao, but had mixed
movements in other regions (Table 5). Price
ratios of greater than 100% for the Central
Visayas and Central Mindanao indicate that
roundscad is preferred to-tilapia in these
regions.

Discussion

Growth in tilapia production in the
past decade has come from aqua
culture. This is expected to continue
as catches from inland fisheries decline.
Tilapia is the main species in freshwa
ter ponds, cages and pens through
out the country except for the Eastern
Visayas. Production of tilapia is great
est in Luzon particularly in Central Luzon
which is predominantly a landlocked
region, and Southern Tagalog which
is endowed with extensive inland fish
eries resources. In the Visayas and
Mindanao, tilapia production is low and
its culture is not very popular. These
regions have extensive marine resources
which offer little incentive to produc
ers to engage in tilapia culture and con
sumers have a wide range of choices
of marine fish.

Generally, tilapia prices have moved
closely with prices of roundscad, fusilier
and threadfin bream but regional differences
exist: tilapia retail prices in Luzon have been

distinctly higher than roundscad prices.
However, tilapia retail prices have been close
to roundscad prices in Mindanao. This im
plies that tilapia is less preferred by con
sumers in Mindanao, where it is still con
sidered a third class fish. Retail price trends
from 1982 to 1989 showed that increases
in tilapia prices were greater than the price
increases of fusilier and threadfin bream,
although tilapia prices continued to be lower.

However, in 1989, tilapia prices in Luzon
were already above fusilier prices. This may

imply that the demand for tilapia is increasing
relative to Fusilier and threadfin bream. Price
trends with milkfish showed that milkfish
prices increased more than tilapia prices
and tilapia prices were far below milkfish
prices. Although this may give an impres
sion that milkfish has not been influenced
by tilapia, on the contrary, the decline in
milkfish production from pens in 1985 was
attributed to the shift from milkfish to tilapia
and carp by the fishpen operators in Laguna
de Bay, a 90,OOO-ha freshwater lake in South
ern Tagalog, Luzon (BAS 1991a).

Differences in til apia production and
prices signify that the demand for til apia
varies across the twelve regions of the
country. Generally, production and
prices are higher in Luzon compared
to the Visayas and Mindanao. Although
a suitable resource base for tilapia cul
ture is abundant throughout the country,
the growth of the industry has been slow
in the Visayas and Mindanao, largely
because of the wide range of marine
fish available in these regions. In Luzon,
tilapia has a significant market because
of the relatively large demand for fish
in relation to supply from marine wa
ters. An analysis of the price trends of
tilapia with other fish species showed
that tilapia can compete in the fish mar
kets. Generally, increases in tilapia prices
were greater relative to the increases
in some alternative fish and this is a pro
mising signal of increasing demand for
tilapia.
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Abstract

Although tilapia culture in the Senegal river basin was promising at its beginnings, it now faces
major difficulties (production < 50 tonnes). In spite of the many positive elements ~uch as a vast
water potential, abundance of by-products from agricultural and animal farming, and a deficit of
about "21,000 t in fish supply from the river watershed, tilapia culture has not been successful. Its
development has bee,n affected by many constraints: (1) environmental-irregularity in the natural
water system, poor mineral content in the rivers, high turbidity during the rainy season and low
water temperatures from November to March; ("2) technical-poor choice of sites, insufficient depth
of the fishponds and inadequate dike construction, poor water quality control and poor fry quality;
(3) administrative-poor definition of responsibilities, insufficient management support services
and constant confusion in the experimental and extension objectives; and (4) socioeconomic
farmers' perception of fish farming as a secondary activity, high costs of construction and management,
and competition with the fisheries sector. However, the construction of the Diama and Manantali
dams seems to offer better prospects.

Introduction

After nearly 50 years of experiment,
fish culture in many African countries
has yet to realize its potential (Lazard
et al. 1990). The production from fish
farming for the African continent (62,000
t'year- 1

) and particularly, for subSaharan
Africa (10,000 t'year- l ) is low compared
to the world production of 13 million
t'year- l (FAO 1989).

Although fish culture in Senegal gave
early promising results, annual produc
tion does not exceed 100 t. The effort
to develop tilapia culture in the Sen
egal river basin was encouraged by sev
eral factors. In the past two decades,
the Senegal river basin had insufficient
rainfalls and the land and water man
agement strategies that were imple
mented drastically reduced flooded areas

(Lazard 1981; Denneville and Jamet
1982; Diouf and Bousso 1988). From
400,000 ha in 1969, today these areas
cover less than 100,000 ha (OMVS 1986).
The reduction of flooded areas resulted
in diminishing fish catches. From ap
proximately 20,000 t in 1969 (Fall 1980),
catches dropped to 8,000 t in 1988
(Diouf et al. 1991). However, the de
mand in fish continued to increase due
to population growth. At present, the
demand in fish for this region of Sen
egal is estimated at 21,000 t'year- l (Diouf
et al. 1991) considering the ideal con
sumption at 36.5 kg'head'year'l (Lazard
1981). Imports of marine fish from other
regions of Senegal hardly make up a
third of this deficit (Diouf et aI. 1991).

Although the distribution channels for
marine fish have become more efficient
over the last few years, fish supply is
still irregular in the landlocked areas
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such as the Bakel region (Fig. 1), espe
cially during the rainy season, because
of processing and transportation prob
lems. In these regions, marine fish is
expensive (Table 1) and often of poor
quality (Diouf et al. 199 t). In these ar
eas, freshwater fish, particularly tilapia
(from capture fisheries and fish farm
ing) is preferred.

The average price of meat in the river

basin is relatively high, especially in
urban areas where it reaches approxi
mately 800 F CFA'kg- 1 (US$2.7). In rural
areas, meat consumption is low because
of social traditions. In this context, fish
culture is needed.

Tilapia (essentially, Oreochromis
niloticus) was chosen by developers
because it is appreciated by consumers:

it is a resistant species and farming
techniques are relatively well-understood.

This article describes briefly the Sen
egal river basin environment, reviews
its history of tilapia culture and assesses
strengths and weaknesses.

The Environment

The Senegal river, approximately t ,800
km in length, is the seventh largest river
in Africa and the second largest in West
Africa. Its watershed covers an area of
340,000 km z.

There are significant variations in the
rainfall pattern across the basin: from
2,000 mm in the southern parts to ap
proximately 300 mm at its northern limit.
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Table 1. Average retail price (F CFA)/kg of some marine fishes in Dakar (for comparison). radar.
Matam and Bakel between 1986 and 1987. (Source: Chaboud and Kebe 1990).

Species Scientific names Dakar radar Matam Bakel

Bonga Ethma/osa fimbriata 96 138 227 400
Round sardinella Sardine/fa aurita 107 176 232 295
Flat sardinella Sardine/fa maderensis 77 188 231 296
Barracuda Sphyraena spp. 426 600 481 589
Mullet Liza spp. and Mugil spp. 280 383 425 540
White grouper Epinephe/us aeneus 554 711 752 603
Silver mullet Pomadasys jubelini and

P. peroteti 276 376 591 573
Cassava croaker Pseudoto/ithus

senega/ensis 233 500 484 550
Meagre Argyrosomus regius 435 699 689 576

US$1.00=300 F CFA at the time of the study.

In this region, annual rainfall patterns
are highly irregular, particularly in the
north.

The climatic history of this basin is
characterized by a succession ofdry and
humid periods (Olivry 1982; Sow 1984;
Kane 1985). At present, there is a per
sistent pattern of low rainfall.

Annual water evaporation is high. Data
recorded with a Piche evaporometer over
several decades showed mean values
of 2,950 mm at Saint-Louis where the
air moisture is relatively high, 3,220 mm
at Matam and 3,550 mm at Rosso (Platon
1981).

The Senegal River system, classified
as tropical by Frecault (1982), Gac and
Kane (1985), and Kane (1985), is char
acterized by extreme year-to-year i r
regularity. The dams at Diama (Fig. 1)
and at Manantali (Mali) will greatly
modify this natural system. The objec
tive of the Organization for the Devel
opment of the Senegal River (OMVS)
is to substitute flood-recession farm
ing by irrigated farming. However, to
avoid drastic changes which would cause

important socioeconomic problems, it
was decided during the first years of
operation that specific discharges (ar
tificial flooding) would be allowed at
Manantali to create and to maintain the
necessary conditions for the pursuit of
flood-recession cultures.

With regard to salinity, before the con
struction of the dams, freshwater cov
ered the entire Senegal river basin in
times of floods. But, from the second
half of October, saltwater started to
penetrate.

From the construction of the Diama
dam, the tail-bay has operated as an
evaporation basin and salinity has pro
gressively increased up to 40-45 ppt.
Upstream, freshwater is found as long
as the dam remains closed.

The Senegal River water temperature
shows seasonal variations due to two
existing air temperature systems: a warm
season (June-November) with water
temperatures ranging from 30-33°C and
a cool season (December-April) with
temperatures ranging approximately
from 16-26°C. Maxima of approximately



45°C and minima of approximately 12°C
are recorded in ponds and shallow areas.

The valley and delta waters show dif
ferent chemistry profiles. In the valley
where there is freshwater all-year round,
the water is tetraionic, poor in chloride,
sulfate and minerals (Reizer 1974). The
river productivity is low as a result. Dur
ing floods, the delta waters show the
same characteristics. In contrast, the
seawaters in the delta during flood re
cession are hexaionic and rich in min
erals. There is a progressive decrease
in mineral content from downstream to
upstream waters.

History of Tllapla Culture In
the Senegal River Basin

Pond Culture (USAID
and Catholic Relief Service)

PHASE I (1979-1981)

The history of tilapia culture started in
the Senegal river basin with the signing
in August 1979 of an agreement between
USAID and the Senegalese Government
for the funding of the "Intensive Fish Culture
Accelerated Impact Project." The first phase
of this project (December 1979 to De
cember 1981), called "pilot" phase,
involved major partners such as USAID,
the Department of Forestry and Water
Resources, the US Peace Corps and village
based cooperatives. In 1980, the Richard
Toll station was established with two 2,500
m Z and four 500-m z ponds stocked with
broodfish of O. niloticusfrom Cote d'ivoire
(FAO project, Bouake) which in 1981 pro
duced 50,000 fry to be used in demon
stration ponds.

Also in 1980, 30,000-40,000-mz fish
ponds were constructed in the villages
of Gaya, Ndiareme, Nianga, Guede,
Gamadji and Mboumba (Fig. 1) stocked
in October-November with fry from the
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Richard-Toll station at a density of
1.25-1.7 fry·m-z.

In March 1981, the project was evalu
ated before the ponds were harvested
for the first time. According to the con
clusions of this evaluation, the project
was working well and chances of suc
cess were high.

After four-and-a-half months, the fish
weighed between 90 and 125 g. Re
sults of the first year of experiment were
encouraging with mean yields of 1.2
t'ha- 1 (Freudenberger 1988).

As reports on this period are not avail
able, it is impossible to reconstruct the
details concerning the management of
these ponds. However, our inquiries
show that feeding and fertilization were
essentially based on rice bran and or
ganic fertilizers.

PHASE II (1982-1984)

At the end of the first phase, the USAID
funded a second two-year phase under
the Bakel Irrigated Areas Project. During
this period, the participation of the Sen
egalese Government was entrusted to the
Societe pour I' amenagement et
I'exploitation des terres du Delta (SAED).

During this period, two new fish farm
ing stations were constructed: Bakel
(1982-1983) and Nianga (1983-1984).
Forty additional demonstration ponds
were constructed, but most of them had
to be abandoned because of their dis
appointing results.

To reduce competition with marine
fish, fish culture initiatives were moved
to the eastern and central areas of the
Senegal river basin.

The Bakel station possessed two 3,500
m Z and one 7,500-mz ponds. It produced
only 15,000 fry for the ponds of Arroundou,
Koungani, Yafera and Wallalde (Fig. 1).

The Bakel station experienced seri
ous difficulties due to water infiltration
and management problems. The ponds
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were managed by a fisheries coopera
tive with the assistance of a volunteer
worker from the US Peace Corps. Some

members of the group, relying on their

own experience in fisheries and

"knowledge of fish," refused to follow
the recommendations of the volunteer
worker. Following poor harvests in 1984,
the Bakel station was abandoned.

During this second period, the qual
ity of the fry produced at the Richard
Toll station decreased due to the high
stocking densities of the broodfish.

Paradoxically, the number of demon
stration ponds increased dramatically
in the villages while harvests remained
less than adequate.

Although information on feeding dur
ing this period is insufficient, Lazard
(1984) indicated that a mix containing
90% rice bran and 10% fish meal was
used at the Richard-Toll station.

PHASE III (1985-1988)

The ponds of the Nianga station were
stocked at the end of 1984 and begin
ning 1985 with 0. nifoticus coming from
Richard-Toll, Lake Guiers, the canals
around Podor and the Guidekhar pond.

The station produced 20,000 fry during
the first year of operation. One of the
breeding ponds was stocked during the
first season with Sarotherodon gafifaeus.
No data are available on the results of
this operation.

During Phase III, the station supplied
fry to the neighboring ponds and cages,
although insufficiently.

At Nianga, as in the village demon
stration ponds, the feed contained 80%
rice bran and 20% fish meal. Other mixes
were used (blood meal, peanut cake,
etc.) without much success.

Experiments conducted at Nianga
showed that a density of 2 fry'm-z gave
better yields than 1 fry-m-z. Yields obtained
with the former density were 1.66 times

higher than with the latter (2.427
t'ha-1'year- 1 against 1.462 t·ha-I·year- I). In
contrast, the density of 2 fry'm-z was 1.4
times less profitable because of the added
feeding and fertilizer loads (Freudenberger

1988).
Moreover, small ponds (2,750 m Z

) were
more productive (1.462 t· ha-I 'year-1

) than
large (33,000 m Z

) ponds (0.850
t· ha-I.year-l).

In 1985, four years after the begin
ning of the project, a second evalua
tion revealed that results were much
poorer than expected.

In March 1985. the USAID stopped fund
ing the project. This period coincided with
vast social and management problems.
Funding by the Catholic Relief Services
(CRS) resumed in March 1985.

Based on a new evaluation
(Freudenberger 1988), CRS also decided
to stop funding the project. The conclu
sions of the evaluation were as follows:

"The fish farming project has
largely missed its primary objective
which was to show concrete proof
of its feasibility in the form of
successful demonstration ponds,
and to show such proof to the dif
ferent farmers by creating an ef
ficient demonstration program.
Neither did this project reach its
objectives to help the local farmers
increase the quantity and the avail
ability of proteins in their diet,
nor did it succeed in increasing
their individual income."

Cage Culture

Due to the difficulties encountered
in facing the costs of water and pond
construction, cage culture experiments
were started in 1984 in Bakel and
Waounde. Cages were constructed using
PVC pipes and wire netting coated with
a rust-proof plastic material. Because
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The Matam 1/1 Project

Table 2. Comparative yields from rice culture,
fish culture and rice-fish culture in Senegal. Source:
Chopak (1983).

Under the Water and Agriculture De
velopment Project of the district of
Matam, Phase III, an aquaculture project
was developed. This project, Matam III,
started in September 1986 and was
funded by the Caisse centrale de
cooperation economique, and developed
by SAED and the Association fran~aise

des volontaires du progres (AFVP). The
Department of Forestry and Water Re
sources was responsible for the execution
and the administrative support of the
project. Four fish farms were created.
Construction works were of poor qual
ity: pond depth was insufficient, dikes
were prone to erosion and monk drains
were poorly built.

In October 1990, only two complete
production cycles of marketable fish had
been achieved and two other cycles were
ongoing. The evaluation of October 1990
(Parrel 1990) revealed that:

out of the 10 fish farms previously
expected, only four were constructed
due to the difficulties in finding avail
able and competent firms to undertake
such constructions;

none of the farms was fully opera
tional and infrastructures were of relatively
poor quality;

the support services encountered real
difficulties in efficiently mobilizing the fish
farmers whose training was insufficient;

yields were disappointing; and

Yield (t'ha")
Fish Rice

4.800

4.500
2.134
2.098

Rice culture
Fish culture
Rice-fish culture

Type of culture

Trials in extensive fish farming were
started in the Guia flood plain near the
Nianga station. On 2 October 1986, the
area was stocked with 2,000 fry of o.
niloticus. The fish were exclusively fed
with rice bran. At the end of June 1987,
895 fish or 24.6 kg were harvested,
which discouraged farmers.

Extensive Fish Culture

Attempts to develop rice-fish culture
were made by volunteers of the US Peace
Corps at Ndiareme (Dagana). The project
was funded by the USAID and was sup
ported by various public and private
organizations such as SAED, the West
Africa Rice Development Association
(WARDA), the Senegalese Institute for
Agricultural Research (ISRA), the Depart
ment of Forestry and Water Resources,
the Senegalese Sugar Company (CSS),
FAO, the US Peace Corps and USAID.

The project used O. niloticus and a
cold-tolerant, usually high-yielding rice
variety (KN-1 H-350) from Indonesia.

According to Chopak (1983) and
Bloom (1986), all objectives were
achieved. Unfortunately, after two sea
sons of experiment (1982-1983), the
USAID stopped funding the project
despite encouraging results (Tables 2
and 3).

of strong currents, the cages did not
last for more than a month. Research
studies were done to find a solution to
this problem and new techniques were
tested in June 1985, leading to the crea
tion of new cages made of nylon nets
and iron bars.

The fish feed was essentially composed
of a mix of 80% rice bran and 20% fish
meal. Results were not encouraging.

Rlce-flsh Culture
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Table 3. Costs and returns (for a one-hectare pond, ricefield and rice-fish culture field). All costs
are in CFA francs. US$1.00=300 F CFA at the time of the study. Source: Chopak (1983).

Item Rice culture Fish culture Rice-fish culture

I. Equipment
Machine rental and
labor 90,000 188,000 218,800
Material 20,000 58,200 49,200

Total 110,000 246,200 268,000

II. Operational costs (per season)
Water 25,000 30,000 40,000
Fry 20,000 20,000
Fertilizer 37,700 87,000 107,200
Feed (rice bran) 60,000 60,000
Rice seed 9,900 9,900
Machinery 70,306 70,306
Marketing 5,000 7,500 15,000
Labor 160,000 162,000 190,000
Rental

Total 307,906 366,500 512,406

III. Returns
Fish sales
(150 CFA-kg") 320,100 314,700
Rice sales
(66.6 CFA-kg") 3 19,680 299,700

Total 319,680 320, 100 614,400

the project team lacked "profes
sionalism."

According to Panel (1990):

"The current failure of this
project is therefore not that of fish
culture, inasmuch as aquaculture
is successfully developed in Niger
(Lazard et al. 1990) in similar
climate and physical conditions,
and that the production techniques
of O. niloficus are now well
understood for this type of culture.
This failure is therefore more the
failure of a particular operation
and to accept failure, after that
of the Peace Corps project, means
to condemn the development of
fish farming in Matam for many
years.

In an attempt to give the development
of fish farming another chance, Parrel (1990)
proposed an extension of the Matam III
fish culture project until 31 December 1992
provided that a new approach was taken
with necessary changes.

Strengths and Weaknesses
of Tllapla Culture

In the Senegal River Basin

Strengths

The Senegal river basin holds a con
siderable water potential. In addition
to the 1,800 km-long main watercourse,
the river basin includes lakes, the most
important of which, from the viewpoint
of Senegalese aquaculture, are the Lake



Guiers and the hill lakes. In addition to
these water bodies, there are many ponds
(DEFC 1988). Moreover, agriculture and
animal farming are highly developed in
this region and the by-products nec
essary to fish farming are therefore
available. However, the competition for
food between cattle and farmed fish may
occasionally create some problems. In
the Senegal river basin, the shortage
in fish is great and there is therefore a
potential market for cultured fish.

