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Abstract: Triploidy induction has been opted as an effective management tool in tilapia fish culture in
the past. At present scenario, the production of tilapia monosex population through hormone treatment
has become an important tool for aquaculturists to avoid unwanted reproduction and to produce single-
sex individuals with larger growth potential. However, there is always the risk of public reacting badly to
what they perceive as an unnecessary use of hormones in their food. Therefore a robust and reliable
solution to overcome hurdles faced by tilapia aquaculture industry like advanced sexual maturation,
unwanted and uncontrolled reproduction is always in demand. This article will discuss the efficacy of
sterilization in tilapia using triploidy induction technique and its effect on altering the sex ratio and thereby
how much this technique could revive the tilapia farming in the future.
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Introduction

Tilapia (genus Tilapia and Oreochromis of
family Cichlidae), a fish endemic to Africa, was
once a merely neglected fish because little was
known about its usefulness. Later realization of
its aquaculture potential led this African hero

(Nile tilapia) to be one of the most widely

(X)) pradeep85pj@yahoo.com

distributed fish in the world, since 1930. Tilapias
are now being cultured all over the world and in
fact they are more common in Asia than in their
African homeland (Costa-Pierce and Rakocy,
1997). In recent years, great attention has been

given to tilapia farming and it has emerged as
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one of the most important and internationally-
traded fish (Altun et al., 2006). At the present
scenario, tilapia farming is a billion dollar
industry ($2.5 billion) that generates more than
2 million metric tons of farmed tilapia each year.
In 2007 the production of farmed tilapia reached
approximately 2.5 million tons (FAO, 2009).
Tilapia is now the second highest farm-raised
food fish worldwide next to carp (Fitzsimmons,
2000; Watanabe et al., 2002).

A large volume of information through
scientific research has already been gathered for
tilapia. Even though tilapias are alien to many
countries, they have received as much attention
in the tropics as salmonids in the temperate
areas. The contribution of tilapia to the protein
diet of human population in many areas of the
world has prompted the International
development agencies to name it as “Aquatic
Chicken”. Popularity and acceptability of this
versatile group of fishes among the world
population in the early 1990’s has prompted
them to be named as “fish of the 1990’s” (Costa-
Pierce and Rakocy, 2000). But recently they
have been considered as “Food Fish of the 21
Century” (Ramnarine, 2005). However, tilapias
are unusual among tropical fishes in having been
relatively well investigated (Leveque, 2002;
Pradeep et al., 2011a).

Tilapias have been introduced to different
parts of the world to serve various needs
including the biological control of aquatic weeds
and

insects, as bait fish for some capture
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fisheries, as food fish in aquaculture systems, as
aquarium species and to augment capture
fisheries (Canonico et al., 2005). Since then,
they have become established in nearly every
water body of the territories in which they are
cultured or otherwise present. Now they are
probably the most widely distributed group of
exotic fish worldwide (Courtenay, 1997; Costa-
Pierce, 2003).

Though, the tilapia introduction to various
countries has been a great success over the past
two decades, there also exist controversies and
concern regarding the possible environmental
and biodiversity damage caused by introduction
of tilapias. This topic has been under several
decades of debate among the ecologists and
environmentalists (Canonico et al., 2005; Pullin
et al., 1997). Though aquaculture supremacy of
tilapias cannot be questioned, in reality their
wide environmental tolerance and adaptability
make them a potentially invasive fish in natural
ecosystems. In fact, it should be kept in mind
that all tilapias, either being cultured or studied,
are potentially invasive species (Pullin et al.,
1997; Casal, 2006). Moreover, the unscientific
approaches in introductions of various species of
tilapias into the range of closely related ones
have often led to
(Levine, 2000).

