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Abstract

This research designed monitoring effect of increased water
temperature on female O. niloticus experimentally and survey.
One hundred female O. niloticus from private farm divided into
four groups: 1 st kept at room temperature (Control) and 3 kept
at 30, 33 and 36 °C water temperatures respectively for 2
weeks. Two Survey groups collected from El monib at 27 °C
(Control) and other at 36 °C water temperature. Experimental
fish suffered of nervous manifestations, suffocation, detached
scales, ulcers and tail rot. Postmortem lesions included
unsymmetrical friable ovaries with autolysis. Females showed
highly significant decrease in B.W., WG, WH, IG, K condition,
relative and absolute fecundity at all experimented groups.
Survey females B.L., B.W., F.B.L.,, F.B.W., WG and IG
showed high to moderate significant increase. Oppositely,
F.O.W., K condition and absolute fecundity copied moderate to
high significant decrease. Among experimental groups,
albumin (at 30 °C), glucose and testosterone increased highly
significant whereas albumin at 33 & 36 °C and E2 at 36 °C
showed highly significant decrease. Survey group registered
highly significant increase in albumin, glucose and
testosterone. Total proteins, globulins and E2 showed highly
significant decrease. Ovaries affected by increased water
temperature; worst lesions appeared in survey. Ovaries showed
necrosis, clumping and perforation of the chorion,
fragmentation of nucleus, or cystic atretic follicles. Liver
showed swollen hepatic cells. Favorable water temperature for
O. niloticus fish is 27 £ 2°C. Thus, it is recommended to use
more aerators in fish ponds especially brood stocks or to be
covered during summer season.
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Introduction:

Tilapia species are very
important either natural or
cultured in Egyptian freshwater
ecosystems. Economic
importance of  Tilapia is
constantly increasing for their
fast growth, disease resistance,
different feeding habits and
palatability (Dagzie, 1982).
Tilapia researchers world-wide
have concluded that one of the
most important requirements for
the advancement of Tilapia
culture is the development of
systems for mass production of
seed (free-swimming fry, sac fry
and eggs released from the
female’s mouth) Hughes and
Behrends (1983). Tilapias were
second to the carps in weight
harvested from culture ponds
(Lovshin, 1997). Nile tilapia,
Oreochromis niloticus, being
the most widely cultured tilapia
in the world, due to its rapid
growth, late age of sexual
maturity and planktivorous
feeding habits (Gonzalez, 1997).
Moreover, it constitutes a
considerable part in the annual
fish production of the Northern
Delta  Lakes of  Egypt
(Shakweer and Abbas, 2006).
Water temperature is a
fundamental physical regulatory
factor in the lives of fishes and
this effect is expressed
particularly strongly in the
control of all reproductive
processes from gamete
development and maturation,

ovulation, spermiation,
spawning, embryogenesis and
hatching, to larval and juvenile
development and survival. In
reproductively mature adults,
temperature IS generally
considered to be a secondary
due to photoperiod in phasing
reproductive seasonality but it
has a major role in
synchronizing the final stages of
reproductive maturity, and also
in  truncating reproductive
episodes (Pankhurst and Porter
2003) and they also said that
most temperate teleost’s show
seasonality of reproduction and
this is usually more sharply
defined at higher Ilatitudes
where there is greater amplitude

of seasonal variation, and
consequently greater
requirement  for  seasonal

synchronization of reproduction.
The effects of temperature can
be differentially expressed
depending on when in the
annual thermal cycle spawning
normally occurs. The goal of
this study is to shed lighton the
mismatch between rise of water
temperature experimentally (at
three water temperatures 30, 33
and 36°C) and in survey on O.
niloticus fecundity together with
biochemical parameters (total

protein, albumin, globulin,
glucose, estradiol and
testosterone) and

histopathological alternations.

