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Abstract

Low egg production per spawning and lack of spawning synchrony are the major problems of
mass seed production in mouthbrooding tilapias. Collection of eggs or fry from the mouths of
incubating females reared in large hapas suspended in fertilized ponds and incubating them
artificially has been found to be commercially viable. However, fouling of the hapa is a major
problem causing inconsistent performance of broodfish. In addition, other factors influencing with
the tilapia seed output in hapa within pond systems are age and the size of the broodfish, feeding
and feed management, environmental factors and management techniques. However, information
on the factors affecting tilapia seed output is limited and scattered; therefore, this paper discusses
the various aspects of management strategies based on the present state of knowledge and explores
areas for the future research. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Low egg production per spawning and lack of spawning synchrony among tilapia
Žfemales constrains the management of mass seed production Jalabert and Zohar, 1982;

.Little et al., 1993 and this impacts upon the tilapia industry as a whole. As large
Žnumbers of parental stock are required in order to meet the demand for seed Mires,
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.1982; Little et al., 1997 , a hatchery operator has to maximize seed output by exploiting
Žthe reproductive potential of hisrher broodstock Springate and Bromage, 1984; Macin-

. Ž .tosh and Little, 1995 . Total seed output from Nile tilapia Oreochromis niloticus , a
multiple spawner and maternal mouthbrooder, depends mainly on reproductive life span,

Žfecundity of an individual female and the frequency of spawning Lowe-McConnell,
.1955; Nikolskii, 1969 . Performance of broodfish in species having parental care may

Ž .also include ‘‘brooding efficiency’’ Lowe-McConnell, 1955; Welcomme, 1967 .
Large variations within and between the strains of tilapia have been reported for age

Žat first maturity Jalabert and Zohar, 1982; Lowe-McConnell, 1982; Brummett, 1995;
. ŽMacintosh and Little, 1995 , fecundity Lowe-McConnell, 1955; Babiker and Ibrahim,

. Ž1979; DeSilva, 1986; Rana, 1986 and frequency of spawning Lowe-McConnell, 1955;
Welcomme, 1967; Jalabert and Zohar, 1982; Philippart and Ruwet, 1982; Peters, 1983;

. ŽMacintosh and Little, 1995 . Various factors, namely, genetic Jalabert and Zohar, 1982;
. ŽUraiwan, 1988 , environmental Lowe-McConnell, 1982; Brummett, 1995; Duponchelle

. Žet al., 1997 and management techniques Little, 1989; Ambali, 1990; Little et al., 1993;
.Bevis, 1994 affect the performance of Nile tilapia broodfish.

ŽTilapia fry can be produced in ponds, hapas and concrete tanks Bautista, 1987; AIT,
. Ž1994 . Hapas are commonly used in the Philippines Santiago et al., 1985; Bautista,
. Ž .1987 and Thailand Little et al., 1995; AASP, 1996; Little et al., 1997 to breed tilapias.

Ž .Broodfish handling, and eggs and fry harvesting are easy Lovshin and Ibrahim, 1988 ;
and purity of strain can be maintained well in hapas. In addition, hapas are more flexible
and cheaper than tanks. Recently, techniques for spawning tilapia broodfish in large

Ž 2 .hapas 120 m suspended in fertilized ponds, harvesting seed from the mouths of
females and incubating them artificially in tank-based hatcheries have been developed

Ž .and commercialized Little et al., 1995; AASP, 1996; Little et al., 1997 . Manipulation
of inter-harvest interval and conditioning of males and females have improved seed

Ž .output and spawning synchrony Little et al., 1993 . However, fouling of spawning
hapas and the seasonality of demand for seed have been identified as major problems
Ž .Little et al., 1997 . Fouling has been identified as a major problem in net cages by

Žseveral authors Lovshin and Ibrahim, 1988; Claereboudt et al., 1994; Dubost et al.,
.1996 . Cleaning of fouled hapas incurs high labour costs which are the major cost of

hapa-based tilapia fry production. Fouling reduces water flow, which decreases the
Ž .availability of natural food Paul and Davies, 1986 and reduces water quality inside the

Žhapa. This causes stress to the fish especially by reducing dissolved oxygen Wallace
.and Reisnes, 1985; Lovshin and Ibrahim, 1988 . The main causes of fouling in fresh

water are the settlement and growth of sedentary and semi-sedentary organisms, such as
cyanobacteria and organicrinorganic materials trapped in the mesh of the net cages
Ž . Ž .Dubost et al., 1996 . It has been found that high feeding level )0.7% biomass
increases fouling. Lower levels of feeding might reduce fouling but this will reduce the
seed output as well. This indicates that there is a need to optimize feeding level or
develop suitable feeding strategies to minimize fouling.

In addition, seasonal demand for seed is one of the major problems for tilapia fry
producers. In rain-fed areas and areas with water shortages, demand for seed may

Ž .decrease during the dry season Little et al., 1994 . Seed demand may increase
immediately with the rainy season, but it may drop during heavy rain due primarily to
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the fear of flooding. In sub-tropical and temperate regions, tilapia fry demand may
decrease during the cold season. Hatchery producers, therefore, need to maximize seed
output during periods of high demand; but, during low demand, the holdingrnursing of
fry is necessary until demand rises. Holding fry incurs high cost and may be a wasteful

Ž .effort Brummett, 1995; Wangpen, 1996 . Appropriate management of broodfish accord-
ing to the seasonal demand is likely to be more cost effective than harvesting seed and
holding them until demand increases.

Suitable management strategies for broodstock still have to be developed and applied
in order to overcome these problems. Information on the factors affecting broodstock
performance are limited and scattered. This paper explores possible areas for research,
summarizes present knowledge of seed production systems for tilapia based on hapas
and briefly discusses their possible implications and applications.

