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ABSTRACT

Fattening of mangrove crab S. serrata has been practiced in the Philippines and is considered ecologically
sustainable. Trash fish is one of the best natural foods for fattening crab cultures. Meanwhile, stingray also contains
plentiful proteins; however, they are not economically valuable in the southern Philippines, causing them to be
discarded by most people owing to their unpleasant taste. Considering this, this study aimed to determine the effects
of two different diets on mangrove crab fattening using modified plastic cages in mangroves. The experiment was
conducted at Sitio Sindang, Indanan, Sulu, Philippines, for 30 days fattening period. Adult crabs (n=12) weighing
100 to 110 grams were reared in modified plastic cages measuring 17 cm x 24.5 cm x 6 cm. Plastic cages were
partitioned into six compartments; each contained one crab. Two types of experimental feed, namely: stingray
(Taeniura sp.) (chopped stingray) as Treatment 1 and trash fish (Sardinella sp.) (entrails of fish and chopped trash
fish) as Treatment 2, were given to the experimental crabs. The amount of feed given to the crab was calculated
based on the 10% body weight. The result showed that the use of stingrays as a source of feed was significantly
higher (p>0.05) in the weight of mangrove crabs during the early ten days; however, the superiority disappeared
after 30 days. Both treatments did not significantly (p<0.05) affect the survival performance of mangrove crabs. In
addition, the specific growth rate of Treatment 1 (0.25 + 0.20% day™) was significantly different than Treatment 2
(-0.70 + 0.27 % day™) after 30 days. During the experiment, some uncontrollable factors, such as cheliped
disintegration, were encountered that may have influenced the outcome, which reduced crab weight. Thus, this study
suggests that stingrays might be useful as a source of food for the fattening of mangrove crab S. serrata. However,
future studies are needed to validate the study’s results.
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1. Introduction

The fattening mangrove crab has been
practiced in Southeast Asia for a long time,
and it is considered to be ecologically sus-
tainable (Mirera, 2011). This method has
been established by the private sector pri-
marily to meet the demands of the domestic
and foreign markets by culturing marketable
crabs in a short period (Samarasinghe et al.,
1991). In some private sectors, crabs are fat-
tened for 15 to 20 days for consumers to en-
joy the meat of large male pincers and the
bright red roe of gravid females (Trifio and
Rodriguez, 2001). In recent years, the man-
grove crab S. serrata has been considered
one of the most promising aquaculture spe-
cies due to its rapid growth (Rodriguez et al.,
2007; Ye etal., 2011, Meng etal,
2017; Wan Yusof et al., 2019). However, in
the domestic market, mangrove crabs (S.
serrata) command a relatively low price as
they are harvested even in underweight size,
which contributes to the low demand and
rejection in the export market (Trifio and
Rodriguez, 2001). In the early 2000s, man-
grove crabs were cultured in pots, bamboo,
and cages as part of an experimental program
(Khatun, 2007). In shallow lagoons of Bang-
ladesh and coastal waters of India, bamboo
cages and pens are used, as well as galva-
nized wire netting and polyethylene netting
for mangrove crab fattening (Cholik and
Hanafi, 1991). In the Philippines, fattening
crabs in bamboo and net cages and pens has
become a means of providing an alternative
livelihood for fishers (Kuntiyo, 1992; Trifio
and Rodriques, 2002). In aquaculture, man-
grove crab species, such as S. serrata, S.
oceunica, S. transquebarica, and S. para-
mamosai, are edible and commercially pro-
duced both in the wild and in cultivation
(Susanto et al., 2015). The majority of their
commercial production is sent live to market,
making them one of the world's most valua-
ble crab species (Shelley and Lovatelli,
2011). The majority of the early mud crab,
also known as mangrove crab farming,
demonstrations were conducted in Asia and
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Africa using trash fish, clam meat, or animal
by-products as feeds (Fitzgerald, 2002; Da-
vid and Abdhallah, 2009; Hairol et al.,
2022).

