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Abstract

This study aimed to investigate the growth performance of three length groups (50, 100
and 150mm) of carnivorous fish species, Channa marulius and Mystus seenghala,
under sub-lethal (1/3™ of LCsg) exposure of water-borne copper, in terms of
increase/decrease in average wet weights (g) and total lengths (mm), condition factor,
feed intake (g) and feed conversion efficiency (%). A group of 10 fish of each species
and length group, with three replications, was separately exposed to water-borne
copper, for 120 days, at constant conditions of water temperature (28°C), pH (8) and
total hardness (250 mg L™). Weekly data on all growth parameters of fish were
collected and analyzed statistically. Results showed that treated fish species exhibited
significantly lower average wet weight and total length increments than control fish that
followed the order: C. marulius>M. seenghala. Among three length groups of both fish
species, 150 mm length group exhibited significantly higher growth in terms of average
wet weight and total length increments than 100 mm and 50 mm length groups
suggesting that younger fish became more susceptible to copper stress hence showed
lesser growth than older fish. The “K” values computed were significantly higher for
treated than the control fish. Copper treated fish exhibited significantly lower feed
intake than control fish. However, among three length groups of fish, order of feed
intake was 150 mm>100 mm>50 mm. C. marulius exhibited significantly higher FCE
as compared to M. seenghala. Overall, it was concluded that sub-lethal copper exposure
caused significant reduction in growth of carnivorous fish.
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Introduction

The contamination of freshwater
ecosystems with a wide variety of
toxicants has become a major issue
worldwide over the past several decades
(Vutukuru, 2005; Bae et al., 2020;
Moon et al.,, 2020). The causative
agents disturbing the natural freshwater
ecosystems include metal-based
fertilizers, industrial and sewage
wastes, agricultural runoff, acidic
rainfall as well as soil leaching (Prasath
and Airvoli, 2008; Atique et al., 2020;
Khanom et al., 2020). Industrial
effluents are the main source of heavy
metals  pollution  of  receiving
ecosystems i.e. soil, sediments and
water, and ultimately posing serious
threats to the indigenous fish fauna of
Pakistan (Rauf et al., 2009). Metals
have a non-biodegradable property
while the rest of the water contaminants
can be biodegraded into the simplest
and less toxic forms over time
(Wepener et al., 2001). However,
metals may transform into more stable,
more toxic and complex forms (Yang
and Rose, 2003).

Among all the aquatic toxicants,
metals are considered to be the most
toxic due to their stability, long
persistence and potential harms during
biomagnification in the aquatic food
chains (Moorthikumar and
Muthulingam, 2010; Saeed et al.,
2020). Zinc, copper and selenium are
among the trace elements which are
primarily  required  for  normal
metabolism, while concentrations above
the permissible limits would cause
lethal effects to the organisms. Copper,
cadmium, silver, manganese,

chromium, nickel, lead, mercury and
zinc are principally studied as indicators
to assess the pollution status of aquatic
ecosystems as they get easily dissolved
in the aqueous medium (Sundarraj et
al., 2014). The heavy metals are taken
up by the living organisms,
accumulated in different organs that can
lead to reducing fish growth or may
cause mortality (Govind and Madhuri,
2014).

To evaluate the pollution level of an
aquatic ecosystem, fish is ideally used
because it is present at the top of the
aquatic food chain. As human diet, fish
may cause hazardous effects to the
human due to its habitat pollution as
fish could not escape from its
environment (Ahmed et al., 2016). The
biological methods are applied for the
estimation of toxic effects of
contaminants on the sensitivity of
various test organisms towards their
physiological,  morphological, and
behavioral indices (Parasuraman, 2011).
The condition factor (K) of a fish is
considered to be the most important
biological  parameter that gives
information about the health status of
fish and its community (Richter, 2007).
Feed intake undoubtedly influences the
growth rates of fish as there is an
intricate relationship among growth,
feeding and other factors of fitness
(Handeland et al.,, 2008). Feed
conversion efficiency (FCE) is the
foremost variable in the aquaculture
enterprises that act as a limiting factor
to assess the growth responses of fish
(Doupe and Lymbery, 2003).

