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Abstract

A group ofCatla catla, Labeo rohita and Cirrhina nrigala, was exposed to sub-lethal concentrations of lead,
separately, in glass aquaria whereas other angtbep was kept un-stressed as a control. The durafi trail
was for 30 days. Both stressed and unstressedisties were transferred to earthen ponds to separately,
for six months. After this exposure period, theiowgth performance in terms of weight, fork and kdémgth
were investigated at final harvest. Analysis of igace and regression were applied to find out leregtd
weight relationship of three fish species. Amongéhfish specie€irrhina mrigala gained maximum weight of
53.76x 7.39 g that varied significantly (p<0.05prfr that ofLabeo rohita (41.7+ 9.48 g) but similar to the
weight gains ofCatla catla (52.65+ 9.40 g). Fork and total length incremewere observed significantly
(p<0.05) higher irCirrhina mrigala followed by that ofCatla catla andLabeo rohita. Regarding length-weight
relationship, all the three lead stressed fish isgeshowed allometric growth. It was concluded ttias
investigation could stoutly be supportive to theearchers and policy makers for the preparatioveny
effectual sustainable management plans of fisresgurces for the riverine systems.

1. Introduction

Water pollution is increasing gradually around isilial areas in Pakistan, which is the main envirental

issue. Several pollutants like heavy metals, pesticand fertilizers may affect the natural watestesms. When
heavy metals are discharged into the natural wateey could affect the organisms due to their Istand

persistent nature. Water pollutants affect theotaribiochemical and physiological responses of tamjaaimals
when they absorb different toxicants [1]. It hasibeecently found that coastal pollution has hgawfluenced
the environment in various developing countriesainaquatic environment, the effects of heavy reetaé
severe due to their biological magnification in fbed chain. The global heavy metal accumulatiomatural

waters is the most important environmental probletigh toxicity and hazardous materials, includirepty

metals, are released by various industries [2]siogutoxicity in the water systems. The accumutratd metals
in an aquatic environment has direct influence @m@nd the ecosystem. Heavy metals play a signtficde as
chemical pollutants in fresh water and causingtoyie, mutagenic and carcinogenic effects on arsni]. In

fresh water, heavy metals are naturally presetriaae element, but today their balance is beintydied due to
enhanced domestic, industrial and mining activiggsand causing adverse effects on the diver&ty $everal
factors like salinity, pH and water hardness cay @l main role in heavy metals uptake and accuionlat the

living organism up to a level of lethal concenwat and cause ecological hazard [6]. Fishes aktosonitor
the health of aquatic bodies [7] because of tredéncy to accumulate heavy metals in their orf@hsThe

fishes can accumulate heavy metals from their atiet water [4]. Heavy metals enter in the fish bttypugh

the gills, skin and food [9].

Lead occurs in the environment as a result of ithropogenic and natural process, with coal
burning, mining and smelting and also use in gasotiontributing most to lead contamination of fieater
environment. In the majority of eco-toxicologicalidies, prolonged effect of lead on freshwater fislkre been
evaluated [10]. These studies report a wide rarigexic effects induced by chronic exposure to &ase lead
concentration, including effects on pituitary fupot oocyte growth and gonadsomatic index, neuiofdg
disorders and scoliosis [11]. As for other metldsge variation in sensitivity to lead exists [1Bht, together
with the limited number of reports of chronic leagposure studies, limits our ability to establistiesand
realistic environmental regulations. The purposeth&f present study was to expand the informatioougb
sensitivity to chronic lead exposure in freshwditgh viz. Catla catla, Labeo rohita andCirrhina mrigala

