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Sex Reversal of Black-Chinned Tilapia (Sarotherodon

melanotheron) Fry Using 17a-Methyltestosterone

Lawrence Armah Ahiah
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Abstract: This study was conducted to determine the effective dose of 17a-methyltestosterone (MT) that produces all-male fry of
black-chinned tilapia, Sarotherodon melanotheron. Five concentrations: 0, 30, 60, 90 and 120 mg 17a-methyltestosterone (17a-MT)
per kilogram feed were prepared using the ethanol evaporation method, and administered orally to black-chinned tilapia fry for 28 days
in triplicate aquarium glass tanks. After the treatment period, triplicates of 60 fry from each treatment were stocked in hapas and further
cultured in freshwater ponds. They were fed with commercial fish feed ad libitum. The sex ratio, growth performance and survival
were evaluated after 60 and 180 days. At the end of the 60-day period, the sex ratio of 30 fish from each treatment was determined by
using the gonadal squash method. The remaining 30 fish from each treatment were grown further for 180 days and their sex ratio
determined using the genital papillae. The results demonstrated that 17a-methyltestosterone was effective in producing phenotypic
male in S. melanotheron. However, in both 60-day and 180-day experiments, no treatment gave 100% male population. The 90 mg/kg
MT yielded the highest all-male fish of 84.13%, highest survival of 70% and highest final mean body weight of 103.99 +7.92 g.
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1. Introduction

Sex reversal is a technique of changing sexes of fish
from one sex to another (e.g. female to male or vice

versa) by administering synthetic steroid hormones (e.g.

17a-methyltestosterone and 1-dehydrotestosterone)
before or during the period of sexual differentiation [1].
According to Phelps and Popma [2] hormone treatment
does not modify the genetic make-up of the fish but
directs the expression of the phenotype, and therefore
defined sex reversal as the alteration of the phenotype
(sex) by administration of synthetic sex hormones.
According to Gale et al. [3], the hormones act as sex-
inversion agents by functionally masculinizing or
feminizing individual fish in the population. Andersen
etal. [4] observed that at the time of hatching Zebra fish
(Danio rerio) fry were sexually undeveloped and
during the early period of gonadal differentiation,
changes in sex hormone concentration affect the
phenotypic sex irrespective of the genetic sex.
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Ferdous and Ali [1] evaluated the optimum dose rate
of 17a-methyltestosterone (MT) treatment for sex
reversal and its effect on growth performance of Nile
tilapia (Oreochromis niloticus). They treated the fry
with MT dosages of 0 mg/kg (control), 40 mg/kg, 50
mg/kg, 60 mg/kg and 70 mg/kg ad libitum for 28 days.
Their results showed that each hormone-treated group
gave a significantly higher male to female ratio, while
the control group showed normal male to female ratio.
The results established that 17a-MT had substantial
effect in directing gonadal sex differentiation of O.
niloticus towards males depending on the dosage
involved in the treatment. The researchers observed
that the maximum male population (94.28%) of O.
niloticus was obtained at the dose of 60 mg MT/kg of
feed for 28 days and concluded that 60 mg/kg MT was
the optimum effective dose for sex reversal in O.
niloticus. However, in a similar assessment carried out
on O. niloticus, Okoko [5] reported the optimum dosage
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of 30 mg/kg (99.3% males), while 60 mg/kg recorded
97% males. In another comparative study on
Oreochromis niloticus, Shepperd [6] reported an equal
performance of 98% males for both 30 and 60 mg/kg
MT for the 28 days treatment. In the same studies,
Shepperd [6] reported 94% and 91% males respectively
for 30 and 60 mg/kg MT for Red tilapia (Hybrid, O.
mossambicus > O. hornorum). Green and Teichert-
Coddington [7] worked on O. niloticus using 60 mg/kg
of 170-MT and had 96.8% males. Phelps et al. [8]
reported similar results (97.8% males) when 60 mg/kg
17a-MT was administered to O. niloticus. Guerrero 111
[9] evaluated the effect of the hormone, 17a-MT on the
treatment of Oreochromis aureus for sex reversal. He
administered doses of 15, 30 and 60 mg/kg for 18 days,
and the 30 mg/kg had the highest percentage conversion
of 98% males. Nakamura [10] demonstrated that at
high doses the efficacy of 17a-MT in reversing the
genotypic female fish to a phenotypic male was
lowered (and vice versa) as demonstrated in the study
with Oreochromis mossambicus. Nakamura [10]
reported that 50 mg/kg MT treatment of O.
mossambicus gave 100% males conversion, whereas
100 mg/kg gave 61% males in the same species. The
results from McGeachin et al. [11] on the same O.
mossambicus species when treated with 60, 90 and 120
mg/kg MT for 22 days gave 99%, 98%, and 96% males
respectively. On the other hand, VVaradaraj and Pandian
[12] reported that doses of 5, 10, 20, 30 and 40 mg/kg
MT when administered ad libitum to O. mossambicus
for 19 days gave 100% male conversion in each case.
There are few reports on the use of other androgen-
base hormones for the treatment of tilapia species for
sex reversal. Guerrero I11 [9] examined the effect of the
hormone, 1-dehydrotestosterone in the treatment of
Oreochromis aureus at 15, 30 and 60 mg/kg
concentrations for sex inversion, and the results were
69%, 59% and 44% males respectively. Guerrero 111 [9]
again in the same experiment tested the hormone,
ethynyltestosterone on O. aureus at 15, 30 and 60
mg/kg doses for sex reversal, the results were 85%,

