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Abstract

One of the problems in blue swimming crab seedling is the highgmte of morality. This study
is aimed at analyzing the influence of mulberry extract (ME) on the survival rate of crab
larvac which are managed to metamorphose to the next stage and on the rate of larval
development, as well as identifying various factors causing mortality in the mass cultured
larvac, mainly mortality caused by molting syndiggge. There are 4 treatments of different
doses of mulberry extract being tested which are: 0 mg/100 g (control). 1 mg/100 g. 2 mg/100
g. and 4 mg/100 g. Mulberry extract is given through feeding since dav-8 of the stocking,
which is the time when larvae enter zoea 3. The rearing process is done over 19 days in a
concrete tank with a volume of 1 ton with the initial number ﬁzoca at = 350.000. The
findings show that mulberry extract has a significant influence on the survival rate.
growth, and the mortality rate of blue swimming crab larvae duc to molting syndrome. The
higher the dose of ME in the artificial food. the higher the survival rate and the lower the
mortality rate due to molting syndrome. The treatment with 4 mg of mulberry extract/100 mg
is the only treatment which successfully enters megaloph and crab stage. Control trecatment
and the dosc of 1 mg/100 g can only reach zoca 3 while the dose of 2 mg/100 g can only
reach zoca 4. This study shows that the total mortality rate is still high. but it is found that the
main cause is not molting syndrome. Mortality rate due to molting syndrome in the treatment
of the dose of 4 mg of mulberry extract is only + 15.61% of the total larval mortality. The
unidentified factors dominate the cause of mortality (£ 57.47%). Other factors are fungal
attack (£17.65%). morphological disorder (£9.28%). and cannibalism (+14 93%).

Emywords: Mulberry (Morus alba). Metamorphoses. Mortality. Blue Swimming Crab
(Portunus pelagicus L.). Larvae
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1. Introduction

Portunus pelagicus L. is one of the commercial crabs traded widely around the world. In
Indonesia, the crab specics is under intensive development to meet the increasing overscas
market demand. The export volume reaches 23 to 25 million tons per vear. The increasing
amount of crab fishing caused decrease in natural populations. in both quantity and quality.
FAO (2011) in World Bank (2012) mentioned that in 2008, Indonesia contributed 20 % of the
world blue swimming crab production and ranked sccond of the biggest producer after China.
Unfortunately. along with the increase of human needs and pressure on the marine biological
resources environment, the live stock of crabs in Indonesia is continually decreasing by 20 -
30% cach year (Mahcesa, 2010). Therefore. other methods to increase crab the supply of crab
raw material is highly needed. for example through culture.

The blue swimming crab can be cultured in ponds but the seeds still rely on the catch from
natural habitat so this action is still potential to press the natural population. Attempts to
culture them using sceds from hatchery is still being studied. and have not yet carried out in
mass production. One of the causcs is that blue swimming crab seedling in hatchery has not
given any consistent result yet. The survival rate of sceds usually fluctuates and is gencrally
low. Maheswarudu (2008) reported that the highest survival rate (10.3+5.76%) from zoca-1
to Crab-1 is achieved in low density stocking (50 larvae/liter). Moreover, Juwana ef al.,
(2010) was successful in increasing the survival rate from 2.2% to 8.7% through probiotic
administration. Zmora ef al.. in 2005 then reported that cannibalism is one the factors causing
high mortality. so it is suggested to usc the shelter and size grading. and decrecase stock
density.

The main problem in the blue swimming crab seedling is mortality (Soundarapandian et al.,
2008). Mortality is caused by various factors, such as discase attack (Govindasamy &
Srinivasan, 2012: Talpur ef al.. 2011a: Talpur ef al., 201 1b), molting syndrome (Hamasaki ef
al., 2002 and cannibalism (Soundarapandian ef a/.. 2008). Many ways have been done to
overcome those proble such as nutrition enrichment of natural food using HUFA (o
incrcase EPA and DHA M order to increase larval resistance (Hamasaki ef al.. 2002; Samuel
et al.. 2011) by using probiotic to control the pathogenic bacterial attack. Vibrio (Juwana er
al.. 2010). adjusting the amount and feeding time of natural food (Ikhwanuddin ef al.. 2012:
Redzuari et al.. 2012), using shelter and size grading., and reducing stock to reduce
cannibalism (Zmora ef al.. 2005). Nevertheless. litte investigation has focused on the control
on molting syndrome through hormonal regulation controlling molting syndrome in crab
larvae.

