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Preface 
 
 
This manual is directed towards those persons with an interest in 
learning more about tilapia culture, the fundamentals of tilapia 
reproduction and rearing of fry on the fish farm. It was prepared for 
individuals that already have some experience in the culture of tilapia or 
other species of fish. 
 
The production of tilapia for sale in local markets has expanded rapidly 
in Latin-America in the past few years, in part as a response to the 
growth of commercial production and export of tilapia to markets in 
North America. A factor that has limited the development of tilapia 
production in the region is the lack of quality seed available during the 
entire year. 
 
Tilapia seed consists of the fry and fingerlings required to stock a pond 
or tank to commence a new production cycle. Typical of any agricultural 
production system, having available good quality seed at the correct 
moment is crucial to obtaining a good harvest and making a profit. 
 
The technical terms and words underlined in the text of the manual are 
included and defined in the glossary at the end of this document. 
 
We thank Fany Ramos, Adonis Galindo, Franklin Martinez and Claudio 
Castillo for their multiple and important contributions to this manual.  
 
Daniel E. Meyer and Suyapa Triminio Meyer 
 
Escuela Agrícola Panamericana 
Apartado Postal 93 
Tegucigalpa, Honduras 
Tel: 504-776-6140 ext. 2107 
Fax: 504-776-6248 
 
dmeyer@zamorano.edu 
  
smeyer@zamorano.edu 
 

 
 
 
 
 
 



 6 

List of figures 
 
 
Figure 1. A Nile tilapia adult (Oreochromis niloticus).     
 
Figure 2. A red tilapia adult (Oreochromis sp.).      
 
Figure 3. A white tilapia adult (Oreochromis sp.).      
 
Figure 4. A Java tilapia adult male (Oreochromis mossambicus).    
 
Figure 5. A female red tilapia incubating eggs in her oral or buccal cavity.   
 
Figure 6.  A female Nile tilapia incubating sack-fry in her oral or bucal cavity.  
 
Figure 7. Some developing tilapia eggs.       
 
Figure 8. Three tilapia sack-fry each of approximately 7 mm total body length.  
Each fry still has a considerable amount of yolk for its nutrition and at this stage of 
development is unable to swim in the water. 
 
Figure 9. Some tilapia fry with total body length of appromately 12 mm.   
These fish are about 10 to 12 days post-fertilization. They have absorbed 
all of the yolk sack, can swim freely in the water and consume food items 
orally. 
 
Figure 10. Some anatomical parts useful in identifying adult male tilapia.   
Fish of total body length ≥ 15 cm should be used to practice. The photograph 
shows the fish’s ventral side, with its head to the right and tail to the left. 
 
Figure 11. Some anatomical parts to useful in identifying adult female tilapia.  
It is difficult to identify virgin females (fish that have never laid eggs). 
The photograph shows the ventral side of the fish with its head to the 
right and tail to the left. 
 
Figure 12. An adult female tilapia dissected to show her ovaries (yellow) and  
developing eggs in the reproductive tract. 
 
Figure 13. Nests constructed by male tilapia in the bottom of a recently   
drained pond. 
 
Figure 14. Capturing free-swimming tilapia fry with a “hapa” in a pond used  
for reproduction. 
 
Figure 15. Some anatomical details to assist in the identification and selection  
of Nile tilapia brood stock. The Nile tilapia fish have vertical dark bands on 
each side of the body and several clear bands that are continuous across 
the caudal fin.   
 
 



 7 

Figure 16. The correct manner to hold a tilapia in your hand to avoid the   
spiny rays of the dorsal fin that can easily puncture human skin. 
 
Figure 17. Illustration of the functioning of an artificial incubation system   
for tilapia eggs. The incubation chamber is an inverted cone partially immersed 
in the tank of water. The eggs are maintained suspended by a continuous 
flow from underneath from the water source. Water over flowing from the 
cone passes thru the horizontal tube. 
 
Figure 18. A hand net useful in capturing tilapia fry (left) and a harvest basin  
in front of the drain structure in an earthen pond (right).  
 
Figure 19. Hapas arranged in a pond and managed intensively with adult   
fish for fry production.  
 
Figure 20. An incubator containing approximately 500,000 tilapia eggs.   
The eggs are suspended by a flow of water from the central supply tube.  
 
Figure 21. A separator for tilapia fry. The separator consists of a PVC frame  
and 3 mm mesh plastic netting. Any fry > 12 mm will be retained in the 
separator and smaller individuals will easily swim thru the netting and 
be separated from the larger fish. 
 
Figure 22. Counting individual fry while passing them from one container   
to another. 
 
Figure 23. Estimating the number of fry by the gravimetric method. The average  
weight of the fish is determined with a precision balance. From there on the 
numbers are estimated by weighing the fry in lots or groups during their 
transfer from one container to another. 
 
Figure 24. Estimating fry numbers by the water displacement method.   
The volume of water displaced by a known number of fry is determined. 
From there on the number of fry is estimated by how much water each lot 
or group displaces.  
 
Figure 25. Estimating fry numbers by visual comparison of populations.   
After individually counting fry into a plastic dish with water, a second identical 
dish is prepared and fry added until the populations appear equal, 
seen from above. 
 
Figure 26. The person responsible for preparing the feed with the hormone  
should use appropriate protection and work in a well- ventilated, cool 
environment. The gloves help protect against cutaneous absorption 
of the hormone. 
 
Figure 27. The materials and equipment required for preparing feed with   
the hormone include a precision balance (0.01 g), the MT, glassware, 
ethyl alcohol (95%) and a plastic mixing bowl (not shown).  
 
 



 8 

Figure 28. A bag for transporting fingerlings shaped like a sausage. The   
plastic material for making this type of bag comes in a tubular shape 
(90 cm wide). The bag is made by sealing each end with large rubber bands. 
This type of bag can hold up to 40 L of water.  
 
Figure 29. A flat-bottomed bag for transporting fingerlings. This bag is   
37 x 37 cm on the bottom and 55 cm high.   
 
Figure 30. A fingerling transport bag with a double seal on the bottom   
for increased strength.  
 
Figure 31. The process of tempering fish to the conditions of the receiving   
waters. The sealed bag is floated on the water surface to commence the 
tempering process and equilibrate the temperature between the water in 
the bag and the receiving water. Later, the bag is opened and receiving 
water is added slowly, tempering the fish to their new environment. 
 
Figure 32. At the conclusion of the tempering process, the bag is inverted   
and the fish are transferred to their new place of culture. 
 



 9 

List of tables 
 
Table 1. Some water quality parameters to consider in managing    
the reproduction of tilapia. 
 
Table 2. The water temperature and recommended duration of    
each production cycle for tilapia fry captured with a single total 
harvest management strategy. 
 
Table 3. The estimated number of tilapia fry recommended for    
shipment in plastic bags inflated with pure O2.  
 
Table 4. A comparison of the estimated production costs (USD)    
for red and Nile tilapia fry (≤12 mm total body length) harvested 
from concrete tanks (7.5 x 2.0 x 1.0 m) and earthen ponds 
(10.0 x 10.0  x 1.0 m) in Zamorano, Honduras. 
 
Table 5. The estimated costs (USD) for the production of sex-reversed   
Nile and red tilapia fingerlings in concrete tanks (7.5 x 2.0 x 1.0 m) 
in Zamorano, Honduras. 
 
Table 6. A comparison of the relative quantities and costs (USD)    
to produce all-male Nile and red tilapia fingerlings in a concrete tank 
(7.5 x 2.0 x 1.0 m) in Zamorano, Honduras. 
 



 10 

 
 

Practical manual: reproduction and rearing 
of tilapia fry 
 
1. Introduction 
 
The term “tilapia” refers to many species of cichlid fish found naturally in Africa 
and the Middle East. Presently it is the most important fish in aquaculture for 
Central America and the second most important in Latin America. There are 
many native species of fish in Central America, but none of the local fish known 
today has the attributes and characteristics that equal or surpass tilapia for 
culture. 
 
