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Abstract
The effects of fresh water and sea water on growth, estradiol-17β levels, ovarian and oocyte
development of Oreochromis niloticus, O. aureus and Tilapia zilli were determined. Sea water
affected growth positively (p<0.05) but estradiol-17β concentrations in fish reared in sea water
did not reach the levels in fish reared in fresh water. Ovarian stages developed differently in sea
and fresh water. Ovulation occurred only when the fish were grown in fresh water whereas
mature and atretic oocytes were seen simultaneously in all species when grown in sea water.
There were no statistically significant differences in oocyte diameter between the groups grown
in fresh and sea water (p>0.05).

Introduction
Tilapia are preferred by culturists because of
many positive characteristics (Sarıhan and
Toral, 1982; Ali, 1983; Stickney, 1986; Balarin
and Haller, 1987). One of the most important
is its being a euryhaline fish that can be cul-
tured in both brackish and sea water
(Watanabe et al., 1985; Watanabe and Kuo,
1985; Ridha and Lone, 1990).

The growth of many fish is inhibited during
late maturation stages. The growth of female
tilapia is poorest during sexual maturation
(Bromage, 1989). Reproduction is inhibited by
salt water (Balarin and Haller, 1987) and
depends directly or indirectly on the activity of
hormonal glands that have stimulatory and
inhibitory effects on the maturation process.
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There is not enough research about
steroid hormone levels and gonadal develop-
ment of tilapia held in sea water. The present
study was conducted to compare somatic
growth, estradiol-17β levels and ovarian
development stages in three commercially-
important tilapia species grown in fresh and
sea water.

Materials and Methods
For this study, Oreochromis aureus
(Steindachner, 1864), O. niloticus (Linnaeus,
1757) and Tilapia zilli (Gervais, 1848) were
used. Mean initial weights of the three species
were 0.70±0.09 g, 0.45±0.04 g, 0.60±0.03 g in
fresh water and 0.235±0.08 g, 0.245±0.01 g,
0.22±0.09 g in sea water, respectively.

Experiments were carried out at the Fresh
and Marine Water Fisheries Research
Stations of the Fisheries Faculty of Çukurova
University, Turkey. The fresh water study last-
ed 28 weeks and the sea water 18-20 weeks.
Fish were stocked into six fiberglass tanks
(diameter 4 m), one for each treatment. The
tanks were divided in two by net frames and
each side was stocked with 500 fish. Water
was pumped into the tanks at 4 l/min. Fresh
water (35 ppt) was pumped from an irrigation
channel of the Seyhan Dam Lake and sea
water was pumped directly from the sea.
Water temperature, dissolved oxygen concen-
trations and salinity were measured twice a
day; pH was measured daily. In freshwater
tanks, water temperatures were maintained
between 20.8±0.2°C (mean minimum temper-
ature) and 27.2±0.1°C (mean maximum tem-
perature). Dissolved oxygen ranged between
means of 7.09±0.32 and 8.02±0.32 mg/l. pH
ranged between means of 7.00±0.44 and
7.88±0.09. The temperature of seawater
tanks ranged between means 22.1±0.1°C and
27.6±0.1°C, dissolved oxygen between
7.16±0.12 mg/l and 7.84±0.01 mg/l, pH
between 7.10±0.15 and 7.76±0.11 and salini-
ty between 34.73±0.05 and 35.98±0.02 ppt
(all figures are mean minimum and maxi-
mum).

Fish were fed 0.25, 1 and 2 mm trout gran-
ules with a crude protein level of 55% until
week 11, when they weighed approximately

10 g, and then 2 mm pellets with a crude pro-
tein level of 45%, depending on the sizes of
the fish and their mouth openings. The food
ration was 5% of the body weight, distributed
four times daily.

