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ABSTRACT

Adult fish of Nile tilapia, Oreochromis niloticus were netted at the quiescent phase of
their reproductive cycle (late of October) from Manzalla Lake, Egypt, in a factorial design
combining ambient or elevated temperature with normal or prolonged photoperiod.

Normal winter conditions (9L, 16°C) were applied as a control group. Another group
subjected to a higher temperature and a prolonged photoperiod was considered as a
simulation of summer (15L, 25°C). Other two different photothermal conditions were
applied as follows: (15L, 16°C) as a prolonged photoperiod condition and (9L, 25°C) as an
elevated temperature condition.

Gonadsomatic index, hepatosmatic index, ova diameter and histological studies of the
ovaries were demonstrated in each group after 60 and 90 days of experimentation. The
present study showed that significant differences were recorded in these reproductive
parameters from treatment to another. The final maturation in the ovary of O. niloticus was
accelerated by higher temperature and prolonged photoperiod. The maximum acceleration
was recorded at a combination of higher temperature and prolonged photoperiod together at
the same time. However, there was a considerable effect (acceleration) when either of these
environmental factors was increased alone, but higher in case of temperature than
photoperiod.

HCG injection increased the final ovarian maturation, egg diameter, fertilization rate,
hatching rate and percent of spawning than the non injected groups, either environmentally
controlled or not.

INTRODUCTION

Several environmental and physiological
factors are practically involved in fish
gonadal maturation and spawning, hence
facilitate hatchery production (Bromage et.
al., 2001). Major environmental factors
involved in cueing reproductive activity are
temperature and photoperiod (Eyeson 1983;
Emit et al. 1989; El-Greisy 1993 and El-
Naggar et al. 2000). Temperature is generally
the most variable environmental parameter
and also the most controllable hatchery
condition. It has been considered as the most
thoroughly investigated environmental factor
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influencing fish reproduction. Photoperiod
would regulate the axis photoreceptors,
central nervous system, hypothalamus,
pituitary gonadotropin, ovarian estrogen
secretion,  oogonial  proliferation  and
endogenous yolk formation (Yaron et al
1980; Hansen et. al., 2001).

Hormonal therapy is a very important
physiological factor that can initiate many
vital  processes  important for  fish
reproduction. Human Chorionic
Gonadotropin (HCG) has an obvious role in
this aspect. Oreochromis niloticus in EI-
Manzallah Lake, Egypt, have a normal
spawning season extending from April to
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August with its maximum activity from May
to June (El-Ghobashy, 1990; Shalloof, 1991).
Accelerating of the final maturation and
ovulation (i.e. spawning) can help avoid pre-
spawning mortality by reducing the time that
fish are held in the hatchery. Acceleration of
final maturation also leads to early hatching
of offspring which can lead to larger size of
release, often a goal of aquaculture facilities
(Slater et al. 1995).

The purpose of the present study is to
investigate  the  effect of  different
combinations of photoperiod, temperature
and HCG injection on ovarian recrudescence
and ability of Nile tilapia, Oreochromis
niloticus, to spawn out of the time of the
spawning season.

MATERIALS AND METHODS

The experiment was carried out at the
period ranged from late of October 2004 till
February 2005 at El-Mattaria station for fish
researches. A period of light in 24 hours is
marked by the letter “L”. Adults of
Oreochromis niloticus weighing between 35
and 75 grams in body weight were netted at
the quiescent phase of their reproductive
cycle (October 2004) from Manzalla Lake.
The fish were kept for 10 days at 15°C and
natural photoperiod for acclimation. The fish
were then divided into four groups and placed
in controlled glass aquaria. The temperature
in the first two groups was 16°C over 90 days
(from end of October till the early of
February). While, in the third and fourth glass
aquaria, the temperature were increased
gradually to become 25°C. the experimental
groups were as follows:

1. Winter conditions (9L, 16°C), considered
a control group.

2. prolonged photoperiod (15L, 16°C).
3. simulation of summer (15L, 25°C).

