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Two feeding trials were conducted to evaluate the performance of the earthworm
(Eudrilus eugeniae) meal (vermimeal) as a replacement for fish meal in the diet of juvenile
mangrove crab (Scylla serrata) in terms of growth, feed efficiency, intermolt duration,
carapace width increment, molting success, survival, and incidence of cannibalism. Four
experimental diets were formulated with 0, 25, 50, and 75% fish meal protein replaced
with earthworm meal protein, designated as DO, D25, D50, and D75, respectively. In the
first feeding trial, the experimental diets were fed to crablets with an initial average
weight of 0.09£0.007g. Each replicate comprised ten (10) crablets individually stocked in
750ml-capacity plastic containers randomly distributed in a static water bath. Final
weight gain, feed efficiency and survival were measured after the 5th molt. In the second
feeding trial, 150 crablets with an average weight of 0.07+0.002g were stocked at 30
crablets each in five (5) replicate tanks. Survival and incidence of cannibalism were
monitored daily until the end of the culture period of 30 days. The first study showed that
the growth of mangrove crab juveniles fed the diet with up to 50% of the fish meal
protein replaced by the earthworm meal protein was statistically comparable to the
control group. The survival of crablets in the second feeding trial was highest in D25
(33%), followed by D50 (29%), DO (18%), and lowest in the group fed with D75 (13%).
Overall, earthworm meal (Eudrilus eugeniae) can replace as much as 50% of the fish meal
protein in juvenile mangrove crab (Scylla serrata) diet without negative effects on growth,
carapace width increment, feed efficiency, intermolt duration, molting success, survival,
and cannibalism.

INTRODUCTION acid profile similar to fish meal? and contains lipids high
in n-3 fatty acids, which can enhance immunity in ani-
mals.3 Earthworm meal has a protein content of 50-70%
and lipid content of 5-10% on a dry weight basis, which
are in the range of fish meal and fits well with the nutrient
requirements of crustaceans such as prawns and crabs.4>
Earthworms are among the least expensive animals to mass
produce as they require comparably cheaper raw materi-
als. Production of earthworms is relatively simple, with lo-
cally-sourced inputs that can easily be sustained. However,
due to low demand, mass production of earthworms can-
not be easily materialized unless processed as an earth-
worm meal and used as a feed ingredient for high-value
aquatic species. Replacement of fish meal with earthworm
meal in fish®12 and in Penaeus monodon!? diets had been
shown to promote growth and survival in these species.

The use of artificial feeds in commercial-scale aquaculture
of mangrove crabs is relatively recent compared to other
aquaculture species. It is regarded to be in the early stages
of development.! However, the declining supply of fish
meal worldwide threatens the anticipated eventual shift of
feeding crabs and other crustaceans to formulated diets and
the use of fish by-products and fish meal as main feed in-
gredients. Hence, the search for alternative protein sources
for high-value aquaculture species, such as the mangrove
crabs, continues to be a major challenge.

While many studies have identified alternative protein
sources for aquatic animals, supply sustainability has been
a critical issue. One potential source of animal protein for
fish meal replacement is earthworm meal. It has an amino
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Table 1. Proximate composition of fish meal and earthworm meal

H 0, o) H 0,
Feed Ingredient Moisture (%) Crude Protein (%) Crude Fat (%) Crude Fiber (%) A;sh NOFE
(%) (%)
Fish meal* 10.00 65.90 12.00 0.30 13.0 3.00
Earthworm meal** 6.58 60.40 15.36 244 11.58 3.64

*Data from SEAFDEC/AQD, Philippines
**Analyzed values

Survival rate and weight gain of tiger shrimp fed a formu-
lated diet containing 10% dried earthworm (Eudrilus euge-
niae) without fish meal was higher than in shrimp fed a diet
containing 30% fish meal.!3 To our knowledge, the use of
earthworm meal in the culture of mangrove crabs has not
been reported. Owing to its high protein content and amino
acid profile, which is comparable to that of fishmeal, earth-
worm meal has the potential to be a fishmeal replacement
in mangrove crab diets.

