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ARTICLE INFO ABSTRACT

Article History: The African catfish Clarias gariepinus(Burchell, 1822) is a freshwater fish,
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decrease in seed production, it is necessary to carry out a seed procurement

process to ensure that production levels continue to increase in terms of

Keyyvords: quantity and quality. Therefore, this study aimed to determine the effect of
Catfish, - L . . L
salinity, different salinities on the embryogenesis phases of catfish C. gariepinus and

the quality of the larvae produced. The experimental method used was a
completely randomized design with five treatment groups and four
replications. The salinity levels used included DO- D4, with concentrations
of 0 (control), 2, 4, 6, and 8ppt, respectively. The results showed that the
different treatments had significant effects on the speed of embryonic
development and the quality of the larvae produced. The highest average
percentage of abnormality was found in D4 (2.0%), followed by D3 and D2
with values of 1.25% and 0.5%, respectively. Meanwhile, no abnormal
larvae were detected in DO and D1. It was concluded that the increase in
salinity is inversely proportional to the period of embryogenesis.
Meanwhile, an increase in salinity is directly proportional to larval
abnormalities. Further study on the effect of different salinity on larval
physiological adaptability is recommended.

INTRODUCTION

Embryogenesis,
Abnormalities

Freshwater African catfish, Clarias gariepinus, Burchell 1822 is a phenomenal
catfish that is still highly demanded by the Indonesian people (Suratno & Putra, 2022).
The species is wildly cultivated by people in Southeast Asia countries, such as Indonesia,
Thailand, Malaysia and Vietnam (Muchlisin et al., 2014). Since its introduction in the
1980s, the catfish culture of C. gariepinus, Burchell 1822, is still the most produced
species compared to other local catfish species such as C. batrachus and meladerma
(Iswanto, 2004). This is because it has faster growth, tolerance to low environmental
quality, and disease resistance compared to other local species, which have low growth
and are intolerant to pathogens (Weerd, 1995; Lenormand et al., 1999). From 2012-
2018, the production of Indonesian catfish increased annually by 38% starting from 2012
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with 441,217 tons. In 2013, 2014, 2015, 2016, 2017, and 2018, the rate increased by
543,774, 679,379, 719,619, 764,797, 1,280,0009, and 1,771,867 tons, respectively. This
indicates that the Indonesian catfish production from 2012 to 2018 increased by 88.4%;
while from 2019 to 2020, an increase was recorded of 1.49 million tons (16.8%) (MMF,
2020). To anticipate a decline in seed production in the future, it is necessary to design a
strategy from scientists to ensure the continuity of production increase in terms of
quantity and quality every year.

A world significant problem facing catfish hatcheries, especially in Indonesia is
the inadequate supply of catfish seeds. This is due to the high mortality of eggs during the
embryonic and larval stages (Marimuthu et al., 2019). The success of fish hatchery is
closely related to the process of embryogenesis, which is influenced by internal and
external factors. The internal factors include genetics, hormones, and egg yolk volume,
while the external are pH, temperature and salinity (Kamler, 2012). The hatching process
occurs faster when the embryo in the shell is actively moving, and one of the influential
factors is salinity (Borode & Oyintoke, 2005; Su et al, 2013). Furthermore, salinity can
affect the hatchability of fish eggs due to an osmoregulation process in fish eggs.
Furthermore, the insertion of eggs from freshwater fish into high-salinity media can cause
swelling. This happens due to a hyperosmotic state where the fluid outside the egg flows
in, thereby leading to swelling and breaking (Gracia et al., 2004).

Salinity is one of the important factors affecting the metabolism, distribution, and
survival rate of fish. Several studies about C. gariepinus focused on efforts to improve
the performance of the parental gonads and the types of hormones that are effective for
improving the reproductive performance of catfish (Olaniyi & Akinbola, 2013; El-
hawarry et al., 2016; Natea et al., 2017; Mosha, 2018; Zidan et al., 2020; Abdel-latif
et al., 2021). Previous studies were also carried out on artificial insemination using
cryopreserved sperm ( Muchlisin et al., 2015; Muller et al., 2019; Eka et al., 2020).
There are also several studies on the use of herbal ingredients to improve the reproductive
performance of eggs and broodstock, such as African walnut (Tetracarpidium
conophorum) (Dada & Aguda, 2015), Telfairia occidentalis leaf extract powder (Dada
& Ejete-lroh, 2016), garcinia kola seed meal (Dada, 2012), adding to curcumin and
thyroxine hormone (Rawung et al., 2020). Some studies focused on materials that can be
toxic to catfish embryos and larvae, such as agricultural pesticides (Agbogessi et al.,
2013), buprofezin (Marimuthu et al., 2013), formalin (Yisa et al, 2014) and gold
nanoparticles (Marimuthu et al., 2020).

