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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, 5. M. Tsadu, S. L. Lamai, R. J. Kolo, Y. |, Auta, A. Z. Mohammed.

dbstract— A Iwelve weeks experiment was carried out on
Heteroclanas  freshwater hybrid fish fingerlings under
wboratory conditions to study the effects of different
wmperaiure levels, 26.91 (control), 28.00, 30.00, 32.00°C
respectively and their physiological responses 10 oxygen
camsumption, ammomia excretion and opercular respiratory
beats were evaluated. The oxygen CONSUMpLion, Ammonia
excretion and opercular respiratory beats were determined
weekly based on standard procedures. The findings revealed
Sat the oxygen consumpuon of Heteroclanas hybrid
Engerlings significantly (p<0.05) increased with increase in
=mperature. The ammonia excretion were not significantly
&sferent (p=0.05) in all the temperature levels. The opercular
sespiratory beals per minutes showed similar trend in weeks
.24 and 8 but indicated significantly higher (p<0.03)
epercular respiratory beats (range= |17.1042.26 at 30°C to
42.7543.04 opercular beat at 32°C in week 8) at highest
s=sicd temperature levels. However, there was a decreasing
wené in the opercular respiratory beats per minute of the
sommrolled fingerlings. Generally, the opercular respiratory
Seas per minute decreased with increase in fish size. The
fmdmgs of this study confirmed that increase in water
semperature affects the physiology of Heteroclarias hvbrid and
Bence for effective rearing and for profit making, it is essenfial
% the hybrid to be cullured in the emperature range beteen
=% 91°C {control) to 28.00°C.
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A. INTRODUCTION

TEMFERATLI‘RJE has been considered as the major factor
among the armay of environmental factors influencing the

squatic environment and the metabolism of ectothermic
organisms [1]. Reference [2] reported that any rise in
aimospheric lemperature due 10 climate change (global
warming), mdustrialization and urbanization would directly
influence the water temperature. The authors also added that
these [actors could directly affect the ambient water
wmperature ot the eciothermic fishes cultured in ponds.
Therefore, there 1s need for the culturable freshwater fish to
regulate their mternal body temperature and utilize their
physiological processes necessary for their survival [3)
Moreover, fish have developed physiological and biochemical
adaptations to cope with abrupr changes in water temperature
that minumize or ¢liminate the deleterious effects. which is
called stress response(4]. Oxygen consumption rate is among
the physiological responses thai can be correlated with
changes in environméntal parameters, because it is related to
the metabolic activities and energy flow that organisms must
channel to homeostatic control processes [5]. Ventlatory
responses are mainly responsible to increase the amount of
oxygen supply inlo contact with gas exchange surfaces [6],
The author also ohserved that they are also good indicators of
stress  siuanon i fish. Lloyd [7] documented that the
frequencies ol opercular ventilation beats were frequently used
as @ measure of respiratory rates in fish.

Ammonia concentration affects gill morphology [8],
respiratory activities [9] and oxygen copsumption [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, 10 support the above submussion, 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 o lemperature compensation were
suggested by a few researchers [12] . The experimental fish in
this research is a hybrid from two African cat fish, viz: Clarias
guriepinus (female) and Heterobranchus bidorsalis (male)
[13]. The hybrid (Heteroclarias) combines the fast growth
traits of Heterpbranchus Sp and early matring rate of C.
ganepinus |14}, [ 15]. Heteroclarias has been reported 1o be the
most widespread and accepied hybrid fish in Africa especially



London United Kingdom Aug 20-21. 2015, 17(8) Pan X1I

in Nigeria because of its discase resistance, tolerance to high
stocking density and is the mainstake of family imcome [16]
and [17]. The present studv was. designed to sssess the
influence of different temperature  fevels on  oxygen
consumption, ammonia excretion and respiratory
beats of Heteroclarias acclimatized at 26.91 {control), 28.00,
30.00 and 32.00"¢ respectively under laboratory conditions.