The objective of this study was to evaluate the perfor-
mance of diets with different levels of earthworm meal
as an alternative to fish meal protein in terms of growth,
feed conversion ratio or feed efficiency, intermolt duration,
carapace growth, molting success, survival, and incidence
of cannibalism in mangrove crabs. This study focused on
the juvenile stage of mangrove crab (0.5-1.0 cm carapace
width or CW) since this stage is characterized by a high
incidence of cannibalism, adversely affecting survival and
hence a bottleneck in the mass production of mangrove
crab seeds. Thus, suitably formulated diets that support
good growth and high survival by reducing cannibalism will
create a demand for such diets by mangrove crab hatch-
ery operators. The earthworm meal can become econom-
ically viable if it supports significantly improved survival
in mangrove crab hatchery seed production. Moreover, it
could contribute to developing both the mangrove crab and
vermiculture industries and further promote organic farm-
ing.

MATERIALS AND METHODS

TEST FEED INGREDIENT

Live earthworms (Eudrilus eugeniae) commonly called as
African night crawlers were obtained from a local supplier.
The earthworms were processed into a meal, first, by wash-
ing thoroughly to remove mud, silt and dirt followed by
blanching in lukewarm water (60-650C) and drying in an
oven at a temperature not exceeding 80°C for 72 h. The
dried worms were then ground and made to pass through
a 60-micron mesh sieve. The sieved earthworm meal was
mixed thoroughly and stored in a plastic container until
use. A representative sample was taken for proximate
analysis. The proximate composition of the earthworm
meal and the fish meal used in this study is presented in
Table 1.

The mangrove crab feed formulation based on Catacu-
tanl4 was modified by including different levels of earth-
worm meal as a protein source (Table 2). Four (4) test diets

with 0, 25, 50, and 75% of fish meal protein substituted by
earthworm meal protein were formulated and coded as DO,
D25, D50, and D75, respectively. Samples of the formulated
diets were taken for proximate analysis.

EXPERIMENTAL ANIMAL

The juvenile crabs were produced in the hatchery of the
Southeast Asian Fisheries Development Center, Aquacul-
ture Department (SEAFDEC, AQD), Tigbauan, Iloilo, Philip-
pines, from wild-caught Scylla serrata breeders. The iden-
tity of the species was based on the description of Keenan
et al.15

FEEDING TRIALS

The experiments were conducted at the hatchery facility of
the Brackishwater Aquaculture Center, Institute of Aqua-
culture, College of Fisheries and Ocean Sciences, University
of the Philippines Visayas, Leganes, Iloilo, Philippines.

FEEDING EXPERIMENT 1 (EVALUATION OF THE
EXPERIMENTAL DIETS IN MANGROVE CRABS IN TERMS
OF GROWTH, CARAPACE WIDTH INCREMENT, FEED
EFFICIENCY, INTERMOLT DURATION, AND MOLTING
SUCCESS)

Juvenile mangrove crabs with an average weight of
0.09+0.007g were reared individually in 750ml-capacity
plastic containers placed inside a wooden trough measuring
16ft (L) x 4ft (W) x 0.5ft (H). The trough was half-filled
with seawater, which served as a water bath to maintain the
temperature in a static water-rearing system.

Each dietary treatment (DO, D25, D50, and D75) had 4
replicates of 10 crabs stocked individually in plastic con-
tainers per replicate or 40 crablets per treatment. The
crablets were maintained and fed with the control diet at
3-5% body weight (BW) until they molted (MO). The
crablets’ initial weight and carapace width were measured
individually using a caliper and an analytical balance (Met-
tler-Toledo), respectively, after their shell had hardened 36
to 42 hours after molting and feeding of the experimental
diets started. The number of molts measured the growth of
crabs, and each crab was monitored every day until the fifth
molt (M5). The crablets’ weight and carapace were mea-
sured a day after each molting. The crablets were also mon-
itored daily for successful molting or unsuccessful molting
that resulted in mortality. They were fed at satiation level
(approximately 3-5 % BW) twice daily at 9 am and 4 pm.
The culture water in individual containers was changed just
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before feeding in the morning and afternoon. The water
temperature and salinity of the containers were monitored
once daily. Final weight gain, feed efficiency, and survival
were measured after M5. Intermolt duration and molting
success were likewise measured.