Materials and methods
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Fish:

a. A total number of 100 female
Oreochromis niloticus with an
average body weight 100£20 g.
were collected alive from a
private farm at Wadi EI-Natroon
in summer 2018 and transported
into large plastic containers
supplemented with  battery
aerators, to Biology Unit - Fish
Diseases Dept. at Animal Health
Research Institute, Dokki.

b. A total of 50 apparently
healthy Oreochromis niloticus
with an average body weight
100 £ 20 g were collected from
EL-monib to make survey at
different water temperatures 27
+ 2 °C (control) and 36 °C.
Aquaria:

Fish were kept 2 weeks for
acclimation in fully prepared
glass aquaria supplied with
electric ~ air  pumps  for
continuous aeration and heaters.
Experimental design:

80 fish were divided into 4
groups (20 each). In 3 groups,
water temperature was adjusted
at 30, 33 and 36 °C using
heaters. Temperature was raised
gradually ata rate of 1°C/day in
order to avoid thermal shock.
The 4th group (control group)
was kept at a temperature 27 £ 2
°C. The experiment lasted for 2
weeks.

Two survey groups (20 each)
were collected from River Nile
(EL-Monib) at water
temperature 27 +2 °C (Control
survey) and 36 °C (Survey).
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Fish Growth Measurements:
For each fish body Length (B.
L) , body Weight (B.W.),
ovarian weight (WG) and
hepatic weight (WH) were
measured  for each fish
separately in experiment and
survey groups.
Morpho -
Parameters:
For each fish Gonado-somatic
Index (Ig) and Hepato-somatic
Index (ly) indices as well as
Condition factor (K) were
calculated according to Sun and
Pankhurst (2004).

Clinical examination:

Ovaries and liver of each fish
were examined macroscopically
to detect any abnormality and
experimented fish were kept
under investigation for any
abnormal behavior.

Survival rate:

It was calculated for each group
Fecundity evaluation:
Absolute fecundity and relative
fecundity were calculated for
each fish according to Nashwa
(2009).

Serum was carefully collected
in clean dry Epindorff tubes
from each fish separately and
preserved at -4 °C until analysis.
Biochemical Investigation:
-Serum Total protein (T.P) and
Albumin were estimated for
each fish according to Young
DS, (1995).

-Serum Globulin was estimated
for each fish by subtracting
Albumin from Total proteins.

anatomical
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-Serum Glucose was estimated
for each fish according to Tietz
(1995 a)

-Sex hormones levels:
concentration of testosterone (T)
and estradiol (E2) hormones
were measured for each fish by
ELIZA kits according to Tietz
(1995 b and c).
Histopathological
Examination:

Ovaries and liver samples from
each group under test were kept
in Bouin's solution for 48 hours
before being prepared, for
histopathology (Takashima and
Hibiya, 1995).

Statistical ~ Analysis:  The
obtained data were statistically
analyzed according to SPSS 14
(2006) using T test.

Results:
Clinical signs and postmortem

findings:
Clinical signs: At 33 and 36°C,
fish suffered from nervous

manifestation, suffocation as
well as abnormal swimming,

abnormal skin pigmentation,
detached scales, skin ulcer and
tail rot.

Postmortem lesions:

Unsymmetrical ovaries at both
33 and 36°C which were
sometimes friable with
autolysis.

At 33°C showing enlarged
oedematus ovaries.

Effect of Temperature on O.

niloticus  (experimental and
survey female)

Survival rate  for  each
experimental group  was
tabulated in Table (1).

The  results of  growth
measurements, morpho  —

anatomical parameters, relative
fecundity and absolute fecundity
of the experimental and survey
groups were tabulated in Tables
(2) and (3).

Results of the biochemical
parameters for experimented
and survey groups were
tabulated in Table (4).

(Table 1): Showing the Survival rate of Female O.niloticus

Temp.°C Initial number | Final Number | Survivalrate %
30 20 17 85
33 20 14 70
36 20 11 55
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(Table 2) Comparison between female growth measurements and
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fecundity at different examined temperatures (Mean+S.D.)