The construction of the Diama and
Manantali dams constitutes a positive
factor for tilapia culture for several rea
sons:

water supply becomes regular and
cheap;

agriculture development is pos
sible and consequently by-products used
for til apia culture increase; and

the likely increase in revenues for
the farmers should improve their pur
chasing power.

Finally, one of the major strengths of
fish culture is the will of the State to
develop this sector of activity.

Weaknesses

ENVIRONMENTAL CONSTRAINTS

The great irregularity of the natural
water system in the Senegal River con
stitutes a disadvantage for tilapia cul
ture. High variations hinder efficient
water management and threaten fish
farming in certain areas.

In addition to this constraint, high
evaporation in the major part of the
watershed and permeable soils in some
areas (Bakel) require the regular rec
reation of pond water levels.

Moreover, the low level of minerals
in the waters of the Senegal River (Reizer
1974; Diouf et al. t 991) constitutes a
negative factor for tilapia culture. To
improve growth, fish farmers are con-

495

strained to put additional nutrients in
the ponds. These extra expenses increase
the already high costs of production.

During the rainy season, the waters
of the Senegal River are generally muddy,
increasing turbidity in the ponds. In turn,
water turbidity greatly affects the pro
duction of phytoplankton, reducing the
trophic resources of the ponds. This phe
nomenon is particularly pronounced in
Matam.

From November to March, water tem
peratures are relatively low (down to
16°C), resulting in a decreased or stunted
growth in the pond fish.

The flat lowland terrain often causes
problems in the construction of ponds
and additional costs for filling and drain
age.

ADMINISTRATlVE AND
TECHNICAL CONSTRAINTS

The history of the Senegalese fish cul
ture reveals that the choice of sites (Bakel
and Navel, for example) has not always
been wise. The location of the ponds is
extremely important for the technical and
economic success of fish farming.

Ponds are not always constructed ac
cording to the technical standards re
quired for sound management (lack of
depth and poorly constructed dikes).

In addition, the large size of the ponds
is often responsible for poor water man
agement.

Defective pond construction is related,
on the one hand, to the lack of heavy
machinery and to the lack of experienced
fishpond technicians, on the other hand.

A major obstacle to the development
of fish farming has been the near con
stant confusion between the objectives
of research and extension. Very often,
fish culture techniques have been ex
tended before being fully mastered. This
has resulted in failures that have strongly
shaken the enthusiasm of farmers, even
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though efforts in this direction are evi
dent at the stations of Ndouloumadji
Dembe and Nianga.

With regard to water quality, the lack

of routine control of physico-chemical

parameters is to be deplored, even

though efforts in this direction are evi

dent at the stations of Ndouloumadji,
Dembe and Nianga.

The availability of fry, both in qualita
tive and quantitative terms, has often been
a major constraint. Freudenberger (1988)
says of the Richard-Toll station:

"It is difficult to remember a
single moment where fry pro
duced at Richard-Toll fully sat
isfied the needs of the village
fishponds. During the first year
of operation, the fishes provided
were larger than fry, and dur
ing the following years, prob
lems occurred in the breeding
ponds which resulted in over
stocking and stunting. In fact,
the largest part of the fish pro
vided to the village ponds during
this period may have been
stunted animals rather than real
fry. When they were introduced
in the ponds, they bred imme
diately becoming once more too
many for the ponds, greatly re
ducing the yields."

The insufficient and inexperienced
management staff (Shelton 1985;
Freudenberger 1988) played an important
role in the failure of fish farming. This
was aggravated by a lack of coordina
tion and poor relationships among the
various organizations involved in fish
culture in the Senegal river basin.

Also, poor project management and
administration seem to have contrib
uted to the failure of fish farming in the
Senegal river basin. At least, this is what
transpired from the interviews conducted

with a number of persons involved in
fish culture.

SOCIOECONOMIC CONSTRAINTS

One of the major obstacles to the prof

itability of fish farming in the Senegal

river basin is undoubtedly the high costs
of construction. For example, construc
tion costs (main works) for one hectare
have been estimated at approximately
8 million F CFA or US$26,700 (Corlay
and Seck 1988), which farmers cannot
afford.

At this point, it is legitimate to wonder
whether fish culture in the Senegal river
basin should or should not be subsidized.

The principle of funding aquaculture
is widely accepted, particularly in France
where up to 50% of total investments
can be subsidized (Corlay 1989). It should
be pointed out that in Senegal, rice cul
ture, a financially deficient activity, is
subsidized for nearly half its price to
consumers [against 160 F CFA/kg
(US$0.50); 70 F CFA (US$0.20) is sub
sidized}. Similarly, in the fisheries sector,
fuel and fishing gears are subsidized.
However, under the Senegalese current
economic policy, subsidies to fish farming
are difficult to imagine.

With the improvement of distribution
channels, marine fish compete seriously
for markets with cultured fish (Chaboud
and Kebe 1990). In particular, the increase
in the number of refrigerated trucks for
the transportation of fisheries products
has considerably increased the fishmon
gers' scope of activity.

Fish farming also competes with other
activities such as agriculture, animal farm
ing and capture fisheries which are tra
ditional activities that are well integrated
into the social life of the people, and
take precedence over fish culture. This
explains certain attitudes towards fish
farming. For example, a number of these
farmers are skeptical about investing their
physical or financial resources in fish
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resources would be more profitable if
invested elsewhere (agriculture, animal
farming or capture fisheries), particu
larly when fish farming has yet to prove
successful.

Moreover, cooperatives have been an
obstacle to the development of fish cul
ture. Ponds run by a cooperative gen
erally face enormous management prob
lems which threaten the success of this
activity and local politics often aggra
vates the situation.

Discussion

After a little over to years of efforts
in developing tilapia culture in the Sen
egal river basin, successes are extremely
rare, even nonexistent. We should there
fore admit that tilapia culture has failed
in this region.

This failure is related to several en
vironmental, technical, administrative
and socioeconomic factors which should
be analyzed.

Concerning environmental factors, the
extreme irregularity in the Senegal river
basin water system has long been a major
constraint. However, the Diama and
Manantali dams can solve this problem.
In contrast, the problems of high evapo
ration, unsuitable terrain, poor water
mineralization and turbidity are not likely
to be economically soluble.

The choice of sites for fishponds has
not always been sensible, particularly
in Bakel and some areas of Matam III.
A brief study of soils and a summary
analysis of the socioeconomic environ
ment would have prevented errors that
have greatly contributed to the failure
of fish farming in the Senegal river ba
sin.

Defective pond construction has also
acted against fish culture. The solution
to this problem involves the improved
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training of pond workers and the hir
ing of consultants knowledgeable about
African and tropical aquaculture. The
choice of consultants requires particu
lar attention. Some consultants have set
high professional standards and given
excellent results, but there are also agen
cies and independent consultants whose
competence and even integrity are ques
tioned.

The absence of routine control of the
physicochemical parameters and of a
collection of economic and financial data
on fish culture, although two distinct
problems, greatly affect the success of
fish farming operations. It is clear that
under such conditions, the chances of
success of fish culture are limited.

Regarding administrative factors, fish
farming has suffered from its own
management system. It is time for the
financial and technical management of
fish culture projects to be decentralized.
Funds should be allocated to project
directors. This decentralization will have
to be accompanied with regular technical,
administrative and financial evaluations.
Stringent management practices will also
be required from project directors.

All these constraints bring forth the
basic issue of the relevance of new per
spectives and efforts in fish farming.

In the Senegal river basin, the production
from inland fisheries has strongly declined
and no longer satisfies the protein
requirements of the local populations (Diouf
et al. 199 t). A solution to this problem
would be to improve the distribution
channels of marine fish by reinforcing the
road infrastructure and the processing and
storage facilities for fisheries products.
However, this solution may not be
achievable in time. For example, the
Senegalese population is continuously
growing, and although resources are
currently well-managed, they will not be
able to respond to a considerable increase
in population and may collapse as a result
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(Bakhayokho et al. 1985). It is therefore
to be expected that in some years, marine
fisheries will no longer be able to satisfy
the demand in fish. The price of marine
fish is likely to increase, thereby increasing
the competitiveness of cultured fish on
the markets of the Senegal river basin.

The price of meat, which could re
place fish, is relatively high and out of

reach for most rural people.

This new scenario seems to encour

age the development of fish culture,

which should be further improved by a
sufficient and regular supply of water
from the dams.

It would be therefore sensible to pre
pare the grounds for such development
by establishing experimental and re
search structures that will help develop
efficient fish farming methods. This
period, likely to last five to 10 years,
will determine the future su.ccess of fish
farming.

This approach will prevent the basic
error that has been committed from the
beginning of fish culture development
in the Senegal river basin, namely, to
give production precedence over re
search. This attitude was dictated by the
conviction of fish culture developers that
techniques developed in other countries
could be directly transferred to Senegal.
Experience has shown that the local di
mension of fish farming is very impor
tant: farming techniques must be adapted
to each environment.

The choice of the type of fish culture
to be developed in the Senegal river
basin is crucial for determining the suc
cess of future developments. Subsist
ence aquaculture is unlikely to succeed.
The level of technicality required to de
velop fish farming makes subsistence
aquaculture economically unattractive
(Lazard et al. 1990). This explains why
farmers rapidly lose interest in this kind
of operation.

Concerning industrial fish culture, the
experiment showed that most opera
tions of this type have failed, the pro
duction costs remaining substantially
higher than market prices (Lazard et al.
1990).

The type of fish farming that presents
the best chances of success is certainly
artisanal fish farming: small-scale com

mercial production, integrated with ex

isting agricultural farming systems. This
type of operation presents the advan

tage of providing farmers with additional
income while not requiring large invest
ments.
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Abstract

Oreochromismossambicusand 0. niloticuswere introduced into Bangladesh in 1954 and 1974, respectively,
but were not well established as cultured species due to poor management. The stocks have been mixed.
A new founder population of 0. niloticuswas introduced from Thailand in 1986 and studies were undertaken
for developing management practices for its culture in seasonal ponds and ditches. This paper describes
the production economics of O. niloticus culture in these small waterbodies under different feeding and
fertilization regimes. Production and benefits were high using oil cake and rice bran as supplementary
feeds, but the shortage and high cost of oil cake probably preclude its use in tilapia culture in the near
future. Problems encountered in the management of perennial ponds are discussed and the potential of O.
niloticus culture for improving household incomes and nutrition in Bangladesh is assessed.

Introduction

Fish is the main animal protein source
for the people of Bangladesh contributing
71 % to their total animal protein intake.
Bangladesh is a least developed country,
one-third of which is inundated for about
six months a year. In spite of its vast wa
ter resources, inland fish production in
Bangladesh is very low. The low per caput
fish consumption of 7.5 kg·year·1 (World

alCLARM Contribution No. 846.

Bank 1991) has led to protein malnutrition,
especialIy in rural areas.

Indian and Chinese carps are the main
species used for culture in freshwater ponds.
In addition to over 1.3 miIlion perennial
ponds covering some 146,000 ha, there
are many smalI seasonal ponds, ditches,
borrow pits and roadside canals in rural
Bangladesh. These retain water for periods
ranging from four to seven months. Most
households in rural areas possess backyard
ponds or ditches, which are rarely utilized
for aquaculture, as farmers think that these



are not suitable for traditionally cultured
species, especially Indian and Chinese carps.
To develop these small waterbodies for
productive fish culture, research has been
undertaken at the Fisheries Research Insti
tute, Mymensingh to identify suitable species
for short cycle aquaculture, and develop
low-cost management systems for optimizing
production. Nile tilapia (Oreochromis
niloticus), a hardy fish that can survive in
shallow and turbid water conditions, and
a good converter of organic matter into high
quality protein (Stickney et al. 1979; Pullin
and Lowe-McConnell 1982) has been iden
tified as one potential species.

0. mossambicus was introduced into
Bangladesh in t 954 and 0. niloticusin t 974.
In spite of their long history in the coun
try, neither species became established in
aquaculture, as there were no effective ma
nagement guidelines (Hussain et al. 1989).
Stocks of the two species became mixed
and, therefore, a new founder stock of 0.
niloticuswas imported from Thailand in 1986:
the Chitralada strain of Egyptian origin.
Studies were undertaken on-station and on
farm, with the participation of farmers, to
evaluate the production potential of O.
niloticus in small seasonal waterbodies under
different feeding and fertilization regimes
(Hussain et al. 1989). The results of these
studies are presented in this paper.

Materials and Methods

On-station Trials

Studies were carried out in 280-m2 ponds,
with an average water depth of 1 m, using
fingerlings produced from the Chitralada
strain imported from Thailand. Culture of
O. niloticus was tried using two systems:
(1) fertilization of ponds without supple
mentary feeding and (2) supplementary feed
ing without fertilization of ponds. Two sup
plementary feeds were tried, one consist
ing only of rice bran and the other consist-
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ing of rice bran and mustard (Brassica
campestris) oil cake in the ratio of 3:2 by
weight. All treatments had three replicates.
Table 1 summarizes the treatments used.

Pond preparation for all treatments in
cluded prior draining of the ponds and
application of lime to the pond bottom at
the rate of 250 kg·ha,t. Three days after
liming, the ponds were filled with ground
water and fertilized with cattle dung and
inorganic fertilizers (urea and triple super
phosphate lTSP] in a 1:2 ratio) at the rate
of 750 and 25 kg'ha'l, respectively. Five
days after fertilization, the ponds were
stocked with 10 to 1 t -g 0. niloticus fin
gerlings at 20,000 fingerlings·ha'l. For Treat
ments 1 and 2 that used supplementary
feed, feeding was done six days a week at
the rate of 5-6% of the estimated fish biomass.
For estimating the feeding rate, the ponds
were netted at monthly intervals and t 0%
of the fish was sampled. From this, the fish
biomass in the pond was estimated and
the feeding adjusted at monthly intervals.
Fertilization of Treatment 3 was done at
weekly intervals, with cattle dung and inor
ganic fertilizers (urea and TSP in a 1:2 ra
tio), at the rate of 750 and 25 kg-ha'1.weelc1,

respectively. Two months after stocking and
every two weeks thereafter, fry produced
in the ponds were removed using a fine
mesh seine net to reduce competition for
food. The ponds were. harvested after six
months rearing and the production esti
mated.

On-Farm Trials

On-farm, farmer participatory trials were
carried out in six formerly derelict seasonal
farm ponds of 80-120 m 2 individual size.
The water depth in these rainfed ponds varied
from a maximum of 1 m during rainy sea
son (june), the depth decreasing over time
and finally drying by December-January.
Before the onset of the rains, the ponds
were cleared of weeds and lime was ap
plied at the rate of 200 kg·ha't. After rain
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Table 1. Production (I<g'ha") of Nile til apia (Oreochromis ni/oticus) stocked at 20.000 fingerlings'ha" in triplicate 280-m'
ponds after six months farming with different feeding and fertilization treatments. For fuller details of treatments, see text.
The data presented are the means of triplicate ponds. Ranges are between parentheses.

Treatments Production

Average Marl<et-
size at Feed Undersize size

Treatment stocking Supplement conversion fish fish
no. (g) feed Fertilizers ratio « 80 g) (> 80 g) Total

10.5 Rice bran 5.8 700 2,038 2,738
(582-864) (1.904-2.068) (2,486-2,932)

2 11.0 Rice bran 60% + 4.6 400 3.154 3.554
mustard oil (296-529) (3,036-3,250) (3.332-3,707)
cake 40%

3 10,5 Cattle dung, 627 883 1.510
urea and TSP (586-689) (775-1,068) (1,382-1,757)

filled the ponds, 5-10 g fingerlings, pro
cured by farmers who have perennial ponds
and were raising the Chitralada strain, were
stocked at the rate of20,000'ha-1• The ponds
were divided into two groups: for the first
group, pond owners were asked to ferti
lize the ponds with inorganic fertilizers, u
rea and TSP (t:2 ratio) at the rate of 25'kg'
ha-I'week-1, whereas the other three pond
owners were asked to fertilize the ponds
with cattle dung at the rate of 750 kg'
ha-I·week- ' . This use of two fertilizer treat
ments was chosen because some farmers
have easy access to cattle dung and its use
can be considered a maximum use of on
farm inputs, whereas the other farmers do
not have access to cattle dung and its trans
portation from distant places is difficult. In
view of the small quantities needed per pond,
these latter farmers preferred to use inor
ganic fertilizers-urea and TSP. Despite
following these preferences, farmers could
not strictly adhere to suggested rates of
fertilization and feeding, hence the wide
variation in use of inputs from pond to pond.
All the pond owners were asked to feed
the fish daily with rice bran at the rate of
5% of the estimated fish biomass. The cul
ture periods ranged from four to six months,
depending on the duration of water reten-

tion in the ponds. The ponds were harvested
when the water depth went below 30 em.

Results and Discussion

On-station Trials

Table 1 gives the production obtained
for the three treatments. Fish of less than
80 g were treated as undersized and
marketed at low prices.

In the financial analysis presented in Table
2, the cost of production (excluding pond
rental and labor) was lowest (Tk 17,200'ha-l )

for Treatment 3 (fertilization, no feeding).
However, net profits were higher with
supplementary feeding. Getting an increased
net profit ofTk 4,361'ha- ' , through inclusion
of mustard oil cake in the feed, required
an additional production cost of Tk
24,199' ha-1

, a high investment for a small
increase in net profit. Thus, of the treatments
tried, feeding with rice bran appeared to
be a more economical operation with a
benefit:cost ratio of 2.50, as against 1.41
with fertilization and 2.07 with rice bran
and mustard oil cake as supplementary feed.
Also, the use of oil cake as supplementary
feed in 0. niloticusculture would be beyond
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Table 2. Financial analysis (in Taka) of Nile tilapia (Oreochromis niloticus) stocked at 20,000 fingerlings'ha"
in 280-mz ponds and farmed for six months under different feeding and fertilization treatments. The data
presented are averages of three ponds per hectare.

Treatment 2 Treatment 3
Treatment 1 Supplementary Supplementary

Supplementary feed: rice bran + feed: nil
feed: rice bran mustard oil cake Fertilization:
Fertilization: nil Fertilization: nil Organic + inorganic

Quantity Cost Quantity Cost Quantity Cost
(kg) (Tk*) (kg) (Tk*) (kg) (Tk*)

Operational Costs:
1. Pond preparation

- Lime 250 750 250 750 250 750
- Cattle dung 750 325 750 325 750 325
- Inorganic fertilizer 25 125 25 125 25 125

2. Fingerlings (nos.) 20,000 4,000 20,000 4,000 20,000 4,000

3. Feed and fertilizers
- Rice bran 14,792 22,188 9,598 14,397
- Oil cake 6,398 31,990
- Cattle dung 18,000 9,000
- Inorganic fertilizer 600 3,000

Total operational costs (Tk) 27,388 51,587 17,200

Gross production (kg'ha") 2,738 3.554 1,510

Gross sales (@ Tk 35 kg") 95,830 124,390 52,850

Net profit 68,442 72,803 35,650

* US$l=Tk 37.50.

the means of most poor rural farmers, due
to the high price of oil cake.