FEEDING TRIAL 2 (EVALUATION OF THE EXPERIMENTAL
DIETS IN MANGROVE CRAB IN TERMS OF SURVIVAL AND
INCIDENCE OF CANNIBALISM)

One hundred fifty (150) juvenile mangrove crabs with an
average weight of 0.07+0.002g were stocked at 30 individ-
uals per 100L-capacity plastic tanks with a dimension of
60cm (L) x 45cm (W) x 45cm (H) provided with sufficient
aeration. The dietary treatments with five (5) replicates
were assigned randomly to each tank. Three bunches of
shelters with about 25 strips of 0.30m long plastic straw
tied together in the mid portion were also provided in each
tank to reduce the chance of encounter among crabs and to
minimize cannibalism.

Each diet (DO, D25, D50 and D75) was fed to four (4)
groups of crablets in five (5) replicate tanks. Each tank was
supplied with flow-through seawater daily for one (1) hour
before feeding in the morning and in the afternoon with a
flow rate of 1L min~l. Survival and incidence of cannibal-
ism (dead crabs and those with bite marks and missing body
parts) were monitored daily. The crablets in each tank were
weighed in bulk every week for 30 days for feed adjustment
and growth monitoring.

Water parameters such as ammonia, dissolved oxygen,
pH, salinity and temperature were monitored every five
days.

The various parameters were computed as follows:

Specific Growth Rate (SGR) = w
where: InWf = natural log of final weight
In Wi = natural log of initial weight
T = culture period (No. of days)

Weight Gain (g) = Wf-Wi

where: Wf = Final weight(g)

Wi = Initial weight (g)

Feed Conversion Ratio (FCR) = %m

Intermolt Duration = no. of days between molts
Carapace Width Gain = CWf —-CWi

where: CWf = Final Carapace Width after nth molts(cm)
CWi = Initial Carapace Width(cm)

Molting Success = Survival (%) after nth molts

Survival Rate (%) = fialcount y 100

Incidence of cannibalism = no. of dead crabs and those
with bite marks and missing claws

STATISTICS

Data were analyzed using SPSS Version 15. Homogeneity
and normality of the data were checked using Levene’s test,
and the Kolmogorov—-Smirnov and the Shapiro-Wilk tests,
respectively. Significant differences among treatment
means were determined by Analysis of variance (ANOVA)
followed by Tukey’s test for post-hoc comparison of treat-
ment means.
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RESULTS

FEEDING TRIAL 1

The proximate compositions of the experimental diets are
presented in Table 2. Nutrient contents were similar for
all the diets with 49.8-51% protein, 7.8-8.8% lipid, and
356.8-366.8 kcal 100g™! diet energy levels. The growth per-
formance and survival of the juvenile mangrove crab fed
with the different diets are shown in Table 3. Weight gain
(D50-1.55g), specific growth rate (SGR) (D50-2.39% day™1),
and survival (D50-98%) of the crab fed diets with earth-
worm meal replacing fish meal protein up to 50% was not
statistically different from the control group with weight
gain, SGR, and survival rate of D0-1.71g, D0-2.61% day 1,
and D0-98%, respectively. Similarly, the carapace width in-
crement (DO-0.89%/day) was not affected up to 50%
(D50-0.86% day™!) with earthworm replacement (Table 4).
Growth (D75-2.23% day™!) and survival (D75-78%) of the
crabs fed with D75 were the lowest and significantly dif-
ferent from the control group (SGR, D0-2.61% day™!; Sur-
vival, D0-98%) (Table 3). Likewise, the feed conversion ra-
tio (FCR) showed the same pattern with the growth of the
crab. Replacement of fish meal with earthworm meal pro-
tein to as much as 50% had no remarkable adverse effects
on the efficiency of the diet. Also, diets at any replacement
levels did not influence the success of molting in the crabs.
Among the four treatments, only one crab from the group
fed D75 was observed to have exhibited unsuccessful molt-
ing during the period M2-M3.

Table 5 shows a decreasing trend in crude protein, crude
lipid, and nitrogen-free extract (NFE) values as earthworm
incorporation increased. In contrast, the opposite trend
was observed in their crude fiber and ash contents.

FEEDING TRIAL 2

Results of the monitoring of survival rate and incidence of
cannibalism in each treatment are presented in Figure 1.
Survival was highest in D25 at 33% followed by D50 at 29%,
DO at 18% and lowest in D75 at 13%. Incidence of canni-
balism equates to mortalities and therefore exhibited the
opposite trend, with D25 having the lowest percentage of
incidence, followed by D50, DO, and D75 with the highest
incidence of cannibalism/mortality.

