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ABSTRACT

This study was conducted to assess the influence of different water temperature ranges and sexes
on the stress response of Nile tilapia. Sixteen proactive males and sixteen proactive female fish
were used in the study. There were eight combinations of factors, and each combination was
replicated four times. Changes in eye color pattern (ECP), ventilation rate (VR), and skin color of
the fish were monitored after reaching the treatment temperature of the environment. Mortality of
fish was also monitored. Results showed that the ECP of fish was significantly (P<0.01) affected by
water temperature and sex of fish. Similarly, VR of fish was also significantly (P<0.01) affected by
water temperature and sex of fish. Decreased dissolved oxygen (DO) was observed in increasing
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easily cope with stress.

water temperature which may have also contributed to the stress response of Nile tilapia besides
the increasing water temperature. Two out of four fish in T4AM died after 6-12 hours of exposure
while in T4F three out of four fish died after 2-4 hours. There was a decrease in the final weight of
fish in all combinations of factors. On body color, both male and female fish exposed to increasing
water temperatures exhibited an intense body color (presence of vertical stripes). From the results
of this study, male fish had significantly lower (P<0.01) ECP scores and VR values than female fish
when exposed to different ranges of water temperature. Likewise, male fish exposed to high
temperatures (39-40°C) survived longer than female fish. Therefore, it can be concluded that male
fish are more tolerant to increasing water temperature up to 37°C than female fish since males can

Keywords: Eye color pattern; ventilation rate; stress responses; Nile tilapia.

1. INTRODUCTION

“Tilapia” is the generic name of a group of
cichlids endemic to Africa [1]. They are second
only to carp as the most cultured and widely
farmed fish species [1,2]. Tilapia possess a large
variety of adaptation responses to match the vast
array of its environment [3]. Among the tilapiines,
the Nile tilapia (Oreochromis niloticus) is the
most important cultured species [2]. The Nile
tilapia has a potential for aquaculture due to its
rapid growth at warm temperatures [1]; ability to
adapt to high-density confinement and various
systems of farming [4]; high resistance to
diseases, viruses, and parasites than other
cultured fish [5]; tolerance to wide range of water
salinities [6] and high tolerance to poor water and
crowding [7].

Temperature is one of the major environmental
factors influencing reproduction and a key
modulator of early gonadal ontogenesis in fish
[8]. Other factors are photoperiod, density, sex
ratio, size and weight of breeders, food, stress,
oxygen, salinity, and pH [3]. The rise of water
temperature due to climate change puts
additional stress on freshwater ecosystems [9].

The majority of Asia's tropical and subtropical
regions account for over 65 percent of the
world's aquaculture  production, which is
produced inland. Global warming's effects on the
climate are probably not going to have much of
an impact on aquaculture techniques. Contrarily,
climate change will affect the availability of water,
and weather patterns like severe rain that may
lead to eutrophication, and stratification in static
(lentic) waters [10].

Temperature is one of the environmental factors
with the greatest influence on the growth
performance of animals [11]. Fish is affected by
the temperature of the surrounding water which
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influences the body temperature, growth rate,
food consumption, feed conversion, and other
body functions [12,13]. Growth and livability in
fish are optimum within a defined temperature
range [14]. This study assessed the fish
response to different water temperatures above
the ideal range for the growth of the fish. The
optimum temperature range in order for the fish
to perform its best is 27-32°C [11]. The
morphological changes of Nile tilapia to different
ranges of temperature will increase our
knowledge of how the fish reacts and copes with
a given temperature.

2. MATERIALS AND METHODS
2.1 Experimental Fish

Sixteen male and sixteen female Nile tilapia, with
an individual weight of about 25 grams were
used in this study. The male and female Nile
tilapia were obtained from the Freshwater
Aquaculture Center, Central Luzon State
University, Science City of Mufioz, Nueva Ecija.
Freshwater Aquaculture Center Selected Tilapia
(FaST) strain was used as the strain of Nile
tilapia. Both sexes of Nile tilapia were similar in
weight, length, and age so there are no
phenotypic and genetic variations that may affect
the growth of the fish. The fish were individually
weighed and measured for their length.

