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Abstract: Wild mud crabs of the genus, Scylla paramamosain were acclimatized in tanks
in the AKUATROP hatchery. Eye stalk ablation was applied on the mud crabs before
transferring them into a recirculating aquaculture system, where they were fed marine fish,
squid and cockles for a period of one month until they produced eggs. The larvae which
hatched out were placed in different larval tanks with continuous aeration. Larvae were
fed daily with artemia. The density of larvae culture was 100-300 individuals per liter.
The peritrich ciliates found on megalopa /arva of mud crabs, Scylla paramamosain were
Zoothamnium alrashedi and Myoschiston duplicatum and an unidentified peritrich ciliate.
Mangrove leaf extract of Rhizophora apiculata showed that it is capable of being an anti-
protozoan product as the zooids of the peritrich ciliates dropped off after treatment with
the extract. The breeding tanks were kept clean, probiotics was introduced with plenty of
aeration. Green water system was activated to ensure plenty of natural food namely rotifers
to ensure moulting of megalopa larva into crablet larva.

Keywords: Scylla sp, megalopa larvae, peritrich ciliates, Zoothamnium alrashedi,
Myoschiston duplicatum.

Introduction tonnes in 1995 to 162 tonnes in 2005 (Shelley,
2008). Due to their high demand and market

Aquaculture produced one-quarter of fish and o) . ’ A
price in Malaysia, thus, this species is highly

shell fish supplied as human food. It releases the . ;
pressure of fishery (Naylor et al., 2000). In 2012, po'tennal as an aquacu}ture species. Scy ll.a
the total of aquaculture production was 90.4 olivacea, S. tr gnsquebar ica, S. p aramdmosain
million tonnes. In which, the food fish (included are three domma.nt mu.d.crab Species 1n Setl.u
finfishes, crustaceans, molluscs etc.) occupied Wetland, Malaysia (Zaidi et al., 2011). Ip this
66.6 million tonnes (FAO, 2014). In many Asian study, the green mud crab, S. paramamosain was

countries, the mud crab is a valuable species for chosen. S. paramamosain can reach the market
fisheries (Keenan, 1999). More than 100 years SZ€ (200 to 300g) after 3 months (Christensen
et al., 2004). However, mud crab seed captured

from the wild is not sufficient to sustain the
current status of mudcrab production. Therefore,

ago, the mud crab cultures have been developed
in China and more than 30 years in many Asian
countries (Holme ef al., 2006). Mud crab is an > ;
important cultured species after shrimp which ¢OnOmMIc seed production of mud crab “e??l to
can yield high economic value for fishermen be developgd (Holme et al., 2006). In addition,
and farmers (Shelley & Lovatelli, 2011). These most of diseases studle.s on .crustaceans are
species can be found in mangrove forest around focused on fish and shrimp (Jithendran et al.,
the Pacific and India Ocean (Keenan, 1999). 2010).

Tan (1997) reported that in Malaysia, the In Malaysia, mud crab has been exploited
mud crab larvae rearing have not been successful by local fishermen based on the mangrove forest

which led to low mud crab production. The mud in estuaries and coastal area (Ikhwanuddin ef al.,

crab production in Malaysia decreased from 623 ,201 1). The mud crab culture in Malaysia started
in 1991 and they were cultured in ponds or pen
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among the mangrove trees (Tan, 1997). Zaidi
et al. (2011) demonstrated that the mud crab in
Setiu, Malaysia provide good resources for local
fishermen. However, artificial breeding and
larval rearing are difficult techniques (Keenan,
1999) because at the hatchery phase, three main
issues need to be encountered including disease
outbreak, incomplete rearing techniques, and
lack of nutrition requirement (Sorgeloos &
Léger, 1992). In the hatchery phase, bacteria
and fungus infection appear to be the major
problems. Moreover, ciliate protozoan has been
recorded to cause problem during the larvae
stage of mud crab (Jithendran et al., 2010).