DISCUSSION

The study showed that replacing fish meal protein with
earthworm meal protein by as much as 50% did not ad-
versely affect growth and survival, feed efficiency, molting
duration and success, and incidence of cannibalism in the
mangrove crab Scylla serrata. The earthworm (Eudrilus eu-
geniae) meal used in the present study had an analyzed pro-
tein level of 60.4%, within the reported values for earth-
worm meals. Growth of crabs until the fifth molt (M5)
demonstrated that such a high substitution of fish meal for
earthworm meal is possible. Studies have shown the poten-
tial value of earthworms as a protein source for feeds.16:17
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Table 2. Composition (g/kg) and proximate analysis (%) of the experimental diets*

Ingredients CP (%) DO D25 D50 D75
Fish meal (Danish) 65.9 69.5 470.0 3525 235.0 117.5
Earthworm meal 60.4 60.4 0 135.0 270.0 406.0
Squid meal 20.0 20.0 20.0 20.0
Acetes sp. 85.0 85.0 85.0 85.0
Seaweed 10.0 10.0 10.0 10.0
Defatted soybean meal 90.0 90.0 90.0 90.0
Bread flour 150.0 150.0 150.0 150.0
Danish fish oil 20.0 20.0 20.0 20.0
Soybean oil 20.0 20.0 20.0 20.0
Lecithin 0.3 0.3 0.3 0.3
Vitamin C 0.5 0.5 0.5 0.5
Dicalcium phosphate 10.0 10.0 10.0 10.0
CarboxymethylCellulose 30.0 30.0 30.0 30.0
Mineral mix@ 20.0 20.0 20.0 20.0
Vitamin mix (Tas Mix)P 10.0 10.0 10.0 10.0
Rice bran 63.8 45.3 29.2 10.7
Total(g) 1000.0 1000.0 1000.0 1000.0
Moisture (%) 6.3 6.4 6.5 6.1
Crude Protein (%) 50.8 51.0 49.8 50.6
Crude Lipid (%) 8.7 7.8 8.8 85
Crude Fiber (%) 22 2.6 25 25
Ash (%) 12.6 125 11.8 11.8
NFE (%) 19.4 19.7 20.6 20.5
Gross Energy (kcal/100g diet)© 366.8 356.8 362.4 363.6

*Modified from Catacutan.!4

aMineral Mix (per 100g diet): Iron-40mg, Manganese-10mg, Zinc- 40mg, Copper- 4mg, lodine-1.8mg, Cobalt-0.02mg, Selenium-0.2mg)

byitamin mix (per 100gdiet): Vit A-1,200IU, Vit D3 - 200 IU, Vit E,20 IU, Vit B1-8mg, Vit B2-8mg, Vit B6-5mg, Vit B12- 2mg, Niacin- 40mg, Calcium Pantothenate-20mg, Bi-

otin-4mg, Folic Acid-18mg, Ethoxyquin, 0.05mg.

¢Computed based on the following physiological values: 4.5kcal/g protein, 8.0 kcal/g lipid and 3.3 kcal/g nitrogen-free extract

Table 3. Growth, feed efficiency, and survival in Scylla serrata crablets fed the experimental diets until the 5th

molt (MO to M5)*
Initial Final D%
Dietary . SGR1 2 Survival MO to M5
Treatment Wt‘( (l)\/IO) (MV;/)t.( ) Wt gain (g) (%/day) FCR (%) (No. of
g g Days)
DO 0.09 1.8 1.71+0.06° 2.61+0.03bc 1.77+0.082b 98+2.50b 118+1.493b
D25 0.09 1.99 1.90+0.09° 2.75+0.05¢ 1.66%0.072 95+2.89P 113+0.872
D50 0.09 1.64 1.55+0.042b 2.39+0.052b 2.19+1.07bc 98+2.50P 122+2.123b
D75 0.09 1.41 1.32+0.072 2.23+0.042 2.48+0.07¢ 78+2.502 124+3.43b

*Means*SD of 4 replicates. Means not sharing the same superscript letters are significantly different (P<0.05)

