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Introduction

Abstract

Scylla mud crabs are economically important portunid species for aquaculture in many
countries. However, mass production of mud crabs as a supply of seafood is still
difficult up-to-date. This review aimed to provide an overview of the major constraints
faced in the grow-out farming of mud crabs, and the potential solutions were
discussed. The major constraints in the Scylla mud crabs' grow-out culture are (1)
inadequate seed supply, (2) cannibalism, (3) disease outbreaks, and (4) no commercial
formulated feed that is specifically designed for mud crabs. The inadequate wild mud
crabs seed supply can be solved through artificial seed production seed in the
hatcheries, but the knowledge of mud crab requirements at early life stages is needed
to improve the rearing techniques and production. Cannibalism in the grow-out
culture of mud crabs is manageable, provided that the farmers are knowledgeable
about the basic prevention methods (shelter provision, size grading, monosex culture)
and they are practicing it. On the disease outbreaks, research into discovering new
alternatives to antibiotics and prevention methods should be prioritized. Finally, the
commercial formulated grow-out diet that is specific for the Scylla mud crabs should
be developed to replace the use of natural products for feeding.

salinity is greater than 34 ppt (Keenan et al., 1998).
While for another three species, their distribution is

The Scylla mud crabs can be found throughout the
Indo-Pacific region, from Southeast and East Africa to
Southeast Asia (Fuseya & Watanabe, 1996). They can be
classified into four species, which are the Scylla serrata,
S. tranquebarica, S. olivacea, and S. paramamosain
(Keenan et al., 1998). Among them, S. serrata has the
widest distribution in the Indo-Pacific region (Keenan et
al.,, 1998; Le Vay, 2001; Shelley & Lovatelli, 2011;
Alberts-Hubatsch et al., 2016). Due to its high tolerance
to salinity, S. serrata can adapt and survive in oceanic
waters and mangrove areas where the water surface
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mainly centered in the South China Sea and the Bay of
Bengal, where the water salinities are lesser than 33 ppt
during the northern hemisphere summer (Keenan et al.,
1998).

The Scylla mud crabs are economically important
portunid species; especially in the small-scale coastal
fisheries and aquaculture. According to Ikhwanuddin et
al. (2013), aquaculture of the Scylla mud crab has a long
history in the world, which is more than 100 years in
China, and 30 years throughout the Asian countries.
Nevertheless, mass aquaculture production of the Scylla
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mud crabs is still difficult, although all four species of the
Scylla mud crabs, share very similar requirements for
their aquaculture, and their full-cycle aquaculture has
already been made possible (Shelley & Lovatelli, 2011).

Full cycle aquaculture of the Scylla mud crabs
begins with the broodstock management, eggs
incubation and hatching, larval rearing, nursery culture
of the post-larvae, grow-out of the crablets to juvenile
and adult, and crop harvesting (Shelley & Lovatelli,
2011). Recently, Azra & Ikhwanuddin (2016) has
reviewed the maturation diets for the Scylla mud crabs
broodstock, while the progress and advancement in
larval rearing and nursery culture of the Scylla mud crabs
have been reviewed by Waiho et al. (2018) and Syafaat
et al. (2021), respectively. However, there is still no
review done to provide a comprehensive overview of
the progress and current advancement in the Scylla mud
crabs' grow-out culture, especially the major constraints
that are remaining to be solved in this culture phase.
This effort is necessary to determine the knowledge gap,
potential solutions, and future research topics to
improve the rearing technique in this culture phase.
Therefore, this overview highlights the major
constraints that are facing in the Scyl/la mud crabs' grow-
out culture, and the potential solutions to these
constraints were discussed.

Grow-out Culture of the Scylla Mud Crabs

The life cycle of the Scylla mud crabs has been
reported earlier by Quinitio & Parado-Estepa (2008). In
brief, after hatching, larvae of the mud crabs will go
through 5 zoea stages, followed by the megalopa stage.
Then, it metamorphoses into the first crab instar and
finally becomes the crablets that possess similar
morphology to the juveniles. Grow-out culture of the
Scylla mud crabs is referring to the culture period where
the crablets are taken care of until it becomes juvenile
or adult. Generally, crablets with a carapace width of at
least 1.0 - 2.5 cm are suitable enough to be transferred
from the larval rearing tanks to the grow-out systems
(Shelley & Lovatelli, 2011; Ganesh et al., 2015).

Grow-out culture of the Scylla mud crabs is usually
operated in earthen ponds, mangrove pens, canals, and
so forth. Within about 1 - 2 months, the mud crabs can
achieve a body weight of 60 - 100 g (Quinitio & Parado-
Estepa, 2017). At this size, the mud crabs can either be
harvested for stocking to produce the soft shell crabs, a
fast turnover product, or continue cultured for another
4 - 5 months in the grow-out systems, until it becomes
adult and reaches the marketable size at about 400 - 500
g (Marichamy & Rajapackiam, 2001; Ganesh et al., 2015;
Quinitio & Parado-Estepa, 2017). The crop is typically
harvested selectively. The healthy and intact mud crabs
that qualify for their body size and weight will be firstly
harvested, whereas those with damaged chelipeds,
limb-loss, undersized, or newly-moulted will be released
back to the pond for 'recuperate’.

Constraints in Grow-out Culture of the Scylla Mud
Crab and the Mitigation Methods

Inadequate Seed Supply

Inadequate seed supply has always been the first
problem for most mud crab farmers (Keenan, 1999;
Lavilla-Pitogo et al., 2001; Rodriguez et al.,, 2001,
Sathiadhas & Najmudeen, 2004; Mia & Alam, 2006; Ut
et al., 2007; Rahman et al., 2017). In the traditional
grow-out farming of mud crabs, the farmers are relying
heavily on the seeds that have been collected from the
wild, and fattening them in the grow-out systems.
However, such practice is not sustainable as it could
degrade the natural habitat, and threaten the wild mud
crabs population (Le Vay, 2001; Quinitio et al., 2002;
Sathiadhas & Najmudeen, 2004; Shelley, 2008; Quinitio
& Parado-Estepa, 2017). Indeed, Rahman et al. (2017)
reported that the seed harvesters in the coastal area of
Bangladesh were able to collect 4 - 5 kg of mud crabs
daily in 2012. However, this amount has decreased to 2
-3 kg in 2017; while the sizes of the collected mud crabs
have dropped significantly from 250 - 350 g to 100 - 150
g. Also, Suman et al. (2018) have reported that the wild
population of S. serrata in the Kendari Bay of Indonesia
has attained a negative allometric growth pattern due
to overfishing. To fulfill the expanding market demand
for mud crabs as seafood, the hatchery-produced seed
is critically needed to replace the wild-collected seed as
the supply to the mud crabs' grow-out farming (Gunarto
et al., 2016).