Tilapia is a fresh water fish that resists handling and can easily adapt to captivity. 
These fish have few, or infrequent, episodes with pathogens. Tilapia is a robust 
fish that consumes phytoplankton, detritus and a variety of natural and artificial 
feeds. They have a fast growth rate and flesh which has an attractive color, solid 
texture and excellent flavor.  
 
Tilapia adapt to saline (up to 10,000 ppm of salt) and brackish water (from10,000 
to 20,000 ppm of salt). In some genetic lines, the fish can tolerate high salinities 
similar to full strength sea water (20,000 to 36,000 ppm of salt). Generally at 
salinities above 25,000 ppm tilapia show a reduced ability to reproduce.  
 
Tilapia typically can reproduce on farms all year long in fresh water and at 
temperatures above 23° C. These fish sexually mature at an early age (three or 
four months) and at a small size (about 15 cm total body length). 
 
In the Central American region there are thousands of fish farms, the majority are 
small-scale for producing fish to be consumed at home, or medium-scale farms 
with occasional sales of fish to neighbors and in local community markets. These 
fish farms are often marginally functional and operate with a variety of serious 
limitations. Fish culture is not a part of the traditional agricultural practices of 
farmers in this region.  
 
To improve the possibility of success for these small and medium-scale fish 
farms, many receive subsidies provided by non-governmental organizations 
(NGOs) or governmental agencies (GOs). These subsidies generally include 
technical assistance to the farmers, payment for the acquisition and transport of 
fingerlings for stocking in the ponds, and funds for purchasing other inputs. 
 
The history of the past 30 years shows that fish culture projects artificially 
supported by subsidies are rarely viable on the long term. The subsidies become 
indispensable components required to maintain the beginning fish farmer 
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culturing tilapia. Eventually the subsidies disappear and the fish farmer alone is 
not able to continue, or loses interest in, the activity. 
 
One important decision that the fish farmer has to make is to decide which 
species or variety of fish to culture. Presently in Central America there are many 
genetic lines of tilapia that are being cultivated. Below is a brief description of 
several of the tilapia lines most important in the region. 
 
 
Nile tilapia: The Nile tilapia (Oreochromis niloticus) is a species with blue-grey 
coloration (Figure 1). It is most important tilapia species cultured world-wide. It is 
a robust fish with fast growth, very resistant to pathogens and parasites. It 
reproduces easily on the farm without any management or special conditions. 
 

 
 
Figure 1. A Nile tilapia adult (Oreochromis niloticus). 
 
 
Red tilapia: The genetic lines of red tilapia are derived from a small group of 
individuals of the Java tilapia (O. mossambicus) found in the 1980´s with 
unusual pigmentation (Figure 2). These red fish were mutants. Actually there is a 
great amount of variety among the several red tilapia lines being cultured in 
Central America today and these fish present a broad range of colors and a 
confusing pedigree. 
 
Two of the most popular lines are the Florida and Jamaica red tilapia. These fish 
can have different colors, including pink, orange or yellow, but are referred to as 
red tilapia. 
 
Red tilapia has a fast growth rate, similar to the Nile tilapia. They are less prolific 
than the grey fish in their reproduction. The red fish are very visible in the water 
and more susceptible to predatory birds than the Nile tilapia. 
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Figure 2. Red tilapia adult (Oreochromis sp.). 
 
 
White tilapia: Recently a tilapia with very little pigmentation, known as the white 
tilapia (Oreochromis sp.), was introduced to Central America (Figure 3). It is an 
attractive fish with a fast growth rate. White tilapia are prolific in their reproduction 
and have the reputation of being able to tolerate, better than other genetic lines, 
water temperatures below 25º C. 
 

 
Figure 3. White tilapia adult (Oreochromis sp.). 
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Java Tilapia: The Java tilapia (O. mossambicus) was the first species of tilapia 
introduced to Central America in the 1950s (Figure 4). There are still many Java 
tilapia in the rivers and lakes in the region, even though it is not an important 
species for culture today. 
 
The Java tilapia is prolific in its reproduction and these fish have a lot of dark 
pigmentation. Males have a strong black coloration, which makes it easier to 
identify their sex. The male genital papilla is cream colored, another 
characteristic that helps sexing adult Java tilapia fish. In captivity, Java tilapia 
typically sexually matures at a younger age and smaller size than other varieties 
and species of tilapia. 
 

 
 
Figure 4. Java tilapia adult male (Oreochromis mossambicus). 
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2. Optimum conditions for tilapia reproduction 
 
 
Tilapia easily and spontaneously reproduces on the fish farm in fresh water at a 
temperature above 23° C. They do not require any special conditions or 
inducement to reproduce, as is required with many other cultured fish species. In 
order to control and manage their reproduction, the fish should be held under 
optimum conditions, as described in Table 1. 
 
 
 
 
 
 
 
 
Table 1. Some water quality parameters to consider in managing the 
reproduction of tilapia. 

 
Parameter: Values or range: Comment/observation: 

 
 
Local elevation 
above sea level 

 
 

≤1200 m 

Air and water temperatures are influenced by 
the local elevation. In many parts of central 
America at locations above 1200 m the 
climates are cool and temperatures are not in 
the optimum range for the reproduction and 
rearing of tilapia fry, a tropical fish. 
 

 
 
Temperature 

 
 

24 to 32° C 

Tilapia is a tropical fish adapted to warm 
climates. At temperatures below 23° C their 
grow rate is slowed, their reproduction is 
reduced and their culture is marginally 
profitable. 
 

 
 
Dissolved oxygen 
concentration 

 
 

≥ 3 ppm 

Tilapia is resistant to poor water quality 
(hypoxia) and will “pipe” at the water surface, 
usually in the early morning hours, when not 
enough dissolved oxygen is present in the 
water. 
 

 
pH of the water 
 

 
6.5 to 9.0 

 
 

 
Water transparency 
(Secchi disk) 
 
 

 
20 to 100 cm 

Fish communicate visually but tilapia will 
readily reproduce in turbid water. 
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3. Tilapia life cycle 
 
The different tilapia species, genetic lines or varieties cultured in different parts of 
the world practice the oral maternal incubation of eggs, embryos and newly 
hatched larval-fish and fry, as part of their reproductive cycle (Figures 5 and 6). 
Tilapia are oviparous fish and fertilization of the eggs is external (= in the water).  
 
Newly laid fertilized egg: Tilapia eggs are ellipsoidal in shape, about 2 mm in 
length and have a yellow-cream color (Figure 7). Each egg contains a large 
amount of yolk that is a source of nutrition and energy to sustain the 
development of the embryo and fish larvae during their first days of life. The eggs 
are incubated inside the oral cavity of the female in tilapia species used for 
culture in Central America. The first division or cleavage of the zygote occurs 
about 90 minutes after it has been fertilized by a sperm. 
 
Incubating egg: At ± 24 hours post-fertilization small pigment spots appear on 
the developing embryo still inside the chorionic or egg membrane. 
 
Developed embryo: The embryo develops consuming the yolk contained within 
the egg. Hatching of the larval fish occurs about four days post-fertilization. 
 
Fish larvae hatchling: The recently hatched fish-larvae continue their 
development absorbing the contents of yolk (Figure 8). At this stage the fish-
larvae are still protected within the oral cavity of the female. The mouth of the 
fish-larvae is not functional and they are unable to swim due to the presence of 
abundant yolk. 
 
Fish-larvae in full development/incubation phase:  As the fish-larvae develop 
they consume the contents of the yolk. The fish fins are developing but they are 
still unable to swim effectively. 
 