ISpecific Growth Rate
2Feed Conversion Ratio
SIntermolt Duration

Sabine!8 and Leel? determined the crude protein of earth-
worm Eisenia foetida to range from 60-70%. According to
Paripuranam et al.,” earthworm meal was a more suitable
and acceptable feed ingredient than fish meal for Labeo ro-
hita and Hemigrammus caudovittatus fingerlings. The study
conducted by Tuan et al.12 also revealed that protein di-

gestibility in earthworm meal-substituted diet for common
carp (Cyprinus carpio, L.) was higher than the full fish meal-
based protein diet. The amino acid profile of earthworms
is very similar to that of fish meal, as analyzed in the pre-
sent study (Table 6). A previous study conducted by Dedeke
et al.2 on four earthworm species (Eudrilus eugeniae, Hype-
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Table 4. Carapace width increment in Scylla serrata crablets fed the experimental diets until the 5th molt (MO0 to

M5)*

. T ) . . Width
Dietary Initial Width (MO) Final width (M5) Width increment
treatment (cm) (cm) (cm) Increment

(%/day)

DO 0.88+0.01 2.47+0.06P 1.60+0.05P 0.89+0.042b
D25 0.91+0.04 2.57+0.09° 1.66+0.05P 0.92+0.03°
D50 0.89+0.04 2.42+0.073b 1.53+0.052P 0.86+0.102P
D75 0.89+0.02 2.30+0.092 1.41+0.082 0.77+0.032

*Means not sharing the same superscript letters are significantly different (P<0.05).

Table 5. Proximate composition (%) of the crablets fed the experimental diets until the 5t molt (MO to M5)

Crab sample Moisture (%) Crude Protein (%) Cru«?;;_ipid Crud(;)l):iber '?‘02? '}{;;E
Initial* 6.77 33.09 7.18 351 32.29 17.16
DO 7.06? 35.984 4.50d 5.952 28.992 17.52¢
D25 7.242 35.15¢ 3.79¢ 6.54b 30.12° 17.16¢
D50 8.82P 34.23P 2.85b 6.47° 31.52¢ 16.11P
D75 8.86P 33.10° 2.702 8.69¢ 32.38¢ 14.272

“Before administering the experimental diets.
Means not sharing the same superscript letters are significantly different (P<0.05).
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Figure 1. Survival and cannibalism in juvenile
mangrove crab-fed diets with fish meal replaced with
earthworm meal protein. Means * SD (n=5 replicate
tanks). The means that do not share the same
superscript letters differ significantly (P<0.05).

riodrilus africanus, Alma millsoni, and Libyodrilus violaceus)
revealed a total of 17 amino acids consisting of 9 essential
(lysine, histidine, arginine, threonine, valine, methionine,
isoleucine, leucine and phenylalanine) and 8 non-essential
amino acids (aspartic acid, serine, glutamic acid, proline,
glycine, alanine, cystine and tyrosine). Among the 4 species
of earthworms studied, African nightcrawlers (Eudrilus eu-
geniae) showed the highest value of the essential amino
acids such as lysine, arginine, valine, isoleucine and pheny-
lalanine. Edwards20 showed that earthworm protein con-
tains a higher level of essential amino acids such as lysine
and methionine than either meat or fish meal. Dynes2! also
confirmed that the amino acid profile of earthworm such as

Eisenia foetida, Lumbricus terriestris and Perionyx excavatus
were similar or even better than that of fish meal.

Studies conducted on different fish species revealed suc-
cessful substitutions of fish meal with earthworm meal.
Steamed earthworm-based pellets at 12.16% substitution
level were proven to enhance catfish Clarias gariepinus
growth.? Moreover, 56% replacement of fish meal by whole
earthworm meal in the diet of catfish Clarias gariepinus en-
hanced growth and survival of the fish.!1