In addition, several studies have been carried out on the influence of
environmental parameters. Marimuthu et al. (2019) reported that differences in pH have
a significant effect on the hatching and survival rate of C. gariepinus with a
recommended pH level of 6.7- 7.5 for an optimal hatching. On the other hand, Robert et
al. (2019) revealed the effect of temperature and fertilizer on catfish eggs and embryos.
Although research on the impact of salinity on C. gariepinus has been previously
reported by Borode et al. (2002), comprehensive and visually embryogenesis
development studies on the effect of salt concentration in culture media on egg
performance and catfish embryo have not been reported. Therefore, this comprehensive
study is very important because it can provide scientific contributions and information to
the aquaculture community regarding the description of embryogenesis, the level of
abnormality in the larvae of African catfish, C. gariepinus. The purpose of the study was
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to elucidate the effect of different salinities on the embryogenesis phases of catfish C.
gariepinus and the quality of the larvae produced. The results are expected to support the
improvement of sustainable hatchery business performance in the African catfish C.
gariepinus, Burchell 1822, aquaculture environment.

MATERIALS AND METHODS

Experimental design

The catfish broodstock C. gariepinus was obtained from certified local hatcheries,
and the samples were selected based on the previous standard, namely broodstock with
matured gonads (Marimuthu et al., 2019). Spawning was carried out artificially using
the synthetic hormone ovaprim, a synthetic analog of the gonadotropin-releasing agent
(Syndel Laboratories, Canada) at a dose of 0.3mL/ kg and 0.2mL/ kg for females and
males, respectively. The weight of the sample ranged from 0.9 — 1kg. The hormone was
injected intramuscularly with a depth of 2- 2.5cm and a slope of 30- 45 degrees.
Subsequently, the broodstock was incubated for 8 hours, and the male and female brood
were separated to prevent the parents from spawning themselves. The sperm was then
collected after 8 hours of injection, followed by rinsing and dilution in a physiological
solution. To collect the egg, the female brood was stripped, and the abdomen was cleaned
using dry tissue to avoid water contamination. They were then placed in a bowl, mixed
with the sperm, and stirred using chicken feathers carefully to avoid breaking. To
facilitate fertilization, clean water was added to the eggs, and they were rinsed 3 times to
remove the remaining sperm.

The experimental design consists of five treatments and four replications with a
total of 20 experimental units. Furthermore, the treatments were DO with Oppt (control),
D1 with 2ppt, D2 with 4ppt, D3 with 6ppt, and D4 with 8ppt. The amount of salinity was
determined using the method proposed by previous studies with few modifications
(Zhang et al.,, 2010). The working procedures included preparation of hatchery
containers and weighing of salt for salinity determination, spreading salt to egg hatching
media, performing artificial spawning, stocking eggs, water quality management,
identification of embryogenesis development, abnormalities, and data recap. The
containers used were 20 mini aquariums, each of which was filled with 2 liters of water.
The salt was then weighed, based on the salinity in the treatment, followed by the
installation of aeration to supply dissolved oxygen in the hatching container.

The density of stocking was 50 eggs/ L of water, hence, the number of eggs in one
hatching container was 100 to obtain a total of 2000. Before stocking, the aeration was
removed to ease the samples immediately after they were settled to the bottom of the
container. During the incubation period, the water in the hatchery was easily
contaminated by the remaining sperm at fertilization. The high population of sperm can
reduce water quality and interfere with the hatchability of catfish eggs, hence, siphoning
was carried out. After water siphoning was refilled, water was taken from the prepared
reservoir, based on the salinity of each treatment. The parameters of water quality
included salinity, temperature, and pH, as reported in previous studies (Salsabilla et al.,
2021).
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Identification of embryogenesis development

The development of embryogenesis started from the cleavage phase (cell
division), followed by morula, blastulation (blastoderm formation), gastrulation (closure
of the yolk sac), and organogenesis until the embryo hatching stage. Observation of
embryo development was carried out by taking random egg samples from the five
incubation media for each treatment using a dropper and placing them on an object glass.
It was then observed under a microscope integrated with a computer (Olympus
Microscope CX23).

The observation of egg development was carried out 30 minutes after laying, then
every 1 hour interval until they hatched (Andriyanto et al., 2013). The total incubation
period was calculated from the time of first incubation until the eggs hatch completely.
The classification of embryonic development was performed based on the method
proposed by a previous study (Okomoda et al.,, 2018). Observation data on the
development of catfish embryos C. gariepinus included descriptions of hourly embryonic
development images covering each phase until hatching. Research data on the
embryogenesis of the sample were descriptively recorded. Observations of abnormalities
were carried out 5 days after the eggs hatched into larvae (Marsela et al., 2018). The
level of larval abnormalities was calculated using the equation proposed by Effendie
(1979), as follows:

Level of larval abnormalities (%) = Number of abnormal larvae x 100 %
Number of total larvae

RESULTS

Embryo Development and hatching time at different salinities

Fig. (1) shows the results of observations on the embryogenesis development and
hatching duration of C. gariepinus at different salinities, namely DO (control), D1 (2 ppt),
D2 (4 ppt), D3 (6 ppt) and D4 (8 ppt). The treatment with the fastest hatching time of 970
minutes was D3, followed by D4 at 1,150 minutes. Observation of embryo development
began when the eggs were inserted into a container based on the treatment at 9.40 pm. At
the 30th minute after stocking or 10.10 pm, the eggs underwent the first division phase
from several levels, namely 2 cells in DO, D1, D2 and D4. Meanwhile, in the D3
treatment, the eggs entered the 4 cell division phase. The division into 16 cells occurred
in DO, D1, D2, and D4; while for D3 (6 ppt), the 32 division phase was observed at 130
minutes or 11.10 pm.