The Scylla mud crabs seed production techniques
have been successfully established in the hatcheries in
many countries, including Australia (Shelley, 2008),
Philippines (Quinitio & Parado-Estepa, 2008, 2017), and
Vietnam (Nghia et al.,, 2007; Ut et al, 2007).
Nevertheless, the achievement of mass seed production
relies on the high quality and survival of the hatchery-
produced mud crabs larvae, which is still very
challenging to achieve and maintain up-to-date (Waiho
et al., 2018; Syafaat et al., 2021). The challenges to
producing high quality and maintaining high larval
survival in the Scylla mud crabs production have been
reviewed and discussed by Waiho et al. (2018) and
Syafaat et al. (2021); therefore, this overview does not
further describe those challenges.

Cannibalism

Cannibalism refers to predation among the same
species; while some animals used it as a tactic to
establish their dominance in a population (Fox, 1975;
Polis, 1981; Smith & Reay, 1991; Laranja et al., 2010).
Agonistic behaviour usually occurs before cannibalism
(Laranja et al.,, 2010). In crustaceans, agonistic
behaviour can be triggered by both intrinsic (e.g., sex,
body and chelae size, reproductive state, and past social
experience) and extrinsic (e.g., shelters, food
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availability, mating territory, and environmental
communication) factors (Moore, 2007).

In the Scylla mud crab aquaculture, cannibalism
has always been reported as a serious issue, especially
during the nursery and the communal grow-out phases.
The occurrence of cannibalism has significantly
decreased crop survival and production (Trifio et al.
19993, b; Shelley, 2008; Waiho et al., 2015; Rahman et
al.,, 2017; Islam et al., 2018). The high occurrence of
cannibalism in mud crabs farming can be triggered
mainly due to several reasons. One of the reasons is the
mixed-sex culture (Cholik & Hanafi, 1992) and indeed, it
was evident that practicing the monosex culture can
yield a higher production than the mixed-sex culture
(Trino & Rodriguez, 2001). Another reason is keeping
variable size ranges of stocks in the culture system,
while this issue can be solved by practicing size-grading
(Mirera & Moksnes, 2013). Recently, Sanda et al. (2021)
recommended that maintaining the size differences
below the relative size difference [RSD=1 - (size of small
crab) / (size of large crab)] threshold at 0.34 would be an
effective strategy to contain the cannibalism occurrence
in the culture of the S. serrata juveniles.

Over-crowded stocking density in the grow-out
systems is also another main cause triggering
cannibalism among the mud crabs (Baliao et al., 1981;
Suprapto, 2001; Mia & Alam, 2006). It was suggested
that shelter provision can ease the over-crowed stocking
density problem by providing more hiding spaces and
subsequently, reduce cannibalism occurrence and
increase the mud crabs' survival (Trifio et al., 19993, b;
Catacutan, 2002; Ye et al., 2011; Rahman et al., 2017).
However, the survival of the cultured mud crabs can be
varied when different materials or designs of shelters
were provided. Table 1 shows the farming conditions
and survival of the Scylla mud crabs juveniles cultured
under different stocking densities, provided with various
types of material as shelters. Although it is not possible
to compare the shelters' efficiency in reducing the
cannibalism  occurrence across these studies,
Chakraborty (2018) has reported that the plastic pipes
are quite efficient as a shelter as the survival percentage

of the mud crab juveniles did not drop drastically when
the stocking density was increased. On the other hand,
Triflo et al. (1999a) and Venugopal et al. (2012) have
reported that the seaweed, Gracilariopsis bailinae, and
concrete pipes were not effective shelters for the mud
crab juveniles for maintaining their survival in the higher
stocking densities, respectively. Under the laboratory
culture conditions with sand bottom, Mirera & Moknes
(2013) reported that the bamboo tubes were more
efficient than the plastic strings and the seaweed
(Eucheuma denticulatum) to function as a shelter for the
S. serrata juveniles, with a trend of less cannibalism
occurrence in this treatment. However, Fatihah et al.
(2017) found that the survival of the S. tranquebarica
juveniles, provided with soft sand as the substrate, was
significantly higher than those provided with the black
agricultural mesh net or the polymer high-density
polyethylene (mesh size 15 mm x 15 mm) made rod
shape-shelter. Nevertheless, in these reports, how the
S. tranquebarica reacts to the substrate and these
shelters, and how these shelters contribute to reducing
the cannibalism occurrence to enhance the mud crab's
survival were not observed. Recently, Kawamura et al.
(2020a, b) have reported that the S. tranquebarica
juveniles can discriminate colour, and show their
preference for blue over green, red, black, or white
shelter. These findings indicated that the Scylla mud
crabs may have a preference for different types of
shelter. Therefore, future studies on the mud crabs'
preference for shelters with different types of materials
and designs, and how the mud crabs utilize these
shelters are highly recommended.

Other than monosex culture, size grading, and
shelter provision, Laranja et al. (2010) have
demonstrated that aggression in the S. serrata juveniles
can be suppressed through feeding by supplementing
tryptophan into the diet. Dietary supplementation of
tryptophan was effective to increase the brain
serotonin, 5- hydroxytryptamine (5-HT) concentration in
the mud crab hemolymph and suppressed its agonistic
behaviour; the survival of the mud crabs was enhanced
consequently.