Fernandez-Leborans (2009) recorded that
ciliate protozoan are known to colonize as the
epibiont on many crustacean species. Wahl
(1989) defined that epibiosis is the relationship
between basibiont (host organisms) and epibiont
(colonized organisms). Epibiotic relationship is
abundant in fresh, estuarine and marine water
and in many organisma such as protozoan,
bacteria and rotifers. Although their distribution
is widespread, they are poorly known for their
ecological implications for both basibionts and
the epibionts. In addition, most of the studies of
epibiosis on crustacean have been reported in
fresh water, and very few are focused in marine
water (Carman & Dobbs, 1997).

Protozoan has caused high mortality
on many crustacean species. Roegge et
al. (1977) recorded that Zoothamnium sp.
found on Macrobrachium acanthurus caused
mass mortality on the larvae. In addition,
Zoothamnium sp. also caused abnormal
morphology and led to the mortality of Chinese
mitten crab larvae (Eriocheir sinensis) (Wu &
Feng, 2004). Moreover, protozoan infections
can affect the survival rate and normal activities
of Penaeus monodon larvae (Babu, 2013). The
presence of ciliate protozoans depends on the
water quality and the abundance of bacteria
and microorganisms. In a high nutrition and
organic matter environment, the population
of ciliate protozoan was found to be higher
than the oligotrophic condition (Jithendran et
al.,  2010; Jayakumar &  Ramasamy,
1999).

Ciliate protozoan mainly feed on bacteria and
microalgae in eutrophic environment, thus, they
tend to play an important role in the ecosystem
(Bernard & Rassoulzadegan, 1999; Fenchel,
1987). Epistylis sp. has been observed in a low
oxygen environment (Jithendran et al., 2010).

In Malaysia, there are many chemicals used
as antiprotozoal such as saponins, formalin,
acriflavine, malachite green, copper sulphate,
organophosphates, and benzaklonium chloride.
However, most of the chemicals used are
released to the natural environment via waste
water and it can cause negative effect for other
aquatic animals. Moreover, use of chemicals can
be harmful to human once in contact in a longer
term (Mohamed ez al., 2000). Therefore, the
research to find the alternative natural medicine
in order to reduce the impact of chemicals in
aquaculture, environment and human health is
very important. The use of natural medicine will
belowincost, environment friendly and produces
positive effect in aquaculture (Novriadi & Haw,
2015; Citarasu, 2010). Natural/Alternative
medicine has been reported as antibacterial,
antiviral, antifungal, anti-stress agent (Citarasu,
2010; Ramudu & Dash, 2013) and antiparasitic
(Reverter et al., 2014). Halophytes contained
plants can live in a high salinity environment
such as algae, sea grass and mangrove (Kumar
et al., 2009). In that, mangrove has been shown
to possess the ability to control pathogens in
aquaculture. Choudhury ef al. (2005) indicated
that marine algae and mangrove have the ability
to control bacterial infections in fish and shrimp
(Suryati & Hala, 2002). Arivuselvan et al.
(2011) reported that mangrove can be utilized as
antibacterial in both fish and shrimp. In addition,
the selected mangroves from Novriadi & Haw
(2015) can control the iridovirus infections in
tiger grouper.

Thus, this paper describes the production
of mudcrab crablets and the identification of
ciliates during the process. The mangrove extract
of Rhizophora apiculata was also tested for its
efficacy on treatment of ciliate protozoans.
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Material and Methods
Methodology: Development of Mud Crab Crablet

Six female mud crabs were bought from the
farmer in mangrove forest of Setiu Wetland,
Terengganu, Malaysia. The mature mud crab
females (S. paramamosain) which weighted
about 350-500g, healthy (body had enough
claws and leg, the shell was clean) and had
mature ovaries were chosen for this study. Then,
the brood stocks were transferred to tanks in the
AKUATROP (Institute of Tropical Aquaculture)
hatchery, Universiti Malaysia Terengganu for
acclimation.