98% and 100% male conversion respectively. Phelps et
al. [8] evaluated fluoxymesterone at doses of 1, 5 and
25 mg/kg on O. niloticus for sex inversion, and
obtained 87.3%, 100% and 100% males respectively for
that particular androgen. The hormone, mestanolone
was also tested on O. niloticus at 5, 10 and 20 mg/kg for
sex reversal; the results were 99.5%, 97.0% and 99.0%
males [13]. Guerrero 11l and Guerrero [14] worked on
0. mossambicus using the hormone, mibolerone at levels
of 1.5, 1.75 and 2.0 mg/kg, and the results were 84%,
88% and 94% males respectively. Varadaraj [15] also
tested the androgen-based hormone, 19-norethisterone
acetate for sex reversal in O. mossambicus at a
concentration of 1 mg/kg and the outcome was 52%
males. Galvez et al. [16] studied sex reversal in
Oreochromis aureus using 25, 50 and 100 mg/kg of
trenbolone acetate, and the outcome was 98.3%, 99.3%
and 99.0% males respectively.

Studies on the use of synthetic androgens in sex
reversal of tilapia [2, 17-19] showed that the steroids
usually have both androgenic and anabolic effect on
fish. El-Greisy and EI-Gamal [20] worked on
Oreochromis niloticus using 17a-methyltestosterone at
40, 60 and 80 mg/kg to produce sex reversed population
and evaluated them for growth performance, survival,
sex ratio and sex stability after 15, 35, 75 and 365 days
of culture in freshwater. The results indicated that the
maximum sex ratios of males (97%) and highest mean
harvest body weight (215.0 +=12.8 g) were recorded at
60 mg of 17a-MT/kg of diet after 365 days. Generally,
the values of growth parameters recorded were always
higher for those fish treated with the 17a-MT/kg diet
compared to the control. They attributed the high
growth performance of the hormone-treated fish to
anabolic effect of the steroid.

However, according to Phelps and Popma [2] any
enhanced growth of sex reversed tilapia, as a result of
androgen treatment, is more related to the superior
growth of males (naturally metabolic energy is
channelled towards growth) than the usual anabolic
effect related to enhanced protein synthesis and
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increase in muscle mass. Hanson et al. [21] worked on
O. niloticus and evaluated the growth performance of
sex-reversed males, hybridized males and hand-sexed
males (using the genital papilla). Both sets of sex-
reversed and hybridized male fish (99.4% and 100%
male respectively) grew larger than the hand-sexed fish
(93.8% male), but the hand-sexed male population had
6.2% females which could have lowered the mean final
body weight. Green and Teichert-Coddington [7] assessed
growth and survival performance of 17a-MT treated
and untreated Nile tilapia (Oreochromis niloticus) in
the fry treatment, nursery and grow-out stages under
semi-intensive conditions in earthen ponds. They found
no significant difference in growth in any of the stages.
Tuan et al. [22] also found no difference in growth
between all hybridized male population (96.2% male)
and 17a-MT sex reversed male (99.3% male)
populations. However, in a second experiment, Tuan et
al. [22] found out that the sex-reversed males (100%
males) grew larger compared to the all hybridized
males, which were made up of only 82.6% males.
There is paucity of information on sex reversal of S.

melanotheron regarding the optimum dosage requirement.

The objective of this study therefore, was to determine the
effective concentration of 17a-methyltestosterone for

production of all-male individuals of black-chinned tilapia.

2. Materials and Methods
2.1 Sources of Broodstock

Brood fish of S. melanotheron were obtained from
the Weija reservoir (534'11" N; 020'39” W near Cape
Coast, Ghana). Males and females were held separately
in 6 m® hapas mounted in a 30 m? earthen pond.

2.2 Preparation of Hormone-Feed

Five concentrations of 17a-methyltestosterone
(170-MT) (0, 30, 60, 90 and 120 mg per kilogram
feed) were prepared using the ethanol evaporation
method [23]. A commercial feed (Ranaan) with 40%
crude protein was ground and sieved to obtain fine
particles. One kilogram (1 kg) of the feed was mixed
with the different concentrations of 17a-MT. The
control diet (0 mg of 17a-MT) was a mixture of 200
mL of alcohol and 1 kg feed. The hormone feeds were
then air-dried in the laboratory and stored in a
refrigerator until use.

2.3 Fry Production for Sex Reversal Assessment

Fry were produced by crossing 6 male and 6 female
brood fish in a 6 m® hapa. After 2 weeks, fry of length
less than 11 mm were stocked in fifteen 72-litre
aquarium glass tanks (Fig. 1).

Fig. 1 72-litre capacity aquaria for sex reversal treatment.
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Fig. 2 The 6 m® experimental hapas.

Triplicate tanks for each feed treatment were stocked
with 100 fry and fed at 20% biomass, four times daily
at 09:00, 11:00, 13:00 and 15:00 local time for 28 days.
Unconsumed feed and excreta were siphoned from the
tanks daily, and the water was partially changed to
reduce the production of algae. The tanks were
constantly aerated during the treatment period and pH,
DO and temperature of the water were monitored daily
using a multi-parametric water quality checker (Hanna
Instrument HI 9829).