Table 1. Grow-out farming conditions and production of the Scylla mud crabs juveniles from the previous studies

Size of the Mud  Rearing Rearing Stocking density/

Shelter

) o .
Crabs duration systems Treatments provision Feeding Survival (%)  Growth/ Production References
. Production (kg)
2
BW:7.3-11.0¢ 120 150m?earthen (205 ind/m’ Seaweed, oy atchs (2 9822 (a) 29.69 Trifio et al.
CW:3.50-426cm  da d (b)1.5 ind/m Gracilariopsis | flesh (b) 56.72
13, . ys ponds . ) i mussel fles (b) 48.54 (1999a)
(c)3.0ind/m bailinae (c) 30.56
(c) 50.45
135 ear(t)l'ﬁlezﬂ1 r:)ands (2)0.025 mil/ha (a) 64.10  Production (kg /ha) Chakrabort
BW:45.80 g davs  with Zns (b)0.035mil/ha  Plastic pipes  Trash fish (b) 51.44 (a) 4783.44 (2018) y
¥ P (c) 0.045 mil/ha (c) 40.52 (b) 4324.72
deployed (c) 3506.76
i 2 Production (kg / ha)
BW: 40-60 g 4 810 m?earthen (2) 0.50 !nd/m Concrete Chopped I.OW (a)  46.60 663 Venugopal
CW:5.2-6.8cm  months onds (b) 0.75 ind/m* value marine (b) 33.30 fa) etal. (2012)
§ 2570 P () 1.00 ind/m? fish () 27.30 (b) 592 :

(c) 489
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Disease Outbreaks

Disease outbreaks have been reported as one of
the major constraints in mud crab farming as they can
cause mass mortality to the animal (Tendencia &
Cabilitasan, 2017). Mud crab is susceptible to many
types of pathogens and diseases, including bacterial and
viral infections, an infestation of parasitic organisms
(e.g., protozoan, metazoan), fungus, ciliate, and many
others. For instance, fungal (e.g., Lagenidium spp.,
Haliphthoros spp.) and ciliate (e.g., Zoothamnium spp.)
infestations are some of the common causative agents
of mortality in the Scylla mud crab larvae and eggs (Hatai
et al., 2000; Quinitio et al., 2001; Jithendran et al., 2010;
Lee et al., 2016a, b, 20173, b; Linh et al., 2017). Virus
(e.g., white spot syndrome virus) has always been
reported in many Asian countries, found in both wild-
caught and farmed mud crabs at different life stages
(Norizan et al., 2019). Bacterial infection (e.g., Vibriosis
that is caused by the Vibrio spp.) also contributes to
mass mortality of the mud crabs (Gunasekaran et al.,
2019). Comprehensive information on the diseases that
are commonly reported in the Scylla mud crabs at the
grow-out phase has been reported by Lavilla-Pitogo &
de la Pefia (2004) with the respective prevention and
management measures. On the other hand, many other
reviews on the diseases of the Scylla mud crabs
(regardless of their life stage) are also available
(Jithendran et al., 2010; de Souza Valente & Wan, 2021;
Coates & Rowley, 2022). Therefore, the present study
skips the explanation on this topic.

Treating diseases with chemicals, especially
antibiotics, is commonly used in aquaculture (Chelossi et
al., 2003; Lulijwa et al., 2019; Thiang et al., 2021).
However, antibiotic treatment was not recommended
as it will cause pollution to the environment and
contribute to the arising of antibiotic resistance
pathogens (Poornima et al., 2012; Coates & Rowley,
2022), and it can be harmful to the mud crabs. Indeed,
Pates Jr et al. (2017) have reported that the S. serrata
juveniles attained morphological deformities when they
were exposed to oxytetracycline and furazolidone
during the zoeae stage, and suggested that the use of
antibiotics should be eliminated. Recently, Saito &
Tamrin (2019) has successfully utilized the extracts of
seaweeds (Caulerpa lentillifera and Eucheuma cottonii)
as an alternative to the antibiotic to treat the marine
oomycetes, Lagenidium spp. and Haliphthoros spp. Yang
et al. (2020) also demonstrated a novel antimicrobial
peptide, scyreprocin, produced from the S.
paramamosain as a promising alternative to antibiotics
used in mud crab farming. Nevertheless, these research
were all working for the treatments of the mud crabs'
eggs and larvae; there is a very limited report on the
treatments for the mud crabs' juvenile. In the near
future, research to discover new alternatives to
antibiotics for the treatment of the mud crabs juvenile
is highly recommended to enhance the disease control
in the Scylla mud crabs grow-out farming.

Commercial Formulated Feeds

To date, the natural products, such as the low-
value fish, molluscs, crustaceans, animal viscera, or by-
products are still the major items for feeding in the
Scylla mud crabs farming (Quinitio et al., 2001; Trifio et
al., 2001; Catacutan, 2002; Catacutan et al., 2003; Tuan
et al., 2006; Truong et al., 2008; Mirera & Mtile, 2009;
Unnikrishnan & Paulraj, 2010; Ali et al., 2011; Shelley &
Lovatelli, 2011; Rabia, 2015; Zhao et al., 2015). The use
of these products for feeding is not sustainable as their
availability and quality can vary greatly, and it requires
adequate refrigeration to maintain their freshness.
Besides, the quality of the rearing water can deteriorate
rapidly when these items were left uneaten by the mud
crabs in the culture facilities. This happening will
eventually cause disease outbreaks and mortality to the
mud crabs (Sheen & Wu, 1999; Ali et al., 2011). To solve
this problem, formulated feed is recommended to
replace the natural products for feeding in the Scylla
mud crabs farming. In fact, through a bio-economy
analysis on mud crabs farming (fattening) in Vietnam,
Petersen et al. (2013) have reported that feeding
formulated feed in mud crabs farming can significantly
increase the animals' survival, and help the farmers to
generate higher profit to cover the expensive cost of the
formulated feed. However, there is still no formulated
feed available commercially for the Scylla mud crabs up-
to-date (Fielder & Allan, 2003; Pavasovic et al., 2004;
Azra & Ikhwanuddin, 2016; Genodepa & Failaman, 2016;
Zheng et al., 2020), despite much research that has
already been conducted on its nutritional requirement
for formulated feed development (e.g. Sheen & Wu,
1999; Catacutan et al., 2003; Truong, 2008;
Unnikrishnan & Paulraj, 2010; Aliet al., 2011; Zhao et al.,
2015; Dong et al., 2017; Kader et al., 2017; Zheng et al.,
2020).