The brood stocks were kept in sand tank
about two days. After that, the artificial breeding
was done by eye stock ablation (cut 1 eye or
both eye), then they were disinfected with 20
ppm formalin and put into the sand tank. The
brood stocks without 1 or 2 eyes were fed with
marine fish, squid, shrimp or blood cockle
(high nutrition food). The brood stock laid the
egg after 7-10 days (Figure 3) and they were
transferred from sand tank into the new tank
with clean water. Hatching time was about 10 to
12 days. At that time, eggs of the brood stocks
were observed under compound microscope to
find the parasite. After hatching, zoae 1 larvae
were transferred from aquarium into 6 tanks (1
m?/tank) with density about 200,000 larvae per
tank.

The mud crab larvae (from zoae 1 to zoae 3)
were fed with umbrella Artemia after hatching
two times per day at 9 am and 9 pm. After that,
at zoae 4, 5, megalopa stage, the larvae were
fed by enrich artemia. Besides, water exchange
every two days about 20-30%. At megalopa
stage, the artificial substrates were put into the
tank to reduce the cannibalism. In addition, the
bacteria, fungus disease were controlled. In that
time, every stage of the larvae was observed
under the compound microscope for the parasite.
The larvae were collected using plankton net
(Figure 5), after the larvae were brought into
parasitology lab. Before the larvae was placed
onto glass slide, deep the larvae into fresh marine
water. After that, put the larvae onto glass slide
and put 1 drop of fresh saline water and
covered
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with cover slip and observed under the low and
high magnification of the compound microscope
(Figure 6). It took a month to complete the
life cycle of a mudcrab. During crablet stage,
the crabs were fed with fish/pellet and 10%
cannbalismwas observed.The crabs were then
transferred to ponds once harvesting, counting,
packing and farm acclimation was carried out.

Identification of Ciliates

Live samples were drawn to illustrate the
morphology of the ciliate parasite. The drawing
was done using a camera Lucida connected
to a compound microscope. The advanced
microscope was used in this study to take the
micrographs from live samples. As for the
Scanning Electron Microscope examination, the
samples were fixed once in 2.5% Glutaraldehyde
in 0.1 sodium cacodylate buffer, pH 7.2 at 0-4°C
for 24 hours. After 24 hours, the samples were
rinsed three times with 0.1M sodium cacodylate
buffer, pH 7.2 at room temperature 3 times (15
minutes between each change). The samples
were put once in 1% osimium tetraoxide in
0.1M sodium cacodylate buffer, pH 7.2 at 0-40C
for 2 hours.The samples were rinsed three times
(15 minutes between each change) with 0.1M
sodium cacodylate buffer, pH 7.2. The samples
were dehydrated once in series of ethanol: 35%,
50%, 60%, 70%, 80%, 90%, 95% and 2 times in
100% ethanol with few seconds between each
change. After the preparation, the samples were
placed into the specimen basket and continued
in the critical point dryer (CPD) machine for
about 30 minutes. The samples were mounted
onto the stub by using double sided tape and
coated with gold by sputter coater. The samples
were scanned using SEM machine model JEOL
JSM-6360LA. The images were adjusted by
using brightness, contrast, magnification and
capture.

Mangrove Extraction

The leaves of Rhizophora apiculata were
dipped in methanol for three days in the dark
condtion. The dark green solution was filtered
by filter papers and evaporated using the rotary
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evaporator machine until the solution became
dense and dark in colour. The dense solution was
stored at — 80°C for 24 hours and dried by freeze
dryer machine for three days (Bele et al., 2009).
Phytochemical screening method were used to
analysze the compound in R. apiculata extract
based on the methods of Yadav and Agarwala
(2011).

