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PART 1

• Biology of tilapia
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Common and scientific names 

Tilapia is the common name for cichlids

Three Genera: more than 70 species identified

Oreochromis: maternal mouthbrooders

Sarotherodon: paternal and biparental mouthbrooders

Tilapia: substrate incubators
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Commercial species:
Nile tilapia Oreochromis niloticus
Blue tilapia: Oreochromis aureus
Mozambique tilapia Oreochromis mossambicus
…………………



Mouth breeding species

• Parents carry the fertilized eggs and young fish 
in their mouths for several days after the yolk 
sac is absorbed

Yolk sac fry
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Geographic distribution and habitats

• endemic to Africa, Jordan, and Israel

• mainly freshwater fish and less commonly found living 
in brackish water

• inhabiting shallow streams, ponds, rivers and lakes 
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Feeds
• Omnivorous

Phytoplankton Benthic algae

Insect larvae Artificial feed
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Salinity tolerance 

Fish
Salinity Tolerance for 

Growth
Salinity Tolerance 
for Reproduction

Nile Tilapia
Grows well at salinities up to 15 

ppt

Reproduce well at salinities 

up to 5-10 ppt

Blue Tilapia
Grows well at salinities up to 20 

ppt

Reproduce well at salinities 

up to 5-10 ppt

Mozambique 

Tilapia

Grows well at salinities 

approaching seawater

Reproduce well at salinities 

up to 10-15 ppt

Tilapia spawning is best in lower salinities. The fry perform 
better at salinities less than 5 ppt.

Tolerance to key water quality parameters
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Temperature tolerance

Tilapia 
Activity

Temperature Range

Feeding
Stops below 17°C

Harvesting

Stress and mortality from handling 

increases below 18°C

Reproduction

Best above 27°C, no reproduction below 

20°C

Growth Optimal from 28-29°C
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Temperature sensitivity

• Generally not in temperate climates due to 
their inability to survive in cold water

The blue tilapia has the greatest cold tolerance 

and dies 7 °C

All other species of tilapia will die at a range 11 

to 17 °C

Nile tilapiaNative Range: Tropical and 
subtropical Africa, and Middle East.
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Dissolved Oxygen
Tilapia are able to tolerate 
dissolved oxygen levels less 
than 0.3 mg/L, a level that 
would prove fatal to most 
other farmed fish.

pH
Tilapia can survive in pH ranging from 5 to 10, but 

optimal pH is between 6 to 9.

how much oxygen the Bay’s 
living creatures need to survive?
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Ammonia

Ammonia Level Effect on Tilapia

0.08 mg/L or above Depressed feeding

0.2 mg/L or above Some mortality occurs

1 mg/L or above
Mortalities, particularly among fry 

and juveniles

2 mg/L or above Massive mortality

Low pH increases ammonium 
(NH4), while high pH would 
increases ammonia (NH3).

http://www.aquaworldaquarium.com/Articles/TonyGriffitts/Ammonia.htm
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Nitrate

• For optimal cultivation, nitrate concentrations 
should be kept below 27 mg/L. To prevent 
nitrate problems in recirculating systems, 
chloride concentrations are often maintained 
at 100 to 150 mg/L chloride.
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• Adaptation to a very wide range of conditions

high salinities, high temperatures, high 
ammonia concentrations, and low oxygen levels

Tolerant of high stocking density
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Exotic and invasive species

• Tilapia are on the IUCN's 100 of the World's Worst Alien 
Invasive Species list
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Fish species in the IUCN list
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Fast-growing
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Trend of cultured tilapia production
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Aquaculture production and trade trends: carp, tilapia and shrimps. Weimin Miao, FAO RAP
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Aquaculture production and trade trends: carp, tilapia and shrimps. Weimin Miao, FAO RAP

31%

20%

15%

Top 10 tilapia producers in 2015



World fishery production

A big value fish
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PART 2

• Overview of the commercial species and lines
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Aquaculture production and trade trends: carp, tilapia and shrimps. Weimin Miao, FAO RAP