Fish-larvae finalizing yolk-sack absorption: Several days post-hatching, the 
yolk is almost completely absorbed and the mouth begins to function for 
ingestion of food items. 
 
Tilapia fry: After finalizing the absorption of the yolk contents the fry is able to 
swim freely in the water, ingest food with its mouth and become independent 
from the female (Figure 9). Fry at this point in their lives are 10 to 12 mm in total 
body length. 
 
Sexual maturity: Under the artificial conditions of a fish farm, Nile tilapia attains 
sexual maturity at three to four months of age and 40 to 50 g of weight. The Java 
tilapia (O. mossambicus) reaches maturity in less time and can reproduce at a 
body weight of barely 10 g. 
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Figure 5. A female red tilapia incubating eggs in her buccal cavity. 
 
 

 
 
Figure 6.  A female Nile tilapia incubating sack-fry in her buccal cavity. 
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Figure 7. Some tilapia eggs in its embryonic development. Each egg has an 
approximate length of about 2 mm. 
 

 
 
Figure 8. Three tilapia sack-fry each of approximately 7 mm total body length. 
Each fry still has a considerable amount of yolk for its nutrition and at this stage 
of development is unable to swim in the water. 
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Figure 9. Photo of tilapia fry of approximately 12 mm total length and 10 to 12 
days post-fertilization. These fish don’t have yolk from the egg remaining; they 
can swim in the water and ingest food orally.     
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4. Differentiating between male and female tilapia 
 
Fish farmers culturing tilapia have to be able to identify male and female fish 
(Figures 10 and 11). A sexually mature male tilapia ordinarily develops a different 
color and more aggressive behavior than the female. This pre-nuptial coloration 
identifies the individual as sexually mature and constitutes part of the 
communication between fish of both sexes of the population. 
 
 

 
 
 
Figure 10. The anatomical partes to assist in identifying adult male tilapia. Fish 
of total body length ≥ 15 cm should be used to practice. The photograph shows 
the fish’s ventral side, with its head to the right and tail to the left. 
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Figure 11.The anatomical partes to assist in identifying adult female tilapia. It is 
difficult to identify virgin females (fish that have never laid eggs). The photograph 
shows the ventral side of the fish with its head to the right and tail to the left. 
 
The sex of male fish can be determined by inspection of the genital papilla, 
located immediately posterior to the anus. In male fish the papilla is elongated, 
pointed, and the orifice of the urethra is found at its distal end. In male fish the 
urethra is a common duct for the urine and release of milt in reproduction. 
 
A female tilapia has a broader and less pointed, more rounded genital papilla. 
The orifice of the oviduct is present close to the base of the papilla. The eggs are 
expelled from the fish’s body via this orifice. The oviduct orifice in small females 
(< 5 cm total body length) that have not yet reproduced (virgin females) is more 
difficult to identify. 
 
Female tilapia eggs have an unsynchronized internal development (Figure 12). 
This means that at any moment the reproductive tract of a female fish contains 
eggs at different stages of development along its oviducts. 
 
Each time a female lays eggs she deposits only a fraction of the total in her 
reproductive tract. She lays only those that are proximal to the oviduct orifice and 
completely mature and fully developed. The remaining eggs in her reproductive 
tract are immature, and they will continue to develop to be laid in future 
reproductive cycles. 
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Figura 12.  An adult female tilapia dissected to show her ovaries (yellow) and 
developing eggs in the reproductive tract. 
 
Nest building by the male tilapia. The sexually mature male commences the 
reproductive process by building a nest on the bottom of the pond. Tilapia nests 
are circular excavations in the form of craters (Figure 13).  
 
The male removes sediment with his mouth to form the nest. Usually the 
diameter and depth of the nest increase with the water depth. Under culture 
conditions tilapia nests are typically 30 to 50 cm in diameter and 10 to 20 cm 
deep. Each male defends aggressively a territory around the recently constructed 
nest. 
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Figura 13. Nests constructed by male tilapia in the bottom of a recently drained 
pond. 
 
Courtship and egg laying. A sexually mature male is capable of identifying and 
attracting a mature female to his nest. The newly formed pair spends time in 
courtship swimming near, and making passes thru, the nest along the pond 
bottom. This activity can last from several minutes or hours. Eventually, the 
female swims thru the nest, lowers her posterior body, and deposits a small 
amount of eggs on the bottom. Next the male swims thru the nest and deposits 
milt on the eggs. The female returns to the nest and sucks the eggs into her 
mouth cavity.  
 
This process is repeated over and over until the female has no more mature 
eggs to be laid. The male continues to deposit milt in the nest and this is 
suctioned into the mouth cavity of the female. Supposedly this taking of 
additional milt is to assure that all eggs in the female’s mouth will be fertilized. 
 
 
Egg incubation in the female’s oral cavity. Once egg laying, fertilization and 
accommodating the eggs in her oral cavity are completed, the female abandons 
both the nest and her male mate to begin the incubating process. 
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The eggs in her oral cavity are well protected during this vulnerable and 
important stage of their development. The incubation period varies from 5 to 15 
days in length. The water temperature has a strong indirect influence on the 
length of time required for the development of the incubating embryo, hatching of 
the fish-larvae and their continued development into fry. The recommended 
range of temperatures for tilapia egg incubation is 23-32º C. 
 
It is assumed that incubating females are not capable of ingesting food items. As 
a consequence, incubating females do no gain weight and their growth is slowed. 
 
Eventually the fry leave the safety of the female’s oral cavity to commence an 
independent life. Tilapia fry form schools for increased protection. These schools 
or shoals can be found along the pond edge and the fish are easily captured 
using fine-mesh hand nets. 
 
Once the fry fully develop and become independent and abandon the female’s 
oral cavity, she can resume consuming food items and prepare for the next 
pairing with a male fish. 
 
 
 

 
 
Figure 14. Capturing free swimming tilapia fry with a “hapa” in a pond used for 
reproduction. 
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5. Managing tilapia for fry production 
 
 
The objective of each production cycle with tilapia brood stock is to produce the 
greatest number of fry uniform in age and stage of development (body length of ≤ 
12 mm) to enter the subsequent sex reversal procedure. The following are some 
general considerations for the production of tilapia fry. 
 
1. Production units (earthen ponds, tanks and hapas): Tilapia is a resistant 
and hearty fish that easily reproduces on the farm, almost spontaneously. No 
special infrastructure, technical training or sophisticated conditions are required 
for successful production and rearing tilapia fry on the farm.  
 
These fish will reproduce in almost any type of water container where conditions 
permit their survival and the temperature is above 23º C. This includes having the 
fish in earthen ponds, ponds with plastic or rubber liners, concrete or fiber-glass 
tanks, and in cages or hapas made of fine-mesh netting (≤1 mm). Normally the 
ponds and tanks used for tilapia reproduction have water depths of 
approximately 1 m. 
 
At the completion of each fry production cycle in earthen ponds it is necessary to 
remove all of the brood stock, completely drain the pond, and prepare the unit for 
another production cycle. By draining, any and all remaining fry will be eliminated 
from the unit. 
 
Frequently the adult fish are mistreated, physically damaged and occasionally die 
when harvested from ponds with earthen bottoms and using seines. The 
mistreatment and damage to the adult fish is often reduced when they are 
managed in plastic or rubber-lined ponds, or in concrete or fiber-glass tanks.  
 
 
2. Selection of adults as brood stock: It is outside the scope of this practical 
manual to discuss in detail the fundamentals of genetic improvement and 
breeding of fish on a functioning farm. The following are suggestions, guidelines 
and recommendations to assist in selecting fish as brood stock for on-farm 
production of tilapia fry and fingerlings. Several genetics books are mentioned in 
the useful bibliography section of this manual and should be consulted for 
additional information on this important topic. 
 
