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Environmental sex determination by temperature was revealed in different genotypes (puta-

tive XX : XY=1:1,1:0,0: 1) of nile tilapia (Oreochromis niloticus). There was no significant

deviation from expected sex ratio in control group treated with 27, while the temperature

regimes of 33C and 36C during labile period induced the differentiation of phenotypic sex

into female with a clear trend forward percent female with increasing temperature. The
administration of 240 and/or 480 mg estradiol - 178 (E:)/kg diet also showed the additional
effect to derive the phenotypic sex to female in putative XX : XY=1:1 and 0 : 1 progeny

groups.

Introduction

The sex determination mechanism of fish
involving sex chromosomes, with either female
or male homogamety in different species, are
based mainly on genetic factors. In many
species, however, sex determination may be
entirely polygenic and also be affected by vari-
ous environmental factors such as tempera-
ture, pH, light and salinity etc. (Conover and
Kynard, 1981 ; Conover and Heins, 1987).
Since the first evidence of temperature con-
trolled sex determination has been reported in
a gonochoristic species Menidia menidia
(Conover and Kynard, 1981), a few studies
have made on other species (Sullivan and
Schultz, 1986 ; Korpelainen, 1990 ; Strumann

et al., 1996).

In nile tilapia (Oreochromis niloticus), the
sex determination mechanism has been evi-
denced by a lot of models including XX
femlae ~ XY male based genetic factor, temper-
ature, and genotype/temperature interaction
(Baroiller et al., 1995 ; Abucay et al., 1997..
However, studies on the temperature controlled
sex determination of nile tilapia revealed the
quite variable results depending on the strains
and genotypes. Baroiler et al. (1995) reported
that high water temperature (36TC) treatment
significantly increased the percent male in both
genetically normal and all XX progenies. Abu-
cal et al. (1997) also reported the same results
in putative all XX progenies treated at high
water temperature {(37%C) but the same 37¢C
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treatment increased the percent female in
putative all XY and YY progenies.

The objective of this study was to re - exam-
ine the effect of temperature on phenotypic sex
determination of different genotypes in nile
tilapia and to evaluate the effectiveness of tem-
perature on estradiol - 178 (E2) treatment for

sex reversal.
Materials and methods

Fish and genotypes

The fish used for the experiment was origi-
nated from a Japanese strain of nile tilapia
(Oreochromis niloticus). Three experimental
progeny groups with different genotypes were
used for examining the effect of temperature on
phenotypic sex determination. The groups rep-
resenting different genotypes were produced by
chromosome - set manipulation and sex rever-
sal technique as described by Kim et al. (1996).

The notification for 3 experimental groups
with different genotypes are as follow :

GNT (genetically normal tilapia) : the proge-
ny group expected to have normal sex ratio
(XX : XY=1% : 17%) that produced by crossing
normal female (XX) with normal male (XY).

GFT (genetically female tilapia) : the proge-
ny group expected to have all - female sex ratio
(XX : XY=1% : 07%) that produced by crossing
normal female (XX) with sex reversed male (4
XX).

GMT (genetically male tilapia) : the progeny
group expected to have all - male sex ratio
(XX : XY=0% : 13) that produced by crossing
superfemale (4 YY) with sex reversed male (4
XX).

Temperature treatment

All experimental progenies were incubated
initially at 27+0.5C of nursery cage under

closed — recirculated system until the tempera-
ture treatment. The desired temperatures (33
and 36C) were obtained by gradually increas-
ing the temperature with 4%/day. Control
treatment (27 C) was also made for each geno-
type group. Treatment duration was 28 days
that has been thought to be labile period for
sex differentiation in this species (Kim et al.,
1993). There were 2 replicate tanks per each
treatment combination (genotype/tempera-
ture). At the end of treatments, the survival
rate of each treatment was evaluated as a per-
cent survived fish of initially stocked fish, and
then the temperatures of all experimental
groups except control groups were decreased to
277 with a rate of 4C/day.

Hormonal sex reversal with temper-
ature treatment

To examine the combined effectiveness of temper-
ature and estradiol — 178 (E:) treatment for femi-
nization of nile tilapia, the progenies of different
genotypes were subjected to E2 treatment under dif-
ferent temperature (27, 33, and 36°C). Effectiveness
of the dose levels, 240 (E: 240) and/or 480 mg (Ez
480) E2/kg diet were examined in each temperature
by oral administration of hormone diet on an ad
libitium basis. Treatment duration was also 28 days.
Detailed procedures for E: treatments involving
making hormone diet and management of fish was
according to the procedure described by Kim et al.
(1993).

