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The heavy metal(liod)s contamination in aquatic environment and its severe health 
hazardous impacts in aquatic lives are growing challenge worldwide. The present 
study attempted to investigate the effect of heavy metal(loid)s (Lead, Mercury and 
Arsenate) on the reproductive performance of catfish, Clarias batrachus 
(Linnaeus). In the present study, heavy metal exposed group showed reduction of 
Gonado Somatic index (GSI). A reduced GSI lowers and male’s ability to fertilize 
eggs and if the GSI decreased significantly enough, it could lower recruitment and 
population levels. Pollutants also reduced the ovary weight and as well as the 
number of eggs which is directly correlated with the reproductive success. The 
present findings clearly revealed the deleterious effect of lead, mercury and arsenic 
on reproductive success in fresh water catfish, Clarias batrachus (L.) and the study 
was an evidence of inflicting damage to the fish by the heavy metals. 

 
 

1. Introduction 
 
Heavy metal(loid)s are non-essential and non-degradable in 
nature. Contamination of various heavy metal(loid)s in 
aquatic ecosystem poses serious health hazardous impacts 
on all forms of lives in the environmental (Bhakta et al. 
2009; 2012). Pollution of lead (Pb) in aquatic system 
contaminates the trophic organisms of food chain (Kundu et 
al. 2016) and causes nervous systems damage, memory 
deterioration, diminished intellectual capacity in children 
and skeletal disorder (Jarup 2003). Mercury (Hg) and its 
derivatives recognized as dangerous poisons and for causing 
various diseases in body systems (Bidstrup 1964; Fang et al. 
2004; Bhakta and Munekage 2011) such as, carcinogenic, 
mutagenic, teratogenic, etc. Arsenic is one of the serious 
pollutants in the environment having various adverse 
impacts on lives (Bhakta et al. 2016; Sengupta et al. 2008) 

Reproduction is an important factor ensuring the 
continuation of a species by recruitment of the next 

generation. Most fish employ external fertilization and their 
embryos and larvae must be adapted for more or less 
unstable environments including variable salinities, 
temperatures, light, water currents, food supplies and 
predation. The number of surviving offspring depends to a 
large extent on the number of eggs laid and this in turn is 
governed by fecundity and the number of mature females 
themselves. Successful reproduction in fish depends on 
integrated activities of steroids, hormones and proteins in 
the brain, pituitary gland, liver and gonads (Gillesby and 
Zacharewski 1998). Bioaccumulated contaminants can 
disrupt physiological functions in the ovaries and they can 
also affect development rate and size of eggs, which can, in 
turn, affect development and growth of resulting embryos. 
Besides altering sperm viability, xenobiotics can also cause 
reduced sperm counts (Haubruge et al. 2000), reduced GSI 
(Jobling et al. 1996), altered sexual behavior (Bayley et al. 
2002), intersex gonads (Metcalfe et al.  2001), decreased 
secondary sex characteristics (Harries et al.  2000) and 
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delayed sexual maturation (Segner et al. 2003). Some 
researcher studied the toxicity of mercury on developmental 
stages of common carp, Cyprinus carpio (Linn). Different 
developmental stages of common carp, Cyprinus carpio 
(Linn.) were exposed to the mercury stress with mercuric 
chloride. Hatching time of eggs was reduced by 2 to 4 hours 
depending on the concentration of mercury when compared 
to that with control. The results showed that the tolerance of 
common carp to mercury increases with the development of 
fish. Although, the study concerning the adverse impacts 
heavy metal(loid)s to the reproductive performance of fishes 
have been done, the specific study in this regard is also 
needed. 

Therefore, the objective of the present research was to 
test whether the continuous exposure of Clarias batrachus to 
these heavy metal(loid)s (Pb, Hg and As) may affect the 
artificial spawning and the reproductive success of Clarias 
batrachus. 

 
2. Materials and methods 
 
Ripe brood fishes were selected during the spawning season 
that is July to August of 2004. But at places where monsoon 
sets in early it commences spawning from June itself. The 
female broods of 120 - 140 g weight range were selected and 
measured 20 - 26 cm in total length. One hundred sixty fishes 
were divided into eight groups each containing 20 fishes of 
both sexes. The fish was fed by a diet of rice bran and 
crushed aquatic insects. The males were selected on the basis 
of pointed and reddish genital papilla, while females by a 
round and reddish papilla, softness of abdomen and uniform 
size of intra-ovarian oocytes (Sahoo et al. 2004a). Among 
eight groups, one was control and rest seven groups were 
exposed to lead nitrate of 3.0, 5.0 and 7.0 mgl-1, mercuric 
chloride of 0.05 mgl-1, and sodium arsenate of 5.0, 10.0 and 
15.0 mgl-1. 

