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One group of three fish species, Catla catla, Labeo rohita and Cirrhina mrigala, was exposed to sub-lethal
concentrations of lead (Pb), separately, in aquaria for 30 days while other was kept un-stressed as a control. After
exposure period both stressed and control fish were shifted to earthen ponds to rear, separately, for six months to
study their growth, nitrogen conversion ratio (NCR) and yield at final harvest. Statistical analysis of the research
data showed significant effects of fortnights, species and treatments on wet weights, fork and total lengths of
three fish species. Among three fish species C. mrigala gained maximum weigh of 53.76+ 7.39 g that varied
significantly (P<0.05) from that of L. rohita (41.7+ 9.48 g) but non-significantly from the weight gains of C. catla
(52.65+ 9.40 g). Fork and total length increments were observed significantly (P<0.05) higher in C. mrigala
followed by that of C. catla and L. rohita. Fish stressed at sub-lethal level of Pb showed significantly (P<0.01)
lower weights, fork and total lengths as compared to the control fish. Fortnights (P<0.05), species, treatments and
the interaction (species x treatments) exerted significant (P<0.05 effects on NCR. On the basis of this
investigation, it was concluded that sub-lethal metal (lead) exposure to the fish at fingerling stage had long term
effects on growth (weight, fork and total length gains), NCR and yield of fish when cultured in grower ponds.
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INTRODUCTION MATERIALS AND METHODS

Heavy metals occur naturally in traces under aquatic The experiment was conducted at the Fisheries
environments, presently their levels have increased Research Farms, University of Agriculture, Faisalabad,
due to industrial, agricultural and mining activities. Pakistan. Two months old fingerling major carps viz. C.
Resultantly the aquatic life has become prone to the catla, L.rohita and Cirrhina mrigala (induced bred) were
toxic effect of heavy metals (Kalay and Canli, 2000). kept for two weeks, under laboratory conditions in
Among contaminants, the heavy metals are considered cemented tanks for acclimation. After the acclimation
to be most hazardous at global level with reference to  each species of fish was divided into two groups. The
their toxicity (Vuren et al., 1999) and bioaccumulation  wet weights, fork and total lengths of both groups of
in aquatic biota (Javed 2005). Lead occurs in fish were measured and recorded prior to start the
environment in a wide range of physical and chemical experiment. One group of each fish species was kept
forms that influence the behavior of fish adversely at unstressed (control) while the other group was
concentration higher than normal. Most of the lead in  exposed to sub-lethal concentrations of lead for 30
the environment is in the inorganic form and exists in  days in glass aquaria. The sub- lethal levels (1/3 " of
several oxidized states (Jackson et al., 2005). Pb is  LCsg) of lead were kept as 8.83, 10.00 and 16.67 mg L™
the most stable ionic species present in the for C. catla, L. rohita and C. mrigala, respectively (as
environment, and is thought to be the form in which the  determined by Javed and Abdullah, 2003). The pure
maximum bioaccumulation of Pb occurs in aquatic chloride compound of lead (PbCl,) was dissolved in
organisms. However, the toxicity of Pb depends upon distilled water to prepare a stock solution of 100 ppm
many factors including fish age, pH and hardness of and further desired dilutions were made as per
the water (Nussey et al., 2000). requirements of test mediums. All stress trials were
The unsafe concentrations of heavy metal pollutants in  conducted with three replications.
our riverine systems and their negative impact on fish  Continuous air was supplied to all the test mediums
necessitated to plan and conduct this research project with air pumps through capillary system. The fish were
to see the growth response and nitrogen conversion also dispensed with the feed (35 percent digestible
efficiency of lead stressed major carps under semi- protein and 2.90 kcal g™ digestible energy) to satiation
intensive polycultue system. at 10:00 hours daily. For 30 days stress trial, the
parameters viz. feed intake, increase or decrease in
average weight, fork and total lengths of three fish
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species were determined. During these exposure
experiments, the water quality parameters viz.
temperature, dissolved oxygen, electrical conductivity,
pH, carbon-dioxide, total ammonia, chlorides, sodium,
potassium, calcium, magnesium and total hardness of
water were monitored at 09:00 hours daily by following
the methods of A.P.H.A. (1989).

