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ABSTRACT
The effects of cadmium (Cd) and nickel (Ni) toxicity on embryonic and larval development of
Hypophthalmichthys molitrix and Ctenopharyngodon idella was determined. Different concentrations
(0.1, 0.3, and 0.5 mg/l) of Cd and Ni were administered in separate trials to the fish after spawning to
168 h post-hatching (hph) period. Cd was more toxic to the embryos of both fish, as highest
embryonic mortality (%) of H. molitrix and C. idella was observed. However, Ni was found to be more
toxic to the larvae of H. molitrix and C. Idella with highest larval mortality at 168 hph. However, Ni was
found to be more toxic to the larvae of H. molitrix and C. idella with highest larval mortality at
168 hph. The study found a significant effect of heavy metal and metal concentration for causing
deformities in H. molitrix. However, in C. idella only the effect of metal concentration on fish
deformities was significant. Furthermore, Ni was found to cause more deformities as compared to Cd
in H. molitrix. While Cd was found to cause more deformities as compared to Ni in C. idella. In
conclusion, the study suggests that Cd and Ni may cause serious deformities in fish.
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Introduction

The contamination of aquatic ecosystems with various trace
elements is a worldwide issue, posing health risks to both
marine life and humans (Naz et al. 2023) . Run-off from indus-
trial and agricultural areas flows into rivers, introducing trace
elements into the water, sediments, and plankton (Naz et al.
2022). Toxicants like heavy metals in water are considered as
a major threat to aquatic creatures as well as public health.
These toxins enter the food chain through water, microbes,
aquatic plants and fish, and eventually into our bodies via con-
sumption of water and foods (Abbas et al. 2019). Recent
research has shown the deposition of different metals on the
liver and kidneys of animals, particularly in restricted waters
like the Mediterranean, and have highlighted the necessity
for continuous scene monitoring. Exposure to heavy metals
has been linked to substantial threats to human and environ-
mental health as a result of human activities such as industrial
and agricultural drainages (Green et al. 2010). Heavy metals
often collect in both the soft and hard parts of fish due to bioac-
cumulation. The presence of these metals in fish can indicate
their levels in water bodies. Moreover, these metals can be
transferred from fish to the organisms that consume them in

the food chain (Naz et al. 2023). Different heavy metals such
as Cu, Zn, and Cd, among other hazardous heavy metals, are
widely recognized to exist in high amounts in many aquatic
ecosystems, causing harm to living animals (Meybeck et al.
2007; Naz et al. 2021).

Fish provide essential proteins and nutrients to various
organisms including human. Yet, the rise in environmental
pollution, primarily from industrial and agricultural growth, is
leading to the increased presence of trace elements in these
fish. Consequently, freshwater species accumulate these
toxins in various organs, including the kidneys, liver, and
muscles (Chatha et al. 2023). Fishes are regarded to be the
most important biomonitors in aquatic systems for estimating
metal pollution levels because they are very sensitive to the
accumulation of trace elements and are big enough to
analyse the concentration of various trace elements in their
various organs (Lamas et al. 2007). Furthermore, because fish
are at the bottom of the aquatic food chain, they may store
metals and pass them on to humans through food, resulting
in chronic or acute toxicity (Al-Yousuf et al. 2000). Although,
other environmental factors like water temperature, oxygen,
pH, hardness, salinity, and alkalinity may also affect and play
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significant roles in the accumulation and toxicity into fish,
studies showed that accumulation of heavy metals in tissue is
primarily dependent on metal concentrations in the water
and exposure time (Jitar et al. 2015). Pollutants are preferen-
tially accumulated in fatty tissues like the liver of fish, and the
consequences are observed when concentrations in these
tissues exceed a certain level (Khalil et al. 2016). This buildup,
however, is contingent on their intake, storage, and excretion
from the body (Abdallah and Elmagd Morsy 2013). This indi-
cates that metals with a high absorption rate but poor elimin-
ation rate in fish tissues are likely to accumulate to greater
levels (Idriss and Ahmad 2015).