B. MATERIALS AND METHODS

f. 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. Nigena

Il Sewrce of the Experimental Fish

One thousand ecighi hundred, four weeks old
Heteroclarias fingerlings with average weight of 1.01g were
purchased from a private fish farm in New Bussa, Niger Staie,
Migeria. The fingerlings were transported 1o the Biology
Laboratory in 50 litres Jerican with well-aerated water through
openings at the top for ventilation

HI Acclimatization of the Fingeriings

The Heteroclarias fingerlings were seclimatized m
vearing tanks for a period of seven days to allow them 10
recover from transportation stress. They were also visually
ohserved 1o ensure that there were no infections from the
source and also 10 select average weight of the fish to be
cultured together [18], [17]. During this period, the fish were
fed on a commercial diet (Caico fish concentrate) by coppens
international. Holland. They were fed to satiation, moming
and evening following the method of [4]. Water exchange was
done when necessary in the moming. The left overfeed and
faccal samples were siphoned immediately afier feeding {1491,

1V, Experimental Design

A Completely Randomsed Design (CRD) with a total
of 4 treatments replicated 3 umes was adopted in this
gxperiment.

1.0, Experimental Set-Up

The experiment consisted of four treatments with three
replicates per |reatment, each with stocking density of four
hundred and Ffty fingerlings. Treatment | was the control
(26.91°C)), while treatments 2, 3 and 4 had water lemperature
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 aguana tanks, 25 litres
capacity (55<35%35cm’) filled with horehole water up 1o 20
cm level were stocked with 150 fingerlings each. The
experimental tanks were covered with net 1o prevent the fish
from jumping out [20]. The fingerlings were fed on a
commercial diet (Cateo fish concentrate) to satiation, mormimg
and evening following the method of reference 141,

V' Determinationt of Some F'h}'.i'r'mw{'hc.-mma! Paramciers

20 Water Temperature

Water temperamre of the control treatment Was
determined with mercury m bulb thermometer (10-110°C
range) Temperature was determined by lowermg the
thermometer into the tanks in an inclined position for about 5
minuies to allow for equilibrium before takng the reading at
10.00am in the moming throughowt the duration of the
experiment. The temperature levels of (28, 30, 12)'C were
maintained by the use of thermo regulators with a stand by
inverter as an alternative source of power i case ol power
outage following the method of reference [21]

1.0, Dissolved Oxygen

This was determined by using Winkler Azide method of
reference [22] Water samples from the control and treatment
wanks were collected by inserting 250 ml watcr sample bottles
mto the tanks and sampled water was fixed right in the
laboratory with |mi of reagent (1) ( Manganous sulphate) and
tml of reagent (1) Alkahne iodide solution (KOH + KI).
About 2 mi of concentrated sulphuric acid was added 10 each
sample and 10ml of the sample was titrated with. 0.025N
sodium thiosulphate using starch. s indicator until 1 urns
colourless. Calculation was hased on equation 1.0 as described

by [23]
Dissolved Oxygen (mg/L)

_ Volume{Nap50y) = Normality x 8=3000 o
Sample volume iml) T . -

Where, normality= 0025 mi of sodium  sulphite
(Na;504)

8 = Equivalent weight of oxygen m water

1000 = Canversion to mg/litre

4.0, Hydrogen lon Concentration (pH}

The pH of the water samples were determined with
Jenway 3305 pH meter model al room temperature. The pH
meter probe was inserted into the sampled water for about
sminutes until 1t stabilized before the reading was taken. The
meter was standardized with buifer solutions of pH 4.0, 7.0
and @0 before the readings were taken.

540 Ammonia (NH

100ml of the water sample from control and treatment
wanks was pipetted into a Markham distillation apparatus
{Kjeldal flask) and there afler sml 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 (H,BO1)
sohution was placed under the condenser ensuring that the up
of the condenser was immersed in the recerving solution and
distilled slowly until 50ml of the distillate was collected in the
receiving fask. The ammonia was determined from the
distillate by titrating with 0.01M HCl until the colour at the

end point changed from green 1o pink [22]. Calculation was

based on the formular below
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Titre value 14 0,01 ¥ 1000
Volume {em?)

NH,(mg/L) = rereeninns (2)
Where 0.01 = molanity of HCI used as titrant; |4 15 the

mmie=siar mass of nitrogen and 1000 15 the conversion 10 mg

& Messurement of Growth Parameiers

B8 Seedand Length and Total Length

M Be end of every week, ten fingerlings from each
s se=e cendomly sampled as described by reference [24).
et S m=s sampled one by one using a piece of fine mesh
W ams pemity placed on blotting paper to absorb the adhering
W= Tir Sandard Length (SL) was determuned by
me ®= length between the mouth and the caudal
wisle the Tota! Length (TL) was determined by
Se mterval between the mouth and the tail fin
e mSaduslly measured with a graduated transparent
e @ centimeters. This method of manipulstion and
was safe for the fish and they were returmed 1o
=ee maks without any loss [24].

