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EFFECT OF WATER TEMPERATURE ON THE
GROWTH OF NILE TILAPIA FISHES AND ON SOME
AFFECTING ENVIRONMENTAL FACTORS

M.A Morcos* Y.B.Abd El-Hay ** W.H.Abd El-Shakor ***

ABSTRACT

This research studied the effect of temperature on the weight and length growth of
Nile tilapia fishes, and on dissolved oxygen concentration, ammonia concentration
and pH value of water, The experiments were carried out using five treatments throw
91 days. These five treatments conditions comprised testing the effect of levels of
temperature at 20,25,28,30 and 35 °C .The obtained data revealed that:
- The most positive results in the weight and length growth of Nile tilapia fishes,
were at the temperature of 28 °C, especially for fishes having weight more than 50
g,while the treatments at temperature of 30 °C had the most positive results for fishes
having weight less than 50 g.
- Increasing water temperature in aquarium caused in a continuous decrease in the
dissolved oxygen and the change of its concentration was highly significant.
- Increasing water temperature in aquarium resulted in a modest increase in pH
values.
- Increasing water temperature in aquarium caused in an increase in total ammonia
concentrations.
This study was ended by deriving some mathematical relations describing the effect
of water temperature on both, weight and length growth of Nile tilapia fishes, the
dissolved oxygen concentration, ammonia concentration and pH wvalue, Also,
mathematical equation was dcrived for the relation between the weight and the length
of Nile tilapia fishes.

1- INTRODUCTION
Environmental factors have critical effect on aquaculture. Many environmental
factors influence pond aquaculture, but fortunately, only few normally have a
decisive role (Rasmy and El-meseery,2003) .The Nile tilapia is one of the
aquatic animals which has many characteristics, and is considered an easily
farmed fish since it is easy to hold and breed in a captive environmenti ;
lolerate crowding , relatively poor water quality and other stress factors; and is
less susceptible to disease. Nile tilapia can grow in a wide variety of
aquaculture systems, eats algae and detritus materials naturally produced in
culture systems
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as well as manufactured feeds containing ingredients derived from plants.
They reach typical market size (500-600g) in about 6-8 months under
optimum temperature conditions for growth ranging from 30 to 35 °C (Lucas
and Southgate, 2003). According to FAO (2001), the tilapia production in
1999 in Egypt was 103 988 ton.

The limited fresh water resources in Egypt and the Egyptian laws restricting
the use of freshwater in aquaculture projects encourage sea or brackish water
aquaculture. Anyhow, these water have variable conditions of salinity, pH,
and temperature which are apt to affect- positively or negatively the growth
rate of fish. So, as long as these environmental factors have critical effects on
aquaculture, some thing has to be done to control these factors to increase the
production from Nile tilapia.

The main objective of this research work was to study the effect of water
temperature on the growth rate of Nile tilapia fishes (Oreochromis Niloticus)
and its effect on pH degree, ammonia concentration and the dissolved oxygen
concentration in water.

Temperature is a major or even decisive environmental factor in the sense that
it governs the rate of metabolic reactions affecting all physiological processes
in ectotherms, metabolism, food intake and nutritional efficiency (Burel et al.,
1996). Increasing water temperature causes in a continuous decrease in
dissolved oxygen concentration with high significance (Rasmy and El-
meseery, 2003).

Parker (2002) mentioned that thermal stress or shock can occur when
temperature change more than 2 to 3 °F (1 to 2 °C) in 24 hours. Zaghlou]
(1997) stated that the River Nile water quality is better in winter than in
summer; nevertheless, he stated that the number of fish collected from the
different studied sites in Nile in Cairo was greater in summer than in winter.
This phenomenon may be due to the increase in water temperature in summer.

Parker (2002) mentioned that aquatic life requires dissolved oxygen; most
aquatic animals need more than 1 ppm concentration for survival, depending
on culture circumstances. Aquatic animal need 4 to 5 ppm to avoid stress,
concentration considered typical for surface water and is influenced by
temperature, but usually exceeds 7 to 8 mg/l (7- 8 ppm).