Cadmium (Cd) is a common aquatic environmental contami-
nant linked to a wide range of human activities and products,
including plastics, ceramics, glass, and automobile tires. In fish,
heavy metals can function as endocrine disruptors; for example,
cadmium has been shown to lower thyroid hormone levels
(Buhaet al. 2018). It reduces thyroidhormoneproductionbyalter-
ing iodinemetabolism, inhibiting estrogen receptors and disrupt-
ing growth hormone expression (Nugegoda and Kibria 2017).
Metal ions’ prooxidative characteristics may cause oxidative
stress in fish and oxidative damage to cell membranes. Fish are
also genotoxic to cadmium, copper, mercury, and lead (Cavas
2008). High concentrations of Cd in the environment pose a sig-
nificant risk to the health and sustainable growth of the aquacul-
ture sector, limiting the advancement of the food processing
industry (Liu et al. 2022). Nickel (Ni) is primarily utilized in creating
alloys, such as stainless steel, and its use in electric vehicle battery
production is on the rise. The introduction ofNi into ecosystems is
worrisome due to its potential toxicity to aquatic life (He et al.
2023). A low concentration of nickel in freshwater bodies tends
to be less harmful. However, it might still induce morphological
alterations or chromosomal irregularities within cells. When fish
species are exposed to high concentrations of nickel in water
bodies, it can be toxic to them (Naz et al. 2021).

Heavy metals have a profound impact on the embryonic and
larval stages of fish development. They can lead to various com-
plications, including elevated heart rate, diminished cardiac
function, higher mortality rates, malformed shapes, and
deformities of the vertebral column, among other issues at
different stages of embryonic development (Taslima et al.
2022). During the whole fish life cycle, the embryonic and
larval stages are often regarded to be the most vulnerable in
terms of toxicity (Osman et al. 2007), and these abnormalities
impair fish survival, development rate, well-being, and external
morphology. For instance, the vertebral column (Sfakianakis
et al. 2006), the swim bladder (Witeska et al. 2014), the cephalic
region (Georgakopoulou et al. 2007), the fins, and the lateral
line are some of the organs with the most prevalent malfor-
mations (Sfakianakis et al. 2015). The ones in the vertebral
column, particularly lordosis (V-shaped dorsal–ventral curva-
ture), kyphosis (-shaped dorsal–ventral curvature), and scolio-
sis, are the most common. Fish abnormalities (particularly
skeletal ones) are significant because they impair the organ-
ism’s capacity to interact with its surroundings. A notable
example is the loss of swimming capacity (Sfakianakis et al.
2011), which is the most significant quality in carrying out
life-sustaining activities. Heavy metals can interfere with a
variety of metabolic processes in growing fish (particularly

embryos), causing developmental delays, morphological and
functional abnormalities, and even death. Furthermore, heavy
metals stimulate energy-intensive detoxifying processes, allow-
ing inebriated fish to utilize less energy for development. Most
heavy metals investigations on developing fish (embryos or
larvae) show significant rates of death, hatching delays,
changed body form, and body abnormalities (Jezierska et al.
2009).

Materials and methods

Study site

The current study was conducted to explore the survival poten-
tial and Assessment of deformities in embryo and larvae of
Chinese carps (Hypophthalmichthys molitrix and Ctenopharyn-
godon idella) under acute exposure of Cd and Ni. The study
was conducted at the department of Zoology, Government
Sadiq College Women University, Bahawalpur from February
2023 to May 2023. The fish species for spawning purposes
were obtained from Fish Seed Hatchery, Bahawalpur, Punjab
Pakistan.

