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Titc attainment of species-specific conciucive water quaiity environment is crucial to optimum production of llshes in captivity.
This need therefore, infbrmed t1'rc study ol relationships bcNveen lemperafure, pH, and physicochemical parameters of
Heterctclo.rias fingerlings under laboratory conditions. the lingerlings rvere raised at water temperatue regime (Ambicnt
(26.91"C), 28.00, 30.00 and 32.00"C); and p[I of 5.00, 7.00 (i.e. ambient). 9.00 and 11.00. The water quality parametcrs
(Dissolved Oxygen (DO); Biochemical Oxygen Dernand (BOD); Ammonia; and Conductivity), of fish culture media u,erc
monitored rveekly lbr thrcc months. l'he results indicated that water temperaturs I'rad no significant (P>0.05) el-leot on Amrnonia
concentration (ralge - 0.i5 - 0.17mg/l) and pI-I condition (range:6.78 at 26.91'C, to 6.95 at 28.00'C) of the culture media.
Water temperature significantl,v (P<0.05) reduced DO from 6.16+0.91mg/l at 26.91"C, to < 5.00mg/1 at temperatures abovc
28.00"C; but no significant dilf'ercncc in BOD at all temperatures leve1s. Conductiviry* increased significantly r'vith rising
lcmperature above the arnbient condition (range - 251.02+59.73pS/cm at 26.91"C to 352.89+79.09prS/cm at 28.00"C). pH had
no significant cllects on the parameters at pH conditions tested; temperature, DO, BOD. and Ammonia. With thc exception of
significant difference ir.r conductivitl'G<0 05) of rcaring media of Heteroclarias (range: 304.42*47.2)ptS/cm at pH 7.00. to
3E0.94t38.40 pSicm at pH 9.00). pH 11.00 could not supporl survival of the fingerlings. The lindings o{'this study havc
providedusefulinlormationibrelfectivewaterqualitymanagementinartificial culturingoftheilsh Lleleroclarict.;.
Keyrvords: Phlsicochernical Paramctcrs, Dissolved Oxygen, Biochemical Oxygen Demand. Arnmonia. Condrrctiviq',.and

Aquaculture.
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IN'TJiODUCTIO\
Tbe Lleteroclarins hl brid ftom Clarias gariepinus (female)
alrcl Heterobranclnts bitlorsalls (male) has been reporled to
be tire rnost uidespread and accepted fish in Africa
cspecially' in Nigeria, for reasons attributed to their faster
gro,,lth rate. abiliq to withsland diseases, increase in
stocking dcnsitv a-nd possession of accessory breathing
organs rvhen compared with their parent stocks (Adewolu
et al., 2003). lGaieg (2000) reporled that the farmers
should be encouraged to cu1ture Lleteroclarias as the major
source of lamilf income because its rearing is a meens of
poverly alleviation and a source of an exha income. This
baekground inlonrrrtion had mutivated larmers in Nigerir
10 culturc Heteroclarios on a large scale more than its
parent stock (Ayanr.vale et al.2014).
Water quality determincs not only how r.vell fish grous in
an aquaculturc opcration, but rvhetlrer or not they survive
(Joseph et al., 1-993). Fish, like lleteroclarias influence
water quality through processes like nitrogen metabolism
and respiration. 1-herelore, knou'ledge of testing procedures
and interpretation of critical rvater quaiity parameters are

imporlant to the fish farmers (Boyd and Tucker, 1998). A11

biological and chernioal processes in fish zire influenced by
water temperature (Ross, 2000). This is because fish are
exothermic, which nreans their body temperature is close to
and flucfuates with temperature oltheir cnvironment. Some
u,ater quality partuncters are knou.n to be associated rvith
ilsh motalities such as dissoived oxygen, temperature and
amrnonia. Paruneters such as pI1, alkalinity, htrrdness irnd
claritv influence fish, but not hamful (Boyd, 1990).
Similarly, Bhatnagar and Sangrvan (2009) reported that
n'ater quality parameters like biochemical oxygen demand,
chcnrical oxygen dcn-rand, chlorides, phosphates and
ammonia are said to be considered as pollution indicators,
ulrich n-right result in fish losses, whcn above tolerable
lcr els. Pond water ternperatures can be managed by using