2. Selection of broodfish

2.1. Genetic effects

The wide variations in age at first maturity, fecundity and the frequency of spawning
among species and individuals within the species indicate that there is much room for

Žimprovement of broodstock performance by selection Kirpichnikov, 1981; Mires, 1982;
.Pullin and Lowe-McConnell, 1982; Macaranas et al., 1997 . These reproductive traits

are determined by many genes, which might be improved through selection of superior
Ž .individuals in order to exploit additive genetic effects Pullin et al., 1991 . However,
Žgenetic research in tropical fish remains in its infancy Eknath et al., 1991; Macintosh

. Ž .and Little, 1995 . As tilapias breed throughout the year Phillips and Kohler, 1991 and
they have relatively short generation periods, there are good possibilities for manipulat-
ing growth and reproductive traits through genetic research. Most studies in tilapias

Žcompare growth traits but reproductive traits have been little studied Macintosh and
.Little, 1995 .

ŽTilapias may be hybridized to produce all-male fry with high growth rate Lovshin,
. Ž .1982; Chamish, 1996 , to develop cold tolerance Pullin and Capili, 1988; Tave, 1988 ,

Ž .salinity tolerance, variations in body coloration Tave, 1988 and resistance to diseases.
ŽHowever, production of reduced eggsrfry has been reported from hybridization Lovshin,

.1982; Mires, 1982 due to reduced compatibility between the species in courtship,
Ž .nesting, colour display and spawning Mires, 1982 . More importantly, as purity of

broodfish species and the high growth potential of the superior species is lost over time,
Ž .hybridization is not widespread Lovshin, 1982; Mair, 1996 .

Selection of superior strains and maintenance of their purity is of great importance for
tilapia fry producers. A strain of Oreochromis niloticus from Ghana was reported to
have higher fecundity and greater spawning success compared to an Ivore Coast strain
Ž .Tave, 1988 . In another study, a Chitralada strain, which was considered to be relatively
more pure, was found to be more fecund than an Israeli strain of O. niloticus
Ž .Macaranas et al., 1997 . It has been indicated that red varieties of O. niloticus are less

Ž .productive than its normal form Macintosh and Little, 1995 .
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Selective breeding may improve growth and reproductive traits. However, potential
Ž .hazards of inbreeding Tave, 1988 should be avoided through proper planning of

individual and family selection which can be accomplished in hapas within ponds
Ž . Ž .Gjedrem and Fjalestad, 1997 . Uraiwan 1988 found that first generation O. niloticus
offspring produced from parents selected for early maturity matured 11–14 days earlier
and grew 22–24% bigger as compared to the offspring produced from parents selected
for late maturity indicating these are correlated traits. The Genetic Improvement of

Ž .Farmed Tilapias GIFT program has developed an improved strain of O. niloticus
Ž .called the ‘‘GIFT strain’’ through combined selection Bimbao et al., 1994 . A prelimi-

Žnary study showed that reproductive performance of the Chitralada strain reared in
.reproductive isolation at AIT campus for more than 8 generations and the GIFT strain

Ž .was not significantly different Table 1 . However, more elaborate studies are needed.

2.2. Broodfish age and size

Several spawns may be developed and reabsorbed before the first spawning. The age
at which a female first spawns, therefore, might not indicate the time of first maturity
Ž . Ž .Peters, 1983 . In general, absolute fecundity number of eggs per spawning increases

Žup to a certain age then declines; but relative fecundity number of eggs per unit weight
.of female , which is highest at younger ages, declines before absolute fecundity

Ž . Ž .Nikolskii, 1969 . Moreover, older females spawn less frequently Nikolskii, 1969 or
Ž .may stop completely Lowe-McConnell, 1955 . In tilapia, females maturing earlier at

smaller size produces smaller eggs but relatively more eggs than a larger fish per unit
Ž .body weight Hughes and Behrends, 1983; Rana, 1988 . In general, females that grow

Ž .and mature rapidly tend to stop spawning and die earlier Nikolskii, 1969 . However, no
study has been conducted on this in tilapias.

Size of female is more important than age in terms of fecundity and total number of
Ž .eggs produced Rana, 1986, 1988 . Some authors have indicated that number of eggs

Žproduced is related to body length Lowe-McConnell, 1955; Welcomme, 1967; DeSilva,
.1986; Rana, 1986 while others have claimed that it is more related to the body weight

Table 1
Ž . ŽComparison between reproductive parameters mean"SE of two strains of Nile tilapia Oreochromis

. Ž .niloticus broodfish reared in hapas in pond from Nho, 1996 . None of the mean values for the two strains are
significantly different

Parameters Strains

Chitralada GIFT

Ž .Age at first spawning weeks 31 28
Gonado-somatic index at 150 day age 1.2 1.6
Number of spawning in 90 days 40"4 51"1

Ž .Inter spawning interval days 34"3 27"1
Ž .Clutch size seeds per spawning 1872 1768

a a517–3582 491–5197

aRange.
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Ž .of the female Peters, 1983; Rana, 1988 . However, relative fecundity decreases with
Ž .maternal age, weight and length Rana, 1986 . Nile tilapia females of larger size were

Ž . Žfound to produce more and bigger eggs Rana, 1986 and more fry per female Guerrero
. Žand Guerrero, 1985 , but smaller females spawn more frequently Guerrero and Guer-

.rero, 1985 .
Relative size of males and females may be more important as there are often

Ž .hierarchies Noakes and Balon, 1982 in tilapia populations based on the social
dominance, which is partially determined by fish size. Male tilapias are aggressive in
nature and dominant males control most of the spawning, resulting in many females not
spawning. The hierarchy affects the intensity of spawning and these effects may be

Ž .greater in clear water systems compared to green water systems Little, 1989 . Provision
Ž .of artificial nests Bevis, 1994 helps to break hierarchies; thus, more females may have

contact with more males and spawn. The hierarchy can also be minimized by spawning
Ž .females with smaller Guerrero and Guerrero, 1985 and uniformly-sized males.