Like all the other essential trace metals,
copper is also required for normal body
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functions and growth of all aquatic
organisms. It is important for enzymatic
activity and plays a significant role in
cellular processes like oxido-reductive
reactions. Copper sulfate is
commercially used in drugs, pesticides
and as a constituent of electric
appliances (Gan et al., 2013). It is
widely used to control algal, fungal and
bacterial diseases of fruit orchards,
vegetables and crops due to its
algaecide and fungicide properties
(Atamanalp et al., 2008). The copper
toxicity is linked with its ionic form i.e.
Cu*®. The higher concentration of
metals in the aquatic medium resulted
in the formation of free radicals in the
body of aquatic organisms that can
cause toxic effects and certain
chromosomal aberrations (Ambreen and
Javed, 2016; Ashraf et al., 2018).
Presently, the chronic toxicity of copper
induces ill-effects on the aquatic
organisms and ultimately disturbs the
feeding rate of species resulting in the
fluctuation in the food pyramid
(Bogdanova et al., 2002).

Channa marulius and Mystus seenghala
are the carnivorous fish species belong
to family “channidae” and “bagridae”,
respectively (Bhatti et al., 2013). They
are on the top of the aquatic food chain
and are mostly found in riverine
systems of Punjab, Khyber
Pakhtunkhwa, Balochistan, and Sindh.
In Pakistan, its commercial value is
very high (Rafique and Khan, 2012).
They are known for their higher protein
and lower fat content than tilapia and
carps.  However, the excessive
discharge of untreated wastewater has

deteriorated the quality of water that
can affect the growth performance of
carnivorous fish (Skouras et al., 2003).
Therefore, the present research project
was conducted to investigate the growth
responses of two carnivorous fish
species viz. C. marulius and M.
seenghala exposed to sub-lethal (1/3"
of LCs) concentrations of water-borne
copper for 120 days.

Materials and methods

This research was carried out at
Fisheries Research Farms, Department
of Zoology, Wildlife and Fisheries,
University of Agriculture, Faisalabad.
The carnivorous fish species viz. C.
marulius and M. seenghala were
brought from Head Qadirabad situated
at river Chenab in the Punjab region.
They were kept in cemented tanks for
10 days to acclimatize under laboratory
conditions. During the acclimatization
period, pelleted feed was supplied to the
fish. After acclimatization, each group
of fish species with similar lengths and
weights was selected and divided into
two groups (n=10) viz. “treated” and
“control”. The both groups were
separately transferred into the glass
aquaria. Stock solutions of desired
concentrations  were prepared by
dissolving CuS0,4.5H,0 in deionized
water. The treated fish group was
exposed to 1/3“ of LCs, copper
concentrations (Table 1) as determined
by Javed (2015) in 35L water capacity
glass aquaria at constant temperature
(28°C), pH (8) and total hardness
(250mg LY, for 120  days.
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Table 1: Sub-lethal (1/3™ of LCs) concentrations of copper for the three length groups of

carnivorous fish species.

Length groups Fish species Sub-lethal concentrations (mgL™)
50mm C. marulius 19.51+0.05
M. seenghala 4.68+0.02
100mm C. marulius 22.81+0.07
M. seenghala 7.12+0.03
150mm C. marulius 30.32+0.08
M. seenghala 8.75+0.03

However, the other group (control) was
kept in a metal free environment.
Aeration was provided continuously to
the fish during each growth trial.

The growth experiments were
conducted with three replications for
each test concentration for each fish
species and length group. During the
whole experimental period, fish were
fed to satiation twice a day with the
supplementary feed having 3.50Kcalg™
digestible energy and 45% digestible
protein. The growth parameters of 50,
100 and 150mm length groups of
Channa marulius and Mystus seenghala
under treated and control media were
monitored on weekly basis in terms of
increase/decrease in  average wet
weights and total lengths, condition

factor, feed intake, and feed conversion
efficiency (Figs. 1 and 2).

The water quality characteristics viz.
temperature, pH, carbon dioxide,
dissolved oxygen, total hardness, and
total ammonia  contents have
considerable effects on the copper
toxicity. So, these parameters should be
maintained during the trials. Water
temperature and pH were recorded by
electronic meter HANNA HI-8424
while dissolved oxygen by using the
digital meter, HANNA HI-9146.
However, total  hardness, total
ammonia, carbon dioxide, calcium,
magnesium, sodium and potassium
were analyzed by methods of American
Public Health Association (APHA)
(2012).
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Statistical analyses

Three replications were used for each
length group, treatment and fish
species. The differences between
various growth parameters (average wet
weight (g) and total length (mm)
increments, condition factor, feed
intake (g), and feed conversion
efficiency (%) of 50, 100 and 150mm
length groups of treated and control fish
(Channa  marulius and  Mystus
seenghala) were analyzed statistically
through Factorial experiments under
Randomized Complete Block Design
(RCBD) by using Statistix®! computer
software. The means were compared for
statistical differences by employing
Tukey’s/Student Newman-Keul test.