In arthropods and crustaceans. hormone regulating molting is ecdysteroid (Huberman, 2000).
ccdysteroid controls ecdysis (molting) and metamorphosis. Molting is a process of skin
change which enables larvae to develop and metamorphose from zoca 1-4 phase to megaloph
and crab. The increase of ecdysteroid in the circulation will stimulate molting: conversely.
the decrease of eccdysteroid will stimulate the release of hormone inhibiting molting
(Lockwood, 1967).

The use of exogen hormone to increase hormone titer in vivo has been widely used in the
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high class of animals and humans. However. little effort of this kind has been done in crabs.
Azra et al., (2012) used 20-Hydroxyecdysone exogen added into the rearing of P. pelagicus
larvac to stimulatc molting. Phytoecdysteroid of spinach (Amaranthaceae) has also been used
to stimulate molting in the production of sofi-shell crabs (Aslamyah & Fujaya. 2010: Fujava.
2011: Fujaya et al., 2011).

Macrothink Aquatic Science and Technology
AN

Phytoecdysteroid has an analogous structure with growth hormone of insects and some other
invertebrates such as crustaceans (Feldman. 2009). Phytoecdysteroid is grpduced by some
species of plants for self-defense against insectal attacks (Schmelz ef al.. 2002) and
nematodes (Soriano ef al.. 2004). One of the plants producing phytoccdysteroid is mulberry
(Morus sp). This plant produces phytoecdysteroid and has long been used as food in
silkworm cultivation (Nguku et al.. 2007). Phytoccdysteroid contained in the Moraceac and
Amaranthaccae plants is analogous with ecdysteroid contained in crabs (Callinectes sapidus).
so Ecdybasc names it Inokosterone (Callinecdysone A).

This study is aimed to analyzing the influence of mulberry extract (ME) on the survival rate
of the blue swimming crab larvae which are managed to metamorphose to the next stage and
on the rate of larval development. as well as identifying various factors causing mortality of
mass cultured larvae, mainly mortality caused by molting syndrome. The application of ME
is expected to be able to successfully stimulate and cause molting simultaneously in the stage
change so mortality rate can be decreased.

2. Material and Method of Study
2.1 Broodstock of Crabs

Broodstock used in this study are caught from the sea around Pangkep- Barru waters. South
Sulawesi. Next, broodstock of the crabs are brought to home scale hatchery (backyard) in
Palic village. Takkalasi district. Barru regency. Every broodstock of the crabs that have
contained black cggs is placed in a concrete tank with a capacity of 1 ton to hatch their eggs.

2.2 Mulberry Extract and Artificial Food

Mulberry extract (ME) is in the form of powder obtained from Fisherics and Marine
Biotechnology Laboratory Center for Rescarch Hasanuddin University. 100 mg extract is
dissolved in 10 mL ethanol (p.a) 80%. Extract solvent is then sprayed to the food made of
commercial shrimp larvac. The food is air-dried to cvaporate the cthanol before kept and
used. The commercial artificial food (1) which is in the form of powder used for zoca
contains at least 48% protein and 8% fat, while for megaloph. the commercial artificial food
(2) is in the form of flake containing 48 — 53% protein and 3-5% fat.

2.3 Larval Rearing

The rearing is done over 19 days in a concrete tank with a volume of 1 ton with iitial density
of zoea-1 at £ 350.000. Food containing mulberry extract is given on the cight day after the
stocking. which is the time when larvae enter zoea-3. During the rearing. live food (rotifers
and artemias nauplii) is still given based on the schedule (Table 1). Morcover. water

exchange and acration are performed to keep the oxygen content and to keep larvae away
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from gathering in certain spot. The placement of artificial scagrass in the tank as shelter is
performed in the stage Zoea-4.

Table 1. Feeding regime used for culturing the different growth stages of blue swimming

crabs in this study
10
Food Stage of the Blue Swimming Crab Larvae

Z, Zs Zy Zy M o4

Rotifers
Artemias nauplii

Commercial artificial food |

Commercial artificial food 2

Notes: Particulars: 7 -~ zoca: M = megaloph; C - crab

2.4 Experimental Design and Data Analysis

This study is based on the complete random design with 4 treatments and 3 replicates
(Gaspesz, 1991). The dose treatments of ME mixed in larval artificial food are: (A1) control
(without ME in food). (A2) | mg PQII(}() g food. (A3) 2 mg ME /100 g food. and (A4) 4 mg
ME /100 g food. Data collected in this study arc the survival rate of crab larvae which
successfully metamorphose to the next stagegghe rate of larval development. and factors
causing mortality. The Survival rate (%) of cach larval ggge is calculated based on the
number of larvae which are successful to metamorphose to the next stage divided by the
number of larvae in cach of the beginning of the re-trcatments. Larval development is
determined based on the modification of Larval stage Index (LSI) of Redzuari ef al. (2012)
(Table 2). To calculate LSI and determine factors causing mortality. larvae are identified
using dissecting microscope. Morphological characteristics of stadia refer to the instructions
by Arshad ef al. (2006) (Table 3). characteristics of molting syndrome follow the procedures
introduced by Hamasaki ef al., (2002), and cannibalism is indicated by an incomplete larval
morphological condition.