On-Firrm TrIals

Production after four to six months (Ta
ble 3) ranged from 1,500 to 2,343 kg-ha"
with use of inorganic fertilizers, and from
1,441 to 1,925 kg' ha,l with cattle dung. It
is difficult to assess which fertilizer was more
effective in increasing production, as the
farmers did not adhere to suggested prac
tices. Whereas the farmers applied inor
ganic fertilizers in excess (125-316%) of
suggested rates, in the case of cattle dung,
application was very low (6-21 %) as com-

pared to the suggested rate (Table 3). Use
of supplementary feed (rice bran) was also
very low and varied from pond to pond.
In view of this, it is difficult to draw con
clusions as to the efficiency of fertilizers
used in increasing fish production.

In spite of these variable and generally
low inputs, production of 1,441 to 2,343
kg'ha'\, obtained in four to six months rearing,
can be considered high as compared to the
100-200 kg'ha-1 of wild fish that the farm
ers were formerly harvesting from these
ponds. The average cost of production
worked out to Tk 11.73·kg" of fish pro
duced, against a sale price of Tk 35'kg'\,
indicating high profit margins.
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Table 3. On-farm culture trials of Nile tilapia (Oreochromis niloticus) stocked at 20,000 fingerlings'ha" in
small, formerly derelict ponds, using different fertilization treatments and daily feeding with rice bran whenever
possible. For further details. see text.

Culture Fertilizers Fertilizers Average size
Pond size Fertilizers period suggested actually applied at harvest Gross production

(m Z) applied (months) (kg/pond) (kg/pond) (g) (kg/pond)

80 Urea + TSP 6 4.8 12.0 82.2 16.00
120 Urea + TSP 6 7.2 11.5 89.0 28.12
80 Urea + TSP 4 3.2 4.0 95.7 12.00

120 Cattle dung 4 144 9.0 97.2 17.29
120 Cattle dung 6 216 45.0 98.1 23.10
120 Cattle dung 4.5 162 34 126.0 19.13

About 5,000 farmers have now adopted
0. niJoticu5culture in their homestead ponds.
A sample survey covering 113 farms re
vealed an average production of 1.4 t·ha- 1

in six to eight months rearing, with a pro
duction cost of Tk 6.60·kg' 1 (Gupta et al.
1991; Gupta 1992). The low cost of pro
duction was due to the very low levels of
inputs used by farmers. Seventy per cent
of such fish, produced on farms, are con
sumed by households, thus improving the
nutrition and health of farm families. Av
erage production of 0. niJoticus from a pond
of only 170 m 2 -the average size of ponds
covered by the survey-was 23.5 kg, which
is almost equivalent to the national annual
consumption of fish by low-income rural
households with six family members (World
Bank 1991).

One of the problems encountered by the
farmers, especially in ponds which are ei
ther perennial or hold water for longer periods
of time (more than six months), is that of
breeding and overpopulation, leading to
the stunted growth of fish. This inhibits the
culture of 0. niJoticu5 in perennial ponds.
Studies are in progress to address this is-

sue through introduction of carnivorous fish
into the system.
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Abstract

Aquaculture development initiatives have often emphasized the need for African farmers to
integrate this activity in their farming system. Aquaculture (as can be observed in Southeast Asia)
should have evolved alongside ongoing development processes. and even become the catalyst of
a reorientation of agriculture (from shifting to fixed). The objective of this article is to contribute
to the development of this dynamic in Africa.

This objective has practically never been achieved and some of the reasons for this failure are
obvious: farmers were considered incapable to innovate and irrational in their choice of economic
strategies. Moreover. the socioeconomic constraints of the farmers were totally unknown, and the
internal economic systems of the rural development projects masked the need to propose a production
unit ·really accessible to them. Aquaculture development remains a current concern.

Social sciences use many tools to understand farmers' strategies. Here, farmers are considered
as economic agents whose rationality is explained essentially by their socioeconomic environment
and the environment that they develop.

The relevance of this analysis is tested against a concrete case: the forested areas of Midwestern
Cote d'ivoire where this approach has been applied for the past five years and is giving interesting
results. We begin with a rapid description of agriculture in terms of agrarian systems. This description
emphasizes the agricultural dynamics referring to a typology of farming systems where fish culture
is considered only on the basis of the constraints that it can help to eliminate. The work productivity
in aquaculture is compared to that of other agricultural undertakings.
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Introduction

Fish culture is considered by the ru
ral populations of Cote d'ivoire as a
possible va'riant of the farmer's strat
egy to minimize expenses in animal
proteins intended for consumption, to
increase or maximize income and to
diversify agriculture (Koffi 1989). From
the socioeconomic perspective, fish
culture development in Africa should
therefore be considered in terms of
economic efficiency and opportunity cost
of the agricultural inputs, of accessibility

and efficiency of the production systems,

and of protection against risks and un
certainties.

Financial and Economic EHlclency
ofFish Farming Systems

Financial and economic efficiency is
appreciated both from the micro
economic (at the farmer's level) and the
macroeconomic perspective (at the
community or State level). Financial
analyses assess the systems' financial
efficiency for the farmer while economic
analyses measure the contribution of fish
culture to national revenues (gross do
mestic product or GDP). Economic
analyses are absolutely necessary
because grants and other economic
policy measures adopted to protect the
producers, by virtue of the thesis of a
developing industry, are costs supported
by the taxpayers at the national level.
These grants have in general become
chronic expenses without which the
industry cannot survive. The progres
sive disengagement of the State demands
that economic evaluations be made.

Koffi (1989) assessed the economic
efficiency of Oreochromis niJoficus
monosex farming as against mixed-sex
farming in Cote d'ivoire. In addition,
the author reported that organic ferti
lization using wet pig manure contrib-

utes to a substantial increase in pro
ductivity without increasing production
costs (under the current market condi
tions for this production input). This
partly explains the economic efficiency
observed in the monosex culture of O.
niJoticus using rice bran as feed and or
ganic fertilizers on farms supported by
a light, autonomous, extension struc
ture (Tables 1 and 2).

In fact, the desired privatization of
the production of nutritionally efficient
feed (3A feed for example") should
contribute to a satisfactory increase in

productivity to compensate for the State

grant, and to obtain a cost price that
would not be prohibitive for fish farmers
(lower or equal to 50 F CFA b per kg for
the 3A feed while it is currently over
80 F CFA [Lazard et al. 1991 J).

Comparative Economic and Financial
Ratios In the lise ofProduction
Inputs between Aquaculture
and Irrigated Agriculture

The results of the financial analyses
tend to be optimistic regarding the
possibility of developing monosex tilapia
farming systems in inland environments.
However, fish culture can be accepted
in rural environments only if the finan
cial and economic ratios compare
favorably with those estimated for other
irrigated agricultural undertakings.

Monetary Product per
lInlt ofProduction

In general, the undertakings that are
competing with fish culture for land use

'The 3A feed is produced by the Rural Fish Cul
ture Development Project. It is cOr.1posed of 10%
fish meal, 20% cottonseed cake and 70% rice
white shorts with a protein content of approxi
mately 25%.
bUS$1 =300 F CFA in 1991, currently 600 F CFA.
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Table 1. Economic efficiency ratios for different fish culture models developed in Cote
d'lvoire (Koffi 1989).

Models

Ml

M2

M3

Ratios Average farm
(mean) (ST)

NP/T 14,189 5,117.4
DWR 2,742 1,006.22
RRC 47% 0.17
RRA 47% 0.17

NP/T 13,604 6,850.38
DWR 2,501 1,410.6
RRC 43% 0.26
RRA 43% 0.26

NP/T 22,009 6,369.24
DWR 3,919 1,410.6
RRC 522% 3.57
RRA 126% 0.75

ST: Standard deviation.
NP/T: Net profit per 100 m 2 per year in F CFA.
DWR: Daily work remuneration and family management in F CFA.
RRC: Rate of return of capital.
RRA: Rate of return of assets.
Model M 1: Heavy support structure, control fish farmers in Bouake, monosex male tilapia,
predators: Clarias, 3A feed.
Model M2: Control fish farmers in Daloa, heavy support structure, monosex male tilapia,
predators: Clarias, rice bran.
Model M3: Heavy support structure (rAPU CD), monosex male tilapia, predators + polyculture
of Heterotis and Heterobranchus isopterus integrated with pig-rearing for organic fertilization.

Table 2. Economic profile of the different fish culture models developed in Cote d'ivoire including
support and extension costs.

Type NEP/lOO m 2 Balance/l 00 m 2 Balance/lOO m Z Balance/l 00 m Z Total
of support Support Feed Material extension
structure structure

(1) a b c e=a+b+c

M3 20,138 -13,689 0 0 -13,689
M1 -1,238 -23,855 -19 14 -23,860
M2 8,878 -18,570 -19 14 -18,575

NEP/l00 m Z: Net economic profit'100 m Z·year·1 in F CFA.

Balance

(1 )-e

+6,450
-25,098

-9,697
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(lowlands) are essentially irrigated rice,
maize and vegetable crops.

Comparison of the monetary products
indicates that efficient fish culture models
(Table 1) make a more efficient use of
land than irrigated rice (904-2,204
F CFA·1 00 m-Z'year- 1 according to

SATMACI and CIDTe) but not as efficiently

as some vegetable crops (t 7,277
F CFA·1 00 m-z'year- 1 for tomatoes
[Kinimo 1988]).

It is worth noting that the studies on
vegetable crops have an anticipatory
character. The models that have been
analyzed have the disadvantage of not
integrating all the socioeconomic con
straints that are specific to the target
population. Ratio estimates are some
times biased estimates compared to the
real performances of the farmers.

EFficient lise ofLabor

In terms of the efficient use of fami
ly labor, monosex tilapia culture mod
els associated or not with predators and
integrated with a variety of animal
farming models compare favorably with
food crops.

Ratios estimated by Ruf (1982) for rain
fed rice (512-1,108 FCFA'day-l) and
yam (670-1,108 F CFA-day-l) indicate
a lower economic efficiency compared
to efficient fish culture models.

Investment Return

The rate of projected average economic
efficiency is 17% for rural development
projects funded by the World Bank and
particularly intended for small-scale farm
ers and the rural poor (Gittinger 1985).

cSATMACI: Center of Technical Assistance for Ag
ricultural Modernization in Cote d'ivoire; ClOT:
Ivorian Center for Textile Development.

Economic efficiency reaches 20% for all
other categories of agricultural projects.
The minimum acceptable rate is 10% in
most developing countries. The most
efficient fish farming models give a higher
economic efficiency rate for the farmer's
own capital and assets; this rate is also

higher than the traditional bank savings

interest rate.

Note however that informal credit is
practiced under conditions considerably
more profitable than fish culture. This
informal credit system or "margouillaC
is widely practiced in urban areas and
is accessible at a nominal interest rate
of 30% per month.

Accessibility and EHlcJency
of the Different Systems

Aside from the models that consider
financial and economic efficiency, there
are other models that are effectively ac
cessible to individuals from modest, even
deprived populations.

The promotion of models that make
use of production inputs accessible and
available under conditions allowing
production at a competitive cost price
is highly advisable. For this, production
inputs that are locally available for
possible use in fish culture must be
inventoried. The model must not be
capital-intensive, i.e., it must encourage
the use of labor as opposed to capital.
In African rural environments, the most
scarce production input is capital. Yet,
the most efficient systems are those
making intensive use of the most
abounding production inputs, in this
case, labor.

The chosen systems must therefore
rely on productive combinations that
take into account the limitations in
production factors (financial, labor, land
and marketing constraints). Regarding
financial constraints, models requiring



an important working capital are not
suited for rural development.

Between two possible choices, it is
socially more interesting to choose mo
dels entailing no specific advantage for
financially better-off groups. Failing this,
fish culture would contribute, at best,
to improved protein availability; but this
would also intensify social inequalities
in income distribution.

ProtectIon agaInst RIsks
and UncertaInties

The risks related to fish farming sys
tems also constitute a fundamental cri
terion in the choice of technical mod
els. Those involving lesser risks are pre
ferred.

From the technical perspective, the
choice of carnivorous fish associated with
tilapia is justified. Their use eliminates
the risk of suspending production of
sexed tilapias due to the proliferation
of fry (linked to unavoidable sexing
errors). This occurs frequently as soon
as control harvests are no longer or
poorly performed.

In addition, in order to consider fish
culture as an element of a strategy for
diversifying sources of income, there
must not be any positive correlation be
tween its risks (risks with prices, yields
and stocks) and the risks involved in
the farmers' other traditional activities.
For example, a fish farm depending on
agricultura! returns, on salaries or on
State grants, will not survive the haz
ards associated with these activities.

The analyses referred to earlier can
not alone define the model to be adopted
as major constraints are not taken in
account (land tenure and dominant
groups). It is necessary to do a
comprehensive analysis of the agrarian
system to understand the agricultural
society at the regional level. On the other
hand, using this approach contributes
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to the identification of target catego
ries based on the farming system dy
namics, and to the definition of the type
of fish production units to be integrated
in the development of these farming sys
tems.

ConditIons For the IntegratIon ofFIsh
Culture In Farmer Dynamics (Case
of Midwestern Cote d'ivolre)

Too often, the farming world is
considered homogeneous, and only
personal qualities (such as the ability
to do physical work, intellectual
aptitudes, level of education, etc.) are
considered to explain the quality of the
relationship with the support structure.
Taken exclusively, these qualities do not
explain the rationality of the farmers'
choice.

The consideration of the socioecono
mic environment automatically leads to
the definition of target categories. If con
ducted properly, this analysis should
partly explain why some groups succeed
where others generally fail. It is also
important to indicate that these criteria
are only trend indicators. The concept
of target categories, in order to become
a relevant tool, should be developed
in concert with socioeconomists and the
support structure.

Any approach emphasizing the dy
namics of rural development must rely
on a socioeconomic analysis of the
history of agriculture in order to char
acterize the region's specific agrarian
system. Agricultural or even fish farm
ing practices are not reduced to their
sole productive dimension, but are also
considered as social practices. One of
the instruments of this approach is the
definition of farming groups (typology)
within which access to production in
puts is comparable, the reproduction
of their activity being limited by the same
constraints. Farms of a similar type will
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adopt similar behaviors towards certain
constraints, the same issues determin
ing the framework for their reproduc
tion.

The challenge that farmers from the
Midwestern region are faced with is
analyzed hereafter.

BrieF Historical Background

The agriculture of the Beted was in
tegrated fairly late in the economics of
plantation, this being attributed to his
torical factors (linked particularly to colo

nization; Dozon 1985; Ruf 1988).
The determining factors of this evo

lution are basically twofold:
- independence, with its slogan "land

belongs to those who till it"; and
- the excellent remuneration, from

1965 onwards, afforded by cocoa and
also by coffee compared to other pro
ductions.

These conditions, coupled with low
densities of indigenous populations and
the often loose control of land tenure,
contributed to mass immigration from
the 1970s, the immigrant population
today outnumbering the Bete's, 60%
against 40%. This recent immigration
has resulted in the constitution of three
subgroups of populations whose eco
nomic behaviors are different:

- indigenous populations (Bete);
- immigrants from Central Cote d'ivoi-

re (Baoule); and
- immigrants from Northern Cote

d'ivoire (Dioula, Burkinabe, etc.).
The third group has sometimes come

as manual laborers and bought land or
plantations (Forget 1982; Ruf 1984). Be
yond this classification, farming systems
(rotation cropping, production ratios and
division of labor) have been organized

dEthnic group from Midwestern Cote d'ivoire.

around coffee and cocoa plantations,
and family incomes depend to a major
extent on the sale of these produce.

As a consequence of this evolution,
two factors are at present determining
the organization of farming systems:

- the labor invested or "tree capital"
and the labor available on the farm, and
therefore the type of plantation; and

- the availability of land (available
fallows, lowlands, forests, plantations,
etc.) (Ruf 1987).

Recently, the sharp fall of the coffee
and cocoa markets, and the many

problems affecting the marketing of these
commodities have resulted in a loss of

interest for this type of culture, and have
plunged this agrarian society in an
unprecedented crisis, questioning the
relevance of the establishment of fu
ture plantations.

Moreover, as the "black" forest has
almost totally disappeared, land becomes
a limiting factor: certain regions are
already experiencing relative land
saturation.

Classification (Typology)

Many types of farming systems or
typologies exist in Midwestern Cote
d'ivoire (Forget 1982; Forget and
Chatellier 1984; Ruf 1985, 1988). These
emphasize the dynamics of the produc
tion system in order to facilitate the
possible integration of fish culture. Given
this framework, five types of farming
systems have been identified (Table 3):

Type 1. This type encompasses a
number of large capital-intensive farms
relying on an initial capital that is not
generated by agriculture. These farms
cover more than ten hectares in plan
tations composed of a combination of
one or several other crops: cacao, cola,
coffee, rubber tree, coconut, even mecha
nized food crops or extensive husbandry.
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Table 3. Typology of the agricultural undertakings in Midwestern COte d'ivoire.

Type

2

3

4-1

4-2

5

Size and
crops

Several tens of hectares

Ten hectares of plantations
Several hectares of
food crops

A few hectares of plantations

0.5 or 1 ha of plantations
many annual food crops

0.5 or 1 ha of plantations
many annual food crops

No land

Characteristics

Approach external to farmer's
logic

Land control
Efficient use of labor
in plantations

Limited labor force

Future availability
of land (youth)
Evolution towards Type 2

Limited access to land
No investment of labor
possible in plantations

Labor for sale

Type 2. These are large plantations
(approximately 10 ha). They are com
posed of immigrants, who successfully
mobilized an important work force when
the land was available, and indigenous
populations who have lived on these
lands for a long time (former heads of
family or village chiefs).

These plantations are all character
ized by an easy access to an extensive
labor force either through bonds that
farmers have kept with their society of
origin (immigrants) or through the sale
of land by indigenous populations who
accumulated enough capital to hire paid
workers. These farms are characterized
by coffee-cocoa plantations and the sub
sistence farming of food crops.

Type 3. These are small-scale farms
that have limited access to labor and,
because of this, have developed only
a limited surface of plantation. The deficit
can be of several origins: an old planter
having long been the "little brother" of
a large planter, or a laborer having had
late access to land, for example.

This limited work force is more effi
ciently used in extensive plantation

activities at the appropriate periods:
gathering, cleaning of plantations during
the low season for food crops, for
example.

Type 4. These are indigenous small
scale farms with a structural surplus of
labor that can only be used in the culture
of food crops (access to plantations and
to foreign labor is limited).

However, these farmers can have ac
cess to fallows or to lowlands for the
culture of annual crops. As the work
factor cannot be invested in plantations,
it is invested in food crops and cotton.
Following the decrease in cash crop rev
enues, this group of farmers is currently
divided into two subgroups:

4-1. Those who, after receiving an in
heritance (from the immediate family),
possess or will possess an important
piece of land from which they can earn
a profit (they can, for example, rent it
in exchange for services).

4-2. Those who only possess limited
land and who work outside. They
cultivate several annual crops on the
same plot (example: rice-cotton; rice
maize-cassava). These limited land areas
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do not allow them to "invest" their work
in a permanent plantation.

The close relationship between mar
riage and access to land ownership must
be emphasized. The land of a married
man will not be questioned, which

frequently occurs in the case of an
unmarried young man (Dozon 1985; Ruf
1988). The head of a family is granted
the right to land ownership by the vil
lage folks and his farm also benefits from
additional labor.

Type 4 is found in areas dominated by
Baoule and Mossi (Burkinabe) populations
and where there are no more forests to clear;
however, this needs to be confirmed.

Furthermore, as long as land was not
a limiting factor, Type 4 transformed itself
into a Type 2 farm. The lower remunera
tion for work guaranteed by cash crops
and the growing scarcity of available
land have combined to keep this group
away from the plantations.

Type 5. These are the last migrants
who will no longer have access to land
ownership and only have the usufruct
from one plot cultivated with food crops
for their own food requirements. This
arrangement is part of the remunera
tion for their work.