At 00.10 am or 190 minutes after fertilization, the eggs in all treatment groups
entered the morula phase. Furthermore, at 250 minutes or 01.10am, the samples in DO,
D1, D2, and D3 entered the blastula phase, while D4 was still in the morula stage. The
eggs in DO and D3 entered the gastrula phase at 02.10 am or 310 minutes. At 08.10 am or
670 minutes after fertilization, the samples in D3 were in the organogenesis stage with
the appearance of the tail and head, while DO, D1, D2, and D4 were still in the gastrula
phase. At 11.10 am or 850 minutes, D2 and D3 treatments were in the organogenesis
stage. For the D3 treatment, the embryo showed movement in the tail, while the shape of
the eyes and tail appeared in D2. At 01.41 pm, the eggs in D3 hatched into larvae with a
hatching period of 16 hours and 11 minutes. Meanwhile, in DO, D1, D2, and D4, the
samples were still in the organogenesis phase. At 4.37 pm with the difference in hatching
time from the previous treatment, namely 3 hours 18 minutes, the eggs in D4 hatched into
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larvae after 19 hours & 7 minutes. The DO, D1, and D2 eggs were still in the
organogenesis phase. At 5.26 pm after fertilization with a period of 1 hour & 3 minutes
from the previous treatment, 4 samples in D2 hatched into larvae, with a hatching period
of 19 hours 56 minutes. The eggs in D1 hatched after 20 hours & 42 minutes at 6.12 pm,
with a time difference of 1 hour and 38 minutes from the previous treatment. At 8.45 pm,
the samples in DO hatched into larvae after 4 hours.

Time Treatment Duration
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Explanation: Eyes (BM), Tails (BE), Somit (SOM), Blastocoel (BC), Notochord (NC), Anus (BA), Myomere (MY),
Heart (J),

Fig. 1. The stages of embryogenesis of C. gariepinus eggs at different salinities

Larval abnormality

Fig. (2) shows that there were no abnormal larvae in DO and D1. This indicates
that they were the appropriate salinity levels for the development of embryos and larvae
of catfish C. gariepinus. In DO, the concentration of liquid in eggs and hatching media
was the same, hence, the energy available was only used for embryo development.
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Furthermore, the highest larval abnormality rate of 10.75% was obtained in D4, while a
value of 7.25%, was recorded in D3.
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Fig. 2. The percentage of larval abnormality

Fig. 4. The appearance of normal larval (a) and the abnormal larva (b)

DISCUSSION

Embryo Development and hatching time at different salinity levels

This study’s results showed that salinity affected the egg development, hatching
time, and larval deformation of C. gariepinus. Moreover, the larval development still has
normal stages from cleavage, morula, blastulation, gastrulation, and organogenesis to
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embryo hatching and exiting the eggshell. The fastest hatching time was obtained at a
salinity of 6ppt (D3), followed by 8ppt (D4) and 4ppt (D3). The highest larval
abnormalities was observed at high treatment levels of 6 and 8 ppt. The higher the
salinity, the faster the hatching rate and the higher the level of abnormalities in C.
gariepinus larvae. This finding coincides with previous studies, using other species, such
as marble goby Oxyeleotris marmoratus (Nguang et al., 2012), lesser sandeel Ammodytes
tobianus (Linnaeus, 1758) (Bonistawska et al., 2014), climbing perch Anabas testudinus
(Amornsakun et al., 2019), pabda Ompok pabda (Alam et al., 2020), and the common
carp Cyprinus carpio (Linnaeus, 1758) (Iffar et al., 2020). Amornsakun et al. (2017)
reported that, the hatching time of snakehead Channa striatus fish eggs was between
1.192 and 1.442 minutes at a salinity of 5 ppt. In catfish eggs, mortality increased
significantly at 8 and 10ppt, but the rate decreased (Hossain et al., 2021). The embryos of
some stains of the Nile tilapia can tolerate up to 20ppt (Fridman et al., 2012), which
exceeds the tolerance level of the fish used in this study.

Snakehead fish Channa striata were also reported to have a longer hatching rate
of 1,192 minutes at 5ppt salinity, while it became slower at >5 ppt (Amornsakun et al.,
2016). Several studies revealed that the hatching time for siamese gourami, green catfish,
and climbing perch was 1,330, 1,080, and 1,255 min, respectively (Amornsakun et al.,
1997; Amornsakun et al., 2004; Amornsakun et al., 2019). Hadid et al., (2014) stated
that treatment with hypoosmotic media concentrations can cause slower embryo
formation, leading to a longer hatching time. These findings are consistent with this
current study, where the samples in treatments DO, D1, D2, D3, and D4 hatched at 1,390,
1,270, 1,210, 970, and 1,150 minutes, respectively.