2.4 Growth Performance Evaluation of 170-MT

Following the 28-day hormone-treatment, 60 fry
were stocked in fifteen 6 m® hapas mounted in a 1,200
m? earthen pond (Fig. 2) comprising three replicates for
each treatment. Fish were fed 30% crude protein feed
at 5% biomass divided into three times daily at 09:00,
12:00 and 15:00 local time.

Thirty fish from each treatment were sampled
fortnightly to record weight and length to the nearest

0.01 g and 0.1 cm respectively, and returned to their
hapas. The total feed administered and fish mortalities
were recorded during each sampling period. The
following formulae were used to estimate the growth
parameters:
(1) Absolute Growth Rate (AGR) [24]
We— W,
AGR = fT
where, AGR is the absolute growth rate, Ws, Wi, and T
are the final weight, initial weight, and culture period,
respectively.

(2) Specific Growth Rate (SGR) [25]

SGR = ——— x 100

where, SGR is the specific growth rate, W, and W1 are
final and initial weights of the fish, and T is the culture
period.
(3) Feed Conversion Ratio (FCR) [26]
weight of feed given
weight gain by fish

FCR =
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(4) Condition Factor [27]
w
K=5x 100

where, K is the condition factor, W is the final weight
and L is the standard body length in cm.

2.5 Sex Determination Using the Gonadal Squash
Method

Thirty fish from each treatment were harvested after
60 days; each specimen was weighed and standard body
lengths measured and preserved in 10% formalin for
sex determination using the gonadal squash method with

a slight modification to the method described by
Guerrero I11 and Shelton [28].

The female ovarian tissue was identified by the
presence of pre-vitellogenic and vitellogenic oocytes
(Fig. 3a) and the male testicular tissues were
identified by their characteristic lobular structures
(Fig. 3b). The numbers of males and females were
recorded, and the percentage of sex reversal for each
dosage of 17a-MT was calculated. A Chi-squared
analysis was used to test for significant deviation of
the sexes from the expected 1:1 ratio at the 5% level
of significance.

Pre-vitellogenic
oocyte

Vitellogenic
oocyte

Fig. 3a Squashed ovarian tissue of black-chinned tilapia under light microscope (> 100).

Testicular
tubules

Fig. 3b  Squashed testicular tissue of black-chinned tilapia under light microscope (><100).
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Fig. 4 Female (a) and male (b) black-chinned tilapia.

2.6 Sex Determination Using the Genital Papillae

The remaining treated fingerlings in the hapas were
further grown for 180 days and their sexes determined
using the structure of the genital papillae by applying
methylene blue to the genital area and rinsing it with
water. The blue stain was either absorbed by the
papillae (making the oviduct opening more
conspicuous) if the fish was a female or not absorbed
by the papilla (leaving no stain on the papilla) if the
fish was a male (Fig. 4a).

The female black-chinned tilapia has three openings:
urethra, oviduct and anus, whereas the male counterpart
has only two openings: urethra and anus. It is the
oviduct opening that absorbs the blue stain (Fig. 4a),
making it easier to identify the female from the male.
Fig. 4b shows the colour differences between the male
and female black-chinned tilapia. The female was
identified by its transparent operculum, which appears
deep mauve because of the blood that flows through the
gills beneath it. The male black-chinned tilapia on the
other hand, has a bright golden yellow colour on the
operculum (Fig. 4b).

3. Results

3.1 Percentage of Sex Conversion of Treated S.
melanotheron after the 60-Day Culture

Table 1 presents results of percentage of sex
conversion determined by gonadal squash method. The
fish fed 90 mg/kg 170-MT feed exhibited the highest
male percentage conversion of 80.0% = 3.9% which
was significantly higher than those fed 0, 30 and 120
mg/kg but not significantly different from the fish fed 60
mg/kg.

3.2 Percentage of Sex Conversion of Hormone-Treated
S. melanotheron after 180-Day Culture

Table 2 gives the percentage of male conversion of
hormone-treated fish cultured for 180 days. At this
stage, the fish had developed the sex coloration in the
opercula and the urogenital papilla of males and
females was recognizable. Using the hand sexing
technique and opercular coloration, 84.0% =+ 1.0%
males were produced by the 90 mg/kg 17a-MT feed,
which was significantly higher (p < 0.05) than the 53.3%
+3.3% males obtained from the 0 mg/kg feed (control).
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Table 1 Percentage of sex conversion of hormone-treated S. melanotheron after 60-day culture.

Percentage males

Conc. of 17a-MT (mg/kg) 1 2 3 Mean + SE (%)
0 36.0 533 56.7 48.7 +6.4°

30 57.1 56.7 - 56.9

60 73.3 60.0 - 66.7

90 73.3 86.7 80.0 80.0+£3.9*

120 433 63.3 60.0 55.6+6.2°

Means that do not share a letter in the superscripts are significantly different at 5% level of significance

Table 2 Percentage of sex conversion of hormone-treated S. melanotheron after 180-day culture.

