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Abstract. Individual rearing in a cell is an effective rearing technique in preventing cannibalism of mud
crab, starting already from the crablet stage. Mud crab, Scylla tranquebarica, broodstock reared in a
population mixed between male and female to facilitate natural breeding often takes longer (3-4 months)
to reach spawned females. The study aimed to look at the performance of herbal extracts against female
crab molting. The early inter-molt phase of immature female crabs heading pre-mating molt stage were
purchased from the local crab collectors with the following initial data: carapace width (CW) 102.4+1.5
mm, carapace lenght (CL) 67.6£1.1 mm, and body weight (BW) 178.3+6.8 g. The crabs were injected
with vitomolt and Cyperus sp. rhizome extract before being inserted in a separate crab box and placed at
70 cm depth in an outdoor concrete tank. Simultaneously, three male broodstock weighing >350g were
placed individually in a 0.5-ton fiberglass tank in the hatchery building. The newly molted female in the
crab-box was immediately transferred to the male tank to mate. The response on growth, molting time,
molting frequency, the success on mating and spawning to herbal injection, and the control were
recorded. The experiment lasted three months. The results showed that the one dose injection of
vitomolt and Cyperus rhizome extract did not cause significant differences in growth, molting time,
molting frequency, and survival rate (P>0.05). This research suggested that more extract dosages or
injection frequency may be needed to drive S. tranquebarica to molt faster.
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Introduction. The genus of mud crabs, Scylla (Brachyura: Portunidae), is found in river
estuaries and sheltered coastal habitats which is shallow and estuarine environments
(Keenan et al 1998; Sharifian et al 2021). There are four species in this genus found in
Indonesia: Scylla serrata, Scylla tranquebarica, Scylla olivacea, and Scylla paramamosain
also found in Malaysian waters, except for S. serrata (Naim et al 2020). Recent studies
highlight the significance of comprehending the biology, ecology, and reproductive
patterns of the Scylla genus, which plays a vital role in selecting the most appropriate
species for aquaculture (Naim et al 2020; Bir et al 2020). However, in Indonesia, large-
scale cultivation is still in the development stage and mainly focuses on fattening crabs
and the production of soft-shell crabs that rely heavily on juveniles from nature.

Mud crab seeding may not have experienced broodstock problems because
broodstock can generally spawn daily with a high hatching rate (Azra & Ikhwanuddin
2016). However, broodstock captured from nature are still used (Quinitio et al 2018;
Quinitio & Estepa 2011; Shelley & Lovatelli 2011). On the other hand, it is believed that
the success of hatchery crabs in consistently producing seeds could only be achieved if
broodstock production was sufficiently controlled (Azra & Ikhwanuddin 2016). In addition
to the nutritional needs of crab broodstock studied in the last three decades (Azra &
Ikhwanuddin 2016), the technique or system of preparing the broodstock is important
and determines the success of seed production. The provision of broodstock, which
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includes breeding and maturation in the hatchery to get a mature broodstock for the first
time, takes a long time that reaches 5 months. The quality of the broodstock that spawns
for the first time is usually less good is characterized by a low hatching rate and vitality
of larvae (Gunarto et al 2019). Despite the recent studies on seeding, very scarce
research was conducted on the provision of broodstock ready to spawn.

Crabs can only perform mating shortly after molting, which is an essential factor
in the efforts to provide a controlled broodstock. Molting in crustaceans includes crabs
controlled by two hormones, namely a molt-inhibiting hormone and a molting hormone
(Allayie et al 2011). Therefore, the acceleration of molting is expected to be accelerated
by amplifying the intensity of molting hormones in the crustacean's body or by
eliminating molt-inhibiting hormone. The removal of the body's function that produces
molt-inhibiting hormone is known as eyestalk ablation (Nakatsuji & Sonobe 2004), while
the increased intensity of hormone molting can be accelerated by the treatment of
environmental manipulation and hormonal manipulation. The habits of mud crabs
migrating to the high seas for spawning may occur because the environmental changes
during migration can trigger the hormone molting glands to initiate spawning (Alberts-
Hubatsch et al 2016). Research has explored eyestalk ablation for spawning (Allayie et al
2011; Ullah et al 2023), environmental manipulation for molting (Gunarto et al 2020;
Sulaeman et al 2021), and hormonal methods for soft crab production (Fujaya 2011;
Herlinah et al 2015). However, their use in preparing broodstock for pre-mating molting,
mating, and spawning remains unstudied.