Induced breeding

Chinese carps, H. molitrix with an average length: 61.61 ±
4.24 cm and average weight: 4.23 ± 1.05 kg and C. idella with
an average length:78.61 ± 6.24 cm and average weight: 4.83
± 1.35 kg were utilized as spawners in this experiment.
Females and males were kept apart for 5 days before spawning.
Female and male in a 2:1 ratio were used for spawning the day
before eggs needed for experimentation. After breeding, the
adult fish were removed and the eggs were retrieved with a
nylon net with the mesh size of 0.5 mm. After 2 h of oviposition,
eggs were shifted to a petri dish and were examined under
microscope (Olympus B12). Non-fertilize eggs and inactive
embryos were observed and removed. Only fertilized eggs
with active embryo were selected for experiments.

Preparation of stock solution

Stock solutions of Cd and Ni were prepared separately by dis-
solving sufficient amounts of their respective analytical grade
chlorides, namely CdCl2 and NiCl2 (99.99%, Sigma Aldrich,
Germany) in double distilled deionized water.

Toxicity test on fish embryo

300 fertilized eggs (2 h post oviposition) of H. molitrix and
C. idella were separated in 500 ml beaker with 250 ml dechlori-
nated water for cleaning. After cleaning, the embryos were
exposed to different concentrations (0.1, 0.3, and 0.5 mg/l) of
Cd and Ni, dissolved in 15 l distilled water separately in bath
tubs (45 cm diameter and 30 cm height) for a period of 12 h
under 25 ± 2°C temperature, 7.5 ± 0.58 pH, 600 ± 24 µS/cm
electric conductivity, 178 ± 16 mg/dm3 as CaCO3 total hard-
ness, 5.56 ± 0.27 mg/l dissolved oxygen. The bath tubs were
preferred over fish aquarium to provide constant stirring of
the water in a circular pattern to maintain the viability of fish
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eggs. Water was continuously stirred and aerated. In the
control, the embryos were fully incubated in clean water.
Three replicates and one control (without heavy metals) were
included in this experiment. After 12 h, the embryos were
observed under microscope and dead embryo were recoded
for each concentration of Cd and Ni. Furthermore, the alive
embryos were further studied for deformities caused by Cd
and Ni toxicity.

Toxicity test on fish larvae

A total of 300 / concentration newly hatched larvae of
H. molitrix and C. idella were exposed to different concen-
trations (0.1, 0.3, and 0.5 mg/l) of Cd and Ni dissolved in 15 l dis-
tilled water in bath tubs. The experimental conditions were
same as described above. The experiment was conducted for
a period of 168 h. During experiment, the mortality of fish
larvae was observed and dead larvae were counted and
removed at various stages (6, 30, 48, 72, 96, 144, 168 h) of
larval development. After 168 h of exposure, the dead larvae
were collected and preserved in ethanol solution for further
study on embryonic abnormalities caused by heavy metal tox-
icity for 168 h exposure. There was one control treatment and
three replications for each concentration of Cd as well as Ni.

Morphological observations

After 168 h of exposure, the percentage of abnormalities and
type of abnormalities in old fish larvae were assessed. Larvae
were photographed using a camera fitted to a light microscope
(Olympus B12, 2.5×4 magnification). Body length (BL), body
perimeter area excluding yolk sac, yolk-sac perimeter area,
head perimeter area, tail curvature, and spinal cord defect
were all measured. The ratio of body perimeter area to length
was computed for newly hatched and 168-hour-old larvae to
assess the impact of Cd and Ni on larval form. The deformed
percentage of fish was estimated with the following equation.

Dp = Dl

Tl
× 100,

where Dp = Deformed percentage (%), Dl = Deformed length
(mm), Tl = Total length (mm).

The total and deformed length of exposed larvae were
measured using scale fitted in eye piece of microscope.
Various deformities like lateral spine curvature-scoliosis, axial
spine curvature-lordosis, cardiac enema, yolk-sac malformation,
C-shaped body, and spine curvature-lordosis were observed in
this study.