Percentage males

Conc. of 170-MT in feeds (mg/kg) 1 2 3 Mean =+ SE (%)
0 50.0 60.0 50.0 53.3+3.3b

30 61.1 52.0 76.9 63.3 +7.3%

60 82.4 72.0 60.0 71.45 + 6.5%
90 84.0 82.4 85.7 84.02 +1.02
120 87.5 28.0 - 57.8

Means that do not share the same superscripts are significantly different at 5% level of significance

3.3 Mean Body Weight of S. melanotheron Fry after the
28-Day Treatment with 17a-MT

Fig. 5 shows mean body weights attained by treated
fry after 28 days of hormone treatment. The highest
mean body weight (0.62 +0.03 g) was attained by the
fry fed 30 mg/kg feed, and those fed 120 mg/kg had the
lowest mean body weight (0.41 0.09 g). The mean
body weight of fish fed 30 mg/kg 17a-MT feed was
significantly higher (p < 0.05) than those fed 60, 90 and
120 mg/kg feed.
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3.4 Mean Body Weight of Hormone-Treated S.
melanotheron after the 60-Day Culture

Fig. 6 shows the mean body weights of treated S.
melanotheron cultured for 60 days. The highest mean
body weight of 12.85 +1.64 g was attained by the fish
fed 30 mg/kg 17a-MT feed; those fed 120 mg MT/kg
feed had the lowest mean body weight (9.70 +0.37 g).
The body weights of the fish fed 30, 60 and 90 mg
MT/kg feed were similar but were significantly higher
(p < 0.05) than those fed at 0 and 120 mg MT/kg feed.

0 30

60 90 120

Concentrations of 17a-MT in feeds (mg/kg)
Fig. 5 Mean body weight of S. melanotheron fry after the 28-day treatment 17a-MT.

Vertical bars represent standard errors.
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Fig. 6 Mean body weight of treated S. melanotheron fry cultured in freshwater for 60 days.

Vertical bars represent standard errors.

Table 3 Absolute growth rates of hormone-treated S. melanotheron cultured for 60 days.

AGR (g/day)
Conc. of 170-MT in feeds (mg/kg) 1 2 3 Mean + SE (g/day)
0 0.17 0.14 0.17 0.16 £0.01
30 0.18 0.17 0.26 0.20 £ 0.03
60 0.26 0.18 0.15 0.20 £ 0.03
90 0.20 0.18 0.19 0.19+£0.01
120 0.14 0.16 0.16 0.15+0.01

Table 4 Specific growth rates of hormone-treated S. melanotheron cultured in freshwater for 60 days.

SGR (%/day)
Conc. of 170-MT in feeds (mg/kg) 1 2 3 Mean =+ SE (%/day)
0 4.80 4.52 5.57 4.96 +0.31
30 4.82 4.90 5.35 5.02+0.17
60 5.63 5.24 4.97 5.28+0.19
90 5.30 5.23 5.42 5.32+0.06
120 5.54 4.78 5.71 5.34+£0.29

3.5 Absolute Growth Rates of Hormone-Treated S.
melanotheron Cultured for 60 Days

Table 3 shows the absolute growth rates (AGR) of
hormone-treated S. melanotheron cultured for 60 days.
The highest AGR occurred in fish fed 30 and 60 mg/kg
170-MT with the lowest in fish given the 120 mg/kg
170-MT feed. There was no significant difference
among the mean AGR when the entire treatment was
subjected to ANOVA test (F = 1.24; p = 0.355).

3.6 Specific Growth Rates of Hormone-Treated S.
melanotheron Cultured for 60 Days

Results of the specific growth rate (SGR) analysis
are presented in Table 4. SGR was highest in fish fed

120 mg/kg 17a-MT feed and lowest in fish with no MT
treatment. There was no significant difference in SGR
among the treatments, according to results of the
ANOVA test (F =0.63; P = 0.652).

3.7 Mean Body Weight of Hormone-Treated S.
melanotheron Cultured for 180 Days

Fig. 7 shows the final mean weight of hormone-
treated fish cultured for 180 days. The fish fed 0 mg
MT/kg feed had the lowest mean body weight (70.45
+ 4.67 g), and those fed 90 mg/kg exhibited the
highest mean body weight (103.99 £7.92 g), and the
latter was significantly higher than the mean body
weight of fish treated with 0 mg MT and 120 mg MT

(Fig. 7).
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Fig. 7 Mean body weight of hormone-treated S. melanotheron cultured in freshwater for 180 days.

Vertical bars represent standard errors.

Table 5 Absolute growth rate of hormone-treated S. melanotheron cultured for 180 days.

Replicates (g/day)
Conc. of 170-MT in feeds (mg/kg) 1 2 3 Mean + SE (g/day)
0 0.35 0.44 0.37 0.39 +0.03%
30 0.38 0.38 0.65 0.47 £ 0.09%
60 0.60 0.44 0.41 0.49 + 0.06®
90 0.65 0.58 0.50 0.58 +0.04*
120 0.49 0.44 0.46 0.46 +0.02

Means that do not share the same superscript are significantly different at 5% level of significance.

Table 6 Specific growth rate of hormone-treated S. melanotheron cultured in freshwater for 180 days.

SGR (%/day)
Conc. of 17a-MT in feeds (mg/kg) 1 2 3 Mean + SE (%/day)
0 2.58 2.71 2.90 2.73 £0.09
30 2.59 2.66 2.89 2.72 +£0.09
60 2.94 2.83 2.81 2.86 +0.04
90 3.01 2.98 2.92 2.97+0.03
120 3.11 2.73 3.09 2.98+0.13

3.8 Absolute Growth Rates of Treated S. melanotheron
Cultured for 180 Days

Table 5 presents results of the absolute growth rates
of S. melanotheron given different treatments of 17a-
MT and cultured for 180 days. The mean AGR of fish
fed 90 mg MT was significantly higher (p < 0.05)
compared to those fed 0 mg/kg.