2. Materials and Method

Eight weeks old fingerlings of major carps vi€atla catla, Labeo rohita and Cirrhina nrigala were
acclimatized for 14 days in cemented tanks undmarkgtory conditions, at Fisheries Research Farmgdusity
of Agriculture, Faisalabad, Pakistan. Two groupseasssigned to each species of fish after acclimaRrior to
start the experiment, the average weights, forktatad lengths of both groups of fish were record@dt of two
groups, one group was exposed to sub-lethal coratimts (1/3' of LCs) of 8.83, 10.00 and 16.67 mglof
lead forCatla catla, Labeo rohita andCirrhina nmrigala, respectively [28], for 30 days while the otheogy was
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kept unstressed (control) in the glass aquaria. tRerpreparation of stock solution of 100 ppm (@agrer
million), the pure compound of lead (PbClvas dissolved in distilled water. Three replioat were made for
all stress trials. Through capillary system, witle help of air pumps, continuous air was suppliedltthe test
media. Two times a day, fish were nourished toasiati with the feed (35% digestible protein and X@@lg*
digestible energy) at 10:00 hours. The growth patans viz. increase or decrease in average weiyhtand
total lengths as well as feed intakes of three $isbcies were determined during the trial of 30sdape water
quality parameters viz. pH, temperature, electrmaductivity, dissolved oxygen, carbon-dioxide]ocides,
total ammonia, sodium, calcium, potassium, magmesind total hardness of water were also examiné8:a0
hours daily by following the methods of [29].

2.1. Fish growth studiesin ponds

Both treated and control fish were stocked in oatdgarthen ponds, separately, with the stockingitienf 2.87
m® per fish [30] after 30 days sub- lethal metal strerails.Catla catla, Labeo rohita andCirrhina nmrigala had
interspecies ratio 080, 50 and 20 percent, respectively. From the daytof stocking, all the earthen ponds
were fertilized with poultry droppings on accoutitits nitrogen contents @ 0.16 g nitrogen / 100f digh
weight daily. However, supplementary feed (35% siifpée protein and 2.90 Kcafdigestible energy) was also
supplied to fish daily (six days a week) at theeraft 2% of fish biomass, when the water temperatureeded
22 °C. For growth studies, performance of testimgibf fish as well as evaluation of growth paraengtof fish
viz. increase/decrease in wet weight, fork andl ttiagths as well as feed intake were also cardetion
fortnightly basis for both treated and control fieh six months.

2.2. Satistical analysis of data

The data on the parameters of fish growth was stdgeto statistical analysis by followin@1] through
microcomputer. MSTATC, MICROSTAT and STATISTICA pages were used to perform Analysis of
Variance and Regression to observe and determ&ewhluation of mean values for different paransetard
significance of interactions.

3. Results
Three fish species vizCatla catla, Labeo rohita and Cirrhina nrigala were rearedunder sub-lethal
concentration of 8.33, 10.00 and 16.67 Mgtespectively for 30 days.

3.1. Growth performances of fish during lead stress
Table 1 represented the average initial, final ammdements of weight, fork and total length @étla catla,
Labeo rohita and Cirrhina nrigala during the sub-lethal exposure of lead for 30 d&atla catla showed no
increment in weight. However, average fork lengtiovged increment of 0.97 mm but total length showed
negative as -0.20 mm. Stresdeabeo rohita showed negative growth in terms of weight, fork aot@l lengths
increments as -1.06 g,-7.00 and -7.40 mm, respgti€irrhina mrigala gained an average weight of 0.3 g and
the fork length showed negative growth (-5.10 mrh)levtotal length increased as 0.50 mm.

The mean values of water quality parameters visalved oxygen, temperature, chlorides, sodium,
potassium, calcium, magnesium and total hardness menitored on daily basis during stress pericab(& 1).

3.2. Length-weight relationship

Length- weight relationship in fish is considerepamameter to predict and evaluate the degreslofialth and
conditions conducive for its growth or otherwiseshweight may be considered as a function of ¢hgth. This
relationship of length and weight follows approxieig the cube law relationship expressed by theéda: K =
W/L?in which “W” is symbol for weight (g) and “L” ishe symbol for the length (mm).