Results

Average wet weight increments

The experiments were performed to
determine  the sub-lethal  copper
exposure effects on the growth
performance of 50, 100 and 150 mm
length groups of two carnivorous fish
species viz. C. marulius and M.
seenghala. There existed statistically
highly significant differences among
the length groups, treatments and
species regarding increase in average
wet weights (Table 2).

Regarding overall means computed for
increase in average wet weights of the
three length groups of fish, the order
found was 150mm>100mm>50mm.
The treated fish species showed
minimum increase in average wet
weight than the control fish. Among the
two fish species, C. marulius exhibited
maximum increase in average wet
weight as compared to the M.
seenghala.

Average total length increments
The analysis of variance on increase in
average total lengths shows that there
existed statistically highly significant
differences among the length groups,
treatments and species (Table 3).
Among the three length groups of
fish, 50 mm length group showed lower
increase in average total length
than100mm and 150 mm length groups.
However, the copper treated C.
marulius and M. seenghala exhibited
lower average total length increments as
compared to the control fish. The fish,
M. seenghala revealed lower increase in
average total length than that of C.
marulius with the mean values of
0.98+0.52 and 157£0.85 mm,
respectively.


https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.3.8.1
http://jifro.ir/article-1-3478-en.html

[ Downloaded from jifro.ir on 2026-06-30 ]

[ DOR: 20.1001.1.15622916.2021.20.3.8.1 ]

Iranian Journal of Fisheries Sciences 20(3) 2021 779

Table 2: Analysis of variance on increase in average wet weights (g£SD) of fish.

Length groups x Species

Length groups Species *Qverall means+SD
C. marulius M. seenghala
50mm 0.28+0.13 b 0.17+0.07 c 0.23+0.08 ¢
100mm 0.34+0.14 ab 0.22+0.11 b 0.28+0.08 b
150mm 0.39+0.16 a 0.41+0.17 a 0.40+0.01 a
Overall meanszSD 0.3440.06 a 0.27+0.13 b
Length groups x Treatments
Length groups Treatments
Treated Control

50mm 0.18+0.08 b 0.28+0.13 a 0.23+0.07 ¢
100mm 0.18+0.08 b 0.39+0.16 a 0.28+0.14 b
150mm 0.27+0.12 b 0.53+0.18 a 0.40+0.18 a
Overall meanszSD 0.21+0.05 b 0.40+0.13 a
Species x Treatments

. Treatments
Species Treated Control
C. marulius 0.33£0.13 a 0.34+0.14 b 0.34+0.01 a
M. seenghala 0.08+£0.05 b 0.45+0.17 a 0.27+0.26 b
Overall means+SD 0.21+0.18 b 0.40+0.08 a

Means with similar letters within a single row and *column are statistically non-significant at p<0.05.

Table 3: Analysis of variance on increase in average total lengths (mm=SD) of fish.

Length groups x Species

Species -

Length groups C marulius M. seenghala Overall means+SD
50mm 1.06+0.11 ¢ 0.69+0.06 ¢ 0.88+0.26 ¢
100mm 1.58+0.15 b 0.82+0.08 b 1.20+0.54 b
150mm 2.08+0.21 a 1.43+0.14 a 1.76+0.46 a
Overall means+SD 1.57+0.51 a 0.98+0.40 b
Length groups x Treatments
Length groups Treatments

Treated Control
50mm 0.51+0.05 b 1.24+0.12 a 0.88+0.52 ¢
100mm 0.88+0.09 b 1.52+0.15a 1.20+0.45 b
150mm 0.99+0.10 b 2.52+0.25a 1.76+1.08 a
Overall means+SD 0.79+0.25 b 1.76+0.67 a
Species x Treatments
Species Treatments

Treated Control
C. marulius 0.97+0.10 a 2.17+0.21 a 1.57+0.85 a
M. seenghala 0.61+0.06 b 1.35+0.13 b 0.98+0.52 b
Overall means+SD 0.7940.25 b 1.76+0.58 a

Means with similar letters within a single row and *column are statistically non-significant at p<0.05.