3.9 Specific Growth Rate of Hormone-Treated S.
melanotheron Cultured for 180 Days

The SGRs of the fish under the different hormone
treatments are presented in Table 6. There was no

significant difference among the specific growth rates
when subjected to ANOVA test (F =2.29; p = 0.132).

3.10 Feed Conversion Ratio of Hormone-Treated S.
melanotheron Cultured for 180 Days

Fig. 8 illustrates the feed conversion ratio (FCR) of
hormone-treated fish after 180 days of culture. The
FCRs of fish in the control set-up, the 30 mg MT and
60 mg MT treatments were significantly higher than
fish fed the 90 mg MT and 120 mg MT (p < 0.05). This
suggests that a feed conversion in S. melanotheron was
at higher concentrations of 17a-MT.
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Fig. 8 Feed conversion ratio of S. melanotheron treated with 17a-MT feeds and cultured in freshwater for 180 days.

Vertical bars represent standard errors.

Table 7 Mean condition factor of hormone-treated S. melanotheron cultured in freshwater for 180 days.

Condition factor (K)
Conc. of 17a-MT in feeds (mg/kg) 1 2 3 Mean + SE
0 3.40 3.45 3.54 3.46 £ 0.04°
30 3.29 3.36 3.32 3.32+0.02%
60 3.04 3.20 3.19 3.14 £0.05¢
90 3.43 3.38 3.33 3.38 £ 0.03%
120 3.28 3.36 - 3.32

Means that do not share the same superscript are significantly different at 5% level of significance.

Table 8 Mean water quality estimates within hapas containing sex-reversed S. melanotheron cultured for 180 days.

Conc. of 170-MT in feeds (mg/kg) pH Mean DO (mg/L) Mean temp (°C)
0 8.64 +0.08 5.02+0.95 28.62 +£0.45
30 8.69 £0.07 499 +0.90 28.69 £0.55
60 8.67+0.07 5.16+1.11 28.65+0.37
90 8.70 £0.09 4.89 +0.86 28.05+0.83
120 8.64 £0.07 494 +0.92 28.56 £0.55

3.11 Condition Factor of Hormone-Treated S. melanotheron
Cultured for 180 days

The condition factors (K) calculated for fish treated
with the experimental feeds are recorded in Table 7.
The fish treated with the control feed had the highest
condition factor with 60 mg MT generating the lowest
fish condition. The condition factor of fish fed 60
mg/kg 17a-MT feed was significantly lower (p < 0.05)
compared to all the other experimental fish.

3.12 Water Quality Parameters Recorded during the
180-Day Culture Period

Table 8 shows the water quality parameters recorded

within the hapas containing the experimental fish. The
minimum mean pH recorded over the period was
recorded in the hapas containing fish fed 120 mg/kg
17a-MT whereas the maximum was recorded for those
fed 90 mg/kg 170-MT. The mean DO recordings
ranged from 4.89 +0.86 mg/L to 5.16 £1.11 mg/L for
those fed 90 mg/kg 170-MT and 60 mg/kg 17a-MT
respectively. The water surface temperatures in the
various hapas did not vary significantly during the
culture period; they ranged between 28.05 +0.83 <C
and 28.69 +0.55 <C.

4. Discussion

The maximum male population (80.0% and 84.13%
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male) of S. melanotheron was obtained at the dose of
90 mg/kg 17a-MT feed, whereas the minimum male
proportion was recorded for the dose of 120 mg/kg 17a-
MT feed in both 90- and 180-day experiments. These
results are in line with reports on other tilapia species.
Okoko [5] worked on O. niloticus, and observed higher
male populations at lower doses of 17a-MT than at
higher doses. Okoko [5] reported 99.3%, 97% and
71.9% males at doses of 30, 60 and 120 mg/kg
respectively. The low male to female ratio recorded for
120 mg/kg was in line with the observation of Goudie
et al. [29], who reported that excessive doses of
hormone leading to sterility or paradoxical feminization
in channel catfish, due to aromatization of androgens to
estrogens. According to El-Greisy and El-Gamal [20],
17a-methyltestosterone functions by suppressing the
process of oogenesis, and this inhibitory effect on the
development of oocytes is dependent on the dose of
methyltestosterone administered to the fish. They
reported that the highest sex reversal occurred at 60
mg/kg feed when O. niloticus was fed 40, 60 and 80
mg/kg of 17a-MT for 21 days post-hatching to produce
all male tilapia population. The current study recorded
highest sex reversal of 80%-84% male at 90 mg/kg
17a-MT fed for 28 days.

In a related study, Apenuvor [30] studied the effect
of different levels (30, 60 and 120 mg/kg) of 17a-MT
on S. melanotheron but did not consider 90 mg/kg. The
current results were not in agreement with that of
Apenuvor [30], who reported that S. melanotheron fed
120 mg/kg 17a-MT exhibited the highest sex reversal
of 92.7% male as compared to 89% male for those fed
60 mg/kg 17a-MT. The deviation could be due to the
differences in the strains (Fosu lagoon, brackish water
versus Weija reservoir, freshwater) used. Nevertheless,
the purity of the S. melanotheron fry and the
methodology used by Apenuvor [30] left more
questions unanswered. For example, how pure were the
fry of S. melanotheron harvested from the midst of
several other species (e.g. Pellonula leonensis, Liza
falcipinnis) in that Lagoon where they were harvested