2.2 Experimental Treatments and Design

There were two factors that were evaluated on
their influence on fish mortality and stress
responses. These factors were: Factor A -
temperature ranges (30-31°C; 33-34°C; 36-37°C
and 39-40°C) and Factor B - sexes of fish (male
and female). Each combination of factors was
shown in Table 1. The study used a 4 x 2
factorial experiment using randomized complete
block design (RCBD). Each factor combination
had four replicates.



Macaraeg et al.; Asian J. Fish. Aqu. Res., vol. 23, no. 1, pp. 14-23, 2023; Article no.AJFAR.101183

Table 1. Experimental treatments

Factor A (Temperatures, °C)

Factor B (Sexes)

Male (M) Female (F)
30-31(T1) T1iM T1F
33-34(T2) T2M T2F
36 — 37 (T3) T3M T3F
39-40(T4) T4M T4F

2.3 Experimental Unit

The fish underwent conditioning for seven days
in the aquarium prior to the study being
conducted. The experimental set-up was
composed of thirty-two (32) units of glass aquaria
measuring 30 x 30 x 30 cm. An electric heater
was installed in each aquarium to attain constant
treatment temperature throughout the
experimental period. An aeration system was
provided in each aquarium to provide sufficient
dissolved oxygen (DO) for the fish.

2.4 Experimental Procedures

Thirty-two male and thirty-two female fish were
isolated individually in glass aquaria for five days.
Three sides of glass aquaria were covered with
white paper to avoid the fish from seeing each
other during the isolation period. The eye color
pattern (ECP) of the fish was monitored daily.
Sixteen males and 16 females were selected
based on their ECP. Fish with a mean ECP score
of less than 4 during the isolation period were
selected. One fish was stocked in each
aquarium.

Selected fish were transferred from the isolation
treatment to the experimental treatment. The
water temperature in each aquarium of the
experimental set-up was gradually adjusted to
the treatment temperature within 8 hours to avoid
thermal shock to the fish. Changes in ECP,
ventilation rate (VR), and body color of the
experimental fish were monitored at 0, 15, 30, 45
min; 1, 2, 6, 12, 24, 48, 72, 96, and 120 h after
reaching the treatment temperature of the
environment. Mortality was also observed in the
7-day experimental period. Feed was given once
per day at 1% of the body weight [15].

2.5 Monitoring of the Eye Color Pattern

The ECP was monitored daily during the entire
duration of the experiment. The ECP was
guantified as the darkened area of both the iris
and sclera. The circular area of the eye was
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divided into 8 equal parts using 4 imaginary
diameter lines (Fig. 1) [15,16]. The ECP values
observed ranged from zero (no darkening) to
eight (total darkening). ECP score is unitless.

@

Fig. 1. Quantification of ECP
2.6 Monitoring of Ventilation Rate

The VR was visually estimated by counting the
time (i.e. seconds) for 20 successive opercular or
buccal movements [17]. It was measured daily
at three times per fish in a period of 3
consecutive minutes. The readings were
averaged for each fish and were used in
analyzing the relationship between the ECP and
VR.

2.7 Monitoring of Dissolved Oxygen (DO)
and Water Temperature

Daily monitoring of DO and water temperature
was conducted. A glass thermometer was used
to monitor the water temperature. While a DO
meter was used to monitor dissolved oxygen in
the water.

2.8 Sampling of Experimental Fish

Initial and final weight and length of fish were
measured. A digital balance was used to
measure the weight of the fish. While a ruler was
used to measure the length of the fish.

2.9 Statistical Analysis

The relationship between ECP and VR was
assessed using linear regression and Pearson
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correlation coefficient. Data were analyzed using
two-way Analysis of Variance and the treatment
means were compared using Duncan's Multiple
Range Test. The statistical analyses were
performed using SPSS software version 23 for
Windows.

3. RESULTS AND DISCUSSION
3.1 Eye Color Pattern

The mean ECP and mean VR of male and
female fish subjected to different temperature
ranges for 7 days are shown in Table 2. The
mean ECP of the fish was not significantly
affected (P>0.05) by the interaction between
water temperature and sex of fish. However,
mean ECP was significantly affected (P<0.01) by
water temperature and sex of fish. The mean
ECP of female fish at 39-40°C (T4F) of
5.81+0.84 and of male fish at 39-40°C (T4M) of

5.41+0.85 were significantly different (P<0.05) to
each other but were significantly higher (P<0.05)
than those in the rest of the treatments. The
mean ECP of male fish at 36-37°C (T3M)

(3.70£1.94), female fish at 33-34°C (T2F)
(3.40£2.04), male fish at 33-34°C (T2M)
(3.04£1.71) were not significantly different

(P>0.05) from each other but were significantly
higher (P<0.05) than those in female fish in 30-
31°C (T1F) with 2.02+1.86 and male fish in 30-
31°C (T1M) with 1.44+1.60. The mean ECP in
the latter two treatments was not significantly
different (P>0.05) from each other.