Length-weight relationship (LWR) &atla catla, Labeo rohita andCirrhina nrigala were estimated
and all of the treated and control fish speciesngtbpositive and statistically highly significarlationships
between weight-fork length and weight-total lengés depicted by the value of? RCoefficient of
determination). Regarding length-weight relatiopshior lead stressed fish species, allometric drowas
exhibited by all of them as the values of exportefrtegression coefficient) fo€atla catla, Labeo rohita and
Cirrhina mrigala were 3.445, 3.301 and 3.510 in case of weight-ferigth equations and 2.865, 3.391 and
3.672 in weight-total length equations, respecyivélowever, in control fish speciekabeo rohita showed
isometric growth as the values of exponeim lveight-fork length and weight-total length eqaas were 3.00
and 3.03, respectively, while other control fishe@ps exhibited allometric growth as indicated bgirt
regression coefficients (Table 2).
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Discussion

Lead occurs in environment in a spacious rangehgsipal and chemical forms that manipulate the biehaf
fish negatively at concentration higher than norrivadst of the lead found in the environment ishia tnorganic
form [13] and it is the most stable ionic speciesspnt in the environment and consider as the fowhich the
maximum bioaccumulation of lead takes place in gquaiganisms. However, the toxicity of lead is é&dsipon
many factors including fish age, pH and hardnesthefwater [14]. In the present investigation, lexgosed
Catla catla did not show any weight increment, whilabeo rohita showed negative increment in weight. [15]
reported that the lead expos€drhina mrigala showed significantly lower weight increment thamtol fish,
however, reduced growth rate of rockfiSetfartes schlegeli) due to Cu stress was reported by [16] as these wa
an inverse relationship between growth and Cu exeo$17] determined the effect of sub-lethal coriaions
of manganese exposed to fingerling<afla catla, Labeo rohita andCirrhina mrigala for 30 days. Their results
showed negative fish growth during the exposuréode{18] investigated the effect of copper on $ual;
growth and feed intake @@irrhina mrigala for 60 days. Their results showed significantlyueed feed intake
by fish at all the Cu treatments.

The Length-Weight relationship is an important temlanalyze fish populations. Its applications vary
from simple estimates of an individual's weightiridication of fish body condition factor [19]. Knéedge on
this relationship also helps to recognize energyestments for growth or reproduction as a natuyalic
phenomenon of natural populations [20]. Again, tengeight relationship in fish is influenced by anmber of
other factors including gonad maturity, sex, didmach fullness, health, and preservation teclesigis well as
season and habitat [21]. The length-weight relatigm presented here may assist fish biologistetivel weight
estimates for fishes that are measured but nothedigThis information is obligatory by most of mésdef stock
assessment to estimate fishing mortality, poputatibcohorts and population of spawning stock ak agethis
investigation could strongly helpful to the reséms and policy makers for the preparation of \elpful and
sustainable management plans of fishery resourfdbe oiverine systems.

Growth of fish can be described as either alloroetni isometric depending on the exponent b
(regression coefficient) of the length-weight reelaship which is normally between 2.0 and 4.0. Vhkie b=
3.0 indicates that the fish grows symmetricallyismmetrically while values other than 3.0 indicatlmetric
growth [22]. Length-weight relationships of fivesti species were estimated by [23] in Epe Lago@gok.
They calculated 95% confidence interval of length dbout 76.19% of the fish species while lengtlgve
relationships of 35 fish species were estimated24y from Badagry Creek, Lagos. The range of vatfie
regression coefficient (2.670 — 3.672) obtainedhins study is similar to the values (2.607-3.25¢darded by
[24] who studied the length-weight relationship36ffish species from Badagry Creek, Lagos. I{$e aimilar
to the b (regression coefficient) values (2.79(t8)2 obtained in [23] who studied the length-weight
relationships of five fish species in Epe Lagooaghs. The values of b fdZatla catla, Labeo rohita and
Cirrhina mrigala reported in this study for length weight relatibips are different from those reported by [24]
for Badagry Creek, which was directly connected®toge Lagoon. It is expected that this inconsisfesadue
to seasonal variability of the environment, fooaibility [24; 25], sampling size and the lengtiteirval within
different areas [26] or habitat fithess [27].

Conclusion

Regarding growth performance of major car@rrhina nrigala gained maximum weight that varied
significantly (p<0.05) from that dfabeo rohita but non-significantly from the weight gains Gétla catla. Fork
and total length increments were observed sigmiflggp<0.05) higher irCirrhina mrigala followed by that of
Catla catla and Labeo rohita. Regarding length-weight relationships for leagsted fish species, allometric
growth was exhibited by all of them while in cagainstressed fish species, oihlgheo rohita showed isometric
growth while other species exhibited allometric witto as indicated by their regression coefficienthis
investigation could stoutly supportive to the resbars and policy makers for the preparation of/\effectual
sustainable management plans of fishery resoufdbe siverine systems.
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Table-1. Growth responses o€atla catla, Labeo rohita and Cirrhina mrigala during

sub-lethal exposure of lead.