Results of growth and survival in the present study were
similar to the findings of Piedad-Pascuall3 with 30 percent
inclusion of Eudrilus eugeniae meal for Penaeus monodon re-
sulted in higher weight gain and survival rate. A decreas-
ing trend in crude protein, crude lipid, and nitrogen-free
extract and an increasing trend the crude fiber and ash
contents were shown in the proximate composition of ju-
venile crabs fed with increasing levels of earthworm meal
in the diet in the present study. Nevertheless, the growth,
feed efficiency, and survival were not adversely affected
up to 50% replacement level; only the crablets fed at 75
% replacement level exhibited significantly inferior results
when compared against the control. The results of this
study are also comparable to the study done on milkfish
fry where 55% earthworm (Eudrilus eugeniae) meal replace-
ment for fish meal protein had no deleterious effects on the
growth, survival, and FCR in the fish. In tilapia fry diet,
50% earthworm meal was found to be the optimum sub-
stitution level for Peruvian fish meal. Growth parameters
(weight gain, and specific growth rate or SGR), feed utiliza-
tion efficiency (FCR and FCE), protein efficiency ratio (PER)
and % protein retention of tilapia fry did not vary signif-
icantly when up to 50% fish meal protein was substituted
with earthworm meal.22 Olele and Okonkwo? suggested the
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Table 6. Amino acid compositions of earthworm meal, fish meal, experimental diets and juvenile mangrove crabs

Protein sources Experimental diets Crablets

EarrtTf]Z\;cl)rm Fish meal DO D25 D50 D75 Initial DO D25 D50 D75
Protein (%) 60.4 65.9 50.8 51.0 49.8 50.6 33.1 35.9 35.2 34.2 33.1
Amino acids and composition (%AA)
Aspartic acid 9.54 5.48 10.38 10.22 9.97 9.619 9.04 11.68 11.18 10.96 10.44
Threonine 543 2.61 2.70 3.56 391 4291 3.11 4.25 4.27 4.14 4.28
Serine 5.93 2.58 5.80 5.89 571 5.65 4.52 3.82 3.47 3.24 3.33
Glutamic Acid 14.15 8.48 15.66 15.60 15.20 14.77 11.10 6.70 4.10 3.36 3.48
Glycine 8.37 3.88 13.89 12.37 11.03 9.95 18.66 14.16 15.55 16.33 16.36
Alanine 12.20 4.01 13.06 12.83 12.55 12.14 9.57 12.25 13.00 13.20 13.27
Cystine 2.00 0.72 2.02 2.26 2.86 4.49 8.73 1.81 241 3.97 2.68
Valine 6.74 3.07 4.13 4.80 5.35 5.58 4.40 6.52 6.86 6.86 7.02
Methionine 246 1.65 2.64 2.59 2.47 2.39 1.88 2.54 2.11 1.90 1.82
Iso-leucine 5.53 2.39 2.62 3.36 4.03 4.30 1.36 4.93 5.28 5.36 5.44
Leucine 9.65 4.69 7.32 7.82 8.39 8.44 3.76 9.13 9.51 9.59 9.90
Tyrosine 3.07 2.02 1.84 2.06 2.22 2.39 1.12 4.09 417 3.84 3.99
Phenylalanine 3.77 2.57 3.82 3.72 3.80 3.74 3.17 4.37 4.51 4.28 4.50
Histidine 1.86 2.00 3.52 2.98 2.82 2.63 6.88 2.68 2.26 2.05 2.05
Lysine 6.09 4.79 6.03 5.98 5.98 5.97 4.68 6.90 7.19 7.02 7.12
Tryptophan 0.33 3.70 0.38 0.43 0.42 0.46 0.54 0.59 0.63 0.70 0.72
Arginine 2.87 0.50 421 3.54 3.31 3.19 7.49 3.58 3.45 3.20 3.60
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use of 50% earthworm meal in place of fish meal for for-
mulation of diet for Heteroclarias fingerlings. For common
carp, Pucher et al.10 found earthworms to be a suitable sole
animal protein source in supplemental feeds under semi-
intensive pond management, whereas Tuan et al.12 found it
to be suitable only as partial replacement.

It must be pointed out that the growth of crabs fed for-
mulated diets in the present study was slower (1.4-1.9 g in
120 days) compared to the crabs fed either live or frozen
Artemia diets (~3.7 g and ~2.03 g in 40 days) in the study
of Anh et al.23 However, growth was greatly reduced when
they were fed Artemia-based formulated diet (~0.29 g in 40
days). This may suggest components in the live and frozen
Artemia that are missing in the dried Artemia-based diet as
well as in the diets used in this study. Moreover, individual
rearing of mud crabs results in higher survival at the ex-
pense of growth compared to group or communal rearing
even within the same type of diet.24