Protozoan Treatment Experimental Design

The experiment included six treatments (0,
0.2, 0.4, 0.6, 0.8, 1 g R. apiculata leaf extract
per liter of marine water) in triplicates (Figure
1). Twenty megalopa larvae were put into 500
ml plastic jars with aeration. The new marine
water was filtered by plankton net. Then the
extract was applied for 24 hours. After that, the
megalopa survival rate were calculated based
on Ricker (1975) equation. The total number
of protozoans was recorded. The survival was
calculated as followed:

Nt + 1
5T TN
Where
S is survival rate of megalopa after treatment
Nt is the number of megalopa before treatment
Nt + 1 is the number of megalopa after treatment

Data Analysis

The data were analyzed using Excel and one
way ANOVA, probit analysis from SPSS
version 16.0 Protozoans were identified based
on the morphology decribed by Lynn (2008) &
Sun et al. (2012).

Results and Discussion
Production of Mud Crab Crablet

Eye stalk ablation was conducted on mature
crabs, placed individually in tanks and fed daily
till it produced eggs. After spawning, the larvae
were placed in larval tanks with continuous
aeration (1 ton= +200,000 larvae) and fed with
Artemia. Water quality and health of larvae were
monitored daily. At megalopa stage density of
larvae was decreased and water salinity was
controlled. Artificial substrate was introduced to
prevent cannibalism. When megalopa develop
into crablets they were fed with trash fish and
shrimp pellets.

The larval stages of mud crabs consists of
5 zoeal stages (Figure 2). Each stage moults to
the next stage in 3 to 4 days. Hence, the duration
of zoea to megalopa stage takes 15 to 20 days.
Megalopa develops into juvenile crab after 8 to
11 days. Zoea 1 to zoea 5 measures to about 1.2
to 4.5 mm in body length. They are planktonic
and photopositive. A newly hatched zoea larva
of crab measures to 1.2 mm and it consists of
a cephalothorax and a 5 segmented abdomen
and t two-branched telson. The carapace bears 4
spines, one dorsal spine bent backwards, rostral
spine bent forwards and 2 lateral spine closely
pressed against the sides of the body. The eyes
are not stalked. From zoea Il onwards, the eyes
are stalked (for distinguishing characteristics of
larva stages of crab). The megalopa stage is 4.0
mm length and it feeds actively using its claw.
This period has a duration of 7 to 8 days before it
metamorphose into crablet stage. These crablets

Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
(0g/l) (0.2g/1) (0.4g/1) (0.6g/1) (0.8g/1) (1g/l)

H Replicate 1| HReplicate 1| F Repl1icate 1 Repl1icate 1 Rep|1icate 1 Repl1icate

|| Replicate || Replicate || Replicate HReplicate 2| H Replicate | |Replicate
2 2 2 2 2

L Replicate 3| L Repgcate 1 Repgcate 1 Repgcate U Replicate 3| L Repgcate

Figure 1: Experimental design of protozoan treatment with different concentrations of R. apiculata extract
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Figure 2: The life stages of mud crab: zoea 1, zoea 2, zoea 3, zoea 4, zoae 5, megalopa stage and crablet

have a carapace width and length of 3 mm and
are cannibalistic.

Parasites Identification in S. paramamosain

Field observation showed presence of the
parasite: Octolasmis sp on gills of the mud crabs
(Figure 3).

Parasites Found on Megalopa of S.
paramamosain in the Hatchery

In the experiment, the results showed the
presence of three species of protozoans colonized
on larvae exoskeleton such as Myoschiston
duplicatum (Figure 4), Zoothamnium alrasheidi
was also found on the eggs of mud crab (Figure
6). In that, 100% of the larvaec were colonized
with Myoschiston duplicatum (Figure 5) and
Zoothamnium alrasheidi (Figure 7).

0 ’ : ”H! Fig. 8. Octolasmis sp.

3 1 infested on the gill of the
- crab

Octolasmis sp.