Always choose healthy and robust individuals as brood stock animals. The 
selected fish should present the physical characteristics (general body shape, 
color) for the species or genetic line you are interested in producing. 
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Nile tilapia: Select fish that appear healthy and have robust bodies. Reject any 
fish that has body lesions or damage to fins and lost scales. Fish with at least six 
vertical dark bands on each side of the body and several clear bands at the base 
of the tail should be selected (Figure 15). 
 
Red tilapia: Choose healthy and robust individuals with uniform color and 
appearance. There are a variety of colors among red tilapia (red, yellow, orange, 
golden, others). Avoid selecting fish with dark patches of pigmentation.  
 
White tilapia: Select healthy and robust fish with uniform coloration.  
 
Java tilapia: This species is not currently cultured in Central America and 
therefore will not be further discussed in this manual.  
 
 

 
 
 
Figure 15. Some anatomical details to assist in the identification and selection of 
Nile tilapia brood stock. The Nile tilapia fish have vertical dark bands on each 
side of the body and several clear bands that are continuous across the base of 
the caudal fin.   
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Figure 16. The correct manner to hold a tilapia in your hand to avoid the spiny 
rays of the dorsal fin that can easily puncture human skin. This fish clearly shows 
the vertical bands on the side of its body. 
 
 
3. Stocking density for the adult fish: There are many and varied 
recommendations as to the proper stocking density of adult fish in units managed 
to produce tilapia fry and fingerlings. Typically, the recommendations vary 
between two and eight adult fish per m2 of water surface area. 
 
Each adult male can attend to several females. It is recommended to stock two to 
six females per male fish in the reproduction units. Adult fish with a weight of 
between 100 and 700 g should be used to ensure that they are sexually mature 
and facilitate their handling without physical harm to the fish or workers. Very 
large fish (body weight > 700 g) are difficult to manipulate and are easily 
damaged or suffer lesions during harvests and transfers on the farm. 
 
Very small brood stock fish, those just reaching sexual maturity (40 to 80 g), 
produce few eggs and fry. Large adults (> 800 g) reproduce less frequently in 
comparison with smaller and younger brood stock. Large females tend to 
produce greater numbers and bigger eggs than smaller individuals. 
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Normally the number of fry harvested in each production cycle is related to the 
total biomass of females stocked in the production unit. The actual number of fry 
harvested can vary tremendously depending on the species or genetic line of 
tilapia being reproduced, the general condition, age, size, health and nutritional 
status of the brood stock, the water temperature, and other factors. 
 
A production of two or more fry per g of female per month can be harvested from 
production units stocked with Nile tilapia adults. This means that on average, an 
adult female Nile tilapia weighing 500 g will produce approximately 1000 fry 
during each month in a cycle designed for reproduction.  
 
 
4. Incubation of tilapia eggs: By removing or robbing eggs from the oral cavity 
of an incubating female, the time interval between successive reproductions can 
be reduced. This allows for a more efficient use of female brood stock on the 
farm. 
 
Embryos and sac fry (or larval-fish) can be managed in artificial incubators of 
simple design (Figure 17). The idea is to imitate incubation as done by the 
female. During the natural incubation process, she continually moves her 
mandible causing movement among the eggs and passing water thru her oral 
cavity to supply them with oxygen. By using a constant flow of oxygenated water 
from underneath to maintain the eggs in motion, it is possible to imitate the 
natural incubation process under artificial conditions. 
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Figure 17. Illustration of an artificial incubation system for tilapia eggs. The 
incubation chamber is an inverted cone partially immersed in the tank of water. 
The eggs are maintained suspended by a continuous flow of oxygenated from 
underneath. Water over-flowing from the incubation chamber (= cone) passes 
thru the horizontal tube and into the reservoir. 
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6. Managing tilapia reproduction cycles 
 
Basically there are three options in the management of culture units (typically 
ponds, tanks and hapas) allocated for the reproduction of tilapia and the 
production of fish-larvae or fry. The objective is to produce the greatest number 
of offspring of similar size and developmental stage that are suitable for the 
following phase of production. An additional objective is to utilize the females 
efficiently in the reproductive process. 
 
Once the reproduction unit is stocked with adult fish, the options for management 
include: 1. to do partial harvests of fry, 2. to do a single fry harvest at the moment 
of draining the culture unit, and 3. to use the technique of capturing every female 
periodically with the purpose of removing or robbing eggs, embryos and fish- 
larvae from the oral cavity for artificial incubation. 
 
Management of tilapia reproduction with partial harvests of fry: Five to ten 
days after stocking of the brood fish, fry will appear swimming in schools at the 
water’s edge. The time required for observing the first free-swimming fry will 
depend on various factors, most importantly, as always, is the water 
temperature. When water temperature increases, the tilapia fry will appear more 
quickly in each unit. This effect is most noticeable at water temperatures ranging 
from 23 to 32o C. 
 
The free-swimming fry, recently independent from the female, form schools or 
shoals and swim near the waters edge. These schools are easy to capture with a 
hand net made with a fine-mesh netting material (≤ 1 mm). 
 
The partial harvest of fry from each production unit can be done at regular 
intervals (daily or every other day) during each production cycle of 30 to 90 days 
duration using a hand net (Figure 18). It is not recommended to extend the 
production cycles of tilapia fry with this management strategy to more than 90 
days. Each cycle can extend to three months if a good daily effort is made to 
remove all free-swimming fry for the production unit. 
 
In practice, it is not possible to capture all of the free-swimming fry every day of 
the production cycle. Fry that are not captured continue to develop in the 
production unit and will eventually attain a size at which they begin to cannibalize 
the newly formed fry. This cannibalism can have a major negative impact on fry 
production. 
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Management with a single fry harvest: With an intensive management 
strategy, the production units can be efficiently utilized by making a single fry 
harvest.  
 
Typically this strategy is used in earthen ponds of 300 to 500 m2 of water surface 
area. The pond should have a harvest basin (more or less 3 x 3 meters in area 
and 30 to 50 cm deep) constructed of concrete and located in front of the drain 
pipe. Before filling the pond with water, a piece of large mesh netting material (≥ 
12 mm mesh) should be placed on the bottom and sides of the harvest basin and 
held in place by weights or stakes. 
 
A few days after stocking the adult tilapia, schools of fry will appear along the 
pond edge. The total harvest of fry should be carried out by draining the pond on 
a date pre-determined by the water temperature (Table 2). 
 
The pond is drained until water is only found in the concrete harvest basin. At this 
time the net placed in the basin is lifted to remove all of the adult fish from the 
pond, leaving behind all of the fry. The fry are then easily captured using hand 
nets or small fine-mesh seines. 
 
The advantage of this management strategy is that it results in a single harvest of 
a great number of fry similar in age and size, suitable for continuing the 
production process. Normally on a fish farm, working with bigger lots of fry 
produced at 14 to 23 day intervals is more efficient than managing small lots on a 
an irregular basis. 
 
At the finalization of the fry harvest, the pond should be completely drained and 
dried. The net is then placed back in the harvest basin, the pond is filled with 
water and the production cycle is repeated. 
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Figure 18: Hand net useful for the capturing and management of tilapia fry and a 
harvest cage in front of the drainage of an empty pond (right photo). 
 
 
Table 2. The water temperature and recommended duration of each production 
cycle for tilapia fry captured with a single total harvest management strategy. 
(Information taken from: Popma and Green 1990). 
 
 

 
 

Water temperature 
 

 
Duration of fry 

production cycle  
 

≤ 25 C 20 to 23 days 
Between 25 to 28 C 17 to 21 days 

≥ 28 C 14 to 18 days 
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Management with the removal or robbing of eggs and embryos from the 
female’s oral cavity and their artificial incubation: On some commercial 
farms and fish culture experiment stations, adult tilapia are stocked in tanks or 
fine mesh nylon hapas (Figure 19) for fry production using an intensive 
management strategy. Maintaining the adult fish in a relatively small container 
facilitates their capture and contributes to reducing physical damage and stress 
associated with their frequent manipulation required in this management scheme. 