Commercial formulated diet plays a very important
role in aquaculture as the diet is designed based on the
nutritional requirements of the targeted species.
Commercial formulated diets designed for single fish
species are very common (e.g. for tilapia, catfish,
groupers, and others). However, in crustaceans,
research related to the nutritional requirements and
commercial feed development is focusing on the
whiteleg shrimp, Litopenaeus vannamei, which is also
the most widely farmed crustacean species in the world,
up-to-date (FAQ, 2020). In a situation when formulated
feed is recommended for feeding but there is no
commercial formulated diet available for the Scylla mud
crabs, Genodepa & Failaman (2016) have conducted a
trial to determine the suitability of the commercially
available fish or penaeid shrimp diets for feeding the
mud crabs in the grow-out farm. It was reported that a
significantly high mortality rate was observed in the fish
diet treatment as the feed was poorly accepted by the
mud crab. The mud crab survival in the shrimp feed
treatment was not significantly different from that of
the natural food (control) treatment in the first half of
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the culture period (11 days), but it significantly dropped
at the end of the experiment (20 days). Although the
shrimp feed is more suitable than the fish feed for
feeding the mud crab, it is expensive (maybe not cost-
effective) and the suitability of its ingredients nutrition
for mud crabs is not confirmed. Apparently, to expand
the Scylla mud crabs farming sustainably, it is inevitable
to establish commercial practical diets that are
specifically for mud crabs.

According to Catacutan et al. (2003) and Pavasovic
et al. (2004), high amylase, cellulase, and xylanase
activities were found in the soluble extracts from the
midgut gland of mud crabs, indicating that mud crabs
can digest plant-based nutrients, including fibre and ash.
Indeed, the feeding experiments conducted by Tuan et
al. (2006), Truong et al. (2008, 2009), and Nguyen et al.
(2014) have evident that mud crabs can digest and
utilize the crude protein from soybean meal. There is no
doubt that fish meal is still considered an indispensable
or essential protein source in aquafeeds due to its high
nutritive value, excellent palatability, digestibility, and
acceptability to all fishes (Kaushik et al., 2008; FAO,
2018). However, considering the increasing price of fish
meal, plant-based protein sources, especially soybean
meal that contains high protein levels, a well-balanced
amino acid profile, stable market supply with reasonable
cost (Davis & Arnold, 2000; Amaya et al., 2007a, b) can
be a good alternative to fish meal in the diet developed
for mud crabs.

Conclusion

Inadequate wild seed supply, cannibalism, disease
outbreaks, and no commercial species-specific
designated formulated feed are the 4 major constraints
faced in the Scylla mud crabs grow-out culture. Although
artificial seed production in the hatcheries can solve the
wild seed supply issue, knowledge of the mud crab
requirements at early life stages is needed to improve
the rearing techniques and production. The cannibalism
issue is still manageable, as long as the farmers are
knowledgeable about the basic prevention methods
(shelter provision, size grading, monosex culture) and
they are practicing them. Meanwhile, continuous
research to discover new alternatives to antibiotic and
disease prevention methods should be prioritized to
minimize disease outbreaks. Finally, the commercial
formulated grow-out diet that is specific for the Scylla
mud crabs should be developed to replace the use of
natural products for feeding.

Ethical Statement
No ethical statement is required.
Funding Information

This study was supported by the High Impact
Research Grant Scheme (SPB0002-2020) provided by

the Research Management Centre of Universiti Malaysia
Sabah.

Author Contribution

KSL: Conceived the study, and drafted the original
manuscript. FKBY: Conceived the study, commented and
edited the manuscript. LSL: Conceived the study,
funding acquisition, supervised the work, commented
and edited the manuscript.

Conflict of Interest

The authors declared that they have no conflict of
interest.

References

Alberts-Hubatsch, H., Lee, S.Y., Meynecke, J.0., Diele, K.,
Nordhaus, 1., and Wolff, M. (2016). Life-history,
movement, and habitat use of Scylla serrata (Decapoda:
Portunidae): current knowledge and future challenges.
Hydrobiologia, 763, 5-21.
https://doi.org/10.1007/s10750-015-2393-z

Ali, S.A., Dayal, J.S., and Ambasankar, K. (2011). Presentation
and evaluation of formulated feed for mud crab Scylla
serrata. Indian Journal of Fisheries, 58(2), 67-73.

Amaya, E.A.,, Davis, D.A., and Rouse, D.B. (2007a).
Replacement of fishmeal in practical diets for the Pacific
white shrimp (Litopenaeus vannamei) reared under
pond conditions.  Aquaculture, 262, 393-401.
https://doi.org/10.1016/j.aquaculture.2006.11.015

Amaya, E., Davis, D.A., and Rouse, D.B. (2007b). Alternative
diets for the Pacific white shrimp Litopenaeus vannamei.
Aquaculture, 262(2-4), 419-425.
https://doi.org/10.1016/j.aquaculture.2006.11.001

Azra, M.N.,, and lkhwanuddin, M. (2016). A review of
maturation diets for mud crab genus Scylla broodstock:
present research, problems and future perspective.
Saudi Journal of Biological Sciences, 23, 257-267.
https://doi.org/10.1016/j.sjbs.2015.03.011

Baliao, D.D., Rodriguez, E.M., and Gerochi, D.D. (1981). Culture
of the mud crab, Scylla serrata (Forskal) at different
stocking densities in brackishwater ponds. SEAFDEC
Aquaculture Department Quarterly Research Report,
5(1), 10-14.

Catacutan, M.R. (2002). Growth and body composition of
juvenile mud crab, Scylla serrata, fed different dietary
protein and lipid levels and protein to energy ratios.
Aquaculture, 208(1-2), 113-123.
https://doi.org/10.1016/50044-8486(01)00709-8

Catacutan, M.R., Eusebio, P.S., and Teshima, S. (2003).
Apparent digestibility of selected feedstuffs by mud
crab, Scylla serrata. Aquaculture, 216(1-4), 253-261.
https://doi.org/ 10.1016/50044-8486(02)00408-8

Chakraborty, B.K. (2018). Effect of stocking density on survival,
growth and production of mud crab juvenile by pen
culture system of Bangladesh. International Journal of
Oceanography & Aquaculture, 2(4), 000143.
https://doi.org/10.23880/1JOAC-16000143

Chelossi, E., Vezzulli, L., Milano, A., Branzoni, M., Fabiano, M.,
Riccardi, G., and Banat, I.M. (2003). Antibiotic resistance
of benthic bacteria in fish-farm and control sediments of



Aquaculture Studies

AQUAST993

the Western Mediterranean. Aquaculture, 219(1-4), 83-
97. https://doi.org/ 10.1016/50044-8486(03)00016-4

Cholik, F., and Hanafi, A. (1992). A review of the status of mud
crab (Scylla sp.) fishery and culture in Indonesia. In: C.A.
Angell (Ed.), The mud crab. Report of the seminar on
mud crab culture and trade (pp. 13-28). Bay of Bengal
Programme.