Young Betes, employed by Type 2
production units and waiting for their family
situation to evolve, are temporarily
integrated in Type 5 and evolve naturally
towards Type 4.

It should be emphasized that this rapid
presentation cannot explain the evolution
of the Bete populations, particularly their
transition from Type 2 to Type 3, Type
4-1 to Type 2 or Type 5 to Type 4. In
fact, this evolution depends on the family
organization (extended or immediate
family) and on the function and role
ascribed to each member of the family.
The fact that Type 4 is distancing itself
from Type 2, and seeks to constitute
an independent production unit, can be
partly explained by the relationship

existing between young and older
persons.

It is still unclear which among these
systems is likely to integrate fish cul
ture as a technical innovation supported
by farmer dynamics, and therefore, the

major characteristics of fish culture as

production workshop.
It should also be reminded that in this

region, the demand for fish is high. Fish
being the primary source of protein for
planters, local opportunities do exist.

Investing in this activity requires labor
and vast amounts of money compared
to farmers' income. The establishment
of several farms by young people shows
that such investment is accessible to
all categories. This type of investment
also requires access to land, and although
the areas available are limited, land can
be found in the lowlands which are not
coveted by the plantations located in
the uplands.

Farming operations require an im
portant labor investment distributed
throughout the year.

Efficient use of labor depends on the
sources of production inputs: when
conditions are suitable for rice bran, labor
usually costs approximately 3,000 F CFA
per day.

Consequences of this Classification

It is clear that all categories with lim
ited access to labor force, although such
is used as efficiently as possible by
extensifying work on the plantations, can
not reduce it further.

The recent decline in purchasing power
does not allow even Type 2 to farm fish
using cash.

In a region where land tenure is
dominated by Bete populations, the only
categories that can undertake fish culture
are Types 4-1, 4-2 and 5.

The instability of Type 5 and the avail
ability of land in Type 4-1 contribute



to make Type 4-2 the most suitable group
to establish a fish culture unit.

Comparison with the Actual Situation

The Daloa Periurban Fish Culture
Project (PAPU-CD) has been support
ing eight young Bete fish farmers es
tablished in the bush.

Group 4-2 is composed of four fish farm
ers. In general, these farmers have built
most of their farms by themselves and
are ready to invest more work. In Zalihouan,
the fish farmer is expanding his farm; in
Bolia, he is rearing rabbits to fertilize his
pond and has accepted to experiment with
acadjas; in Nioubuoua, the farmer has in
tegrated rabbit culture with fish culture;
and in Tahiraghue, he is interested in de
veloping a new acadja.

Group 4-1 is represented by a fish
farmer in Bla, who, following the recent
death of his father, now belongs to Group
2. The ponds were entirely built by
laborers and are now in a derelict state.

Group 3 is represented by a fish far
mer in Zakoua who has entirely sub
contracted his undertaking to contract
workers.

Group 2 is represented by a fish far
mer from Zakoua and one from
Tcheblogue (the latter is a particular case
as most of his plantations have burned
down).

The motivation of Group 4-2 is explained
partly by the fact that fish culture consti
tutes an alternative undertaking by mak
ing more efficient use of the available pro
duction inputs than in other undertakings.
In addition, farmers are granted a social
status that has become otherwise inac
cessible following the recent developments
already discussed. To renounce fish cul
ture would be to renounce a social sta
tus equivalent to that ofthe planter. Here,
the idea is to propose a technical model
that is well-adapted to this type, becoming
an instrument for social advancement
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(Oswald and Copin 1992). It should be
emphasized that these young farmers who
have limited access to land, but are good
resource managers, have been chosen by
the Project since they were qualified to
work on a relatively sophisticated tech
nical fish culture model.

Based on these hypotheses, a tech
nical model is considered viable if it is
characterized by the investment of labor
in the fish culture undertaking (in Group
4-2), which should allow the farmers
to increase their investment, i.e., ex
pand the fish farm. A possible success
scenario would be a technical model that
gives access to outside labor force,
contributing to faster investment. If these
conditions are met, one will truly speak
of rural fish culture development. As
soon as the economic conditions for
reproducing such undertakings are met,
the social appropriation of these tech
niques by fish farmers will have to be
examined as well as the spontaneous
reproduction potential, in order to de
fine the most appropriate type of sup
port.

Conclusion

The absence of a real rural
development in African fish culture must
not lead to discouragement. It is clear
that the farmer's situation is difficult to
apprehend, as reflected by the failure
of many agricultural projects. However,
in many cases, the rapid evolution of
agricultural practices show the capacity
of the farmers to implement new systems
of production. Actions seeking to
mobilize this capacity of implementation
must necessarily involve systematic
research efforts on the efficient use of
the production factors. These efforts are
totally justified in a mid-term perspective
where fish culture can perfectly and
naturally find its place.
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Abstract

Over the past 30 years, no real national or regional research strategy seems to have been developed
for the aquaculture of tilapia in subSaharan Africa. Research in aquaculture has always been very
"opportunistic," mainly because of budget constraints. In some cases. research components were
included in important development projects. but their biotechnical bases were weak and these
companion research programs had to be discontinued.

Also, research in tilapia aquaculture has often been conducted independently of other research areas
such as biology, agronomy, zoology and socioeconomics (farming systems) and mainly under the departments
of forest and wildlife research, a legacy of the colonial era. This type of research has very rarely been
part of a global aquaculture development plan which, on one hand, generally did not exist. As a result.
many aquaculture scientists on the continent are compelled to work in isolation, and their results have
often little impact on development. Furthermore. basic research has mainly been conducted with a
view of developing intensive and/or industrial fish culture which, in most cases, does not conform with
the technical and socioeconomic context prevailing on the African continent.

These different considerations are analyzed on the basis of a number of examples. The interface
research-development is studied with reference to "pilot" projects and companion studies. To
conclude, proposals are made for the future in terms of the adequateness between aquaculture
development planning and fundamental and applied research strategies.

Aquaculture Research
(Particularly on Tllapla) In

SubSaharan Africa

Background and Current Situation

The Afrkan continent has a long his
tory of aquaculture research which began
in many countries before the days of
independence, Research work then was
mainly empirical and focused on applied
research.

The major research stations on the con
tinent were the following: Djoumouna
in Congo; Landjia in the Central African

Republic; Foumban in Cameroon; the
Fish Culture Research Station in Bouake,
Cote d'lvoire; Sagana in Kenya;
Anamalazaotra and Ampamaherana in
Madagascar; Kipopo in Zaire; Kajansi
in Uganda; Chilanga in Zambia; and the
Henderson Research Center in Zimba
bwe.

The Bouake Station (now the IDESSA
Fish Culture Center) and that of Chi-langa
are the only stations which were able
to continue their research work without
interruption since their creation (in 1957
1958 for Bouake). Others conducted
research occasionally when development
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projects included a research component
(in Landjia, for example), usually funded
by UNDP and implemented by FAD in
cooperation with a European laboratory
(Wageningen on Clarias gariepinus at

the Landjia Station, for example).

Today, in francophone Africa, few re
search stations are really operational and
able to contribute to development with
real scientific and/or technical
innovations. Among the stations that
are still active (in varying degrees) are
those implanted in Cote d'ivoire (the
Oceanological Research Center of
Abidjan-Layo and the IDESSA Fish Culture
Station in Bouake), the Djoumouna Sta
tion in Congo and the Foumban Station
in Cameroon.

Besides these stations, some university
laboratories are also conducting research
in aquaculture or in applied
hydrobiology.

Also, in addition to the research done
in these large experimental stations
funded by national or international
agencies, research (or researchers, mOJ'e
specifically) is funded through a more
flexible system developed 15 years ago:
first through the International Founda
tion for Science (IFS), Sweden, then
through the International Development
Research Center (IDRC) , Canada. Fund
ing by these organizations is in the form
of research grants for specific scientists
and projects that are carefully identi
fied and limited in time. This type of
financial assistance allows many research
ers to develop research programs but
not to set up a station or a laboratory.

The major problem facing African
research is its sustainability; it is ex
pensive (as anywhere else) and research
ers are few. Another problem is to decide
whether research efforts should be fo
cused on basic or applied research, or
both. Basic research can be developed
only in well-equipped laboratories and
by highly trained scientists.

A temporary alternative could be to
develop basic research on tropical
species and basic issues in laboratories
from the North while training African
scientists, and gradually transferring

these research activities to the South.

The problem usually encountered is that
upon return to their countries of origin,
these researchers hardly or no longer
have access to the literature or the
analytical tools they were trained with.
The profession "aquaculture scientist"
must be created in Africa. Concerning
applied research, it is usually closely
associated with development and will
be discussed later in the section on Re
search &.. Development. However, it
should be emphasized that research and
production are highly correlated: today,
among the countries of black
francophone Africa, Cote d'ivoire is the
country where aquaculture production
is the highest and, at the same time,
where research efforts have always been
pursued and even intensified over the
last years.

Aquaculture Programs
and Major Results

The major programs in aquaculture
research developed so far on the conti
nent and their most significant results can
be summarized as follows:

SPECIES

Tilapias. Tilapia, originating from Africa,
is the species that is most commonly stud
ied, constituting the major part of African
aquaculture production. According to modem
systematics (Trewavas 1983), tilapias fall under
three genera: Oreochromis, Sarotherodon and
Tilapia.

Paradoxically, after some limited,
occasional tests conducted on Oreo
chromis niloficus in African stations, it
is from Asia, the cradle of fish culture,



that research on these species really
started. and where their economic and
biological importance for Clquaculture
was demonstrated. Hickling (1960)
developed crosses between variou~

species of Oreochromis (urolepis,
hornorum and mossambicus) giving all
male hybrids from species introduced
from Africa at the Batu Berendam Sta
tion in Malaysia. These activities were
continued in the 1960s at the Bouake
Station (Lessent 1968), and it is from
this moment that the Oreochromis genus
was used in African aquaculture devel
opment (Lazard et al. 1990b).

More recent studies have also focused
on indigenous species of lagoon tilapias,
mainly S. melanotheron and T. guineensis
(Legendre et al. 1990).

Other African Indigenous Species. At
the same time, a number of research
studies focused on indigenous species
other than tilapia. So far, these are mainly
three species of catfish (Clarias
gariepinus, Chrysichthys nigrodigitatus
and Heterobranchus longifilis) and
Heterotis niloticus.

Fish Transfers within and to the Afri
can Continent. There are different prob
lems according to whether the intro
ductions concern genera or species that
are not from the continent, or species
(or strains) of an indigenous genus. The
second type of transfer is very likely
to induce interspecific hybridization or
interfertilization between strains and
original populations may not be main
tained whether in the natural environ
ment or on-station.

According to Welcomme (1988), in
troductions and transfers of fish within
or to the African continent may have
totaled 256 since 1850 (146 of which
occurred between 1950 and 1980). Of
these, tilapias account for 74 introduc
tions, 62 of which occurred between
1950 and 1980. This inventory is prob
ably incomplete as a great many transfers
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of fish, particularly within the continent,
go unreported.

Discussions on the issue of introduc
tions and transfers must take place as
soon as possible, and be open and trans
parent. Each African country should make
a comprehensive report on its specific
situation regarding these matters so that
a continentwide strategy for the con
servation and the management of the
genetic resources of African aquatic spe
cies be implemented. This strategy must
be based on research programs on the
population genetics of the potentially
major fisheries and aquaculture species
(Pullin 1988; Lazard 1990). particularly
tilapias for which Africa today is con
sidered the "genetic reservoir."

RESEARCH AREAS

Biology. Many studies have focused
on the different aspects of the biology
of til apia, the greatest part of which is
being done outside Africa. In some cases.
tilapias were considered as models
(particularly, O. mossambicus) and
studies on these species were not
primarily towards realizing their aqua
culture potential.

Little basic research has been con
ducted so far on tilapias on the Afri
can continent focusing essentially on
the reproductive physiology, particu
larly sex-determining mechanisms
(jalabert et al. 1974; Baroiller 1988) and
on population genetics (Pouyaud and
Agnese, this vol.; Rognon and Guyomard,
this vol.) and hybridization, in close
collaboration with laboratories from the
North. However, most biological stud
ies fell essentially under applied research.

Production Systems and Farming Tech
nologies. It can be said that all the major
farming structures (ponds, cages, pens
and raceways) have been tested in Africa,
not only with tilapia but also with other
species.
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Each structure may correspond to
different farming systems developed on
station or under a Research &.. Devel
opment program.

In this area, however, much work re
mains to be done to improve the inte
gration of fish farming with agricultural
production systems.

The two avenues to explore in the
future seem to be the economic and
biotechnical optimization of the research
already done, and the development of

new, efficient farming systems adapted

to the rural environment where an

important vacuum can now be felt. Small
scale, commercial production systems
in rural environments (the counterpart
of peri-urban systems) are yet to be
developed.

This model cannot be developed
without the farmers. Therefore, system
studies should preferably be done un
der the developer's authority for the
global orientations of rural development
and should not be disconnected from
a regional reality. The term "system"
contains a determining socioeconomic
component: on-station research on sys
tems is justified only if it represents,
in the context of Research &.. Develop
ment, the shortest route between on
farm and basic research.

Socioeconomic Studies. In Africa, so
cioeconomic research in aquaculture is
almost nonexistent. There are no real
research programs in this field of in
vestigation. This can be explained by
the negligible impact of aquaculture on
African economies, by a reluctance of
the scientists concerned to be involved
in programs that can only be multidis
ciplinary and by a slow awareness by
the planners or aquaculture project of
ficers of the necessity to integrate the
economic or social dimension.

A few examples of such slow aware
ness (as manifested in the course of the
projects) can be noted: the Rural Fish

Culture Development Project and the
Lagoon Aquaculture Development
Project, both in COte d'ivoire. The first
project studied the economic and finan
cial efficiency of the different aquaculture
farming systems. For this, 104 fish farm
ers were surveyed and the economic
profile of each subsystem of production
as well as several indices (cash and sol
vency) were analyzed to study certain
scenarios considering natural and eco
nomic risks and uncertainties (Koffi

1992).

The second project focused on the pric
ing of cultured fish, the commercial chan

nels and the commercial strategy im
plemented by the different actors
operating at each level of the different
circuits (Weigel 1989).

Concerning the social aspects of Af
rican aquaculture, three research avenues
could be explored. These studies should
increase the knowledge base of
aquaculture which, in the past, was es
sentially based on quick and superfi
cial research work.

The objective of the first research
avenue would be to analyze, with refer
ence to specific local situations, the
integration of aquaculture activities into
the existing fisheries or agricultural pro
duction systems. In artisanal aquaculture,
production inputs are allocated on the basis
of the old system. Improved understanding
in land, labor, capital and input use is the
key to the successful "grafting" of
aquaculture onto an already regulated
social and economic organization. Once
again, to avoid poor results because of
inadequate research methodologies, this
type of research requires a high level of
expertise in social sciences which cannot
be procured solely by biologists or tech
nologists.

The second research avenue could
consist in a bioeconomic analysis of a
number of existing or developing
aquaculture undertakings. This type of



interdisciplinary analysis should, in es
sence, improve the understanding on
the conditions necessary to increase
aquaculture profitability. Such analysis
requires the close monitoring of invest
ment and, particularly, operating costs
of the aquaculture units, and the rel
evance of these costs vis-a-vis the
biotechnical parameters. In time, such
research should provide enough ele
ments on the optimum efficiency of the
aquaculture ventures and their real unit
costs.

The third research avenue could be
a macroeconomic analysis on a regional
scale of aquaculture vis-a-vis the general
fisheries industry. As such, this type of
research goes beyond the aquaculture
framework. Through this type of research,
major quantitative elements could be
identified, and the industry's various
agents likely to be involved in
aquaculture as well as their role and the
organization of the producers and traders
could be described. This type of study
would also identify the financial insti
tutions likely to be involved, and indicate
the specific actions to be taken by
governments and funding agencies.

Research &.. Development

The term "Research &. Development"
should only refer to the activities done
at the interface between research and
development. In fact, the analysis of
aquaculture activities undertaken over
the last 30 years on the African conti
nent shows that except for some clearly
defined research programs and clearly
identified extension operations, such
activities have been undertaken under
both research and development pro
grams.

Where does this confusion come from?
The following explanations can be
proposed:
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Weak scientific, biotechnical and so
cioeconomic knowledge base when launch
ing a development project, describing it
as "Research &. Development," "Pilot," or
"Pre-extension" Project. These terms often
mean that the project has no real biological,
technical, social or economic theme on
which extension programs can be
developed.

The will of funding agencies to see
projects lead rapidly to "significant"
productions even if the technical basis of
these projects is weak or nonexistent.

Research stations and laboratories
often work in isolation and their results
are not always useful for development
projects.

These different research conditions
usually lead to the following results:

Most pilot projects have adopted
an approach going "from development
to research" (Lazard et al. 1990a).

The institutionalization of compan
ion studies is the sign of a takeover of
research work by development projects
in order to solve urgent problems, usu
ally of biotechnical character. Certainly,
such takeover has positive aspects in that
research is being stimulated both finan
cially and thematically (as in the exam
ple of the reproduction in captivity of C.
nigrodigitatus in Cote d'ivoire). However,
there can also be negative effects in that
the often limited resources of a research
station or laboratory can be all mobilized
on a research theme apparently rich in
development consequences, but that can
prove to lead nowhere, at least temporarily,
as in the case of the aquaculture of Oreo
chromis spp. in the Ivorian lagoons.

In addition to unfamiliar observers,
this "takeover" often seems to be a
perfect example of complementarity.

Future developments in fish culture
Research &. Development could be the
following, based on the fact that while
research and development are closely
related, they should not be confused:
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research must be conducted in ad
equate laboratory facilities and in a
stimulating scientific environment, hence
the importance of creating regional poles
linking critical masses of researchers,
paired with research centers from the
North;

development must be carried out
by professional developers;

at present, there is no interface be

tween research and development in

Africa. It must be created, but there

seems to be no general rule in this re
gard. It could take place within pilot
stations acting as transmission belt
between research and fish farmers. There
are other alternatives through which pilot
fish farmers could play the role of in
terface between research and develop
ment, which would contribute, on one
hand, in solving the crucial problem of
the future of pilot stations when projects
end;

confusion between research and de
velopment will be avoided if the
respective professions of the different
actors involved in fish culture devel
opment are clearly demarcated, as sug
gested earlier, yet allowing as much "per
meability" between them as possible.
Permeability between the different
categories of involvement in aquaculture
will be possible if the various institutions
(in many countries, often numerous and
antagonistic) taking part in this activ
ity do not compete excessively. The real
problem here is not so much having too
many parties involved but lacking bridges
between them: mobility will be neces
sary to achieve a harmonious develop
ment of aquaculture on the African con
tinent;

the use of human resources should
be optimized: African scientists, trained
at great costs abroad and also at the
cost of personal sacrifice, should, upon
return, be able to find a job in their fields

of specialization. Failing this, scientific
training through research is useless; and

aquaculture research programs
should logically be designed in coop
eration with developers and should be
given the necessary means of implemen
tation without depending on existing
projects where they would simply be
considered as a research component.