4. elevated temperature (9L, 25°C).
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Half of fish in each group was examined
on the 60" day of the onset of the experiment
and the other half of each group was
examined by the same manner on the 90" day
of the experiment. The fish were weighed to
the nearest gram, then the ovaries were
excised and weighed to the nearest milligram.
Subsamples were taken for histological
examination. The gonadosomatic index (GSI)
was determined by applying the following
equation:

gonad weight

GSI = x 100

Gutted weight
The hepatosomatic index (HSI) was also

determined by applying the following
equation.
Liver weight
HSI=—x 100

Gutted weight

The egg diameters were measured by
using a standardized eye-piece micrometer
under stereomicroscope. For histological
studies, small pieces of ovary were fixed in
Bouin’s fluid for about 48 hours, thereafter
dehydrated through an ascending
concentrations of ethanol, cleared in xylene
and embedded in paraplast wax (m.p. 56-
58°C). Transverse sections were taken at 6
micron  thickness and stained  with
Haematoxylin after Harris (1900) and
counterstained with Eosin.

HCG was injected for females at doses of

25 and 50 IU/gm of body weight to show the
effect of hormonal treatment at various
combinations of temperature and photoperiod
on spawning after 90 days of the beginning of
the experiment. Male individuals were
distinguished from females by appearance of
reddish colour in the tip of caudal fin and
snout. A single dose of HCG (25 IU/gm of
body weight) was used for the stimulation of
males.
Statistical analysis: The test described by
Fisher (1950) was employed to calculate the
statistical ~ significance  between these
treatments.



RESULTS

I. Effect of photoperiod and temperature
on the reproductive parameters
1. Gonadosomatic Index

As shown in Table (1), it is obvious that
the GSI values varied at different
combinations of photoperiod and
temperature. The lowest value of GSI was
recorded at short photoperiod and low
temperature  (9L/16°C) i.e. at winter
conditions (control group). A slight increase
was recorded when the photoperiod only was
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raised to 15L hrs (i.e. 15L/16°C). Very highly
significant increase was recorded when the
temperature only was raised to 25°C (i.e.
9L/25°C). But the highest significant increase
was recorded when the photoperiod and
temperature were elevated together (i.e.
15L/25°C) which represents the simulated
summer conditions.

2. Hepatosomatic Index

The HSI showed the highest value at high
temperature combined with  prolonged
photoperiod (Table 2).

Table (1): Gonadosomatic Index of females Oreochromis niloticus at various combinations of
temperature and photoperiod after 60 and 90 days of treatment.

GSI (After 60 days) GSI (After 90 days)
Expermental Groups

No. of . No. of .

fish Min. | Max. | Average £SD fish Min. Max. | Average +SD
OLNGC " 18 | 0157 | 0890 | 0.558£0.177 | 17 | 0150 | 2.170 | 0.860£0.567
(control, winter conditions)
ISL/16°C . 16 | 0250 | 1550 | 0.876:0414 | 19 | 0250 | 2360 | 1.229:0.577
(prolonged photoperiod)
15L/25°C 16 | 0270 | 2.150 | 1283t0.564 | 13 | 0550 | 3.800 | 1.731£1.055
(simulation of summer)
9IL/25°C 17 | 0237 | 1.850 | 1.017940.430 | 17 | 0360 | 2.750 | 13740751
(elevated temperature)

15L/25°C VS 9L/16°C was very highly significant P < 0.0005.

15L/25°C VS 9L/25°C was significant P < 0.10.

15L/25°C VS 15L/16°C was highly significant P < 0.025.

9L/25°C VS 15L/16°C was not significant P < 0.25.

9L/25°C VS 9L/16°C was very highly significant P < 0.005.

Table (2): Hepatosomatic Index (HSI) of females Oreochromis niloticus at various combinations
of temperature and photoperiod after 90 days of treatment.