According to Rasmy and El-messery (2003), when the oxygen level drops
below 0.3 mg/l, most fish will not grow and cause morality. Fish grow well at
least through concentration of 3 mg/l of dissolved oxygen. The dissolved
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oxygen concentration in water is correlated negatively with raising water
temperature, and this relation within the range of 14-36 °C at water with
salinity of 5000 ppm is expressed in the equation(1):

DO =7.5-0.1313(T) &)
where:
DO = dissolved oxygen concentration in water (mg/D)
T = water temperature CC)

Sharma and Ahlert, (1977) showed that "pH" is one of the most common
water tests and it is a measure of hydrogen ions in the water. They found that
pH value decreases continuously as a result of nitrate accumulation in a
recycling system. Death points for fish are approximately at pH 4 and 11, acid
and alkaline (basic). Growth and reproduction can be affected between pH 4
and 6 and between pH 9 and 10 for some fishes. Also pH affects the toxicity
of other substances, such as ammonia and nitrite (Parker, 2002).

Ammonia is presented in slight amounts in some well and pond water. As
fishes become more intensively cultured or confined, ammonia can reach
harmful levels. Any amount is considered undesirable, but stress and some
death loss occur at more than 2mg/l, and at more than 7 mg/l fish loss
increases sharply. Ammonia is a waste product of proten metabolism by
aquatic animals. In water, ammonia occurs either in the ionized (NH;) or the
un-ionized (NH;) form, depending upon pH. Unionized ammonia is
considerably more toxic to fish and occurs in greater proportion at high pH
and warmer temperature.

2- MATERIAL AND METHODS

This study was carried out on Nile tilapia fish (Oreochromis Niloticus) at the
bio-engineering unit, Agricultural Engineering Department, Faculty of
Agriculture, Cairo University. Experiments were carried out through a period
of three months from September to November 2004 (91 days were recorded).
The study was conducted in fifteen glass aquaria, 60 liter water volume. Each
aquarium was aerated with one air stone (air pump) with aeration rate of 23.7
em’ /s, and one thermo-automatic heater was used to provide and maintain the
temperature at the desired level. For all experiments, each treatment was
assigned to three replicate aquaria.

This study covered the changes in water quality such as the dissolved oxygen
concentration, pH degree and ammonia concentration under the effect of
different levels of temperature. Five levels of temperature (20, 25,28,30,35
°C) were tested. Nile tilapia fish (Oreochromis Niloticus) were used to study
the growth rate of fish under these five different levels of temperature. The
average fish weight used in this study at the beginning of the experimental
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work was almost the same, 30 + 2 gm/fish. The stocking density was 4 fish /
aquarium.

Cleaning the aquaria is very important in rearing fish, so, the daily routine
work included the removal of excess organic matter resulting from digestion
and feeding. Furthermore, the maintenance was conducted to replace the
aquaria water with water of similar temperature each two days in each
aquarium.

Fish feed was offered at a rate of 3% of fish weight per day. The dissolved
oxygen, pH degree and ammonia concentration of water were measured daily
using dissolved oxygen meter, pH meter and ammonia concentration meter,
respectively.

The weight and length of each fish were weekly measured using digital
balance and accurate scale of 30 cm, respectively.

Seven indicators for fish growth were used, equation (2) through (8).
Experimental growth data were used to calculate the value of each growth
indicator according to the following mathematical formulas:

A. Weight gain "WG;",

WG, = W2, -W1, (2)
where:
WG, = average weight gain per growth interval (g /fish)
W2; = average final weight per fish at each interval (g /fish)
W1, = average mitial weight per fish at each interval (g /fish)
i = growth interval

B. Average daily gain in weight “DGW ;.

DGW ;= (W2, -W1)/t 3)
where:
DGW ; = average daily gain in weight at the end of the growth period. (g
/fish. day)
t = growth interval within the growth period. (day)

C. Average daily gain in length "DGL "
DGL,= (L2,-L1)/t 4)
where:
DGL ; = average daily gain in length at the end of the growth period.
(em/fish. day)
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L2; = final total length at the end of growth period (cm)
L1; = initial total length at the beginning of growth period. (cm)
D. Specific growth rate in weight "SGRW ;"
SGRW was calculated according to ( Jauncey and Ross, 1982 ) as:
SGRW={(In W2; —In W1))/t} x100 5)

where:

SGRW , = specific growth rate in weight for fish (% weight / fish)