In crabs cultivation, molting can either occur naturally or it can be induced
through stimulation (Waiho et al 2021) and addition of hormones (Gunamalai et al 2003;
Lafont & Dinan 2003; Tamsil & Hasnidar 2018). A possibility of accelerating molting in
mud crabs is by injecting molting hormone from herbal ingredients, namely spinach
extract (Fujaya 2011; Hasnidar et al 2021). Fujaya (2011) invented a soft-shell crab
cultivation technology using vitomolt, consisting of ingredients in the form of spinach
plant extract (Amaranthacea tricolor) containing 20 hydroxyecdisone (20E).

Another source of molting triggering hormone is mulberry leaves (Herlinah et al
2014; Li et al 2022). Mulberry, Morus spp. also known as silk plants because it can be
used as a place of life and feed silkworms, Bombyx mori (Sanchez 2000). Mulberry
contains many chemical compounds such as ecdysterone, inokosterone, lupeol, B-
sitosterol, rutin, moracetin, scopoletin, benzaldehyde, eugenol, linalol, benzyl alcohol,
butylamine, acetone, choline, and quercetin (Kim et al 2000). Furthermore, the results of
Suryati et al (2021) showed that the extract Cyperus sp. rhizomes contained 0.001735%
juvenile hormone from dry weight, and that a juvenile hormone application of 100 pg g
body weight (BW) can respond to the development of vitellogenin and spermatogenic in
broodstock candidates of tiger shrimp, to replace the technique of eyestalk ablation.
Furthermore, this ingredient can also be tried on candidate mud crab broodstock. The
current study investigates the effect of herbal extract injection on the success of pre-
mating molt and mating of immature female S. tranquebarica reared individually
separated from the male.

Material and Method

Broodstock handling. Broodstock female mud crabs in post molt conditions, with a
weight of 100-200 g ind?' and the flexible ventral part characteristic for the stadia
premating molt (molting for mating), were captured from nature. These specimens were
maintained individually in the outdoor tank of 90 tons (90-t) after measuring their size
parameters (carapace width=CW, carapace length=CL, and body weight=BW). CW and
CL were measured using calipers (Vernier standard) up to 0.1 mm precision, while BW
was determined with digital scales with a precision of 0.1 g. Premating molt indicator in
female mud crab (Scylla tranquebarica) based on abdominal morphology developmental
stages are shown in Figure 1. Immature female crabs preparing to molt for mating can
be recognized by their rounded U-shaped abdomens (Figure 1 center). On the other
hand, those selected for soft crab production are distinguished by their tapering
triangular shaped abdomens (Figure 1 left) and mature female indicated by folded, wide
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and rounded shaped abdomens with hair along the edges (Figure 1 right). Crabs were fed
trash fish, shellfish, and squid (daily intervals depend on the crabs’ appetite) 1-2 times a
day, as much as 3-5% body weight per day. Water replacement was done every 3-5 days
as much as 30-50% of the total volume of water. The molting crabs age and size were
recorded, then they were mated and returned to their place for observation of the
development of their gonads. Mating was performed in a 1x1x0.5 m3 rectangular
fiberglass tank placed inside the hatchery. Male crab broodstock measuring >300 g were
prepared in each mating tank. The duration of the copulation process and the amount at
each treatment were recorded. Mating female crabs were immediately disinfected with as
much as 150 mg L' 10% formaldehyde for 3 minutes and then kept in a 90-t trough and
separated from male crabs. The mature spawning broodstock were selected and
transferred each into a 10 L volume basket floated in a 90-t trough. The incubated crabs
were not fed and were transferred into the spawning tank on the seventh day of
spawning. Data on fecundity and hatching rate of eggs were calculated, and the
maintenance of larvae was carried out according to standard operational procedure of
crab seeding (Gunarto et al 2014a; Gunarto et al 2014b; Syafaat et al 2021).

Figure 1. Triangular-shaped abdomen (left), U-shaped abdomen/premating molt stage
(center), folded abdomen (right).

Hormone injection. Two types of hormones were studied and the injected specimens
were compared to control specimens (without hormone injection). The injection was
performed on the mud crab broodstock in the intermoult phase with initial sizes of: CW
102.4+1.5 mm, CL 67.6£1.1 mm, and BW 178.3%£6.8 g. Hormone injection was
performed on crabs at the beginning of the study, using a 1 mL syringe (26 gauge).
Injection treatment with Cyperus sp. rhizome extract was compared to commercial
vitomolt and control, as follows: A) Vitomolt; B) Cyperus sp. rhizome extract; and C) No
hormone injection (control). Hormone injection was administered at the crab's swimming
legs base before being kept in a crab box. The injection was repeated every week for one
month (four times injections). Each treatment was repeated six times. Injected crabs
were placed in a crab box suspended on a parallon pipe buoy at about 70 cm (Figure 2).
Growth response, molting time or frequency, and survival rate to different herbal
treatments were analyzed by the Anova variance test with SPSS-21. The experiment
followed a Completely Randomized Design pattern.