inadvertent hybridization

Triploidization in tilapia

In terms of reproduction, tilapias are

paradox. Although uncontrolled reproduction
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might sound like a favorable situation, however,
most often it can turn out to be big burden for
farmers (Pradeep et al., 2011b). Uncontrollable
reproduction may result in production of a large
number of young ones in the culture conditions.
This ultimately leads to stoutness or reduced
growth in bigger fishes as the adults need to
compete with younger ones for limited resources
covering both space and food. However in the
past, several small scale farmers considered the
prolific breeding activity of tilapia to be one of
the most important traits of this species. It
facilitated them to avoid repeated purchase of
“seeds” from the hatcheries and also contributed
to its promotion and distribution for rural
development purposes throughout the tropics.
But from an aquaculture perspective, reproduce-
tion in the culture environment before reaching
market size is not an ideal solution. From this
perspective tilapia present some challenges to
the fish culturist (Phelps and Popma, 2000).
Sterilization has been proposed as the best
possible solution to solve the problems concern-
ed with tilapia production (Pradeep et al.,
2011c). The production of reproductively sterile
fishes have considerable potential in aquaculture
and is considered to be one of the best farm
management practices in aquaculture because
these fishes may use their metabolism to
increase their protein content as edible muscle
biomass, rather than seasonally shifting to the
production of sperm and eggs (Galli, 2002). This

strategy offers a way of preventing fish from
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becoming environmental pests on escape,
whether or not they are transgenic (Maclean,
2003).

there is no doubt that tilapia might be the single

In the present aquaculture scenario,

most appropriate candidate species for large-
scale production of functionally sterile seeds
(Lutz, 2001). Unlike other sterilization techniqu-
es, much of the genetic manipulation studies in
tilapia have been concentrated in the production
of sterile triploid offspring with an aim to
counteract the problem of precocious sexual
maturity and unwanted reproduction in culture
(Mair, 1993).

The first attempt made on chromosome set
manipulation in blue tilapia, Oreochromis aureus
by Valenti (1975) using temperature-shocks,
paved the way for future investigations on

polyploidy in tilapia. Following this attempt
triploidy induction has successfully been execut-
ed through the induced retention of the second
body

spermatozoa in three commercially important

polar in eggs fertilized with viable
strains, namely O. niloticus, O. aureus and O.
mossambicus. In all these species a 100%
triploidy vyield was optimized by using cold-
shock, heat-shock and pressure-shock treatmen-
ts by Chourrout and Itskovich (1983), Penman et
al. (1987), Don and Avtalion (1988) and Hussain
et al. (1991). The best optimized treatment
induction in various

protocol for triploidy

commercially important strains of tilapia is
summarized in Tab. 1.

Information so far regarding the growth of
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Table 1: The best treatment protocol for triploidy induction in various strains of tilapia

Shock optima

Triploid% at

Induction Shock Percent
Species Duration treatment s Ref.
method Level initiation o, survival
(min) optima
time?!
Heat 41 °C 3.5 5 100 70
Cold 9°C 30 7 100 67 1
Pressure 8000 psi 2 9 100 85
o Heat 40-41 °C 4-5 4-6 100 31.7-48
Nile tilapia 4
- Cold 13 °C 45 85-100 6.1
O. niloticus
Heat 41 °C 4.5 100 - 3
40.5°C 3.5-4 100 7
Heat
41.5°C 3.5-4 3.5 100 9 6
Cold 11°C 60 0.5-5 100 41-50
Heat 39.5°C 3.5-4 3 100 60-61 5
Heat 39.5°C 3.5-4 3 100 60
Blue tilapia 6
- Cold 11°C 60 0.5-5 100 57-60
0. aureus
Heat 41 °C 4 3 100 74 2
Heat 42 °C 3 100 60.7 9
Heat 42 °C 3 2.5 100 63 7
Mozambique tilapia
Heat 42 °C 3 2.5-4.5 100 70-74
0. mossambicus 8
Pressure 7500 psi 2-15 2.5 100 40-80
Red tilapia Heat 41 °C 5 4 91.8 68.7 10
0. mossambicus
X Cold 9°C 30 4 98.7 75.8 11

O. niloticus

! Minutes after fertilization

2 percentage of the treated eggs in which the product has been successfully induced and verified

3 Expressed as surviving hatchlings as percentage of treated eggs

Ref. 1: Hussain et al., 1991; 2: Chang and Liao, 1996; 3: Puckhaber and Schwark, 1996; 4: El Gamal et al., 1999; 5:
Don and Avtalion, 1986; 6: Don and Avtalion, 1988; 7: Pandian and Varadaraj, 1988; 8: Varadaraj and Pandian,
1988; 9: Byamungu et al., 2001; 10: Pradeep et al., 2010; 11: Pradeep, 2011

triploid tilapia is limited and has always been a
subject of contradiction. The growth performa-
nces of triploid tilapia in some cases have been
reported to be inferior or almost similar as

compared to their diploid counterparts (Don and
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Avtalion, 1986; Penman et al., 1987; Chang et
al., 1993; Mol et al., 1994; Hussain et al., 1995;
1996).