Statistical analysis

Various statistical analyses were carried out to explore the
adverse effects of Cd and Ni on studies fish species. The mor-
tality (%) of fish species during embryonic and larval period
was analysed with one-way analysis of variance (ANOVA) and
further explained with Tukey’s range test using IBM SPSS
(version 25). Survival probability of both fish species against
Cd and Ni toxicity was carried out with Kaplan–Meier survival

curve in R (version 4.3.1). Two-way ANOVA for the statistical sig-
nificance of Cd and Ni exposure on deformities (%) in both fish
species was carried out using IBM SPSS (version 25).

Results

As shown in Table 1, at the end of the experiment (168 h) post-
hatching stage, the obtained results showed that the lowest
mortality (% mean ± SE) during embryonic stage was observed
in the control group; 6.67 ± 0.33 and 7.50 ± 0.29 for H. molitrix
and C. idella, respectively. In H. molitrix, the maximum mortality
(15.17 ± 0.44) as result of Cd toxicity was observed at 0.5 mg/l
concentration followed by 0.3 mg/l and the lowest morality
(10.33 ± 0.44) was found at 0.1 mg/l concentration of Cd
exposure. Similarly, the maximum mortality (12.83 ± 0.33) as
result of Ni toxicity was observed at 0.5 mg/l concentration fol-
lowed by 0.3 mg/l and the lowest morality (9.17 ± 0.44) was
found at 0.1 mg/l concentration of Ni exposure. Similar
results were also found in C. idella, with the maximummortality
(16.33 ± 0.17) observed at 0.5 mg/l concentration of Cd, fol-
lowed by 0.3 mg/l and the lowest morality (13.33 ± 0.44) was
found at 0.1 mg/l concentration of Cd exposure. likewise, the
maximum mortality (16.00 ± 0.29) as a result of Ni toxicity
was observed at 0.5 mg/l concentration followed by 0.3 mg/l
and the lowest morality (10.67 ± 0.33) was found at 0.1 mg/l
concentration of Ni exposure. Overall highest mortality in fish
embryo was caused by 0.5 mg/l concentration of Cd in
C. idella while the lowest mortality was caused by 0.1 mg/l con-
centration of Ni in H. molitrix. The obtained results showed that
C. idella embryo were more susceptible to heavy metal toxicity
than H. molitrix.