The term ‘'trash fish' refers to fish caught
in fisheries that are not economically valua-
ble, including uneatable low-value marine
fish and juveniles that would have been dis-
carded by most people (Kasthuri et al.,
2021). The use of trash fish as a "standard
food" for fattening crabs has been wide-
spread in crab culture enterprises since it is
considered one of the best natural foods
(Bunlipatanon et al., 2014). Since trash fish
are a great source of protein and other nutri-
ents, they could supplement livestock feeds
to meet nutritional requirements (Kasthuri et
al., 2021). In Indonesia, the stingray is one of
the most popular and acceptable species of
fish to be smoked, especially when it is pro-
cessed in the traditional manner (Swastawati
et al., 2012). In addition, as stingrays are not
economically valuable in the southern Phil-
ippines, they are usually discarded due to
their unpleasant taste and smell. Although
stingrays are not highly-priced compared to
other commercial marine fish in the local
market, they contain high protein and other
nutrients (Uddin et al., 2018). Moreover,
there have been few studies examining the
use of stingrays in the diet of mangrove
crabs. Considering the above-mentioned in-
formation, this study aimed to examine the
growth of fattened mangrove crab S. serrata
fed two different diets (stingray (Taeniura
sp.) and trash fish (Sardinella sp.)) in an in-
dividual chamber of modified plastic cages
in order to avoid predation submerged in
mangrove areas of Sitio Sindang Indanan
Sulu, Philippines.

2. Materials and Methods
2.1. Study Site and Duration
The study was conducted along the man-

grove areas of Sitio, Sindang Indanan Sulu,
Southern Philippines (Figure 1) for 30 days.
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Figure 1. Map showing the study site.
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2.2. Source of Crab Seed

Mangrove crabs in good and healthy con-
dition, weighing 100 to 110 grams without
broken legs and chelate (Figure 2), were col-
lected from the wild and purchased from
Maimbung public market, Sulu, Philippines.

121.00E

2.3. Experimental design

This study was conducted under a com-
pletely randomized design (CRD). Twelve
(12) modified plastic cages measuring 17 x
24.5 x 6 cm were coupled together and used
as individual compartments. A total of six
(6) cages are divided into each treatment. To
avoid dis alignment of the coupled cages,
nylon locks were used to secure the modified
plastic cages, joined by haft (1/2) inch blue
PVC pipes and by PVC (polyvinyl chloride)
elbows at the corners. The two treatments
were conducted using joint-coupled cages
(Figure 3).
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Figure 3. Experimental Design.
2.4. Feeding

The feeds used in the experiment were
stingray (Taeniura sp.) and trash fish (Sar-
dinella sp.). Afterward, the trash fish and
stingray were cut up into smaller pieces,
washed with clean water, and stored in the
refrigerator to maintain their freshness. Feed-
ing was done twice a day in the morning and
afternoon at a rate of 10% of the average
body weight.

SGR:

_In (Wf)-In (Wi) y

2.5. Growth and Survival Sampling

Every crab was harvested and weighed
using a weighing scale. Sampling was con-
ducted after every ten days of fattening. A
specific growth rate (SGR) was calculated at
the end of the study to express the growth.
SGR and survival rate were determined us-
ing Romano and Zeng (2006).

100

Where:
Wf = final weight
Wi = initial weigh

- Days of culture

Final number of samples

x100

Survival rate=

Initial number of samples

2.6. Data Analysis

An independent sample t-test was carried
out to test the significant differences between
the mean weights, SGRs and survival rates

of two treatments using IBM SPSS software
version 20. The level of significance used in
the study was 0.05. Data were presented as
mean + SE (standard error).
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3. Results and Discussion

The SGRs of mangrove crab S. serrata of
Treatment 1 (stingray) and Treatment 2
(trash fish) were 1.0 =+ 1.03 % day* and -0.56
+ (.88 % day}, respectively, on day 10 of the
fattening period (Figure 4). Analysis showed
no significant difference (p>0.05) between
treatments. At day 20, SGRs of Treatment 1
(0.61 +0.52 % day™) and Treatment 2 (-41 +
0.53 % day™) were not significantly different
(p>0.05). The SGRs of Treatment 1 and
Treatment 2 were 0.25 £+ 0.20 % day™* and —
0.70 + 0.27 % day™, respectively, at 30 days.

2,5 -

a

2
1,5
1

Specific Growth Rate
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Analysis revealed that Treatment 1 was sig-
nificantly different (p<0.05) than Treatment
2. In addition, the mean weight value of
mangrove crabs fed with stingray and trash
fish were 166.67 £ 15.22 g and 106.67 +
22.01 g (Figure 5). Crabs fed with stingrays
performed significantly better (p<0.05) than
crabs fed with trash fish as early as 15 days
of the fattening period. However, they were
not significantly different (p>0.05) at the end
of the fattening period. Moreover, the sur-
vival rate of Treatment 1 (66.67 £ 21.08 %)
did not significantly differ from Treatment 2
(66.67 £ 21.08 %) (Figure 6).

m Treatmentl ™ Treatment2

Figure 4. The SGR of mangrove crab (S. serrata) (T:= Stingray, T.=Trash fish) fattened in
modified plastic cages for every sampling period. Bars with the same letters are not signifi-
cantly different, while bars with different letters are significantly different.
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Figure 5. The mean value of mangrove crab (S. serrata) (T1= Stingray, T»-Trash fish) fat-
tened in modified plastic cages for every sampling period. Bars with the same letters are not
significantly different, while bars with different letters are significantly different.
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Figure 6. The survival rate of mangrove crab (S. serrata) (T:= Stingray, T.=Trash fish) fat-
tened in modified plastic cages after 30 days. Bars with the same letters are not significantly
different.

