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Abstract:

Thirty five Nile Tilapia (Oreochromis niloticus L. 1758) eggs or fry at the ages of 2 and 14
days post fertilization (dpf) were randomly selected and put into a 1L plastic bottle incubator.
These were then immersed either in 0, 250 or 500µg/L of 17α-methyltestosterone (MT) for 6,
12, 24, 48, 72 and 96h separately. Controls were established using eggs or fry at the same age
groups immersed only in ethanol (250µL/L) instead of MT at the same amount and duration.
At the end of the treatment, they were washed and nursed in 10L plastic containers and 100L
glass aquaria which were replenished with water according to their growth. They were fed with
40% protein pellet until 62 - 65dpf then dissected for gonadal sex determination using acetocarmine squash method. The results showed that both the 250 and 500µg/L MT induced
(P<0.05) males (85.4 – 92.3 and 80.8 - 93.2%) higher than the controls (68.8 – 75.3 and 67.0 –
73.3 % when immersed at 2 and 14dpf, respectively). While the immersing duration between
6-96h of both ages however, showed no differences to the male percentages.
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Özet:

Tilapia Maskülinizasyonu Üzerine 17α-metiltestosteron
Daldırmanın Doz ve Süre Etkisi
İki yaşında yumurtalar ve 14 günlük dölleme sonrası zigotları içeren 35 adet Nil Tilapia
(Oreochromis niloticus L. 1758) sı rastgele seçilerek 1 L’lik plastik küvez şişe içine konulmuştur. Bunlar daha sonra hem 0.250 hem 500 mg/L 17 a-methyltestosterone (MT) içine ayrı
ayrı 6, 12, 24, 48, 72 ve 96 saatlik sürelerle daldırılmıştır. Kontrol grubu olarak aynı yaş grubu
yumurtalar kullanılarak aynı miktar ve sürede MT Yerine 250 mL/L etanole daldırılarak
değerlendirilmiştir. Uygulamanın sonunda bunlar 10 L plastik konteynırda yıkandı ve büyümelerine göre suyla tazelenen 100 L lik cam akvaryumda bakıldılar. 62-65 dpf boyutuna gelene
kadar % 40 lık protein peletiyle beslendiler ve sonra Aceto-carmine squash yöntemiyle gonadal
cinsiyet tayini için parçalara ayrıldılar. 250 ve 500 mg/L MT her ikisine daldırılan (P<0.05)
erkek bireylerdeki (%85.4-92.3 ve %80.8 - 93.2) sonuçların kontrol grupdakilerden (2 ve 14
dpf daldırılanların sırayla % 68.8-75.3 ve %67.0-3.3) daha yüksek çıktığını göstermiştir. Her
iki yaştan 6-96 saatlik daldırma sürelerinde erkek yüzdeleri arasında önemli bir fark
bulunmamıştır.
Anahtar Kelimeler: Cinsiyet dönüşümü, Monoseks, Erkek, İnversiyon (değişme),
Metiltestosteron

Introduction
Tilapia (Oreochromis niloticus) is one of the
most important freshwater species cultured in
many parts of the world. They consume low cost
feed but grow fast, show tolerance to low water
quality and tilapia meal is a good protein source
for human consumption throughout the world as
well as Thailand. Nile Tilapia was introduced
from Japan to Thailand in 1965 as the King’s
souvenir. The fish were propagated at the King’s
palace and then distributed to Thai people the following year. In 2008, tilapia production of
217,200 tons equaled 41.6% of the total aquaculture production at the value of US$ 262.4 million
(Anonymous, 2010). Tilapia is the most economic freshwater cultured species for domestic consumption and export.
As the male tilapias grow faster than females,
culture of a single sex stopped the fish breeding.
In addition, Beardmore et al. (2001) reported
benefits of monosex male culture on high growth,
preventing large energy diversion into ovary as
well as reproductive behavior, reducing aggressive interaction and uniform size at harvest. Thus,
culture of male tilapia is the most favored way
for commercial scale farming (Mires, 1977;
Guerrero, 1982). However, the male tilapia can
be cultured from fry, produced by either manually sexing, hybridization or hormonal sex reversal
(Mires, 1983). The hormonal sex reversal is the
most reliable and widely used method in many
countries. 17α-methyltestosterone (MT) is the
most commercial synthetic androgen used for ef-