for sex reversal experiment? Apenuvor [30] collected
the swim-up fry for conversion directly from the Fosu
Lagoon with the aid of a scoop net and stocked them in
hapas mounted in concrete fish ponds. He started
feeding the fry after five days of acclimatization
process. This method of acquiring fry for such
experiment cannot guarantee that fry (with unknown
parents) harvested were made up of only S.
melanotheron species, even if it was established that
only S. melanotheron existed in the lagoon. Again,
feeding the fry with different doses of 17a-MT in hapas
mounted in the same fish pond cannot also ensure that
the right doses were available for the targeted samples
due to leaching of the 17a-MT feed from one hapa to
the other. Even delaying the feeding of the swim-up fry
with the hormone feed for five days during the
acclimatization period could also affect the efficacy of
the hormone on the sex reversal since the fry could have
grown past the recommended length of 9-11 mm [29],
when the sex of tilapia is not yet developed. Again, the
researcher did not indicate how the sex of the treated
fish was determined. Therefore, the results from
Apenuvor [30] left many questions unanswered.
According to Mair and Little [31], the rate of
masculinization in tilapia can be influenced by the
hormone concentration, treatment duration, age and
size of fry, availability of natural feed, stocking density
and feeding frequency.

In an experiment with Oreochromis aureus,
McGeachin et al. [11] reported lowest sex reversal
(96% male) for administering 120 mg/kg 17a-MT as
compared to 98% and 99% male for 90 mg/kg and 60
mg/kg 17a-MT respectively. Although, the species
were different from that of Okoko [5] and the current
study (i.e. O. aureus, O. niloticus, and S. melanotheron),
the trend and performance of fish fed 120 mg/kg 17a-
MT were all in agreement, recorded lower percentage
of male conversion, indicating a possible paradoxical
feminization.

Hormone-treated tilapia usually exhibits higher
growth performance compared to the control group.
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According to Jo et al. [32], the higher growth
performance in the treated tilapia compared to the
control group can be attributed to anabolic effect of
17a-MT. However, the results of the current study
showed that certain doses of 17a-MT exhibited higher
anabolic effect on the fry of S. melanotheron compared
to other doses. The 90 mg 17a-MT/kg feed, which
recorded the highest male population also exhibited the
highest mean final weight of 103.99 +7.92 g, whereas
those fed 120 mg/kg 170-MT attained the lowest
weight of 83.78 £ 2.62 g. In another experiment,
although 90 mg/kg attained the highest male sex
reversal, it did not give the highest mean final weight;
there were no significant differences among the mean
body weights of the treated fish. It could also mean that
the anabolic effect of the hormone has not fully taken
effect at that early age of the fish. The increased growth
performances of the 17a-MT treated tilapia compared
to the control group in the current study are in
agreement with published reports on other tilapia
species [17, 19, 31]. It could be seen that in all these
reports, the optimum dose usually exhibits highest
growth performance as well as the highest percentage
masculinization. These may suggest that the higher
body weights recorded for the optimum dosage groups
could be because of the high percentage of males
present as compared to the control and other doses,
which might contain more females with lower weights
because of reallocation of metabolic energy towards
reproduction. In males, the metabolic energy is directed
towards growth, and they may benefit from anabolism-
enhancing androgens [33, 34]. Ahmad et al. [35]
studied different doses of 17a-methyltestosterone as a
growth promoter in Nile tilapia, Oreochromis niloticus,
and reported that the 5 mg/kg was the optimum and
effective dose in promoting significant weight gain and
specific growth rate when doses of 0.5, 1.0, 2.5, 5, 10,
20 and 40 mg/kg MT were administered to the fish for
90 days. This could explain why the highest dose of 120
mg/kg 17a-MT could not attain the highest final weight,
because only a small quantity of 17a-MT was required

to promote growth in fish.

The percentage of male conversion of 84% was
lower compared to findings in other tilapia species.
Vera-Cruz and Mair [36] obtained 98% and 99% males
with 40 mg 170-MT/kg and 60 mg 17a-MT/kg diets
respectively for O. niloticus fed at 20% body weight for
25 days. Smith and Phelps [37] also worked on O.
niloticus and reported 99%-100% male when given
170-MT at 60 mg/kg of feed. The results of this study
exhibited a lower male proportion for optimum dose
rate of androgen of 90 mg 17a-MT/kg of feed. The
lower conversion rate in the current study may be due
to difference in species, poor handling of the hormone
by the chemical sellers and the shelf life of the steroid.
According to Phelps and Popma [2], androgens
breakdown when exposed to sunlight or high
temperatures. Varadaraj et al. [38] compared storage
conditions of 170-MT stock solutions and treated feed
and the impact on efficacy of sex reversal of O.
mossambicus. They report that when either the stock
solution or feed of 17a-MT was exposed to light the
efficacy of the treatment was significantly reduced.

5. Conclusions

The results demonstrated that the synthetic androgen,
17a-methyltestosterone was effective in producing
phenotypic male in S. melanotheron. The optimum
dosage of 17a-methyltestosterone for effective sex reversal
in S. melanotheron was 90 mg/kg with a feeding
duration of 28 days. At a higher dose of 120 mg 17a-
MT/kg of feed, the sex ratio of S. melanotheron was not
influenced in favour of males. The treatment of S.
melanotheron with 90 mg/kg of 17a-methyltestosterone
for 28 days yielded the highest all-male conversion of
84.13% male, highest survival of 70% and highest final
mean body weight of 103.99 +7.92 g as compared to
the other doses of 0, 30, 60 and 120 mg/kg 17a-MT.

