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Physiological Responses of the Heterobranchus
Bidorsalis (Male) X Clarias Gariepinus (Female)
Hybrid (Heteroclarias) Fingerlings to Different
Temperature Levels under Laboratory Conditions

A. V. Ayanwale, S. M. Tsadu, S. L. Lamai, R. J. Kolo, Y. I. Auta, A. Z. Mohammed.

Abstract— A twelve weeks experiment was carried out on
Heteroclarias freshwater hybrid fish fingerlings under
laboratory conditions to study the effects of different
temperature levels, 26.91 (control), 28.00, 30.00, 32.00°C
respectively and their physiological responses to oxygen
consumption, ammonia excretion and opercular respiratory
beats were evaluated. The oxygen consumption, ammonia
excretion and opercular respiratory beats were determined
weekly based on standard procedures. The findings revealed
that the oxygen consumption of Heteroclarias hybrid
fingerlings significantly (p<0.05) increased with increase in
temperature. The ammonia excretion were not significantly
different (p>0.05) in all the temperature levels. The opercular
respiratory beats per minutes showed similar trend in weeks
1,24 and 8 but indicated significantly higher (p<0.05)
opercular respiratory beats (range= 117.10+2.26 at 30°C to
142.75+3.04 opercular beat at 32°C in week 8) at highest
tested temperature levels. However, there was a decreasing
trend in the opercular respiratory beats per minute of the
controlled fingerlings. Generally, the opercular respiratory
beats per minute decreased with increase in fish size. The
findings of this study confirmed that increase in water
temperature affects the physiology of Heteroclarias hybrid and
hence for effective rearing and for profit making, it is essential
for the hybrid to be cultured in the temperature range between
26.91°C (control) to 28.00°C.
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A. INTRODUCTION

EMPERATURE has been considered as the major factor

among the array of environmental factors influencing the

aquatic environment and the metabolism of ectothermic
organisms [1]. Reference [2] reported that any rise in
atmospheric temperature due to climate change (global
warning), industrialization and urbanization would directly
influence the water temperature. The authors also added that
these factors could directly affect the ambient water
temperature of the ectothermic fishes cultured in ponds.
Therefore, there is need for the culturable freshwater fish to
regulate their internal body temperature and utilize their
physiological processes necessary for their survival [3].
Moreover, fish have developed physiological and biochemical
adaptations to cope with abrupt changes in water temperature
that minimize or eliminate the deleterious effects, which is
called stress response[4]. Oxygen consumption rate is among
the physiological responses that can be correlated with
changes in environmental parameters, because it is related to
the metabolic activities and energy flow that organisms must
channel to homeostatic control processes [5]. Ventilatory
responses are mainly responsible to increase the amount of
oxygen supply into contact with gas exchange surfaces [6].
The author also observed that they are also good indicators of
stress situation in fish. Lloyd [7] documented that the
frequencies of opercular ventilation beats were frequently used
as a measure of respiratory rates in fish.

Ammonia concentration affects gill morphology [8],
respiratory activities [9] and oxygen consumption [10] in
aquatic animals. In addition, health of cultured animals like
fish in intensive aquaculture depends solely on avoiding
accumulation of toxic waste products such as ammonia [1].
Similarly, to support the above submission, Reference [11]
reported that ammonia excretion can be affected by factors
such as species, body weight, water temperature, feeding and
ration size.

Physiological mechanisms during thermal adaptation in
poikilotherms in relation to temperature compensation were
suggested by a few researchers [12] . The experimental fish in
this research is a hybrid from two African cat fish, viz: Clarias
gariepinus (female) and Heterobranchus bidorsalis (male)
[13]. The hybrid (Heteroclarias) combines the fast growth
traits of Heterobranchus Sp and early maturing rate of C.
gariepinus [14], [15]. Heteroclarias has been reported to be the
most widespread and accepted hybrid fish in Africa especially
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in Nigeria because of its disease resistance, tolerance to high
stocking density and is the mainstake of family income [16]
and [17]. The present study was designed to assess the
influence of different temperature levels on oxygen
consumption, ammonia excretion and opercular respiratory
beats of Heteroclarias acclimatized at 26.91 (control), 28.00,
30.00 and 32.00% respectively under laboratory conditions.