For an Aquaculture Research
Strategy In SubSaharan Africa

Critical Analysis of Aquaculture
Studies (Particularly on TilapJa)
on the African Continent

THE ANALYSIS OF AQUACULTURE RESEARCH
PROGRAMS CONDUCTED ON THE AFRICAN
CONTINENT OVER THE LAST 30 YEARS
DOES NOT REFLECT ANY REAL REGIONAL
OR NATIONAL RESEARCH STRATEGY

Aquaculture research appears, a

posteriori, to have been quite "oppor
tunistic" in its approach and has resulted
in the following:

an independent, marginalized re
search effort. Aquaculture research has
systematically been conducted outside
the framework of other agricultural and
zootechnical studies in the fields of bi
ology, technology and socioeconomics;

basic research (cognitive) is almost
nonexistent on the continent for lack
of an adequate scientific environment
(intellectual and material), but also for
lack of a real downstream demand sector;

wrong assimilation of concepts from
upstream research while research results
are often approximate; and

finally, aquaculture research has
often proven to be opportunistic, par
ticularly because of funding constraints.
It has adapted to the major trends in
the implementation of development
projects (particularly by international



organizations) to make fish culture "eve

rybody's business," generating adap
tive resources lacking in creativity. On
the other hand, "companion studies"
have been done in an attempt to quickly
solve major problems encountered in
the implementation of projects devel
oping more intensive, more sophisti
cated farming techniques that were ini
tiated on weak or nonexistent
biotechnical bases. In these conditions,
studies were often discontinued, before
achieving anything, together with the
projects that initiated them.

THIS SITUATION IS PROBABLY BECAUSE. EXCEPT
FOR A FEW CASES, AFRICAN FISH CULTURE
HAS NOT YET ACQUIRED A REAL ECONOMIC
DIMENSION

In other words, research and devel
opment started at the same time in the
1940-1950s and continued at the same
pace. As over the last 40 years, both
research and development counted on
each other in order to progress, and both
have lacked coherence. On the one hand,
development, which was given important
resources, had to yield rapid results in
order to justify its continuation and
amplification, without reliable biotech
nical bases; on the other, research, which
was given insufficient resources, was
not able to produce a substantial basic
research base (biological and
technological), with its practitioners
sensing that, in the absence of a sound
development, their disciplinary approach
would have limited impact. Develop
ment has remained experimental (or
pilot) and research has remained essen
tially focused on farming systems, the
replicability of which is limited for lack
of sufficient knowledge regarding their
mechanisms.

For the same reason, research has
worked, from the beginning, on com
plex farming systems (polyculture, in-
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tegrated farming and organic fertiliza
tion), most of them being the result of
technological transfers from other con
tinents (mainly Asia) where traditional
empirical knowledge is essential.

AN ILLUSTRATION OF THIS ANALYSIS IS GIVEN
BY THE EXAMINATION OF THE CONTENT OF
THREE SYMPOSIA HELD OVER THE LAST t 5
YEARS ON THE AFRICAN AQUACULTURE

In 1975, the "Symposium on Aqua
culture in Africa" (FAa 1976) was par
ticularly concerned with the following:

regarding species, not only tilapias
were given special emphasis but also
new species (including C1arias lazera,
mainly), in a clear attempt to diversify
species for fish farmers and consumers.
The symposium was also concerned with
the introduction of exotic species on
the African continent;

regarding technologies and farm
ing systems, priority was given to the
use of "traditional" inputs (mineral and
organic fertilizers, integrated farming
and rice-fish culture) based more on reci
pes than on a clear understanding of
the mechanisms of these different
treatments; and

the socioeconomic aspects of
aquaculture were discussed only briefly
and moreover by nonspecialists.

In 1985, the" African Seminar on
Aquaculture" (Huisman 1986) reflected
a radical change in the research efforts
on the continent over the previous
decade. The proceedings on this seminar
highlighted:

- the results of intensive tilapia cul
ture using artificial feed;

- the studies on species other than
tilapia: mainly, Chrysichthys and, to a
lesser extent, Ciaria5; and

- the near total absence of socioeco
nomic analysis in aquaculture.

In 1988, the "Workshop on Applied
Research in Aquaculture in Africa"
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(Bernacsek and Powles 1992) reflected
a development in the research efforts,
particularly:

- a more scientific approach of or
ganic fertilization and a concern to un
derstand its mechanisms rather than to
rely on simple recipes;

a comprehensive biological ap
proach of the culture of species such

as tilapias in lagoon environments, im

proved knowledge of Heterobranchus
and sex determinism in Oreochromis;
and

- a comprehensive socioeconomic
approach of the different technical, de
velopment models for extension.

Strategic Role of Research EFForts
on the Development of Aquaculture
In AFrica

WHICH DEVELOPMENT?

There are many opportunities for
aquaculture development in Africa,
particularly in the farming of tilapias.

According to the Type ofEnvironment.
The type of environment largely deter
mines the model of aquaculture and its
intensification level:

extensive fish culture in natural
(flood plains) or artificial (hydro-agri
cultural and agro-pastoral reservoirs)
waterbodies (fry stocking and fisheries
management);

semi-intensive fish culture in
ponds; and

intensive fish culture in earthen
ponds with high water renewal, or in
cages and in pens implemented in natural
environments (lakes, rivers and lagoons).

According to the Type of Target
Populations. The models of fish culture
to develop will be different depending
on the populations of fish farmers that
are targeted for development: villagers,
fishers, artisans, small-scale producers,
medium-sized undertakings and

commercial farmers, both in terms of
investments and farming systems. In rural
fish culture, models requiring labor as
an investment and little operating funds
will be preferred; for industrial/commer
cial farming, the approach will be radi
cally different.

According to the Type ofMarket Tar
geted. The type of fish culture to de

velop will be different whether it is in
tended for urban markets where the pur
chasing power is relatively high, or for
rural areas where it is low (or unequally
distributed in time).

WHICH RESEARCH?

In the absence of clearly defined
development schemes or even a general
research framework, research and
development must improvise. These
conditions are favorable for creative
scientists or those with wide-ranging
research competence, as they are free
to study the species and farming systems
of their choice and move freely from
upstream to downstream research.
However, in view of the limited
development of African aquaculture
today and the lack of clear direction for
research programs, this can be a source
of great frustrations for those researchers
wishing to investigate a specific aspect
of a given species. In this context,
research is compelled to work in multiple
directions.

WHICH STRATEGY?

Here are a few examples of the stra
tegic role research can play on the
development of aquaculture in a given
country or region.

Population Genetics. Studies on popu
lation genetics are fairly recent, focusing
mainly on tilapias. This type of research
was essentially motivated for its use in
aquaculture on other continents (Asia).



A real African policy for the use of
indigenous species for aquaculture

should promote research on population
genetics and on-station testing
(comparison of strains, populations and
species) using parameters such as growth
rate in captivity, artificial feed conver
sion and tolerance to environmental
factors such as temperature, salinity, etc.,
which could later lead to the creation

of genetic improvement programs.
Such programs could have the follow

ing results:
increased knowledge on the pres

ervation of genetic resources of Afri
can species of importance for aquaculture
and the fisheries;

optimum use of these resources in

aquaculture; and
decreased rate of introduction of

exotic species.
All reflecting a real strategic impact.
Choosing species ofaquaculture po

tential. The choice of species in view
of their use in aquaculture is not a neutral
choice. Except for tilapias that show
potential for low-cost aquaculture, the
other species on which research has been
conducted so far do not generally present
the same characteristics, particularly in
their mode of reproduction and feeding
habits.

In this field of research, it seems that

a continental program should focus on
acquiring knowledge on the major bio
logical parameters for the farming of
species with a potential for aquaculture.
In these conditions, a real strategy for
the development of the aquaculture of
these species could be developed taking
into account the major farming con
straints, the potential market and target
populations.

At this junction, it is necessary to
determine whether research should be
focused on many species to be screened
for aquaculture or on the biological and
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technological aspects of the culture of

a few species.
Farming system. No in-depth study has

been conducted so far on the role that
fish culture can play in African farming
systems and on its spaciotemporal inte
gration into these systems. Such studies
are very important and should not be lim
ited to the transfer of technologies such
as integrated farming systems, for example,

which tend not to last longer than the
projects that initiated them. The integration
of aquaculture in a given region is possi
ble only if the different farming systems

and their respective dynamics are suffi
ciently understood.

To conclude, fisheries production in Af
rican countries should be planned before

a strategic research planning is developed

to achieve development objectives. In re
ality, however, it is often the opposite
situation that prevails: research is left on
its own to rescue hazardous development
operations. No research strategy is pos

sible in this context; research is condemned
to remain opportunistic and supportive
of a development that has not yet itself
proven successful.

References

Baroiller. J.F. 1988. Etude correlee de I'apparition
des criteres morphologiques de la
differentiation de la gonade et de ses
potentialites stero'idogenes chez Oreochromis
niioticus. Universite Pierre et Marie Curie. Paris
VI, 89 p. Ph.D. dissertation.

Bernacsek. G.M. and H. Powles. Editors. 1992. Re
cherche sur les systemes aquacoles en Afrique.
Workshop, 14-17 November 1988, Bouake. Cote
d 'Ivoi reo IDRC-MR308 ef. International
Development Research Centre, Ottawa, Canada.
426 p.

FAO. 1976. Proceedings of the Symposium on
Aquaculture in Africa, 30 September-2 Octo
ber 1975. Accra. Ghana. CIFA Tech. Pap. 4 (Suppl.
1),791 p.

Hickling. C.F. 1960. The Malacca tilapia hybrids.
J. Genet. 57( 1): 1-1 O.

Huisman, LA., Editor. 1986. Aquaculture research



524

in African region. FIS Seminar. PUDOC,
Wageningen, The Netherlands. 274 p.

lalabert, B., I. Moreau, P. Planquette and R. Billard.
1974. Determinisme du sexe chez T. ni/otiea
et T. macroehir: action de la methyltestosterone
dans I' alimentation des alevlns sur la
differenciation sexuelle ; obtention de males
inverses fonctionnels. Ann. BioI. Anlm. Biochem.
Biophys. 14:729-739.

Koffi, C. 1992. Aspects economiques de la pro
duction piscicole en etang ; I'experience
de la pisciculture rurale au centre-ouest
et au centre de la Cote d'ivoire, p. 49
63. In G.M. Bernacsek and H. Powles (eds.)
Workshop, 14-17 November 1988, Bouake,
Cote d'ivoire. IDRC-MR308 ef. International
Development Research Centre, Ottawa,
Canada. 426 p.

Lazard, I. 1990. Transferts de poissons et deve
loppement de la production piscicole.

Exemple de trois pays d'Afrique subsaha
rienne. Rev. Hydrobiol. Trop. 23(3):251-265.

Lazard, J., B. jalabert and T. Doudet, Editors. 1990a.
L'aquaculture des tilapias ; du developpement
it la recherche. Cah. Sci. 10. Centre technique
forestier tropical, Departement du CIRAD,
Nogent-sur-Marne, France. 116 p.

Lazard, I., P. Morissens, P. Parrel, C. Aglinglo, I. Ali

and P. Roche. 1990b. Methodes artisanales
d'aquaculture du tilapia en Afrique. Centre
technique forestier tropical, Nogent-sur-Marne,
France. 82 p.

Legendre, M., I.M. Ecoutin, S. Hem and A. Cisse.
1990. Recherches sur les tilapias lagunaires de
Cote d'ivoire, p. 93-116. In I. Lazard, B.
lalabert and T. Doudet (eds.) L'aquaculture
des tilapias ; du developpement it la recher
che Cah. Sci. 10. Centre technique forestier
tropical, Departement du CIRAD, Nogent-sur
Marne, France.

Lessent, P. 1968. Essais d'hybridation dans Ie genre
tilapia a la Station de recherches piscicoles
de Bouake, Cote d'ivoire. FAO Fish Rep.
44(4): 148-159.

Pullin, R.S.V. 1988. Tilapia genetic resources for
aquaculture. ICLARM Conf. Proc. 16, 108 p.

Trewavas, E. 1983. Tilapiine fishes of the gen
era Sarotherodon, Oreoehromis, and

Danaki/ia. British Museum (Natural History),

London.

Weigel, J.Y. 1989. La commercialisation du poisson
en pays lagunaire ivoirien. ORSTOM Ed.,
Coil. Etudes et Theses, Paris. 138 p.

Welcomme, R.L. 1988. International introduc
tions of inland aquatic species. FAO Fish
Tech. Pap. 294, 318 p.



525

Peri-urban Aquaculture in Midwestern
Cote d'Ivoire

M. OSWALD
Mission de cooperation et d'action culturelle (MCAC)

01 BP 1839 Abidjan 01
Projet de developpement de la pisciculture en milieu rural

BP 494 Bouake 01, COte d'lvoire

Y. COPIN
Association franr;:aise des volontaires du progres

Centre de recherche Meze Herault (AFVPjCEREMHER)
BP 11834140 Meze, France

D. MONTFERRER
Association franr;:aise des volontaires du progres (AFVP)

BP 2532 Abidjan 01, COte d'lvoire

OSWALD, M., Y. COPIN and D. MONTFERRER. 1996. Peri-urban aquaculture in Midwestern Cote
d'lvoire, p. 525-536. In R.S.V. Pullin, J. Lazard, M. Legendre. J.B. Amon Kothias and D. Pauly
(eds.) The Third International Symposium on Tilapia in Aquaculture. ICLARM Conf. Proc. 41,
575 p.

Abstract

Repeated failures to develop aquaculture in tropical Africa in the past few years have discouraged
many of those working in this field. Today. although aquaculture is not by itself the sole alternative
to financially-stricken agricultural operations, it represents an interesting diversification of agriculture
at the periphery of large cities. Some fish farmers have been devoting most of their time to aquaculture
for the past six years using a more farm-oriented than enterprise-oriented approach.

Ponds are built along lowland ricefields. The coexistence of the two operations has shown some
positive interactions (better water management, a rising level of the water table and water fertilization).

Oreochromis niloticus is used as dominant species in a monosex polyculture developed in three
stages: broodfish production, fingerling production and production of marketable fish. Fish are
fed rice bran and slaughterhouse residues or wet manure are used as fertilizers. The results of this
polyculture are presented along with the economic profile of various farms. These results demonstrate
the relevance of this activity for the fish farmers. A comparison of fish farms and rice farms is also
made.

The authors emphasize the importance of peri-urban aquaculture because the response of the
aquaculture market and the advent of new mechanisms of assistance between fish farmers may
lead to many economic developments.

Introduction

In 1990, out of 230,000 tons of fish
consumed in Cote d'lvoire, 150,000 tons
were imported. This deficit has increased
consistently in the last few years and,
despite all the efforts to develop aqua-

culture, few producers continue to prac
tice it in the rural areas.

The conditions of aquaculture (Lazard
et al. 1991), particularly the need for
agricultural inputs and access to city
markets (Koffi 1990), have led operators
to move their activities to peri-urban
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zones, for example the AFVP/SATMACP
Project at Daloa and at Gagnoa in
Midwestern Cote d'lvoire.

Due to demographic pressures (Daloa's
population rose from 125,000 to 175,000
between 1984 and 1988), the local au
thorities have dispossessed traditional
landusers, and land unsuitable for con
struction that still officially belongs to
the municipalities has been transformed
into ricefields and vegetable gardens.

These peri-urban lowlands are worked

by a small, mainly foreign peasantry that

is originally from northern Cote d'lvoire

and the Sahelian countries (Mali and
Burkina Faso). The water system of Mid
western Cote d'ivoire allows the con
struction of many ponds on the slopes
of valleys, contiguous to ricefields.

In December 1986, for the first time,
a farm supported by the Daloa Peri-ur
ban Fish Project began to yield a live
lihood for a fish farmer. Following this,
others decided to begin semi-intensive
aquaculture based on a rigorous tech
nical model (broodfish ponds, fingerlings
ponds and marketable fish production
ponds) that required a certain level of
technical work (manual sexing, organic
fertilization, use of carnivores and
polyculture) and an efficient production
tool (well-constructed ponds).

For many of the new fish farmers,
aquaculture was to become their ma
jor-or even exclusive-activity.

Although this analysis is based on a
still small number of fish farmers, it aims
to describe the beginnings of a peri
urban fish farming dynamic, and to
analyze the strategies developed by fish
farmers in terms of construction (invest
ment) and technical models.

'AFVP: Association franc;:aise des volontaires du
progres (French Association of Volunteers for
Progress); SATMACI: Societe d' assistance tech
nique a la modernisation agricole de la Cote
d'ivoire (Technjcal Assistance Association for the
Agricultural Modernization of Cote d'ivoire).

Ponds and Lowlands

Construction

ISSUES

In humid West African tropical zones,
farmers have not generally had to be
confronted with water problems for ag
ricultural production. Knowledge about
water and water management practices

is therefore recent, particularly in the

forested south of Cote d'ivoire. The ear

liest establishment of ricefields in low

lands dates from the 1970s, for which
irrigation channels were dug and main
tained by SODERIZb

. Later, these chan
nels were abandoned in favor of earth
and tree-branch dams placed on the main
drain, directly feeding the ricefields. De
pending on the particular situations,
several factors can explain this devia
tion from the proposed model: lack of
understanding between rice farmers,
inadequate water supply and additional
work. For example, efficient water supply
in a ricefield located far from the drain
requires much more work: maintenance
of the irrigation channel, construction
and surveillance of the dams, etc. Un
der these conditions, the creation of
aquaculture ponds for which water man
agement is essential (installation of a
weir, pond maintenance, feeding and
drainage channels, etc.) may seem bound
to fai I.

Yet today, several core groups of fish
farmers have formed in some peri
urban rice lowlands, and over the years
they have improved and extended their
operations (for example, the "Gako" rice

bSODERIZ: Societe pour Ie developpement de
la riziculture (Ricefarming Development Com
pany). A state-owned company responsible for
ricefarming development and the conversion of
lowlands to irrigated ricefarming. Its activities
in Midwestern Cote d'ivoire were taken over by
SATMACI.



lowlands at Daloa and those of Barouhio
at Gagnoa) despite the absence of wa
ter management traditions and despite
the size of the necessary investment.
This development indicates a real in
terest in aquaculture.

INTERACTIONS BETWEEN RICE
AND FISH CULTURE

Water is supplied either by a diver
sion from the main drain of the rice low
land or by the tapping of a secondary
water table feeding the ricefield, for
ponds located upstream from ricefield.

There are many positiv _ interactions
between rice culture and fish culture:
increased water supply for the rice, im
proved water management in the low
land, increased areas for irrigated rice,
relatively reduced crop losses caused
by floods and fertil ization of the rice
by the pond's water.

Surveys of rice farmers located near
fish farms, taken in late t 990, showed
that:

- 6.6% think fish culture competes with
rice for space and water;

- t 3.3% think fish culture could af
fect rice production if aquaculture man
agement does not allow for the require
ments of rice; and

- 80% are satisfied to have ponds close
to their ricefield (Barmoy 1990)".

In time, the development of fish ponds
along the rice lowlands will raise all the
water tables that feed them. This is why
support service agencies must favor an
integrated approach to lowland man
agement that will conserve water and
reduce work as fishponds and ricefields
will be progressively extended.

Cln an extreme case, a fish farmer has even
had rice farmers help pay for repairing his dam
after a flood washed it away.
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APPROPRIATION OF POND
CONSTRUCTION METHODS

A description of fishpond construc
tion methods was presented in the
"Manuel de construction des etangs"
(Pond Construction Manual) (Oswald
t 989b).

The extent of appropriation of pond
construction methods by farmers will
depend on attempts aimed at improv
ing their farm's technical quality and
at minimizing the time needed to manage
and maintain it. The end result is some
times disappointing; however, experi
ence is gradually building up, allowing
fish farmers to design improved ponds
and to minimize the effect of climatic
hazards. For example, improved grad
ing of the weir, a new canal layout to
limit water losses by strengthening the
downstream dike and reducing the im
pact of dry season water shortages are
among the possible improvements.