Fish growth studies in ponds

After sub- lethal metal stress trails of 30 days, both
stressed and unstressed fish (control) were stocked in
outdoor earthen ponds, separately, with the stocking
density of 2.87 m® per fish following Javed et al.
(1996). The interspecies ratio for C. catla, L. rohita and
C. mrigala was 30, 50 and 20 percent, respectively.
The next day of stocking, all the ponds were fertilized
with poultry droppings on the basis of its nitrogen
contents @ 0.16 g nitrogen / 100 g of fish weight daily.
However, when the water temperature exceeded 22 °C,
supplementary feed (35 percent digestible protein and
2.90 K cal g * digestible energy) was also offered to
fish daily (six days a week) at the rate of 2 percent of
fish biomass.

For growth studies, test netting of fish was performed
on fortnightly basis. Fish growth parameters viz. wet
weight, fork and total lengths were recorded on
fortnightly basis for six months. Fish yield and nitrogen
conversion efficiency was also determined for both
stressed and unstressed (control) fish.

Limnological Studies of pond

Among physico-chemical parameters, water
temperature, pH, electrical conductivity, dissolved
oxygen and carbon-dioxide of pond water were
recorded on daily basis using digital meters while total
ammonia, chlorides, sodium, potassium, calcium,
magnesium, total hardness, total alkalinity, nitrates,
ortho-phosphates and dry weights of planktonic
biomass were determined on weekly basis by following
the methods of A.P.H.A. (1989) and Javed , (1988).

Statistical analysis of data

The data on various parameters of fish growth and
limnology of each pond were subjected to statistical
analysis by following Steel et al. (1996) through
microcomputer. MSTATC, MICROSTAT and
STATISTICA packages were used to find out the
analysis of variance and comparison of means of
different variables under study.

RESULTS AND DISCUSSION

Analysis of variance revealed that the fortnights,
species and treatments had statistically significant
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effects on the performance of fish in terms of weight,
fork and total length increments. The interaction of
species and treatments was also found significant at
p<0.05. Among three fish species C. mrigala gained
significantly higher mean wet weight (53.76+7.399)
than L. rohita. However, this fish showed non-
significant difference for weight increment when
compared to C. catla. C. mrigala also showed
significantly higher values of fork and total length
increments as compared to L. rohita and C. catla.
These results are in line with the results reported by
Mahmood (2001) who reported better performance of
C. mrigala than L. rohita and C. catla under the
influence of feed containing 30% crude protein. Yasmin
(1993) and Javed et al. (1993) also reported better
performance of C. mrigala than other two species
under polyculture in earthen ponds. When the two
treatments were compared for all species, the fish
stressed with sub-lethal concentration of lead showed
significantly lower weight increment (42.20+35.52Q)
than control fish (55.55+29.47g). Fork and total lengths
also exhibited the same trend as observed for weight
increments. Considering the interaction (species X
treatments), all three control fish species showed
significantly higher weight, fork and total length
increments than the metal stressed fish when reared
under semi—intensive culture system (Table 1). During
present investigation, three fish species gave variable
growth response after sub-lethal metal exposure.
According to Woodward et al. (1994), the heavy metal
toxicity may affect the physiological functions of fish
resulting in reduced growth. Hayat et al. (2007) also
reported significantly lower weights, fork and total
lengths in C. catla, L. rohita and C. mrigala reared
under semi-intensive culture after sub-lethal metal
(manganese) exposure of 30 days.