Ž .In a commercial seed production, medium-size tilapia broodfish 150–250 g are
preferred. However, many broodfish can start to breed when they are as small as 60 g,
which can be achieved within a maturation period of 6 months after hatching. Broodfish
are usually discarded after attaining more than 300 g as bigger fish are difficult to
handle during harvesting of seed.

3. Selection of feed

Feed manufacturers are not interested in formulating diets specifically for broodfish
Ž .due to the relatively small size of the market Springate and Bromage, 1983 . However,

in the case of tilapia, a large commercial hatchery can use more than 30,000 broodstock
Žto produce 5 million fry per month, requiring almost 2 t of feed per month Little et al.,

.1997 . Careful selection of available ration or on-farm preparation of suitable broodfish
feeds is thus important. Limited knowledge on nutrient requirements of Nile tilapia
broodfish constrains the selection or preparation of appropriate rations for broodfish.

3.1. Protein

Reproductive output is maintained at the expense of somatic growth. However,
supply of inadequate protein for long periods results in slow ovarian recrudescence
Ž . ŽGunasekera and Lam, 1997 , prolonged intervals between spawnings Gunasekera et

.al., 1996 and a complete halt to reproduction. Broodfish should, therefore, be provided
with optimum levels of protein in the diet from a young age up to the egg producing
stage.

Ž .In a study by Gunasekera et al. 1995 , Nile tilapia fingerlings fed a low protein diet
Ž .-17% did not show oocyte maturation, females fed 25% protein showed slow oocyte
growth, whereas females fed )32% protein level had early oocyte growth and
maturation. As there was no significant difference in oocyte growth and final maturation
between 32% and 40% protein diets groups, 32% protein seems to be adequate for
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tilapia broodfish. Moreover, the protein level required for the normal growth of Nile
tilapia seems to be sufficient for broodstock maturation too.

Dietary protein supply affects protein content of eggs, number of eggs per spawning
and the spawning interval in Oreochromis niloticus. In tanks with semi-purified
isocaloric diets, O. niloticus females fed with 35% protein diet produced eggs with

Žsignificantly higher protein than females fed with 10% and 20% protein diets Guna-
.sekera et al., 1996 . In the same study, females on 20% and 35% diets produced more

number of eggs per spawning than those on 10% protein diet.
It has been found that 40% protein diet gave higher fry production of O. niloticus

Ž .than a 20% protein diet under outdoor tank conditions Santiago et al., 1985 . However,
this experiment was confined to only two levels of protein and therefore the optimum
level of protein could not be determined. Red tilapia broodfish fed with higher protein

Ž .diet eel feed, 44% protein gave higher seed production compared to low protein diets
Ž . Ž .tilapia diet, 24% protein and trash fish, 21.7% protein Chang et al., 1988 . In this
study, feeds were different in ingredients and composition and the experimental period
was only 32 days, which is too short to observe consistent trends in seed production.

Ž .Wee and Tuan 1988 conducted a more elaborate study in concrete tanks with
re-circulated water system. The protein levels used in the experiment were increased
from 20% to 50% at increments of 7.5%. They reported that the optimum dietary protein
level for spawning O. niloticus was 35%. Broodstock fed with the diet containing 20%
protein, spawned only after 58 days, whereas other groups fed with diets containing

Ž . Ž .medium and higher protein levels 27.5, 35, 42.5 and 50% spawned earlier -49 days .
Moreover, the absolute and relative fecundities were found to be significantly higher in

Ž .the fish fed with medium dietary protein 27.6 and 35% than those fed with higher
Ž .protein levels 42.6 and 50.1% , as high protein diets produced heavier and larger eggs

at longer spawning intervals, i.e., lower spawning frequency. Dietary protein levels
suitable for green water systems have not yet been determined. A preliminary on-farm
trial has showed that diet containing 15.5% crude protein was less productive compared

Ž y2 y1to 25% and 30% crude protein diets 108 vs. 138 and 141 seed m day , respectively;
.Bhujel et al., unpubl. data . Most of the commercial tilapia hatcheries in Thailand,

therefore, use commercial feeds containing 25–27% crude protein.
Proteins are ultimately degraded into amino acids that are utilized either as an energy

source or for somatic protein synthesis. However, very little is known about the specific
Ž .amino acid requirements of the broodfish Luquet and Watanabe, 1986 . Amount of

first-limiting amino acid intake influences effects of other amino acids. Emphasis
should, therefore, be given to investigate the first-limiting amino acid, as an increase in
the level of any other amino acid to its optimum level is wasteful. The ‘‘Reading
Model’’ has been used to describe the relationship between the intake of amino acids
Ž .namely, methionine, lysine and isoleucine and the rate of egg laying in chickens and to

Ž .determine economically optimum levels of amino acids Gous and Kleyn, 1989 .

3.2. Lipids

Significant changes and mobilizations of lipids take place during embryonic develop-
ment; therefore, the importance of lipids in broodfish nutrition has been emphasized
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Ž . Ž .Sargent, 1995 . In a 60-day experiment, Zohar et al. 1995 found that females fed a
diet supplemented with squid meal spawned good quality eggs throughout the spawning
period. Groups previously fed without supplementary squid meal diet were also able to
spawn with improved hatching rates within 10 days of being fed with squid meal. It has

Ž .been assumed that an essential component in the squid meal is the group of ny3
Ž .highly unsaturated fatty acids HUFA and the egg quality is rapidly affected by a

dietary shortage of these essential fatty acids.
Ž .Santiago and Reyes 1993 studied the effects of dietary lipid source on the

reproductive performance and tissue lipids of Nile tilapia by feeding experimental diets
Žcontaining 5% oil from different sources cod liver oil, corn oil, soybean oil, coconut-