simple methods, such as covering the ponds with shadc-
cloth or allowing cooling water 10 enter u,hen fie
temperature gcts too r.varm and plarting of banana trecs
around the pond (Ayanu,ale et dl.,2012). Carp and Catfish
are tolerant ofrvide temperature ranges (25.00 - 33.000C)
as reported by Afral et al. (200'7). Water pH is crucial to
vefiebrates in rvater because its affects the fish and other
aquatic organisms to control osmoregulatory processes in
and out of water in r.vhich they lived. Inability to control
tirese processes car result in sub-lethal effects such as

reduoed growth and fish mortality (Bryan, 2004). 'lhe

author added that, ptI levels of wate.r can alter depending
on the amount ol oxygen available in the water and
peroentage of poisonous waste-products (ammonia).
Alabaster and Lolyd (1980) in his r.vorks identified the pll
range of 5.0-9.0 to support growth of fiesh water fish.
Several challcnges hinder the marimum optimurn

production of fish in Nigeria. such as poor rvater quality
parameters liom urbanization, irdustrialization, agricullure
and oil exploitation. The convergence olpollutants may kill
fish directly in aquaculture facilities or aittct the quality
ard consumer acccptability of the product (Akolisa and
Okonji, 2005). This study was carried out to eluciclate the
influence of tcmperature and pH on critical water quality
pararnetcrs ol lleteroclarias fingerlings under laboratory
conditions, in order to provide necessiuy baseline
information for the optimum produclivity of fleteroclarias
under lluctuating environmcntal condition.
NIATERIALS I\ND METIIODS
Study Area
This expcriment was done indoor at the laboratory-'of thc
Deparlment of Biological Sciences, Federal Univcrsity ol
Technnlogv. M inna. N ir.rcria.

Source of Expcrimental fi ngcrlings
One month old Heteroclaricr.r fingcrlings, with initial mean
rveight o10.38g.'"vere purchased lrom a private lisl'r famr in
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Nerv-Bussa, Nigeria. The fishes were acclimatized in a

rearing tank in the laboratory for seven days, during uftich
clead and weak specimens lvere eliminated (Adetvolu el a/.,
2008).
Sourcc of Experimcntal Aquaria and \Yater Mcdium
Conditions
Tlventy four transparent indoor plastic aquaria
(55x35x35cm) were uscd for rearing lleteroclctrias
fingerlings. Borehole water in aquaria for rearing under
different temperature levels trere aerated by a constant
supply of compressed air from LP-100 air pump, povu'ered

bv m elecfiic curent and invefter as a standby source of
po\\re in case of por.vcr lailure, throughout the
experimental period. llou,ever, the water media for rearing
Heteroclarias at different pl-I-levels lvere not aeratcd
during the experimental period. Water media exchange was
carried out tr.vice in a weck during the moming hours
(Ayarwale et ol., 20\4).
Experimcntal Design and il,Ianagcment
T*'elve aquaria rvere uscd and fixed at temperature
regimes; 26.910C (control). 28 00, 30.00 antl 32-000C using
thcrmoregulators (Vlodel: I-i1e Tech, 2009) (E,l-shcrif and
E1-f-ek-v, 2009). Thc control experintent \yas f ixecl at
ambicnt laboratory ternpcrature. Simultaneously, another
set of trvelve aquaria tanks were also sct up to culture
Ileteroclarias at diflcrent u,atcr pLI leveis of 5.0, 7.0
(control), 9.0 and 11.0 respectively. The dillerent pI-I
Ievels of the media ucre maintained by siphoning of faecal
samples. uncatcn ibod, The pll of the expeJimental tanks
was retaincd rvith thc aid of pH meter on daily basis
(Ghanbari et ol , 2012). The initial pH of the borehole
water $'as adjusted to pH 5.0 by the addition of 3%
conoentrated hldrochloric acid, while the water was made
alkaline by the addition of 0..{g of sodium hydroxide
granules in 100mls ofdistilled ofrvater (Ivoke et a\.,2007).
The aquaria tantris. holding 25litres ol water cach, were
stocked with 150 fingcrlings and each set up were
replicated for each lernperafure nnd pH treatments
including their control. 1-hc experiments were monitored
1br a period of l2 rvccks, during u4rich other water quality
parameters such as dissolved oxygen, biochemical oxygen
demand, conductivitl, and ammonia in all the treatments
were measured rveekly benveen 8.00-10.00 a.m. (Rahman
et aI.,2009).
Thc llshes rvere maintained on commercial fish diet
(Coppens), of mean pellet size ol 1.20mm and 2.00mm
during the first seven rveeks and post seven weeks
respectively, (Ayanu,ale et al.,2014). ltre fingerlings rvere
fed to satiation in the moming ard evening of each day
(Dong I-Ian et al., 2005). The commercial diet rvas
adrninistered by spot feeding (El-sherif and El-fcky, 2009).
Determination of Water quality parametcrs
Water 'Iemperature;
Ternperatures of culture media tvere determined by using
mercury-in bulb thermometer. Temperature lcvels of 28.0,
30.0 ald 32.00C were maintained by themo regulators,