Fortnights (P<0.01), species, treatments and the
interaction (speciesxtreatments) exhibited significant
(P<0.05) effects on the performance of fish towards
NCR. The best NCR (g nitrogen added to gain 1g fish
weight) value was recorded as 1.67+1.52 during 7"
fortnight while the same was the lowest as 12.54+3.41
during 1% fortnight. Among three fish species, C.
mrigala showed mean maximum NCR value of
10.80+5.07 significantly better than C. catla and L.
rohita. Considering the comparison of treatments, the
lead stressed fish showed significantly lesser NCR
(11.57+£2.79) than that of fish under control treatment
(Table 2). The interaction (species x treatments)
revealed that all three fish species stressed with sub-
lethal metal concentration showed significantly poor
NCR than that of control treatment. There adverse
effects of metal toxicity significantly influenced the
performance of fish towards the NCR. Environmental
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Table 1. Analysis of variance on wet weights (g), fork length and total length of three fish species reared
under semi-intensive culture system

Mean Square
O.V. D.F.

S0 Average weight Average fork length Average total length
Fortnights 12 6169.0217 P 4057.49 P 3502.028 P
Species 2 828.449 P 1546.65 P 560.299 P0%
Treatment 1 153.188 "<0% 114.498 P<0% 889.009 P
Species x Treatment 2 167.869 "% 136.691 "% 1339.420 PO
Error 60 85.191 34.797 666.885

** = Significant at p<0.

01

* = Significant at p<0.05

Comparison of Means

NS = Non-significant

Fortnights Average weight Average fork length Average total length
1 16.22+ 2.42¢g 91.68+ 88L1li 113.91 +27.41f
2 23.22+ 2.73fg 105.96+ 7.72h 121.92 + 8.04 ef
3 27.76 + 5.34 ef 110.96 + 8.18 h 127.02 £ 15.76 ef
4 29.80 + 6.62 ef 118.61+ 7.80¢g 135.27 + 8.30de
5 31.37+ 6.69 ef 121.83+ 9.21fg 139.82 + 10.07 de
6 33.00+ 5.41ef 123.66 + 8.97 efg 141.50 £ 10.44 de
7 33.88+ 5.24 def 125.40+ 8.70 efg 144.18 + 11.51 de
8 35.46+ 5.20 de 127.15+ 9.04 ef 146.67 £ 11.51 cde
9 37.31+ 4.60de 130.06 + 9.08 e 149.25 + 11.47 bede
10 4441+ 6.42d 137.30+13.84d 157.20 £ 15.98 bcde
11 68.35+11.37c 154.81+11.32¢c 177.12 +12.84 ab
12 92.39+15.66 b 170.47+ 9.23b 193.82+11.77 a
13 129.52 +27.22 a 186.91+ 6.20a 212.13+ 7.20 abc

Means with different letters in a column differ significantly (p<0.05) from each other

Species Average weight (g) Average fork length (mm) | Average total length (mm)
Catla catla 52.65+9.40 a 12555 +5.38 b 148.72+8.35 b
Labeo rohita 41.72+9.48Db 129.40+8.70b 149.19+7.72 b
Cirrhina mrigala 53.76 £ 7.39 a 139.77 £5.18 a 161.45+7.95 a

Means with different letters in a column differ significantly (p<0.05) from each other

Treatment
Lead stressed fish 42.20+3552Db 131.47 £26.97 b 143.98+37.07 b
Control fish 55,55+ 29.47 a 142,98 £ 26.41 a 152.73+29.74 a

Means with different letters in a column differ significantly (p<0.05) from each other

Species x Treatments
. Average folk length Average total length
Species x Treatment Average weight (g) (mm) (mm)
Treated Control Treated Control Treated Control
Catla catla 44.07 b 55.34a 122.03 b 132.08 a 14547 b 151.98 a
Labeo rohita 4154 b 49.88 a 123.66 b 127.80 a 139.79b 149.58 a
Cirrhina mrigala 49.96 b 54.79 a 138.65 b 140.84 a 149.17 b 162.16 a

Means with different letters in a row. under each arowth narameter. differ sianificantlv (0<0.05) from each other
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Table 2. Analysis of variance on nitrogen conversion ratio (NCR*) and yield (g) of metal stressed and
control fish reared in earthen ponds

Mean Square
S-0.V. D-F. NCR Fish Yield
Fortnights 12 7835.357 P01 6210095.260 P
Species 2 1101.687 P09 1484577.646 P
Treatment 1 260.461 PO 31154603.840 "
Species x Treatment 2 1366.916 P0°° 1497218.460"°
Error 7 60 806.094 1408367.832
S.E. for: Fortnights = 11.5909 484.4873