Ten fish were randomly sampled every
two weeks for histological analysis. For hor-
monal analysis, 25 fish were sampled in the
first two samplings, 20 during weeks 4-12,
and 15 thereafter. Whole fish bodies were
homogenized in 3% trichloroacetic acid
(Rothbard et al., 1987). Homogenates were
stored for further study at -25°C. The samples
were then thawed at room temperature and
homogenates were extracted with diethyl
ether 3-4 times. The diethyl ether was evapo-
rated, and the steroid dissolved in RIA
(radioimmunoassay) buffer. Samples of 100
µl were pipetted into serum-coated tubes, 1 ml
tracer 125I estradiol was added, then vortexed
and incubated for three hours at room tem-
perature (Coat-A-Count Estradiol Kit; DPC,
Los Angeles). After incubation, tubes were
decanted and steroid hormones determined
using an Iso-Data Gamma Counter. For histo-
logical analysis, after autopsy, gonads were
fixed in Bouin’s solution then embedded in
paraffin blocks. Paraffin sections were sliced
into 5 µm sections and stained with hema-
toxylin and eosin. The lengths and widths of
oocytes were measured with a micrometric
ocular in a dissecting microscope.

Statistical analyses were carried out with
Duncan’s Multiple Range (among species in
the same environment) and t tests (between
the same species in fresh and sea water)
using the SPSS package program.

Results
Growth. There were no significant differences
in body weight at week 28 between O. niloticus
and O. aureus reared in fresh water (Table 1)
but both were significantly larger than T. zilli
(p<0.05). Due to a power break-down in the
sea water supply that caused the death of the
fish, the O. aureus and T. zilli experiments
ended in week 18 and the O. niloticus experi-
ment ended in week 20. At that time, the mean
body weights of O. niloticus and T. zilli did not
statistically differ from one another (p>0.05),

Effects of fresh and sea water on growth, estradiol-17β and ovarian development in tilapia
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but they were somewhat lower than that of O.
aureus (p<0.05). Mean daily weight gains in
fresh and sea water were 0.124±0.02 and
0.144±0.01 g/day for O. niloticus, 0.128±0.01

and 0.151±0.30 g/day for O. aureus, and
0.115±0.20 and 0.131±0.01 g/day for T. zilli
(Fig. 1). In both environments, O. aureus grew
faster than O. niloticus, which grew faster than

Effects of fresh and sea water on growth, estradiol-17β and ovarian development in tilapia
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Fig. 1. Growth of three tilapia species grown in (a) fresh water and (b) sea water.
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T. zilli. The difference in growth rates became
apparent in week 8. In each species, growth in
sea water was significantly better (p<0.05)
than growth in fresh water.

Estradiol-17β concentrations. Estradiol-
17β concentrations are shown in Table 2. In
fresh water, the concentrations peaked (Fig.
2) two weeks later in O. niloticus than in O.
aureus and T. zilli. In sea water, peaks
occurred two weeks later in O. aureus and O.
niloticus than in T. zilli. The value and week of
the hormone peak in each species differed
between fresh and sea water, with levels that
were significantly different (p<0.05).

Histological results. Six stages in ovarian
development were determined: chromatin
nucleolus, perinucleolar, cortical alveolar,
vitellogenesis, maturation and ovulation dur-
ing oogenesis (Fig. 3, Table 3). Oocyte diam-
eters in the different development stages are
given in Table 4. There were insignificant dif-
ferences in the lengths and widths among
species and between fresh and sea water
(p>0.05). Ovulation did not occur in sea water.
Moreover, atretic oocytes were seen in
ovaries of all species reared in sea water. The
oocytes developed later in sea water speci-
mens than in fresh water. 