In this study, it was observed that the ECP of
male and female fish changed from pale to dark
after reaching the treatment temperature ranges.
ECP is a stress-coping style in Nile tilapia, and it
is a good, easy, and inexpensive tool for
assessing both alertness and stress levels in the
fish [15].

Table 2. Mean eye color pattern (£SD) of male and female fish per treatment temperature

Sex Mean ECP of fish per Treatment Temperature

T1 T2 T3 T4
Male 1.44+1.60% 3.04+1.71% 3.70+1.94" 5.41+0.85"
Female 2.02+1.86%" 3.40+2.04* 4.83+2.02% 5.81+0.84*

Note: Means having a common superscript within a column (a, b), or within a row (w, X, y, z) are not significantly
different from each other at 5% (P< 0.05) probability level by DMRT. T1 = 30-31<C; T2 = 33-34 <C;
T3 =236-37C; T4 =39-40C
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Fig. 2. Mean eye color pattern of all fish per combination of factors
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Fig. 2 shows the daily ECP values of male and
female fish during the 7-day experimental period.
It was observed that there was a decreasing
trend of ECP values in all combinations of factors
except T4M and T4F. It may be because fish
subjected to different ranges of water
temperatures (T1, T2, and T3) were able to
gradually cope in the stressful environment.
However, fish in T4AM and T4F exhibited darker
ECP throughout the study because of very high
temperature of 39-40°C. It was observed that fish
in T4M and T4F refused to eat the food given to
them and dedicated their energy to escaping the
stressful environment by swimming aggressively
and trying to jump out of the water, this behavior
can be observed if the fish was in stress
condition. Similar results were also reported in
red tilapia (Oreochromis spp.) possibly due to the
need to maintain their energy consumption
during stressful conditions [18].

It also shows that males can more easily cope
with stress than females when subjected to
different ranges of water temperature. Male fish
had lower mean ECP scores when exposed to
different ranges of water temperature than
female fish. According to Figueiredo-Fernandes
et al. [19], male fish subjected to higher
temperature  exhibits  significantly  higher
Glutathione S-transferase (GST) activity than
females. Apart from its essential functions in
different intracellular activities, a crucial role of
GST is the defense against stress [19].

Similar studies were conducted wherein ECP
was used as an indicator of stress. Decano et al.
[20], subjected red tilapia to high temperature
and confinement stress. They found that an
increased value of ECP was recorded in an
increased temperature and confinement stress.
Apino et al. [21], assessed changes in the ECP
of red tilapia exposed to blue and red-light
emitting diode (LED). Results of the study
showed that darker ECP was observed in fish
exposed to a blue and red LED. Likewise,

Bernandino et al. [22] used red tilapia as
experimental fish where they subject the fish to
electric shock and handling stress. Darker ECP
was also observed in this study. The stress
response of red tilapia was also reported wherein
higher ECP score was observed in fish
subjected to high ammonia levels [23]. Similar
result was observed in the present study
when tilapia was subjected to high water
temperatures.

3.2 Ventilation Rate

Table 3 shows the mean ventilation rate of male
and female fish per treatment temperature. It was
observed that the mean VR of the fish was
affected by the interaction between water
temperature and sex of fish (P<0.01).
Furthermore, mean VR was significantly affected
(P<0.01) by water temperature and sex of fish.
Female fish in T4 had the highest mean VR of
2.87+0.70 buccal movements/sec which was
significantly different (P<0.05) in all combinations
of factors. The mean VR of T4M (2.04+0.44
buccal movements/sec) and T3F (2.12+0.76
buccal movements/sec) were not significantly
different (P>0.05) but both were significantly
higher (P<0.05) than those of the rest of the

remaining treatments. Also, there was no
significant difference (P>0.05) among T3M
(1.54+0.46  buccal movements/sec), T2F

(1.61+0.57 buccal movements/sec), and T2M
(1.39+0.40 buccal movements/sec) but they were
significantly higher (P<0.05) than those in female
fish in  T1F  with 1.07+0.26 buccal
movements/sec and male fish in T1IM with
1.02+0.25 buccal movements/sec. The VR in the
latter two combinations of factors were not
significantly different (P>0.05) from each other.
Results showed that there was an abrupt change
in VR values when the temperature of water
increased. Factors affecting the results may also
be contributed to the decrease in dissolved
oxygen concentration. VR is one of the coping
mechanisms of tilapia.