Species = = 5.5681 232.7402

Treatment = 4.5463 190.0316

Species x Treatment = 7.8745 329.1443

Comparison of Means (+SD)

Fortnight # Mean NCR Mean Fish Yield (g)
1 1254 +3.41a 666.41 + 496.31 e
2 10.06 +5.10 ab 945.44 + 645.49 e
3 8.29+3.58b 1083.85 + 654.97 de
4 3.06+2.10¢c 2365.78 + 886.80 bcd
5 249 +2.27d 1213.04 + 681.54 de
6 271+299d 1296.50 + 782.19 de
7 1.67+152e 1342.51 + 825.25 de
8 2.03+1.55d 1410.83 + 886.37 cde
9 261+273d 1525.13 + 754.39 cde
10 9.11+3.440b 1763.93 + 839.08 cde
11 11.20+2.11a 2774.27 + 793.08 abc
12 715+395b 3636.58 + 363.08 abc
13 7.15+233b 3820.68 + 986.26 a
Species Mean NCR+SD Mean Fish Yield (g+SD)
Catla catla 15.70 +6.77 a 2158.29 + 696.19 a
Labeo rohita 13.74+7.58 b 2259.57 +638.25 a
Cirrhina mrigala 9.80+5.07c 1300.66 + 330.29 b
Treatment
Lead stressed fish 11.57+2.79a 1206.97 £ 432.38 b
Control fish 9.92+1.99b 2470.96 + 678.20 a

Mean with similar letters in a column under each variable are statistically similar at p>0.05

Species x Treatment Mean NCR Mean Fish Yield (g)
Lead Stressed Control Lead Stressed Control
Catla catla 18.43 a 13.96 b 1668.59 b 2655.66 a
Labeo rohita 18.36 a 9.13b 1371.12b 3189.30 a
Cirrhina mrigala 1140 a 8.19b 581.21b 1567.93 a

Mean with similar letters in a single row under each variable are statistically similar at p>0.05
NCR* = a nitrooen added to cain 1 a fish weiaht
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stress influences both the quality and quantity of
energetic lipids in fish body (Adams, 1999). Sub-lethal
metal exposure to the fish may result in enhanced
metabolic costs (Sherwood et al., 2000). Ultimately, the
storage of lipid and productive processes are
depressed (Adams, 1999; Congdon et al., 2001).

Statistical analysis showed the significant (P<0.05)
influence of fortnights, species and treatments on the
yield of fish. Among three fish species L. rohita
(2259.57+638.25g) and C. catla (2158.29+696.199)
gave significantly higher vyields than C. mrigala
(1300.66+330.29g). However, the difference between
L. rohita and C. catla was observed non-significant.
Considering the treatments, the heavy metal exposed
fish gave significantly lower yield of 1206.97+432.38¢g
than the control treatment (2470.96+678.20g). In
present investigation, C. mrigala gave better
performance towards growth and NCR than other two
species but its yield remained minimum. The reason
for the same was lower stocking density of C. mrigala
(only 20%) as compared to L. rohita (30%) and C. catla
(50%), kept due to its bottom feeder behavior following
(Javed et al., 1996; Hassan, 1996). Analysis of
variance showed statistically significant (P<0.05)
differences between treatments for temperature,
dissolved oxygen, electrical conductivity and sodium.
However, the values of pH, total ammonia, chloride,
potassium, calcium, magnesium, total hardness, total
alkalinity, nitrates, phosphates and planktonic biomass
showed  statistically  non-significant  differences
between treatments (Table 3). The findings of Singh
and Jee (2000) also substantiate the present results as
they reported significant variations in different physico-
chemical parameters in relation to fish productivity in

ponds stocked with C. catla, L. rohita and C. mrigala
under semi-intensive culture conditions. Mahboob and
Sheri (2002) also explained the similar results while
investigating the influence of fertilizers and artificial
feed on the seasonal variations in physico-chemical
factors in fish ponds.
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