B. MATERIALS AND METHODS

I Experimental Site

The study was conducted at the Biology Laboratory of
the School of Life Sciences, Bosso Campus, Federal
University of Technology, Minna. Niger State, Nigeria.

I1. Source of the Experimental Fish

One thousand eight hundred, four weeks old
Heteroclarias fingerlings with average weight of 1.01g were
purchased from a private fish farm in New Bussa, Niger State,
Nigeria. The fingerlings were transported to the Biology
Laboratory in 50 litres Jerican with well-aerated water through
openings at the top for ventilation.

I11. Acclimatization of the Fingerlings

The Heteroclarias fingerlings were acclimatized in
rearing tanks for a period of seven days to allow them to
recover from transportation stress. They were also visually
observed to ensure that there were no infections from the
source and also to select average weight of the fish to be
cultured together [18], [17]. During this period, the fish were
fed on a commercial diet (Catco fish concentrate) by coppens
international, Holland. They were fed to satiation, morning
and evening following the method of [4]. Water exchange was
done when necessary in the morning. The left overfeed and
faecal samples were siphoned immediately after feeding [19].

IV.  Experimental Design

A Completely Randomised Design (CRD) with a total
of 4 treatments replicated 3 times was adopted in this
experiment.

1.0. Experimental Set-Up

The experiment consisted of four treatments with three
replicates per treatment, each with stocking density of four
hundred and fifty fingerlings. Treatment 1 was the control
(26.91°C), while treatments 2, 3 and 4 had water temperature
maintained at 28°C, 30°C and 32°C respectively using thermo-
regulator. Constant power supply was achieved with the aid of
inverter. Twelve plastic indoor aquaria tanks, 25 litres
capacity (55x35x35cm°) filled with borehole water up to 20
cm level were stocked with 150 fingerlings each. The
experimental tanks were covered with net to prevent the fish
from jumping out [20]. The fingerlings were fed on a
commercial diet (Catco fish concentrate) to satiation, morning
and evening following the method of reference [4].

1906

V. Determination of Some Physico-Chemical Parameters

2.0. Water Temperature

Water temperature of the control treatment was
determined with mercury in bulb thermometer (10-110°C
range). Temperature was determined by lowering the
thermometer into the tanks in an inclined position for about 5
minutes to allow for equilibrium before taking the reading at
10.00am in the morning throughout the duration of the
experiment. The temperature levels of (28, 30, 32)°C were
maintained by the use of thermo regulators with a stand by
inverter as an alternative source of power in case of power
outage following the method of reference [21].

3.0. Dissolved Oxygen

This was determined by using Winkler Azide method of
reference [22]. Water samples from the control and treatment
tanks were collected by inserting 250 ml water sample bottles
into the tanks and sampled water was fixed right in the
laboratory with 1ml of reagent (1) (Manganous sulphate) and
Iml of reagent (1) Alkaline iodide solution (KOH + KI).
About 2 ml of concentrated sulphuric acid was added to each
sample and 10ml of the sample was titrated with 0.025N
sodium thiosulphate using starch as indicator until it turns
colourless. Calculation was based on equation 1.0 as described
by [23]

Dissolved Oxygen (mg/L)

Volume(Na;S03) x Normality X 8x1000

= Yolume(NapS05) x Normality x8x1000 ' ' . .. 1)

Sample volume (ml)

Where,
(Na,S0s)

8 = Equivalent weight of oxygen in water

1000 = Conversion to mg/litre

normality= 0.025 ml of sodium sulphite

4.0. Hydrogen lon Concentration (pH)

The pH of the water samples were determined with
Jenway 3305 pH meter model at room temperature. The pH
meter probe was inserted into the sampled water for about
5minutes until it stabilized before the reading was taken. The
meter was standardized with buffer solutions of pH 4.0, 7.0
and 9.0 before the readings were taken.