Frequent mistakes by beginners of
ten contribute to their understanding
of pond construction logic: how many
times have heavy rains shown fish farmers
the usefulness of weirs by washing away
dikes and fish?

Contrary to popular belief, the fish
farmers rapidly understand the benefits
of high quality construction, as reflected
by their receptivity to the proposed
standards. They quickly accept quality
criteria even though they require ad
ditional work (strengthening of the
downstream dikes, 2% bottom slope,
dike slopes, 0.60 m minimum pond depth
and more than a meter at the monk
drain).

A well-built pond facilitates water
control, including frequent drainage, and
allows rational fertilization.

In this context, the monk drain is an
essential tool: it serves as overflow and
as a drainage tool and allows the regu
lation of the water level, thus facilitating
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the capture of the last fish before com
plete drainage.

For example, the map of the Gako low
land (Fig. 1) includes the construction
dates of the different farms, which is a
good illustration of the expansion of this
peri-urban artisanal aquaculture.

Construction Costs

ACCESS TO INVESTMENT

The construction of ponds requires a
cash investment to buy materials and
tools. It also requires an investment of
work by the fish farmer or subcontrac
tors.

Minimum expenses by heading and
by pond are as follows:

drainage work: on average 20,000
F CFA d or approximately US$70 (125
mm PVC pipes, bags of cement and rental
of mold for creating the monk drain);
and

digging material: the price of new
material is 30,000 F CFA (wheelbarrow,
dabae , machete and file); the fish farmer
often already has these tools.

The chronic lack of cash in rural ar
eas makes it difficult to raise the funds
needed during construction of a five
pond farm. It is often the inability to
produce this money on time that hin
ders construction.

The amount of work needed to
build a five-pond farm varies accord
ing to the nature of the terrain, the shape
of the pond and the quantity of earth
to be excavated. A single full-time \/orker
takes between two and three months
to build a 400 to 500-m 2 pond (where
amounts of cuts and fills are equal). The
slow periods of the agricultural calen
dar make such construction by farmers
possible.

din 1991, US$1:=300 F CFA: in 1996, US$I=600
F CFA.
"This African tool is a short-handled hoe.

Based on the two extreme situations
possible, the costs can be estimated as
follows (Table 1):

Situation 1: between 45,000 and
60,000 F CFA for a 400 to 500-m 2 pond
built by a subcontractor, paid by the
fish farmer (following the crisis, labor
costs have tended to decrease).

Situation 2: between 21,000 and

36,000 F CFA for a pond of the same

size built with unpaid labor by a worker

who is starting his own fish farm; the

opportunity cost of one day of work has
been valued at 350 F CFA (Koffi 1989).

Furthermore, it is interesting that the
rare sales of ponds have involved sig
nificantly higher prices (more than
200,000 F CFA per pond).

Technical Aspects

Summary of the Proposed
Technical System

The farming of Oreochromis niloticus
follows a three-step process in three
different ponds for the production of
broodfish, fingerlings and marketable
fish (ponds of male tilapias, controlled
by some carnivorous fish, with yields
of fish of at least 200 g mean body
weight). This technical model is based
on Lazard (1984) and has already been
described several times (Copin and
Oswald 1988; Oswald 1989a; Oswald
and Copin 1992).

This technical model is based on con
trol of the factors of production by the
fish farmer (fry, inputs and marketing).
The inputs are rice bran as "feed" and
farm or slaughterhouse organic residues
as "nutrient."

The model is made for a simple and
rational management procedure. The
cycles follow a logical order: three pro
duction ponds are successively stocked
with males from the fingerlings pond,
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organized fish culture

spontaneous presence

rice culture in lowlands

extension of ricefields linked to fish culture

area suitable for pond construction

aquaculture canal

former aquaculture canal

main drain

Fig. 1. Aquaculture setup in rice culture lowlands (Gako). Numbers indicate the year of
construction.
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Table 1. Construction costs of a 400-500 m 2 pond using different methods.

Cost of one pond

Maximum
Minimum

Situation 1
(subcontractor)

80.000 F CFA
65.000 F CFA

Situation 2
(fish farmer)

56.000 F CFA
41.000 F CFA

which is restocked each time from the
brood fish pond. The ponds are drained
for each harvest of marketable fish and
for each sexing procedure. All ponds
are compatible with all stages of the
cycle. which facilitates the reorganiza
tion of the operation.

Aside from being rational. the ap

proach to operations management is

flexible insofar as the cycle lengths are

adapted to technical performances and
market demands. In practice, a three
month delay does not significantly dis
turb production. The same technical
model applies to a fish farmer doing three
or six harvests of marketable fish a year.

Requirements

Mastery of this technique by the farmer
requires a certain "know-how." Fertili
zation is only possible if the water supply
is sufficiently controlled and if the pond
depth is adequate (0.60 m). It depends
on considerations like water color, fish
behavior of trying to breathe air at the
water surface when DO concentration
is too low, trial harvests, etc.

The use of strict carnivores (Hemi
chromis fascfatus or Parachanna obscura)
contributes to the improved control of
the sexed tilapia population (uncon
trolled reproductions being linked to
sexing errors), but it is difficult to main
tain adequate stocks of these carnivores.

Heterotis niloticus and Heterobran
chus isopterus are generally used in poly
culture. Heterotis has its own three-stage
production cycle. The broodfishes are
placed in a tilapia production pond. the
fingerlings pond is also used for tilapia

fingerlings production and the other
ponds are used to produce both
Oreochromis and Heterotis. Hetero
branchus isopterus taken from the wild
(flood plains) are introduced into the
tilapia production ponds at the maxi
mum density of O.Z·m-z.

Extent of Approprh,tJon
of the Proposed Technique

EVOLUTION OF SOME PRACTICES

Observing the evolution of fish farm
ers' practices allows us to understand
the extent of appropriation of the tech
niques described above.

Protection against wild fish:
The search for discarded material to

use in feeding and drainage grids is
constant; air filters are used as well as
refrigerator shelves.

Fertilization practices:
The need to use fertilizers becomes

clear only after a few months during the
production of the first batch of sexed
tilapias. Later, ponds are fertilized im
mediately upon stocking and cases of
overfertilization are also reported. Also,
some fish farmers go to the extent of
renewing the water excessively,
canceling out the effects of fertilization.

In draining their ponds, some fish
farmers have regretted not being able
to reuse their already well-fertilized wa
ter for another cycle.

Use of carnivores:
Novice fish farmers see the usefulness

of carnivores only after three or four
months of culture, when they notice
stunted growth in the ponds, coupled



with the presence of undesired fry. Only
then do the fish farmers begin to look
for an adequate supply of carnivores from
the flood plains.

Management of fry production:
The number of fry produced in a

broodfish pond increases if fish farm
ers shift from one harvest every two
months to two harvests each month. The
trade-off is that the mean body weight
of the fry will be lower (Lazard 1984).

In contrast, in a five-pond farm, it is
in the fish farmer's interest to harvest
every two months to obtain enough fry
of a higher mean body weight.

Choosing fry size over number of fry
becomes a constraint when the farm
expands because the fish farmers tend
to wait long enough between two har
vests to maintain the same fry size. They
are therefore unable to satisfy their own
demand for new fry. One fish farmer was
faced with this problem ancl initially
solved it by resorting to the fry surpluses
of his neighbors. The neighbors, hav
ing tired of this unbalanced relation
ship, forced him to reconsider the man
agement of his broodfish pond. Obliged
to harvest his small fry, he is again in
a situation where fry production is not
a limiting factor. Table 2 illustrates this
change.

These observations show the extent
to which techniques are only learned
and used when they help to remove an
obstructive constraint experienced by
the fish farmer.

CHOICES MADE BY FISH FARMERS
ABOUT THE TECHNICAL MODEL
AND JUSTIFICATIONS

For the counting of the fry transferred
to the fingerlings pond, support serv
ice agencies recommended an evalua
tion based on biomass and mean body
weight. Fish farmers opted from the
outset for a more reliable exhaustive
counting that was ultimately easier since
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the number of mortalities observed re
mained unchanged.

Improved control by the most effi
cient fish farmers of sexing starting at
a mean body weight of 18 g contrib
utes to reduce the fingerling cycles in
favor of production cycles.

Following various climatic events (e.g.
a dry spell) or social events (e.g. vil
lage funerals), some farms have seen
their breeding cycle totally disrupted.
The affected fish farmers, without the
aid of support services, chose to wait
and rapidly re-established their cycle
from available fish stock.

Fish farmers are very interested in mas
tering species other than tilapia (espe
cially Heterotis niloticus, Heterobranchus
longifilis and H. isopterus, Labeo cou
bie, etc.). In fact, they keep broodfishes
of these species even if this particular
choice contributes to reduced yields or
to unproductive occupation of pond
space. This increased interest in other
species has contributed to the devel
opment of a reproduction and produc
tion technique for Heterotis niloticus
associated with tilapias.

It seems that fish farmers want to
improve the model to provide for the
production of bigger commercial tilapia,
the optimization of polyculture by
reproducing other species and some
specialized ponds to produce fish of high
commercial value (Heterobranchus
longifilis) .

Economic Overview of Fish
Farming Operations

Fish Farm Economic ProFJle

Two economic profiles are presented
here (Tables 3 and 4):

- a ten-pond fish farm in operation
for several years, of which the t 987
results have already been published
(Copin and Oswald 1988); and
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Table 2. Technical evolution of broodfish pond management (mean values over several cycles).
Situation 1: the fish farmer gives priority to the mean body weight of the fry: situation 2: the fish
farmer gives priority to the number of fry. (Treatment: rice bran at 4 kg-day"; 0.5 broodfishes-m- l ;

and mean body weight of broodfishes: 30 g.)

Harvest frequency (. month")

Cycle average duration (month)
No. of fry-month· L 100 m· l

Production of fry (kg'month"-1 00 m")
Mean weight of harvested fry (g)

Situation

0.61
5.5

446
1.9
4.2

Situation 2

2
2.75

2.265
3.2
1.4

- a fish farm that began production
in 1991.

In the first farm, a total of 229 work
ing days were devoted to farming and
these were marketing activities on 260
days (movements between the house
and farm excluded).

By 1990, the productivity of the work
ing day (F CFA per day) was 1,913
F CFA and the productivity per 100 m 2

was 20,790 F CFA per annum.
This fish farmer repaid 50,000 F CFA

of his debt during the year.
In the case of the five-pond farm, 183

working days were devoted to farming
and 37 to marketing (movements be
tween the house and farm excluded).

By 1990, the productivity of the work
ing day (F CFA per day) was 1,710
F CFA and the productivity per 100 m 2

(F CFA·1 00 m·2
) was 15,040 F CFA per

annum.
Note that this farm was not yet fully

operational and that the fish farmer was
devoting a good part of his earnings
to the repayment of his debt (124,100
F CFA).

Comparison of Aquaculture
Revenues with Rice Culture
Revenues

The comparison of aquaculture earn
ings with rice culture earnings shows
that aquaculture has a higher work pro
ductivity as well as a higher revenue
per unit of surface area.

The working capital requirement of
aquaculture is lower than that of rice
culture (Table 5).

It is worth noting that some rice farm
ers are gradually becoming involved in
aquaculture.

Social Dynamics
and Aquaculture

Role of the Project

The role played by the "project" struc
ture has an impact on several levels and
should not be underestimated.

It guarantees a certain technical
reliability in exchange for the com
mitment asked of fish farmers. Attempts
to reproduce this model without outside
support have all failed for lack of an
efficient production tool. One of the main
roles of the Project is the study and
monitoring of construction methods;
today, the fish farmer alone is incapable
of building good quality ponds.

Moreover, the project financially sus
tains the investment in aquaculture by
making creditf available to the fish farmer
and it also sells seine nets, among other
things, to the farmers.

'Credit is not discussed in detail. In contrast with
the first fish farmers (Copin and Oswald 1988).
some fish farmers today build their farms with
out credit. Credit therefore no longer has the
deciding role that it did initially.
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Table 3. Economic profile of a ten-pond, 450-m' farm (rice bran for feed and fertilization with
slaughterhouse resid ues).

Expenses F CFA

Feed:
Rice bran 23,850 kg x 2 F CFA 47,700

Marketing:
100 F CFA-day" x 260 day'year" 26,000

Returns F CFA

Sale of 0 n (Mw 150-220 g)
1,321 kg x 500 F CFA 649,000

Sale of Het (Mw 2,000-3,000 g)
380 kg x 500 F CFA 160,000

Shop rental
3,000 F CFA-month" x 12 months 36,000

Sale of H is (Mw 400-600 g)
150 kg x 530 F CFA 80,000

Purchase of fry His
400 fry x 25 10,000

Amortization of light equipment'
21,250

Pond amortization' 40,000

7,500

Sale of H fg (Mw 2,000-5,000 g)
80 kg x 800 F CFA 64,000

Sale of 0 n (Mw 30 g)
300 kg x 150 F CFA 45,000

Sale of fry 0 n
5,000 fry 5,000

Sale of fry Het
50 fry

Total
Net profit

220,950
935,550

Self-consumption 36,000

1,046,500

(0 n: Oreochromis niloticus; Het: Heterotis niloticus; His: Heterobranchus isopterus; H Ig: Heterobranchus
longififis; and Mw: mean weight.)
'The amortization of the light equipment and the pond is computed for 5 and 20 years, respectively_

Table 4. Economic profile of a five-pond, 500-m' farm (rice bran for feed and slaughterhouse
residue for fertilizer). The case of a young man working for himself.

Expenses

Feed:
Rice bran 13,250 kg x 2 26,500

Purchase of fry H n
40 fry x 150 6,000

Depreciation of light equipment'
21,250

Pond depreciation' 14,000

Returns

Sale of 0 n (Mw 150-220 g)
620 kg x 453 281,000

Sale of Het (Mw 2,000-3,000 g)
103 kg x 450 45,000

Sale of H is and H Ig
99kgx610 60,300

Sale of 0 n (Mw 30 g)
240 kg x 190 45,600

Total
Net profit

67,750
376,150

Self-consum ption 12,000

443,900

(On: Oreochromis niloticus; Het: Heterotis niloticus; His: Heterobranchus isopterus; H Ig: Heterobranchus
longifilis; and Mw: Mean weight.)
'The depreciation of the light equipment and the pond is computed for 5 and 20 years, respectively.
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Table 5. Economic data for several rice farms in the Gagnoa region of Cote d'ivoire (Fran<;ois
1991).

Situations 2 3 4

Surface (ha) 1.5 1.5 0.5 0.25
Ownership (land tenure) yes yes yes no
Production (t'year") 7 7.2 4 0.6
Capital investment medium medium high low
Net profit (F CFA-year") 420,000 520,000 280,000 40,000
Time worked (days'year") 390 540 140 90

Work productivity (F eFA'day'1) 1,070 960 2,030 460
Land productivity (F CFA·l 00 m"'year") 2,800 3,470 5,600 1,600

Although self-development therefore

seems impossible today, significant
changes are nevertheless taking place,
especially the improved control of many
production factors by fish farmers (pro
duction of fry, supply of inputs and pro
duction techniques) and exchanges of
services (assistance in sexing and as
sistance with marketing).

The model has also been transferred
without outside support to temporary
ponds stocked with some sexed til apia
and some predators.

Organization Dynamics

Supply of rice bran:
Some fish farmers have resorted to

the services of an accredited husker with
whom a relationship is established that
leads to credit and deferred payments.
A five-pond fish farm consumes between
seven and 20 tons of rice bran per year,
depending on the associated fertilizer.

Marketing:
Informal marketing arrangements are

developing among fish farmers. For ex
ample, the produce of three farms in
the Gako lowland is currently marketed
by the wife of only one of these fish
farmers.

Fish supply:
Fish farmers sometimes experience dis

ruptions in their cycles for a lack of fry
or a lack of males. Initially, they seek

to solve the problem by requesting extra

stock from neighboring fish farmers as
a favor to be repaid.

The quantities of fish exchanged are
surprisingly large: data for 1990 from
the notebooks of the Gako lowland fish
farmers indicate:

- 10,565 fry of 4 g (total weight:
45.86 kg); and

- 2,304 male fingerlings of 27 g
(62.92 kg).

The actual figures are probably higher
(exchanges are not always recorded) and
the figures for the first half of 1991 are
still higher.

These arrangements (totally independ
ent of the support services) illustrate
the dynamism of the trade which con
tributes to improve the results of the
various farms. By 1990, a quarter of the
fish produced on this lowland originated
in other fish farms.

The fish are transported on foot in ba
sins. One fish farmer, who had stocked
up on fry at a fish farm 4 km away from
the lowland, even resorted to a taxi to
transport his fish (2,000 fry in three trips
at 100 F CFA per trip!).

Farm-oriented logic
or Enterprise-oriented logic?

Everyone sees aquaculture as a defini
tive way of appropriating a small plot
of land. Support services are seen as



guarantors of the investment made. In
extreme cases, traditional landowners
have even claimed an interest in
aquaculture solely as a pretext to recover

their traditional lands.
Aquaculture also seems to represent

transferable capital. Fish farmers often
point out that they work for their families
and can therefore exploit family mem

bers.
The management of fish farm labor,

which is essentially constituted by the
family, depends on the type of social
organization. Great disparities exist
between fish farmers of different eth
nic origins. In contrast with the Bete g

,

who have had trouble mobilizing fam

ily labor, the Dioulah find it relatively

easy.
During the difficult initial stage of pro

duction, some fish farmers favor self
sufficiency and outside work at the ex
pense of a rapid increase in their own
enterprise's production (their ponds are
used for the storage of fingerlings or
wild fish).

Although this type of aquaculture has
generally been labeled "artisanal" or
"entrepreneurial," some of these obser
vations suggest that these producers
are using a "farm-oriented" logic.

Conclusion

Although aquacultural development
is still limited in size and fragile, some
significant elements of an endogenous
dynamic can be identified.

The investment of labor, which is consi
derable for a five-pond farm, seems com
patible with the agricultural calendar.

gBete: indigenous ethnic group of central western
Cote d' Ivoire.
hDioula: the northern ethnicities of Malinke ori
gin; they control most of the trade.
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Even if it takes several years to build
the farm, the presence of a core of ef
ficient fish farmers means that the farm
will be operational from the very be

ginning. The majority of fish farmers
choose to expand their farm once cruising
speed has been achieved.

The technique is easily reproduced as
soon as fish farmers attain a certain level

of experience and technical expertise.
Once established, fish farmers do not
depend on any structure for the operation
of their farm.

This type of aquaculture is financially
and economically profitable. Moreover,
it does not suffer from a lack of cash,
which is a particularly chronic phenom
enon in the current socioeconomic con

text. While these strengths pave the way
for a real aquacultural expansion, fish

culture is already justified by the de
velopment of agricultural inputs utilized
by this enterprise and because it rep
resents a socioeconomic improvement
for the social groups concerned.

The existing dynamic core groups of
fish farmers are an excellent base for a
renewed development of farming mo
dels adapted to the rural context, pro
vided that research agencies can establish
a fruitful dialogue with interested par
ties. Given the position that we pre
dict aquacultme will occupy in the farm
ing systems of humid tropical zones,
the existence and development of such
a technical, social and economic yard
stick appears to be a challenge of the
greatest importance for agricultural
development.
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Abstract

The growth and food conversion of five strains (Egypt, Senegal, Thailand, Israel and Singapore) of Nile
tilapia (Oreochromis niloticus) fry were determined under labNatory conditions. The fry (0.0256 g mean
body weight and 1.15 cm mean total length) were stocked in fifteen 20-1 aquaria and fed everyday on
powdered artificial food containing 30% crude protein. The feeding rate was 20% of total fish biomass
daily. Fish samples were taken every seven days for five weeks for length and weight measurements.