Figure 3: Barnacle of Octolasmis sp infested on the
gill of the crab

In this study, Myoschiston sp. was found
on the exoskeleton of zoae 5 and megalopa of
S. paramamosain larvae. As described in Sun
et al. (2012), Zoothamniidae family include
three genus with similar morphology which are
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Zoothamnopis, Myoschiston and Zoothamnium
genus. However, the basal stalk of Myoschiston
lacks spasmoneme. No study has been reported
on the occurrence of Myoschiston sp. known
to affect the larvae stage of S. paramamosain.
However, M. duplicatum was found on the legs
of the Hemigrapsus sp. crab collected form
the beach in Gijang, Busan, Korea (Sun et al.,
2012).

Figure 4: Scanning electron microscopy
photomicrograph of the Myoschiston duplicatum
colony of on the mud crab exoskeleton

Zoothamnium sp. was found on zoae
5 and megalopa stage of S. paramamosain
larvae. The Zoothamnium sp. in this study was
similar with the description in Lynn (2008). In
that, Zoothamnium sp have contractile stalk,
bearing a single zooids or branched, bearing
colonies of many zooids. The Zoothamnium
sp. infection was recorded in shrimp pond farm
near Qingdao, China that was described by Ji et
al. (2009). Zoothamnium sp. has been found in
mud crab (S. serrata) and caused problem on the
larvae (Cholik, 1997; Jithendran et al., 2010).
Zoothamnium sp. have been known to affect
others crustacean species such as shrimp and
prawn (Roegge et al., 1977; Babu, 2013) and in
Malaysia, they are commonly found in marine
shrimp hatchery in Malaysia (Sayuthi, 1993).
In some crustacean species (Macrobrachium
acanthurus,  Eriocheir  sinensis, Penaeus
monodon), egg and early stage of larvae were
infected by ciliate protozoans (Roegge et
al., 1977; Wu & Feng, 2004; Babu, 2013).
Jithendran ef al (2010) investigated that

Figure 5: Scanning electron microscopy
photomicrograph of Myoschiston duplicatum.
Single contractile vacuole (A) bar 10pum. Lack of
spasmoneme at basal stalk (B) bar 50um. Contracted
M. duplicatum (C) bar 10 pm. Ridges of stalk when
contracted (D) bar 5 pm. Rough stalk because of
occurrence of bacteria and small organisms (F).
Double folded peristomial lip (F). Trochal band (G).
Vertically striated basal stalk (H)

protozoans including Epistylis sp, Zoothamnium
sp, Acineta sp and Vorticella sp can cause
problem mainly on egg and larvae of mud crab
culture at hatchery phase. Zoothamnium sp. was
found attached on prawn larvae (M. acanthurus)
(Roegge et al., 1977), Chinese bitten crab larvae
(E. sinensis) (Wu & Feng, 2004) and white
leg shimp larvae (P. monodon) (Babu, 2013).
Moreover, Zoothamnium sp. caused mass

mortality of mud crab (S. paramamosain) larvae
(Cholik, 1997).
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Figure 6: Scanning electron microscopy
photomicrograph of Zoothamnium alrasheidi

colonized on mud crab eggs

Treatment of Ciliate Protozoans on Mud Crab
(S. paramamosain by Using Mangrove Leaf
Extract (R. apiculata

The results showed the presence of protein,
carbohydrates, phenols, tannins, flavonoids,
saponins, glycosides, steroids, terpenoids, and
alkaloids (Table 1). These compounds were
believed to increase the immune system, as
well as to control bacteria, fungus, parasite and
virus. In the experiment, the extract was first
applied as antiparasitic in mud crab megalopa
at concentrations of 0, 0.2, 0.4, 0.6, 0.8 and 1 g/l
for 24 hours to control the protozoan.