Table 3. Mean ventilation rate (+SD) of male and female fish per treatment temperature

Sex Mean VR of fish per Treatment Temperature

T1 T2 T3 T4
Male 1.02+0.25% 1.39+0.40Y 1.54+0.46 2.04+0.44"
Female 1.07+0.26®" 1.61+0.57* 2.12+0.76% 2.87+0.70%

Note: Means having a common superscript within a column (a, b), or within a row (w, X, y, z) are not significantly
different from each other at 5% (P< 0.05) probability level by DMRT. T1 = 30-31 <C; T2 = 33-34 <C;
T3 =36-37C; T4 =39-40C
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Fig. 3. Ventilation rate of all fish per combination of factors

Fig. 3 shows the daily VR values (buccal
movement/sec) of males and females during the
experimental period of 7 days. It was observed
that there was a decreasing trend of VR in all
combinations of factors indicating that the fish
can cope with increasing temperature.
However, T4F had the highest significant mean
which is significantly different (P<0.05) compared
to the other combination of factors. It was
observed that female fish exposed to 39-40°C
died 2-4 hours after exposure while male fish
died after 6-12 hours to the same range of water
temperature. Ventilation rate is a sympathetic
response (a response that indicates that
someone is in a bad situation) that
quickly increases in response to a stressor,
thus it is particularly useful for measuring stress
levels because it is easily quantifiable
[15,24].

[==]

Similar studies [20-23] that used ECP as an
indicator of stress also used VR to evaluate the
stress responses of fish. Red tilapia subjected to
high temperature and confinement stress, blue
and red LED, electric shock and handling stress,
and high ammonia levels had faster VR.

3.3 Relationship between Eye Color
Pattern (ECP) and Ventilation Rate
(VR)

The relationship between the mean VR and
mean ECP of Nile tilapia is shown in Fig. 4. It
was observed that there was a significant strong
positive correlation between the mean VR and
mean ECP (n=8; r=0.810; P<0.01) of Nile tilapia
when exposed to thermal stress. This indicates

that as the VR increases, the ECP also
increases.
*
- &
P b ¢

3

1

EYE COLOR PATTERN

Fig. 4. Relationship between mean ventilation rate and mean eye color pattern of fish (n=8;
r=0.810; P<0.01)
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Table 4. Mean dissolved oxygen (mg/L) and temperature (°C)

Combination of factors Mean (+SD)
Temperature Dissolved Oxygen
TiM 30.54+0.06° 5.91+0.18°
T1F 30.48+0.09° 5.92+0.28°
T2M 33.51+0.08° 5.360.09"
T2F 33.48+0.09" 5.34+0.04°
T3M 36.41+0.08° 5.19+0.15"
T3F 36.47+0.17° 4.94+0.19°
T4M 39.55+0.10° 4.40+0.21°
T4F 39.57+0.18"° 4.40+0.06°

Note: Means in a column superscripted with different letters are significantly different at 5% (P< 0.05);
T1=30-31<C; T2 = 33-34 <C; T3 = 36-37 C; T4 = 39-40 C; M= males; F = females

3.4 Dissolved Oxygen (DO) and Water
Temperature

Table 4 presents the mean DO and temperature
in all combinations of factors during the 7-day
experimental period. T1IM and T1F were
significantly different (P<0.05) compared to those
in the rest of the combination of factors.
However, T1M with a mean DO of 5.91+0.18
mg/L, and T1F with a mean DO of 5.92+0.28
mg/L were not significantly different (P>0.05).
T2M, T2F, and T3M had a mean DO of
5.36+0.09 mg/L, 5.34+0.04 mg/L, and 5.19+0.15
mg/L, respectively, which were significantly
different (P<0.05) in all combinations of factors.
Yet, T2M, T2F, and T3M were not significantly
different (P>0.05). T3F had a mean DO of
4.94+0.19 mg/L. T4M and T4F had means of
4.40+0.21 mg/L and 4.40+0.06 mg/L,
respectively which were not significantly different
(P>0.05). T4M had the lowest mean DO in this
study.

