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4. Breeding and rearing

4.1.  Synchronization of spawning

Spawning should be synchronized to produce progeny groups as uniform in size and 
age as possible. This will reduce the confounding effects of initial size and age during 
comparative studies of different genotypes (e.g. strains, cross combinations, family 
groups), and in the estimation of various genetic parameters (e.g. heritabilities and 
genetic correlations) and breeding values.  Spawning of Tilapias is influenced by both 
environmental (e.g. photoperiod, temperature, food availability) and social factors 
(social stimuli exchanged between neighboring females).  Therefore, the strategy 
for synchronizing spawning involves maintaining broodstock separated by sex in a 
suitable holding facility (e.g. hapas, see Figure 6), conditioning by proper feeding, and 
evaluation of the sexual maturity condition of females.

4.1.1.  Holding in hapas

A ‘hapa’ is a fixed net enclosure, similar to an inverted mosquito net.  It is made out of 
polyethylene netting with joints in nylon thread, double stitched to prevent splitting.  
The standard size is 1 m (width) by 1 m (length) by 1 m (depth).  The mesh sizes are 
usually 1.0 to 2.0 mm (blue material in Figure 6), and 5.0 to 6.0 mm (black material in 
Figure 6, also called B-net).  The thinner mesh (blue in Figure 6) is used to hold fry and 
small fish, whereas the broader mesh (black in Figure 6) may be used for larger fish.

Potential male and female breeders should be kept separately in hapas (Figure 6) 
installed in fertilized ponds at a stocking density of three fish per hapa if their live 
weight is up to 200 g, and two per hapa if the fish are heavier.  Because of the generally 
greater live weight and more aggressive behavior of males, these may have to be stocked 
at a lower density per hapa.  Individual breeders will then be exposed to the same 
reproduction-triggering factors at the same time.  Furthermore, holding potential female 
breeders together might help synchronize spawning by exchanging social stimuli (e.g. 
pheromones).  Stocking of breeders in hapas makes the handling and retrieval of fish 
during selection of breeders relatively easy.

Conditioning may also take place in larger hapas [e.g. 1.5 m (width) by 4 m (length) by 
1 m (depth)].  In such cases the stocking density may be up to 20 fish per hapa.

4.1.2.  Conditioning of breeders

Breeders should be conditioned at least two weeks prior to stocking in breeding hapas. 
During conditioning, Tilapia breeders are fed a balanced feed (about 30 per cent crude 
protein) at a feeding rate of 2 to 5 per cent of their body weight.
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4.1.3.  Evaluation of sexual maturity condition

After conditioning, the female breeders should be checked for their readiness to spawn 
by visually examining their morphological characteristics. Female breeders are then 
categorized in one of the following maturity conditions: ‘ready to spawn’ (RS), ‘swollen’ 
(S), ‘not ready to spawn’ (NRS), and ‘has spawned’ (HS).  Descriptions of these four 
categories are given in Table 2 and Figures 2 to 5.  Female breeders categorized as ‘ready 
to spawn’ are first selected for pairing with a male in a breeding hapa.

Category Code Morphological characteristics
Days until 
spawning

Ready to spawn RS
Pink to red and protruding genital papilla, fully 
opened genital pore, and distended abdomen 3 to 7

Swollen S
Pink to yellow genital papilla, slightly opened 
genital pore, and slightly distended abdomen

5 to 10

Not ready to 
spawn

NRS
White to clear and flat genital papilla, and 
normal abdomen

21 to 30

Has spawned HS
Red genital papilla, and shrunken to 
compressed abdomen

15 to 30

Table 2.  Different categories of sexual maturity of female Nile Tilapia and the expected number of 
days until spawning.
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Figure 2. ‘Not ready to spawn’ (NRS) female of Nile Tilapia.  Note the white, 
clear and flat genital papilla, and normal abdomen (top), and absence of egg 
development inside the visceral cavity (bottom).
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Figure 3. ‘Swollen’ (S) female of Nile Tilapia.  Note the pink to yellow genital 
papilla, slightly opened genital pore and slightly distended abdomen (top), and 
eggs beginning to develop inside the visceral cavity (bottom). 
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Figure 4. ‘Ready to spawn’ (RS) female of Nile Tilapia.  Note the pink to red and 
protruding genital papilla, fully opened genital pore and distended abdomen 
(top), and eggs developed inside the visceral cavity (bottom). 
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Figure 5. ‘Has spawned’ (HS) female of Nile Tilapia.  Note the red genital papilla 
and shrunken to compressed abdomen (top), and that eggs have been released 
(bottom).
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4.2.  Breeding in hapas

Tilapias are known to spawn in tanks, ponds or in small cages (breeding hapas) within 
ponds.  The GIFT technology uses breeding hapas (1 x 1 x 1 m3) installed in a pond to 
enable a controlled production of a large number of full and half-sib families.

4.2.1.  Preparation of facilities

The breeding pond should first be totally drained, and then allowed to dry for at least 
two weeks before liming and refilling with water at a level of 80 cm.  Liming is usually 
carried out at a rate of 100 to 300 g per square meter.  The water inlet and outlet should 
both be covered with a fine-meshed wire screen to prevent the entry of predators into the 
pond.  One or two weeks prior to stocking the breeders, the pond should be fertilized 
[2 000 kg chicken manure and 100 kg inorganic fertilizer (N:P:K in the ratio 16:20:0) 
per ha] to stimulate the production of natural food.  Breeding hapas should then be 
installed in the pond in rows with enough space to enable water circulation (Figure 6).  
Breeding hapas for two females to be mated with the same male are installed opposite 
each other to facilitate an easy transfer of the male.