Reproductive parameter Control At 30°C At 33°C At 36°C
B.L (cm) 21+0.7 20£2 19.9+1.4 206+1.4
Growth B.W(g) 130.5£1.2 |105.8 £ 2 *** 99.5 & 1*** 115+ 3
Measurement | WH (g) 3.3+0.4 [1.66+0.4%** [ 1.5+0.4%* [1.36+0.3***
WG (9) 35+0.2 2.1+£0.9%** | 425+ 1.4%*%* [2.2+0.5%**
1 4.8+0.3 2.08 £ 0.9*** 3.8+ 1.5%** [1.92£0.7***
Morpho
anatomical In 1.5+0.1 1.62+0.2 1.67+0.2 1.32+£0.2
Parameter
K 1.7+0.1 1.38+0.2%** | 1.31+0.1*** |1.5+0.3***
FBL 1325 +£9 1289.4+ 2 1211.5+2 1297.6+2
Relative FBW 1695 +6  [824.6+9%%* | 700.6+ 1*%* | 822 4 2%**
Fecundity
FOW 1059 £5 836.5 + 2*** 1144 £5* 656 + 1***
AbSOIUte *kk *kk *kk
Fecundity T.R Eggs 2585+5 1143 +8 733 +2 684 + 3
N=10 *P<0.05 **P<0.01 ***P<0.001

(Table 3) Comparison between female growth measurements and

fecundity of survey at temperature 36°C (MeanS.D.)

Reproductive parameter Control Survey
B.L (cm) B.L. 194 +1 23.3£3 *¥**
Growth B.W. (9) 95 16 133 £ 4 ***
Measurements Wi (9) 1.67+0.7 1.340.2
We (g) 2.696 +1 4.25+0.7**
Morpho- I 3.03+0.9 4.39 0.4 **
anatomical I 1.75+0.6 1.12+0.1
Parameters K 1.340.1 1.088 +0.2%**
FBL 1147 +1 1599+ 4***
Relative Fecundity FBW 705.79+5 1065+ 1***
FOW 1130.1+1 960+ T7**
Absolute Fecundity T.R Eggs 1226.26+6 816+ T7x**

N=10

*P<0.05 **P<0.01 ***P<0.001




26

Eissaet al.

(Table 4): Comparison between female biochemical parameters at
the different examined temperatures and the survey with the control

(Mean £S.D.)
Biochemical Control | At30°C | At33°C AL 36°C Survey group
parameters
TOtar'ng/rg}eins 5.01+1.16 |4.14+1.1d 490+ 1.01 | 4.65+ 1 3.44+ 0.10%**
Albuminmg/dl | 0.55+ 0.04 | (LO0Y | 02880175 | 034£0.11% | 1326 1,07+
Globulinmg/dl | 4.46 £1.16 |2.54= 1.30 4.6t 1.03 | 4312000 | 2.12617%
Glucose mg/dl 245£88 | 30.6+1 | 78+ 3% | 618+ 1*%* 50.7+ 4.6%**
Estradiol pg 1108 +13 | 1103+5| 1109+4 | 1002 +2*** 1008 + 1 ***
Testosterone Pg 15,941 | 702 112203 ) g ¢ g e 17.5+0.3*

*kk

*kk

N=10

o

showing asymmetrical ovaries.

*P<0.05 **P<0.01 ***P<0.001

Photo (2): O. niloticus exposed to high water temperature (36 °C)
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Photo (3): O. niloticus exposed to high water temperature (33 °C)
showing enlarged ovaries.

Plate 1(H&E stain)

a. ovaries showing foccal areas of necrosis in the ovarian stroma*200

b. At survey ovaries showing necrosis in the ovarian stroma with
oedema *200

c. At 36°c ovaries have slight proliferative changes in the granulosa of
oocytes with separation of follicular layers from oocytes. *200

d. At 33°c atretic follicles characterized by stretched follicular wall,
configuration of granulosa cells without dehydration of follicular
fluid. *400
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Plate 2: (H&E stain)
a. At 36°c oocytes in contractive or obliterative atresia characterized
by dehydration of follicular fluid *200
b. At 30°c ovaries with oocytes collapsed showing abnormal irregular
shapes *200 c. Control ovary *400