Discussion
For both fresh and sea water, the descending
order of growth performance was O. aureus,
O. niloticus, and T. zilli. This order concurs
with Liao and Chang (1983), Pullin (1983), Al-
Ahmad et al. (1988a) and Suresh and Lin
(1992). Stickney (1986) showed that the
growth performances of O. niloticus in sea
water and fresh water are similar. Payne
(1983) found that the growth performance of
T. zilli in different salinities (5-31%) had small
differences. While others reported that tilapias
in general have higher growth performance in
sea water (Liao and Chang, 1983; Al-Ahmad
et al., 1988ab; Cruz et al., 1990; Suresh and
Lin, 1992), the body weight of fish reared in
sea water in the present study began to sur-
pass that of fish in fresh water after week 8. O.
aureus reached 381.9 g from 70 g in 158 days
in sea water (Balarin and Haller, 1987).
According to Al-Ahmad et al. (1988a),

Chervinski and Yashouv (1971) determined
that O. aureus gained 1.97 g/day in sea water
(54 ppt). In the present study, daily weight
gains were lower probably because of differ-
ences in the environment as well as culture
and nursery conditions. 

Estradiol-17β levels of all species in both
environments increased concurrently with fish
growth until peak levels. The week during
which estradiol-17β peaked in all species in
fresh water differed from the peak week in sea
water. The peak levels in sea water speci-
mens were lower than in fresh water speci-
mens. Apparently, estradiol-17β secretion
was influenced by the sea water, as reported
by Al-Amoudi (1987a,b), Bromage (1989) and
Suresh and Lin (1992).

Increases and decreases in estradiol-17β
concentration differ among species. The level
in rainbow trout and other salmonids (Kagawa
et al., 1983a) and Pagrus major (Matsuyama
et al., 1988) increases until ovulation, then
decreases sharply. On the other hand, in
Carasius auratus (Kagawa et al., 1983b) it
increases until ovulation and remains high. In
the present study, the estradiol-17β concen-
tration in all species increased gradually dur-
ing the initial stages of the ovarian cycle and
more rapidly in later stages. It decreased dur-
ing ovulation but did not drop to the initial val-
ues.

Tilapias have an asynchronous type of
ovary (Bogomolnaya et al., 1984; Yaron,
1995), i.e., they have ovulating oocytes simul-
taneously with early vitellogenic oocytes.
Therefore, estradiol-17β levels in tilapia are
not low after ovulation, increasing during later
periods. Atretic oocytes were seen in ovaries
of all three species reared in sea water togeth-
er with mature oocytes. At this time, the estra-
diol-17β levels of the fish reared in sea water
were lower than those of fish reared in fresh
water, again emphasizing the inhibition of
estradiol-17β on oocyte development.

Ovarian development stages were harmo-
nious with those in other species, as reported
by Micale (1986), Kucuktas (1987), Sarmasık
(1992), Cihangir (1996) and Unal et al.
(1996). 

O. niloticus ovulated in the sixth week

104 Altun et al.



105Effects of fresh and sea water on growth, estradiol-17β and ovarian development in tilapia
F

re
sh

 w
at

er
S

ea
 w

at
er

S
am

pl
e 

(w
ee

k)
O

re
oc

hr
om

is
 

O
re

oc
hr

om
is

T
ila

pi
a 

O
re

oc
hr

om
is

 
O

re
oc

hr
om

is
 

T
ila

pi
a

ni
lo

tic
us

au
re

us
zi

lli
ni

lo
tic

us
au

re
us

zi
lli

0
0.

22
±0

.0
a

0.
3±

0.
7b

1.
5±

0.
03

ac
0.

4±
0.

0a
0.

4±
0.

1a
0.

6±
0.

02
a

2
8.

3±
10

.8
a

12
.0

±0
.0

b
17

.9
±0

.4
c

5.
0±

0.
0a

9.
0±

1.
0b

6.
8±

0.
6a

b

4
24

.7
±0

.0
a

55
.3

±2
.5

b
39

.7
±1

.0
c

17
.5

±0
.2

a
12

.3
±1

.3
b

16
.4

±0
.0

a

6
27

8.
6±

0.
5a

29
5.

0±
6.

1b
28

8.
9±

1.
2a

b
18

2.
2±

5.
4a

15
2.

1±
6.

7b
12

4.
5±

0.
6c

8
33

0.
4±

0.
2a

35
2.

0±
3.

8b
33

6.
5±

3.
7a

29
4.