The adults stocked in each reproduction unit are captured at five to seven day 
intervals for the removal of any eggs, embryos and fish-larvae found in the 
female’s oral cavity.  

Adult fish checked manually for offspring are returned to the production unit to 
continue in the reproductive process. The collected eggs and embryos are 
classified according to their developmental stage and placed in special artificial 
incubators. The adult fish managed in this way can remain active and productive 
during several months in the reproduction program. 
 
The artificial incubation of tilapia’s eggs and embryos can be done in various 
types of containers. The objective is to imitate the natural incubation process as 
done by the female tilapia. The eggs and embryos should be maintained 
artificially suspended in a gentle flow of oxygenated water with a temperature 
ranging from 25 to 30º C (Figures 17 and 20).  
 
The proportion of eggs and embryos that survive the artificial incubation process 
varies from 50-80%, similar to the result expected using the natural process 
performed in the oral cavity of the adult female tilapia. The principal advantage of 
artificial incubation is to shorten the time required for each female to prepare and 
mate once more with a male in the next reproductive cycle. 
 
Any fish-larvae of 3 to 4 days post-fertilization can be artificially incubated in 
plastic trays supplied with a gentle and continuous flow of oxygenated water. At 
the end of the yolk-sack absorption, the fry should have attained a total body 
length of 10 to 12 mm, an adequate size to begin the sexual reversal treatment 
process. 
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Figure 19. Hapas arranged in a pond and managed intensively with adult fish for 
fry production.  
  

 
 
Figure 20. An incubator containing 500,000 tilapia eggs. The eggs are 
suspended by a flow of water from the central supply tube.  
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7. Rearing and sex reversal of tilapia fry 
 
The sex reversal procedure involves treating tilapia fry with a hormone to direct 
their sexual development and produce all-male populations. The hormone is 
effective only with fry that are less than or equal to 12 mm of total body length. 
Larger fish do not respond to the hormone since the development or 
differentiation of their gonads (sexual organs) has already commenced. 
 
Selection of fry according to size 
Typically, fry of various sizes are harvested from reproduction units. In order to 
homogenize each lot and eliminate any fish that exceed the 12 mm total body 
length, a selection or separation of the fry is done immediately after their capture 
or harvest. 
 
The apparatus to separate or homogenize the fry is simply a net enclosure of 3 
mm mesh in the form of a small cage or box. All of the fry captured in the 
reproduction units are deposited into the separator which is floated inside of a 
tank or fine-mesh hapa. 
 
Fry of adequate size (≤ 12 mm total body length) pass through the mesh of the 
separator and into the tank or hapa. Any fry or fish larger than 12 mm in length 
are retained inside the separator. By this procedure, all large fish are removed 
from the population to be sex reversed.  
 

 
 
Figure 21: A separator cage for fry. The apparatus consist of a PVC tube frame 
covered with a net mesh of 3 mm. Any fry larger than 12 mm remains in the cage 
while ones that are less than 12 mm pass through the mesh easily.   
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Counting tilapia fry 
 
There are four commonly used techniques for counting fish fry, which are 
described below (also see Figures). 
 
a. Individual count technique: Using a small hand net or plastic spoon, proceed to 
count fry one by one as they are passed from one container to another (Figure 
22). This technique is precise and useful for enumerating small groups of fish, 
but is too tedious and time consuming for counting lots bigger than several 
hundred or thousand fish. 
 
b. Gravimetric technique: Determine the average weight of a known number of 
fry without water. Then the rest of the fry are weighed in groups to estimate their 
numbers (Figure 23). The fry are weighed in a previously weighed container, 
such as a plastic strainer, and then counted one by one to estimate their average 
weight. For this technique it is indispensable to have a precision balance and fry 
of uniform size. 
 
c. Water displacement technique: Fry are transferred to a container (beaker or 
graduated cylinder) with a measured volume of water. The fry are then counted 
and their number is related to the increase in the volume observed in the 
container. Additional fry numbers are estimated by the water they displace in the 
container. Again it is important to use this method with fry of uniform size. 
 
Example: The addition of 300 fry to a graduated cylinder causes the volume to 
increase by 50 ml. Therefore, each fry displaces 0.17 ml (= 50 ml/300 fry). Now 
fry can be added without counting them and their numbers estimated by the 
volume of water they displace. 
 
d. Visual comparison of fry population: Several identical plastic trays or bowls are 
required for this technique. Each bowl is prepared with an equal amount of clean 
water (Figure 25). It is recommended to use bowls made of white, yellow or clear 
colored plastic. 
 
Fry are counted one by one into the first bowl. Then fry are added to additional 
bowls until the populations appear equal thru visual comparison. It is best to 
observe the bowls from directly above. After a little practice and experience, this 
method provides a simple and quick way to enumerate large numbers of fry with 
sufficient precision (± 5%) for most farms. 
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Figure 23. Estimating the number of fry by the gravimetric method. The average 
weight of the fish is determined with a precision balance. From there on the 
numbers are estimated by weighing the fry in lots or groups during their transfer 
from one container to another. 

Figure 22. Individual counting of 
fry when they are being moved 
to another recipe. 
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Figure 24. Estimating fry numbers by the water displacement method. The 
volume of water displaced by a known number of fry is determined. From there 
on the number of fry is estimated by how much water each lot or group displaces.  
 

 
 
Figure 25. Estimating fry numbers by visual comparison of populations. After 
individually counting fry into a plastic dish with water, a second identical dish is 
prepared and fry added until the populations appear equal, as seen from above. 
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Process of sexual reversion 
   
Introduction. Probably the most important step to having success in tilapia 
farming is to control, or to eliminate completely, the reproduction of the fish 
during their fattening or grow-out phase of production. If the tilapia is allowed to 
reproduce freely, the pond will quickly fill up with fry and small fish, which will 
compete for the available space, food and oxygen needed to fatten the original 
fish stocked in the pond. In summary, the presence of many tilapia fry and 
fingerlings will interfere with the fattening process and cause stunning of all fish 
in the production unit. 
 
Several techniques or strategies exist to achieve mono-sex populations of tilapia. 
The most widely used technique in most parts of the world is the process of sex 
reversal of the fry. This procedure consists of treating the fry with an androgenic 
hormone to convert all, or almost all fry, to the male sex.  
 
Simply stated, the small fish (≤ 12 mm total body length) consume a feed 
containing methyl-testosterone (MT) offered during 28 days. After 28 days, the 
fish do not receive any more MT. The hormone has the effect of influencing the 
development of the tissues of the gonads of the fish. The MT is a synthetic 
androgen and most (97%) of the tilapia fry treated will develop all of the 
anatomical characteristics and capacities of a normal male fish.   
 
It is very important to treat only small fish with the hormone. A fry smaller than 12 
mm total body length still has undifferentiated gonads but is consuming feed 
orally. This provides an opportunity to modify the sexual development of the fry 
by administering MT in the diet. Tilapia fry with a total body length greater than 
12 mm do not respond well to the MT treatment because their gonads have 
already begun to differentiate into testis (male) and ovaries (female). 
 
This sex reversal technique does not work equally well on all fish species. It does 
work with tilapia fry and the success of commercial tilapia culture in many 
countries is founded on the use of this procedure. 
 
 
Preparation of the food with the hormone 
 
The feed: Fry and fingerlings should be offered a quality feed containing a high 
level of crude protein (≥ 35% protein). The feed should be passed thru a mill or 
grinder to obtain a particle size allowing for easy ingestion by the fry. Large 
particles can be removed from the processed feed by passing it thru a 500 µ 
sieve. 
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Chemically, MT is a steroid insoluble in water but soluble in alcohol. A stock 
solution should be prepared by dissolving 1.00 g of MT in 1000 ml of 95% ethyl 
alcohol. This stock solution will thus contain 1 mg of MT per ml of solution. 
 