An illustration of the identification of LSI is as follows: If there are 10 larvae in the sampling
from cach treatment, 7 of them arc in the stage Zoca-2 and 3 others are in the stage Zoca-1,
so the LSl is:

LSI={(2x7)+ (1 x3)[/10= 1.7~ 2.0. meaning that the larvac is in the stage 2
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Table 2. Larval stage index (LSI)

ae Stage LSl Conclusion of 151
Zoea-1(Z)) 1- 1.5 1
Zoea-2 (Z2) 16-25 2
Zoea-3 (7y) 26-35 3
Zoca-4 (74) 3645 +
Megaloph (M) 46-535 5
Crab (C) 56 65 6

Table 3. Larval stages based on the morphological characieristics

bgrva Stages Morphological charactenstics

Zoea-1(Z,y) Eves sessile, 5 seamented abdomen with a fork resembles a telson

Zoea-2(Z,) Eves stalked, abdomen and telson are iimiiar condition with the ones in the previous stage
Loea-3 (Z3) Eves stalked, 6 segmented abdomen, Jateral spmnes on somites 3-5 longer, paired pleopod

buds at ventral posterior end of somites 2-5. Telson similar to that of ggwious stage

Zoca4 (7)) Eves stalked, 6 segmented abdomen, pleopod buds well developed telson similar to that of
zoea-3 except for additional short seta on inner margin

Megaloph (M)  More like crabs than zoea, the carapace gets rounded according to its length, first pereiopod
appears in the tip of the upper arm, abdomen in the posterior is still long

Crab (C) Abdomen is folded under cephalotorax like in adult crabs

In this study. all results are presented in thgggverage value. Data are analyzed by using
Variant Analysis (ANOVA) 1o determine the differences among treatments. It is considered
statistically significant if P<0.05 (Gasperz, 1991).

3. Results and Discussion

3.1 Survival Rate

20

The resgts of this study showed that the mulberry extract (ME) through artificial feed larva
greatly affect the survival rate of crab larvae. In Table 4 and 5. it appears that only the larva
that reccived 4 mg mulbery extract/100 g dict sugggsfully past five phase of larva turn up to
crab pggpe. However. all of larva in control and a dose of 1 mg/100 g was death in zoea-3.
while a dose of 2 mg/100 g death in zoca-4. This indicates that the response of larva to the
mulberry extract was strongly influenced by the dose.
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Table 4. The survival rate of successfully metaphormed crab larvae in each dose of treatment
on mulberry extract

Survival Rate (%)

Larval

Al A2 A3 Ad
7.7 17 19 21 2%
Loty 8 20 53 78
ZvZi 0 0 5 9
L+M 0 0 0 15
M-C 0 0 0 47

Notes: 7 ~ zoca: M = megaloph; C = crab: A1 - 0 mg mulberry extract (EM) 100 g food; A2 = 1 mg EM: A3
2mg EM: A4 - 4 mg EM.

Table 5. Larval Stage Index (LSI) of crabs given mulberry extract of different doses through
the addition to the artificial food based on the rearing period

Days to-
Treatment 1 3 5 7 9 11 13 15 17 19
Al 1.00 1.13 180  2.00 3.00
A2 1.00  1.00 .65  2.00 275 300
A3 1.00 1.00 1.20 214 355 400
Ad 100 111 139 210 374 400 474 4.90 5.37 6.00

Notes: Al ~ 0 mg mulberry extract (EM) 100 g food : A2 ~ 1 mg EM: A3 - 2 mg EM: A4 = 4 mg EM.

An appropriatc dosc of mulberry extract will stimulatc crabs to metamorphose and
successfully pass molting process while low dose of mulberry extract will not be responded
by larvae. Dorrington (1979) stated that appropriate dose of hormones would stimulate the
activation of adenylaie cvelase in cells so new products will be produced. Based on Turner
and Bagnara (1976). hormones only stimulate actions but also inhibit them. There is a
negative feedback mechanism in the hormonal work. High concentration of hormone in the
circulation gives a sign for cells to do inhibitions to keep the balance (homeostatis). while
low dose is not sufficient enough to stimulate actions.