Puckhaber and Horstgen-Schwark, In

fact, if examined carefully, almost all these

studies were performed on growth of triploid
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tilapia in laboratory condition. There is a
possibility that the culture condition provided for
these experiments have

might prevented

uncontrolled multiplication in diploid groups
which could be one of the reasons for similar
growth performance among diploids and
triploids. It is a well known fact that males of
tilapia grows faster than the female (Tessema et
al., 2006), but unfortunately in some cases the
triploidy induction has influenced the sex ratios
in favour of females and this also has resulted in
the reduced yield (Mol et al., 1994; Byamungu et
al., 2001).

Although, some researchers found similar or
adverse growth in triploid tilapia, all of them
agreed that the triploidy induction in tilapia is
benefited by its sterility. Studies which have
opted for a longer duration in field condition have
explored the full potential of sterility by triploidy
induction (Jeong et al., 1992; Bramick et al.,
1995; Focken et al., 2000). All these studies
have showed that there was no change in
growth difference between triploids and diploids
at the age of sexual maturation, but culture days
extended above this period has significantly
influenced weight gain in favor of triploids.
Hence, for comparing the growth performance of
diploid and triploid tilapia, it is necessary to
consider two different growth phases: before
and after sexual maturity. This is because
triploids did not exceed growth of control fish up
to sexual maturity as observed from early

studies (Mair, 1993). Moreover, growth
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advantage has been seen to influence the triploid
tilapia when manipulation of feeding regimes and
rates were tested (Byamungu et al., 2001;
Pechsiri and Yakupitiyage, 2005). This reveals
the biological and physiological advantage of
diploid This

information could be very beneficial for tilapia

triploid tilapias over ones.
aquaculture farmers.

Varadaraj and Pandian (1990) has reported
that sterility through triploidy induction has
benefited the females of O. mossambicus. In
their study, triploid females have showed 14%
faster growth than the monosex male (sex
reversed) and 23% faster than the triploid male.
The technique developed by Varadaraj and
Pandian (1990) produced 100% triploid females
and

These

by combining endocrine sex reversal
chromosome manipulation techniques.

authors suggested that all female triploidization
could be a possible solution and a beneficial
technique for tilapia aquaculture. Another
interesting benefit offered by sterility through
triploidy induction in tilapia is that the technique
decreases the sexual

(1995) showed that sexual

dimorphism. Study by
Bramick et al.
dimorphism in diploids were far greater (25 %
5.9%) than the triploids which displayed only 8
+ 3.4%. Therefore, the discarding of females
because of inferior growth rates as practiced in
traditional tilapia culture would become needless
in triploid populations. Furthermore, a recent
study on induction

triploidy and growth

performance in red tilapia by Pradeep et al.
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(2012) showed very interesting results, where
the heat-shock induction of triploidy showed
successful skewness of their progeny towards
male sex, which ultimately led to enhanced yield.
This result is rather encouraging for tilapia
industry, since production of sterile triploid males
can be considered as a holistic approach to an
alternative and foolproof method for other
cumbersome techniques such as monosex male
production. It could be thus anticipated in the
near future, that triploidy induction technique
could culminate the use of steroid hormones,
which are not

encouraged by many

aquaculturists.

Conclusion

The importance of tilapia in aquaculture is
obviously unquestionable. Since the increase in
demand for fish as a protein source and the
decline of world capture fisheries is very evident,
no other fish in the near future can hold the
status of cheaply and easily available protein
source as enjoyed by this common man fish-
“Tilapia”. Hence, any methods for improving

tilapia performance in aquaculture are of
fundamental significance for the improvement of

the diet, particularly in developing countries.
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