Ln = natural logarithm

E. Specific growth rate in length "SGRL ;"
SGRL;, ={(InL2;-InL1)/t} x100 6)

where:
SGRL; = specific growth rate in length (% length / fish.day)
F.Percentage of average daily gain rate in weight “GRWP; “
GRWP; ={(W2;-W1)/W1;} x(100/t) )]

where:
GRWP = Percentage of average daily gain rate in weight (% weight / fish

.day)

G. Percentage of average daily gain rate in length “GRLP ;"
GRLP; % ={(L2;-L1;/1.1;} x (100/t) 8

where:
GRLP = percentage of average daily gain rate in length (% length / fish

.day)

3- RESULTS AND DISCUSSION

3-1 Effect of water temperature on the growth of Nile tilapia fish

Table (1) and figure (1) show the weekly mean weight of the Nile tilapia fish
for thirteen weeks (91 days) under different temperatures. The results showed
that water temperature had remarkable effect on the fish growth rate since the
average weight at the end of the experimental work ranged from 88 to 130
gram / fish. The treatment under 30 °C temperature gave the best results in the
first six weeks, while the treatment under 28 °C was the best after that. Also,
the results showed that the treatment under 35 °C gave the lowest growth rate
since the final average weight of fish was only 88 gm, while the treatment at
25 °C was better than that at 35 °C or that at 20 °C. It is obvious from these
data that a temperature deviation from 28 and 30 °C limits affects clearly fish
growth rate.
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Table (1) Average weight of Nile tilapia fishes (g) under different levels of

lemperature

[ Time | 20 C i 25C | 28C 30C 35C
(day) (=D +0.5) (z0.5) (£0.5) (£0.5)
0 30.55 30.50 29.6 30.40 29.80
7 3482 35.06 34.98 35.90 34.18
14 39.69 40.70 41.35 42.20 39.20
21 44.41 46.68 48.10 49.50 4422
|28 49.69 53.55 | 5506 56.00 49.80
35 53.86 59.73 61.81 62.12 54.33
L 42 5838 | 65.59 69.16 69.90 59.27
P 49 63.12 71.50 78.36 78.27 64.25
56 68.42 76.78 89.33 86.50 69.65
63 73.22 81.62 100.00 94.00 73.55
70 77.83 85.93 109.00 101.90 77.67
L 77 82.73 89.90 117.30 109.00 81.67
84 86.87 94.09 124.00 115.00 85.40
91 91.03 98.13 130.00 119.90 88.00 |
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Fig. (1) Effect of the water temperature on fish growth in weight.

A mathematical equation was derived to show the relationship between the
final mean weight of the Nile tilapia fish and water temperature within the
experimental ranges, between 20 and 35 "C, with initial weight of 30 g/fish and
a growth period of 13 weeks, and was expressed in equation (9). The

coefficient of correlation (R?) for equation was highly significant (0.9408).

W =634.8-711.678 T +2.9113 T? -0.0381 T° %
Where:

W = final weight of the fish (8)

T = water temperature (O
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Table (2) shows the daily average percentages gain rate in weight (GRWP) at
different temperatures levels. From table (1), it can be seen that the growth
rates differ according to fish ages and weight. Applying equation (7) for five
different weight classes shown in table (2) , the average percentages for each
weight class can be computed. It is obvious from table (2) that the daily average
growth rates for all temperature levels were higher for the weight class of 30-50
g than those of other weight classes. Since the weight increases by increasing
fish age, the daily growth rate decreases by increasing fish age. Also, it can be
seen the higher gain rate occurred for fishes under the treatment of 28°C water
temperature. However, the high percentage of the daily growth rates at the
young ages, were gradually decreased from 2.9% until it reached a small value
of 0.77% at the last 3 weeks period of the experiment. These results are
illustrated in figure (2).
Table (2) Daily average weight increasing rate with different weight

classes.