5.0. Ammonia (NH3)

100ml of the water sample from control and treatment
tanks was pipetted into a Markham distillation apparatus
(Kjeldal flask) and there after 5ml of 40% NaOH was added.
The flask was connected to the condenser and the cooling
water was turned on. About 10ml of 40% boric acid (HsBOs)
solution was placed under the condenser ensuring that the tip
of the condenser was immersed in the receiving solution and
distilled slowly until 50ml of the distillate was collected in the
receiving flask. The ammonia was determined from the
distillate by titrating with 0.01M HCI until the colour at the
end point changed from green to pink [22]. Calculation was
based on the formular below
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Titre value x14 xX0.01 x 1000

NH;(mg/L) = ————————— ...

Volume (cm3)
Where 0.01 = molarity of HCI used as titrant; 14 is the

molecular mass of nitrogen and 1000 is the conversion to mg
llitre.

H. Measurement of Growth Parameters

6.0  Standard Length and Total Length

At the end of every week, ten fingerlings from each
tank were randomly sampled as described by reference [24].
Each fish was sampled one by one using a piece of fine mesh
net and gently placed on blotting paper to absorb the adhering
water. The Standard Length (SL) was determined by
measuring the length between the mouth and the caudal
peduncle while the Total Length (TL) was determined by
measuring the interval between the mouth and the tail fin.
They were individually measured with a graduated transparent
meter ruler in centimeters. This method of manipulation and
measurement was safe for the fish and they were returned to
their respective tanks without any loss [24].

7.0  Weight
The weight of the fish was determined weekly by taking
the individual weight of ten randomly sampled fingerlings.
Weight was determined by using a sensitive compact scale
model CS 2000 HAUS following the method of reference [24].

8.0  Weight Gain.

Weight Gain was calculated as: Weight Gain (WTG) =
Final mean weight — initial mean weight [18].

8.0  Percentage Weight Gain

Percentage Weight Gain (PWG) = 100 %
as described by Adewolu et al. (2008).
Where:

Y= final mean body weight (g)

X= initial mean body weight (g)

Specific Growth Rate (SGR)

SGR was calculated as:
SGR= g WarlogeWs e,
T2-Tq
Where W, = weight of fish at time T, in days
W, = weight of fish at time T, in days
T, = Day Zero
T, = Eighty four (84) Days
Log. - natural log to base e as described by reference
[25].

9.0

10.0 Survival Rate

The experimental tanks were monitored daily to remove
dead fish and the mortality was recorded; using the formular
of reference[18].

Survival Rate (SR) was calculated as
SR = NoMt 5 10094

No

Where N, = number at the start of the experiment
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N;= number at the end of the experiment

11.0 Respiratory Rate

The respiratory rate was determined weekly after the
modified methods of [21] and [26]. One fingerling from each
of the experimental tank was randomly and carefully removed
and placed in a similar aquarium tank which was half filled
with the same rearing water. Thereafter, thermo regulator was
set at the desired temperature and inserted gently into the tank.
The fish were allowed to recover from stress incurred during
handling for five minutes before the opercular respiratory beat
was counted individually per minute against each treatment
using a stop watch. This procedure was repeated 10 times for
10 Heteroclarias fingerlings from each of the experimental
tanks.

C. DATA ANALYSIS

The data collected were analysed for significant
differences (P < 0.05) by the analysis of variance (ANOVA)
using a Computer Statistical Package for Social Sciences
(SPSS). Duncan Multiple Range Test method [27] was used to
separate the means where there were statistically significant
differences (P < 0.05)