Fespectively.
Water pll
An electrode digital probe plJ-meter (Jenways 33O5Model)
rvas calibrated with bulfers 4.0, 7.0, 9.0 before using the
pH mcler. This was determincd by inserting the pII rneter

probe in to the sampled rvater media for 5minutes until it
stabilizes belore the reading rvas taken.
Dissolved Oxygen
This rvas detenri:red by using Winkler Azicle method
(American Public Health Association, 1995). Warer
samples from thc control and treatment tanks wcre
collected by inserting 250 ml r.vater sample bottles into the
tanks and sampled water was fixed right in the laboratory
rvith 1ml of reagcnt (I) (Manganous sulphate) and lrnl of
reagent (ll) Alkaline iodide solution (KOH + KJ). About 2
mi of concenirateri sulphuric acid ,vas added to cach
sarnple and 10ml of the sample was titrated r.vith 0.025N
sodium thiosulphate using starch as inclicator until it turns
colourless.
Caloulation was based on the fonnula described by Boycl
(i979) as IblIou,s:-

Vo)ume(NarS03) x Normaljty x Bx 1000
lJissolv. J Oxrgen (nrq/L)

Sample volunre (ml)
Where, normality:0.025 ml of,sodium sulphite (NazS0r)
8 = Lqtrivalent *cight of oxl gcn in s rrcr
1000 - Convcrsion to mg/litre
Ammonia (NHj)
100 ml of the rvaler sample lrorn control and treatmcnt

tanks rvas pipetted into a Markham distillation apparatus
(Kjeldal flask) and there alter 5rnl of 407o NaOFI was
added- The flask was connected to thc condenser ancl the
cooling rvater was turned on. About 10ml of 40% boric
acid (H,BOr) solution u,as plaoed under the condenser
ensuring that thc tip olthe condcnser was immersed in the
receiving soiution and distilled slowly until 5Oml of the
distillate was collected in the receiving flask. The ammonia
was determined from the distillatc by titrating with 0.01 M
HCI until the colour at the end point changed from green to
pink (APiIA, 1995). Calculation r.vas basecl on the formula
below

Titre value x 14 x 0.01 x 1000
NH, (mg/ L)

V
Where 0.01 : molarity of lICl used as titrantt 14 is the
molccular mass of nitrogen; 1000 is the conversion to mg
/litre and V is thc volume of sample uscd.
Electrical Conductivity
The battery- opcrated elcctrical conductivity metre (CD
4303 Lutron) probe was placed into the sampled rvater lor 5
minutes until it stabilizes belore the reading was taken. The
readings werc expressed in microscimen (ps/cm).
Data Analysis
The data collected were analyzed for significant dilfercnces
(P < 0.05) by the analysis of variance (ANOVA) using a
Computer Statistical Package for Social Sciences (SPSS).
l)uncan N,lultiple Range Tesl (Duncan, 1955) method was
adopted to separate the rreans whcre there were statistioallv
signiticant differences (P < 0.05).
RI!SULTS
fhe results of mean + standard deviation of critical watcr
qualily pararneters of lleteroclarias ltngerlings reared at
different temperature regimes are depicted in Table 1.'lhere rvere no significant diflerences (p>0.05) in the
ammonia conccntration and pFI 'of the fishes in all the
treatmenls studied (range : 0.15+0.09 to 0.17+0.09 mg,rt_
and 6.78*0.89 ro 6.95I0.37, respecrively). jlowever,
temperature significantly (P<0.05) reduoecl dissolvecl
oxygen concentration lrorn 6.16,t0.91 mq,{- at ambient
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I,!
temperature to 4.58 .l 0.97 mgfi- at temperatures above
280C; but indicatecl no significant effect ip>0.05) in the
biochemical oxygen demand at all temperature lcvels
(range - 2.'76+1.27 ro 3.00+1.59 mg/L). Table I also
shorved that the sond,Lrotivity of the llsh culrurcd media

incre ased significantly (P<0.05) rvith increase in
tcmperature above the ambient condition (range 251.02+
59.73 pLs/cm anrbient tempcrature, to 352.99+7.O9ps/cm
at 28.000c)