Temperature Weight increasing rate percentage within different
C weight classes
30-50g | 50-70g | 70-90g | 90-110g | 110-130g
20 223 1.34 0.88 - -
25 2.59 1.60 0.92 0.61 -
28 2.97 1.88 1.99 1.28 0.77
30 3.08 1.77 1.50 1.31 0.6
35 2.39 1.34 0.70 - -
'| B 20 m25 o28 o 30 mas
=
B o
2F 5.
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-] 1
2 o0
30-50 50-70 70-80 980-110 110-130
Range of weight (gm)

Fig. (2) Effect of water temperature on daily average rate of
weight increase of Nile tilapia fishes.
Table (3) and figure (3) illustrate the mean lengths for Nile tilapia fishes,
grown under different temperature levels . It is noticed that the maximum
length at the end of the experiment was at 28°C water temperature, where the
fish mean length reached 19.7 ¢cm. The minimum length was 16.6 ¢cm at 20 °C
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water temperature. Mean values of the length at each week during the
experimental work for all treatments, are also shown in table (3) and from
mean, an equation can be derived to predict directly the fish length as a
tunction of time.
Table(3) Average length of Nile tilapia fishes (cm) under different levels of
temperature
Time | 20 C | 25C | 28C | 30C | 35C | Mean J

(day) | (1) | (0.5) | 05) | (+0.5) | (+0.5) | length

0 120 120 | 119 | 120 | 12 12.00
|7 ] 123 1124 | 125 | 125 | 123 | 1240 |
{14 129 1130 [ 131 | 132 | 130 | 13.04 |

|
T2 133 134 ] 137 | 138 | 135 | 1354 |
28 137 | 13.8 | 142 14.3 13.9 13.98 |
35 140 | 142 | 14.8 14.8 14.3 14.42
42 144 | 146 | 153 15.4 14.6 14.86
49 148 | 151 | 159 16.0 15.0 15.36
56 15.1 154 | 167 16.6 15.4 15.84
63 155 | 158 | 176 17.2 15.7 16.36
70 15.8 16.1 18.2 17.9 16.0 16.80 |
77 16.1 166 | 187 18.4 16.3 1722 |

84 164 | 169 | 192 18.8 16.6 17.58 |
E 166 | 172 | 197 192 | 16.8 17.90 |

o

|
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Fig. (3) Effect of water temperature on fish growth in length
Applying the data of table (3), a mathematical relationship was derived
between the mean length of the Nile tilapia fish and water temperature within
the ranges between 20 to 35 ° C, initial length of 12 cm and a growth period of
13 week. This relationship was expressed in equation (10). The coefficient of
correlation (R?) for that mathematical equation was highly significant (0.9388).
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L= 77.673—7.6839 T + 0.3037 T* - 0.0039 T* (10)
where:
L= final length of the fish (cm)
T = water temperature (°C)
Applying the data of table (1) and (3), a mathematical relation between the
length (L) and the weight (W) was derived, equation (11). From this equation,
the length of the fish can be predicted from its weight.

L=0.077 W + 9.8411 (11)
where:
L = final length of the fish (cm)
W = final weight of the fish ()

Equation (2) through (8) were applied for the initial conditions of the
experimental treatments, and the final results at the end of the experiment. The
computed results are illustrated in table (4). It can be seen that the best
treatment which gave the most positive results, was at 28 °C water temperature,
while the lowest results was at 35 ° C water temperature, except for two
computations of “DGL" and “SGRL” since the 20 ' C temperature was the
minimum. This was due to the fact that these two temperatures were far away
from the suitable range of temperature for fish growth,

Table (4) Effect of water temperatures on the computed indicator values for fish
growth.

Evidence Temperature (° C)
20 | 25 28 30| 35
Weight gain “WG” (g/fish) 60.48 67.94 | 100.4 | 89.86 | 58.2
Average daily gain in weight “DGW” | 0.664 0.746 | 1.103 | 0.987 | 0.639
(g/fish. day)
Average daily gain in length “DGL” 0.3 039 0.55| 0.51| 0.36
(cm/fish. day)
Specific growth rate in weight 1.19 1.28511.479| 138 1.18
“SGRW” (% weight /fish. day)
Specific growth rate in length 0.049 0.057 | 0.085 | 0.079  0.052
“SGRL”
{% length /fish. day)
Percentage of daily gain rate in 2.17 247 3.72 32| 2.14
weight “GRWP” (% weight/fish.
day)
Percentage of daily gain rate in length 04 0471 065! 065! 0.34
*GRLP” (Yelength/fish .day)
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Figures (4) through (9) illustrate the computed values of each fish growth
indicator.
For each indicator, the experimental data were used to derive a mathematical
equation to predict “y” the value of this indicator as a function of water
temperature “x”. To make the coefficient of correlation “R*” for each equation
very close to one “R*=1”, i.e,to make the computed results highly significant,
an equation of the fourth degree was derived for each indicator. So, it is
possible to compute the value of each indicator “y” as a function of water
temperature “x” .Also, it will be possible to compute the final weight and
length of the fish as long as its initial dimensions and growth period are close to
those obtained from the experimental work.