The results showed that the survival
rate of megalopa after the application of R.
apiculata extract fluctuated (Figure 8). After
24 hours of treatment, none of he treatment
that demonstrated 100% survival rate. The
survival rate at control was higher than the
other treatments (90% compared to 83.3, 85
and 86.7%) (Figure 8). However, the survival
rate showed no significance difference among
treatments (p>0.508)

The tendency number of average zooid
per megalopa after treatment with extract was
decreased compared to the control treatment.
However, the treatment of 0.6 and 0.8, the
number of zooids (16 and 1 zooid per megalopa)
showed a significant difference compared to
the control (41 zooid per megalopa). Atthe 1 g
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Figure 7: Scanning electron microscopy
photomicrograph of Zoothamnium alrasheidi. Zooid
with bell-shape, and single peristomial lip (A) bar
20um. Colony leaf shape (B) bar 100pm. Picture of
zooid captured by SEM (C, D). Smalls pores on the
body surface of zooid (E). The mouth shape of zooid
colonized with bacteria (F). Stalk attached to the
megalopa (G, H)

Table 1: Compounds that contained in R. apiculata
leaf extract after using phytochemical screening
method; (+): medium concentration, (++) high

concentration

Compounds +/-
Protein +
Carbohydrates +
Phenols and tannins ++
Flavanoids ++
Saponins ++
Glycosides
Steroids
Terpenoids ++
Alkaloids +

Journal of Sustainability Science and Management Volume 12 Number 2, December 2017: 52-62



DEVELOPMENT OF MUDCRAB CRABLET, THE IDENTIFICATION OF CILIATES 59

extract per liter, the number of protozoan was
nearly 0 (Figure 9).

After treatment with R. apiculata, the
megalopa were covered with stalks without the
zooids. The megalop became light orange in
color which is the color of the extract (Figure
10).

This study had demonstrated that 1g/l
of R. apiculata leaf extract was sufficient to
prevent protozoan infection on S. paramosain

larvae. Part of plant (bark, leaf, root), method
of extraction and concentration of extract are
three main things that affect health of cultured
fish (Reverter et al., 2014). In some studies,
methanolic leaf extract of R. apiculata had
positive effect on on antimicrobial ativity. For
example, in-vitro test of R. apiculata leaf extract
on antibacterial of fish pathogenic bacteria
gave the result that the minimum inhibitory
concentration (MIC) was 12.5-25 mg/ml. In

92

90

88

86

84

®survival rate(%)

82

80

78

control 0.2 0.4 0.6

0.8 1

Figure 8: Survival rate (%) of S. paramamosain megalopa after treatment with R. apiculata extract

45 21

35 1

30 7

25 1

20 1

15 1

control

37
34
24
16 ®average zooid/megalop
5 . I 1
0 - T T T T — -
0.2 04 0.6 0.8 1

Figure 9: Average zooid per megalopa of S. paramamosain after treating with R. apiculata
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Figure 10: Scanning electron microscopy photomicrograph of protozoan colony with stalks devoid of zooids
on S. paramamosain megalopa after treatment with R. apiculata (bar 100pum)

addition, the LC50 of brine shrimp test of R.
apiculata leaf extract was 0.76mg/ml (Laith
et al., 2012). Moreover, ethanolic leaf extract
of Mucuna pruriens at 200 mg/l can control
the protozoan on fish (Ekanem et al., 2004).
Besides, the concentration 20 mg/1 of Magnolia
officinalis can lead to 100% mortality at tomont
stage of Ichthyophthirius multifiliis in gold fish
(Yi et al., 2012). In the other hand, Yi et al.
(2012) also recorded that 320 mg/l of Sophora
alopecuroides extract can control 100% of
Ichthyophthirius multifiliis tomont.

Conclusion

This study has managed to produce larvae of
mud crabs ranging from zoae 1 to 5 , megalopa
stage and crablets from berried mud crabs.
Examination of the zoae stages revealed the
presence of three ciliate protozoan species.
Three ciliates protozoan species were observed
in this study such as M. duplicatum, Z. alrasheidi
and an unidentified protozoan. They were found
on the exoskeleton at zoae 5 and megalopa
stage of S. paramamosain larvae. In addition, Z.
alrasheidi was also found on the mud crab eggs.
Mangrove leaf extract of Rhizophora apiculata
showed that it is capaable of being an anti-
protozoan product as the zooids of the peritrich
ciliates dropped off after treatment with the
extract.
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