Table 1: Nlean ,t Standard Deviation of Critical Water qu:rlig' Paramcters of Heteroclurias F

Iemperafure

fcl

for a
levels Dissolvedoxygen

( me/L)

weeks
Ammonia pFi
(-e/L)

ingcrlings culturccl at

Conductivity
Oxygen demand (ps lcm)
(me/L )

26.91 (control) 6.16+ 0.91b 0.17 + 0.09^ 6.78+0.89" 2. 89+6.69"
28.00
3 0.00
32.00

5.57+0.73"b 0.15+0.09" 6.95+0.37^ 2.76+1.27^
251.t02t59.7 3^
3 52.89+79.09b

0.16+0.08^ 6.gg+0.27" 2.92+1.59u 330.94+65 24b
4.58+0.97'
4.85+1.0 t

0.15+0.09" 6.92+0.27^ 3.00+1.59^ 3 34. 1 7+74.30b
Valucs by the same superscript(s), in tl.ie same column, are not signiiicantly different at (P > 0 05) tested by DN,IRT
-Ihe results ol mean i standard deviation of critical water
qrralifv paranreters of Heleroclarias reared at different pI-I
levcls of water are shorvcd in Table 2. pH indicated no
significant influence (?>0.05) on most parameters
hr,esligaled: Tempcrature (ranged from26.21 +1.00 at pI{
9.0 to 26.51-0.77 at pII5.0,DO(ranged from 4.64+3.73 ar
ptl 5.0 ro 5.90+3.92 mg,4, at pl17.0),BOD(ranged
from2,00+1.13 at pH5.0 to 2.84+1.13 mg,{_ at pFI 9.0 and
Amnronia conccntration (ranged from 0.0610.01 at pH5.0

to 0.06+0.01 mg/L at pH 9.0). Ilou,evcr, the stud_v recorcled
significant elfect (P<0.05) of pH on thc conduclir.ity of
culture media of Heteroclarias fingcrlings (rangecl {iom
304.42+4'1 .20 at pH 7.0 (conrrol) to 3g0.94+38.40 ps /cmat pFI 9.00. Interestingly, the oulture media o1-
Heteroclarios fingerlings maintained at pli 1 1.00 coulcl not
support their growth as 100%o mortality was achieved under
2,1hours of sfudy.

l'able 2: IIean * standard dcviation ofcritical rvater quality parametcrs of FIet ero cl ari as lin gerlin gs
cultured at dil'f'ercnt nH levcls for a rreriod of 12 wecks.

pII leveis B.iochemical
oxygen (mg/L)

Tempcrafure

Cct
Dissolved

oxygen
Ammonia
(n/L)

Conductivity
ps/cm

5.0
7.0 (control)

9.0

I 1.0

2.14+7.4'.7^

2.84+1.13"
26.22!0.90^
26.21r1.00',

4.64+3.73^
5.90+3.92"
5.20+3.37^

0.06+0.01"
0.06+0.01"

304.4b.47.20"
380.94+38 40b

2.00* 1.1 26.51*0. 0.06*0.01 369.44+41 .s4

Values follorved by rhe sare supcrscript(s), in the same columr, are not significmtly dilferent at (P > 0.05) testcd by DMRT* Not applicablc as 1009t nonality u,as achieved ucler

-DISCUSSION

24 hous ofthe study

cultured mcdia at high testcd temperature levcls, because
the available DO was constantly used up by the lish.
Krishnanioofthy et al. (.2008) support the obser-vation that
the rate o1'oxygen consumptiol of .llepes gljidabo exposecl
1o higher temperature lcvcls (33-400C1 rias found to
increasc r.vith increasing temperature. Temperature had no
inllucnce on BOD of cuitured media of lleteroclarrcs
fingcrlings during this period because ofconstant exohange
of ri'ater. siphoning of uneaten feed. and laecirl samples.
1'hr:s. prevcnting accurnulation oforganic loacl and resultcd
to iori, IIOD concentration (Ghanbari et al., 2012). The
BOD range (2.76+1.27 to 3.00 +1.59 mg/L) recordcd in
this study r.vas lavourable ibr good fish growlh performirnce
uhen compared rvith the recommended range ol 1.00 to
5.00mg/l- as reported by CIESE (2010).
The__influence of tentperature on concluclivity of culturcd
media of Heteroclorias fingerlings at higher tested
temperature levels agreed u,ith the findings of Ayanwale el
al., (2012) that water tempcrature might probably
inflr-renced the mine.ral or ion concentrations (conductivityl
of the cullured rrlJdiu. Floru."er. the conductivity iange
(251.0b.59.27 to 352.89+79 09 ps/cm r.vas higher rvhen
compared with the range of 120 to 340 ps lcm
recommended tbr fish growth by Kolo (1996).