The fattening of mud crabs provides hu-  Moreover, this technology provides fisher-
mans with an important food with protein, men with another source of income aside
essential minerals, and energy, while the from fisheries, which is indeed economically
shells can serve as an alternative source of  feasible in practice. The inherent tendency of
protein for animals (Islam et al., 2022). crabs to escape the farm during culture is one
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of the most important problems associated
with mangrove crab farming. It is necessary
to employ a variety of management measures
to prevent crabs from escaping the pond or
cages, such as fencing and effective feeding
schedules (Anil and Suseelan, 2001). In the
present study, mangrove crab S. serrata was
reared for 30 days in modified plastic cages
fed with stingrays and trash fish. Results
revealed that crabs fed with stingrays im-
proved their growth as early as ten days;
however, it did not significantly differ at the
end of the culture period, suggesting that
stingrays can be used as a source of food for
the fattening of mangrove crabs S. serrata.
In addition, S. serrata fed with both trash
fish and stingrays did not affect its survival
performance after 30 days. A stingray's nu-
tritional value is similar to that of small na-
tive fish, in which smaller specimens are
used as animal feed, fertilizer for fish ponds,
and human consumption as well (Uddin et
al., 2018). Furthermore, the growth of S.
serrata fed with trash fish was lower after 30
days of culture in the present study. Similar
results were found in the study of Oluwole et
al. (2020), where the land crab Cardiosoma
armatum, grows less after being fattened for
three (3) months with trash fish. The report
also found that the mangrove crab S. ocean-
ica was inferior in terms of growth after 45
days of fattening on trash fish (Anil and
Suseelan, 2001). In studies involving brown
mussel flesh and fish caught bycatch, re-
searchers found that brown mussel flesh re-
sulted in higher mean final weights for male
mangrove crabs (Trifio and Rodriguez,
2001). Despite this, specifically, growth rate,
carapace width, carapace length, and survival
were not significantly different between the
treatments after 30 days of fattening. This is
consistent with the results obtained by Anil
and Suseelan (2001), who fed mud crab with
trash fish and clam meat for 60 days and
observed comparable growth. On the contra-
ry, using trash fish as feed for mangrove
crabs increased the feeding rate by 10-15%
of body weight (Cholik and Hanafi, 1991). It
has been found that larvae produced from S.
olivacea broodstocks fed trash fish contain
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high levels of most essential fatty acids
(Herlinah and Septiningsih, 2015). Further-
more, the crab often shows negative growth
after losing claws or limbs, which could be
due to energy redistribution in the body, loss
of foraging opportunities, or a reduced op-
portunity to feed (Drew et al., 2013). Natural
declawing of crab claws occurs when
stressed or threatened, and the crabs that
have been manually declawed exhibit behav-
ior that indicates a conscious awareness of
the wounds, such as touching and shuddering
or shielding the wounds with the remaining
legs (McCambridge et al., 2016). Declawing
altered the feeding habits of the crabs in con-
trolled experimental settings, resulting in
weight loss after the crabs consumed the
same amount of food (Davis et al., 1978;
Patterson et al., 2009; Duermit et al., 2015).
In the present study, mangrove crab S. serra-
ta may be affected by the sound of the boat
engine produced near the mangrove area of
cultivation, which may be the reason why
they became stressed, disintegrated the
chelipeds, and developed weight loss in both
treatments. In addition, there is evidence that
actual crabs can be stressed and dangerous as
a result of noise pollution (Weilgart, 2018).
Researchers stated that stress levels rose in
crabs when artificial sounds like cruise ships
and giant oil tankers were present
(Slabbekoorn et al., 2010; Carter, 2019).

4. Conclusion

The fattening of mangrove crab Scylla
serrata fed with stingray was better in
growth performance during the early ten
days, but the superiority disappeared after 30
days. On the other hand, the crab growth was
affected by uncontrollable factors such as
cheliped disintegration, which led to reduce
crab growth. However, the results might be
useful to the mangrove crab fatteners due to
stingrays' ability to improve crab growth
more than trash fish. In addition, the study’s
results need to be validated for future re-
search.