Coates, C.J., Rowley, A.F. (2022). Emerging diseases and
epizootics in crabs under cultivation. Frontiers in Marine
Science, 8, 809759.
https://doi.org/10.3389/fmars.2021.809759

Davis, D.A., and Arnold, C.R. (2000). Replacement of fish meal
in practical diets for the Pacific white shrimp,
Litopenaeus vannamei. Aquaculture, 185(3-4), 291-298.
https://doi.org/ 10.1016/50044-8486(99)00354-3

De Souza Valente, C., and Wan, A.H.L. (2021). Vibrio and major
commercially important vibriosis diseases in decapod
crustaceans. Journal of Invertebrate Pathology, 181,
107527. https://doi.org/10.1016/].jip.2020.107527

Dong, X.J., Wu, J., Shen, Y., Chen, J.Y., Miao, S.Y., Zhang, X.J,,
and Sun, L.S. (2017). Effects of different arginine/lysine
level on growth performance, body composition and
digestive enzyme activity of Macrobrachium rosenbergii.
Aquaculture Nutrition, 24(3), 1101-1111.
https://doi.org/10.1111/anu.12649

FAO (Food and Agriculture Organization of the United Nation).
(2018). The state of world fisheries and aquaculture
2018 - Meeting the sustainable development goals. Food
and Agriculture Organization of the United Nation.

FAO (Food and Agriculture Organization of the United Nation).
(2020). The state of world fisheries and aquaculture
2020 - Sustainability in action. Food and Agriculture
Organization of the United Nation.

Fatihah, S.N., Julin, H.T., and Chen, C.A. (2017). Survival,
growth, and molting frequency of mud crab Scylla
tranquebarica juveniles at different shelter conditions.
AACL Bioflux, 10(6), 1581-1589.

Fielder, D., and Allan, G. (2003). Executive summary and
recommendations. In: G. Allan, and D. Fielder (Eds.),
Mud crab aquaculture in Australia and Southeast Asia.
Proceedings of a scoping study and workshop. ACIAR
working paper, no. 54 (pp. 7-9). Australian Centre for
International Agricultural Research.

Fox, L.R. (1975). Cannibalism in natural populations. Annual
Review of Ecology and Systematics, 6, 87-106.
https://doi/org/10.1146/annurev.es.06.110175.000511

Fuseya, R., and Watanabe, S. (1996). Genetic variability in the
mud crab genus Scylla (Brachyura: Portunidae). Fisheries
Science, 62(5), 705-709.
https://doi.org/10.2331/fishsci.62.705

Ganesh, K., Raj, Y.C.T.S., Perumal, S,, Srinivasan, P., and
Sethuramalingam, A. (2015). Breeding, larval rearing and
farming of mangrove crab, Scylla serrata (Forskal, 1775).
In: P. Santhanam, A.R. Thirunavukkarasu, and P, Perumal
(Eds.), Advances in marine and brackishwater
aquaculture (1st ed., pp: 163-172). Springer.

Genodepa, J.G., and Failaman, A.N. (2016). Evaluation of
selected commercial aquaculture feeds as substitute for
natural feeds in rearing mud crab (Scylla serrata)
juveniles. AACL Bioflux, 9(5), 993-1000.

Gunarto, G., Parenrengi, A., and Septiningsih, E. (2016).
Crablet of mud crab Scylla olivacea production from the
different stages of larvae fed Artemia nauplii enriched
using Nannochloropsis sp. International Journal of
Agriculture System, 4(2), 132-146.

https://doi/org/10.20956/ijas.v4i2.687

Gunasekaran, T., Gopalakrishnan, A., Deivasigamani, B.,
Muhilvannan, S., and Kathirkaman, P. (2019). Vibrio
alginolyticus causing shell disease in the mud crab Scylla
serrata (Forskal 1775). Indian Journal of Geo-Marine
Sciences, 48(9), 1359-1363.

Hatai, K., Roza, D., and Nakayama, T. (2000). Identification of
lower fungi isolated from larvae of mangrove crab, Scylla
serrata, in Indonesia. Mycoscience, 41(6), 565-572.
https://doi.org/10.1007/BF02460922

Ikhwanuddin, M., Azmie, G., Zakariah, M.l., and Abol-Munafi,
A.B. (2013). Mud crab: Culture system and practice in
Malaysia (1st ed). Penerbit Universiti Malaysia
Terengganu.

Islam, M.L., Siddiky, M.N.S.M., and Yahya, K. (2018). Growth,
survival and intactness of green mud crab (Scylla
paramamosain) broodstock under different captive
grow out protocols. SAARC Journal of Agriculture, 16(1),
169. https://doi.org/10.3329/sja.v16i1.37432

Jithendran, K.P., Poornima, M., Balasubramanian, C.P., and
Kulasekarapandian, S. (2010). Diseases of mud crabs
(Scylla spp.): an overview. Indian Journal of Fisheries,
57(3), 55-63.

Kader, M.A., Bulbul, M., Asaduzzaman, M., Abol-Munafi, A.B.,
Noordin, N.M., Ikhwanuddin, M., Ambak, M.A., Ghaffar,
M.A., and Ali, M.E. (2017). Effect of phospholipid
supplements to fishmeal replacements on growth
performance, feed utilization and fatty acid composition
of mud crab, Scylla paramamosain (Estampador, 1949).
Journal of Sustainability Science and Management, 3, 47-
61.

Kaushik, S.J., and Hemre, G.l. (2008). Plant proteins as
alternative sources for fish feed and farmed fish quality.
In: @. Lie (Ed.), Improving farmed fish quality and safety
(pp: 300-327). CRC Press.