.oil-based cooking oil, and combination of cod liver oil and corn oil . They found that
Ž .cod liver oil a source of ny3 fatty acid resulted in poor reproductive performance,

but the highest weight gain. Overall, seed production was found to be remarkably high
Ž .for fish fed with soybean oil a source of 18:2, ny6 fatty acid diet. However, the level

of oil used was fixed, i.e., 5% and the authors did not consider the level of protein. The
crude protein level of all the diets tested was higher than 40%. As lipid has a
protein-sparing effect, it is necessary to determine the optimum level of lipid for
different levels of protein. On the other hand, excessive energy in feed can reduce intake
of protein and other nutrients by reducing the feed consumption. A ratio of 75 mg

Ž .protein per kcal of digestible energy P:E ratio has been reported to be suitable for the
Ž .growth of O. niloticus fry 2.9 g reared in brackish water; while 120 mg per kcal has

Ž . Žbeen reported as the best for growth of O. niloticus fry 1.7 g in fresh water Lim,
.1997 . However, no data are available for broodfish.

3.3. Vitamins

A dietary supplement of ascorbic acid has positive effects on reproductive perfor-
Ž .mance in various fish species Eskelinen, 1989; Sandnes et al., 1984 . Based on a water

re-circulatory tank experiment in Oreochromis mossambicus, it has been suggested that
Ž .supplementation of ascorbic acid 1250 mg of ascorbic acid per kg of dry diet improves

Ž .the hatchability of eggs, and the condition and survival rate of fry Soliman et al., 1986 .
However, studies of its effect on fecundity and frequency of spawning have not been
carried out under supplementary feeding regimes in Nile tilapia.

In carp ovaries, vitamin E levels rise prior to the onset of the spawning period and
decrease afterwards. Moreover, a deficiency of tocopherol led to an inferior state of
development of the ovaries, resulting in increased moisture content, and reduced fat and

Ž .protein content of the ovaries Steffens, 1989 . In Nile tilapia, it has been observed that
Ž .vitamin E deficiency causes lack of sexual coloration light skin color and reduces

Ž .reproductive activity Schimittou, 1993 ; however, this phenomenon has not been
properly investigated. As natural food organisms available in green water are rich in
vitamins, supplementation of vitamins through diet is not necessary.

3.4. Minerals

Ž .Phosphorous concentration 0.005–0.05 ppm in natural water is not enough to meet
Ž .the nutritional requirements of fish Hepher, 1988 . In addition, green water fertilized
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with urea and triple super-phosphate has been found to contain insufficient phosphorous
Ž .and calcium for normal growth Dato-Cajegas and Yakupitiyage, 1996 . Supplementa-

tion of phosphorous, therefore, may be necessary to maintain the quality and quantity of
Ž .fish eggs throughout the period of seed production Watanabe et al., 1984 . However, no

study on this has been made in Nile tilapia broodfish. In broodstock rainbow trout and
brook trout, fish meal-based diets without supplementation of manganese resulted in

Ž .poor hatchability of and low manganese levels in eggs Lall, 1989 . The iodine
y1 Žrequirement for normal growth of Nile tilapia is 0.6–1.1 mg kg diet Jauncey and

.Ross, 1982 ; however, the requirement for broodstock is not known. As high levels of
iodine inhibit somatic growth, it may favour reproduction. Cobalt has been found to be

Ž .taken up by rainbow trout eggs during embryonic development Lall, 1989 but no study
has been done in tilapias.

4. Feeding management

Food supply affects the amount of yolk and its rate of accumulation in the egg
Ž .Nikolskii, 1969 . Poor food uptake intensifies the atrophy of oocytes at any stage of
development. Moreover, less mature oocytes have been reported due to lack of food,

Ž .with one or two cycles of egg-laying being omitted in Carassius sp. Nikolskii, 1969 .
In older fish, a larger proportion of the food intake goes to the formation of fat reserves,
whereas in younger fish it goes to somatic growth, so that starvation of older fish has

Ž .less effect on the fecundity and quality of eggs Nikolskii, 1969 .

4.1. Feeding rate

Ž .Restricted feeding 25–50% of satiation ration has been found to produce higher
Ž .numbers of spawnings and eggs in Oreochromis mossambicus Mironova, 1977 . In

supplementary feeding regimes, the number of seed produced was higher at the feeding
rate of 1% biomass per day as compared to feeding rates of 0.5% and 1.5% biomass in

Ž .Nile tilapia Ungsethaphan, 1995 . However, constant feeding rates might not be suitable
for tilapia broodfish since females incubating eggs and fry in their mouths do not eat.
High energy rations with low feeding rates might be better than feeding larger amounts
of low nutrient diet. Moreover, higher feeding rate immediately after seed harvesting

Žfollowed by lower feeding rate andror no feeding if broodfish are raised in a green
.water system might be a more economical way of broodstock management rather than

feeding at a constant rate.

4.2. Feeding frequency and time

Feeding frequency of twice as compared to once per day resulted in more seed when
Ž .feed was given at lower rates 0.5 and 1.0% of biomass , but resulted in less seed when

Ž .fed at 1.5% of biomass Ungsethaphan, 1995 . As tilapia are continuous grazers in
nature, it is likely that the shorter the feeding interval the better the seed production;
however, feeding frequency more than twice a day might be more labour intensive and
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uneconomical. Conversely, feeding once a day or once in two days might give higher
production due to proper and frequent mobilization of body reserves. For the first one or
two days, feeding twice or thrice a day immediately after seed harvesting and once a day
thereafter might be better. As tilapia do not eat early in the morning and during night
time, due to lack of dissolved oxygen in the green water systems, feeding should be
done after phytoplankton start to produce oxygen through photosynthesis and before sun
set.