Imbuk, E.S., Indanan, S.L., Sailadjan, S.J., Yiiriiten Ozdemir, K., Sarri, J.H.

Acknowledgement

The authors would like to thank Ronaldo
A. Ancheta and Nur-in A. Ancheta for the
support. The abstract of this study was pre-
sented at the International Symposium on
Fisheries and Agquatic Sciences (SOFAS
2022) in Trabzon, Tiirkiye, on October 25 —
27, 2022.

References

Anil, M.K., Suseelan, C. (2001) Experi-
mental fattening of the green mud crab Scyl-
la oceanica (Dana). In: Perspectives In Mar-
iculture. The Marine Biological Association
of India, pp. 95-11

Bunlipatanon, P., Songseechan, N.,
Kongkeo, H., Abery, N.W., De Silva, S.S.
(2014) Comparative efficacy of trash fish
versus compounded commercial feeds in
cage aquaculture of Asian seabass (Lates
calcarifer) (Bloch) and tiger grouper (Epi-
nephelus fuscoguttatus) (Forsskal). Aquacul-
ture research, 45(3): 373-388.

Carter, E. (2019). Consequences of ship
noise for camouflage, anti-predation, and
movement in crabs. Biological Sciences,
University of Exeter. Dissertation

Cholik, F., Hanafi, A. (1991) A review of
the status of the mud crab (Scylla sp.) fishery
and culture in Indonesia. In A report on the
seminar the mud crab convened in Surat
Thani, Thailand.

David, M., Abdhallah, M. (2009) A pre-
liminary study on the response of mangrove
mud crab (Scylla serrata) to different feed
types under drive-in cage culture sys-
tem. Journal of Ecology and the Natural En-
vironment, 1(1): 007-014.

Davis, G. E., Baughman, D. S., Chapman,
J. D., MacArthur, D., Pierce, A. C. (1978).
Mortality associated with declawing stone
crabs, Menippe mercenaria. South Florida
Research Center Report, 522, 23.

MedFAR (2023) 6(1): 1-9

Drew, M.M., Smith, M.J., Hansson, B.S.
(2013) Factors influencing growth of giant
terrestrial robber crab Birgus latro (Anomu-
ra: Coenobitidae) on Christmas Island.
Aquatic Biology, 19(2): 129-141.

Duermit, E., Kingsley-Smith, P. R., Wil-
ber, D. H. (2015). The consequences of claw
removal on stone crabs Menippe spp. and the
ecological and fishery implications. North
American Journal of Fisheries Manage-
ment, 35(5), 895-905.

Fitzgerald, W.J. (2002) Silvo-fisheries:
Integrated mangrove forest aquaculture sys-
tems. Ecological Aquaculture—the Evolution
and the Blue Revolution. Oxford: Blackwell
Science: 161-262.

Hairol, M.D., Nian, C.T., Imlani, A.H.,
Tikmasan, J.A., Sarri, J.H., (2022) Effects of
Crab Shellmeal Inclusions to Fishmeal Re-
placement on the Survival, Growth, and Feed
Utilization of Mangrove Crab Scylla serrata
(Forsskal 1775). Yuzuncu Yil University
Journal of Agricultural Sciences, 32(4): 714-
726.

Herlinah, H., Septiningsih, E. (2015) Re-
production performances of mud crab (Scyl-
la olivacea) broodstocks with different
feeds. International Journal of Agriculture
System, 3(2): 157-168.

Kasthuri, S., Sathees, D., Wijenayake,
W.M.H.K. (2021) Proximate composition
analysis of trash fish from the selected land-
ing sites of Jaffna district, Sri Lanka. Inter-
national Journal of Fisheries and Aquatic
Studies, 9(1): 214-216

Khatun, M.M., Kamal, D., Ikejima, K,
Yi, Y. (2009) Comparisons of growth and
economic performance among monosex and
mixed-sex culture of red mud crab (Scylla
olivacea Herbst, 1796) in bamboo pens in
the tidal flats of mangrove forests, Bangla-
desh. Aquaculture Research, 40(4): 473-485.

Kuntiyo, A. (1992) Fattening of mud
crab, Scylla serrata Forskal, in net cages
installed in the drain canal of intensive
prawn ponds fed with trash fish and prawn
pellate (Doctoral dissertation, MS Thesis.
University of the Philippines in the Visayas).



Imbuk, E.S., Indanan, S.L., Sailadjan, S.J., Yiiriiten Ozdemir, K., Sarri, J.H.