Py Y

Plate 3: (H&E stain)
a. At 30°C and 33°C liver The hepatic cells showing vacuolar
degeneration*200
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b. A at 30°C and 33°C The hepatic cells appeared swollen with clean
cytoplasm, their nuclei near wall of affected cells *200

c. At survey hepatic cell appeared vacuolar with ruptured hepatic wall
showing aphthae formation*200

d. At survey hepatic cells appeared in the form of adenoid
formation*200

Plate 4: (H&E stain)

a. At 30°C liver showing mild congestion in hepatic blood vessels.
*200

b. At 33°C liver showing mild congestion in hepatic bl. Vessels
&sinusoids*200

c. At survey male liver revealed oedema and multiple degrees of
necrosis. *200

d. At 36°C liver showing congestion in hepatic blood vessels with
hemolysed blood*200



Plate 5: (H&E stain)
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a. At 36°C hepatic parenchyma showing hemolysed blood*200
b. At 36°C liver showing hyperplasia of bile duct with collongitis

beside aggregation of melanomacrophage cells in

parenchyma*200
c. Control liver. *200

Discussion

Temperature being one of the
most  important  ecological
factors controlling and
influencing all patterns of
various main vital processes
(respiration, growth, energetics,
physiological behavior,
reproductive performance and
fecundity). Temperature
influences on aquatic organisms
are performed at constant
temperatures  forecasted as
optimal.

O. niloticus fish exposed in this
research to high temperatures
showed nervous manifestation

hepatic

which began mild at (33°C) and
reached its utmost severity at
(36°C). This agreed with Sherif
and Soad (2013) who proved
that  fish subjected to
temperature 35°C showed off
food, emaciation, nervous
manifestation, erratic movement.
Moreover, Zakia et al. (2007)
proved that  Oreochromis
niloticus at 33°C showed surface
swimming and grouping at the
corner. While at 37 — 40 °C they
exerted mouth breath due to
decreased dissolved oxygen with
increased opercular movement
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and hemorrhage on the whole
body.

Temperature affects the
solubility of oxygen in the
waters, Malini et al. (2018),
therefore the higher the
temperature will lead to a lower
oxygen solubility rate.
Dissolved oxygen decreased
with increasing temperature in
this research which appeared in
accordance with Zvavahera et
al. (2018) that dissolved oxygen
concentration in Tilapia of less
than 3mg /I are stressful
accompanied with fish
mortalities. They added that
solubility of oxygen in fish
ponds decreased as temperature
increased. Thus, the researcher
used to measure daily dissolved
oxygen and adjust it through
increasing aerators.

Khater et al. (2017) had
registered mortality rates 14.09
and 1428 % at water
temperature 30 and 35°C
respectively in Nile tilapia after
one-week exposure  which
increased with increase of
exposure period. Baras et al.
(2001) proved that mortality rate
in Nile tilapia exposed to
different degrees of temperature
(20 - 40°C) mainly affected
females. This was approved in
this research where survival rate
decreased with increase of
temperature.

However, Jeremy et al. (1996)
showed that survival rate of
Oreochromis niloticus at 32°C
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was non-significant, whereas
Baras et al. (2001) registered
survival rate at 37°C ranged
from 41.9 - 74 % of Nile tilapia
reared at 27 — 33°C. Also,
Pandit and Nakamura (2010)
proved that survival rate of Nile
tilapia was reduced at 35°C and
37°C. Also, Lopez et al. (2018)
proved that an abrupt thermal
change (chronic heat stress) of
more than 4 °C induced 50 %
mortality in Pacific Sardine fish.
In agreement, survival rate of
females decreased with
temperature increase reaching
55% at36°C.