Condition factor

Table 4 shows analysis of variance on
condition factor that varied significantly
among the length groups, treatments
and species. Regarding overall means
of condition factor, the three length

groups followed the order: 50 mm>100
mm>150 mm. Highy significant
differences were found between two
treatments viz. copper treated and
control with the mean values of
1.22+1.34 and 0.79+0.66, respectively.
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The differences between both the fish
species were also found highly
significant at p<0.01 for their condition

marulius exhibited significantly higher
condition factor values than the M.
seenghala.

factor. Among the two fish species, C.

Table 4: Analysis of variance on condition factor (xSD) of fish.

Length groups x Species

Species x

Length groups C marulius M. seenghala Overall means+SD
50mm 2.64+0.26 a 1.65+0.16 a 2.15+0.70 a
100mm 0.67+£0.06 b 0.46+£0.05 b 0.57+0.15 b
150mm 0.35+0.04 c 0.24+0.02 ¢ 0.30+0.08 ¢
Overall means+SD 1.22+1.24 a 0.78+0.76 b
Length groups x Treatments
Length groups Treatments

Treated Control
50mm 2.76%£0.27 a 1.53+0.15 b 2.15+0.87 a
100mm 0.56+0.06 a 0.57+0.07 a 0.57+0.01 b
150mm 0.33+0.03 a 0.26+£0.02 b 0.30+0.05 ¢
Overall means+SD 1.22+1.34 a 0.79+0.66 b
Species x Treatments
Species Treatments

Treated Control
C. marulius 1.61+0.16 a 0.83+0.08 a 1.22+0.55 a
M. seenghala 0.82+0.08 b 0.74+£0.07 b 0.78+0.06 b
Overall means+SD 1.22+0.56 a 0.79+0.06 b

Means with similar letters within a single row and *column are statistically non-significant at p<0.05.

Feed intake

The analysis of variance on feed intake
shows that there existed statistically
highy significant differences among the
length groups, treatments and species
(Table 5).

Among the three length groups of C.
marulius and M. seenghala, the 150
mm length group showed significantly
higher feed intake, followed by that of
100 mm and 50 mm length groups.
Among the treatments, the copper
treated fish exhibited lower feed intake
as compared to the control fish. C.
marulius showed higher feed intake
values than that of M. seenghala,
among the two fish species.

Feed conversion efficiency

Table (6) shows that statistically highly
significant variations were existed in
the feed conversion efficiency, among
all the length groups, treatments and
species. The overall means showed that
50 mm length group of C. marulius and
M. seenghala revealed better FCE than
the other length groups of fish.
However, there existed statistically non-
significant variations in FCE of 100
mm and 150 mm fish length groups.
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Table 5: Analysis of variance on feed intake (g+SD) of two fish species.

Length groups x Species

Species x
Length groups C marulius M. seenghala Overall means+SD
50mm 0.47+0.04 c 0.21+0.02 ¢ 0.34+0.18 ¢
100mm 0.67+0.07 b 0.62+0.06 b 0.65+0.04 b
150mm 1.14+0.14 a 0.73+0.08 a 0.94+0.29 a
Overall means£SD 0.76+£0.34 a 0.52+0.27 b
Length groups x Treatments
Length groups Treatments
Treated Control

50mm 0.19+0.01 b 0.49+0.04 a 0.34+0.21 ¢
100mm 0.25+0.02 b 1.04+0.10 a 0.65+0.56 b
150mm 0.51+0.05 b 1.36+0.13 a 0.94+0.60 a
Overall meansxSD 0.32+0.17 b 0.96+0.44 a
Species x Treatments

. Treatments
Species Treated Control
C. marulius 0.40+0.05 a 1.12+0.12 a 0.76+0.51 a
M. seenghala 0.23x0.02 b 0.80+0.08 b 0.52+0.40 b
Overall means+SD 0.32+0.12 b 0.96+0.23 a

Means with similar letters within a single row and *column are statistically non-significant at p<0.05.

Table 6: Analysis of variance on feed conversion efficiency (%=SD) of fish.