5. Environmental factors

Although genetic make-up plays a role in determining the reproductive performance
of fish, environmental factors play major roles in releasing the genetic potential
Ž .Duponchelle et al., 1997 . In tilapia, it has been found that water quality parameters are

Ž .the major factors affecting seed output Little et al., 1994 . Broodfish managers,
therefore, should monitor and maintain good water quality through suitable fertilization,
feeding and water exchange schemes.

5.1. DissolÕed oxygen

Ž .Tilapias can survive at low levels of dissolved oxygen DO as they can utilize
Ž .atmospheric oxygen Chervinski, 1982; Popma and Lovshin, 1996 ; however, low DO

Ž .levels at dawn have been associated with reduced growth Chervinski, 1982 . No precise
study has been done on the relationship of DO levels with reproductive activities,

Žgametogenesis and spawning. Some indications have been found that low DO -0.5 mg
y1 .l , generally occurring at dawn in green water systems, has negative impacts on the

Ž . Ž .seed quantity Ambali, 1990; Bevis, 1994 and quality Bevis, 1994 . Low dissolved
Ž . Žoxygen causes stress, which brings behavioral e.g., gasping and morphological marked

.melanin pigment in the skin changes in the fish and reduced feed intake. Moreover, it
Ž .increases disease incidence Schimittou, 1993 and impairs reproduction, causing oocyte

Žatresia, spawning inhibition, decreased fecundity and hatchability Wedemeyer et al.,
.1990 . In re-circulation systems, DO might not be a problem, but for green water

systems it is one of the limiting factors for reproduction. Artificial aeration during night
time might be helpful, although economic feasibility of this requires research.

5.2. Temperature

Oreochromis niloticus and O. mossambicus can tolerate a wide range of tempera-
Ž .tures: 8–428C Philippart and Ruwet, 1982 , but feed less below 208C. They cease

Ž .feeding below 168C and death occurs below 128C Chervinski, 1982 . Suitable tempera-
Žtures for reproduction are above 208C Philippart and Ruwet, 1982; Popma and Lovshin,

. Ž . Ž1996 . In O. niloticus, although short-term 6–24 h cool temperature treatment 22"
.1.58C induced spawning of 10–20% more females than in control treatments after 7

days, the same temperature held for longer periods resulted in complete re-absorption of
Ž .oocytes Srisakultiew and Wee, 1988 . No spawning was reported at 228C in O.

mossambicus and an increase in temperature from 258C to 28–318C increased seed
Ž .production Mironova, 1977 . However, reproduction in tilapia generally slows at
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Ž .21–248C and increases in frequency above 258C up to 308C Popma and Lovshin, 1996 .
y3 ŽBroodstock can be over-wintered at 15–178C at high density i.e., 50 kg m Pullin,

.1982 , to suppress spawning and aggressive behavior and this does not affect reproduc-
tive performance when the fish are re-stocked into ponds. In addition, this might be one

Ž .of the suitable ways to improve spawning synchrony Srisakultiew and Wee, 1988 and
to meet seasonal market demand for seed; however, maintenance of such a low
temperature in tropical countries might not be cost effective.

Reproductive performance at temperatures higher than 358C, which can occur in the
Žafternoon during the dry season in the tropics, has been found to be very poor Bevis,

.1994; AIT, unpubl. data . It seems that temperature and the exposure time to certain
temperatures have significant relationships with broodfish productivity and the viability
of eggsrfry. High temperature stress may be reduced by using deep ponds, pond

Žshading, water sprinkling and circulating during day time and through nutrition vitamin
.E . However, no research has been done so far on the effectiveness and the applicability

of these techniques.

5.3. Salinity

Reproductive performance of tilapias is affected by salinity, which suppresses the
Ž .aggression of dominant males Watanabe et al., 1988 . O. mossambicus can reproduce at

Ž .35 and 49 ppt Chervinski, 1982 . O. aureus and Tilapia zilli do not reproduce in sea
Žwater and O. niloticus ceases reproduction at higher than 30 ppt Watanabe, 1985;

. ŽFineman-Kalio, 1988 , with reductions in the fry number above 10 ppt Popma and
.Lovshin, 1996 . This might be due to osmotic stress on eggs leading to reabsorption. As

reproduction of tilapia is suppressed at high salinity, female broodfish may be kept in
saline water during times of low seed demand. There is scope for culture of tilapia in
coastal areas using either salinity acclimated seed produced from freshwater hatcheries
or establishing the hatcheries in brackish water by diluting the sea water with freshwater
Ž .Suresh and Lin, 1992 .

5.4. pH

ŽUpper and lower lethal levels of pH for tilapias are 11 and 4 Chervinski, 1982;
. ŽPopma and Lovshin, 1996 with the best level at neutral or slightly alkaline Popma and

.Lovshin, 1996 . No studies have been done to date on whether suitable pH for growth is
also best for reproductive performance.

5.5. Photoperiod and light intensity

Delaying spawning and acceleration of maturation in salmonids and cyprinids by
Ž .manipulating photoperiod has been well documented Bye, 1984 . Gonadal development

and subsequent breeding in tilapia have been reported to be well correlated with duration
Ž .of sunlight in natural waters Hyder, 1970; Guerrero, 1982 ; however, fluorescent

Ž .lighting 14:10 h light:dark cycle seems to have negative effects on breeding of tilapia
Žin terms of spawning frequency as compared to natural light Koiller and Avtalion,

.1985 .
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5.6. Water leÕel

Levels of natural water bodies have been reported to affect the reproductive activities
Ž .of tilapia Philippart and Ruwet, 1982; Noakes and Balon, 1982 . More tilapia females

were found to be reproductively active when the water levels were high, resulting in
Ž .smaller males recruited into breeding stock Noakes and Balon, 1982 . Frequent water

addition to and draining from spawning ponds might help in improving seed output as
well as spawning synchrony.