3.2 Larval Development

Mulberry extract contains phytoccdysteroid. a compound which is analogous with molting
hormone in crustaceans. Ecdysteroid. not only has a role as a molting hormone in arthropods.
but also takes part as a regulator of other physiological functions such as growth,
metamorphosis and reproduction (Gunamalai e al.. 2003). Molting process starts when
cpidermal cells respond the hormonal change through the rate of protein synthesis (Meyer.
2007). Protein synthesis is the most basic growth process. If there is no massive protein
production. growth process will not happen (Jobling er al., 2001). Protein takes an important
role in the formation of new cells, including the formation of new cuticles.

Blue Swimming Crabs have four zoca stages and 1 megalophal stage. Zoeca-1 (Z1)
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metamorphoses to Z2 and continues to Z4. Megaloph metamorphoses to first crab instar. The
total time needed for the growth of zoeal stages to crab stage in this study is 17-19 days. It is
longer than the total time of growth reported by Josileen and Menon (2004), which is 14-17
days and the onc reported by Arshad er al. (2006), which is 14-19 days. However. it is faster
than the duration of rearing from Z1 to crab which is 20 days as reported by Maheswarudu ef
al. (2008). This difference may caused by temperature difference and salinity of rearing
media. Based on Arshad er al. (2006). salinity of 28-30 ppt and media temperature during the
larval rearing of 26-27 °C lead to time needed to reach crab stage until for about 15-18 days.
Josileen and Menon (2004) used salinity of 35 = 1 ppt and temperaturc of 28 + 2°C during the
rearing. Maheswarudu er al. (2008) reared the crab larvae at the temperature of 24-27°C. In
this study. media salinity ranges from 29 to33 ppt and the temperature is 26-31"C. According
to Boyd (1990). crustaceans are poikilothermic, meaning that their body temperature is
influenced by water temperature around them. It may be possible that certain species can
tolerate wider range of temperature, but the temperature range for maximum growth is
generally small.

The success of molting and certain stage change is surely not only influenced by molting
hormones. Various other factors such as environment. nutrition, disease. and mutual
interaction are major determinants whether a larva can pass a critical period or not. This is
determined by larval resistance against various threats. The resistance of larva itsclf is
influenced by nutritional status and genetic factors.

3.3 Identifying the Cause of Daily Mortality

In this study, there are four majors identified as the causes of mortality: they are: molting
syndrome. fungal attacks. cannibalism, and morphological disorder (Figure 1).

70 4
60
50
- { mAl
£ 40 o 25
| |
E
£ 30 4 8 A3
{ 2 m AL
20 ¥
o 4 - . .. . .. . . &
Sindrom molting Fungus Cammibalism Morphologic: Not identified
abnormalities

Figure 1. Mortality Percentage in Each Treatment due to Various Factors. Al =0 mg
Mulberry Extract (ME)/ 100 g food: A2 = | mg ME: A3 =2 mg ME: A4 =4 mg ME
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Unfortunately. the main cause of mortality (55.61 - 65.17%) has not identified yet. It is said
10 be unidentified since in the morphological observation, the body of larvae remains normal
and intact. This unidentified mortality happens in the initial stage and continually decreases
along with the increase in the rearing time for all treatments (Figure 2. 3. 4. and 5). The
mortality in the initial stage of rearing can be caused by the condition of the environment and
quality of crab broodstock. In this study, the fluctuation of daily temperature reaches up to
3-5°C. It is suspected that this kind of fluctuation influences the growth and mortality of
larvac. Based on Boyd. (1990). if temperature suddenly changes by 3-4°C. shock and
mortality may occur,

(1]
Macrothink Aquatic Science and Technology
A\\

Al

# Failed moltmg
® Fungus

Percemt (%9)

# Canmibaksm
® Momhological Abnommalites
¥ Not Identified

1 2 3 4 5 [ 7 8 9
Days 1o

Figure 2. Identification on Daily Mortality Cause of Larvae in Treatment Al (0 mg mulberry
extract/100 g food)

A2

B Failed molting

W Fungus

# Cannibalism

= Morphological Abuonmalitics
# Not Idemtified

Figure 3. Identification on Daily Mortality Cause of Larvac in Treatment A2 (1 mg mulberry
extract/100 g food)
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Figure 4. Identification on Daily Mortality Cause of Larvac in Treatment A3 (2 mg mulberry
extract/100 g food)