In this study, K condition of
females O. niloticus registered a
highly significant drop
influenced Dby the three
experimented increased degrees
of water temperature and the
survey group which might be
referred to Getso et al. (2017)
opinion that the highest K values
are reached in species if the fish
is fully mature, and have higher
reproductive potentiality.
Jeremy etal. (1996) showed that
K condition of Oreochromis
niloticus at 28°C and 32°C was
highly significant than that at
24°C. Jinet al. (2015) presented
K values as a parameter to
estimate the characteristics of
fish body structures. Moreover,
condition factor (K) of a fish as
per Datta et al. (2013) reflects
physical and biological
circumstances and fluctuations
by interaction among feeding
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conditions, parasitic infections
and physiological factors. This
also indicates the changes in
food reserves and therefore an
indicator of the general fish
condition. Therefore,
information on condition factor
can be vital to culture system
management  because they
provide the producer with
information of the specific
condition under which
organisms are developing.

Getso et al. (2017) added that
condition factor is an index
reflecting interaction between
biotic and abiotic factors in the
physiological conditions of
fishes. Jisr etal. (2018) defined
the K condition as the wellbeing
of the species influenced by
different biological and
environmental  factors. It
provides information about the
growth pattern, general health,
habitat conditions, life history,
fish fatness and condition, as
well as morphological
characteristics of the fish.

At 30°C degree of water
temperature females registered
highly significant decrease in
body weight (B.W), ovarian
weight (Wg), K condition,
relative fecundity to body
weight (FBW), gonadal relative
fecundity (FOW) which was
attributed to ovaries with
oocytes collapsed showing
abnormal irregular shapes (plate
2 b). These findings were the
result for the highly significant

decrease in absolute fecundity
(T R Eggs).

Degree 33°C exerted more
severity in a different picture.
Females showed highly
significant drop in body weight
(B.W), gonado-somatic index
(Ig), K condition and relative
fecundity to body weight (FBW)
and absolute fecundity (T R
Eggs). On the contrary, ovarian
weight (Wg) and the ovarian
relative fecundity (FOW) proved
a highly significant increase.
This was approved by atretic
follicles  characterized by
stretched follicular wall, string
head configuration of granulosa
cells without dehydration of
follicular fluid (plate 1 d).
Primary reproductive investment
is represented by gonadal weight
and gonado-somatic  index
which is an indicator of somatic
and reproductive measurement
of mature fish, Malavasi et al.
(2004).

Degree  36°C  of  water
temperature expressed more
severity as highly significant
drop in gonadal weight (Wg), its
relative fecundity (FBW) as well
as absolute fecundity (T R
Eggs). This was approved by
oocytes in contractive or
obliterative atresia characterized
by dehydration of follicular fluid
(plate 2 a). In addition, other

ovaries revealed slight
proliferative changes in the
granulosa of oocytes with
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separation of follicular layers
from oocytes (plate 1 c).
Jeremy etal. (1996) showed that
body weight of O. niloticus at
28°C was significantly
decreased than that at 24°C. In
addition, Zakia etal. (2007) had
proved that body weight of O.
niloticus decreased significantly
with temperature increase. On
the contrary, Khater et al.
(2017) proved that body weight
of Nile tilapia fry increased with
the water temperature increase.
Also, Al — Deghayem et al.
(2017) proved that
gonadosomatic index (lg) of
Clarias gariepinus decreased in
males at 28°C and 32°C and in
females at 32°C only. This might
be a logic explanation for the
highly significant drop in
gonado-somatic index (lg) of
females at the 3 experimented
degrees of water temperature.
El-Ashram (1999) had proved
that since production of egg was
the dominant function of an
ovary, thus a close relationship
could be expected between the
ovarian weight and number of
well matured ova. Consequently,
this expected relationship was
positively proved during the
experimented degrees 30°C and
36°C only. Whereas the opposite
happened with the experimented
degree 33°C and the survey
group.

Influenced by Sun and
Pankhurst (2004) opinion, the
researcher in this study found
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the highly significant drop in
body weight (B.W) and its
relative fecundity (F.B.W) in the
three experimented degrees of
water temperature a logic
explanation for the mobilization
of a great portion of energy in
reproductive performance
forming an interaction between
fish growth and reproduction
specially during oogenesis and
ovulation.