5.7. Rainfall

Ž .In tilapia, higher frequency of spawning Lowe-McConnell, 1982 or spawning
Ž . Ž .intensity Philippart and Ruwet, 1982 and egg output Welcomme, 1967 have been

reported during the rainy season in the tropics. An increased seed output has been
reported during the rainy season probably due to relatively cool temperatures, increased
water levels and dilution of hormones or chemical inhibitors and waste metabolites.
Artificial rain produced by sprinklers in the spawning hapas might help specially during
dry and hot seasons. As prolonged heavy rainfall has been reported to affect spawning

Ž .negatively Hyder, 1970 , optimization of frequency and period of sprinkling water may
be an important area for research.

5.8. Water exchange

It has been hypothesized that there is a hormone like substance in tilapia mucus
Ž .which inhibits reproduction, especially at higher densities Guerrero, 1982 . Regular

exchange of water from the breeding ponds may help to flush the substance and enhance
the reproductive activities of tilapias. In addition, exchange of water flushes harmful
metabolites, e.g., ammonia, nitrite, nitrate, etc., and improves dissolved oxygen, which

Ž .might thus increase spawning frequency Mires, 1982 . It has been found that higher
seed output can be obtained from ponds filled with new water than from ponds with
water used for long periods. Therefore, amount and frequency of water exchange from
the tilapia broodstock pond seem to have an impact on seed output. An exchange rate of
50% of the total volume of water every 3 or 4 weeks may be satisfactory; however, it
depends mainly on the availability of water and other costs involved.

6. Other management techniques

6.1. Selection of culture system

In mouthbrooding tilapia, seed production largely depends on the culture system
Ž . Ž .pond, hapas in pond or tank and the degree of intensification Little et al., 1994 . Fry

Žproduction in spawning ponds can be low Mires, 1982; Berrios-Hernandez and Snow,
. Ž1983 due to incomplete harvesting and cannibalism Pantastico et al., 1988; Little et al.,

.1994; Macintosh and Little, 1995 . Although tanks are more efficient in terms of seed
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output per unit area used, hapas in ponds are cheaper, more convenient to manage and
can accommodate a large number of broodfish if large ponds are available. However,
large ponds are relatively difficult to fill and drain, although they provide stable
environments for the broodfish.

6.2. Stocking density

An inverse relationship between stocking density and the percentage of spawning
females has been found when producing hybrids of Oreochromis niloticus and O.

Ž .hornorum, probably due to some chemical or behavioral factors Lovshin, 1982 . High
stocking density inhibits reproduction possibly due to the presence of a substance in

Ž .tilapia mucus which might cause an autoallergic response Guerrero, 1982 . A stocking
density of 5 fish my2 was found to be more productive as compared to 10 fish my2 in

Ž .hapas in tanks Hughes and Behrends, 1983 . In hapas in ponds, only 29% females
spawned at 10 fish my2 stocking density compared to 39% and 42% at the densities of 5

y2 Ž . y2and 2.5 fish m Bevis, 1994 . Furthermore, a density of 6 fish m of spawning hapa
has been more precisely determined as the best stocking density with the help of a

Žwell-fitted binomial relationship between the stocking density and the seed output Fig.
.1 .

( )6.3. Stocking sex ratio male:female of broodfish

Ž .A sex ratio of 1:2 male:female has been found to be better than the ratio of 1:3 in
y2 y1 y1 y1 Žterms of seed m day as well as seed g female day Hughes and Behrends,

Ž 2 . Ž y2 .Fig. 1. Relationship between seed output per hapa 40 m and the stocking density fish m of Nile tilapia
Ž .broodfish reared in hapas suspended in fertilized ponds from Little, 1992 .
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.1983 . A 3:1 ratio gave significantly higher fry production than the ratio of 1:1 due to
Ž .the beneficial effects of ‘‘male pressure’’ Mires, 1982 . Also, a 2:1 sex ratio was found

Ž .to be more productive than 1:1 and 1:2 ratios Mires, 1982 , possibly due to an increase
Žin the spawning frequency of individual females. However, effects on fecundity i.e.,

. Ž .clutch size may not be significant Bevis, 1994 . Relative size or the biomass weight of
the female and male might be more important than the ratio by number. More females
might get the opportunity of courtship with males, for a given sex ratio, if they are

Ž .stocked with smaller males Guerrero and Guerrero, 1985 , which might increase the
frequency of spawning. Nevertheless, a 1:1 sex-ratio, regardless of the broodstock
weight, is used by most of the commercial hatcheries.

6.4. Frequency of eggr fry harÕesting

The process of vitellogenesis in Oreochromis niloticus has been reported to be slow
Ž .during parental care Tacon et al., 1996 . Moreover, spawning activities of parent fish

can cease completely when the spawning pond becomes overcrowded by fry and
Ž .fingerlings Mires, 1982 . However, females brooding fry in the mouth can have

Ž . Ž .well-developed ready to spawn ova in the ovaries Welcomme, 1967 . Frequent
removal of eggsrfry, therefore, induces the next spawning and accelerates the process of

Ž . Ž .vitellogenesis Tacon et al., 1996 . This can decrease inter-spawning interval ISI at
Ž .least by the period of oral incubation Rana, 1986 , resulting in higher total seed output

Ž .Little et al., 1993; Mair et al., 1993 . In aquaria, the ISI was found to be 12 days shorter
Ž .15 vs. 27 days when the eggs were removed from the mouths of O. niloticus females

Ž .immediately after spawning as compared to the natural incubation Tacon et al., 1996 .
In hapas, the ISI of females was found to be shortened by 37.5% when the eggs were
collected at 4-day intervals as compared to the ISI of the females allowed to spawn and