Early reports showed that formulated diets were inferior
feeds for crabs compared to natural feeds25-27 which may
explain the poor growth of crabs in all treatments of this
study. Unfortunately, natural feeds were not included as
one of the control treatments. The control treatment used
in this study was a diet patterned after the best mud crab
diet tested at the Southeast Asian Fisheries Development
Center by Catacutan.28 However, the crabs used in the pre-
sent study were very small (~0.07 g) while those used in the
study of Catacutan28 were way bigger (~9.15 g). WilsonZ9
reported that bigger juvenile crabs such as those used in the
soft-shell crab industry adapt easily to formulated diets as
compared to the smaller juveniles. This may be related to
the fact that the digestive capacity of smaller crabs is lim-
ited compared to that of adults.30,3!

On average, the total number of days for the juvenile
crabs to molt from MO to M5 in the present study was short-
est (113 days) in those fed D25 than those fed the con-
trol (DO) diet (117 days) or D50 (122 days). Crabs fed D75
had the longest duration (124 days) to molt from MO-M5.
Ecdysone acts as a molting hormone and regulates physi-
ological functions such as growth, metamorphosis and re-
production.32 The success of molting is influenced by the
level of molting hormone ecdysone in the body of mangrove
crab larvae,33 which is affected by many factors, including
nutritional status. Certain amino acids can activate signal-
ing pathways, such as the Target of Rapamycin (TOR) path-
way, 3% to promote ecdysone synthesis. In Eriocheir sinensis,
the addition of cottonseed meal hydrolysates above 4% in-
creased the ecdysone receptor transcription, ecdysone con-
centration, and weight-to-growth ratio, resulting in im-
proved growth and molting performance.3® Hence, failed
molting can be attributed to inadequate ecdysone hor-
mones required for the crab to shed its shell and grow.
Throughout the experiment in the present study, only one
unsuccessful molting was observed during molting from
M2-M3 in the group fed D75 and was insignificant. This
suggested that earthworm meal can replace fish meal pro-
tein by up to 50 percent without negative effects on juvenile
mangrove crabs’ growth (as measured by molting duration).
The molting of crabs in the study of Anh et al.23 was more

frequent (at least 5 times in 40 days) compared to the re-
sults of this study (5 times in 118-124 days). This may be
explained by the differences in the size of crabs at stock-
ing (0.0079 g vs 0.07 g in the present study). Based on ob-
servations, the intermolt duration lengthens as the crabs
grow, and the growth increment decreases with size. As in
the case of growth, molting frequency is also affected by the
kind of feed, e.g., live and frozen Artemia vs dried Artemia-
based or earthworm-based diets. Until now, no artificial
feed that can replace natural feed for mud crabs is com-
mercially available.3¢ Successful mud crab nursery culture
employs natural feeds or a combination of natural and ar-
tificial diets.2437 Other groups have reported the use of for-
mulated diets that perform equally well as natural feeds,>
38 but these research findings need further testing to fully
understand the factors that may promote or inhibit growth/
molting and pave the way for the widespread use of com-
mercially available formulated diets for all stages of mud
crab.

Cannibalism, as evidenced by the high mortality of
crablets stocked in the same tank, is a common problem
among crustaceans. This can be minimized by lowering
stocking densities, use of shelters, and by giving adequate
good quality feed that provides for the crab’s nutrient re-
quirements. In this feeding experiment, crablets fed D25
and D50 gave a significantly higher survival than the con-
trol (DO), with only 18% survival. As crab feeding can re-
spond to some chemical cues, earthworm meals might con-
tain nutrients or substances that affected/lessened the
cannibalistic behavior of crabs. The slower growth and
lower molting frequency (compared to other studies) might
be compensated by lesser cannibalism; thus, higher sur-
vival was obtained with earthworm meal-based diets in this
study.

Overall, earthworm meal (Eudrilus eugeniae) is a promis-
ing alternative protein source for the formulated diet of ju-
venile mangrove crab (Scylla serrata). Under the conditions
of the present study, earthworm meal can replace fish meal
protein by as much as 50% in the juvenile mangrove crab
diet without adversely affecting growth, feed efficiency, in-
termolt duration, carapace width increment, molting suc-
cess, survival, and cannibalism. Notwithstanding, further
improvement in the formulation is necessary to achieve
growth and performance parameters comparable to feeding
with natural feeds.
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