The stock solution should be kept in an amber-colored glass bottle maintained in 
a cool environment where it is not in direct Sun light. An ideal place for guarding 
the stock solution is inside of a refrigerator. The bottle should be labeled with the 
date of preparation of the stock solution indicated. The stock solution of MT has a 
shelf-life greater than 90 days under refrigeration.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 26. The person responsible for preparing the feed with the hormone 
should use appropriate protection and work in a well ventilated, cool 
environment. The gloves help protect against cutaneous absorption of the 
hormone. 

Precaution: Methyl-testosterone is capable of provoking cancer in humans 
and is considered a dangerous substance. MT is a synthetic product easily 
absorbed trough the human skin or by inhalation of particles of food with 
the hormone in the air. 
 
The MT is chemically inactivated by UV rays of Sun light and also by high 
temperatures. Always store the feed prepared with the hormone in a cool 
and dark place. 
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Whoever prepares the feed with the hormone must take precautions to avoid 
contamination. The hormone can be absorbed by the human skin. It can also be 
absorbed in combination with feed particles inspired as dust. The person 
responsible for preparing the MT feed should work in a well-ventilated area; and 
always use rubber gloves and a mask to prevent contamination. Never touch the 
prepared food directly with your hands!   
 
 
 
Procedure to follow: 

1. Weigh a kilogram of milled fish feed and place it in a plastic dish or tray 
(see Figures). 

2. With a pipette extract 60 ml of the stock solution of MT in alcohol. 
3. Deposit the 60 ml of the stock solution in a graduated cylinder or beaker 

and add alcohol to reach 500 ml. 
4. Invert the beaker with the 500 ml diluted hormone solution over the food in 

the plastic recipient or tray. 
5. With a spoon, thoroughly mix the feed and MT solution ensuring that all 

the feed is thoroughly wetted. 
6. Continue mixing during five to ten additional minutes.  
7. Then spread the wet feed over a piece of plastic or large tray for drying. 

The alcohol will evaporate in a few minutes to a couple of hours. It is 
important to have the food prepared with MT in a cool place and not in 
direct Sun light. 

8. Once the food is dry, place it in a plastic bag for later use. It is best to use 
black plastic bags and to store the prepared feed in a refrigerator. 

 
 
Warning: It is important when offering the feed that the hormone is given to fry 
no bigger than 12 mm. The hormone has little effect on larger fish. 
 
The newly-hatched fry consume a large amount of feed related to their body 
weight. Typically during the hormone treatment period they consume between 
15- 30% of their weight in food daily.  
 
The daily amount of food to offer should be divided and given in at least four 
portions, two in the morning and two during the afternoon. It is recommended to 
use feeding trays or underwater feeding platforms to be able to observe the fry 
consuming the feed and to supply the proper amount of feed that the fish can 
consume according to their appetite. 
 
The sex reversal procedure is done while holding the fry in concrete or fiber-
glass tanks, in excavated ponds, in cages or hapas. The recommended stocking 
density for fry commencing the sex reversal procedure is from 1000 to 2000/m3 
of water volume.  
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The feed prepared with MT is offered to the fish for a 28-day treatment period. 
When the four weeks are over, the fish do no longer require MT in their diet. 
Typically, tilapia fry attain an average weight between 0.2 and 0.6 g by the 
conclusion of the sex reversal procedure. The proportion of male fry in each 
treated group of fish should be ≥ 97%.  
 
One kilogram of feed prepared with MT is enough for the sex reversal of 
approximately 2000 fry during the 28-day sex reversal period.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Warning: Three common problems in the sex reversal procedure in tilapia are:  
 

1. Problem: Large fry (> 12 mm total body length) are included in the 
group to be treated with MT. The hormone does not have an effect 
on these individuals and many develop as females. 
 
Solution: Use a separator to grade all fry to ≤ 12 mm before 
beginning MT treatment. 

 
2. The feed with MT was not prepared correctly so the treated fry do 

not receive an adequate dose of the hormone. This results in the 
presence of many females in the treated population. 
 
Solution: Follow directions and be precise in preparing the stock 
solution and feed with MT. Maintain the stock solution and prepared 
feed in a cool and dark place to avoid chemical inactivation of the 
MT.  

 
3. The food with MT is given to the fishes during a period less than 28 

days. Again the dose is not adequate and many fish develop as 
females. 
 
Solution: Follow instructions and treat fry for the full 28-day period. 
Divide the daily amount of feed into four portions. Take time to 
observe fish consuming the feed prepared with the MT. 
 

 
Tilapia seed of high quality is uniform in size and color, and the proportion of 
females is less than 3% of the treated population. 
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At the conclusion of each sex reversal period, water from the container should be 
drained and allowed to flow over a concrete surface in a thin layer during daylight 
hours. Sun light will act to inactivate any residue of MT and reduce any possibility 
of detrimental hormonal effects on native fish in the receiving waters. 
 
 
 
 
 
 
 
 

 
 
Figure 27. The materials and equipment for preparing feed with the hormone 
include a precision balance (0.01 g), the methyl-testosterone, glassware, ehtyl 
alcohol (95%) and a plastic mixing bowl (not shown).  
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8. Transporting tilapia fry. 
 
A good harvest starts with good seed. An important step to obtaining success on 
aquaculture farms is to have a good source of high quality seed. In fish culture 
the seed consists of fry or fingerlings required to stock a pond and commence a 
new production cycle. 
 
In some cases the rearing and production of tilapia fry, and the different phases 
of grow-out, are done on the same farm. However, the most common situation is 
to have specialized producers that provide fry, and others that focus on the grow-
out and production of fish for sale and consumption. 
 
In many parts of Central America the producers of tilapia seed commercialize 
hormone treated male fry with an average weight between 0.3 and 0.6 g. The 
sales price of the fry tends to increase with the average weight of the fish. 
Usually, red tilapia fry are sold at prices higher than for similar sized Nile tilapia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Preparing the fry for transport: One week before shipment, it is recommended 
to inspect the fish to detect any problem of infection or presence of pathogens. 
This allows time to treat the fish if needed. 
  
Capturing the fry: Count and transfer fry selected for transport to a storage tank 
for easy access. This tank should be filled with good quality water and have 
continuous aeration from a blower. The addition of 1000 to 3000 g of salt (without 
iodine) per m3 of water in the storage tank will help reduce stress in the fish and 
will promote the rapid formation of a new protective cover of mucus. The mucus 
cover protects the fish from skin infections. 

Some important considerations and precautions for the transport of fish 
in sealed plastic bags are: 
  

- Do not overload the bags with too many fish. 
 
- Place the bags securely in the vehicle to avoid shaking and 

sudden movement during transport process. 
 

- Prepare the fish appropriately to avoid the accumulation of 
waste (feces and ammonia) in the bag during the trip. 

  
The mortality of fry during their transport should not exceed 5% of the 
total population. 
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The fry must spend from 24 to 48 hours without feeding before being packed and 
shipped. Feces on the bottom of the tank should be removed daily using a 
siphon. When there are no feces on the bottom of the tank the digestive tract of 
the fish is empty and they are ready to be shipped. Feces left on the bottom of 
the tank can be re-ingested by the fish. It is important to avoid the accumulation 
of fish feces in the transport bags. 
 
When they’re ready for transport, the fry are counted again and kept in plastic 
buckets (20 L capacity) with enough water to fill each bag. There are various 
techniques for counting fry (see section 7 of this manual). Each bucket prepared 
with fish and water is ready to be transferred to a shipping bag. 
 