Phenotypic sexing

At the age of 120 days, the phenotypic sex of
experimental fish was determined. The gonads
were surgically removed, and the sex were
examined by squash method under light micro-

scope.
Statistics

Difference in growth and sex ratio were
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assessed by ANOVA and/or chi-square tests.
Difference was considered to be significant at
the level of P<0.05.

Results

Survival of artificially incubated eggs

No significant difference in mean survival
rates in 4 detection points was observed among
the progeny groups of different genotypes
(GNT, GFT and GMT). The overall survival
rates at swim up stage was ranged from 82.7 to
86.2% (Table 1).

Effects of temperature and E: treat-
ment on the sex ratio of GNT

Mean survival rates of the groups treated
with different temperature did not differ with
the range from 78.1 to 85.5% (P>0.05). There
was no significant difference in survival rates
between the groups treated with temperature
alone and those treated with temperature and
E:. The control (27°C) group showed the slightly
higher percent of male, but the deviation was

not significant from the normal 1% : 17 ratio.
Percent female was gradually increased with
only increasing the temperature ; 63.9% females
were produced in 33T - treated group (P<0.05)
and 74.9% females in 36C - treated group (P
<0.001). The percent females under each tem-
perature were significantly increased by E.
treatment with dose level of 480 mg/kg diet (E:
480). The 94% of female obtained in E: treated
group under 27°C. The portion of females in E:
treated groups were slightly increased, but not
significantly, with increasing the temperature,
97.3% in 33 and 98.4% in 36C (Table 2).

Effects of temperature and E: treat-
ment on the sex ratio of GFT

There was no significant difference in the
percent survival among treated groups (P>
0.05) regardless of temperature and hormone
treatment. The sex ratio of genetically all
female groups were not affected by water tem-
perature. The experimental groups revealed
all - fernaleness consistently in all temperature
treatments (Table 3). The 480 mg/kg diet of E:

Table 1. Survival rates of artificially incubated nile tilapia eggs!

Parent genotype Developmental stages

" Twocell Blastula-gastrula Hatching Swimup
GNT (XX § xXY73) 97.0+0.4 91.4+0.7 89.8+3.4 86.2+3.9
GFT (XX x 4XX3) 94.5+2.9 91.4+3.1 87.5+29 85.5+3.4
GMT (4YY % x 4XX3) 95.2+4.9 89.6+4.3 84.1+2.0 82.7+1.9

No significant differences among values (mean+ s.d. of triplicates) were observed.

Table 2. Effects of rearing water temperature with estradiol-178 administration on the sex ratio of GNT
nile tilapia progenies produced from cross of normal female (XX) with normal male (XY)'

Putative genotype Water temperature

XX :XY=1:1 __ Control 27C) 383t o 36T -
(GNT) E»0? E»480° E:0 E:480 E:0 E:480
% Survival 78.1+6.7¢ 86.0+3.7% 855+6.5° 86.7+58" 80.5+39¢ 775+4.7
% Female 43.1+3.9 94.0+3.3¢ 63.9+2.6° 97.3+3.1¢  74.9+1.7 984+14°
X2 against $1: 31 ns* P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

' Values (mean + s.d. of triplicates) within a row having the different superscripts are significantly different (P<0.05:.
2 Non treated group, * 480 mg/kg diet of E treated group.
* Not significant, X? test.
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Table 3. Effects of rearing water temperature with estradiol-178 administration on the sex ratio of GF'T
nile tilapia progenies produced from cross of normal female (XX) with sex reversed male (4 XX)'

Putative genotype

Water temperature

XX :XY=1:0 N Control (27T)

(GFT) E: 02 E: 480°
% Survival 83.2+13.2a 94.21+0.4a
% Female 100.0+0.0a 99.0+1.4a
X2 against $1: §0 ns* ns

_...83%¢ e 38T
E:0 E: 480 E: 0 E: 480
85.7+5.7a 889+39a 85411292 91.6+2.4a
100.0£0.0a  100.0£0.0a 100.0+0.0a 100.0+0.0a
ns ns ns ns

! Values (mean + s.d. of triplicates) within a row having the different superscripts are significantly different (P < 0.05)

2 Non treated group, * 480 mg/kg diet of E: treated group.
* Not significant, X2 test.

treatment group (E: 480) also showed the 100%

females in all 3 different temperatures.