fective masculinization of more than 42 fish species (Devlin & Nagahama, 2002). In addition, the
MT is also commercially used in monosex-male
tilapia hatcheries worldwide including Thailand.
In the commercial scales tilapia hatcheries of
Thailand, fish farmers are able to produce male
tilapias with a percentage of 86-100% (Bhujel,
1998). The method however, had to be applied
and conducted in hapas suspended in an earthen
pond in order to reduce labor costs on cleaning
the cement tanks otherwise used. In addition, the
sex reversal process used in earthen pond might
cause MT contamination to workers and the surrounding environment.
The sex reversal by immersion technique had
been developed and conducted in salmonids
(Baker et.al., 1988; Piferrer & Donaldson, 1989).
The use of MT at 200-400µg/L immersed new
hatched larvae for 2h and then repeated with another 2h immersion the following week resulting
in 82-100% males (Baker et.al., 1988). Similarly,
Piferrer & Donaldson (1989) reported on a single
immersion of 6 days post hatching Oncorhynchus
kisutch in 400µg/L MT for 2h resulted in 73%
males. In tilapia, Yang Yi (1992) immersed 2130 day post-hatched tilapia fry in 5mg/L MT for
3 days and produced 90% males. However Fitzpatrick et al., (1999) got 79.3% males by immersing the 13 days post-fertilization (dpf) tilapia larvae in 200µg/L methyldihydrotestosterone for 2h.
Doses and duration of hormone immersing tilapia
are vastly different between 200µg/L up to
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5mg/L and 2h up to 3 days. Nevertheless, aging
tilapia on a different basis using either on ‘dph’
or ‘dpf’, may affect labile or sensitivity period,
thereby affecting the efficacy of the technique.
Thus, we decided to use the dpf aging basis
throughout the study, and the tilapia at either egg
(2dpf) and late fry (14dpf) stages were selected
for examination of different doses and durations
of sex reversal by immersion technique.

Materials and Methods
Experimental fish
A total of 32,500 tilapia samples used in this
study were supplied from the KhonKaen Inland
Fisheries Research and Development Center.
Twenty five
concrete spawning tanks
(5x10x0.6m) containing 50 females and 25 males
in the center were used and the fish were fed with
25% protein pellet at 1-2% daily and egg were
taken weekly. Each batch of egg or larvae was
kept individually in a metal bowl. They were
classified into age (dpf) according to their embryonic development. Pigmented eggs (2dpf)
were selected from 13 females. The eggs were
cleaned with 100ppm formalin for 2 min in order
to remove any external parasites and washed with
fresh water 2-3 times before being placed into a
plastic tray for the experiment. Thirty five eggs
were randomly selected and put into a plastic bottle incubator containing 1L fresh water with an
air stone to circulate the eggs during incubation.
The experiment was carried out in 27.5 ±1.2o C
water temperature.
Hormonal preparation
Hormonal stock solutions were prepared by
dissolving 15 and 30mg 17α-methyltestosterone
(MT; Fluka Chemie, Buchs, Switzerland) in
15mL absolute ethanol. Then, the MT stock solution concentrations were established at 1,000 and
2,000µg/mL, respectively.
Experiments
Factorial of 2 factors consisting 3 dose levels
(MT: 0, 250 and 500 µg/L) and immersing durations (either 6, 12, 24, 48, 72 and 96h or 6, 12, 24
and 48h) were designed in 2 age groups (2 and 14
dpf) with 4 replicates each. At the beginning of
the experiment, 250µL of each MT stock was
randomly added into the bottle incubators (1L) at
2dpf age. Thus, the MT concentrations in the bottles were 250 and 500 µg/L, respectively. For the
control, only 250µL absolute ethanol was added
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to replace the MT stocks. The eggs (2dpf) were
immersed for 6, 12, 24, 48, 72 and 96h. Later,
the hormone solutions were drained off and thoroughly washed with fresh water. They were further incubated in the same bottles until 8dpf (start
feeding fry). They were counted (70 fry) and
transferred into plastic containers containing 2L
of water. The fry were fed with fish meal 5 times
a day. The containers were cleaned and water
was changed daily. At 14dpf, the untreated fry
from the same egg batch of 2dpf immersion were
treated with either 250 or 500 µg/L MT stocks in
the plastic containers (70 fry/2L) while controls
were added with absolute ethanol in the same
amount as MT stocks. The fry were statically
immersed in MT solution for 6, 12, 24 and 48h
before being drained off, thoroughly washed and
nursed in the same manner as the 2dpf immersion. They were nursed in the plastic containers
for 3 weeks then transferred into aquaria supplied
with 30L of bio-filtered and recycled water. The
water volume was then slowly increased according to fish sizes and densities. They were nursed
in the aquaria until at least 60dpf.
Sexing fish and data analysis
Numbers of the remaining fry at the end of the
experiment were recorded to assess survival rate.
Fifty fry (62-65 dpf ages) from each aquarium
were sampled, dissected for gonads and individually phenotypic sexed using Aceto-carmine
Squash Method (Guerrero and Shelton, 1974)
under a binocular microscope (x100). Arch sine
transformation of the male proportion was used
prior to Analysis of Variance to analyze the effects of doses, immersing durations and interaction using SPSS version 11.5. Chi-square test was
also used to detect sex ratio compared to the control. The differences were considered statistically
when the p-value was equal or less than 0.05.