Length groups x Species

Species -

Length groups C marulius M. seenghala Overall means+SD
50mm 85.06+0.53 a 74.30+0.43 a 79.68+7.61 a
100mm 63.13+0.37 b 36.82+0.25 ¢ 49.98+18.60 b
150mm 51.82+0.31 ¢ 57.86+0.34 b 54.84+4.27 b
Overall meansxSD 66.67+16.90 a 56.33+18.79 b
Length groups x Treatments
Length groups Treatments

Treated Control
50mm 81.71+0.49 a 77.65+0.46 b 79.68+2.87 a
100mm 72.56+0.41 a 27.40+0.22 b 49.98+31.93 b
150mm 68.65+0.39 a 41.03+0.29 b 54.84+19.53 b
Overall means+SD 74.31+6.70 a 48.69+25.99 b

Species x Treatments

Species Treatments

Treated Control
C. marulius 109.98+0.60 a 23.36£0.21 b 66.67+61.25 a
M. seenghala 38.63+0.26 b 74.02+0.42 a 56.33+25.02 b
Overall means+SD 74.31+50.45 a 48.69+35.82 b

Means with similar letters within a single row and *column are statistically non-significant at p<0.05.

The copper treated fish groups showed
higher feed conversion efficiencies than
the control fish groups. Regarding
overall means, C. marulius exhibited
higher values of FCE as compared to

M. seenghala, among the two fish
species. However, in control media, M.
seenghala showed better FCE as
compared to the C. marulius with the
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mean values of 74.02+0.42 and
23.36+0.21%, respectively.

Discussion

Metals can cause adverse impacts on
the fish immunity that can ultimately
lead to increased disease susceptibility
as well as decline in reproduction and
growth capabilities (DeForest and
Meyer, 2014). The exposure of sub-
lethal concentration of metals could
cause chronic stress leading to lesser
growth in fish (Jadhav et al., 2010).
During present study, 150 mm length
group gained significantly higher wet
body weight, total lengths and feed
intake as compared to the 100 mm and
50 mm length groups of fish. On the
other hand, the condition factor and
FCE values were significantly higher in
50 mm length groups. Length (age)
group related toxicity of metals to the
fish was also reported by Abbas et al.
(2018). The present results are parallel
to the findings of Subathra and
Karuppasamy (2007) who concluded
that fingerlings displayed reduced
feeding and growth rates than the adult
fish, Mystus vittatus when exposed to
sub-lethal copper concentrations for
duration of 60 days. Furthermore, there
were significant differences in feed
conversion efficiencies of two life
stages of metal treated and control fish.
Ansari et al. (2006) observed that
copper toxicity to the fish (Puntius
chola) decreased significantly with an
increase in body length. The growth
behaviours of 60, 90 and 120-day old
fish age groups of two species (Labeo
rohita and Catla catla) under sub-lethal
copper exposure concentrations were

investigated by Ameer et al. (2013).
They found that the 120-day metal
stressed fish had significantly better wet
weight increment than 60- and 90-day
age groups of fish. The effects of cobalt
on growth responses of three age
groups (60, 90 and 120-day) of Labeo
rohita were evaluated by Abbas and
Javed (2016a). Feed intake, average wet
weight and total length increments were
found maximum in 120-day fish age
group than 60 and 90-day age groups.
During the present investigation, it
was found that all the three length
groups of copper treated C. marulius
and M. seenghala showed significantly
lower growth in terms of an increase in
average wet weights and total lengths
than the control fish. These findings are
in accordance with the results of
Mickeniene et al. (2007). They
conducted a trial to study the effects of
sub-lethal copper concentrations on the
growth performance of Onchorhynchus
mykiss for a period of 20 days. Weight
gain was observed maximum in control
fish as 133.10+2.37 mg while it was
minimum as 106.10+3.76 mg in copper
treated fish. The present findings are
also in conformity with the findings
reported by Naz et al. (2008). They
found that sub-lethal concentrations
exposure of lead showed a statistically
significant decrease in wet weights and
lengths of major carps during 30-day
growth trial. Hayat (2009) performed an
experiment in which he treated major
carps to sub-lethal metal concentrations
and found less weight gain in stressed
fish as compared to the control. During
the present investigation, the condition
factor was lower in control than copper
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treated fish. Contradictory to present
results, Giguere et al. (2004) found that
the metals (copper, cadmium, and zinc)
treated yellow perch (Perca flavescens)
exhibited significantly lower condition
factor than the control one. The feed
intake of 50, 100, and 150 mm length
groups of copper treated fish were
significantly lower during present
investigation as compared to the control
fish groups. These results are similar to
the findings of Witeska et al. (2010)
who evaluated lower feed intake values
in copper treated Barbus barbus in
comparison to the fish without given
metal stress, during growth trial of 14
days. Water-borne as well as dietary
exposure of copper can reduce the feed
intake and growth capability of Clarias
gariepinus (Hoyle et al., 2007). The
present findings are also in conformity
with Mohanty et al. (2009). They
reported that as a result of sub-lethal
copper stress, feed intake was reduced
significantly  (p<0.05) in Cirrhina
mrigala. The feed conversion efficiency
of control fish group was lower than
copper treated fish during present
investigation. Gharedaashi et al. (2013)
found that CuSO, treatment exerted
negative impacts on feed conversion
efficiency of Rutilus frisii. James et al.
(2003) conducted an experiment in
which they studied water-borne toxicity
of copper on the growth performance of
Xiphophorus helleri for 140 days. They
observed a reduction in feed conversion
efficiency as 8.70+4.76% in treated
fish.