Effects of temperature and E2 treat-
ment on the sex ratio of GMT

Mean survival rate of 36C - treated group
(74.0%) was slightly lower than both that of
control group (82.2%) and that of 33C — treated
group (76.2%). However the differences were
not significant. There was a clear trend toward
percent females with increasing temperature
(Table 4). The genetically all male groups
showed nearly 100% males in control groups. It
was coincident with the expected sex ratio
(£ :2=0:1) (P>0.9). But the percent female
was dramatically increased in 33 and 36T
treated groups. About 54% of genetically male
progenies differentiated into phenotypic
females in 33T -treated group (P<0.001), and
much more percent females (77%) was obtained

in 36C (P<0.001) (Table 4).

The effect of 240 and 480 mg/kg diet of E: for
sex reversal into female was also demonstrated
in all temperature treatments without any sig-
nificant adverse effect on survival (P>0.03).
The extent of feminization was dependent on
the concentrations of E:. The significant
increase in female percent was observed in
GMT progeny groups under 27C ; 3.7% of
females (E20), 84.4 (E:240) and 96.5% (E:480).
Percent females of 93.7 (E:240) and 97.3 (E:
480) were observed in 33 treatments, while
81.4 (E2240) and 98.7 (E:480) of females were
shown in 36 C treated groups.

Discussion
The sex determination mechanism of nile

tilapia has been thought to be based on the XX
female - XY male system (female homogame-

Table 4. Effects of rearing water temperature with estradiol - 178 treatment on the sex ratio of GMT nile
tilapia progenies produced from cross superfemale (4 YY) with sex reversed male (4 XX)!

Putative genotypeWater temperature

33¢

X£:XY=0:1 ~ Comtrd27c) o 33¢ I 1

GMT) E: 02 B 2400 E 480 E:0 E.240  E.480 E:0 E: 240 E: 480
% Survival 8224200 822457 770427 62458 T99+54r T53-+46 740474 T05+88 TLTL9T
% Female 37421 844+14 965405 542455 98737 97341 T6S8HE5  Sl4+24 087+12
Xaganst $0: 31 ns* p<0001  p<000l  p<000l p<0001 p<000l p<0001  p<O00l  p<0.001

' Values (mean=+s.d. of triplicates) within a row having the different superscripts are significantly different (P<0.05.
2 Non treated group, ? 240 mg/kg diet of E: treated group, * 480 mg/kg diet of E: treated group.
* Not significant, X* test.
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ty), however, many studies have been reported
to claim that other factors such as autosomal
sex modifying factors and environmental condi-
tions could influence the sex determination in
this species (Mair et al., 1991).

Since the first time evidence of temperature
dependent sex determination has been reported
in Menidia menidia (Conover and Kynard,
1981), it has been believed that one of the most
important environmental factors for phenotypic
sex determination is temperature in several
species including olive flounder (Kim, unpub-
lished data), cyprinid loach (Arai et al., 1997),
pejerrey (Strusmann et al., 1996) and tilapia
(Baroiller et al., 1995).

The results from the present study indicated
that the sex determination of our strain of nile
tilapia has been significantly affected by water
temperature with the trend forward percent
female with increasing temperature, regardless
of progeny groups with different genotypes.
Previous studies considering the temperature
controlled sex determination in nile tilapia
have reported quite variable results contradic-
tory to each other. Baroiller et al. (1995) have
reported that the high temperature (367¢C)
would induce the phenotypic male in nile
tilapia ( “Bouake strain”) and Florida red
tilapia. However, Abucay et al. (1997) reported
that high temperature treatment (37 for 21
days) induced the differentiation into pheno-
typic male in XX genotype, but the same 377
treatment increased the percent female in XY
and YY genotypes of nile tilapia (presumed as
“Lake Manzala strain”). This variability may
be caused by strain - specific genetic back-
ground or possible differences in experimental
conditions. The strain and/or sire dependent
variabilities on percent male in progenies pro-
duced by YY 4 x XX % has already been
reported (Tuan et al., 1997).

In the present study, additional effect on the
feminization of GNT and GMT nile tilapia
could be observed when 240 and/or 480 mg/kg
diet of E: were administered under different
water temperature. The effectiveness of E: for
direct feminization has been reported in many
species including nile tilapia (see the review,
Pandian and Sheela, 1995). It may be valuable
to perform the further research to examine if
successful feminization can be achieved by
combining the very lower amount of hormone
and high temperature treatment. Further
research also will be needed to determine the
more defined optimal condition for improving
yield of the sex reversal based on temperature
regime.

This study proved that phenotypic sex of
nile tilapia was thermolabile, and the sex dif-
ferentiation of this species could be directed by
temperature regime, which may be a valuable
mean for genetic improvement program of nile
tilapia. In future study, elucidation of the
mechanism of temperature driven sex determ:-

nation should be need.
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