D. RESULTS

The results of some physicochemical parameters of the
water medium in which the Heteroclarias  fingerlings were
exposed to different temperature levels for a period of 12
weeks are presented in Table I. In general, the concentration
of oxygen consumption increased with increase in
temperature. The oxygen consumed (6.16 £ 0.91 mg/L) by the
fingerlings under control treatment was significantly higher (P
<0.05) than those of higher temperature levels (32.00 —
28.00%) and ranged from 4.58 + 0.97 to 5.57 + 0.73 mg/L.
Moreover, the results also showed no significant reduction (P
> 0.05) in the amount of oxygen consumed by the fingerlings
reared at 30.00% (4.85 + 0.01 mg/L) and 32.00° (4.58 + 0.97
mg/L) respectively. Table I, also revealed that there were no
significant differences (P > 0.05) in the ammonia
concentration (range = 0.15 £ 0.09 to 0.17 £ 0.09 mg/L) of the
Heteroclarias fingerlings cultured in all the temperature
treatments. Similarly, the water pH of the fingerlings hybrid
(range = 6.78 + 0.9 at 26.91% to 6.95 + 0.37 at 28.00°%) did
not differ significantly (P > 0.05) among the fingerlings
cultured in the different water temperature levels.

The results of mean opercular beats per minute of
Heteroclarias hybrid exposed to different temperature levels
for a period of 12weeks are depicted in Table Il. Generally,
there was a decrease in the opercular respiratory beats of the
experimental fingerlings as the fish size increased. The
opercular beats per minute in the fingerlings increased as the
temperature increased from week 1 to 8 in all the temperature
treatments. It reached the highest beat of 143.05+6.01 in week
3 under 32°C. The opercular respiratory beats of the controlled
treatment (116.40 + 2.13 beats /minute) was significantly
lower (P< 0.05) when compared with other temperature levels
(28.00 — 32.00°C).
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TABLE I: INFLUENCE OF DIFFERENT TEMPERATURE LEVELS ON SOME PHYSICOCHEMICAL PARAMETERS OF HETEROCLARIAS
FINGERLINGS WATER MEDIUM FOR A PERIOD OF 12 WEEKS

Temperature levels Dissolved oxygen

Ammonia

(°C) concentration (mg/L) concentration (mg/L) pH
26.91 (control) 6.61+091° 0.17 £ 0.09* 6.78 + 0.89°
28.00 5.57 +0.73% 0.15 + 0.09* 6.95 + 0.37%
30.00 4.85+1.01° 0.16 + 0.08% 6.88 + 0.27%
32.00 4.58 £0.97¢ 0.15 + 0.09* 6.82 +0.27%

Values are mean + standard deviation; values followed by the same superscript(s), in the same column, are not significantly different at (P > 0.05) tested by

DMRT

TABLE II: MEAN RESPIRATORY RATE OF HETEROCLARIAS FINGERLINGS EXPOSED TO DIFFERENT TEMPERATURE LEVELS OVER A 12
WEEKS PERIOD.

Temperature Weeks
Levels °C) 1 2 3 4 5 6 7 8 9 10 11 12
26.91 116.60  117.10  116.40 117.10  108.60 11820  96.70 10050 113,25  102.65  105.75 94.05
(control) +0.14° +0.99* +2.13° +0.712 +10.89°  +0.28° +0.14? +0.85° +6.15° +3.61° +7.28° +0.21°
28.00 11650  126.60  139.40 125.8 110.25 111.65  100.85  107.85  111.20  103.95  108.90 96.40
+7.07° +2.40° +6.93° +7.07° +2.47° +2.62° +0.64° +8.13° +2.40° +1.63° +4.81° +1.41°
30.00 131.05 14160  139.52 13240  129.00 11345 10225 11710 10200  101.85  95.45 95.10
+3.04° +0.85° +153 +3.54° +3.96° +7.14° +2.90° +2.26° +1.56° +3.75° +3.18° +0.85°
32.00 13370 14225  143.05 142.75  121.60 115.7 108.00 11950 11255  103.65  103.50 103.45
+1.13° +1.91° +6.01° +3.04° +1.41° +2.68° +0.57° +2.97° +2.19° +2.33° +2.83% +1.63°

Values are Mean + Standard deviation, Values followed by the same superscript(s), in the same column, are not significantly different at (P >0.05) tested by

DMRT.