Specific growth rates and food conversion ratios did not differ significantly among strains (P>0.05).
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Abstract

The first tilapia introduced to Colombia in 1953 was Oreachramis massambicus from jamaica. Tilapia
farming at that time was conceived as an activity for rural populations. Its dissemination. culture or distribution
were later forbidden. due to its high capacity to invade natural waters below 1.2.00 m. In 1962.. Tilapia
rendal/i was introduced from Panama, in the hope of taking advantage of its feeding behavior to control
weeds in ponds, reservoirs and channels. However, its establishment in natural waters below 1,600 m had
serious effects on native flora and fauna and its culture was restricted. In 1979. Oreachramis nilaticus
(Ghana strain) was introduced from Brazil. It gained acceptance due to its good taste. fast growth, large
size, and suitability for mono- and polyculture in lakes, reservoirs and fishponds below 2.,400 m. The problem
for private tilapia farmers was that they had to compete with the tilapia capture fisheries in natural waters.
The solution was to aim for high production levels year-round. This evolution from essentially family subsistence
activities in 1980 to profitable businesses was achieved by 1987. In 1985. Oreachromis uralepis hamarum
was introduced from Brazil for the production of an all-male progeny by crossing with 0. nilaticus. This was
not very successful. In spite of their fast growth and large size. the fish had an unattractive black coloration.
In 1982.. a red tilapia from Florida (0. massambicus albino x 0. urolepis hamarum) was introduced from
Alabama (USA) for more intensive culture. Demand for red tilapia increased slowly at first. but by 1987 the
first more-intensive fish farm was established using its own red tilapia strain called red tilapia yumbo (red
Florida x 0. nilaticus) in the Valle del Cauca. This facility has aeration and relies on exchi.nge of underground
water and feeding with high quality pelleted feeds. The farm produces two crops. totalling 40-50 t·year".
from domestic and export markets. Nationally, farmed tilapia production grew from 100 t in 1985 to 700 t
in 1988. In 1989. several Israeli tilapia farmers formed a joint venture with Colombian investors for two
large intensive tilapia farms: one in Nariiio (45 hal and another in the Valle del Cauca (101 hal. Both have
been in operation since 1990. They have" 1985 red Florida tilapia." red O. aureus from jamaica and Israel.
O. nilaticus from Egypt (Lake Manzalah) and 0. aureus from Israel. These farms have modern facilities for
highly intensive tilapia culture. In 1991, more red tilapia farms were constructed and about 65 farms were
in operation by 1992., covering 635 ha. This made Colombia, in 1992.. the third largest producer of tilapia
in Latin America (11,050 t). after Mexico (75,000 t) and Cuba (16.500 t).
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Abstract

Heat shock treatment at 41°C induced 100% triploidy in Oreochromis aureus. using the method of
Chang and Liao (this voL). Diploid (control) and triploid fry were reared from first feeding in triplicate hapas
(2x 1.2xO.9 m net cages) in the same pond with a water depth of 60 em. Twenty fish were kept in each hapa
and fed twice a day with commercial eel feed for the first 12 weeks and with commercial tilapia floating
pellets for the next 12 weeks. The crude protein content of the feeds were 44 and 23%. respectively.
Twenty diploid and 20 triploid fish were then measured and examined for gonad development. The gonadosomatic
index (G51) was calculated as: GSI = (gonad weight/body weight) x 100.

Diploid and triploid fish did not differ significantly (P>0.05) in size (body weights were 119.79±40.00
and 109.50±21.70 g. respectively), but the triploids were of more uniform size than the diploids. The
genital papillae of triploid fish showed no development compared with diploids at 18 weeks old. Mean
gonad weights of females and males were similar for diploids (1.02±0.93 and 1.01 ±0.34 g, respectively),
but different for·triploids (0.08±0.1 0 and O.34±0.31 g, respectively). Some testes of triploids developed
well with many sperm of variable appearance accumulating in the lobular lumina. Yolk accumulation was
pronounced in the oocytes of diploids, but the threadlike triploid ovaries contained mainly oogonia with
only a few yolky oocytes.
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Abstract

The Central and Northern Regions Fish Farming Project started in t 989 for five years with funding from
the European Development Fund of the European Community (US$3.6 million) and the Malawi Government
(US$I.Z million). The main aim was to increase the supply of fresh fish through fish farming in those areas
of Northern and Central Malawi where it is scarce. The primary objective was "to establish the technical and
economic parameters for developing fish farming in Northern and Central Malawi." This is being carried out
through research on fish farming methods. and extension of these methods to farmers. The project headquarters
is in Mzuzu, Northern Region.

The main areas of research have been:
- finding alternative indigenous species to culture. The main species used in Malawi has been Oreochromis

shiranus, which shows very bad growth characteristics. Oreochromis karongae grows to a larger size
before maturity and has faster overall growth rates. Garias gariepinus and Bathyclarias spp. also look
like promising species for use by farmers in the future; and

- investigating the potential of small waterbodies and dams for fish production.
The extension program is carried out through a team of field-based extension workers. Simple methods

are advocated: single species culture. maize bran and animal manures. and harvesting by pond draining.
Farmer numbers have increased to 300 around Mzuzu, operating 458 ponds. The main problem has been
lack of fingerlings.

The main activities planned for the future are:
continue research on appropriate fish farming methods;
expand coverage of the extension service; and
develop models for exploration of small waterbodies.
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Abstract

Nile tilapia is primarily an algal feeder. In a rearing pond. it may compete or, in other ways, interact with
herbivores among the invertebrates, and change the structure and the processes in the system. The interaction
between tilapia and the rest of the biological community is, however, poorly understood. In this study, the
succession in the biological community was followed in nine experimental fertilized ponds stocked with
high density, low density and without fish. The experiment lasted for 74 days.

The ponds were IOx4 m-Zwith a water level of about 1 m. Superphosphate was added daily to all.
Temperature, oxygen, transparency, water level, pH, conductivity, phosphate, nitrate, phytoplankton and
zooplankton were sampled each day. Fish was sampled six times during the study. Diet, growth rate and
production in the tilapia were measured and estimated.

The fish diet was mainly desmids, green algae (some filamentous) and some cyanobacteria. Zooplankton
occurred scarcely with Bosmina longirostris being dominant. The communities reacted differently to the
treatments. The transparency was higher in ponds without fish. Differences in community structure in the
various ponds appeared. These differences seem not to have a significant effect on the growth rate of
tilapia.
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Abstract

Many methods have been used to control undesirable tilapia population. but the combined stocking of
tilapias with predators is the most desirable method in Africa. In this study, Parachanna obscura. Oarias
gariepinus. C. isheriensis and Heterobranchus bidorsalis were evaluated in concrete ponds (160 m 2

• water
depth = 1.4 m) using different tilapia-predator stocking combinations in four successive production cycles.
each lasting 180 days, to control recruitment and to produce market-size Tilapia guineensis. Tilapia fingerlings
were stocked first followed by the predator fingerlings 60 days later, to allow the tilapias enough time to
grow and breed. Ponds were fertilized with dry poultry manure (60 kg-ha'1.day") and fish were fed 1: 1
mixture of macadamia presscake and blood meal (56.8% protein) at 5% body weight per day. At harvest
(180 days after stocking predators). ponds were drained; all fishes were removed and sorted according to
species. counted and weighed. The market weight of tilapia was set at 200 g and effective recruitment
control at an AI value (% weight of market-size tilapia in the population) of >90%. Treatment means were
subjected to ANOVA and Duncan's multiple range tests (P=0.05).

Tilapia mortality was < 10% in any pond and was not related to the treatments. rather it was due to
handling stress during periodic weighing. All predators stocked were recovered at harvest. Tilapia fry were
observed as from 90 days after stocking. The stocking of predators had a direct effect on tilapia production.
Generally. the fewer the predator stocked. the lower the adult tilapia yield. The combinations that gave
effective control of tilapia recruitment were 10: 1. 6: 1 and 20: 1 with P. obscura, C. gariepinus. C. isheriensis
and H. bidorsalis. respectively. and produced tilapia At values >90. Differences in AI value, mean final
weight and tilapia yield between treatments were significant (P<0.05) for each predator tested and were
due to the consumption of pond-spawned tilapia fry by the predators. This reduced the competition between
adult tilapias and pond-spawned juvenile tilapias for food, thus enabling growth of adult tilapia. This demonstrates
effective reduction of juvenile tilapia by all the predators tested. This technique improved tilapia yields, an
economic benefit to the farmer.
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Abstract

Attempts at the polyculture of Tilapia guineensis and Sarotherodon melanotheron in the Buguma fish
farm of the African Regional Aquaculture Centre, Nigeria, showed that no matter in what ratio the two
species were initially stocked, S. melanotheron was always preponderant in the harvest, accounting for 70
95% both numerically and by weight. Investigation of the abundance ratio of the two species in the farm's
semi-enclosed main channel gave a ratio of 1: 1.8 in favor of S. melanotheron. However, in the creeks
around the farm, the ratio was reduced to 1: t.l, suggesting that the abundance of S. melanotheron in the
ponds was probably a product of the pond culture system. Further investigation of the natural abundance
pattern of the species in the polyhaline zone (average annual salinity, 20 ppt) gave a ratio of 2.1: 1 in favor
of T. guineensis. Also in the oligohaline zone (average annual salinity, 5 ppt), T. guineensis was almost
exclusively present.

It is thought that S. melanotheron benefits more from the practice of fertilizing the ponds since it is,
among other things. a plankton feeder. Secondly, its mouthbrooding practice enables it to increase its
numbers in the pond while it preys on the fry of T. guineensis. It is suggested that polyculture of the two
species should be avoided and that monoculture of T. guineensis is not advisable in mesohaline situations,
since the abundance of S. melanotheron favors its infiltration and the normal pond culture practices give it
a competitive advantage. It is also suggested that monoculture of T. guineensis is best attempted in the
oligohaline and polyhaline zones where S. melanotheron is less abundant.
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Abstract

Sarotherodon melanotheron is a grazing fish which colonizes artificial habitats like the acadja-enclos
(parks where branches are placed in shallow fresh- or brackishwaters). This lagoon tilapia feeds essentially
on the periphyton that develops on the poles of bamboo acadjas.

Monthly sampling of the periphyton and dosage of the physicochemistry (temperature, oxygen, turbidity,
pH and nutritive salts: P0

4
, NOz' NO, and NH

4
) was conducted in open waters and in acadja-enclos from

November 1988 to December 1989 in Adiapote, a brackishwater site with fluctuating salinity in the Ebrie
Lagoon, Cote d'ivoire.

The dominant periphyton species were: Mougeotia floridana (green algae), Lithococcus schizodichotomum
and Lyngbya rivulariarum (cyanobacteria) and diatoms such as Nitzschia, Melosira, Fragilaria and Achnanthes.
Generally, green algae were dominant throughout the year. However, although they were abundant during
the dry season, cyanobacteria (February) and diatoms (March, April) were dominant. Diatoms were abundant
during eight months of the year and were replaced during the dry season (February-July-November and
December) by cyanobacteria. The periphyton biovolume varied from 0.06 to 0.72 ml·cm-z. The highest
levels were found from March to August (including the rainy season) with a biovolume of 0.53 ml-cm-z.
Temperature (25-31°C), oxygen (3.8-7.2 mg-I-'), salinity (1-25 ppt) and pH (6.7-8.6) had the same profile
in open waters and in the acadja system. However, turbidity (0-55), P0

4
(0.5- 12 mole-I-'), NOz (1.2-8.5

mole'I-'), NO, (0-21 mole'I-') and NH
4

(2-70 mole'l-l) presented different profiles in lagoon waters and in
the acadja system.

In July, nitrates and ammonia showed very high levels both in the acadja system and open waters. The
highest nitrite levels were found in December and only in open waters. Phosphates showed very high
levels in August with higher bottom values (February-July). Bottom turbidity is higher from November to
May while bottom and surface values are identical from June to November.
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Abstract

The objective of this study was to develop a technique for the mass production of "pseudo-females"
(female phenotype, male genotype) of Oreochromis aureusto produce populations of fry with a high percentage
of males (90-100%) and to avoid using classical sex reversal methods (using methyltestosterone). Batches
of fry of O. aureus were treated with 17 a-ethynyloestradiol. Two doses were tested: 100 and 200 mg'
kg· t of feed, yielding 94 and 98% females, respectively, after 40 days of treatment, compared with 51 %
females obtained with the control batches. A few hermaphrodite individuals were found in the batches (2%)
which received treatment.

Several females (n=53) from the fry batches were crossed with normal males (genotype ZZ) to select the
"pseudo-females" (genotype ZZ). Out of 53 fish tested, 25 gave progenies with a high percentage of males
(72.7-100%). These fish are considered "pseudo-females." Hybridizations were repeated (n=2-4) to verify
the sex-ratio stability in several successive progenies (variation from 0-9.1 % of the male ratio).

Fry (genotype ZZ) from "pseudo-females" hybridizations producing systematically a high percentage of
males (98-100%) and normal males were sex reversed using ethynyloestradiol (200 mg'kg- t

) to increase
the number of "pseudo-females." These fish will be used as female spawners for the production of broodstock
with a high percentage of males in ponds.
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Abstract

The 34. t -km2 Lake Muhazi has eutrophic waters with a high phytoplankton biomass dominated by blue
green algae. However, the lake ichthyofauna has little diversity and low productivity. Samples of plankton
and stomach contents of Oreochromis niloticus were collected in the same spots and at the same time to
verify the ingestion of phytoplankton from the lake by this species. Principal component analysis, comparison
for the frequency histograms and of coefficient of electivity indicate that the lake water and the stomach
contents are dominated by cyanobacteria and green algae. There is little variation in the relative composition
of the lower taxa (genus and species) with season and at different locations in the lake. However, it was
observed that O. niloticus feeds more on certain categories of algae such as filamentous cyanobacteria and
rarely on diatoms and green algae. To conclude, it seems that phytoplankton in Muhazi Lake is used selectively
by O. niloticus and that most of the algal production is not consumed by the fish.
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Abstract

Two wild populations of Ghana strain Oreochromis niloticus from the Volta Lake designated KU and KG
1, and a commercial stock. FS. were evaluated for growth and survival in a two-phase test trial. Mixed-sex
fingerlings derived from the different tilapia stocks were tagged and tested communally in 0.2 ha-ponds for
77 days (Phase 1). Hand-sexed, all-male Juveniles sorted at the end of Phase 1 were used in a similar
experiment (Phase 2) for 105 days. All ponds were routinely manured and fertilized using dry chicken or
cow manure, NPK (15: 15: 15) and urea. Supplemental feeding with a powdered mixture of fishmeal. copra
cake and wheat bran (1 :2:7 by weight) was also applied to ponds.

The results indicated differences In the growth and survival performance within the stocks tested. Survival
decreased in Phase 1 in the following order: KU>KG>FS, and for Phase 2: KG=FS>KU. Ranking of growth in
Phase 1 was KG=KU>FS, and for Phase 2: KU>KG>FS. However. performance differences among the three
populations were not statistically significant (P>0.05).
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Abstract

Chemical induction of spawning in tilapia could enable synchronization of spawning resulting in increased
fecundity and controlled fry production. This would be useful for small-scale commercial hatcheries and for
research purposes. This study evaluated the efficacy of single dose treatments of four chemical inducers
human chorionic gonadotropin (HCG), luteinizing hormone releasing hormone analogue (LHRHa), buserelin
acetate (ReceptaI™} and fertirelin acetate (Ovalyse™}-specifically to induce timed spawning to enable
reliable egg collection. HCG and buserelin acetate were ineffective inducers, although the doses applied for
buserelin acetate were much lower than those recommended for other species. LHRHa (30 mg' 100 g"
body weight) and fertirelin acetate (1 -22.5 mg' 100 g,l body weight) injections were effective in significantly
increasing the proportion of females spawning over an eight-day period. However, the single doses applied
were not sufficient to induce closely synchronized spawnings.
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Abstract

The acute toxicity of potassium permanganate (KMnO.), petroleum product (engine oil and petrol in a
3: 1 ratio) and textile mill effluent was determined for Oreochromis niloticus. The test substances were
added as single doses in still water aquaria. The 96-hour LCso of the test substances was determined for the
fishes using spring water (alkalinity: 70-80 ppm) and pond water (alkalinity: 160-180 ppm). The LCso for
the potassium permanganate test for O. niloticus was 5.0 mg'l-' and 3.0 mg·,-I for both pond and spring
waters, respectively. The results of the test using petrol and engine oil (3: 1) gave a value of 13.0 ml"-'
(pond water) and 12.5 ml'I-' (spring water). The 96-hour LCso value of 31.2% (pond water) and 24% of the
textile mill effluent was determined for O. niloticus. The LCso values for the fishes in both the spring and
pond waters were statistically different (P=O.OS). The fishes showed increased hyperactivities, body feature
deformation, lesions and necrosis during the period of exposure to test substances. The effects of the test
substances on the gill epithelia, liver and kidney were examined.
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Abstract

Understanding the modes of inheritance of morphological characters in tilapia is of prime importance
when suspected hybridization in farmed or wild stock has to be confirmed. as well as when hybrids are
intentionally bred for better characters. Twelve morphometric and meristic characters were measured in
laboratory populations of Tilapia zillii. Sarotherodon galilaeus and Oreochromis niloticus and their intergeneric
hybrids (mixed cross-sectional data).

Hybrids showed frequent deviations from intermediarity (especially those between S. galilaeus and O.
nitoticus) and differential inheritance between the sexes. The allometric ("growth") coefficients of different
characters were counted separately for "small" (SL, 9-13 em) and "large" fish (13-Z0 em) to identitY patterns
of rapid growth in correlated characters. The analysis indicates a major dichotomy between the growth of
weight and depth. on the one hand. and that of certain length-related characters (eye. jaw and fins), on the
other. The second type of growth seems to be related with sexual activity and occurs in T. zitlii in small fish,
but in O. niloticus not before SL= 13 em. In S. galilaeus, there appears to be two rapid bursts of this growth
pattern, one at a very small size (SL<9 em) and again at SL=ZO em. An attempt is made to interpret the
deviations from intermediarity and sex-specific differences in hybrids through desynchronization of the
growth patterns of the parental species.

'Present address: Department of Fisheries, P.O. Box 350100, Chilanga, Zambia.
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Abstract

Since 1982, the authors have been studying the possible solutions to the problems of animal production
related to the climatic conditions prevailing In Sahel and to the lack of water resources. A pilot system was
developed at the University of Niamey, Niger, in 1986 and at the National Institute of Agricultural Research
(INRA) in Versailles, France, in 1988 to collect data which form the basis of this study.

The association of fish, bacteria and plants constitutes a farming system within which the integrated
production of animal (fish) and plant (tomato) proteins can optimize the use of nitrogen introduced through
fish feed. This farming system is also based on the use of recycled water as a base for fish culture and as
vector of nutrient through a physical cleansing process and biological purification by bacteria whose role is
to transform a highly toxic product for fish (NH

3
) into a nontoxic product (N0

3
).

The Niamey pilot system, established on the grounds of the Department of Science, was composed of
cemented circular tanks, a decanter, tanks for the treatment of water (bacterial filter) and a pumping pit,
also cemented, containing an immersed pump for the circulation of water. Water was brought tangentially
into the tanks, then evacuated towards the center by a system of overflow. Water was recycled approximately
every three hours in each tank with an inflow of approximately 0.30 m 3 'h", i.e., eight times per day. The
decanter was a cylindroconical aluminum tank at the bottom of which the coarsest particles in suspension
were deposited. These were essentially composed of feces and feed which had not been consumed. The
bacterial hydroponic filter was formed by two aluminum tanks containing 2.8 m 3 of gravel graded between
15 and 20 mm enabling the trapping of the finest particles, the nitrification of excreta and the fixing of
plants. Culture tanks were fed by pumping, the other tanks were fed by gravity.