Absolute Fecundity was defined
by Gerking (1978) as the
number of ripening eggs found
in the female just prior to
spawning. This fecundity of
individual fish, called absolute
fecundity (T.R. Egg No.) is the
action of yolk material
(vitellogenin) uptake by the
perifollicular cells expressed as
the formation of well matured
ova filled with vitellogenin. This
opinion appeared the result for
the highly significant decrease in
absolute fecundity (T.R.Eggs
No.) in all experimented degrees
of water temperature. This was
approved by ovaries showing
foccal areas of necrosis in the
ovarian stroma (plate 1 a). In
accordance, Kumar etal. (2013)
had proved that temperature
anomalies might interfere with
hormonal regulation of
gametogenesis which leads to
regression of gonads as well as
gonadal malfunctions.
Concerning the survey, it was
proved a correlation between
increase in water temperature
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and significant increase in fish
body length (B.L), gonads
weight (Wg) and accordingly the
fecundity related to body length
(F.B.L) and gonadal weight
(FOW). Pathological
examination of ovaries showed
that some ovaries were
characterized by oedema (plat 1
b). This might be opposite to
Mahmoud and Allam (2002)
who proved a negative
correlation between fish gonads
and their body length.

Proteins are involved in the
architecture and physiology of
the cell and in cell metabolism.
Blood serum proteins were
defined by Moustafa (1999) to
be a fairly biochemical system,
precisely reflecting the condition
of the organism and its
physiology under the influence
of internal and external changes.
Zeynep et al. (2017) showed
increase total protein in Black
sea trout due to acute thermal
stress.  Thermal stress is
associated with heat shock
protein, Nadirah etal. (2017).
They added that total protein of
red hybrid tilapia slight
decreased with increased degree
and exposure duration to thermal
stress in agreement, in this
study, total protein levels
registered non-significant drop
among the 3 experimental
temperature  degrees, which
became highly significant in
survey group. This was
approved with Lucas et al.

(2019) who had registered the
lowest value for total plasma
protein in females Lophiosilurus
alexandri at 29°C. This result
was attributed to the
pathological changes appeared
in the liver. The hepatic cells
appeared swollen with clean
cytoplasm, their nuclei near wall
of affected cells (vacuolar
degeneration) as (plate 3 a, b).
Other slides showed mild
congestion in hepatic blood
vessels and sinusoids (plate 4 a,
b).

At 36°C degree of water
temperature some liver showed
hyperplasia of bile duct with
collongitis beside aggregation of
melanomacrophage cells in
hepatic parenchyma (plate 5 b).
Others showed congestion in
hepatic blood vessels with
hemolysed blood (plate 4 d).

In some examined samples of
survey group hepatic appeared
vacuolar with ruptured hepatic
wall showing aphthae formation
(plate 3 c¢) or hepatic cells
appeared in the form of adenoid
formation (plate 3 d).

Albumin in this study at the two
experimented degrees 33°C and
36°C of water temperature was
highly significantly dropped
which might be explained by
Kovyrshina and Rudneva
(2012) as a negative correlation
between fish age and albumin
concentration. They added that it
was attributed with the age-
related changes of metabolism,
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liver function which is the site of
albumin production and albumin
transport function. Albumin in
fish is involved in metabolism
and plays an important role in
transport functions of exogenous
chemicals and endogenous
metabolites Kovyrshina and
Rudneva (2012). Thus, albumin
determination in fish plasma or
serum is considerable diagnostic
tool which reflects the health of
the animal, liver function,
metabolic status and stress
conditions. They added that their
studies have been shown that
fish physiological status, age,
season and habitats influenced
on serum protein properties,
especially albumin. According
to Andreeva (2010) seasonal
dynamics of blood albumin level
had a feedback relation with the
protein synthesizing activity of
hepatocytes. This is assisted by
the  hepatopancreatic  duct
showing multiple degrees of
necrosis (plate 4 c).

The survey group recorded
highly significant increase in
albumin level. This could be
explained according to Baker
(2002) by the induction of
albumin synthesis in spawning
time because it plays an
important role in transport
function of various components
needed for gonads formation and
eggs development. In addition, it
was marked that at the period of
fish maturation and reproduction
the physical and chemical
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properties of aloumin including
electrophoretic mobility were
changed.