Kawamura, G., Bagarinao, T.U., Cheah, H.S., Saito, H., Yong,
A.S.K., and Lim, L.S. (2020a). Behavioural evidence for
colour vision determined by conditioning in the purple
mud crab Scylla tranquebarica. Fisheries Science, 86,
299-305. https://doi.org/10.1007/s12562-019-01395-z

Kawamura, G., Yong, A.S.K., Roy, D.C., and Lim, L.S. (2020b).
Shelter colour preference in the purple mud crab Scylla
tranquebarica (Fabricius). Applied Animal Behavior
Science, 225, 104966.
https://doi.org/10.1016/j.applanim.2020.104966

Keenan, C.P. (1999). Aquaculture of the mud crab, genus
Scylla: past, present, future. In: C.P. Keenan, and A.
Blackshaw (Eds.), Mud crab aquaculture and biology.
Proceedings of an international scientific forum held in
Darwin, Australia, 21-24 April 1997 (pp: 9-13). Australian
Centre for International Agricultural Research.

Keenan, C.P., Davie, P.J.F., and Mann, D.L. (1998). A revision of
the genus Scylla de Haan, 1833 (Crustacea: Decapoda:
Brachyura: Portunidae). Raffles Bulletin of Zoology,
46(1), 217-245.

Laranja Jr, J.L.Q., Quinitio, E., Catacutan, M.R., and Coloso,
R.M. (2010). Effects of dietary L-tryptophan on the
agonistic behavior, growth and survival of juvenile mud
crab Scylla serrata. Aquaculture, 310(1-2), 84-90.
https://doi.org/ 10.1016/j.aquaculture.2010.09.038

Lavilla-Pitogo, C.R., and De La Pefia, L.D. (2004). Diseases in
farmed mud crab Scylla spp.: Diagnosis, prevention, and
control. SEAFDEC Aquaculture Department.

Lavilla-Pitogo, C.R., Marcial, H.S., Pedrajas, S.A.G., Quinitio,
E.T., and Millamena, O.M. (2001). Problems associated



Aquaculture Studies

AQUAST993

with tank-held mud crab (Scylla spp.) broodstock. Asian
Fisheries Science, 14, 217-224.
https://doi.org/10.33997/j.afs.2001.14.2.012

Le Vay, L. (2001). Ecology and management of mud crab Scylla
spp. Asian Fisheries Science, 14, 101-111.
https://doi.org/10.33997/j.afs.2001.14.2.001

Lee, Y.N., Hatai, K., and Kurata, O. (2016a). First report of
Lagenidium thermophilum isolated from eggs and larvae
of mud crab (Scylla tranquebarica) in Sabah, Malaysia.
Bulletin of the European Association of Fish Pathologists,
36(3), 111-117.

Lee, Y.N., Chuah, Q.Y.,, and Hatai, K. (2016b). Biological
characteristics of an obligate marine strain Lagenidium
thermophilum isolated from mud crab (Scylla
tranquebarica) eggs in Sabah, Malaysia. Bulletin of the
European Association of Fish Pathologists, 36(3), 126-
131.

Lee, Y.N., Hatai, K., and Kurata, O. (2017a). Haliphthoros
sabahensis sp. nov. isolated from mud crab Scylla
tranquebarica eggs and larvae in Malaysia. Fish
Pathology, 52(1), 31-37.
https://doi.org/10.3147/jsfp.52.31

Lee, Y.N., Hatai, K., and Kurata, O. (2017b). Haliphthoros
milfordensis isolated from eggs and larvae of mud crab
(Scylla tranquebarica) in Sabah, Malaysia. Bulletin of the
European Association of Fish Pathologists, 37(6), 226-
234.

Linh, N.K., Khoa, T.N.D., Zainathan, S.C., Musa, N., Musa, N.,
and Shaharom-Harrison, F. (2017). Development of mud
crab crablet, the identification of ciliates and the
bioefficacy of leaf extract of Rhizophora apiculata as
anti-protozoal agent. Journal of Sustainability Science
and Management, 12(2), 52-62.

Lulijwa, R., Rupia, E.J., and Alfaro, A.C. (2019). Antibiotic use in
aquaculture, policies and regulation, health and
environmental risks: a review of the top 15 major
producers. Reviews in Aquaculture, 12(2), 640-663.
https://doi.org/10.1111/raq.12344

Marichamy, R., and Rajapackiam, S. (2001). The aquaculture of
Scylla species in India. Asian Fisheries Science, 14, 231-
238. https://doi.org/10.33997/j.afs.2001.14.2.014

Mia, M.Y., and Alam, M.J. (2006). Effect of stocking density on
survival and growth of mud crablings, Scylla sp., in
laboratory conditions. Bangladesh Journal of Fisheries
Research, 10(2), 159-164.

Mirera, D.O., and Moksnes, P.0. (2013). Cannibalistic
interactions of juvenile mud crabs Scylla serrata: the
effect of shelter and crab size. African Journal of Marine
Science, 35(4), 545-553.
https://doi.org/10.2989/1814232X.2013.865677

Mirera, D.O., and Mtile, A. (2009). A preliminary study on the
response of mangrove mud crab (Scylla serrata) to
different feed types under drive-in cage culture system.
Journal of Ecology and the Natural Environment, 1(1), 7-
14.

Moore, P.A. (2007). Agonistic behavior in freshwater crayfish:
the influence of intrinsic and extrinsic factors on
aggressive encounters and dominance. In: E.J. Duffy, and
M. Thiel (Eds.), Evolutionary ecology of social and sexual
systems: Crustaceans as model organisms (pp: 90-114).
Harvard University Press.

Nghia, T.T., Wille, M., Binh, T.C., Thanh, H.P., Danh, N.V., and
Sorgeloos, P. (2007). Improved techniques for rearing
mud crab Scylla paramamosain (Estampador 1949)
larvae. Aquaculture Research, 38(14), 1539-1553.

https://doi.org/10.1111/j.1365-2109.2007.01814.x

Nguyen, N.T.B., Chim, L., Lemaire, P., and Wantiez, L. (2014).
Feed intake, molt frequency, tissue growth, feed
efficiency and energy budget during a molt cycle of mud
crab juveniles, Scylla serrata (Forskal, 1775), fed on
different practical diets with graded levels of soy protein
concentrate as main source of protein. Aquaculture, 434,
499-5009.
https://doi.org/10.1016/j.aquaculture.2014.09.014

Norizan, N., Shaharom-Harrison, F., Hassan, M., Musa, N.,
Musa, N., Wahid, M.E.A., and Zainathan, S.C. (2019). First
detection of white spot syndrome virus (WSSV) in wild
mud crab Scylla spp. (de Haan, 1883) from Setiu
Wetlands, Malaysia. Songklanakarin Journal of Science
and Technology, 41(1), 45-52.
https://doi.org/10.14456/sjst-psu.2019.6