Intramuscular injection was given slightly above the zone 
of lateral line around the middle region of the body. Both 
treated and control sets of Clarias sp. were hypophysed with 
pituitary extracts at 4 mg/100 g body weight. With selecting 
the spawners it has to be seen that eggs from the female 
extrude easily when pressed at the abdomen. From a good 
female, the eggs were about 15 mm in diameter, yellowish 
brown in colour. The testes were removed from male fishes, 

incised and squeezed to get sperm. The sperms were pooled 
and diluted with 3 ml of physiological saline to prepare a 
sperm suspension. A drop of sperm suspension was checked 
under the microscope for motility. Before stripping, 
individual weight of females was recorded. At the end of the 
desired latency period of 17 h, the females were stripped 
individually into dry and pre-weighed petriplates to record 
the stripped egg weight. The stripped females were killed 
and stripped ovaries were removed to record their weight. 
The stripped eggs of each female were weighed and the 
number was counted.  

Thus, the total number of eggs (spawning fecundity) was 
calculated for an individual female. After three hours of 
incubation, fertilised eggs were counted. Mating behavior, 
ovary weight and number of eggs released at each spawning 
were recorded using standard protocol. The mean Gonad 
Somatic Index (GSI) was calculated and presented with ± 
S.D. values. 
 
3. Results and discussion  
 

The mating behaviour and egg quality of C. Batrachus of 
both the control and treated group is presented in Table 1. 

In control, spawning activity started 16 - 20 hours 
after the injection and it lasted for 6 -12 hours. The 
number of eggs released at each spawning was about 5 to 
15 and 3 to 7 for control and treated fishes, respectively 
(Table 2). Reduction of eggs occurred in treated groups 
because ovulation was affected by these heavy 
metal(loid)s. Deterioration of egg quality was also 
observed at treated groups leading to the lowest 
fertilization and hatching percent compared to that of the 
control. 

The data recorded in Table 3 showed the ovary weight 
of both the control and treated fish. The ovary weight of 
control fish was about 6.41 g where as in case of Pb, Hg 
and As treated fishes, the ovary weight were 6.15 g, 5.99 
g and 6.01 g respectively. Normally the number of eggs 
per gram of ovary weight in case of treated fish was also 
decreased in comparison to control fishes. 

The GSI was presented in the Table 3. It pronounced 
the lowered GSI in fishes of treated groups (Pb, Hg and 
As) compared to that of the control groups. 

 
 
 
Table 1.  Mating behavior of Clarias batrachus of control and treated groups. 
 
 

Parameters Control Treated 
Duration of mating activity Longer, from 6-12 hrs. Shorter, from 5-10 hrs. 

Major load in mating Female takes the load 
and provokes male to 

 

Comparatively less 
active 

Duration of each mating 5 – 10 seconds 5 – 8 seconds 

No of eggs released at each 
spawning 

5 – 15 seconds 3 – 7 seconds 
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Table 2.  Fecundity of Clarias batrachus both control and treated at highest dose. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Gonadosomatic Index (± S.D.) of Clarias batrachus in both control and treated groups. 
 
 

Group Gonadosamatic Index (GSI) 

 Female Male 

Control 7.05 + 0.50 0.29 + 0.01 
Pb treated 6.77  + 0.61 0.26 + 0.03 

Hg treated 6.59 + 0.41 0.23 + 0.01 

As treated 6.61 + 0.69 0.25 + 0.01 

 
 

Ratios of 1500 sperm per egg are needed for good 
fertilization rates in the catfish, Clarias batrachus 
(Rurangwa et al. 1998). Clearly, a reduced GSI lowers an 
individual male’s ability to fertilize eggs. 

From above three tables i.e. Table no. 3, 4 and 5 it was 
found that in case of highest dose of these three chemicals 
(Lead-7.0 ppm, Arsenic-15.0 ppm and Mercury-0.05 mgl-1 

the percentage of viable eggs decreased mostly. So the 
chemicals can potentially alter the reproductive physiology 
of fishes (Folmar et al. 1996). In case of lead the percentage 
of reduction of viable egg was 64% and in case of arsenic 
and mercury the percentages were 31% and 30% 
respectively. So, from the overall breeding performance 
exposed to pollutants was not good and especially in case of 
mercury it was very poor. 