3-2 Effect of water temperature on the dissolved oxygen concentration in

aquarium water,
Table (5) and figure (10) show the weakly dissolved oxygen concentration for a
period 13 week (9lday) in the aquarium water, under different temperature
levels, (20,25,28,30,35 °C). The obtained results showed that the
dissolved oxygen concentration during the experiment was between 4.25 - 10.0
mg/l, which is a suitable range for the growth and the activity of the Nile tilapia
fishes. Also, it is noticed that the temperature had a significant effect on the
dissolved oxygen concentration, where, the dissolved oxygen concentration
decreased by increasing the water Temperature, and increased by decreasing the
water temperature in the aquarium water.
Table (5) Effect of water temperature on the dissolved oxygen concentratibn
as measured 24 hour after water change.

Time 20 C 25 C 28 C 30 C 35 C
(day) (£1) (0.5) (£0.5) (£0.5) (0.5)

0 7.30 6.80 5.70 5.20 5.00

7 7.15 6.60 5.50 5.05 4.80

14 7.20 6.70 5.60 5.10 4.90

21 7.35 6.90 5.85 5.30 5.10

28 7.60 7.10 6.00 5.45 5.20

35 7.50 7.00 5.90 5.40 5.15

42 7.40 6.90 5.85 5.35 5.15

49 7.35 6.82 5.70 5.25 5.00

56 7.25 6.75 5.60 5.10 4.90

63 7.40 6.90 5.80 5.30 5.10

70 7.10 6.65 5.50 5.00 4.80

77 7.00 6.42 5.30 4.70 4.50

84 7.20 6.70 5.65 5.10 4.90

9] 7.30 6.81 5.70 5.20 495 |
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Fig. (10) Effect of water temperature on dissolved oxygen concentration
measure after 24hours from the time of changing aquarium water.

Table (6) and figure (11) show the effect of water temperature and the
consumption of oxygen on the dissolved oxygen in the aquarium at the time of
water changing, after 24 hour and after 48 hour, just before the next water
change. The reduction in oxygen concentration was due to both the effect of
water temperature and the consumption of oxygen by fishes.

Table (6) Effect of water temperature and the consumption of oxygen on dissolved
OXygen concentration.

Temperature | Average oxygen concentration (mg/1) Consumption
C After water | After 24 hour | After 48 | rate (mg/l.h)
change hour
directly
20 9 7.50 6.65 0.048
25 8.75 6.90 6.10 0.055
28 7.50 5.90 5.35 0.044
30 6.50 5.40 4.75 0.036
35 5.80 5.20 4.45 0.028
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Fig. (11) Effect of temperature and the consumption of oxygen on the
dissolved oxygen concentration within a period of 48 hours under
different levels of temperature.

The results presented in the second column of table (6) and in figure (11) show
the dissolved oxygen concentration in fresh water just at the time of water
change. The concentration of oxygen differed according to water temperature.
After that time, the dissolved oxygen started to be consumed as a result of fish,
algae and other micro-organisms respiration in the aquarium. .Although the air
pump helped in raising the dissolved oxygen concentration in the aquarium, the
consumption of the dissolved oxygen was higher, so, the resultant of the
dissolved oxygen concentration in the water reached low values, about 4.45
mg/l at the 35 °C water temperature.

Fig (11) shows the change in the dissolved oxygen concentration from the

time of water changing until recharging it again after 48 hour. From that,

oxygen concentration decreasing rate per hour for tilapia fishes can be

computed as shown in the last column in table (6).This rate was higher at low

temperature levels, and lower at high temperature levels.

A mathematical equation was derived for the relationship between the

resultant state of dissolved oxygen concentration and water temperature,

within the experiment temperature range, between 20 and 35 "C , and was

expressed in equation (18). The coefficient of correlation (R?) for this

mathematical equation was highly significant (0.912).