4.2.2.  Mating design and procedure

A mating plan should be prepared combining all selected breeders.  Generally, each male 
breeder is mated at random to two female breeders in a nested mating design to produce 
paternal half-sib families. This will allow the calculation of phenotypic and genetic 
parameters (i.e. heritability, phenotypic and genetic correlations), which are necessary for 
calculating breeding values.  It is important to avoid mating of closely related individuals 
(i.e. full-sibs, half-sibs or cousins) to prevent inbreeding depression.

4.2.3.  Stocking of breeders

The female breeders should be stocked into the breeding hapas before the males.  The 
males are then transferred to the females that are most ready to spawn. After fry are 
produced and collected, the males are separated from the female and immediately 
transferred to the hapa where the second female is stocked. Spent females that produce 
less than 200 fry should be conditioned (by proper feeding) in the breeding hapa and 
mated again with the same male until they produce a satisfactory number of fry. The 
Tilapias being mated should not be fed when the female breeders are expected to spawn 
since this might cause the females to swallow the eggs.
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Figure 6.  Breeding and nursery hapas (blue) and B-net rearing hapas (black) 
installed in rows with enough space to enable water circulation.
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4.2.4.  Mouth clipping of males 

To avoid, or at least reduce, mortalities the body weights of female and male breeders 
should be as close as possible to each other.  If the male breeders are much larger (say, 
greater than 30 per cent) than their female counterparts, it is necessary to carry out mouth 
clipping of male breeders before transferring them to the breeding hapas (Figure 7). The 
male breeders should be anesthetized before removing their upper lips, and the wounds 
should be disinfected using an antiseptic preparation (e.g. Betadine, 10 per cent solution). 

4.2.5.  Fry collection

The first fry collection may be done 10 to 14 days after stocking the breeders (Figure 
8). The hapa is first divided into two compartments to separate the female and male 
breeders to reduce stress when checking the females. The fry should be collected early in 
the morning to avoid stress and mortalities.  Females with incubating eggs or yolk sac fry 
in their mouth should remain in the breeding hapa until  yolk absorption is complete 
or until the fry are in the free-swimming stage.  Eggs or yolk sac fry that have been 
accidentally released from the mouth of the female can be collected and transferred to 
artificial incubators.  Both fry and eggs should be rinsed and counted before transferring 
them to the nursery hapas or artificial incubators.

4.2.6.  Artificial incubation

Eggs or yolk sac fry that are accidentally released from the female breeders can be 
transferred to artificial incubators (Figure 9).  It is important to ensure a constant flow-
through of water to the incubators to optimize the environment for the eggs or yolk sac 
fry. The eggs usually hatch after 2 or 3 days.  The fry are incubated until yolk absorption 
is complete and are then transferred to nursery hapas.
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Figure 7.  Mouth clipping of male Nile Tilapia that are much larger than the 
female breeders to reduce their aggressive behavior.
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Figure 8.  Fry collection from breeding hapas and rinsing of fry before 
transferring them to the nursery hapas.
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Figure 9.  Accidentally released eggs should be transferred to artificial 
incubators.
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4.3.  Rearing of families 

Fry that are collected from the breeding hapas should be reared separately until they are 
large enough to be tagged.  Individual tagging will ensure that the pedigree of all fish can 
be recorded in the breeding program.

4.3.1  Rearing in nursery hapas

Fry are transferred to nursery hapas (1 x 1 x 1 m) at a density of 150 to 200 fry/m3.  
Families with more than 200 fry are stocked in several nursery hapas.  All nursery hapas 
should be installed in the same pond and a similar density of fry should be maintained 
in all hapas to reduce environmental differences between families. The fry are reared for 
21 days in nursery hapas and then transferred to B-net cages.

4.3.2.  Rearing in B-net cages

The fry are transferred to B-net hapas (1 x 1 x 1 m) to allow better water circulation and 
improved growth.  The density of fry should be reduced to 100 to 150 per m3, and the 
fry should be reared for another 21 days until they reach a live weight of at least 3 to 5 g, 
and are ready to be tagged.

4.4.  Collection of breeding data
 
A successful breeding program will partly depend on a well-organized collection of data.  
Recording the live weight of all breeders to ensure matching males and females by size is 
highly desirable.  With experience, the allocation of males to females may be done based 
on a visual assessment of their size.  Furthermore, it is necessary to keep records of the 
number and mean body weight of fry collected from each breeding hapa (Figure 10), of 
fry stocked in each nursery hapa, and of fingerlings transferred to and collected from each 
B-net hapa.  These records are important to ensure that enough fingerlings are produced 
and that the rearing conditions are standardized for all full-sib families.  A number of 
forms used to record these and other data in the GIFT project are given in Appendix A.  
These forms may, of course, be modified to suit the specific needs of each individual 
project.  They are presented as a guide to researchers initiating their data collection.

4.5.  Anesthetization

The fish should be anaesthetized to reduce or eliminate the stress experienced during 
handling in connection with sampling and tagging. The Tilapia fingerlings or breeders 
should be conditioned in tanks with aeration for 1 to 2 days before the anesthetic 
is applied.  The fish should not be fed during this conditioning period.  In the GIFT 
project, tricaine methanesulphate, or MS222 (at a concentration of 0.33g l-1) was found 
to be the most effective anesthetic for Tilapias.  However, the fish should be removed 
immediately from the anesthetic solution when they turn on their side and allowed to 
recover in basins with aerated freshwater.  Prolonged exposure to the anesthetic solution 
may irreversibly damage fish health.  The fish are expected to regain full mobility after 
2 to 3 minutes.
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Figure 10.  Counting and bulk-weighing 
full-sib families of fry collected from 

separate breeding hapas.