Baker (2002) had proved that
Albumin binds and transports
steroid hormones, including sex
hormones.

The author found the seasonal
factor a second explanation for
the albumin increase in survey
group which was collected in
summer season according to
Kovyrshina and Rudneva
(2012) who proved thatalbumin
concentration was significantly
higher in fish caught in summer.
Temperature dependence of
glucose concentration in
toadfish blood had proved a
mechanism by which
temperature exerted its effect on
blood sugar, Silver and Shenk
(1968).

Under the condition of stress,
Ray and Sinha (2014) proved
that fish body immediate
responses recognized as primary
and  secondary  responses.
Secondary responsesoccur as a
consequence of the released
stress hormone, causing changes
in the blood and tissue chemistry
e.g. an increase in plasma
glucose.

This entire metabolic pathway
produces a burst of energy to
prepare the fish for an
emergency situation. Biswas et
al. (2002) reported increase
glucose level in red sea bream
accompanied with increased
water  temperature.  While
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Zaragoza etal., (2008) defined
glucose as a good indicator for
thermal stress which was altered
in Oreochromis mossambicus
acclimated at 24 °C, 28°C and
32°C.

Sherif & Soad (2013) claimed
that under stress, fish rapidly
consume glucose as the main
function of the central nervous
system IS maintaining
hemostasis and with peak
activity of fish, glucose increase
by almost 30 - fold. Nakanon et
al. (2014) found that increased
temperature caused increased
glucose level in Salmon. In
stress blood glucose is elevated
as a result of both
glycogenolysis and
gluconeogenesis, Ray and Sinha
(2014). Moreover, Rebl et al.
(2018) had proved that acute
temperature rise resulted in
slight increase in glucose level.
In accordance, this study
explained the highly significant
increase of glucose level in
females O. niloticus among the
three examined degrees of
temperature and the survey
group as a  secondary
physiological response for
energy use which isinvolved in
innate defense  mechanism
according to Zeynep et al.
(2017).

Reproduction in  fish s
hormonal regulation whereas the

main hormones are
gonadotropins and gonadal
steroids including androgens

(Testosterone and its
derivatives) and  estrogens
(estradiol and its derivatives)
secreted from gonads Sulistyo et
al. (2000). They specified
steroids role for spermatogenesis
and spermiation in males and
oogenesis to final oocyte
maturation in females. Estradiol
in females regulate steps of
oocyte development as well as
its vitellogenic activity in
ovaries, Barannikova et al.
(2004) had proved its role in
stimulating liver to produce the
yolk precursor protein
(exogenous vitellogenin) which
is incorporated into the
developing oocytes. In addition
estradiol in ovaries plays an
initiative  role  to  secret
endogenous vitellogenin till
final ova maturation. On the
contrary, estradiol level showed
significant drop at 36°C water
temperature as well as survey
group which explain the failure
of ovaries to obtain well
matured ova which in turn
represent another explanation
for the highly significant
decrease in absolute fecundity
(T.R. Eggs No.) in all
experimented degrees of water
temperature and survey group.
Thus, some ovaries showed
atresia characterized by
clumping and perforation of the
chorion,  fragmentation  of
nucleus, disorganization of the
ooplasm and / or uptake of yolk
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material by perifollicular cells
(plate 1 c).

Sun and Pankhurst (2004)
defined testosterone (T) level to
be produced by thecal cells in
ovaries playing a substrate
precursor of estradiol.
Throughout the three increased
experimented degrees of water
temperature as well as survey
group fish registered highly
significant increase in
testosterone (T) level which was
approved by Taghizadehet al.
(2013) who observed the highest
of testosterone level in summer
season, this increase in
testosterone in the plasma could
be associated with the increase
in the water temperature which
occurs at the summer season.
Temperature appears to be a
possible cue causing
testosterone to peak which leads
to the gonads, and subsequently

their gametes, reaching
reproductive maturity.
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