Catla catla Labeo rohita Cirrhinamrigala
Exposure concentration (mg). 8.33 10.00 16.67
Fish survival rate (%) 100 100 100
Initial average fish weight (g) 3.78+0.97 2.83+1.02 7.45+2.27
Final average fish weight (g) 3.78+1.19 1.77+0.60 .7670.83
Weight increment (g) 0.00 -1.60b 0.31a
Initial average fork length (mm) 67.33+6.47 60.0(B5 87.50+13.08
Final average fork length (mm) 68.30+8.00 53.0086.2 82.40+7.80
Fork length increment (mm) 0.7 -7.00c -5.10b
Initial average total length (mm) 77.50+7.29 68.6@&8 98.50+12.48
Final average total length (mm) 7.30+8.90 60.60@8.6 99.00+4.30
Total length increment (mm) -0.20 -7.40c 0.50 a
Feed intake (g) 2.70+0.16 4.62+0.240 3.61+0.21c
Physico-chemistry
Dissolved oxygen (mgt) 5.83+1.56 6.15+1.10 6.31+1.00
Temperature’C) 23.87+2.16 23.71+2.19 23.70+2.17
pH 8.28+1.03 8.28+0.26 8.22+0.22
Electrical conductivity (mScih 1.7940.05 1.8040.05 1.7940.05
Total ammonia (mgt) 2.83+1.03 3.50+1.22 3.13+1.19
Carbon dioxide (mgt) 2.08+0.90 2.16+0.83 2.25+0.86
Chlorides (mgL) 236.81+7.50 240.45+7.22 243.1846.43

Sodium (mgLY)
Potassium (mgt)
Calcium (mgL?)
Magnesium (mgL)

Total Hardness (mgt)

360.00+32.25
7.90£0.53
52.46+15.53
33.10+18.28
263.63+37.22

367.27+24.12
8.00+0.77
53.92+15.96
33.34+17.67
264.54+32.66

370.90+38.32
8.90+0.70
42.63+£15.75
31.39+12.15
248.18+28.20

(Means with similar letter in a single row are staistically similar at p<0.05)
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Table-2. Length weight relationship in fish rearel under semi-intensive cultural
system.
Fish species Regression Equation (I8YY =a+b log*® X) r R?

Treated (Lead Stressed) fish

Catla catla Log weight = -5.26+3.445 log fork length 0.987 0.974
S.E = 0.161**

Labeo rohita Log weight =  -5.35+3.301 log fork length 0.991 0.982
S.E = 0.126**

Cirrhinamrigala Log weight = -5.89+3.5101 log fork length 0.975 0.950
S.E = 0.323**

Catla catla Log weight = -4.53+2.8651 log total lémg 0.885 0.731
S.E = 0.501*

Labeo rohita Log weight = -5.69+3.391 log total leimgt 0.992 0.984
S.E = 0.121*

Cirrhinamrigala Log weight = -4.25+ 3.672 log total diim 0.969 0.938
S.E = 0.198**

Control (Unstressed) fish

Catla catla Log weight = -5.04+3.182 log fork length 0.979 0.992
SE = 0.189**

Labeo rohita Log weight =  -4.67+3.00 log fork length 0.992 0.997
S.E = 0.107**

Cirrhinamrigala Log weight = -4.21+2.718 log fork length 0.986 0.995
S.E = 0.130**

Catla catla Log weight = -5.35+3.231 log total leimgt 0.984 0.994
S.E = 0.168**

Labeo rohita Log weight = -4.98+3.039 log total leimgt 0.991 0.996
SE = 0.116**

Cirrhinamrigala Log weight = -4.27+ 2.670 log total ditim 0.978 0.992
SE = 0.164**

R? = Coefficient of determination
r = Regression coefficient

* = Significant at p<0.05

** = Significant at p<0.01

NS = Non-significant

S.E = Standard Error
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