Recommendations

The optimum dose of 90 mg/kg of 17a-MT for sex
reversal of S. melanotheron should be tested on other
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strains of black-chinned tilapia to evaluate its
effectiveness.

References

(1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[°]

[10]

[11]

[12]

Ferdous, Z., and Ali, M. M. 2011. “Optimization of
Hormonal Dose during Masculinization of Tilapia
(Oreochromis niloticus) Fry.” J. Bangladesh Agril. Univ.
9 (2): 359-64.

Phelps, R. P., and Popma, T. J. 2000. “Sex Reversal of
Tilapia.” In Tilapia Aquaculture in the Americas (vol. 2),
edited by B. A. Costa-Pierce and J. E. Rakocy. Baton
Rouge, LA: The World Aquaculture Society, pp. 34-59.
Gale, W. L., Fitzpatrick, M. S., Lucero, M., Contreras-
Sanchez, W. M., and Schreck, C. B. 1999.
“Masculinization of Nile Tilapia (Oreochromis niloticus)
by Immersion in Androgens.” Aquaculture 178: 349-57.
Andersen, L., Holbech, H., Gessbho, A., Norrgen, L., and
Petersen, G. I. 2003. “Effect of Exposure to 170-
Ethinyltradiol during Early Development on Sexual
Differentiation and Induction of Vitellogenin in Zebra Fish
(Danio rerio).” Comp. Biochem. Physiol. C. Toxicol.
Pharmacol. 134: 365-74.

Okoko, M. 1996. “Effect of 17a-Methyltestosterone
Concentrations on the Sex Ratio, and Gonadal
Development of Nile Tilapia, Oreochromis niloticus.”
M.Sc. thesis, Auburn University.

Shepperd, V. D. 1984. “Androgen Sex Inversion and
Subsequent Growth of Red Tilapia and Nile Tilapia.”
M.Sc. thesis, Auburn University.

Green, B. W., and Teichert-Coddington, D. R. 1994.
“Growth of Control and Androgen-Treated Nile Tilapia,
Oreochromis niloticus (L.), during Treatment, Nursery and
Grow-Out Phases in Tropical Fish Ponds.” Aquaculture
and Fisheries Management 25: 613-21.

Phelps, R. P., Cole, W., and Katz, T. 1992. “Effect of
Fluoxymesterone on Sex Ratio and Growth of Nile Tilapia
Oreochromis niloticus (L.).” Aquaculture and Fisheries
Management 23: 405-10.

Guerrero 1ll, R. D. 1975. “Use of Androgens for the
Production of All Male Tilapia aurea (Steindachner).”
Transactions of the American Fisheries Society 104: 342-
8.

Nakamura, M. 1975. “Dosage-Dependent Changes in the
Effect of Oral Administration of Methyltestosterone on
Gonadal Sex Differentiation in Tilapia mossambica.”
Bulletin of the Faculty of Fisheries, Hokkaido University
26: 99-108.

McGeachin, R. B., Robinson, E. H., and Neil, W. H. 1987.
“Effect of Feeding High Levels of Androgens on the Sex
Ratio of Oreochromis aureus.” Aquaculture 61: 317-21.
Varadaraj, K., and Pandian, T. J. 1989. “Monosex Male

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Broods of Oreochromis mossambicus Produced through
Artificial Sex Reversal with 17a-Methyl-4 Androsten-
17B-0l-3-One.” Current Trends in Life Science 15: 169-73.
Soto, P. 1992, <“Effect of Mestanolone (17a-
Methylandrostan-17a-OL-3-One) on Sex Ratio and
Growth of Nile Tilapia (Oreochromis niloticus).” M.Sc.
thesis, Auburn University.

Guerrero I, R. D., and Guerrero, L. A. 1993. “Effect of
Oral Treatment of Mibolerone on Sex Reversal of
Oreochromis mossambicus.” Asian Fisheries Science 6:
347-50.

Varadaraj, K. 1990. “Production of Monosex Male
Oreochromis mossambicus (Peters) by Administering 19-
Norethisterone Acetate.” Aquaculture and Fisheries
Management 21: 133-5.

Galvez, J. 1., Morrison, J. R., and Phelps, R. P. 1996.
“Efficacy of Trenbolone Acetate in Sex Inversion of the
Blue Tilapia Oreochromis aureus.” Journal of the World
Aquaculture Society 27: 483-6.

Dan, N. C., and Little, D. C. 2000. “The Culture
Performance of Monosex and Mixed-Sex New-Season and
Overwintered Fry in Three Strains of Nile Tilapia
(Oreochromis  niloticus) in  Northern  Vietnam.”
Aquaculture 10 (2): 32-4.

Little, D. C., Bhujel, R. C., and Pham, T. A. 2003.
“Advanced Nursing of Mixed-Sex and Mono-Sex Tilapia
(Oreochromis niloticus) Fry, and Its Impact on Subsequent
Growth in Fertilized Ponds.” Aquaculture 221: 265-76.
Mair, G. C., Abucay, J. S., Beardmore, J. A., and Skibinski,
D. O. F. 1995. “Growth Performance Trials of Genetically
Male Tilapia (GMT) Derived from YY-Males in
Oreochromis niloticus L.: On Station Compositions with
Mixed Sex and Sex Reversed Male Populations.”
Aquaculture 137: 313-22.