Pates Jr, G.S., Quinitio, E.T., Quinitio, G., and Parado-Estepa,
F.D. (2017). Morphological deformities in mud crab
Scylla serrata juveniles exposed to antibiotics during the
larval stage. Aquaculture Research, 48(5), 2102-2112.
https://doi.org/10.1111/are.13046

Pavasovic, M., Richardson, N.A., Anderson, A.J., Mann, D., and
Mather, P.B. (2004). Effect of pH, temperature and diet
on digestive enzyme profiles in the mud crab, Scylla
serrata. Aquaculture, 242(1-4), 641- 654.
https://doi.org/10.1016/j.aquaculture.2004.08.036

Petersen, E.H., Phuong, T.H., Dung, N.V., Giang, P.T., Dat, N.K.,
Tuan, V.A., Nghi, T.V., and Glencross, B.D. (2013).
Bioeconomics of mud crab, Scylla paramamosain,
culture in Vietnam. Reviews in Aquaculture, 5(1), 1-9.
https://doi.org/ 10.1111/j.1753-5131.2012.01073.x

Polis, G.A. (1981). The evolution and dynamics of intraspecific
predation. Annual Review of Ecology and Systematics,
12, 225-251.

Poornima, M., Singaravel, R., Rajan, J.J.S., Sivakumar, S.,
Ramakrishnan, S., Alavandi, S.V., and Kalaimani, N.
(2012). Vibrio harveyi infection in mud crabs (Scylla
tranquebarica) infected with white spot syndrome virus.
International Journal of Research in Biological Sciences,
2(1), 1-5.

Quinitio, E.T., Parado-Estepa, F.D., Millamena, O.M.,
Rodriguez, E., and Borlongan, E. (2001). Seed production
of mud crab Scylla serrata juveniles. Asian Fisheries
Science, 14(2), 161-174.
https://doi.org/10.33997/j.afs.2001.14.2.006

Quinitio, E.T., Parado-Estepa, F.D., and Rodriguez, E. (2002).
Seed production of mud crab Scylla spp. Aquaculture
Asia, 7(3), 29-31.

Quinitio, E.T., and Parado-Estepa, F.D. (2008). Biology and
hatchery of mud crabs Scylla spp. (2nd ed). Southeast
Asian Fisheries Development Center, Aquaculture
Department, Tigbauan.

Quinitio, E.T., and Parado-Estepa, F.D. (2017). Development of
a sustainable mangrove crab industry through science-
based research. Fish for the People, 15(1), 47-51.

Rabia, M.D.S. (2015). Golden apple snail as source of protein
diets of fattened mud crab (Scylla serrata Forskal) in
cellular bamboo cages. International Journal of
Environmental and Rural Development, 6(1), 188-193.

Rahman, M.M., Islam, M.A., Haque, S.M., and Wahab, A.
(2017). Mud crab aquaculture and fisheries in coastal
Bangladesh. World Aquaculture, 48(2), 47-52.

Rodriguez, E.M., Quinitio, E.T., Parado-Estepa, F.D., and
Millamena, O.M. (2001). Culture of Scylla serrata



Aquaculture Studies

AQUAST993

megalops in brackishwater ponds. Asian Fisheries
Science, 14, 185-189.
https://doi.org/10.33997/j.afs.2001.14.2.008

Saito, H., and Tamrin, M.L. (2019). Antimycotic activity of
seaweed extracts (Caulerpa lentillifera and Eucheuma
cottonii) against two genera of marine oomycetes,
Lagenidium spp. and Haliphthoros spp. Biocontrol
Science, 24(2), 73-80.
https://doi.org/10.4265/bio.24.73

Sanda, T., Shimizu, T., Dan, S., and Hamasaki, K. (2021). Effect
of body size on cannibalism in juvenile mud crab Scylla
serrata (Decapoda: Brachyura: Portunidae) under
laboratory conditions. Crustacean Research, 50, 87-93.
https://doi.org/10.18353/crustacea.50.0_87

Sathiadhas, R., and Najmudeen, T.M. (2004). Economic
evaluation of mud crab farming under different
production systems in India. Aquaculture Economics &
Management, 8(1-2), 99-110.
https://doi.org/10.1080/13657300409380355

Sheen, S.S., and Wu, S.W. (1999). The effects of dietary lipid
levels on the growth response of juvenile mud crab Scylla
serrata. Aquaculture, 175(1-2), 143-153.
https://doi.org/10.1016/50044-8486(99)00027-7

Shelley, C. (2008). Capture-based aquaculture of mud crabs
(Scylla spp.). In: A. Lovatelli, and P.F. Holthus (Eds.),
Capture-based aquaculture. Global overview. FAO
fisheries technical paper, No. 508 (pp: 255-269). Food
and Agriculture Organization of the United Nation.

Shelley, C., and Lovatelli, A. (2011). Mud crab aquaculture. A
practical manual. FAO fisheries and aquaculture
technical paper 567. Food and Agriculture Organization
of the United Nation.

Smith, C., and Reay, P. (1991). Cannibalism in teleost fish.
Reviews in Fish Biology and Fisheries, 1, 41-64.
https://doi.org/10.1007/BF00042661

Suman, A., Hasanah, A., Amri, K., Pane, A.R.P., and Lestari, P.
(2018). Population characteristics of mud crab (Scylla
serrata) in the waters of Kendari Bay and surrounding
areas. Indonesian Fisheries Research Journal, 24(2), 117-
124.

Suprapto, D. (2001). Effect of fresh feed and density to the
survival rate of juvenile mangrove crab Scylla serrata.
Journal of Coastal Development, 5(1), 21-26.

Syafaat, M.N., Azra, M.N., Waiho, K., Fazhan, H., Abol-Munafi,
A.B., Ishak, S.D., Syahnon, M., Ghazali, A., Ma, H., and
Ikhwanuddin, M. (2021). A review of the nursery culture
of mud crabs, genus Scylla: Current progress and future
directions. Animals, 11(7), 2034.
https://doi.org/10.3390/ani11072034

Tendencia, E.A., and Cabilitasan, M.V.C. (2017). Diseases
affecting wild and farmed mud crab in the Philippines. In:
E.T. Quinitio, F.D. Parado-Estepa, and R.M. Coloso (Eds.),
Philippines: In the forefront of the mud crab industry
development (pp: 77-88). Aquaculture Department,
Southeast Asian Fisheries Development Center.