HSI
Experimental Groups No. of fish
Min. Max. Average = SD
9IL/16°C . . 15 2.035 3.250 2.710+0.606
(control, winter conditions)
15L/16°C
(prolonged photoperiod) 12 1.872 4.336 2.83610.698
15.L/25 C 13 1.290 4.492 3.195%1.518
(simulation of summer)
9L/25°C
(elevated temperature) 15 1.081 3.980 2.645+1.068
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3. Egg diameter

The largest diameter of ova, as shown in
Table (3), was recorded when both
photoperiod and temperature were increased
together i.e. simulation of summer (15L,
25°C). Also, a considerable increase was
recorded when either of photoperiod or
temperature was increased, but higher and
significant in case of temperature rather than
photoperiod.
4. Frequency distribution of egg diameters
at different combinations of photoperiod
and temperature

The frequency distribution of egg
diameters in Oreochromis niloticus at
different photothermal treatments, as shown
in figure (1), showed that both prolonged
photoperiod and elevated temperature affects
positively egg diameter. Elevated temperature
showed higher increase in egg diameter more
than the prolonged photoperiod. However,
the highest increase in egg diameter was
recorded in case of the combination of
prolonged  photoperiod and  elevated
temperature together.

II. Effect of HCG injection at various
combinations of photoperiod and
temperature

HCG injection successfully accelerated
the final gonadal maturation of Nile tilapia
Oreochromis niloticus, as shown in Table (4).
HCG injection affected positively egg
diameter in both control group (winter
conditions) and photothermal controlled
groups. But successful spawning occurred

only in elevated temperature, prolonged
photoperiod and the combination of both of
them together. The combined effect of HCG
injection and photothermal treatments
showed an obvious difference in egg
diameter, time of spawning, fertilization rate,
hatching rate and percent of spawning.
However, the maximum increase of hatching
rate was recorded when both photoperiod and
temperature increased together.

I11. Effect of photoperiod and temperature
on ovarian histology

The histological study of the ovary of
Oreochromis niloticus indicated more strict
results by the end of three months and after
exposure to various combinations of different
photoperiod and different temperatures. The
ovaries of the control group (i.e. 9L and
16°C) revealed that it was mainly composed
of oocytes in early stages of development i.e.
early and late perinucleolus stages beside
some of small sized eggs (Figure 2a). The
yolkly oocytes i.e. vitellogenic oocytes were
mainly observed in the ovaries of fish
maintained at 15L and 25°C . Few of small
eggs in early and late perinucleolus stages
were also observed (Figure 2b). In either
unnatural combinations 9L and 25°C or 15L
and 16°C, the oocytes appeared small in size
and some oocytes were observed in abnormal
architecture (Figure 2c and d) The abnormal
structure of those oocyte reflex the lower
significance in gonadosomatic index than that
of the fish exposed for simulation of summer
conditions.

Table (3): Egg diameter of Oreochromis niloticus at various combinations of photoperiod and temperature
after 90 days of treatment

Expermental Groups No. of fish - Egg diameter (mm)
Min. Max. Average + SD

9L/16°C
(control, winter conditions) 30 0.550 1.770 1.185+0.372
15L/16°C
(prolonged photoperiod) 35 0.650 2.180 1.249+0.439
15L/25°C 35 0.980 2,650 1.8200.544
(simulation of summer)
9L/25°C
(elevated temperature) 32 0.780 2210 1.39840.438

15L, 25°C VS. 9L, 16°C, 15L, 16°C and 9L, 25°C were very highly significant P< 0.0005.