RC DO = 14.545 — 0.4598 T+ 0.0052 T* (18)
where:
RC DO= the resultant state of the dissolved oxygen concentration
(mg/1)
T = water temperature in aquarium (O

Also, a mathematical equation was derived to assess the dissolved oxygen
consumption rate at any given water temperature, equation (19). The
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coefficient of correlation (R®)for this mathematical equation was highly
significant (0.8411).

OCR = - 0.0148 + 0.006 T ~ 0.0001 T> (19)
where:

OCR = dissolved oxygen concentration (mg/l)

T = water temperature (C)

A separate experiment was run to find out the standard curve illustrating the
value of the dissolved oxygen concentration in the natural fresh water without
any fishes, within water temperature ranging from 5°C to 48 "C. The date of
this separate experiment are illustrated in fig. (12) and water used to derive a
mathematical equation, equation (20), correlating in natural fresh water
without any fishes and within this temperature range from 50 to 48 "C. The
coefficient of correlation (R?) for this equation was highly significant
(0.9777).

16 - o y = -5.4612Ln(x) + 24.733
N R? = 0.9777

demssolved cooygen
concentration (mgm
[»]

0 10 20 20 40 50
temperature (°C )

Fig.( 12)The effect of water temperature on the dissolved oxygen
concentration of natural fresh water without any fishes.

D.0=24.733-5.4612Ln Ty (20)
where:
D.O = dissolved oxygen concentration (mg/1)
T¢ = fresh water temperature (°C)

3-3 Effect of water temperature on the pH value

Table (7) and figure (13) show the weekly pH value in aquarium water for a
period of 13 weeks (91day), under different temperature levels, ( 20,
25,28,30,35 °C).The results showed that the pH value during the experiment
was ranging between 8.0 to 9.0 with a mean value of 8.5, which was a
suitable range for the growth and activity of the Nile tilapia fishes. Also, it is
noticed that the water temperature had a simple effect on the pH value, where
the pH value slightly increased or decreased around the mean value by
increasing or decreasing the water temperature.
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Table (7) The value of pH under different water temperatures as measured
after 24 hour from water change.

Time 20 C 25 C 28 C 30 C 35 C
(day) | (=1) (£0.5) | (x0.5) 0.5) | (205
0 8.20 8.30 8.40 8.55 8.80
7 8.25 8.32 8.41 8.57 8.81
14 8.15 8.25 8.35 8.50 8.75
21 8.13 8§24 8.33 8.50 8.77
28 8.32 8.41 8.50 8.65 2.90
35 842 8.50 R.62 8.75 9.00
42 8.28 8.37 8.50 8.65 8.90
49 8.45 8.54 8.65 8.82 9.05
56 8.21 8.32 8.42 8.58 8.82
63 8.30 8.41 8.50 8.64 8.90
70 8.00 8.12 8.25 £.40 8.65
77 8.20 8.31 8.40 8.55 878
84 8.10 8.22 8.33 8.48 8.64
91 8.25 8.34 8.45 8.60 885
[-of'-zd'c —#—25C —28 C —3—"30 C —»— 35 ﬂ

I' 9.2
Y

| % 2:2 ;
T 82
8

7.8 | —_—
0 7 14 2128 35 42 49 56 63 70 77 84 91 |
time (day)

Fig. (13) Effect of water temperature on pH value as measured
after 24 hour from the time of changing aquarium water.
A mathematical equation was derived to correlate the relationship between water
temperature "T" and the value of pH, equation (21) the coefficient of correlation
(Rz) for this equation was highly significant (0.9469).
pH =7.3606 + 0.0407 T (21)
Table (8) and figure (14) show the changes in the pH values for 48 hour under
different temperature levels. It is noticed that pH had a maximum value at
time 18.00 hour (6pm) and a minimum value at 6.00 hour (6am). The
difference between the maximum and minimum value of pH during the 48
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hour period under different temperature levels were computed and the results
showed that this difference increased under higher temperature levels (35°C),
while under lower temperature levels (25°C), this difference was decreased.
This periodical fluctuation in the pH values was probably due to a fluctuation
in the values of the carbonates and the bicarbonate. The increase in the
bicarbonates content in the aquarium caused in raising pH value. During the
24 hour cycle, there is a solubilization of the existing carbonate at night and a
transformation to bicarbonate. During the 24 hour cycle, there was a
solubilization of the existing carbonate at night and a transformation to
bicarbonate. During the day, in contrast, some portion of the carbon dioxide is
used up, and part of the bicarbonates is transformed to carbonates and
resulting in an increase in pH value, as noted at the end of the day.