McCambridge, C., Dick, J. T., Elwood, R.
W. (2016). Effects of autotomy compared to
manual declawing on contests between males
for females in the edible crab Cancer pagu-
rus: Implications for fishery practice and
animal welfare. Journal of Shellfish Re-
search, 35(4), 1037-1044.

Meng, F., Gao, H., Tang, X., Wang, A,
Yao, X., Liu, C., Gu, Z. (2017) Biochemical
composition of pond-cultured vs. wild gravid
female mud crab Scylla paramamosain in
Hainan, China: evaluating the nutritional
value of cultured mud crab. Journal of Shell-
fish Research, 36(2): 445-452.

Mirera, O.D. (2011) Trends in exploita-
tion, development and management of arti-
sanal mud crab (Scylla serrata-Forsskal-
1775) fishery and small-scale culture in Ken-
ya: An overview. Ocean & coastal manage-
ment, 54(11): 844-855.

Oluwole, G., Moruf, R.O., Lawal-Are,
A.O. (2020) Meat quality of Land Crab, Car-
diosoma armatum (Herklots, 1851) fattened
with trash fish and formulated diet. Journal of
Scientific Research, 12(3): 371-377.

Patterson, L., Dick, J. T., Elwood, R. W.
(2009). Claw removal and feeding ability in
the edible crab, Cancer pagurus: implications
for fishery practice. Applied Animal Behav-
iour Science, 116(2-4), 302-305.

Rodriguez, E.M., Parado-Estepa, F.D.,
Quinitio, E.T. (2007) Extension of nursery
culture of Scylla serrata (Forsskal) juveniles
in net cages and ponds. Aquaculture re-
search, 38(14): 1588-1592.

Romano, N., Zeng, C. (2006) The effects
of salinity on the survival, growth and hae-
molymph osmolality of early juvenile blue
swimmer crabs, Portunus pelagi-
cus. Aquaculture, 260(1-4): 151-162.

Samarasinghe, R.P., Fernando, D.Y., De
Siha, OSSC. (1991) Pond culture of mud crab
in Sri Lanka. Mud Crab: 1, 30.

Shelley, C., Lovatelli, A. (2011) Mud crab

aquaculture: a practical manual. FAO Fisher-
ies and aquaculture technical paper, (567), I.

MedFAR (2023) 6(1): 1-9

Slabbekoorn, H., Bouton, N., van Opzee-
land, I., Coers, A., ten Cate, C., Popper, A. N.
(2010). A noisy spring: the impact of global-
ly rising underwater sound levels on
fish. Trends in ecology & evolution, 25(7),
419-427.

Susanto, G.N., Murwani, S., Zulhafid, M.
(2015) Effect of food types and habitats on
the value of female maturity index (FMI) and
gonado somatic index (GSI) in the egg pro-
duction of mangrove crabs, Scylla serra-
ta. KnE Life Sciences, 354-360.

Swastawati, F., Susanto, E., Cahyono, B.,
Trilaksono, W.A. (2012) Sensory evaluation
and chemical characteristics of smoked sting-
ray (Dasyatis blekeery) processed by using
two different liquid smoke. International
Journal of Bioscience, Biochemistry and Bio-
informatics, 2(3): 212-216.

Trifio, A.T., Rodriguez, E.M. (2001) Mud
crab fattening in ponds. Asian Fisheries Sci-
ence, 14(2): 211-216.

Trifio, A.T., Rodriguez, E.M. (2002) Pen
culture of mud crab Scylla serrata in tidal
flats reforested with mangrove trees. Aqua-
culture, 211(1-4): 125-134.

Uddin, M.N., Rahman, M., Hossain, M.J.,
Tumpa, I. J., Hossain, Z. (2018) Study of
stingray harvesting, marketing and utilization
in Cox's Bazar, Bangladesh: Study of sting-
ray in Bangladesh. Journal of the Bangladesh
Agricultural University, 16(3): 539-544.

Wan Yusof, W.R., Badruddin Ahmad, F.,
Ahmad, N.M., Husaini, ASA., Swamy, M.
(2019) Proximate composition and antioxi-
dant properties of orange mud crab, Scylla
olivacea. Journal of Aquatic Food Product
Technology, 28(4): 365-374.

Weilgart, L. (2018). The impact of ocean
noise pollution on fish and invertebrates. Re-
port for OceanCare, Switzerland.

Ye, H., Tao, Y., Wang, G., Lin, Q., Chen,
X., Li, S. (2011) Experimental nursery
culture of the mud crab Scylla paramamosain
(Estampador) in  China.  Aquaculture
International, 19(2): 313-321