Observations showed that the salinity treatments had different effects on the speed
of embryo development. The higher the level, the slower the development rate, and the
lower the quality of the larvae. Alderdice (1988) stated that high salinity in the hatching
media beyond the tolerance range can lead to the use up of energy for maximum
osmoregulation. This condition then causes an inadequate amount of energy for embryo
development, thereby affecting hatching time. From the observation, the morula phase
can be clearly seen with the cells in the egg dividing, followed by the 32-cell division and
formation of a second layer. The cells look less clear or vague at the poles. Rizzo and
Bazzoli (2020) stated that, the morula phase was characterized by transverse division as
well as the formation of a second layer that is faintly visible at the poles. This phase ends
when all cells produce blastomeres of the same size. Subsequently, they condense into
small blastodiscs and form 2 cell layers. In the D4 treatment, it was suspected that the
concentration of the hatching medium was hyperosmotic, which led to slower embryo
formation because the samples had to perform maximum osmoregulation. This finding is
in line with that of Hart (1990) who reported that, when the concentration of fluid in the
egg and the media (salinity) is not ideal, the osmotic hatching media become a burden.
The condition then leads to an increase in the energy needed to maintain osmosis in the
samples. The blastula phase is characterized by the formation of the second layer of eggs,
which is denser when compared to the morula stage. Hempel (1979) reported that, the
blastula phase occurs when the embryo undergoes cell division, which is marked by the
formation of an empty cavity.

In this study, the concentration of liquid in the hatching medium (salinity)
affected the enzyme performance and metabolic rate in the eggs, leading to the formation
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of embryos in the shell more intensively. Bonislawska et al. (2013) revealed that salinity
in the hatching medium can affect the activity of the embryo in the shell. This occurred in
DO since the eggs did not need to adapt to the salt level, which can reduce their energy for
embryo development. Fridman et al. (2012) stated that, in hatching media without
salinity, embryos and larvae do not need to adapt to the environment. Their adaptation
can accelerate osmoregulation and metabolism as well as reduce egg yolk energy for
larval growth. The samples in D1, D2, and D4 were still in the blastula phase, but one
hour later or at 370 minutes, the eggs in DO, D1, D2 and D4 entered the gastrula phase.
This stage was characterized by the blastoderm almost covering the entire yolk. Holliday
(1969) revealed that, the gastrula phase begins with thickening on the outer edge of the
blastodisc, and a ring-like circle is formed which is called the sprout ring. Changes from
the characteristic gastrula stage is characterized by the movement of cells around.

In the D2 treatment, the concentration of fluid in the eggs was close to that of the
liquid in the hatching medium, hence, the energy for osmoregulation decreased and the
remaining was used to accelerate the development of the embryo. When the fluids
concentration approaches each other and the egg can tolerate a given salinity change, the
metabolic energy for osmoregulation becomes less, which makes the remaining sufficient
for embryonic development (Holliday, 1969; Hossain et al., 2021). In DO, the hatching
media was not affected by salinity, hence, the development of the eggs into larvae
occurred within the normal hatching time. Treatments D1 and D2 showed good
development but slower hatching time. This was because the egg used some of its energy
for osmoregulatory activities, such as balancing its osmotic pressure with that of the
hatching medium. In D2, it was suspected that, the samples were hyperosmotic to the
media, thereby prolonging the hatching time and embryo formation. Hadid et al., (2014)
reported that, the absence of salinity in the media causes slower embryo formation and
longer hatching time. This is due to the increased activity of enzymes, which leads to
reduced metabolic rate.

In the D3 treatment, cell division into the blastula phase occurred quickly, and it
disrupted the next development process. The most sensitive phase in embryonic
development is the pre-embryonic stage, namely before reaching the blastula phase
(Arantes et al., 2012). This finding is consistent with Holliday (1969) that the
occurrence of quick cell division phase can disrupt the next formation stage because the
egg cannot pass its critical phase. Muslim and Yonarta (2017) revealed that, eggs can
hatch even when the larval development does not have the ability to adapt to the
environment. The results showed that the hatching rate can affect the quality of the larvae
produced. Abnormal larvae were also found in D3 and D4. In D4, there were many rotten
eggs and dead embryos, as shown in Fig. (3b). It was suspected that the development of
embryos to larvae cannot tolerate changes in salinity. The hypertonic concentration of the
media causes the outflow of liquid from the egg into the media (Rizzo & Bazzoli, 2020).
This was because there is a wide difference between the concentration of fluid in the
hypotonic fish eggs and that of the hypertonic medium. Consequently, the eggs can no
longer tolerate the changes in salinity, and this causes turgor/increased pressure. This
condition can also cause plasmolysis or shrinkage due to the outflow of fluid from the
egg, which then leads to the death when the change in salinity exceeds the tolerance limit.
Hadid et al. (2014) attribued failure in egg development to the disruption of the
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osmolarity between the osmotic medium and the samples, which is not ideal. The
medium is likely to become a burden, and only some of the embryos can hatch with the
occurrence of defective morphological conditions, as shown in Fig. (3a).

In DO, the hatchability of C. gariepinus catfish eggs was low since the hatching
media did not influence the salinity and other anti-bacterial agent. Consequently, the eggs
were attacked by a fungus; namely, Saprolegnia sp., as shown in Fig. (3c). Heltonika
(2014) stated that high salinity levels can cause the death of microorganisms that are
unable to adapt with the environment. The majority of freshwater microorganisms cannot
survive at high salinity concentrations. In the D1 treatment, the eggs were still attacked
by fungus due to the low concentration in the medium, which allowed fungal growth. In
the D2 treatment on the media, the fungal attack was very low. Meanwhile, the fungal
growth activity stopped but affected the quality of the larvae produced in D3 and D4. The
use of high salinity in hatching media can affect the eggs and larvae. This finding concurs
with that of Kadarini et al. (2018) who reported that, the condition can lead to egg rot
and the death of many embryos due to the state of the hypertonic media.