9±
2.

5a
63

0.
0±

.0
.2

b
22

6.
7±

3.
2c

10
72

1.
8±

2.
6a

79
3.

7±
0.

2b
74

3.
1±

2.
5c

37
2.

9±
9.

2a
26

9.
4±

6.
3b

68
9.

0±
4.

5c

12
10

14
.2

±4
.0

a
14

28
.7

±8
.2

b
12

90
.4

±7
.9

c
46

3.
7±

8.
6a

50
7.

4±
1.

7b
97

6.
7±

6.
4c

14
12

24
.8

±0
.7

a
15

31
.0

±7
.7

b
13

40
.5

±3
.3

a
99

1.
1±

5.
49

a
65

2.
93

0±
5.

23
5b

12
73

.0
±4

.7
c

16
15

91
.7

±0
.2

a
20

2.
1±

5.
5b

12
30

.5
±5

.9
a

13
26

.1
±7

.7
a

87
2.

81
5±

6.
72

4b
20

7.
19

5±
3.

5c

18
27

7.
7±

1.
6a

31
9.

8±
12

.0
a

12
12

.5
±2

.1
b

15
70

.6
±6

.4
a

11
19

.9
±6

.6
94

b
63

.2
±0

.5
c

20
36

3.
9±

2.
3a

45
7.

9±
0.

4b
6.

99
.9

±1
.1

c
29

1.
41

±1
1.

34
3

*
*

22
41

8.
9±

3.
5a

75
1.

6±
2.

5b
57

0.
6±

2.
5c

*

24
66

1.
8±

6.
2a

99
1.

4±
0.

9b
44

4.
8±

2.
0c

26
99

2.
6±

3.
8a

11
05

.7
±0

.3
b

14
65

.0
±5

.6
b

28
11

82
.3

±6
.6

a
10

19
.2

±6
.3

b
94

3.
8±

9.
2c

T
ab

le
 2

. 
E

st
ra

di
ol

-1
7β

le
ve

ls
 (

pg
/m

l) 
of

 t
hr

ee
 t

ila
pi

a 
sp

ec
ie

s 
gr

ow
n 

in
 f

re
sh

 o
r 

se
a 

w
at

er
.

D
iff

er
en

t 
su

pe
rs

cr
ip

ts
 in

di
ca

te
 s

ig
ni

fic
an

t 
di

ffe
re

nc
es

 b
et

w
ee

n 
sp

ec
ie

s 
ac

co
rd

in
g 

to
 D

un
ca

n’
s 

M
ul

tip
le

 R
an

ge
 T

es
t.

*E
xp

er
im

en
t 

en
de

d 
du

e 
to

 f
is

h 
m

or
ta

lit
y.



106 Altun et al.

Fig. 2. 17β-estradiol levels of three tilapia species grown in (a) fresh water and (b) sea water. 
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while O. aureus and T. zilli in the fourteenth.
Fish were measured twice during the ovulat-
ing periods. The O. niloticus grown in sea
water were smaller at the beginning of the
experiment than the other species. Perhaps
they were too small to enter ovulation as early
as four weeks, as did the other species.
Fineman (1989) reported that O. niloticus
reared in sea water had mature oocytes but
did not release them, as we also found.
Oocyte development in all the species was
slower in sea water than in fresh, perhaps
resulting from the lower estradiol-17β levels. 

There was a close relationship between
hormone level and gonadal development in all
species. The hormone levels peaked while
the fish had mature gonads. However the
ovarian tissues of fish grown in sea water did
not mature as early as in the fresh water spec-
imens. The fish grown in sea water did not
ovulate at the same time as those grown in
fresh water. Oocyte diameters during the
development stages were similar among
species. Apparently, environmental differ-
ences did not affect oocyte size. 

According to our results, the three tilapia
species can be raised in marine fish cultures
since the average body weights and daily
growth rates in sea water were higher than in
fresh water. Reproduction, however, still
requires fresh water. 
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