Species-specific variations in the
growth potential as also observed
during present investigation were also

recorded by Abbas and Javed (2016b).
They conducted a 90-day trial to
evaluate the impacts of sub-lethal
concentrations of metals mixture
(Pb+Zn+Mn) on the growth
performance of Hypophthalmichthys
molitrix, Ctenopharyngodon idella,
Cirrhina mrigala, Labeo rohita and
Catla catla. Among all the fish species,
C. mrigala exhibited significantly the
highest average wet weight increment
and specific growth rate. Ibrahim et al.
(2008) found that metals (Pb, Cu, Zn
and Cd) exposure exerted significantly
varied impacts on the growth and
condition factor of all the three fish
species (Tilapia zilli, Oreochromis
niloticus and Sarotherodon galilaeus).
Statistically significant but least growth
rate was recorded for T. zilli while the
highest growth was found in O.
niloticus. S. galilaeus exhibited the
lowest condition factor value of 1.74
while T. zilli had the highest value as
1.94. Naz and Javed (2013) found
species-specific variations in weight
increments among five fish species
when subjected to 1/3® of LCso
exposure concentrations of Zn+Ni
mixture for duration of 12 weeks.
Increase in average wet weights among
all the fish species followed the order:
Ctenopharyngodon idella>  Labeo
rohita> Hypophthalmichthys molitrix>
Cirrhina mrigala> Catla catla. The
fish, C. catla exhibited significantly
highest feed conversion efficiency,
followed by L. rohita, C. idella, C.
mrigala and H. molitrix.

It was concluded that the
carnivorous fish species treated with
sub-lethal copper  concentrations
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showed significantly reduced average
wet weight and total length increments
than the control fish that followed the
order: C. marulius> M. seenghala.
Among the three length groups of C.
marulius and M. seenghala, 150mm
fish length group exhibited significantly
higher average wet weight and total
length increments than 100mm and
50mm length groups of fish. The
control fish group exhibited
significantly lower condition factor as
compared to the treated fish group. The
condition factor computed for 50mm
length group of both the fish species
was significantly higher than 100mm
and 150mm fish length groups. The
copper treated C. marulius and M.
seenghala exhibited significantly lower
feed intake than control fish species.
Among the three length groups of fish,
the order of feed intake was 150
mm>100 mm>50mm. The overall
means showed that feed conversion
efficiency of the copper treated fish was
significantly higher than the control
fish. The FCE of three length groups of
fish followed the order: 50 mm>150
mm>100 mm. Among both the fish
species, C. marulius exhibited
significantly better FCE than M.
seenghala. Overall, it was concluded
from the present investigation that sub-
lethal  copper  exposure  caused
significant reduction in the growth
performance of carnivorous fish
species. Also, the fish of young age
became more susceptible to metallic ion
(copper) stress ultimately showed lesser
growth rate as compared to the old age
fish. There were found species specific

growth differences among the both
carnivorous fish species.

This study would be helpful for the
environmentalists and policy makers so
that they could devise strategies to limit
the exposure of toxic metal i.e. copper
in the natural aquatic ecosystems of
Pakistan. Also, the results of present
investigation would be beneficial for
the fish farmers and consumers so that
they become conscious to farm and
consume metal exposed fish in order to
avoid dreadful health consequences.
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