ab's
kept in a crab box (right).
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Results. After three and a half months of crab maintenance, data collection is presented
in Table 1. The hormone injection in this study did not have a significant effect on the
growth rate, molting rate, spawning rate, or maturation period of the mud crab
broodstock candidates (P>0.05). Additionally, no significant differences were observed in
molting frequency or survival rate (SR) across the treatments. While vitomolt has been
shown to stimulate molting in smaller crabs (approximately 75 g) (Fujaya et al 2011), it
was ineffective in accelerating molting in the larger broodstock candidates (178.3+£6.8 g)
in this study.

Table 1
The average increment of CL, CW, BW, and days-to-molt duration, molting rate, and the
survival rate of broodstock candidate of Scylla tranquebarica after hormone injection

Days-

CL cw BW Days- to- Molt Mature
. . . to- ; SR
Treatment increment increment increment molt rate spawn period (%)
(mm) (mm) (9) (day) (%) /4 (day)
. (day)
ii't”riﬁ? 8.9+ 14.8+ 57.8+ 60.5+ . 823% 47.3x
- 3.82 5.02 15.82 2.02 ! 2.7 2.92 ’
(Vitomolt)
Cyperus
- 4.1+ 12.4+ 28.7% 73.2% 75.0+ 31.0+
sp. rhizome 1.3 318 8.0° 8.28 62.5 0.0° 02 62.5
extract
8.7+& 12.5+ 45.5+ 72.1+ 85.0% 33.7+
Control 3.3 3.0 9.5 4.5 73 5.12 4.92 73

CL-carapace length; CW-carapace width; BW-body weight. Different lowercase superscript letters at the same
column indicate significant differences among treatments (P<0.05).

Similarly, the treatment using Cyperus sp. rhizome extracts did not yield better results
than the control across all measured experimental parameters. Factors such as dosage
and injection frequency may have influenced the outcome, which could explain the lack of
observable effectiveness. Encouragingly, one broodstock from each hormone treatment,
observed through the larval maintenance phase, demonstrated strong performance in
producing larvae and crablets.

Although the maintenance period for broodstock candidates still lasts about three
months (Figure 3), a valuable gained insight is that maintaining broodstock in an
individual system within an out-door tank can achieve spawning in a much shorter time
(up to three months), compared to in in-door tank system, which may take 4-5 months.

Incubation -
Hatched

*2 months +1month +10 days

Figure 3. Preparing the broodstock of mud crab, Scylla tranquebarica, with individual
systems in an out-door concrete tank.

Discussion. The goal of the study was to find out how two different injection types,
vitomolt and Cyperus sp. rhizome extract, affect growth, molting time, frequency, and
mating success in juvenile female crabs. The experiment consisted of injecting herbal
extract into juvenile female S. tranquebarica to improve pre-mating molting and mating
success. The results of this study showed that vitomolt and Cyperus sp. rhizome extract
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injections had no significant effect on the growth, molting time, molting frequency, or
survival rate of crabs compared to the control group. These findings suggest that a single
injection dose of the herbal extract used in this experiment may not be sufficient to
accelerate molting in brood crabs. Previous research has shown that vitomolt, which
contains 20-hydroxyecdysone (20E) of spinach extract, has been effective in increasing
molting in smaller crabs (Fujaya 2011). However, in this study, that used larger
broodstock crabs (average weight 178.3+6.8 g), the same effectiveness was not found.
The results imply that more research is needed to optimize the dosage and frequency of
herbal extract injections to effectively stimulate molting in adult mud crab broodstock.
Molting is an important process in crustaceans because it can trigger reproductive
activities, including mating. Improving the molting process has the potential to shorten
the time required for broodstock preparation in an aquaculture setting, thereby
increasing the efficiency of seed production. Studies on hormonal manipulation in
crustaceans have explored various methods, such as eyestalk ablation, and
environmental manipulation to stimulate molting and reproductive activity (Allayie et al
2011; Nakatsuji & Sonobe 2004). While these methods have shown varying degrees of
success, herbal extract injections offer a potential alternative that requires further
refinement and investigation.

Conclusions. Manipulating hormones by injection of Cyperus sp. rhizome extracts and
vitomolt did not significantly affect the success of molting and mating of immature female
mud crabs in this study, but they provided a basis for further exploration. Optimizing the
use of herbal extracts for hormonal manipulation promises to improve the efficiency of
mud crab farming, contributing to the sustainable production of seafood and its
conservation efforts.
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