Table (8) Changes in pH value during 2 days period under different water
temperature.

Temperat | 6.0 [ 12.0 | 18.00 | 24.00 | 6.00 | 12.00 | 18.00 | 24.00 Difference

ure C 0 0 in pH value

20 7.9 82 9.10 8.10 | 8.00 | 830 9.10 8.10 1.10 -1.15
5

25 7.9 | 827 | 9.25 8.12 [ 790 | 835 9.25 8.15 1.35

0

28 7.7 | 841 9.20 825 | 790 | 8.55 9.30 8.25 1.40 -1.45
S

30 80 | 855 | 940 8§32 | 790 | 8.65 9.40 8.35 1.40-1.50
0

35 7.7 | 8.80 [ 9.35 8.50 | 7.85 | 8.70 9.38 8.55 1.53 -1.65
0

——20 ——25 —— 28 -»-30 —=-35

10
98 1
85 1
r °32]
5 78]
6.5
6 r . —
o [« o o o [ =] (=] o
o o™ o o o =] [=]
[=] - — o [=] - -— [=]
Time (hour) J

Fig. (14) Effect of water temperature on pH value during 2 days period.
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3-4 Effect of water temperature on the concentration of the total ammonia
in the aquarium.

Table (9) and figure (15) show the weekly total ammonia concentration in the
aquarium water for a period of 13 weeks (91 day) under different water
temperature levels. The results showed that the ammonia concentration during
the experiment was between 1.50 to 3.05mg/l which was a suitable range for
the growth and activity of the Nile tilapia fishes. Also, it is noticed that the
temperature has a significant effect of the ammonia concentration, the ammonia
concentration increased by increasing the water temperature, and vice versa.
Table (9) The effect of water temperature on the total ammonia

concentration (mg/1) after 24 hour from the time of changing aquarium

water,

Time 20 C 25C | 28¢C 30 C 35 C
(day) €3] (20.5) (£0.5) (£0.5) (£0.5)
0 1.70 1.82 2.50 2.72 2.95
7 1.65 1.72 2.45 2.65 2.85
14 1.85 2.00 2.65 2.90 3.05
21 1.65 1.74 2.40 2.62 2.80
28 1.78 1.87 2.55 2.75 2.97
35 1.75 1.82 2.50 271 2.92
| 42 1.55 173 2.44 2.49 2.65
49 1.50 1.69 2.40 2.65 2.85
56 1.58 1.79 2.50 2.72 2.90
63 1.60 1.91 2.60 2.83 3.00
70 1.65 1.85 2.50 2.5 2.95
77 1.60 1.79 2.50 2.72 2.90
84 1.65 1.84 2.55 2.75 2.95
91 1.64 1.74 2.45 2.65 2.85 |

F;'_‘zoc —#—25C —a—28 C —m—30 C —e—235 cJ

3 ol _
ARl === = =1
FHL ===
EE s [ -
- F 9 — -
0 ‘ —_— T
0 7 14 2128 35 42 49 56 63 70 77 84 91
time (day)

Fig. (15) Effect of water temperature on ammonia concentration as
measured after 24 hour from the time of changing aquarium water.
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The relationship between the total ammonia concentration and water
temperatures between 20 to 35 C was derived, equation (12) and the
coefficient of correlation (Rz) between these was significant (0.8508).

Am =-0.2625+0933 T (22)
where :
Am = total ammonia concentration (mg/1)
T = water temperature (8]

Table (10) and Figure (16) shows the effect of water temperature on the total
ammonia concentration. Although, the fact that the temperature causes in an
increase in the ammonia concentration in the water, it is noticed from the
results that the ammonia concentration rate per hour (0.077 gm/L.h) was high
at 28 °C water temperature, followed by 25°C , 30°C , 20 °C and 35 °C. This
is attributed to the fact that the fish growth rate in the 28, 25, and 30 °C and
25 °C water temperature were greater than that at 20 °C and 20 °C. So, the
higher metabolism rates caused in more production of ammonia.

Table (10) Effect of water temperature and time on total ammonia
concentration (mg/l) and ammonia concentration rate (mg/l.h).