E. DISCUSSION

This present study revealed that oxygen consumption of
Heteroclarias  fingerlings increased with increase in
temperature. This observation was in conformity with the
reports of [28] who documented that oxygen consumption of
Oreochromis mossambicus was enhanced with increasing
temperature when cultured at 28, 33 and 38% respectively. To
support the above submission, [29] opined that temperature
accelerates metabolic activities of aquatic animals like fish,
thereby, resulting into subsequent oxygen demand. This leads
to decrease in the concentration of oxygen available to
Heteroclarias fish in water due to high temperature. [30] The
higher value of concentration of dissolved oxygen
consumption recorded in the fingerlings reared at control
temperature (26.91%) suggested that the fingerlings were not
under any physiological stress. This is because the
concentration of dissolved oxygen (6.16 + 0.91mg/L) was
above 5.00mg/L recommended as minimum dissolved oxygen
required for healthy growth, tissue repairs and reproduction
[31] and [30] . The finding of this study also showed that the
ammonia excretion or concentration was not influenced by
temperature. This could be attributed to daily removal of left
over feed, and faecal samples from experimental tanks. Thus,
preventing or reducing the risk of buildup of ammonia from
all the temperature treatments [1], [17]. This observation was
contrary to the reports of reference [29] who noted that
ammonia excretion or concentration increased with increasing
temperature in Alepes djidaba fingerlings showing that
degradation of protein for energy was more at higher
temperatures.

Similarly, the study revealed that changes in pH values
of water from all the treatments were within the tolerance
range of 6.0 to 8.0 documented for juveniles of H. bidorsalis
and C. gariepinus [15].
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The decreasing trend in the opercular respiratory beat of
Heteroclarias from all the temperature treatments were similar
to the reports of reference [26] who documented that opercular
respiratory rate decreased with increase in fish size. This
observation is also in agreement with the reports of reference
[32] who noticed that there was a physiological correlation of
fish activity and opercular respiratory rate. This finding
suggests that the correlation between fish activity and
opercular respiratory rates decreased with increase in fish size.

Moreover, the similar trend in the opercular respiratory
rates in weeks 1, 2, 4, & 8 from all the treatment including the
control may be attributed to similar physiological responses
exhibited by these fingerlings during this period [1]. During
the same period, an increase in opercular respiratory beats
with increasing temperature (30.00 — 32.00 %) were in
conformity with the works of [1] who observed increase in
opercular movement to the temperature variations in the
medium was a primary response to stress. To support the
above submission, similar conditions were reported by
reference [30] in Mystus gulio where opercular beats increased
with the increasing temperature. The increased opercular
movement by the exposed fish may be the reflection of an
attempt by the fish (Heteroclarias) to extract more oxygen to
meet the increased energy demand to withstand the rise in
temperature [30].

The findings of this study also indicated decrease in
the mean opercular respiratory beats of the controlled
fingerlings (26.91°) only in week 3. This observation was in
consonance with the reports of reference of [33] who
documented that there was a decreasing trend in the
respiratory rate and opercular beats of fresh water fish Channa
punctatus reared at 15.00°%c as compared with higher
temperature treatments.
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CONCLUSION

Water temperature had no influence on the ammonia
excretion and water pH of the Heteroclarias hybrid during the
study period. However, increase in water temperature affects
the opercular respiratory beats of the hybrid. Generally, the
opercular respiratory beats decreased with increase in fish
size. Therefore, for effective rearing and profit making, it is
essential for the fish to be reared in ideal temperature between
26.91 and 28.°00%.

ACKNOWLEDGMENTS

This study was part of a Research Project funded by the
TETFUND Institution  based  research intervention
(TETFUND/FUTMINNA/ 2014/26 Federal University of
Technology, Minna, Nigeria. We are thankful to the
Laboratory Technologists of the Department of Biological
Sciences, Water Resources Aquaculture and Fisheries
Technology, especially Mr. B.M. Baba, Mrs. O. J. Olorunfemi
and Mr. D. C. Mohammed for their technical assistance during
the study period.

REFERENCES

[1] Sreeya, G.N. & Lipton, A.P. Physiological responses of the cyprinid,
Puntius ticto hamilton acclimated to different temperatures. Journal of
Theoretical and Experimental Biology, vol. 8 No. 3 & 4, 2012, pp. 133-
139.