Results and Discussion
MT was used in the present study in order to
find out efficacy of MT immersion (250-500
µg/L) at different durations (6-96h). Both
dosages of MT immersion significantly increased
the percentage of male (P<0.05) while the immersion duration and interaction showed no effect. There were no significantly differences on
survival rates of the fry when immersed at either
2 or 14 dpf ages (79.0 ±10.1 - 97.7 ±0.4 % and
71.8 ±7.4 – 83.5 ±3.2%, respectively; Table 1
and 2). These indicated the fry dead were random
and had no effect on particular sexes.
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At egg stage (2dpf), the MT immersion (250
and 500µg/L) induced significantly (P<0.05) males (85.4-92.3 MT immersions showed higher
males (80.8-93.2 %) than those of the controls
(67-73.3% males; Table 2). The results showed
the possibility of the tilapia MT immersion stages
at either eggs (2dpf) or late fry (14 dpf). In another words, tilapia have a long labile period
between 2 – 14 dpf before occurring gonadal differentiation and presenting some special cells,
receptors or enzymes involved in steroid production (Devlin & Nagahama, 2002). The 14dpf age
was correlated to the on- set of sex differentiation
of Nile tilapia, which Srisakultiew & Rana
(1991) indicated at the early age as 11-14 dpf at
27 ±2 °C. This finding is related to Baroiller et al.

(1996) who suggested the critical period of the
fish to steroid sex reversal by oral application,
must begin between 9-13dpf and last for 21 days
(27 °C). Thus, the 14dpf was selected as the late
fry immersing ages while the egg stage at 2dpf
was used for comparing efficacy of MT sex reversal in the present study, which resulted in significantly (P<0.05) higher males. The results indicated that both 2 and 14 dpf were sensitive ages
(labile period or sex lability) for tilapia sex reversal. Similar to Haffray et al. (2009) who reported
earlier and longer period of sex lability in brook
trout, which needed to initiate several immersions
during the week before hatching to 2 weeks after
hatching and combined with oral MT treatment.

Table 1. The effects of MT immersion on Nile tilapia egg (2 dpf) at different durations and dosages
on percentage (mean±SD) of sex and survival rate.
Duration
(h)
6

12

24

48

72

96

Dosage
(µg/L)
0
250
500
0
250
500
0
250
500
0
250
500
0
250
500
0
250
500

N
168
204
164
175
138
147
167
245
136
109
182
191
165
210
143
166
164
170

Male
(%)
79.8
77.5
80.5
80.6
82.6
86.4
82.6
83.3
85.3
68.8 b
92.3 a
88.5 a
83.6
89.1
91.6
75.3b
85.4a
89.4a