The present sfudy rcvealcd titat temperature had no
influence on water pLI and ammonia concentration of
cultured media of Heteroclarias fingerlings. This may bc
altributed to constant exchangc of water, removal of faecal
samples and uneaten feed after feeding on daily basis
r'vhich prevcnt ammonia build up in the system (Ghanbari
et al., 2012).'ihis study indicale that the range of ammonia
conccntrarion (0.15+0.09 to 0.17+0.09 mg/L) in all the
treatments r.vere low rvhen compared u,ith thc available
maximum value of unionized ammonia of about 0.45mg/1,
in fish culrurc (Boyd, 1990). This corroborate with thc
rvork ofAyanwale et al. (201a). Ihe pH range of6.7g-0.g9
to 6.95+0.37 recorded in this srudy fell rvithin rhc rarge ol'
6.50 to 9.00 recommende d for optimurn iish gror.rth
(Bryan, 2004). Similarly, temperature hacl no iniluence on
pH of cultured media of Heteroclaricts lingerlings during
the sludy period.
Hor,',cver, the reduction in dissolvcd ox)gen conccntralion
at higher tempcrature levels (30-32"C) was in confonnitl
wilh the works of Mallya (2007) irnd Krishnamoorthy er
ol., (2008) who reporled that lemperature incrca-se
n'retabolic activities such as reproduclion, feeding, protein
s)'nlhesis and subsequent oxygen demand in aquatic animal
like ilsh. fhis might lead to lorv oxygen levels in the
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The iindings of this sludy also shorved that water pH hadno Lr1'luence on the tested lvater tempcrature levels of
lleteroclorias fingerlings. Although, thc values rvere within
the range of24.00-32.000C documcnt"d lor fish culture in
the lropics (Ayzuru,ale et ot., )011). Sirnilarlv, wlater pH
also had no influcnces on the BOb. DO anJ Ammonia
concentration of the rearing ntedia of Heteroclarias
lingerlings during the stutly- These observations were
similar to rhe works of CIESE (2010) and Ghanbari el al
(2012).
'fhe lou,'est value of rvater concluctivity of fleleroclarias
fing.erlings cullured at pH 7.00 was expcctcd sinoe the
medium u,as devoid of acid and base (ivok.. el a1.,2007).
Although, the r.vatcr conductivity (304.12+47.20pcm) ot
the fingerlings cultured at pH 7.0b was within the range o1,720 to 310p"cm recommendecl 1br fish growth by Kolo
(1 ee6).
Flowever, the water conductivities of the fingerlings
cultured at pH 5.0 and 9.0 r.rere higher tf,an thc
recornmended range ol 120 Lo 340ps/cmls documented
for lish grorvlh by Kolo (1996).
the shrdy also rcvealed thal the cultured medja at pfi I 1.00could not support the grouth and survival of. the
fingerlings. This observation agrced with the rvorks ol
Gaundcr (2005) rvho opincd that acid ancl alkaline deathpoirts for fresh water fish were pl{ 4.00 *a- i f .OOrespectively rvhiie at these pII levjs, reproduction andgror.rth of Ilsh diminishecl r.vith increase in aci<1iqv or
aikalinity.
CONCLUSION
Water lernperatures between 26.gfc (control) to 32.000Chad no in il ucncc on u
bio chem i cat u*yg"n,r.,',ffio',]l,ilXij' #'l?l;, !jl,,,ffj,
tingerlings. llowever, temperature reduced dissolved
oxygen concentration at the highcst tested temperalure
levels (30-320C); uhile water concluctivity increased with
inercasc in lcmperrturc.
pFI also had no inlluence on warer temperature. dissolved
oxygen concentration, biochcmical oxygen demancl andanmonia concentration of the .ril,." nredia ofFle,teroc.larias fingerlings. More o ver- the i_g.Al.g,cultured at pIJ 7.00 indicated recluciion i., tt J *ut".conductivity, but shorved highcr values at pH 5.0 and 9.0rcspectively. fhe pH i1.0 treahr-rent could not ,upport th.
cul nrre of Ilele r o c I ar ias fi ngerli ngs.
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