Larval abnormality

Mubarokah et al. (2014) stated that when the concentration of water in the
intracellular and extracellular fluids is the same, and the solute cannot enter or leave the
cell, this condition is called isotonic. In the D1 treatment, the concentration between
hatching media and eggs was close to isoosmotic; hence, a lot of energy was used for the
development of embryos and larvae. Alderdice (1988) reported that, when the
concentration of fluid in the egg is close to the concentration of fluid in the media, and
the egg can tolerate changes in salinity given, the metabolic energy is used for
osmoregulation, and the remaining energy is for embryonic development. Treatments DO
and D1 provided suitable salinity for the development of embryos and larvae as
evidenced by the absence of abnormal larvae in the hatching media (Fig. 4a). For
treatment D2, the level of abnormality was 1.5%, which was low for the slight difference
between DO and D1.

In the D3 treatment, the larval abnormality rate was 7.25%, followed by the
highest of 10.75% at D4. The 6 ppt salinity treatment the fastest cell division and
hatching, which affected the quality of the resulting larvae, namely the emergence of
abnormal larvae, as shown in Figure 4b. This occured due to impaired cell division,
which led to the inability of the egg to pass through its critical phase. In the D4 treatment,
the embryos to larvae were not able to tolerate the given salinity, and this led to an
increase in the abnormality rate. Hadid et al. (2014) revealed that, the concentration of
fluid in the media and eggs is not the same; hence, the eggs use energy to carry out higher
osmoregulation, inhibiting optimal development. The current observations showed that in
the D4 treated with 8ppt, the catfish larvae C. gariepinus could not swim normally. The
larvae were only at the bottom of the treatment container due to an imbalance in the
larval body. Even at salinity concentrations of 6ppt, C. gariepinus catfish eggs hatched
with the occurrence of abnormal larvae. This shows that the increase in salinity is directly
proportional to the abnormality of the larvae, where the higher the increase in salinity, the
higher the abnormality. Putra et al. (2020) postulated that, the level of abnormality can
also be influenced by several factors including environmental pressures as well as errors
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in maintenance and spawning efforts. Kadarini et al. (2018) showed that, genetic
abnormalities found in larvae can cause a decrease in the total body length of fish due to
mutations in the gene locus. To avoid the abnormalities, a suitable environment and
highly nutritious fish feed are required (Putra et al., 2019).

CONCLUSION

It can be concluded that, salinity has an effect on the stages of embryogenesis
development of catfish C. gariepinus. The higher the salinity, the slower the development
of the embryo. At higher levels, many of the eggs break quickly before the embryo is
completely ready to hatch. Rotten eggs were also found and the embryos died in the
middle of the development. Salinity affects the quality of the larvae produced, where the
increase in the levels is directly proportional to the abnormality of the larvae. Therefore,
the higher salinity, the higher the abnormality of the larvae obtained. Future study on the
fish larval physiological metabolism and adaptability to different water salinity is highly
recommended.

Data Availability Statement
The data supporting the findings of this study are available within the article and its
supplementary material.

Acknowledgement
We thank the teammates, Mr. Zulkarnain Jalil and Mr Syafruddin Chan for the critical
suggestion during the study.

Funding
This work was supported by Hibah Riset Desa LPDP 2021 by contract number
011/E4.1/AK.04.RA/2021 date December 1% 2021.

Ethical statement
The use of animals during the work followed the institutional guideline of animal
welfare.

REFERENCES

Abdel-Latif, H. M. R.; Shukry, M.; Saad, M. F., Mohamed, N. A., Nowosad, J. and
Kucharczyk, D. (2021). Effects of GnRHa and HCG with or without dopamine
receptor antagonists on the spawning efficiency of African catfish (C. gariepinus)
reared in hatchery conditions. Anim. Reprod. Sci., 231: 106798.

Agbogessi, P.T.; Imorou Toko, I. and Houndji, A.(2013). Acute toxicity of
agricultural pesticides to embryo-larval and juvenile African Catfish C.
gariepinus. Arch. Environ. Contam. Toxicol., 64: 692-700 .

Alam, M. R.; Sharmin, S.; Islam, S. M.; Alam, M. A.; Ehiguese, F. O.; Pattadar, S.
N. and Shahjahan, M. (2020). Salinity intrusion affects early development of
freshwater aquaculture species pabda, Ompok pabda. Aquaculture Reports, 18:
100476.



Effect of Salinity on the Embryogenesis Development of Clarias gariepinus 1343

Alderdice, D. F. (1988). Osmotic and ionic regulation in teleost eggs and larvae, in Fish
Physiology, Vol. XIA, eds W. S. Hoar and D. J. Randall (New York: Academic
Press), 163-251.

Amornsakun, T.; Vo, V.H.; Petchsupa, N.; Pau, T.M. and Hassan A.B. (2017).
Effects of water salinity on hatching of egg, growth and survival of larvae and
fingerlings of snake head fish, Channa striatus. Songklanakarin J. Sci. Technol.,
39(2): 137-142.