El-Greisy, Z. A., and El-Gamal, A. E. 2012. “Monosex
Production of Tilapia, Oreochromis niloticus Using
Different Doses of 17a-Methyltestosterone with Respect
to the Degree of Sex Stability after One Year of Treatment.”
The Egyptian Journal of Aquatic Research 38 (1): 59-66.
Hanson, T. R., Smitherman, R. O., Shelton, W. L., and
Dunham, R. A. 1983. “Growth Comparison of Monosex
Tilapia Produced by Separation of Sex, Hybridization and
Sex Reversal.” In Proceedings of the International
Symposium on Tilapia in Aquaculture, edited by L.
Fishelson and Z. Yaron. Tel Aviv, Israel: Tel Aviv
University, pp. 570-9.

Tuan, P. A., Little, D. C., and Mair, G. C. 1998.
“Genotypic Effects on Comparative Growth Performance
of AIll Male Tilapia Oreochromis niloticus (L.).”
Aquaculture 159: 293-302.

Mair, G. C., and Santiago, L. P. 1994. “Feminization of
Nile Tilapia, Oreochromis niloticus (L.), by Oral



180

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Sex Reversal of Black-Chinned Tilapia (Sarotherodon melanotheron) Fry Using 17a-
Methyltestosterone

Application of Diethylstilbestrol (DES).” In Third Asian
Fisheries Forum, edited by L. M. Chou, A. D. Munro, T.
J. Lam, T. W. Chen, L. K. K. Cheong, J. K. Ding, K. K.
Hooi, H. W. Khoo, V. P. E. Phang, K. F. Shim and C. H.
Tan. Manila, Philippines: Asian Fisheries Society, pp.
94-7.

Hopkins, K. D. 1992. “Reporting Fish Growth: A Review
of the Basics.” Journal of the World Aquaculture Society
23 (3): 13-9.

Wootton, R. J. 1998. Ecology of Teleost Fishes (2nd ed.).
London: Kluwer Academic Publishers, pp. 107-20.
Ridha, M. T. 2006. “A Comparative Study on the Growth,
Feed Conversion and Production of Fry of Improved and
Non-improved Strains of Nile Tilapia, Oreochromis
niloticus.” Asian Fisheries Science 19: 319-25.

Bagenal, T. B. 1978. “Aspects of the Fish Fecundity.” In
Ecology of Freshwater Fish Production, edited by S. D.
Gerking. Oxford, UK: Blackwell Scientific Publications
Ltd., pp. 75-101.

Guerrero 111, R. D., and Shelton, W. L. 1974. “An Aceto-
Carmine Squash Method for Sexing Juvenile Fishes.”
Progressive Fish Culturist 36: 56.

Goudie, C. A., Redner, B. D., Simco, B. A., and Davis, K.
B. 1983. “Feminization of Channel Catfish by Oral
Administration of Steroid Sex Hormones.” Transactions
of the American Fisheries Society 112: 670-2.

Apenuvor, T. 2014. “Crossing, Sex Reversal and
Reproductive Capacity of Two Populations of
Sarotherodon melanotheron (Cichlidae) from the Central
Region of Ghana.” M.Sc. thesis, University of Cape Coast.
Mair, G. C., and Little, D. C. 1991. “Population Control in
Farmed Tilapia.” North American Journal of Aquaculture
14 (3): 8-13.

(32]

[33]

[34]

[35]

[36]

[37]

[38]

Jo, J. Y., Smitherman, R. O., and Tave, D. 1995. “Effect
of Six Levels of Dietary 17a-Methyltestosterone on Sex-
Reversal and Growth of Oreochromis aureus
(Steindachner) and Oreochromis niloticus (Linnaeus).”
Journal of Aquaculture 8 (2): 77-83.

Angienda, P. O., Aketch, B. O., and Waindi, E. N. 2010.
“Development of All-Male Fingerlings by Heat Treatment
and the Genetic Mechanism of Heat Induced Sex
Determination in Nile Tilapia (Oreochromis niloticus L.).”
International Journal of Biological and Life Sciences 6 (1):
38-43.

Tran-Duy, A., Schrama, J. W., van Dam, A. A., and
Verreth, J. A. J. 2008. “Effects of Oxygen Concentration
and Body Weight on Maximum Feed Intake, Growth and
Hematological Parameters of Nile Tilapia, Oreochromis
niloticus.” Aquaculture 275: 152-62.

Ahmad, M. H., Shalaby, A. M. E., Khattab, Y. A. E., and
Abdel-Tawwab, M. 2002. “Effects of 170-
Methyltestosterone on Growth Performance and Some
Physiological Changes of Nile Tilapia Fingerlings
(Oreochromis niloticus L.).” Egypt. J. Aquat. Biol. Fish 4
(4): 295-311.

Vera-Cruz, E. M., and Mair, G. C. 1994. “Conditions for
Effective Androgen Sex Reversal in Oreochromis
niloticus (L.).” Aquaculture 122: 237-48.

Smith, E. S., and Phelps, R. P. 2001. “Impact of Feed
Storage Conditions on Growth and Efficiency of Sex
Reversal of Nile Tilapia.” North American J. Aquacult. 63
(2): 242-5.

Varadaraj, K., Kumari, S. S., and Pandian, T. J. 1994.
“Comparison of Conditions for Hormonal Sex Reversal of
Mozambique Tilapias.” The Progressive Fish-Culturist 56:
81-90.