It was observed in this study that the DO
concentration decreases as the temperature
increases.  The relationship between water
temperature and DO is inverse; that is, cold
water is able to "hold" more dissolved oxygen
than warm water [25,26]. Decreased DO
concentration could be predicted by increasing
water temperature [27,28]. It was observed that
DO in T4M and T4F was below the required DO
concentration, which may contribute to the
observed fish  mortalities. Since  water
temperature affects the oxygen solubility in the
water, it affects the behavioral responses
and morphological changes of fish [29].
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Thus, the high range of water temperature and
low DO concentration imposed stress on the
fish.

3.5 Mortality

There were no mortalities in T1IM, T1F, T2M,
T2F, T3M, and T3F in all replicates. Since all fish
used in this study were proactive (fish with ECP
values of less than 4 after the isolation period),
they can easily adapt to the stressful
environment. However, in T4M, two out of four
male fish subjected to the water temperature of
39-40°C died after 6-12 hours of exposure. In
T4F, three out of four female fish died after 2-4
hours of exposure to the water temperature
range of 39-40°C. Factors affecting these results
can be the stress experienced by the fish due to
the  high-temperature ranges and low
concentration of DO.

3.6 Weight and Length

On initial weight, TIM with a mean weight of
25.50£2.33 g was not significantly different
(P>0.05) to T1F with 27.28+3.65 g, T2M with
25.93+2.49 g, T2F with 23.60+1.01 g, T3M with
27.38+2.45 g, T3F with 27.80+2.42 g, T4M with
25.03+£5.10 g and T4F with 24.88+4.31 g. After
the study, T2F had the lowest final mean weight
of 22.95+0.98 g followed by T4F and T4M with a
final mean weight of 23.53+3.45 g and
23.48+4.81 g, respectively. T1F had the highest
final mean weight of 27.05+3.84 g, followed by
T3M with 27.03+2.41 g. All combinations of
factors were not significantly different (P>0.05)
from each other.
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Table 5. Changes in the final weight and length of fish in all combinations of factors

Combination of factors

Final Weight

TiM
T1F
T2M
T2F
T3M
T3F
T4M
T4F

Final Length
*

+
*

+ + + + +

Note: + = increase; - = decrease; * = no changes

Fig. 5. Fish exposed to 30-31°C (left) and 39-40°C (right)

On initial length, T1F had a mean length of
11.73+0.49 cm, followed by T3F with 11.65+0.40
cm, T3M with 11.50+0.41 cm, T1M with
11.50+0.45 cm, T2M with 11.43+0.30 cm, T4F
with 11.20+0.54 cm, T2F with 11.10+0.27 cm
and lastly T4M with 11.10+0.42 cm. On final
length, T2M had the lowest final mean length
with 11.43+0.30 cm. While T1F and T3M had the
highest final mean length with 11.75+0.50 cm
and 11.75+0.50, respectively. Yet, all
combinations of factors were not significantly
different (P>0.05) from each other. Factors
affecting the results may be contributed to the
higher energy consumption since fish need to
cope up with the stressors and maintain
homeostasis. Thus, a decrease in weight was
observed.

Table 5 presents the changes in the final weight
and length of fish in all combinations of factors. It
was observed that there was a decrease in the
final weight of fish in all combinations of factors.
Also, some fish had an increase while some had
no changes in the final length. A possible factor
affecting the results is the physical stress
experienced by fish due to low dissolved oxygen
concentration and high-temperature range.
Exposure to any type of stressors, either
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environmental, chemical, or perceived stressors
results in a series of physiological responses in
animals, like growth depensation in fish [29].

3.7 Body Color

Both male and female fish exposed to increasing
water temperatures exhibited an intense body
color (presence of vertical stripes) (Fig. 5). It was
observed that as the temperature was increased
higher than the ideal range, the body color of the
fish started to intensify from pale to grey. Color
alteration is controlled by the brain through the
pigment called chromatophore. Cichlid species,
including the Nile tilapia, change their skin color
when stressed and this was also observed in red
Nile tilapia [30].