Ž .incubate eggs naturally Mair et al., 1993 . In a tank experiment, removal of fryreggs
from the mouths of females in the population every 10 days was found to improve seed

y1 y1 y1 y1 Žoutput to 106 seed kg female day compared to 31 seed kg female day Table
. Ž .2 produced from natural spawning Macintosh and Little, 1995 . The seed output can be

Table 2
ŽSeed output from Oreochromis niloticus females under different broodfish management regimes compiled

.from Little, 1989; Macintosh and Little, 1995

Broodfish management regimes Seed harvest Seed output
y1Ž . Žintervals days number kg

y1 .female day

Fry harvest after natural incubation – 31
Eggs and yolk-sac fry harvest from the mouth of females
- No broodfish exchange 10 106
- Only spawned females replaced 10 160
- All females exchanged with 10-day conditioned 10 274
females through rotation of 2 female groups
- All females exchanged with 5-day conditioned 5 322
females through rotation of 2 female groups
- All females exchanged with 10-day conditioned 5 )350
females through rotation of 3 female groups
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Ž y1 y1.further improved )350 seed kg female day by harvesting eggsrfry from the
mouths of incubating females at 5 day intervals if females are conditioned for 10 days
Ž .Little, 1989 . It seems that there is an inverse relationship between the interval of seed

Ž .harvesting within a certain range 5–15 days and seed output. As frequency of
harvesting is directly associated with labour costs, the interval of harvesting has to be
determined from the availability of labour and the costs involved. A 5-day cycle of seed
harvest from the mouths of incubating females is used by the commercial hatcheries in
Thailand.

6.5. Handling stress

Tilapia broodfish are gathered in a corner of the hapartank while harvesting eggs
from their mouths. Wounds near the mouth, gills and popped eyes and even death of
broodfish in some cases, have been reported. Levels of stress were observed to be higher
in broodfish reared in smaller tanks, presumably due to more frequent contact with hard
and rough surfaces of the tanks. Such stress might have negative impacts on gametogen-

Ž .esis, spawning, fecundity and hatching rates Ambali, 1990; Wedemeyer et al., 1990 .
Nevertheless, handling stress largely depends on the experience of workers and can be
minimized to some extent. Feeding of additional vitamin C and E might help minimize
stress, although no studies have been made on these factors.

6.6. Artificial nests

ŽAs male tilapia are known to be territorial Philippart and Ruwet, 1982; Macintosh
.and Little, 1995 , the provision of artificial nests has been found to affect seed

production and viability. The effect may depend on the number and the type of nests
provided. The types of artificial nests used in tanks include cement bricks or flat stones
and in hapas within ponds they include metal frames fitted with 3 mm plastic mesh in

Ž .such a way that groups of roofless compartments are formed Bevis, 1994 . The effect of
artificial nests on the seed output has been found to be more pronounced when the
stocking density of broodfish in hapas in ponds was high, within the range of 2.5–10

y2 Ž .fish m Table 3 probably due to more females getting opportunities for courtship
with males at higher densities. The effects of nests was found to be lower in green
water. This may be due to low visibility in green water system which itself aids in

Ž .maintaining the area of territory Bevis, 1994 . Moreover, viability of eggs decreased
Ždue to presence of artificial nests with the accelerating effect of nest depth Bevis,

. Ž 2 . Ž .1994 . Broodfish provided with small 0.25 m but deep 30 cm as compared to large
Ž 2 . Ž .0.5 m and shallow 15 cm nests in the spawning hapas give higher seed production.
This is probably due to more males getting opportunities of nesting and participating in
reproductive activities as movement and social dominance among males are less in the
hapas provided with deep nests.

6.7. RemoÕal of the maxillary bone

Competition in tilapias occurs mainly among males for courtship with females.
However, the large and dominant females can also influence breeding activities and the
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Table 3
Ž .Effects of the addition of artificial nests on Nile tilapia Oreochromis niloticus seed output at different

Ž .stocking densities reared in hapas in ponds from Bevis, 1994

Nest density Stocking density Seed ouput
y1 y2 y2 y1Ž . Ž . Ž .Number hapa Fish m hapa Number m hapa day

Mean"SE

0 2.5 66"7
5 128"17

10 143"22
40 2.5 65"15

5 144"32
10 169"21

80 2.5 71"6
5 132"19

10 181"27

growth of sub-ordinate males and females, which may inhibit the onset of their sexual
Ž .maturity Moriarty, 1982 . Various attempts have been made to minimize the effects of

social dominance. In Oreochromis aureus, removal of maxillary bone of males did not
affect the total seed production, clutch size, and mean number of clutches. Removal
from females may have had negative effects, and removal from both sexes significantly
reduced the number of clutches, mean clutch size and overall productivity as compared

Ž .to removal from either sex or no removal from both sexes Behrends et al., 1993 . It
seems that removal of the maxillary bone has no effects on the hierarchy structure and,
instead, might only cause stress to the broodfish.

6.8. Broodfish exchange and conditioning

Conditioning of tilapia broodfish requires maintaining of males and females sepa-
rately in different units, for a period of rest between spawnings, at a high stocking

Ž y2 . Ž .density 2.5 kg m with good feeding regimes Ambali, 1990 . Exchange of both male
and female broodfish conditioned for 21 days resulted in a 16% increase in egg and fry
production over a 105 day-spawning period as compared to either no broodstock

Ž .exchange or female only exchange Lovshin and Ibrahim, 1988 . Conditioning of
Žfemales has been found to improve spawning synchrony and seed output Little et al.,

.1993 . However, conditioning for more than 10 days had no advantage over shorter
periods. Moreover, conditioning for 20 days resulted in 18% decrease in seed output per

Ž .unit area per day Little et al., 1993 . This is possibly due to the reabsorption of
well-developed ova in the ovary which starts after about a week if females do not spawn
Ž .Peters, 1983 . Moreover, it has been found that conditioned females with conditioned
males produce more eggs as well as spawning more frequently than only conditioned

Ž .females and no conditioning Ambali, 1990; Little et al., 1993 . This is possibly due to
the active roles of rested males in courtship. Moreover, fertilizing capacity of sperm
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Ž . Ždecreases sharply from about 90% to 20% with increase in mating frequency Rana,
.1986 , probably because of the production of immature spermatozoa. However, resting

of males for long periods might have negative effects on sperm quality as spermatozoa
are continuously produced and released into the lumen of the testis and the sperm

Ž .quality declines with time after release Purdom, 1993 . It seems that a short period
Ž .5–10 days of resting males, like females, might be optimum.