Amornsakun, T.; Srithongthum, S.; Promkaew, P.; Hassan, B.; Matsubara, H.;
Takeuchi, Y.; Mukai, K.; Shimasaki, Y.; Oshima, Y. and Suzuki, N. (2019).
Effects of water salinity on the egg hatching, growth, and survival of larvae and
fingerlings of Climbing perch, Anabas testudineus. Journal of the Faculty of
Agriculture, 64(2): 281-286.

Andriyanto, W.; Slamet, B. and Ariawan, 1.M.D.J. (2013). Embryo development and
hatching ratio of raja sunu grouper (Plectropoma laevis) eggs at different media
temperatures. J. Iimu dan Teknologi Kelautan Tropis, 5(1): 193. [indonesian]

Arantes, F. P.; Borcato, F. L.; Sato, Y.; Rizzo, E. and Bazzoli, N. (2013).
Reproduction and embryogenesis of the mandi-amarelo catfish, Pimelodus
maculatus (Pisces, Pimelodidae), in captivity. J. Veterinary Medicine Series C:
Anat. Histol. Embryol., 42(1): 30-39.

Bonistawska, M.; Tanski, A.; Szulc, J.; Machula, S. and Formicki, K. (2014). Water
salinity effects on embryogenesis of the lesser sandeel, Ammodytes tobianus
(Linnaeus, 1758). Cent. Eur. J. Biol., 9(11): 1068-1077.

Borode, A. O.; Balogun, A. M. and Omoyeni, B. A. (2002). Effect of salinity on
embryonic development, hatchability, and growth of african catfish, Clarias
gariepinus, eggs and larvae. J. Appl. Aquac., 12(4): 89-93.
https://doi.org/10.1300/J028v12n04_08

Borode, A. O. and Oyintoke, A. J. (2005). Effect of salinity level on embryonic
development, hatchability and survival potential of reciprocal hybrid larvae of
Clariid catfish (Clarias gariepinus x Heterobranchus bidorsalis). J. Food, Agric.
Environ., 3(1): 243-248.

Dada, A. (2012). Effect of Garcinia kola seed meal on egg quality of the North African
catfish (C. gariepinus) (Burchell, 1822) broodstock. African J. Food, Agric. Nutr.
Dev., 12(5): 6447-64509.

Dada, A. and Aguda, O. (2015). Dietary effects of African walnut (Tetracarpidium
conophorum) on the reproductive indices in male African catfish (C. gariepinus)
broodstock. J. Coast. Life Med., 3(6): 471-475.

Dada, A. and Ejete-lroh, V. C. (2016). Dietary effects of Telfairia occidentalis leaf
extract powder on the egg quality of African catfish (C. gariepinus) broodstock. J.
Aquat. Sci., 31(1A): 75-84.



1344 Putra et al., 2022

Effendie, M.1. (1997). Fisheries biology. Yayasan Pustaka Nusatama. Yogyakarta, 163p.
[indonesian]

Eka, S. H.; Mukti, A. T.; Satyantini, W. H. and Mubarak, A. S. (2020). Preliminary
study: the effect of cryopreservation on the gastrula-staged embryo of African
catfish (C. gariepinus) Preliminary study: the effect of cryopreservation on the
gastrula-staged embryo of African catfish (C. gariepinus). IOP Conf. Ser.: Earth
Environ. Sci., 441: 012124.

El-hawarry, W. N.; El-rahman, S. H. A. and Shourbela, R. M. (2016). Breeding
response and larval quality of African catfish (C. gariepinus, Burchell 1822) using
different hormones/hormonal analogues with dopamine antagonist. Egypt. J.
Agquat. Res., 42(2): 231-239. https://doi.org/10.1016/j.ejar.2016.06.003

Elizete, R. and Nilo, B. (2020). Biology and Physiology of Freshwater Neotropical Fish.
Chapter 13-Reproduction and embryogenesis. Academic Press, 287-313.
https://doi.org/10.1016/B978-0-12-815872-2.00013-0.

Hempel, G. (1979). Early life history of marine fish: The egg stage. In University of
Washington Press.

Holliday, F.G.T. (1969). The effects of salinity on the eggs and larvae of teleosts. Fish
Physiology. Academic Press, 1: 293-311. https://doi.org/10.1016/S1546-
5098(08)60085-0.

Fridman, S.; Bron, J. E. and Rana, K. (2012). Influence of salinity on embryogenesis,
survival, growth and oxygen consumption in embryos and yolk-sac larvae of the
Nile tilapia. Aquaculture, 334-337: 182-190

Gracia, L.V.; Kiewek-Martinez, M. and Maldonado-Garcia. (2004). Effects of
temperature and salinity on artificially reproduced eggs and larvae of the leopard
grouper Mycteroperca rosacea. Aquaculture, 237 (1-4): 485-498.

Hadid, Y.; Syaifudin, M. M. and Amin. (2014). Effect of salinity on hatchability of
baung fish eggs (Hemibagrus nemurus Blkr.).J. Akuakultur Rawa
Indonesia, 2(1): 78-92. [indonesian]

Hart, N.H. (1990). Fertilization in teleost fishes: mechanisms of sperm-egg interactions.
Int. Rev. Cytol., 121, 1-66.