4. CONCLUSION

Male fish had a significantly lower ECP score,
VR values, and less intensified skin coloration
than female fish when exposed to increasing
water temperature. Likewise, male fish exposed
to high temperatures (39-40°C) survived longer
than female fish. Therefore, it only shows that the
males can more easily cope with stress than
females when subjected to different ranges of



Macaraeg et al.; Asian J. Fish. Aqu. Res., vol. 23, no. 1, pp. 14-23, 2023; Article no.AJFAR.101183

water temperature. These behavioral (VR) and
morphological (ECP and body color) responses
are good, easy, and inexpensive tools for
assessing both alertness and stress levels in the
fish subjected to thermal stress.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Popma T, Masser M. Tilapia life history
and biolgy. Southern Regional Aquaculture
Center. 1999;4.

2. Charo-Karisa H, Komen H, Rezk, MA,
Ponzoni RW, van Arendonk JAM,
Bovenhuis, H. Heritability estimates and
response to selection for growth of Nile
tilapia (Oreochromis niloticus) in low-input
earthen ponds. Aquaculture. 2006;261(2):
479-486.
DOI:10.1016/j.aquaculture.2006.07.007

3. Baroiller JF, Toguyeni A. The tilapiini tribe:
environmental and social aspects of
reproduction and growth. Fisheries and
Aquaculture. 1997;3:1-10.

4. Rakocy JE. Tank culture of tilapia.
Southern Regional Agquaculture Center.
1989;4.

5. Popma TJ, Lovshin LL. Worldwide
prospects for Commercial Production of
Tilapia; 1996. Accessed 28 March 2023.
Available:https://aurora.auburn.edu/handle/

11200/4157
6. El-Sayed, A-FM. Tilapia culture in salt
water: environmental requirements,

nutritional implications and economic
potentials. p. 95-106. In: L. Elizabeth
Cruz Suarez, D. Ricque Marie MT, Salazar
MG, Nieto Lopez DA, Villareal Covazos
AC. Puello Cruz y Armando Garcia Ortega
(Eds.). Advances on Aquaculture Nutrition.
VIII Simposium International de Nutricion
Aquicola, Universidad Autonoma de Nuevo
Leon Monterrey, Nuevo Leon Mexico.
2006.

7. Wurts, WA. Tilapia: a potential species for
Kentucky fish farms. Kentucky Fish
Farming; 1999. Accessed 28 March 2023.
Available:http://www2.ca.uky.edu/wkrec/tila
piakentucky.htm

8. Strissmann CA, Nakamura M.
Morphology, endocrinology, and
environmental modulation of gonadal
sex differentiation in teleost fishes. Fish

22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Physiology and Biochemistry. 2002;26:
13-29.

Doll, P, Zhang, J. Impact of climate change
on freshwater ecosystems: A global scale
analysis of ecologically relevant river flow
alterations. Hydrology and Earth System
Sciences. 2010;14(5):783-799.

De Silva, SS, Soto. D. Climate change and
aquaculture: potential impacts, adaptation
and mitigation. p. 151-212. In: K.
Cochrane, C. De Young, D. Soto and T.
Bahri (eds.). Climate Change Implications
for Fisheries and Aquaculture: Overview of
Current  Scientific  Knowledge. FAO
Fisheries and Aquaculture Technical Paper
No. 530. Rome, Italy; 2009.

Pandit, NP, Nakamura, M. Effect of high
temperature on survival, growth and feed
conversion ratio of Nile tilapia,
Oreochromis niloticus. Our Nature.
2010;8:219-224.

Britz, PJ, Hecht, T, Mangold S. Effect of
temperature on growth, feed consumption
and nutritional indices of Haliotis midae fed
a formulated diet.  Aquaculture. 1997;
152:191-203.

Azevedo, PA, Cho, CY, Leeson, S,
Bureau, DP. Effects of feeding level and
water temperature on growth, nutrient and
energy utilization and waste outputs of
rainbow trout (Oncorhynchus mykiss).
Aguat. Living Resour. 1998;11: 227-238.
Gadomski, DM, Caddell, SM. Effects of
temperature on early life history stages of
California halibut Paralichthys californicus.
Fishery Bulletin. 1991;89:567-576.

Vera Cruz, EM, Tauli MP. Eye color
pattern during isolation indicates Stress-
Coping Style in Nile Tilapia Oreochromis
niloticus L. International Journal of
Scientific Research in Knowledge. 2015;
3(7):181-186.