100 1 = — T o
1]
80 + ffrltnv,v.......-__..‘. N A4
g (ttly. |
~ 50 . S & Failed molting
T T
o t 1111 u Fungus
50 11 1HT1
| ; ! % ,E' ] i # Canmbalism
@1 ’é : jh Lr ' B Morphological Aboormuiites
i 1L} |
IR e B B e e # Not Identified

—

2 3 456 78 91011121314151617 18
Days 1o

Figure 5. Identification on Daily Mortality Cause of Larvac in Treatment A4 (4 mg mulberry
extract/100 g food)

The result of statistical analysis shows that the treatment of difference doses of ME in the
artificial food of crab larvac has a significant effect towards mortality rate due to molting
syndrome. fungal attacks. cannibalism (P<0.01). and significantly influenced morphological
disorder (P<0.05). Conversely, treatment does not influence on unidentified larval mortality
(P>0.03)

The mortality due to the lowest molting syndrome in the treatment A3 and A4 shows that the
given mulberry extract can be used by larvae and is effective enough to overcome molting
syndrome. Molting syndrome significantly decreases in the treatment A3 and A4 especially
after day-8, the day when artificial food containing mulberry extract is first given (Figure 2,
3. 4. 5). According to Thomton er al. (2006). molting syndrome experienced by crustaceans
in the initial stage of larval stage is generally caused by insufficient supply of ckdisteroid
neceded for molting.
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However, data shown in Figure 1 explains that the higher of mulberry extract dose in food.
cause higher mortality due to fungal attacks and cannibalism. Does mulberry extract
stimulate the fungal growth and cannibalism? Figure 2. 3. 4. and 5. show that there is an
indication that it is not mulberry extract which causes an increase in fungal attacks and
cannibalism. but the rearing period which is longer in treatment A4. Figure 2. 3. 4 and 5 show
good condition since fungi start to be indentified since day-4. but the intensity starts to
increase since day-8 for all treatments. The rearing in treatment A is stopped in day-10 while
in the treatment A2 and A3. it is stoppedin day-12 as all larvae are already died. Larvae in
treatment A4 survive until they reach crab stage in day-19. Fungal attacks can be originated
from water. food. or contaminated parents. Soundarapandian and Tamrchazhagan. (2009)
stated that the quality of water and food are important criteria in the crab rearing. If both of
them are not scriously taken care of. discasc attacks might appear causing mortality to larvae.

The same thing happens in the case of cannibalism, since the treatment with the dose of 4 mg
mulberry extract/100 g food is the only treatment which is successful in entering megaloph
and crab stage. so it also becomes the only treatment which mortality caused by cannibalsm is
identified. Cannibalism increases in the stage of megaloph as claws in their bodiesare
perfectly formed like in the crab stage. It will be worse since if molting does not happen
simultaneously. the molting larvae will suffer from larvae which do not molt. Basically.
cannibalism is the nature of crustaceans including crabs, but this nature must be controlled in
cultural attempt. Marshall er al.. (2005) explained that cannibalism can be caused by varied
size of larvac and moluing phase. The placement of many shelters can help reduce mortality
rate caused by cannibalism.

Morphological disorder is also one of the factors causing larval mortality in this study even
though the number is very small at about 7 — 9 % of the total mortality in all treatments.
Based on the analysis of statistics. it is shown that ME trcatment has a significant influence
(P<0.05) on the morphgiggical disorder. This indication suggests that ME dosage may not be
appropriate. Schmelz et al.. (2002) and Soriano et al., (2004) stated that fitockdisteroid
compounds produced by plants cause abnormal molting in insects which attack plants, so
they could not move, have lower attacks. have an abnormal growth. and are at risks of
mortalitv. Besides. morphological disorder may also be caused by nutritional deficiency and
genetic factors. This is based on the observation that before ME administration is conducted,
mortality caused by morphological disorder has already happened.

4. Conclusion

Mulberry extract can be used to enrich artificial food in order to stimulate growth and
metamorphosis and reduce mortality rate due to molting syndrome in crab larvae. However.
further studies to determine the optimum dosc of mulberry extract so molting and stage
change will happen simultancously. which further may reduce the mortality rate duc to
morphological disorder and cannibalism, are still needed. The enrichment of live food
(rotifers and artemias naupliiy using ME to supply molting hormones in the stage Z1 and Z2
still need to be considered. Besides molting syndrome and cannibalism. mortality case due to
fungal attacks. morphological disorder, and unidentified factors nced special attention in the
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operation of crab rearing. Quality of water, food. and broodstock have to be improved to
overcome those factors.
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