Transport bags come in various sizes and shapes. In Central America transport 
bags for tilapia fry and fingerlings are fabricated in situ using a plastic material in 
the form of a long tube. This material is sold in 44 kg rolls and has a 90 cm width 
(Figure 28).  
 

 
 
Figure 28. A bag for transporting fingerlings shaped like a sausage. The plastic 
material for making this type of bag comes in a tubular shape (90 cm wide). The 
bag is made by sealing each end with large rubber bands. The bag can hold up 
to 40 L of water.  
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When preparing a tubular plastic bag, folds are formed near the rubber bands 
used to seal the ends. These folds represent spaces where fish get trapped and 
damaged during shipment. 
 
Probably the best option is to use bags specially manufactured for fish transport 
(fig. 29). This kind of bag can be purchased with a square bottom (Figure 29) or 
with a double seal at the bottom (Figure 30). These bags are filled with water and 
fish, then inflated with pure oxygen and sealed. 
  
The number of tilapia fry recommended to be transported in bags is detailed in 
Table 3 for shipments up to 8 hours of duration. It is recommended to place the 
bags in waxed cardboard boxes to facilitate handling, protect them, and to avoid 
exposing the fish to sunlight and extreme temperatures. 
  
 
Tempering fry at the receiving farm:  
 
There can be an important difference between the water temperature in the bag 
and in the pond or tank where the fry are to be stocked at the conclusion of the 
transport process. 
 
Water temperature is the parameter that most commonly causes problems when 
transporting fish. A difference of 5º C between the transport bag and the pond 
may cause a high mortality among the fish recently stocked. To reduce these 
differences, it is recommended to float the transport bags, still sealed and 
containing the fry, on the pond surface for 15-30 minutes, prior to stocking. 
 
When the recommended time has passed, open each bag and slowly add water 
from the pond to the bag. This procedure gradually reduces the difference in 
temperature between the water in the bag and the pond and tempers the fish to 
the new conditions. When the temperatures are equal, you can proceed to invert 
the bag, freeing the fish in their new place of culture. If everything was done 
properly, the fish should voluntarily swim from the open bag towards the deep 
water of the pond. 
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Figure 29. A bag used to transport fry with a squared bottom. The bags 
dimensions are 37x37x55cm. 
 

 
 

Figure 30. A bag with a double 
sealed bottom.  
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Figure 31. The process of tempering fish to the conditions of the receiving 
waters. The sealed bag is floated on the water surface to commence the 
tempering process and equilibrate the temperature between the water in the bag 
and the receiving water. Later, the bag is opened and receiving water is added 
slowly, tempering the fish to their new environment. 
 

 
 
Figure 32. Once tempered, the fry are set free. The process of tempering takes 
about 15–30 minutes and it is an important step to assure a good survival of the 
fish transferred. 
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Table 3. The estimated number of tilapia fry recommended for shipment in plastic 
bags inflated with pure O2.  
 

 Maximum number of fry/L of water 
 

Travel Duration = 
 

4 hours                     6 hours                     8 hours 
 

Fry average weight (g) 
 

0.5 120 to 140 80 to 110 50 to 70 
2.0 30 to 50 20 to 30 15 to 20 
5.0 20 to 25 15 to 20 10 to 15 
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9. Costs for producing all-male Nile and red tilapia fry  
 
The reproduction, rearing and sales of tilapia fry is a lucrative activity in Central 
America. The information presented here are results from multiple production 
cycles and rearing of tilapia in Zamorano during the past few years. The results 
are from comparisons of trials with adult Nile and red tilapia managed intensively 
in 15 m3 concrete tanks and in 100 m2 earthen ponds for the production of fry (≤ 
12 mm total body length), appropriate for beginning the sex reversal procedure. 
Additional information is provided on the costs for the sex reversal procedure and 
production of all-male populations of Nile and red tilapia. 
 
The variable costs are the costs that vary according to the level of production on 
the farm. For example, with an increase in the production of fish on a fish farm, 
you would expect an increase in the total cost for purchasing fish feed.  
 
The fixed costs do not have a direct relation with the production, but they include 
depreciation costs for the equipment and farm infrastructure and installations. 
This analysis does not include any administrative costs among the fixed cost for 
operating the farm. 
 
Ordinarily, adult fish are stocked into intensively managed small earthen ponds 
(< 500 m2) or concrete tanks for the purpose of producing fry. Results indicate 
that Nile tilapia is much more prolific than red tilapia. The Nile fish produced an 
average of 60% and 80% more fry than the red fish in the concrete tanks and 
ponds, respectively (Table 4). 
 
The most important variable costs for producing fry for commencing the sex 
reversal procedure are for the fish feed, labor and to replace any adult fish that 
are mistreated or die during each cycle (Table 4).    
 
Adult red tilapia tended to have a higher mortality than the Nile fish. No Nile 
tilapia adults died when managed in the concrete tanks. More adult fish suffered 
mistreatment and died when managed in earthen ponds compared to concrete 
tanks.  
 
When a production cycle for fry is completed, the pond is drained and many of 
the adult fish are eventually picked up from the mud bottom. These fish are 
covered with clay and silt and later-on frequently suffer infections and lesions. 
  
Labor costs were higher for the fish managed in earthen ponds due to the greater 
number of adult fish stocked and greater number of fry harvested compared to 
the concrete tanks (Table 4).  
 
The production costs for each red tilapia fry appropriate for the sex reversal 
procedure was three times greater than for Nile fry (Table 4). This difference is 
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due to the much greater number of Nile fry harvested, their reduced mortality 
during the sex reversal treatment and the reduced mortality of the Nile adult 
brood stock.  
 
Table 5 compares the production costs for the sex reversal of Nile and red tilapia 
fingerlings. This information is based on the estimated costs and data from the 
reproduction trial (Table 4) and multiple field trials performed in Zamorano and 
beginning the cycle with 30,000 fry per 15 m3 tank.  
 
Estimated production costs for the red tilapia fingerlings were close to 100% 
higher than costs for Nile fingerlings. This difference is due to the elevated 
production cost of the red fry stocked (≤ 12 mm length) to initiate the hormone 
treatment. Survival of the fry during the sex reversal period averaged 85% and 
58% for the Nile and red fish, respectively. 
 
Red tilapia fingerlings are generally sold at a higher price than Nile fingerlings in 
Honduras. This difference in final sales price contributed to reducing differences 
comparing the overall profit from production and commercialization of red and 
Nile all-male fingerlings (Table 5). 
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Table 4. A comparison of the estimated production costs (USD) for red and Nile tilapia fry (≤12 mm total body length)  

harvested from concrete tanks (7.5 x 2.0 x 1.0 m) and earthen ponds (10.0 x 10.0  x 1.0 m) in Zamorano, 
Honduras. 

 
 Total value Nile tilpaia Total value red tilapia 

 
Description 

 

 
Unit 

Unit 
price 

 
Tank 

 
Pond 

 
Tank 

 
Pond 

Variable costs:       
    Fish feed (28% protein) kg 0.50 5.40 24.30 5.40 24.30 
    Labor Man-hour 0.62 12.40 24.80 12.40 24.80 
    Electricity Kw·h 0.08 3.50 7.50 3.50 7.50 
    Vehicle Km 0.30 1.20 2.40 1.20 2.40 
    Adult brood stock each 1.00 0.00 14.00 8.00 34.00 
       
Fixed costs:       
    Depreciation tank/pond Month 8.33 8.33 5.81 8.33 5.81 
    Depreciation water pump m3 0.02 0.60 4.00 0.60 4.00 
    Depreciation blower Month 1.20 0.80 - - - 0.80 - - - 
       
Estimated total costs =   32.23 82.81 40.23 102.81 
       
Yield of fry from 20-day cycle in tank   19,421  11,775  
Yield from 30-day cycle in pond    57,577  31,681 
       
Production cost/fry   0.001 0.001 0.003 0.003 
Production cost/1000 fry   1.66 1.14 3.41 3.24 
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Table 5. The estimated costs (USD) for the production of sex-reversed Nile and red tilapia fingerlings in concrete  
tanks (7.5 x 2.0 x 1.0 m) in Zamorano, Honduras. 