The results of larval exposure to different concentrations of
Cd and Ni toxicity showed that the lowest mortality (% mean ±
SE) during larval stage was observed in the control group (1.11
± 0.31) and (1.30 ± 0.50) at 6 h post-hatching (hph) stage for
H. molitrix and C. idella respectively. In H. molitrix, the
maximum mortality (89.26 ± 3.70) as result of Cd toxicity was
observed at 0.5 mg/l concentration at 168 hph stage and the
lowest morality (1.92 ± 0.19) was found at 0.1 mg/l concen-
tration of Cd exposure at 6 hph stage. Similarly, the
maximum mortality (90.41 ± 3.90) as a result of Ni toxicity
was observed at 0.5 mg/l concentration at 168 hph stage and
the lowest morality (3.28 ± 0.21) was found at 0.1 mg/l concen-
tration of Ni exposure at 6 hph stage. Similar results were also
found in C. idella, with the maximum mortality (79.19 ± 4.41)
observed at 0.5 mg/l concentration of Cd at 168 hph stage
and the lowest morality (2.44 ± 1.22) was found at 0.1 mg/l con-
centration of Cd exposure at 6 hph stage. likewise, the
maximum mortality (83.53 ± 5.89) as result of Ni toxicity was
observed at 0.5 mg/l concentration at 168 hph stage and the
lowest morality (0.59 ± 0.07) was found at 0.1 mg/l concen-
tration of Ni exposure at 6 hph stage. Overall highest mortality
in fish larvae was caused by 0.5 mg/l concentration of Ni at
168 hph stage in H. molitrix while the lowest mortality was
caused by 0.1 mg/l concentration of Ni at 6 hph stage in
C. idella. The obtained results showed that H. molitrix larvae
were more susceptible to heavy metal toxicity than C. idella
(Table 1).
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The survival analysis of 168 hph stage larvae of H. molitrix
and C. idella at various concentrations (0.1, 0.3, and 0.5 mg/l)
of Cd and Ni was conducted. The obtained results showed
that in H. molitrix, there was a significant difference (p < .00)
in survival probability against different concentrations of Cd
toxicity over 168 hph period. Furthermore, the highest survival
probability (∼75%) of H. molitrix against Cd toxicity was found
at 0.1 mg/l concentration of Cd and the lowest survival prob-
ability (∼10%) of H. molitrix against Cd toxicity was found at
0.5 mg/l concentration of Cd (Figure S1). Similarly, like Cd tox-
icity in H. molitrix, there was a significant difference (p < .00) in
survival probability against different concentrations of Ni over
168 hph period of exposure. The highest survival probability
(∼60%) of H. molitrix against Ni toxicity was found at 0.1 mg/l
concentration of Ni and the lowest survival probability
(∼10%) of H. molitrix against Ni toxicity was found at 0.5 mg/l
concentration of Ni (Figure S2). Overall, in H. molitrix Ni had
comparatively more adverse effect on its survival as compared
to Cd. Like H. molitrix, there was a significant difference (p < .00)
in survival probability in C. idella against different concen-
trations of Cd toxicity over 168 hph exposure duration. More-
over, the highest survival probability (∼65%) of C. idella
against Cd toxicity was found at 0.1 mg/l concentration of Cd
and the lowest survival probability (∼15%) of C. idella against
Cd toxicity was found at 0.5 mg/l concentration of Cd (Figure
S3). Likewise, there was a significant difference (p < .00) in sur-
vival probability in C. idella against different concentrations of
Ni over 168 hph exposure period. The highest survival prob-
ability (∼80%) of C. idella against Ni toxicity was found at
0.1 mg/l concentration of Ni and the lowest survival probability
(∼15%) of H. molitrix against Ni toxicity was found at 0.5 mg/l
concentration of Ni. Overall, in C. idella Cd had more adverse
effect for its survival as compared to Ni (Figure S4).

Two-way ANOVA was conducted to estimate deformities (%)
caused by various concentrations of Cd and Ni at the end of 168
hph exposure duration. The results showed that there was a
significant effect of type of heavy metal (df = 1, F = 15.149, p
< .00) and heavy metal concentration (df = 2, F = 4.315, p
= .018) on deformities caused in H. molitrix. However, the inter-
action of heavy metal and metal concentration had a non-sig-
nificant effect (df = 2, F = 0.259, p = .773) on deformities caused
in H. molitrix. On the other hand, there was a significant effect
of heavy metal concentration (df = 2, F = 10.200, p < .00) on
deformities caused in C. idella. However, the type of heavy
metal (Cd or Ni) and the interaction of heavy metal and
metal concentration had a non-significant effect on deformities
caused in C. idella with p = .169 and .841, respectively (Table 2).
The deformities (%) analysis showed that in H. molitrix Ni
caused more deformities as compared to Cd. Furthermore,
the most prominent deformities (%mean ± SE) were caused
by 0.5 mg/l of Ni (62.12 ± 3.97) while the least deformities in
H. molitrix were caused by 0.1 mg/l of Cd (28.57 ± 4.78)
(Figure 1). However, in C. idella Cd caused more deformities
than Ni at all three concentrations. Moreover, the most promi-
nent deformities (%±SE) were caused by 0.5 mg/l of Cd (47.12
± 4.47) while the least deformities were caused by 0.1 mg/l of
Cd (22.44 ± 2.26) in C. idella (Figure 2).