Inter-sex
(%)
1.2
0.4
0
0
1.0
0
0.4
0.8
0.8
1.1
0.9
0.5
1.7
0
0.8
1.7
0
0.8

Survival rate
(%)
95.3±0.8
97.7±0.4
95.5±1.2
93.2±3.0
91.4±2.5
95.1±1.1
95.6±1.7
96.4±1.1
88.6±5.2
96.5±0.2
86.0±6.8
92.7±3.1
91.1±2.8
95.0±1.4
79.0±10.1
85.3±5.5
94.0±1.3
94.2±2.1

Different super scripts in the same immersing duration showed significantly different from the control (P<0.05, χ2)
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Table 2. The effects of MT immersion on Nile tilapia fry (14 dpf) at different durations and dosages
on percentage (mean±SD) of sex and survival rate.
Duration
(h)
6

12

24

48

Dose
(µg/L)
0
250
500
0
250
500
0
250
500
0
250
500

N
115
214
189
106
166
147
118
201
194
176
228
142

Male
(%)
67.0 b
80.8a
83.6 a
70.8 b
86.1 a
93.2 a
68.6 b
91.1 a
91.8 a
73.3 b
91.2 a
91.6 a

Inter-sex
(%)
3.4
2.6
2.3
10.1
1.3
3.7
2.5
2.4
0.5
2.2
3.9
0.8

Survival rate
(%)
76.6±5.2
73.7+4.0
83.4±5.6
75.5±2.5
71.8±7.4
77.7±2.6
79.8±4.3
75.3±0.8
75.0±0.8
77.0±5.5
83.4±6.2
83.5±3.2

Different super scripts in the same immersing duration showed significantly different from the control (P<0.05, χ2)

The single 48h MT immersion at either egg
(2dpf) or fry stage (14 dpf) of the present study
was found similarly 88.5-92.3 % (Table 1) or
91.2-91.6 % males (Table 2). These male percentages were similar to Yang Yi (1992) who immersed 21-30 dph tilapia fry for 3 days in the
high MT dosage as 5mg/L and found 90% males.
The MT dosage used by Yang Yi (1992) was
about 10-20 times higher than the present study
but resulted in similar male percentages. Thus,
low MT dosage as 250 µg/L was found to be
adequate for tilapia sex reversal by immersion
technique at either egg or fry stages. Therefore,
this technique could significantly reduce MT
cost. In order to compare the MT immersion dosages (250-500 µg/L) of the present study with
oral MT dosage in standard protocol (60 mg/kg
feed; Little et al., 1995), the immersion used only
0.42-0.83 % of the oral standard protocol while
the oral used 120-240 times of the immersion.
But the immersion resulted in a significantly increase in the percentage of males (80.8-93.7 %)
from the controls (67.0-83.6 %; Table 1-2). Thus,
it was not necessary to use more or higher MT as
Devlin & Nagahama (2002) summarized for ranges of MT dosage between 5-500 mg/kg feed due
to a different application route.

This may be due to longer immersing duration
(6-96 h). For twice immersions at newly hatching
salmonids and a week after for 2h in 200-400
µg/L MT found 82-100 % males (Baker et al.,
1988). Also Haffray et al. (2009) reported that 34 immersions at a week before and a week after
hatching, combined with orally administered MT
had a higher effectiveness of sex reversal in
brook trout. This indicated that the efficiency is
increased in correlation with an increase in number of immersions.

The male percentages (80.8-93.7 %) by single
immersion in the present study were higher than
Pifferer & Donaldson (1993) who also did single
2h immersion at 6 dph salmonids (Oncorhynchus
kisutch) in 400 µg/L MT and found 73 % males.
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The immersion of the present study, however,
had been carried out at a lower density as 35 eggs
or fry/L when compared to brook trout (100
fry/L). Therefore, the efficacy of immersion at
higher densities should be considered for commercial scale.

Conclusion
The MT immersion of tilapia egg (2dpf) for
either 48 or 96 h induced significantly (P<0.05)
males (85.4 –92.3%) as well as the fry immersion
(14 dpf; 80 – 93% males). While the controls
found 68.8 -75.3% and 67-73.3% males when
immersed at egg and fry stage, respectively.
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