9L, 25°C VS 9L, 16°C was highly significant P<0.025.
15L, 16°C VS 9L was non significant P<0.040.
9L, 25°C VS I5L, 16°C was significant P<0.10.
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Figure (1): Frequency distribution of egg diameters (mm) of Oreochromis niloticus at different

combinations of temperature and photoperiod after 3 months of treatments.
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DISCUSSION

Many and great efforts are directed to
understand and use either environmental or
physiological factors or a combination of
both to obtain more and out of season
gonadal  development and  successful
spawning. However, the success of induced
spawning depends upon several factors which
in most of the fishes are not clearly
understood (Ram et al., 2001).

In the present study, photoperiod showed
a considerable effect on many reproductive
parameters of O. niloticus. Increases in the
values of gonadosomatic index,
hepatosomatic index, ova diameter and their
frequency distribution were recorded at a
prolonged  photoperiod, specially that
combined with higher temperature.

Photoperiod was recorded as an important
cue for the timing of spawning in many fish
species, such as Atlantic cod (Norberg et al.,
2004), Atlantic salmon (Hansen et al.,1992),
rainbow trout (Duston and Bromage, 1986
and 1988; Davies et al,1999), sea bream
(Devauchelle, 1984), striped bass (Blythe et
al.,1994), sole (Devauchelle et al., 1987),
turbot (Devauchelle er al.,1988), Atlantic
halibut (Bjornsson et al,1994, 1998), sea
bass (Devauchelle & Coves 1988, Carillo et
al.,, 1989 and Mananos et al.,1997), thin
lipped grey mullet (El-Greisy, 1993) and Nile
tilapia (Ridha & Cruz,2000).

Temperature is considered in many fish
species as the crucial cue in gonadal
development and out of season induced
spawning factor. The present study recorded
an obvious effect on all the reproductive
parameters under investigation. The values of
gonadosomatic index, hepatosomatic index
and ova diameters were increased with
elevating water temperature. The results of
this study indicate the importance of a
thermal cue for induction of mature ovaries in
Oreochromis niloticus.

Generally, the fish in temperate regions

and specially summer spawners need a
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certain range of temperatures to complete the
final gonadal maturation and consequently
spawning. Huet (1972) recorded that
temperature of 21-23°C is the minimum
range required for spawning to take place. It
is coincide with that recorded by Fryer and
Iles (1972), that temperatures above 20°C
trigger the development of secondary sexual
characteristics and nest building.

The present findings are in agreement
with the general view of temperature acting
as an important cue in gonadal activity in fish
(El-Greisy 1993). El-Naggar et. al. (2000)
recorded that Oreochromis niloticus did not
lay eggs when water temperature decreased
below 19°C regardless the photoperiod (12L
or 24D), but when the temperature increased
to 19-21°C, spawning percentage averaged
10 and 34.9% for 24D and 12L. They
concluded that the most productive period
coincided with a rise in water temperature
range from 22 to 27°C. Shimizu (2003)
recorded a gonadal change of mummichog
(Fundulus  heteroclitus) under different
temperatures regardless of the photoperiod.

Oreochromis niloticus under the present
study showed that the time required for
hatching tends to be shorter with increasing
water temperature. Also, HCG injection of 25
& 50 IU/gm body weight were effective
inducers for out of season spawning after 63
and 75 hrs in simulation of summer and
elevated temperature respectively. It means

that the shorter time was recorded at
prolonged  photoperiod combined  with
elevated water temperature and HCG
injection. An obvious increase in egg

diameter, fertilization rate, hatching rate and
percent of spawning were recorded under
environmental control with or without HCG
injection. The present findings demonstrated
that HCG could be used in induced breeding
of O. niloticus under hatchery conditions for
a large scale fry production as a good
biotechnological tool. Similar result was
recorded by Barray et al. (1995), when they
used a single intramuscular injection of HCG



to stimulate the final oocyte maturation and
ovulation of walleye (Stizostedion vitreum),
captured from the wild two weeks prior to the
normal spawning season.