Heavy metals (Cd and Ni) induced malformations that were
observed in 168 hph larvae of in H. molitrix and C. idella. TheTa
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exposure of Cd and Ni for 168 hph caused major abnormalities
in fish morphology. Among these malformations, yolk-sac mal-
formation was observed at all exposure concentration (0.1, 0.3,
and 0.5 mg/l) of Cd and Ni. Similarly, spinal cord malformation
like lateral spine curvature-scoliosis, axial spine curvature-lor-
dosis, and spine curvature-lordosis spine were also very promi-
nent during heavy metal toxicity of Cd and Ni. Furthermore,
other deformities such as cardiac enema and C-shaped body
were also found in various cases as a result of Cd and Ni toxicity
for a period of 168 hph (Figure 3). The obtained results clearly
demonstrated that Cd and Ni are serious threat to fish embryo
and larvae and it may induce mortality and deformities even at
very low concentrations like 0.1 mg/l and at very short dur-
ations such as 168 h of exposure.

Table 2. Two-way analysis of variance (ANOVA) for percentage deformities
caused by different concentrations (mg/l) of Cd and Ni in H. molitrix and
C. idella under laboratory conditions.

Species Source of variance df Mean Square F p

H. molitrix Metal 1 4799.774 15.149 <.00
Concentration 2 1367.060 4.315 .018
Metal * Concentration 2 81.942 .259 .773
Error 63 316.829
Total 69

C. idella Metal 1 411.290 1.933 .169
Concentration 2 2170.700 10.200 <.00
Metal * Concentration 2 36.957 .174 .841
Error 62 212.808
Total 68

Figure 1. Deformity (%) observed in H. molitrix (mean ± SE) when exposed to different doses of Cd and Ni toxicity for 168 hph.

Figure 2. Deformity (%) observed in C. idella (mean ± SE) when exposed to different doses of Cd and Ni toxicity for 168 hph.
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Discussion

The findings reveal that heavy metals (Cd and Ni) exposure to
Chinese carp (Hypophthalmichthys molitrix and Ctenopharyngo-
don idella) embryos and larvae decreased the survival rate and
had significant adverse effect on their development. This effect
observed considerably more harmful by cadmium than nickel
at embryonic stages and vice versa at larval stages. Numerous
studies reported the adverse effects on the oncogenic develop-
ment embryos and larvae by the single heavy metal because
open water is contaminated with heavy metals from anthropo-
genic and geogenic sources. Therefore, it is necessary to evalu-
ate the combined effects of heavy metals on embryonic and
larval development of fish which are found in the natural
environment. The early developmental phases of fish,
especially embryos and larvae, are more vulnerable to contami-
nants like heavy metals compared to juveniles and adults.
These stages are often utilized as biological markers to assess
the harmful effects of these chemicals on aquatic life (Taslima
et al. 2022). Based on the studies examining the combined
effects of Cu–Zn and Cd–Zn by Kazlauskiene and Vosyliene
(2008) and El-Greisy and El-Gamal (2015) in rainbow trout
(Oncorhynchus mykiss) and common carp (Cyprinus carpio)
embryos, respectively, and physical deformities (e.g. vertebral
column deformities) and high embryonic mortality were
revealed. On the other hand, Samson and Shenker (2000) and
Osman et al. (2007) reported that mercury (Hg) and lead (Pb)
toxicity resulted in defects of important organs of fish such as
abnormal and irregular fins, head, tails and several spinal com-
plications, respectively. In the present study, it was reported
that control group had the lowest larval mortality at the end
of the trial (on 168 h) post-hatching stage, whereas the Cd
group had the greatest mortality at the embryonic stages
before hatching, while after hatching, Ni had more significant
adverse effects. Studies revealed that larvae are less tolerant