A
Tememgie of the fish was determined weekly by waking
wesght of ten randomly sampled fingerhings.
S==cnmed by using a sensitive compact scale
HAUT following the method of reference [24].

-

e o,
Cmm wes calculated as: Weight Gain (WTG) =
~ mutial mean weight [18].

| e Wit Gain
B— Waght Gam (FWG) = 100 5 ...
' et al. (2008).

(3)

-

S weight (g)

Sy weight (g)

Eemenh Roxre (SGR)
- :

- (4)

— IR TT YT F T sy

o Sed &t time T in days
&= e ume T in days

Days
S W base ¢ as described by reference

were monitored daily to remove
== reoorded; using the formular

5]

N: = number at the end of the expeniment

(1.0  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 reanng water. Thereafter, thermo regulator was
set at the desired temperature and inserted gently into the tank.
The fish were allowed 1o 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 umes for
10 Heteroclarias fingerlings from each of the experimental
tanks.

o8 DATA ANALYSIS

The data collected were analysed for significant
differences (P < 0.03) by the analysis of vanance (ANOVA)
using 8 Computer Statstical Package for Social Sciences
(SPSS). Duncan Multiple Range Test method [27] was used to
separaie the means where there were stanstically sigmficant
differences (P < 0,05)

D RESULTS

The results of some physicochemical parameters of the
waler medium im which the Heteroclanias fingeriings were
exposed to different temperature levels for a period of 12
weeks are presented in Table L In general, the concentration
of oxygen consumplion increased with increase in
temperature. The oxygen consumed (6.16 = 0.91 mg/L) by the
fingerlings under control treatment was significantly higher (P
<(1.05) than those of higher temperature levels (32.00 -
28.00%) and ranged from 4.58 = 0.97 10 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"c (4.85 = 0,01 mg'L) and 32.00° (4.58 = 0.97
mg/L) respectively. Table 1. also revealed that there were no
significant differences (P > 0.05) in the ammonia
concentration (range = 0.15+ 0,09 10 0.17 = 0.09 mg/L) of the
Heteroclarias fingerlings. cultured in all the temperature
treatments, Simularly, the water pH of the fingerlings hybnd
(range = 6.78 = 0.9 at 2691 10 6.95 + 0.37 at 28.00%) did
not differ significantly (P > 0,05) among the fngerlings
cultured in the different water temperature levels.

The results of mean opercular beats per minute of
Heteroclarias hybnd exposed to different temperature levels
for a penod of 12weeks are depicied in Table [ Generally,
there was a decrease in the opercular respiratory beats of the
expenmental fingerlings as the fish size increased The
opercular beats per munute in the fingerlings increased as the
temperature increased from week | to 8 in all the temperature
treatments. 1t reached the highest beat of 143.0526.01 in week
3 under 32°C, The opercular respinutory beats of the controlled
treatment (11640 + 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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TARLE | INFLUENCE OF DIFFERE

NT TEMPERATURE LEVELS ON SOME MY SICOCHEMICAL

PARAMETERS OF HETEROCTLARIAS

FINGERLINGS WATER MEDILM FOR A PERICD OF 12 WEERS

Temperature levels Dissolved oxvgen

Al

"1 concentration {(mg'L) concentration (mg/L pH
2694 {control) 661 <09]" 01T = MO fTE=0EF
K 00 £87:071" ih 14 = 0o AOS=0 1
3 i AR5+ 101" i A4 00x BRE02T
12.00 4582 08T fi | == 0.0 AEXENIT

Valoes are mens = standard devinfion: valocs followed by the came siperscrmils ) in he sidime