Volpato, GL, Luchiari, AC, Duarte, CRA,
Barreto RE, Ramanzini, GC. Eye color as
an indicator of social rank in the fish Nile
tilapia. Braz. J. Med. Biol. Res. 2003;
36:1659-1663.

Alvarenga, CMD, Volpato, GL. Agonistic
profile and metabolism in alevins of the
Nile tilapia.  Physiology and Behavior.
1995;57:75-80.

Musa, N, Ramli, HR, Manaf, TA, Musa, N.
Physiological effects of thermal stress on
red hybrid tilapia. Journal of Engineering
and Science Research. 2017;1(2):27-32.
Figueiredo-Fernandes, A, Fontainhas-
Fernandes A, Peixoto, F, Rocha, E, Reis-



20.

21.

22,

23.

24,

25,

Macaraeg et al.; Asian J. Fish. Aqu. Res., vol. 23, no. 1, pp. 14-23, 2023; Article no.AJFAR.101183

Henriques, MA. Effects of gender and
temperature on oxidative stress enzymes
in Nile tilapia Oreochromis niloticus
exposed to paraquat. Pesticide
Biochemistry and Physiology. 2006;85:
97-103.

Decano, EA, Templonuevo, RMC, Vera
Cruz, EM. Morphological and Physiological
Changes in Red Tilapia (Oreochromis
spp.) Subjected to High Temperature and
Confinement Stress. Egyptian Academic
Journal of Biological Sciences, B. Zoology.
2020;12(2):103-110.

Apino, RM, Templonuevo, RMC, Vera
Cruz, EM. Stress Responses of Red
Tilapia (Oreochromis spp.) Exposed to
Blue and Red-Light Emitting Diode (Led).
Egyptian Academic Journal of Biological

Sciences, B. Zoology. 2022;14(1):
159-167.

Bernandino, JT, Templonuevo, RMC,
Vera, EM. Responses of red tilapia

(Oreochromis spp.) subjected to electric
shock and handling stress. International
Journal of Fisheries and Aquatic Studies.
2020;8(1):287-290.

Constantino RV, Templonuevo RMC,
Fajardo LJ. Stress responses of red tilapia
(Oreochromis spp.) to high ammonia
levels. International Journal of Fisheries
and Aquatic Studies. 2019;7(6):89-93.
Barreto, RE. Volpato GL. Caution for using
ventilator frequency as an indicator of
stress in fish. Behav. Process. 2004;66:

43-51.
Butcher JB, Covington S. Dissolved-
oxygen analysis  with  temperature

26.

27.

28.

29.

30.

dependence. Journal of Environmental
Engineering. 1995:121(10):756-759.
Walfi A, Ariadi H, Mugsith A, Mahmudi M,

Fadjar M. Oxygen consumption of
Litopenaeus vannamei in  intensive
ponds based on the dynamic
modeling system. Journal of

Aguaculture and Fish Health. 2021;10(1):
17-24.

Clipperton, GK, Koning, CW, Locke, AG,
Mahoney, JM, Quazi, B. Instream flow
needs determinations for the South
Saskatchewan River basin, Alberta,
Canada. Alberta Environment; 2003.
Accessed 28 March 2023.
Available:https://open.alberta.ca/publicatio
ns/0778530450

Templonuevo RMC, Vera Cruz EM.
Responses of red Nile tilapia (Oreochromis

niloticus L.) subjected to social and
confinement stresses. The CLSU
International Journal of Science &
Technology. 2016;1(2):7-14.

Vera Cruz, EM, Brown CL. The
influence of social status on the rate of
growth, eye color pattern and

insulin-like growth factor-lI gene expression

in Nile tilapia, Oreochromis niloticus.
Hormones and Behavior. 2007;51:
611-6109.

Ariadi H, Fadjar M, Mahmudi M. The
relationships  between water quality
parameters and the growth rate of white
shrimp  (Litopenaeus vannamei) in
intensive ponds. Aquaculture, Aquarium,
Conservation & Legislation. 2019;12(6):
2103-2116.

© 2023 Macaraeg et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/101183

23


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:eQOLeE2rZwMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:qjMakFHDy7sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=9vXYYqcAAAAJ&citation_for_view=9vXYYqcAAAAJ:qjMakFHDy7sC
http://creativecommons.org/licenses/by/2.0