Cultured tilapia production by species in 2015

68.9%

8%

22%



Commercial species

Oreochromis is the genus of greatest aquacultural importance 
23

Nile tilapia Oreochromis niloticus

Mozambique tilapia Oreochromis
mossambicus

Blue tilapia Oreochromis aureus



Nile tilapia

Biology 

1. Occur in a wide variety of freshwater 
habitats like rivers, lakes, sewage canals and 
irrigation channels

2. Does not do well in pure salt water, but is 
able to survive in brackish water 
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Life cycle

• Sexual maturity is reached at 3-6 months depending on 
temperature

• Reproduction occurs only when temperatures are over 20°C. 

• Several yearly spawnings every 30 days

• A single male probably fertilises the eggs of more than one 
female

• Female carries eggs in her mouth
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Temperature range 

CLASS TEMPERATURE REGIME INTERPRETATION

1 t=<14°C
Unable to grow and 

reproduce

2 Intermediate
Growth and reproduction 

discontinuous

3 t>=22°C for 12 months

Continuous growth; 

reproduction possible 

throughout the year

Table 1. Classification of growth and 

reproduction of the Nile tilapia in relation to 

temperature.
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Global aquaculture production

More than 70% of these farmed fish are Nile tilapia-
derived lines 27



Blue tilapia

Environment: Freshwater; brackish
Tropical; 8°C - 30°C 

Distribution: Africa and Eurasia

Feeds on phytoplankton and small 
quantities of zooplankton

Maternal mouthbrooder

Sexual maturity in ponds reached at 
age of 5-6 months 
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Economic traits

• 1.Cold tolerant, occurring at 
temperatures ranging from 8-30°C

Cold tolerant tilapia new lines

• 2. Generating genetically male tilapia 
hybrids by interspecific hybridization 
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• Hybrid tilapia by crossing O. niloticus (xx♀) 
and O. aureus (zz♂).

Grow rapidly (20 and 70% higher body weight than its 
female and male parent, respectively)

Resistant to disease (Wang et al. 1989).

High male rate: obtained 52% to nearly 100%males in such 
pair crosses (Pruginin et al. 1975)

Low male rates have been the result of using 
impure/contaminated stocks of one or both species.
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Mozambique tilapia

Geographical distribution
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http://fishbase.org/photos/ThumbnailsSummary.php?Genus=Oreochromis&Species=mossambicus
http://fishbase.org/photos/ThumbnailsSummary.php?Genus=Oreochromis&Species=mossambicus


Biology

• Freshwater; brackish;saltwater

• Tropical; Extended temperature range 8-42 °C, 
natural temperature range 17-35°C

• Maternal mouthbrooder

• Reaches sexual maturity may at an age of just over 2 
months

• Known to tolerate full strength seawater (Green 1997) 
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Global aquaculture production

Year 2014: 42363 tonnes
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Commercial lines

• Genetically Improved Farmed Tilapia (GIFT) 
and GIFT –derived lines

Faster-growing strains of Nile tilapia

The GIFT project operated from 1988 to 1997
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In 2008, WorldFish reported that GIFT had achieved a 
genetic gain in live weight of at least 64 per cent in the 
nine generations since the base population was 
established. 
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The most farmed tilapia lines in the 
world

• Currently, More than 100 countries now farm tilapia 

• For example, In the Philippines, 70% of farmed tilapia is 
either GIFT strain or of GIFT- derived origin reported by 
Asian Development Bank
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Red tilapia
• Genetic mutants selected from tilapia species

Taiwanese red tilapia: a cross between a mutant reddish-orange 
female O. mossambicus and a normal male O. niloticus in 1960s 
(Galman and Avtalion 1983)

Florida red tilapia strain: a normal colored O. hornorum female 
crossed with a red-gold male O. mossambicus in the 1970s 
(Behrends et al., 1982)

Israel red tilapia strain: red Nile tilapia originating from Egypt 
crossed with wild-type Blue tilapia (Hulata et al. 1995)

Other red tilapia strains are likely to have been developed but 
published information on their origins is unavailable 37



Disadvantage

1. Selection of a best strain for culture difficult

The genetic makeup of most red 
tilapia is unknown. All 3 original 
stains have been crossed with other 
red tilapia of unknown origin or with 
wild-type Oreochromis sp.
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2. Low survival of juvenile red tilapia hybrids

Average survival of red tilapia was 51 % compared 
to 91 % for nile tilapia. 