DMRT

column, sre mol segnificantly different & (P = 005 ) tesied by

TABLET] MEAN RESPIRATORY RATE OF HETEROCLARMS FINGERLINGS EXPOSED TO DIFFERENT TEMPERATURE LEVELSOVER A 12
WEEKS PERIDD
I emnprersture Weoks
Levels ("C) | 2 3 4 3 f Y ;) “ i 14 i2
26,91 [ 1660 FERTI i ¥ AD FET, 10 [ 0. 60 115,20 06, T 106 54 1 B 10265 105.75 405
{gomtrl ) ). 14" =00 9 2315 a1 71" 5|0 8 LR £, 14" s R +6.15 2361 e g e
2500 11650 12660 13940 1158 110:25 11,65 100 |07 BS fit20  101es | ()% 9 Gé A0
+£3.07 £ 40° w6.93° <707 247 £2 62" ) A4 Nk 2 40¢ +| B3 a4 51" 141"
30000 13105 {41 Al 11952 | 32 40 1 2900 11345 a2 25 17 1 (12600 (0] 8% 9445 9% 1
=3 ' b} 45" =] 53 =1.54° +3.96° &7 |47 =2 o Chdr - ik 2318 #H1LES
2.0 13370 14225 143,05 14275 121 80 5.7 |00 (194 112355 103.65 |03 30 103 45
£].13" i1 9 /01" +3.0d" +1.41" +2,68" o) 53T 14T «3: 19" £ 3V 2 3" «| 61
Valnes arc Mean & Standard devianon. Vilues followed by the samc siperscripli<). i the same columa. arc ™ sigrificanaly differenn at (P ~0:05) tested by
ART
The decreasing mend in the opercular respiratory beat of
E DISCLISSLON Heteroclarias from all the temperature treatmenls Were simmiar
- . + |, F
This present study revealed that oxygen consumption of o th;:mm of r;fﬂﬂnccé-ﬁi_':hu dm:umem:?_ i!;lal ;-pen:ul:_ur
L] & L = F ‘
Heternclarias  fingerlings ncreased  with  increase  in respiralory rale decreased with increase m DR Sife I

temperature. This observation was in conformty with the
reports of [28] who documented that oxygen consumption of
(Oreochromis mossambicis 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 w
Heteroclarias fish in water due to high temperature [30] The
higher value of concentration of dissolved oxygen
consumption recorded in the fingerlings reared ail control
temperatun: 126.91"c) suggested that the fingerlings were not
under any physiological stress. This s because the
concentration of dissolved oxygen (6,10 = 0.91megL) was
above 5.00mg/L recommended as mmimum dissolved oxygen
required for healthy growth. nssue repairs and reproduction
[31] and [30] . The finding of this study also showed that the
ammonia exXcretion or conceniration was not influenced by
\emperature. This could be attributed 1o daily removal of lefl
over feed, and faccal samples from experimental tanks. Thus,
preventing or reducmg the risk of huildup of ammonia from
all the tfemperature treatments [1], {17]. This observation was
contrary 1o the reporis of reference [29] who noted thatl
ammonia cxcretion or conceniration increased with mcreasing

emperature in Alepes  djidaba  fingerimgs showing that
degradation of protein for energy Wwas mOrc at mgher
lemperatures.

Similarly, the study revealed that changes in pH values
of water from all the ireatments were within the tolerance
range of 6.0 o 8.0 documented for juveniles of H. hidorsalis
and C gariepimes [15].

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 mic. This findmg
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, & ¥ from all the treatment including the
control may be atributed to similar physiological responses
exhibited by these fingerlings during this period [1]. Duning
the same period, an increase in opercular respiratory beats
with mereasing temperature (30,00 — 32,00 “e) were m
conformity with the works of [1] who observed merease in
opercular movement 1o the temperature vanauons in the
medium wis # prmary response 10 stress To support the
above submission, Similar  conditions were reported by
reference | 30] in Mystus gulio where opercular beats mcreased
with the increasing temperature. The mncreased opercular
movement by the exposed fish may be the reflection of an
attempt by the fish (Heteroclanas) 1o exiraci more oxygen 1o
meel the mcreased encrgy demand to withstand the rise in
remperature [30].

The findings of this study also indicated decrease fn
the mean opercular respiratory beats of the controlled
fingerlings (26 91%) only in week 3. This observation was in
consonance with the reponts of reference of [33] who
documented thal theré was a decreasing trend in the
respiratory raie and opercular beats of fresh water fish Channa
punctatus teared a1 15.00% as compared with higher
temperature treatments '
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CESCLUSION

Waer wemperature had no influence on the ammoma
== == waier pH of the Heteroclanas hybrid during the
sy pered. However, increase in water temperaiure affects
e apesceder respiratory beats of the hybrid. Generslly, the
=i pesparaiory beats decreased with increase in fish
e Thesefiee, for effective rearing and profit making, it is
e Sor the fish to be reared in ideal temperature between
W 2100
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