The project, with a major objective to demonstrate the applicability of the P.ydroponic Recycling System
in the Sub-Sahelian region, gave encouraging qualitative results. Water quality was excellent and conversion
rates were close to 1.2 using feed produced on-station (15% fishmeal).

Tilapia (Oreochrom/s nifot/cus) and Clar/as sp. were tested in this system. For plants, several tests on
gumbo, maize (Zea mays. L.) and tomato (Solanum Iycoperslcum) gave very good results.

The Versailles pilot system consisted of culture tanks, a purification level composed of a decanter and a
fixed biofilter, and a level of cultured plants. The dimensidtls of the structure were 1.90x1.1 Ox 1.10 m with
a volume of 1,800 I. A rotary flowmeter gave a flow rate of 50 I per minute, i.e., 3 m 3 ·h-1 which passed
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through an aeration column before entering the culture tank. Tanks were thermoregulated during the winter
using a 1 kW resistance piloted by a proportional regulator.

For added safety, oxygen was provided using two low-powered air pumps. Water was removed using
a system of overflow. One side of the tank was made of glass to facilitate the observation of fish.

In the Versailles system, fish grew from 12 to 250 g (commercial size) in 150 days for an average

temperature of 29°C. Conversion rates varied from 1.36 to 1.65 depending on the initial fish size in our
culture conditions. Growth between 250 and 600 g gave conversion rates of 1.65 (some of our animals
reached 1.1 kg). In these experiments, water quality was suitable for the tilapia incubation, nursing and
grow-out phases.

Maximum total biomass was 60 kg, I.e., 31 kg·m·3
• This depended on the water system of the culture

tanks which could be easily modified and give an increase of approximately 30%. Plant production reached
201 kg over a six-month period, I.e., approximately 5 kg of tomato per plant.

Over a period of 359 days, the Versailles system recycled 25,843 m 3 of water and used 75 m 3 of new
water, including water for cleaning and for plants. This volume of water represents the recycling of 8.6% of
the total volume of the system per day and 0.29% of the recycled water. Total power consumption for the
359 days was 6,500 kW, I.e., 0.25 kW'm-3 of recycled water. This rate can be significantly reduced with the
use of a more efficient pump.

We showed the impact, on juvenile stages, of a mixture of toxic products such as ammonium nitrogen
and nitrites. Such impact had been overlooked in earlier studies despite the negative effect of these products
on the growth, survival and potential weakening of the fish in the presence of pathogens. We observed
through our different culture experiments the influence of stocking conditions in recycled systems on the
reproduction of tilapia. Predictable obstacles in the production of fish with plants are a consequence of a
fragmented interpretation of the traditional criteria of the fish environment (pH, 0 2 , ro, ions and dissolved
substances). Each level should be adapted to optimize production. This static view. does not reflect the
complete process of a system in production. Our observations showed cycles or periods which govern the
different flows of the system. Therefore, the fine-tuning of these techniques requires the synchronization of
the variations of the flows in order to optimize the chain of production.

The three major levels (fish, bacteria and tomato) each have different cycles and variations. The main aim
of our experiments was to establish the main synchronization clock that would take into account their
frequencies.

The results of Versailles and of Niamey led to the formulation of analyses that must be confirmed. In
comparing different sites, thus eliminating climate influences, we should be able to provide important keys
for the design and management of systems in varied conditions without being bound by conclusions drawn
from the results of a single site.

With regard to the animal component, we should study the upper limit of the system by increasing the
stocking rates of fish and test other species. This study should be done with our reference feed and with
feed adapted to local resources. For the plant component, a diversification of species and of varieties is
possible.
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Abstract

The Zoologisches Institut und Zoologisches Museum Hamburg (ZIM) and the International Center for
Living Aquatic Resources Management (ICLARM) collaborate in developing and maintaining a Tilapia Strain
Registry. ICLARM compiles a large biological database on fish (named FishBase) which gathers all available
information on tilapiine species (e.g., habitats, genetic data. electrophoretic data. origin of strains, aquaculture
performance, etc.). ZIM is setting up a collection of tilapiine species and assembles information on the
availability of tilapiine types in other museums. ZIM also verifies and supplements the information on
tilapline species as contained in FishBase. As of August t996. t t 7 tilapiine species plus 47 strains are
documented on the FishBase CD-ROM, available from ICLARM.

Meanwhile, the Food and Agriculture Organization of the United Nations (FAO) and ICLARM have signed
a Letter of Agreement to cooperate on the further development of the strain registry.
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Abstract

A 54-day feeding experiment was conducted on juvenile Nile tilapia (Oreochromis niloticus) using purified
diets containing equal contents of digestible energy (3,200 kcal'kg") and 20% protein. The carbohydrate
(dextrin) content in the test diets was 9,32 or 50%; the corresponding lipid (soybean oil) content was 22.2,
12 or 4%. The diets were supplemented with 0.85 or 1.5% phosphorus and 40 or 100 mg'kg" zinc. The
experiment was carried out in flowthrough aquaria using dechlorinated tap water at 24°C. Increasing the
carbohydrate content in the diet resulted in 43 to 249% increases in weight gain and 27 to 59% increases
in feed conversion ratio. The dietary phosphorus was important for the growth of the fish fed high carbohydrate
diets. In fish fed diets of 36-50% carbohydrate, the higher supplementary phosphorus level (1.5%) greatly
increased the weight gain. On the contrary, higher supplementary zinc (100 mg'kg") inhibited growth.
Higher supplementary zinc had a positive effect on feed conversion only in the group fed 50% carbohydrate
diets.
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D. SPONSORS AND COLLABORATORS

c
ACCT

Agence de cooperation culturelle et
technique

The Agence de cooperation culturelle et technique
(ACCT) was created in Niamey in 1970. It is the only
intergovernmental organization for Francophone affairs
and the main operator of the biannual conferences of
heads of States and ofgovernments of countries having
French as a common language, also known as
Francophone Summits.

The ACCT serves as the Secretariat for all Francophone
representations. Its multilateral activities are concerned with education and training,
culture and communication, technical cooperation and economic development, legal
and judiciary cooperation and various specific operations under its Special Development
Program.

In addition to its headquarters in Paris, the ACCT maintains an international school in
Bordeaux, France, where its general direction for education and training is located; an
Institute for Energy for countries having French as a common language (IEPf) in Quebec,
Canada; liaison offices with international organizations in Geneva, Switzerland; with the
European Union in Brussels, Belgium; with the United Nations in New-York, USA; and
regional offices for West Africa in Lome, Togo; for Central Africa in Libreville, Gabon;
and for Asia-Pacific in Hanoi, Vietnam.

ACCT brings together 44 countries or governments: Benin, Bulgaria, Burkina Faso,
Burundi, Cambodia, Cameroon, Canada, Canada-New-Brunswick, Canada-Quebec, Central
African Republic, Chad, Comoros, Congo, Cote d'ivoire, Djibouti, Dominica, Egypt, Equatorial
Guinea, France, the French community in Belgium, Gabon, Guinea, Guinea-Bissau, Haiti,
Laos, Lebanon, Luxembourg, Madagascar, Mali, Mauritania, Mauritius, Monaco, Morocco,
Niger, Romania, Rwanda, Saint Lucia, Senegal, Seychelles, Togo, Tunisia, Vanuatu, Vietnam
and Zaire (the Kingdom of Belgium, Cape Verde and Switzerland bring to 47 the number
of countries and governments participating in the Francophone Summits).

ACCT In the World

Headquarters:
13, quai Andre-Citroen, 75015 Paris, France
Tel.: (33) 1 4437 30 00 +, Fax: (33) 1 4579 1498, Telex: 201 916 F
Direction generale Education - Formation - Ecole internationale de Bordeaux:
43, rue Pierre-Noailles, 33405 Talence, France
Tel.: (33) 5 56842500 +, Fax: (33) 5 56044201, Telex: 571 741 F
Institut de l'energie des pays ayant en commun l'usage du fran~ais:

56, rue Saint-Pierre, Quebec, Canada, G 1K4A 1
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Tel.: (1-418) 692 57 27, Fax: (1-418) 692 5644, Telex: 051 3024
Bureau regional de I'Afrique de I'Ouest (BRAO)
B.P. 7223, Lome, Togo

Tel.: (228) 21 6350, Fax: (228) 21 81 16, Telex: 5024
Bureau regional de I'Afrique centrale (BRAe)
B.P. 8075 Libreville, Gabon
Tel.: (241) 73 95 61, Fax: (241) 73 95 58, Telex: 5202
Bureau regional de I'Asie-Pacifique (BRAP):
2 B Van Phl1c (quartier diplomatique) Hanoi, Vietnam
Tel.: (84-4) 23 1836, Fax: (84-4) 23 1843
Bureau de liaison de Geneve (BdG)
46, avenue Blanc, 1202 Geneva, Switzerland
Tel.: (41-22) 738 96 66, Fax: (41-22) 738 96 82
Bureau de liaison aupres de I'Union europeenne:
8, chaussee de Charleroi, 1060 Brussels, Belgium
Tel.: (32-2) 535 67 82
Bureau permanent d'observations aupres des Nations unies
801, 2nd Avenue, Suite 605, New York, N.Y. 10017, U.S.A.
Tel.: (1-212) 867 6771, Fax: (1-212) 867 3840.

CIRAD
Centre de cooperation internationale en

recherche agronomique pour Ie
developpement

The Centre de cooperation internationale en recherche agronomique
pour Ie developpement (CiRAD) is a French research organization
specialized in the agricultural development of the tropical and subtropical
regions. In 1984, ClRAD became a governmental institution with
the consolidation of French agricultural, veterinary, forestry and food technology research
organizations for the tropics and subtropics.

ClRAD's mission is to contribute to the economic development of these regions through
research, experimentations, training, and dissemination ofscientific and technical information.

The Centre employs 1,800 persons, including 900 senior staff, who work in about 50
countries. Its budget amounts to approximately 1 billion French francs, more than half
of which is derived from public funds.

ClRAD is made up ofseven departments: CIRAD-CA (annual crops); ClRAD-CP (permanent
crops); CIRAD-FHLOR (fruit and garden crops); ClRAD-EMVT (livestock production and
veterinary medicine); ClRAD-Foret (forestry); CIRAD-SAR (food technology and rural
systems); and CIRAD-GERDAT (management, common services and laboratories, and
documentation). ClRAD operates through its own research facilities, and in cooperation
with national agricultural research systems and development projects.

The mission of CIRAD-EMVT is to contribute to the development and upgrading of
livestock production and industry in the warm regions of Africa, Asia, South America
and the Pacific.
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In the field of living aquatic resources, CIRAD-EMVT is conducting through its Aquaculture
Research Unit (ABEL: aquaculture, biology and culture) research and development programs
on three continents: Africa, South America and Asia. Research activities are focused on
the biology of fish species for aquaculture and on the ecology of fishponds. At the same
time, several aquaculture techniques and production systems are studied in the framework
ofpilot projects. ClRAD-EMVT assists many tropical countries in the design and implementation
of their development strategy. In addition, experimental facilities are maintained in
Montpellier by ClRAD-EMVT to further studies on tropical species; to train its partners
from tropical countries; and to disseminate scientific and technical information.

ClRAD-EMVT
Unite de recherche aquaculture ABEL
GAMET
BP 5095
34033 MontpeIlier Cedex 1 France
Tel.: (33) 4670463 00 or 4670463 65
Fax: (33) 467635795

CRa
Centre de recherches oceanologiques

Created in 1958 as a Government Service under the administrative
umbrella ofORSTOM until November 1991 , the Center was reorganized
by Decree no. 91-646 of 9 October 1991 as a National Public Institution
whose basic mission is to conduct research in the fields of oceanology,
limnology and aquaculture.

With the aim of providing policy- and decisionmakers with elements
of reflection based on a wider understanding of these ecosystems, C r 0
the Centre de recherches oceanologiques of Abidjan has, since 1958,
focused its research on the interactions between the individual and
the environment. Three major research directions were developed around a unifYing
theme, fish:

to increase the knowledge base on ecosystems, focusing on the effects of climate
change, the trophic relationships between fish communities and plankton and benthic
resources, and the degradation of the environment near urban areas;

to continue evaluation of pelagic and demersal stocks to serve as a basis for pro
posals to rationalize resource management and respect the renewal of resources; and

to study the potential for aquaculture of local species based on biology and physiology
of these species and to present the research results to developers.

These major directions all aim to improve the management of fragile aquatic environments
and should, in time, lead to a wiser use of the natural resources. Extension efforts should
contribute to populations becoming progressively responsible for the management of
their environment, with the aim of sustaining their activities in a protected environment.
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eTA
Technical Center for

Agricultural and Rural
Cooperation

CTA
The ACP-EU Technical Center for Agricultural and Rural Cooperation (CTA) was created

in 1983 and operates under the Lome Convention between Member States of the European
Union and the African, Caribbean and Pacific States (ACP).

CTA collects, disseminates and facilitates the exchange of information on research,
training and innovations in the spheres of agricultural and rural development and extension
for the benefit of the ACP States.

To achieve this, CTA commissions and publishes studies; organizes and supports
conferences, workshops and seminars; publishes and co-publishes a wide range of books,
proceedings, bibliographies and directories; strengthens documentation services in ACP
countries; and offers an extensive information service.

CTA
Postbus 380, 6700 AJ Wageningen, The Netherlands
Tel.: (31-317) 46 71 00
Fax: (31-317) 46 00 67

ICLARM
International Center for Living

Aquatic Resources
Management

ICLARM is an autonomous, nongovernmental, nonprofit, international scientific and
technical center which has been organized to conduct, stimulate and accelerate research
on all aspects of fisheries and other living aquatic resources. It was incorporated in
Manila in 1977. It became a member of the Consultative Group on International Agricultural
Research (CGIAR) in 1992.

ICLARM is an operational organization, not a granting entity. Its program of work is
aimed to resolve critical, technical and socioeconomic constraints to increased production,
improved resource management and equitable distribution of benefits in economically
developing countries. The center's work focuses on tropical developing countries in
both marine and freshwater areas. Research is carried out on the population dynamics,
on alternative management schemes and on improving the productivity of key species.
The work includes cooperative research with institutions in developing countries and
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supporting activities in information and training. The programs of ICLARM are supported
by a number of private foundations and governments.

Policies are set by a Board of Trustees with members drawn from the international
community. Direction of ICLARM, under the policies set by the Board, is the responsibility
of the Director General.

ICLARM
MCPO Box 2631
0718 Makati City, Philippines
Tel.: (63-2) 8180466; 8189283; 81751 63 and 812 86 41 to 47
Fax: (63-2) 816 31 83

INRA
Institut national de la

recherche agronomique

At the service of agriculture, food industry
and environment, INRA is one of the major world agricultural research organizations.

Legal Identity and Missions

Created in 1946, INRA became, in 1984, a public institute with a scientific and technological
mandate under both the French Departments of Research and Agriculture.

Its main areas of research are:
resource identification and management in the physical environment (soil, micro

climate and water resources);
improvement of vegetal and animal production relevant to agricultural economy,

including forest and aquatic species;
conservation, transformation ofagricultural products into food products and adaptation

to consumer needs.
utilization ofnon-food agricultural products through development ofspecific cultures

or the use of by-products;
protection and rational management of natural resources and rural environment;

and
increased awareness of the agricultural and rural world and its transformation

through the development of social sciences.

Structures and Operation

A permanent staff of 8,700 including 1,800 scientists and 2,100 engineers is working
in 300 laboratories and 170 experimental facilities located in most regions of France,
including French Guyana and Guadeloupe.
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Its total budget of over 3 billion francs is covered essentially by public funds (87%)
and by INRA's own resources (13%), including revenues from germplasm, licenses, contracts,
etc.

Scientific Cooperation

To achieve its objectives, the Institute develops important partnerships with:

institutes of higher education, particularly schools of agriculture and veterinary
studies (35 associated laboratories), but also with universities (10 associated laboratories)
and other major schools (ENS, INSA, etc.);

other French scientific organizations: CNRS, INSERM (particularly on human nutrition),
CEMAGREF (forestry and water resources), CEA (environment) and CIRAD (tropical agriculture);
and

foreign research organizations, particularly European (BBSRC and DLO) and American
(AAC .and USDA) institutes as welI as international organizations (FAO and ClRA).

INRA
147, rue de I'Universite
75338 Paris Cedex 07
Tel.: (33) t 42 75 9000
Fax: (33) 1 47059966

Cooperation
fran~aise

The French Ministry of Cooperation

With 0.57% of its gross national product dedicated
in t 995 to official development assistance in t 994,
France ranks, in absolute value, second among donor
countries. An important part of France's state aid is
aimed at Africa, particularly Francophone Africa.

The Ministry of Cooperation is active in 71 countries
of subSaharan Africa, the Caribbean and the Pacific
regions. Because these countries are signatories to
the Lome Convention, greater synergy and efficiency
are achievable with projects of the European Union.

Concerned with the establishment ofconstitutional
States and the guarantee of civil peace, French cooperation accompanies its partners in
the pursuit of a more efficient organization of their society and of increased transparency
and pluralism which are necessary conditions to greater integration in international
economy and exchanges.
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French Cooperation aspires to assist developing countries to effect, in conditions of
stability, the economic and social changes that are essential to a sustainable development.

The Ministry of Cooperation is involved in the following areas:
economic development and the environment;
education, research and culture;
health and social development; and
institution building.

Ministere de la Cooperation
Departement de I'information et de la communication
20, rue Monsieur 75007 Paris
Tel.: (33) 1 53 69 30 00
Fax: (33) 1 53 69 32 94
Email: coopcom1@magic.fr

ORSTOM

L'lnstitut fran~ais de
recherche sdentifique pour

Ie developpement en
cooperation

Missions

ORSTOM is a scientific and technological public institution operating under the umbrella
of the French Departments of Research and Cooperation. Its missions are:

To promote and undertake with the appropriate partners any scientific research
work that will contribute to the economic, social and cultural development of developing
countries through the study of the physical, biological and human environments of these
countries;

To guarantee scientific and technical information in the different environments
concerned;

To contribute to the translation of its research results in social, economic and
cultural terms;

To contribute to the scientific capacity-building of the South, to scientific training
and to specific assistance;
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To encourage and contribute to common endeavors with national, European and
international partners in its areas of expertise.

Means

ORSTOM employs 2,500 staff including 600 from the South with a budget of one

billion francs.

Research areas

Interdisciplinary research is the focus ofORSTOM's research activity. About 900 researchers
concentrate their work in five main research areas:

The conditions and modes of development;
The physical environment, its resources and the impact of human activities on the

environment;
The use of natural resources and sustainable development;
Development in urban environments;
Health and development.

L'lnstitut fran<;:ais de recherche scientifique pour Ie developpement en cooperation
209-213, rue la Fayette
75480 Paris cedex 10
Tel.: (33) 1 4803 77 77
Fax: (33) 1 4803 08 29

These proceedings constitute the first publication prepared at ICLARM using a translation
software and a fisheries terminology database developed by the Translation Services
Unit of the Center. jean-Fran<;:ois Baroiller, Eva Claudio, Carl Dawson, Beth Eleccion,
Daniel Pauly and Xavier Rognon are thanked for their assistance in the various stages of
the translation work.
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