Temperature After After After Ammonia
°C changing 24 hour 48 hour | concentration
water directly rate (mg/l.h)
Total Total Total
ammonia | ammonia | ammonia
(mg/) (mg/h (mg/l)
20 0.30 1.55 3.80 0.073
25 0.33 1.70 3.95 0.075
28 0.40 2.45 4.10 0.077
30 0.53 2.70 4.10 0.074
35 0.61 2.90 4.05 0.071

——20 —8—25 —a—28 ——0 +3%

O < N W b
-

Total ammonia
concentration (mgf)

Time (hour)

Fig. (16) Total ammonia concentration under different levels
of water temperature through a 48 hour period.
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In order to evaluate the ammonia amount produced from Nile tilapia in an
accurate manner, an independent experiment was done for 60 hours without
changing the water in an aquarium with same density. of fishes (4 g fish/ liter
water), the pH value was between 8 to 9 and the temperature was 30 °C. The
ammonia was estimated every 6 hours, and the results are illustrated in table
(11) and figure (17). The obtained results showed that the ammonia
accumulation increased along the time of the experiment period .It also
revealed that the ammonia increasing rate per hour for the first 24 hour was
0.098 mg/ 1.h, and that for the next 24 hour was 0.060 mg/l.h, while that for the
next 12 hour was 0.15 mg/l.h. This shows the importance of changing aquarium
water after 48 hour to avoid the higher increasing rate of ammonia after that
time. And ammonia rate per hour for the last 12 hours was also very highly The
total ammonia concentration of 60 hour, table (11) was (60 mg/1) which is
considered very high concentration and a dangerous value for fish growth.

Table (1) Ammonia concentration during 60 hour experiment without any
change an aquarium water under fish density of 4 gm fish / liter of water and
30C

| Time (h) 0 [ 6 [ 12 [ 18] 24 3036 | 42 ] 48 [ 54 | 60

Ammonia
concentrati | 0.40 | 6.70 | 1.50 | 2.30 2.75 3.10 | 3.70 | 4.00 4,20 5.10 | 6.00

on {mg/1)

Ammonia

increasing 0.098 0.060 0.15

rate
(mg/lh) N

P Y. Y. o AsOr
¥ - VU OOOR T URLID

R*= 0.9834 /, o
/ —

T— -]

—

o N A M @

-

L T T T T T T

0 10 20 30 40 50 60 70 80

time (hour)

total ammonia
concentration {mg/l)

Figure (17) Ammonia concentration in aquarium water
without changing the water for 60 hour
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From the relation between the generation and the accumulation of
ammonia as time passes, due to the growth and the activity of Nile tilapia
fishes, equation (23) was derived for the prediction of the generated
ammonia amount (Am) as a function of the period passed after water
change in the aquarium, for a fish density of 4g/l, and water at
temperature (t*) of 30 "C the coefficient of correlation (R?) for this
mathematical relation was highly significant (0.9834).

Am =0.4295 + 0.088 t* (23)
where:
Am = ammonia concentration (mg/l)
t* = time after water changing (hour)

Other mathematical relations among each of: the average of dissolved
oxygen concentration ,pH value and total ammonia concentration were
suggested and were derived from the results in the table (5), (7) and (9).
These relations expressed in the following, equations (24) through
(29).These equations greatly help the researcher to any required value
from other available values.

DO = 736.3-167.29 (pH)+ 9.5657 (pH) > (24)
R%=0.9669

pH = 15025 -1.9819 (DO)+ 0.1449 (DO)° (25)
R2=0.910

pH =10.155 -2.012 (Am)+ 0.5331 (Am) (26)
R?=0.954

Am = -319.22 +73.222 (pH) -4.1609 (pH) * 27)
R?=0.9485

Am = 5.5069 - 0.536 (DO) . (28)
R270.9615

DO = 10.238 -1.85 (Am) (29)
R?=0.9915

5-CONCLUSION

From the results of this research work the following conclusions were
drawn:

1- The best growth ( weight and length) of Nile tilapia fishes, was obtained
at 28 °C water temperature , especially for fishes having a weight more than
50 g, and at 30 °C for fishes having a weight less than 50 g.

2- Increasing water temperature caused in a continues decrease in the
dissolved oxygen concentration.

3- Increasing water temperature in aquarium caused in a slight increase in
pH values.
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4- Increasing water temperature caused in an increase in total ammonia
concentrations.
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