6.9. Hapa exchange

ŽAll the eggs laid by a female may not be picked up into her mouth Welcomme,
.1967 . The presence of mud or detritus in the culture system may contribute to

incomplete picking up of eggs. When the broodfish are raised in hapas, fouling of hapas
might affect water quality due to reduced water exchange which may in particular lead
to low levels of dissolved oxygen.

No studies have been published regarding the level of fouling and its effects on water
Ž .quality and seed output. Nevertheless, hapa exchange at frequent intervals 10–15 days

Ž .has been found to be beneficial AIT, unpubl. data . The cost of labour, however, is
directly associated with the frequency of hapa exchange. As cleaning of the hapa is
labour and time consuming, hapas may be dried in the sun for a day and re-used in
rotation. Two hapas are required for each set of broodfish with this technique. Hapa
exchange works as long as water quality of the pond remains favourable for the
reproduction of tilapia.

6.10. Stunting of broodfish

ŽStunting of tilapias in natural populations has been well documented Iles, 1973;
.Eyeson, 1983; Bluhdom and Arthington, 1990 and has been shown to increase the¨
Ž . Ž y2 y1.spawning frequency and thereby total seed output Iles, 1973 . Seed output g m d

from stunted Nile tilapia broodfish, although they were smaller but older, was signifi-
Ž 2cantly higher than unstunted fish. Seed output linearly ysy0.01q0.16 x, r s0.58,

. Ž .ns9, p-0.05 increased with the subsequent feeding rates Bhujel et al., unpubl. data
which indicates that seed production may be manipulated according to the demand for
fry. Stunting of broodfish could be achieved by keeping male and female separately at
high densities with or without limited feeding, in stable conditions over a long period
Ž .Noakes and Balon, 1982 . However, the feasibility of stunting has to be tested.

6.11. Use of hormones

Use of piscine pituitary glands, hormones and hormone analogs in inducing spawning
in carps, catfishes and salmonids was a major breakthrough in aquaculture that is now

Ž .well established. Srisakultiew and Wee 1988 attempted to induce spawning in
Ž . Ž .Oreochromis niloticus using carp pituitary gland PG and human chorionic go-

Ž .nadotropin HCG . Instead of inducing spawning, injection of pituitary gland of Chinese
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carp @ 0.1–0.5 mg 100 gy1 of breeder resulted in fewer spawnings as compared to the
untreated control group. A dose of 50 IU HCG 100 gy1 female induced spawning in
only some fish, but further increase in dose, i.e., 100 IU HCG, did not increase
spawning rate. A larger proportion of spawning females in O. niloticus was reported for

y1 Ž .LHRHa injected at the rate of 300 mg kg female Garcia et al., 1994 . Induced
spawning has been reported to be successful with the injection of gonadotropin releasing

Ž y1 . Ž y1 .hormone 10 mg kg combined with a dopamine antagonist 5 mg kg in hybrids of
Ž .O. niloticus=O. aureus Gissis et al., 1991 . However, as large numbers of broodstock

are required to produce seed for the commercial scale, induced spawning seems to be
prohibitively expensive.

7. Conclusions

Reproductive life span, fecundity and frequency of spawning of mouthbrooding
tilapias are only partially determined by genetic make-up. Selection of superior individu-
als and strains of suitable size and age for breeding purposes might significantly
improve seed output. In addition, environmental, nutritional and management factors
play key roles in broodfish performance. Among the environmental factors, low
temperature and high salinity may be useful in synchronizing or controlling reproduction
while seed demand is low. As supplementary feeding rate is directly related to seed
output and level of hapa fouling, it should be optimized. Relatively high feeding rates
Ž . Ž .0.8–1.0% biomass coupled with regular exchange of hapas 10–15 day intervals have
beneficial effects on seed output. Lower protein diets seem to be cost effective;
however, diets containing higher protein and energy might help reduce hapa fouling.
Vitamins seem to be less important when broodfish are reared in green water systems.
Attempts to induce spawning by using piscine pituitary gland and hormones have not
been fruitful. Management techniques are very important in tilapia seed production.
Frequent egg and fry removal from the mouths of incubating females improves seed
output as well as uniformity in size and age of the fry, which are pre-requisites for
hormonal sex-reversal. Rotational exchange of spawned females with conditioned
females increases seed output and improves spawning synchrony. High stocking density
inhibits reproduction and this can be used during conditioning and over-wintering.
Exchange of conditioned males also seems to be important in terms of seed output. High

Ž .sex ratio male:female has beneficial effects on early maturity of females due to male
pressure. It also shortens the spawning intervals and increases the number of spawning
females and, consequently, increases the total seed output. More females might get the
opportunity to spawn if they are reared with smaller males. Conditioning of males in
addition to females might also have beneficial effects on the quantity and quality of
seed. Artificial nests may to be helpful in reducing social dominance among males so
that more females may encounter partners, thereby increases effective population size
and total seed output. Rough handling during seed harvesting has negative effects on
gametogenesis and spawning, and may lead to bacterial infection resulting in death of
broodfish. Regular exchange of the hapa might improve seed output. Complete or partial
replacement of pond water fortnightly or monthly might help increase seed output.
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