[2] Currie, R.J., Bennett, W. A and Beitinger, T.L. Critical thermal minima
and maxima of three fresh water game fish species acclimated to
constant temperatures. Env. Biol. Fish, vol. 51, 1998, pp. 187 — 200.

[3] Bellgraph, B.J., Mcmichael, G.A., Mueller, R.P. & Monroe, J.L..
Temperature Tolerance of North American Freshwater Fishes Exposed
to Dynamic Changes in Temperature. Environmental Biology of Fish,
vol. 58, 2010, pp. 237-275.

[4] Koeypudsa W. & Jongjareanjai, M. Impact of Water Temperature and
Sodium Chloride (Nacl) On Stress Indicators of Hybrid Catfish (Clarias
gariepinus Burchell X C. macrocephlaus Gunther). Songklanakarin
Journal of Science and Technology, vol. 33 No. 4, 2011, pp. 369-378.

[5] Salvato, B., Cuomo, V., DiMuro, R. and Beltramini M. Effects of
environment parameters on the oxygen consumption of four marine
invertebrates: a comparative factorial study. Mar. Biol, vol. 138, 2001,
pp. 659 — 668.

[6] Haughes, M. Effects of a Low Oxygen and Pollution on the Respiratory
System of Fish. In: Pickering, A. D. (Eds.), Stress and Fish. New York,
Academic Press, 1981, pp. 121-146.

[7]1 Lloyd, R. Pollution and Freshwater Fish, Fishing News Book. U.S.A.,
Blackwell Scientific Publications Inc, 1992, pp. 14-176.

[8] Smart, G. The effect of ammonia exposure on gill structure of the
rainbow trant (Salmo gairdneri) J. Fish Biol., vol. 8, 1976, pp. 471 —
475.

[9] Knoph, M.B. Gill ventilation frequency and mortality of Atlantic Salmo

(Salmo salar L.) exposed to high ammonia levels in seawater, Water

Res. Vol. 30 No.4, 1996, pp. 837- 842.

Smart, G. Investigation of the toxic mechanisms of ammonia to fish-gas

exchange in rainbow trant (Salmo gairdneri) exposed to acutely lethal

concentrations. J. Fish Biol., vol. 12: 1978, pp. 93 — 104.

Yager, T.K., and Summerfelt, R.C. Effect of fish size and feeding

frequency on metabolism of juvenile walleye. Aquacul. Eng; vol. 12:

1993, pp. 19-36.

Basha Mohideen, Md and Sujatha, D. Effect of thermal stress on

opercular activity of Indian major carp Catlar catlar J. Ecobiol. Vol.

17, 2005, pp. 137-142.

Solomon, J.R & Boro, S. G. Survival rate in poly culture of catfish

Heteroclarias /Tilapia (Oreochromis niloticus), fed 2% body weight,

New York Science Journal, vol. 3No. 9, 2010, pp. 68-78.

Adeogun, O.A., Ayinla, O.A., Ajana, A.M. & Ajao, E.A. Economic

Impact Assessment of Hybrid Catfish (Heteroclarias) in Nigeria.

Technical Report of National Agricultural Research Project (NARP),

NIOMR, Victoria Island, Lagos, 1999, Pp. 27.

[10]

[11]

[12]

[13]

[14]

1909

[15] Ivoke, N., Mgbenka, B.O. & Okeke, O. Effect of pH on the Growth
Performance of Heterobranchus bidorsalis X Clarias gariepinus Hybrid
Juveniles, .Animal Research International, vol. 4, NO. 1, 2007, pp. 639-
642.

Khaleg, M. A. Fisheries Resources of Rajshahi Division. Matsaw
Pakkha Sankalan. Department of Fisheries, Rajshahi Division, Rajshahi,
2000, Pp. 9.