Thiang, E.L., Lee, C.W., Takada, H., Seki, K., Takei, A., Suzuki, S.,
Wang, A., and Bong, C.W. (2021). Antibiotic residues
from aquaculture farms and their ecological risks in
Southeast Asia: a case study from Malaysia. Ecosystem
Health and Sustainability, 7(1), 1926337.
https://doi.org/10.1080/20964129.2021.1926337

Trifio, A.T., Millamena, O.M., and Keenan, C.P. (1999a).
Monosex culture of the mud crab Scylla serrata at three
stocking densities with Gracilaria as crab shelter. In: C.P.
Keenan, and A. Blackshaw (Eds.), Mud crab aquaculture

and biology. Proceedings of an international scientific
forum held in Darwin, Australia, 21-24 April 1997 (pp:
61-66). Australian Centre for International Agricultural
Research.

Trifio, A.T., Millamena, O.M., and Keenan, C.P. (1999b).
Commercial evaluation of monosex pond culture of the
mud crab Scylla species at three stocking densities in the
Philippines. Aquaculture, 174(1-2), 109-118.
https://doi.org/10.1016/50044-8486(99)00002-2

Trifio, A.T., Millamena, O.M., and Keenan, C.P. (2001). Pond
culture of mud crab Scylla serrata (Forskal) fed
formulated diet with or without vitamin and mineral
supplements. Asian Fisheries Science, 14, 191-200.
https://doi.org/10.33997/j.afs.2001.14.2.009

Trifio, A.T., and Rodriguez, E.M. (2001). Mud crab fattening in
ponds. Asian Fisheries Science 14(2): 211-216.
https://doi.org/10.33997/j.afs.2001.14.2.011

Truong, P.H., Anderson, A.J., Mather, P.B., Paterson, B.D., and
Richardson, N.A. (2008). Effect of selected feed meals
and starches on diet digestibility in the mud crab, Scylla
serrata. Aquaculture Research, 39(16), 1778-1786.
https://doi.org/ 10.1111/j.1365-2109.2008.02056.x

Truong, P.H., Anderson, A.J., Mather, P.B., Paterson, B.D., and
Richardson, N.A. (2009). Apparent digestibility of
selected feed ingredients in diets formulated for the sub-
adult mud crab, Scylla paramamosain, in Vietnam.
Aquaculture Research, 40(3), 322-328.
https://doi.org/10.1111/j.1365-2109.2008.02095.x

Tuan, V., Anderson, A., Luong-Van, J., Shelley, C., and Allan, G.
(2006). Apparent digestibility of some nutrient sources
by juvenile mud crab, Scylla serrata (Forskal 1775).
Aquaculture Research, 37(4), 359-365.
https://doi.org/10.1111/j.1365-2109.2005.01433.x

Unnikrishnan, U., and Paulraj, R. (2010). Dietary protein
requirement of giant mud crab Scylla serrata juveniles
fed iso-energetic formulated diets having graded protein
levels. Aquaculture Research, 41(2), 278-294.
https://doi.org/10.1111/j.1365-2109.2009.02330.x

Ut, V.N., Vay, L.L., Nghia, T.T., and Hanh, T.T.H. (2007).
Development of nursery culture techniques for the mud
crab Scylla paramamosain (Estampador). Aquaculture
Research, 38(14), 1563-1568.
https://doi.org/10.1111/j.1365-2109.2006.01608.x

Venugopal, G., Razvi, S.S.H., Babu, P.P.S., Reddy, P.R., Mohan,
K.M., Rao, P.S., and Patnaik, R.R. (2012). Performance
evaluation of mud crab Scylla serrata (Forskal, 1775) in
monoculture, monosex culture and polyculture. Journal
of the Marine Biological Association of India, 54(2), 5-8.
https://doi.org/10.6024/jmbai.2012.54.2.01717-01

Waiho, K., Mustagim, M., Fazhan, H., Wan-Norfaizza, W.I.,
Megat, F.H., and lkhwanuddin, M. (2015). Mating
behaviour of the orange mud crab, Scylla olivacea: The
effect of sex ratio and stocking density on mating
success. Aquaculture Reports, 2, 50-57.
https://doi.org/10.1016/j.aqrep.2015.08.004

Waiho, K., Fazhan, H., Quinitio, E.T., Baylon, J.C., Fujaya, Y.,
Azmie, G., Wu, Q., Shi, X., Ikhwanuddin, M., and Ma, H.
(2018). Larval rearing of mud crab (Scylla): What lies
ahead. Aquaculture, 493(1), 37-50.
https://doi.org/10.1016/j.aquaculture.2018.04.047

Yang, Y., Chen, F., Chen, H.Y., Peng, H., Hao, H., and Wang, K.J.
(2020). A novel antimicrobial peptide Scyreprocin from
mud crab Scylla paramamosain showing potent
antifungal and anti-biofilm activity. Frontiers in
Microbiology, 11, 1589.



Aquaculture Studies

AQUAST993

https://doi.org/10.3389/fmicbh.2020.01589

Ye, H.H,, Tao, Y., Wang, G.Z, Lin, Q.W., Chen, X.L., and Li, S.J.
(2011). Experimental nursery culture of the mud crab
Scylla  paramamosain  (Estampador) in  China.
Aquaculture International, 19, 313-321.
https://doi.org/10.1007/s10499-010-9399-3

Zhao, J., Wen, X,, Li, S., Zhu, D., and Li, Y. (2015). Effects of
dietary lipid levels on growth, feed utilization, body
composition and antioxidants of juvenile mud crab Scylla

paramamosain (Estampador). Aquaculture, 435(1), 200-
206.
https://doi.org/ 10.1016/j.aquaculture.2014.09.018
Zheng, P., Han, T,, Li, X., Wang, J., Su, H., Xu, H., Wang, Y., and
Wang, C. (2020). Dietary protein requirement of juvenile
mud crab Scylla paramamosain. Aquaculture, 518,
734852.
https://doi.org/10.1016/j.aquaculture.2019.734