Reason: bird predation on the easily seen red fish
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Advantage

1. Consumers will often pay a higher price/kg for red 
tilapia than for a Nile tilapia of equivalent weight

Consumers relate the red color to a number of marine 
fishes with similar coloration and high market value. 

40



2. Red tilapia is preferred for culture in saltwater and 
less Off-flavor taste.

Muddy Off-flavor is more prevalent in tilapia raised in freshwater 
than in saltwater.

Red tilapia with Mozambique tilapia heritage can be cultured in full 
strength seawater.
Nile tilapia can be adapted to 25 to 30 g/l saltwater but growth is 
inhibited in salinities above 15 g/l (Popma and Lovshin 1996)
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PART   3

• Challenges in tilapia culture 
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1. How to produce all-male fingerlings for 
growout?

Why1: Sexual dimorphism in growth rates and 
male tilapia grow faster than females.
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Why2: Avoid of uncontrolled reproduction 

excessive recruitment of fingerlings, competition 
for food, and stunting of the original stock
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Commercially applicable techniques 
used to produce monosex fingerlings

• Hand sexing

labor intensive

• Interspecific hybridization

vigilance is required to maintain broodstock
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Concerns

• pose a health risk to workers

• affect consumer acceptance of the fish

• hormone residues may damage water quality and 
biodiversity

• treated with steroids is not approved by FDA and 
is illegal to sell as foodfish in the U. S.

Sex reversal with male steroids

46



2.Environmental stressors

• Adaptation to a very wide range of conditions

high salinity, high temperatures, high ammonia 
concentrations, and low oxygen levels

Tolerant of high stocking density
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Cold temperature cause losses of tilapia in Guangxi, China 
(2016/1/27)
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Disease-resistant fish?

Specific Pathogens

• Streptococcus

• Aeromonas

• Trichodina

• Columnaris

• Tilapia Iridovirus

• Tilapia lake virus

• …………….

Disease impacts the production of tilapia worldwide!

Streptococcus
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• How to meet challenges in tilapia 
culture?
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Traditional genetic breeding
Cross-breeding 

Genetic modification
Marker-assisted Selection

Opinions on breeding
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Molecular markers: genetic variation in DNA

AFLP RAPD

RFLP SSR SNP

52



53

A

B

*Advantage
Less time
More efficient



QTL mapping

Association of markers with economic traits
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MAS selection of YY supermale tilapia

For example

All male production using YY supermales
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chr23

QTLs in 2 selection families

The accurate rate for linked markers are 84.7%
and 90.6% in two families respectively.
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44 pseudo-females and >400 YY supermales

伪雌1 伪雌2

Pseudo females

Y band

Y band
X band

X band

Screening of pseudo females (XY genotypes) using one marker

Results
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The male rate in the progeny population produced 

by crossing YY supermales with XX females

•The rate is 99.6% (N = 914)
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59Fins and genital papilla of the Nile Tilapia. (Credit: Tilapia: Life History and Biology by Thomas Popma and Michael Masser)

PART 4 Exercise on hand sexing of tilapia 
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How to Sex Tilapia

Examining the genital papilla (located immediately behind the anus)
In males the genital papilla has only one opening (through which 
both milt and urine pass). 
In females has two opening  (the eggs exit  through a separate 
oviduct and only urine passes through the urinary pore.) 

Eggs exit

Eggs exit

Anus

Urine pass



Thanks
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