Histological examination in the ovaries of
Oreochromis niloticus in winter conditions
(OL / 16°C revealed that the ovary were
composed of oocytes in small size and devoid
from yolk granules. However, in the ovaries
maintaind at 15L and 25°C, many of yolky
oocytes were prevalent. The absence of yolk
in oocytes of Oreochromis niloticus
maintained a 9L and 16°C indicates that the
processes of vitellogenin in the oocytes were
impaired.

The effect of temperature and photoperiod
on ovarian cyprinids fish, Mirogrex teyyae-
sanctae was studied by Yaron et al. (1980).
The authors reported that the impaired
oocyte vitellogenesis could be either the
synthesis of estrogen by the ovary or, the
estrogen dependent vitellogenin synthesis and
secretion by the liver or uptake of this protein
by the liver. The ovaries of Oreochromis
niloticus maintained at 15L and 25°C as
observed in the present study contained many
of yolky oocytes at a period of 90 days
indicate that this temperature may be suitable
for metabolic clearance in steroid and
enhanced the availability of the hormone to
the target organ. Yolk in teleost ovaries may
be produced by two ways endogenous yolk
which is synthesized inside oocyte and
exogenous yolk which is synthesized by the
liver and released into circulation of blood
stream and is sequestered by the oocytes
(Korfsmeier, 1966; Plack and Fraser, 1971
and Le Menn, 1979). Autosynthetic yolk
formation precedes the accumulation of
heterosythetic yolk (TeHeesen and Engels,
1973). The process of incorporation of
heterosynthetic yolk into the oocytes could
not be induced by purified salmon GTH, but
was induced by a whole pituitary extract
(Upadhyay et al., 1978). Either unnatural
combination 9L and 25°C or 15L and 16°C in
which the oocytes in the ovaries of
Oreochromis niloticus appeared small in size
and some of the oocytes appeared in
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abnormal structure, explain that the decrease
of water temperature or short photoperiod
may decrease responsibility of hormone to
the target organ i.e. ovaries. However, it
should be noted that gonadal responsiveness
to salmon gonadotropin was independent on
temperature (De Vlaming, 1972).

In conclusion, photoperiod and
temperature combined with HCG injection
are considered as crucial cues in gonadal
development and out of season induced
spawning. This meaning is obvious in the
present study in case of simulation of summer
group fish at 15L and 25°C for a period of 90
days, which were likely suitable for ovarian
development and induce effect on
reproductive performance of one of the most
common fish in Egypt, Oreochromis
niloticus.
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EFFECT OF PHOTOPERIOD, TEMPERATURE AND HCG ON OVARIAN RECRUDESCENCE AND ABILITY OF
SPAWNING IN NILE TILAPIA, OREOCHROMIS NILOTICUS (TELEOSTEI, CICHLIDAE)

List of Figures

Figure (2a): Photomicrograph of a histological section in untreated ovary of Oreochromis
niloticus (control), showing the oocyte in the first growth phase, chromatin-nucleolus stage
(arrow), early peri-nucleolus stage (arrow heads). Haematoxylin and Eosin, X 400.

Figure (2b): Photomicrograph of a histological section in treated ovary of Oreochromis
niloticus (15L and 25 °C), showing some oocytes reached to secondary yolk granules and few
oocytes appeared in the early first growth phase (chromatin-nucleolus stage) (arrow).
Haematoxylin and Eosin, X 400.

Figure (2c): Photomicrograph of a histological section in treated ovary of Oreochromis
niloticus (15L and 16 °C), showing some oocytes appeared in the early and late peri-nucleolus
stage. The others appeared in the first growth phase (chromatin-nucleolus stage) (arrow).
Haematoxylin and Eosin, X 250.

Figure (2d): Photomicrograph of a histological section in the treated ovary of Oreochromis
niloticus (9L and 25 °C), the oocytes appeared in the secondary yolk granules stage , chromatin-
nucleolus stage (arrow), and early and late peri-nucleolus stage. Haematoxylin and Eosin, X
250.
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