 
 
 
 
 

  
Male Nile tilapia fry 

 

 
Fry male red tilapia 

 
Description 

 

 
Unit 

 
Quantity 

Unit 
price 

Total 
value 

 
Quantity 

Unit 
price 

Total 
value 

Income:        
    Sales of all-male fingerlings (0.3 to 0.5 g) Each 25,530 0.02 510.60 17,400 0.03 522.00 
        
Variable Costs:        
    Larvae fish (≤12 mm) Each 30,000 0.001 30.00 30,000 0.003 90.00 
    Feed with hormone (38% protein) Kg 23  46.46 18 2.02 36.36 
    Hand work Man-hour 48 0.62 29.76 36 0.62 22.32 
    Electricity (water bomb + blower) Kw-hr 0.075  1.80  ---------- 1.80 
    Vehicle use Km 5 0.30 1.50   1.50 
        
Fixed Costs:        
    Depreciation 15m³ tank Month 1 8.33 8.33 1 8.33 8.33 
    Depreciation water pump & motor m³ 30 0.05 1.50 30 0.05 1.50 
    Depreciation air blower Month 1 1.20 1.20 1 1.20 1.20 
        

Total Costs =    120.55   163.01 
        
Cost to Produce 1000 male fingerlings    4.72   9.36 
Net Income = I- TC    390.05   358.99 
Profits % =  NI/TC x 100    324%   247% 
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The production and commercialization of all-male tilapia fingerlings in Central 
America is a highly lucrative activity. Taking into account the superior numbers of 
fry obtained from Nile adults and their better survival during the sex reversal 
procedure, these economic results favor the culture of Nile fish. 
 
The profit generated from production of red fingerlings is related to their higher 
sales price compared to Nile fish. The demand for high quality tilapia seed (≥ 
97% male fish, uniform size and color) continues to expand. 
 
 
Table 6. A comparison of the relative quantities and costs (USD) to produce  
all-male Nile and red tilapia fingerlings in a concrete tank (7.5 x 2.0 x 1.0 m) in 
Zamorano, Honduras. 
 

 
Description 

 
Nile tilapia 

 
Red tilapia 
 

No. fingerlings produced per 100 m2 pond 57,577 31,681 
No. sex reversed male fingerlings for sale 48,998 18,375 
   
Total estimated production costs 228.33 168.68 
   
Sale of male fingerlings @ 0.02 p/fry 979.76  
Sale of male fingerlings @ 0.03 p/fry  551.25 
   
Net Revenue = (S – TC) 751.43 382.57 
Profit = NR/TC * 100 329% 226% 

 
 
 



 54 

 
Useful Bibliography 
 
Note: You can search for information in the following publications to learn more 
about the biology and reproduction of tilapia, and their breeding and rearing in 
captivity. 
 
 
Beveridge. M.C.M and B.J. McAndrew (editors). 2000. Tilapias: Biology and  

Exploitation. Kluwer Academic Press, Dordrecht, The Netherlands. 505 p. 
 
Egna, H.S. and C.E. Boyd (editors). 1997. Dynamics of Pond Aquaculture. CRC  

Press, Boca Ratón, Florida, USA. 437 p. 
 
Engle, C.R. and N. Stone. 2002. Costs of Small-Scale Catfish Production.  

Southern Regional Aquaculture Center Publication (SRAC), No. 1800. 4 p. 
 
Green, B.W., K.L. Veverica and M.S. Fitzpatrick. 1997. Fry and fingerling  

production, p. 215-243. In : H.S. Egna y C.E. Boyd (editors), Dynamics of 
Pond Aquaculture. CRC Press, Boca Raton, Florida, USA. 

 
Lutz, C.G. 2001. Practical Genetics for Aquaculture. Blackwell Science Ltd.,  

Ames, Iowa, USA. 235 p. 
 
Popma, T.J. y B.W. Green. 1990. Sex reversal of tilapia in earthern ponds.  

Research and Development Series No. 35, Alabama Agricultural 
Experiment Station, Auburn University, Alabama, USA. 15 p. 

 
Popma, T. and M. Masser. 1999. Tilapia life history and biology. Southern  

Regional Aquaculture Center (SRAC), Publication No. 283. 4 p. 
 
 
 
 
 
 



 55 

 
Glossary of terms 
 
 
Algae: aquatic photosynthetic microorganisms usually found in fresh or salt 
water; the term algae refer to the life form of these organisms that are classified 
in several diverse taxonomic groups. 
 
Biomass: the biological mass of an organism or population of organisms; it is the 
sum of the weight of all organisms in a determined area. 
 
Detritus: decomposing organic matter. 
  
Feed Conversion Ratio (FCR): the proportion between the total amount of feed 
offered and the observed weight gain among fish in a determined length of time. 
 
Fertilization: in reproduction, the union of the female and male gametes (egg 
with sperm). 
 
Fish-larvae: term to describe recently hatched fish that still uses yolk as a 
source of nutrition and energy for its development. 
 
Fresh water: water that contains less than 1000 ppm of salt; water with more 
than 1000 ppm of salt tastes “salty.” 
 
Gonads: term that refers to the sex organs (ovaries and testis) of an animal. 
 
Grow-out: production phase in which fish are grown to market size for human 
consumption; market size can vary according to local consumer preferences. In 
Central America tilapia of 150 to 500 g are typically harvested and sold locally for 
human consumption. 
 
Hapa: term from India for mesh bags or holding boxes useful for maintaining fish; 
the hapa is held in place in a pond by stakes with part of the net above the water 
surface. 
 
Masculinizing hormone: hormones are chemical messengers in animals and 
other organisms; a masculinizing hormone is capable of provoking the 
development of masculine characteristics in the treated individual. 
 
Micron: unit of measure equal to 10-6 m, or one millionth of a meter. 
 
Milt: seminal fluid from a fish; fluid that contains the sperm cells from a mature 
adult male fish. 
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Oviparous: reproductive characteristic of egg-laying animals; reproductive 
strategy common among many animal species (many fish, amphibians, reptiles 
and birds) of laying eggs that are later typically incubated (or not) during 
development of the embryo.   
 
Phytoplancton: community of algae and other photosynthetic microorganisms 
adrift in aquatic environments. 
 
ppm: abbreviation for “parts per million;” concentration equivalent to one mg per 
liter. 
 
Predatory birds: avian species that search for, pursue and feed on fish; 
examples are herons and kingfishers; depredation of fish by birds can cause 
serious damage and economic losses for the fish farmer. 
 
Secchi disk: simple apparatus for measuring the transparency of water; it 
consists of a disk painted with alternating black and white quadrants which is 
observed as it is lowered from the water surface to increasing depth. The depth 
at which the disk disappears from view can be correlated to the transparency of 
the water. 
 
Seine: net used to capture fish; net in the form of a curtain with floats on the top 
and weights on the bottom. 
 
Sex-reversal: process of treating newly hatched tilapia fry with an androgen 
incorporated in the feed to direct the sexual development of females to the male 
sex.  
 
Steroid: organic compound practically insoluble in water and a precursor to 
several animal hormones; lipid with a molecular structure of four carbon 
interlocking ring.  
 
Zygote: the fertilized egg; the cell formed by the union of an egg and sperm 
cells. 
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Having available good quality seed at the moment you want 
to stock your ponds is very important for obtaining a good 

harvest! 
 

Panamerican Agriculture School Aquaculture Station, 
Zamorano, Honduras 