Heltonika, B. (2014). Effect of salinity on hatching of jambal siam fish eggs (Pangasius
Hypohthalmus). J. Akuakultur Rawa Indonesia, 2(1): 13-23. [indonesian]

Hempel, G. (1979). Early life history of marine fish: The egg stage. In University of
Wahington Press.

Hossain, F.; Islam, S. M. M.; Ashaf-Ud-Doulah, M.; Ali, M. S.; Islam, M. S.; Brown,
C. and Shahjahan, M. (2021). Influences of Salinity on Embryonic and Larval
Development of Striped Catfish Pangasianodon hypophthalmus. Front. Mar. Sci.,
8:781951. https://doi.org/10.3389/fmars.2021.781951



Effect of Salinity on the Embryogenesis Development of Clarias gariepinus 1345

Iffat, J.; Tiwari, V. K.; Verma, A. K. and Pavan-Kumar, A. (2020). Effect of different
salinities on breeding and larval development of common carp, Cyprinus carpio
(Linnaeus, 1758) in inland saline groundwater. Aquaculture, 518: 734658.
https://doi.org/10.1016/j.aquaculture.2019.734658

Iswanto, B. (2004). Tracing the identity of the African catfish. Media Akuakultur, 41263:
85-96. [Indonesian]

Kadarini, T.; M. Yamin. and Musthofa, S.Z. (2018). Reproduction growth, survival
and vertebra abnormalities inheritance of hybrid balloon and normal red
rainbowfish (Glossolepis incius). AACL Bioflux, 11(4): 1173-1182.

Kamler, E. (2012). Early life history of fish: an energetics approach (Vol. 4). Springer
Science dan Business Media.

Lenormand, S.; Slembrouck, J.; Pouyaud, L.; Subagja, J. and Legendre, M. (1999).
Evaluation of hybridisation in five Clarias species (Siluriformes, Clariidae) of
African (C. gariepinus) and Asian origin (C. batrachus, C. meladerma, C.
nieuhofii, and C. teijsmanni). In Legendre, M. and Parisele, A. (Eds.), The
Biological Diversity and Aquaculture of Clariid and Pangasiid Catfishes in South-
East Asia. Proceeding of The Mid-Term Workshop of the Catfish Asia Project,
Cantho, 11-15 May 1998. Vietnam, p. 195-2009.

Marimuthu, K.; Muthu, N.; Xavier, R.; Arockiaraj, J.; Rahman, M. A. and
Subramaniam, S. (2013). Toxicity of buprofezin on the survival of embryo and
larvae of African Catfish, C. gariepinus (Bloch). J. P. one., 8(10): 4-9.
https://doi.org/10.1371/journal.pone.0075545

Marimuthu, K.; Palaniandy, H. and Muchlisin, Z. A. (2019). Effect of different water
pH on hatching and survival rates of African catfish C. gariepinus (Pisces:
Clariidae). Aceh. J. Anim. Sci., 4: 80-88. https://doi.org/10.13170/ajas.4.2.

Marimuthu, K.; Subramaniam, R.; Lertanantawong, B.; Lee, S. Y.; Borgio, J. F;
Amin, S. M. N.; Azeez, S. A.; Rahman, M. A. and Arshad. A. (2020). Toxicity
of gold nanoparticles on the survival and hatching rates of African catfish (C.
gariepinus) embryo and larvae. J. Environ. Biol., 41: 1179-1185.

Marsela, S.; Ati, V.M. and Mauboy, R.S. (2018). Hatching rate and abnormality of
sangkuriang catfish larvae (C. Gariepinus) which in the induction of heat shock
temperature. J. Biotropikal Sains, 15(3): 1-13.

Ministry of Marine and Fisheries (MMF). (2020). Throughout the second quarter of
2020, aquaculture production was 7.7 million tons.
https://kkp.go.id/djpb/artikel/25718-sepanjang-triwulan-ii-2020-produksi-
perikanan-budidaya-7-7-juta-ton access date September 07 2022. [Indonesian]

Mosha, S. S. (2018). Catfish (C. gariepinus) larval produced under natural and synthetics
recent comparative studies on the performance and survival rate of African
Catfish (C. gariepinus) larval produced under natural and synthetics hormones. A


https://kkp.go.id/djpb/artikel/25718-sepanjang-triwulan-ii-2020-produksi-perikanan-budidaya-7-7-juta-ton
https://kkp.go.id/djpb/artikel/25718-sepanjang-triwulan-ii-2020-produksi-perikanan-budidaya-7-7-juta-ton

1346 Putra et al., 2022

Review. J. Aguac. Res. Development, 9(3): 1000528.
https://doi.org/10.4172/2155-9546.1000528

Mubarokah, D.; Tarsim, T. and Kadarini. (2014). Embryogenesis and hatchability of
Rainbow fish (Melanotaenia parva) at different salinities. AQUASAINS, 2(2):
157-162. [Indonesian]

Muchlisin, Z. A.; Mastura, S.; Asraf, A.; Fadli, N.; Hendri, A. and Siti-azizah, M. N.
(2014). A preliminary study to evaluate the effects of and fertilization rates of
African catfish, C. gariepinus. AACL Bioflux, 7(1):15-19