 
3. Discussion  
 

The ovaries weight of Pb, Hg and As treated fishes (5.99 
– 6.15 g) were lower than that of the of control fish (6.41 
g). The number of eggs released at each spawning was 
about 5 to 15 and 3 to 7 for control and treated fishes, 
respectively (Table 1). Figure 1 and 2 clearly 
demonstrated the lowered GSI in fishes of treated groups 
(Pb, Hg and As) compared to that of the control groups. 
All these results clearly indicated that the reduced ovaries 
weight, lowered released rate of eggs and lower GSI in 
treated fish were only due to the impacts of metal(loid)s. 

 
 

 

Group Ovary weight No. of eggs No. of eggs/g of 
ovary weight 

Control 6.41 3905 609 
Pb treated 6.15 3671 597 

Hg treated 5.99 3358 560 

As treated 6.01 3515 585 

234 

Fig. 1 Effect of Lead, Mercury 
and Arsenic on the Gonado 
Somatic Index of Clarias 
batrachus female 

235 
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A serious threat towards reproduction is posed by 

heavy metal(loid)s compounds (mainly heavy metal salts), 
which are absorbed by organisms living in contaminated 
environments. Heavy metals are known to be cumulated in 
fish tissues, reaching concentrations of up to 20000 fold 
higher than in surrounding water environment. It has been 
reported that heavy metal(loid)s affect both quality and 
quantity of the gametes as well as the endocrine system, 
disrupting the gametogenesis. Mechanisms of these harmful 
effects depend on the type of metal and the degree of 
environmental pollution. For example, it is known that 
lead’s toxic effects are linked with the disturbance of LH 
secretion. Cadmium disrupts reproductive function in 
female fish by reducing the weight of ovaries and arresting 
their development. Although zinc and copper are essential 
for fish at physiological concentrations, these heavy metals 
may become dangerous at higher concentrations. Action of 
heavy metals such as mercury and cadmium on spermatozoa 
may include disturbances intrajectory of sperm movement, 
inhibition of the enzymes or fragmentation of DNA. As a 
result of these disturbances, fertilization rate and 
hatchability are often impaired. 

McKim and Benoit (1971), Gardner and LaRoche 
(1973) detected a positive copper dose-response effective 
hatching time and success in several species of fish. Hazel 
and Meith (1970) reported that copper levels exceeding 100 
ppb would kill king salmon (Oncorhynchus tshawytscha) 
eggs. McFarlane and Franzin (1978) reported reduced 
spawning success and reduced egg and larval survival in 
zinc exposed white suckers (Catostomus commersoni). In 
addition, Brungs (1969) cited that exposure to 0.18 mgl-1 
zinc in water (200 mgl-1 hardness) reduced spawning 
frequency in fathead minnows (Pimephales promelas) by 
83%. Dietrich et al. (2004) reported the effects of short-term 
(4 h) exposure of rainbow trout milt to mercury and 
cadmium ions (0, 1, 10, 100, 1000 mgl-1) on the fertilizing 
ability of salmonid (fresh milt) and sturgeon (cryopreserved 
milt) spermatozoa.  

There are evidences that Pb, Cd, Zn and Cu salts pose a 
threat to many fish species by impairing reproduction. This 
may result in the disappearance of many commercially 
valuable species of fish. Ratios of 1500 sperm per egg are 
needed for good fertilization rates in the catfish, Clarias 
batrachus (Rurangwa and others 1998). In present 
investigation, Clarias batrachus exposed to three different 

heavy metal(loid)s. In control fish, the percentage of viable 
eggs was almost 100% but in other three cases at highest 
doses the percentages were 31 %, 64 %, 30 % for Arsenic, 
Lead and Mercury respectively. 
 

4. Conclusion 
 

This study clearly concluded that the Pb, Hg and As have 
adverse impacts on the overall reproductive performance 
of catfish, Clarias batrachus (Linnaeus). Therefore, it 
could be suggested that specific preventive measures 
should be taken to protect the fish from metal(loid)s 
contamination not only during breeding period as well as 
during grow out period of fish for successful breeding 
and production of fishes. Further study concerning the 
genotoxicity effects of metal(loid)s in fish spawn is also 
needed to understand its growth and health in this regard.  
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