Ayanwale, A.V, Tsadu, S.M, Kolo, R.J., Lamai, S.L., Falusi, F. M. and
Baba, B. M. Influence of Temperature on Survivorship and growth
performance of Heteroclarias fingerlings under laboratory conditions.
Advance in Agriculture and Biology vol. 1 No. 3, 2014, 135 - 139.
Adewolu, M. A., Ogunsanmi, A.O. & Yunusa, A. Studies On Growth
Performance and Feed Utilization of Two Clariid Catfish and Their
Hybrid Reared Under Different Culture System, European Journal of
Scientific Research, vol. 23 No. 2, 2008 pp. 252-260.

Ghanbari, M., Mansoureh, J., Konrad, J.D. & Wolfgang, K.. Long-Term
Effects of Water pH Changes on Hematological Parameters in the
Common Carp (Cyprinus carpio L.). African Journal of Biotechnology.
Vol. 11, No. 13, 2012, pp. 3153-3159.

Olufayo, M.O. Haematological characteristics of Clarias gariepinus
(burchell, 1822) juveniles exposed to derris elliptica root powder.
African Journal of Food Agriculture, Nutrition and Development, vol. 9
No..3, 2009, pp. 920-933.

Ambrose, HW. & Ambrose, K.P. A Hand Book of Biological
Investigation, (5th Ed.), Winston-Salem, NC, Hunter Textbooks
Incoporation, 1995, 194 Pp.

American Public Health Association (APHA). Standard Methods for the
Examination of Water and Wastewater (19th Eds.). APHA, Washington,
DC, Lewis publisher, 1995, pp. 1306.

Boyd, C. E. Water Quality in Warm Water Fish Ponds. Auburn
University Alabama Agriculture Experimental Station, 1979, pp 359.
Kerdchuen, N. & Legendre, M. Larval rearing of an African catfish,
Heterobranchus longifilis, (Teleostei, Clariidae): a comparison between
natural and artificial diet. Aquatic Living Resources, vol. 7, 1994, pp.
247-253.

Dong Han, S. Xie Wu, L., Xiaoming, Z. & Yunxia, Y. Effect of Light
Intensity On Growth Survival and Skin Colour of Juvenile Chinese
Longsnout Catfish (Leiocassis longirostris Gunther). Aquaculture, vol.
248, 2005, pp. 299-306.

Ayoola, O.A & Fredrick, A. C. Effects of the Shape of Culture Tanks on
Production of the African Catfish Clarias gariepinus Juveniles. Journal
of Agriculture and Social Research, vol. 12 No.1, 2012, pp. 1-18.
Duncan, D. B. New multiple and multiple F-test. Biometric, Vol.11,
1955), pp. 1-42

Raj, J.J, Anitha, A. & Sukumaran, S. Effect of temperature on the energy
metabolism of a freshwater fish Oreochromis mossambicus (Peters).
Procedures of National Symposium on Thermal Ecology,
Manonmanium Sundarnar University, Tirunelveli, (2002), 444-448 pp
Krishnamoorthy, R., Syed Mohammed H.E and Shahul hammed, P.
Temperature Effect on Behaviour, Oxygen Consumption, Ammonia
Excretion and Tolerance limit of the fish fingerlings of Alepes djidaba.
Journal of Eviron. Science and Eng. Vol. 50 No. 3, 2008, pp.169- 179.
Murugaian, P., Ramamurthy, V. & Karmegam, N. Effect of temperature
on the behavioural and physiological responses of catfish, Mystus gulio
(Hamilton) Journal of Applied Sciences Research, Vol. 4 No. 11, 2008,
pp. 1454-1457.

Svobodova, Z., Richard, L., Jana, M. & Blanka V. Water quality and
fish health. EIFAC Technical Paper, (1993), Pp. 54.

Ross, L.G., Watts, W. & Young, A.H. An Ultra sonic bioletemery
system for the continuous monitoring of tall beat rate from free
swimming fish. Journal of Fish Biology, 18(4): (1981), 479 — 490.
Tantarpale, V.T., Rathod, S.H. & Sunita, K. Temperature stress on
opercular beats and respiratory rate of freshwater fish Channa punctatus.
International Journal of Scientific and Research Publications, Vol. 2
No.12: (2012), 2250-3153.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

[32]

[33]