Muchlisin, Z. A.; Fadli, N. and Hendri, A. (2015). Exploration of natural
cryoprotectants for cryopreservation of African catfish, C. gariepinus, Burchell
1822 (Pisces: Clariidae) spermatozoa. 1822. Aceh. J. Anim. Sci., 60(1): 10-15.
https://doi.org/10.17221/7906-CJAS

Muslim, M. and Yonarta, D. (2017). The hatching of Snakehead Fish (Channa Striata)
eggs in incubation media with different duration of oxygen administration
(aeration). J. Perikanan Tropis., 4(2): 187-198. [indonesian]

Natea, G.; Wakjira, M.; Negisho, T. and Endebu, M. (2017). Spawning response of
African catfish (C. gariepinus (Burchell 1822), Claridae: Teleost) exposed to
different piscine pituitary and synthetic hormone. Int. J. Fish. Aquat. Studies, 5(2):
264-2609.

Nguang, S. l.; Akagawa, Y.; Hirakasi, S.; Kato, K.; Murata, O.; Takii, K;
Miyashita, S. and Senoo, S. (2012). Effects of Salinity on Egg Development,
Hatching and Larval Deformation in the Marble Goby Oxyeleotris marmoratus.
Aguac. Sci., 60(1): 1-9.

Okomoda, V. T.; Koh, I. C. C. and Shahreza, S. M. (2018). A simple technique for
accurate estimation of fertilization rate with specific application to Clarias
gariepinus  (Burchell,  1822).  Aquac. Res., 49(2): 1116-1121.
https://doi.org/10.1111/are.13528

Olaniyi, C. and Akinbola, D. (2013). Comparative studies on the hatchability,
performance and survival rate of African Catfish (C. gariepinus) Larval produced:
using ovaprim and catfish pituitary extract hormones. J. Biol. Agric. Healthcare.,
3(9): 57-63.

Putra, D. F.; Armaya, L.; EIRahimi, S. A. and Othman, N. (2019). Effects of red yam
flour (Ipomoea batatas I.) on the growth, survival rate and skin color of goldfish
(Carrasius auratus). BIOTROPIA, 26(2): 136-142.

Putra, P.L.; Jubaedah, D. and Syafudin, M. (2020). Hatchability of catfish (Pangasius
hypophthalmus) eggs at different pH media. J. Akuakultur Rawa Indonesia, 8(1):
37-49. [Indonesian]

Rawung, L. D.; Junior, D. R. E. M. Z.; Rahminiwati, M.; Sunarma, A. and Manalu,



Effect of Salinity on the Embryogenesis Development of Clarias gariepinus 1347

W. (2020). Reproductive performances and egg qualities in african catfish (C.
gariepinus) broodstocks supplemented with curcumin and thyroxine hormone. J.
Omni-Akuatika, 16(1): 32-47.

Robert, S.; Daud, K.; Wilfred, K. and Joshua, V. (2019). Interactive effect of water
temperature and nitrate fertilizers on growth, survival, and hatching success of
eggs, embryos and larvae of African Catfish (C. gariepinus, Burchell 1822). J.
Agquac. Eng. Fish. Res., 5(2): 27-38.

Salsabilla, A.; Putra, D. F.; Octavina, C. and Maulana, R. (2021). Prevalence and
intensity of ectoparasites on cultivated catfish (Clarias. sp.) in aquaculture ponds
and bioflocs system in Aceh Besar, Indonesia. IOP Conf. Ser.: Earth. Environ.
Sci., 869(1). https://doi.org/10.1088/1755-1315/869/1/012073

Su, B.; Perera, D. A.; Mu, X. Dunham, R. A. (2013). Effect of sodium chloride on
hatching rate on Channel Catfish, Ictalurus punctatus, embryos. J. Appl. Aquac.,
25(4): 283-292. Https://doi.org/10.1080/10454438.2013.848754

Suratno, S. and Putra, D. F. (2022). Control of ectoparasites in Sangkuriang catfish (C.
gariepinus) with dissolved oxygen concentration as a limiting factor. JVIP., 2(4):
9-13. [Indonesian]

Weerd, J. H. V. (1995). Nutrition and growth in Clarias species - a review. 395-401.

Yisa, T. A.; Tsadu, S. M. Aidoo.; T. Ibrahim, A.; Gana, E. S. and Adama, B. S.
(2014). Effect of chemical disinfectant (formalin) on hatching of eggs of African
catfish (C. gariepinus), survival and growth performance of fry. Int. J. Curr.
Microbiol. Appl. Sci., 2(4): 1133-1138.

Zhang, G.; Shi, Y.; Zhu, Y.; Liu, J. and Zang, W. 2010. Effects of salinity on embryos
and larvae of tawny puffer Takifugu flavidus. Aquaculture, 302(1-2): 71-75.
https://doi.org/10.1016/j.aquaculture.2010.02.005.

Zidan, S. R. S.; Saleh, H. H. E.; Semaida, A. I.; Abou-zied, R. M. and Allam, S. M.
(2020). Effect of different doses of human chorionic gonadotropin (HCG)
hormone on stripping response and reproductive performance of the African
catfish (C. gariepinus). Egypt. J. Aquat. Biol. Fish., 24(6): 225-242.