to heavy metals than the embryonic stage of fish because the
embryo carries protective hard chorion layers and perivitelline
fluid that can hinder the entry of heavy metals in their body
(Mhadhbi et al. 2010; Kong et al. 2013). Hypophthalmichthys
molitrix mortality was also detected in Ni but at a lower rate
than cadmium metal exposure during embryonic stages.
Studies reported that heavy metals cause toxicity in early
stages of fish due to their persisted and non-biodegradable
properties in the natural environment. But somehow different
developmental stages of fish respond differently to the intoxi-
cation, vary from species to species, type of heavy metals and
their mode of actions, concentration and also their exposure
time (Taslima et al. 2022). Similar findings for cyprinid fishes
were reported by Jezierska et al. (2009) who found that
heavy metals such as Cd and copper (Cu) were toxic to Cyprinus
carpio eggs and larvae, as Barbus barbus early life stages
(Meybeck et al. 2007). Sikorska and Wolnicki (2010) found a
similar impact in Tinca tinca larvae. Cadmium increased the
prevalence of body deformity and increased the mortality of
freshly born larvae in a greater extent than Cu. Williams and
Holdway (2000) found body abnormalities in Melanotaenia
fluviatilis larvae pulse-exposed to Cd. African catfish (Clarias
gariepinus) hatching and embryo survival showed no adverse
effects when exposed to Cd levels between 0.05 and 5 mg/l.
Conversely, a different study revealed that the hatching,
embryo, and larval survival of Ide (Leuciscus idus) were consider-
ably impacted by Cd exposure at 100 μg/l (Witeska et al. 2014).
Similarly, Zn pollution adversely impacts the hatching rate and
survival of various fish species, and it also interferes with the
normal development and colouration of several organs
(Gárriz and Miranda 2020).

The suppression of acetylcholinesterase activity caused ver-
tebral abnormalities in Fundulus heteroclitus larvae exposed to
copper pyrithione (Mochida et al. 2009). Various authors have
observed that the genotoxic effect of Cd and other heavy

Figure 3.Morphological abnormalities in post-hatching stages of H. molitrix and C. idella. (A: lateral spine curvature-scoliosis; B: axial spine curvature-lordosis; C: cardiac
edema; D: yolk-sac malformation; E: C-shaped body; F: spine curvature – lordosis).
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metals can cause developmental defects (Özkan et al. 2011). At
every developmental stage (such as blastula, gastrula, segmen-
tation, hatching, etc.), fish embryos/larvae exhibit varied reac-
tions to toxic exposure. These reactions can differ based on
the fish species, the specific metal involved, its mechanism of
action, the concentration of the heavy metals, and the duration
of exposure (Ashaf-Ud-Doulah et al. 2021). In the present study,
Cd exposure resulted in a rise in the number of malformed
larvae among freshly hatched larvae. Different forms of mor-
phological abnormalities (lateral spine curvature-scoliosis,
axial spine curvature-lordosis, cardiac enema, yolk-sac malfor-
mation, C-shaped body, and spine curvature-lordosis) were
identified after heavy metal exposure during post-hatching
developmental stages in the present investigation. The
findings of this study corroborate those of other researchers.
Xia et al. (2020) found a significant decrease in survival and pro-
minent deformities in locomotive organs of Danio rerio when
exposed to 5 μg/L of Cd for a period of 7 days. In the current
study, increased yolk-sac area was observed after exposure to
the maximum cadmium concentration and combined exposure
to greater nickel and cadmium concentrations, which was likely
owing to the embryo’s reduced yolk metabolism. Numerous lit-
eratures reported about the lethal and sub-lethal effects of
heavy metals such as lower embryonic and larval survival,
stunted growth, delayed hatching, vascular system abnormal-
ities, skeletal deformities, reduce pigmentation, eye anomalies,
and others (Samson and Shenker 2000; Nguyen and Janssen
2002; Osman et al. 2007; Cao et al. 2009).

Conclusion

In conclusion, this study highlights the differential toxic effects
of Cd and Ni on the embryonic and larval development of
Hypophthalmichthys molitrix and Ctenopharyngodon idella.
Cadmium exhibited greater toxicity towards embryos, leading
to higher mortality rates, whereas Ni proved more detrimental
to larvae, resulting in elevated larval mortality. Furthermore,
heavy metal exposure was significantly associated with deform-
ities in both species, with metal concentration playing a crucial
role. Notably, Ni induced more deformities in H. molitrix, while
Cd had a greater deformity-inducing effect in C. idella. These
findings underscore the importance of understanding
species-specific responses to heavy metal toxicity for effective
aquatic ecosystem management.
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