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Abstract

Blue swimming crab (Portunus pelagicus) is one of Indonesia’s essential fishery commodities, but overfishing has depleted its
population. Aquaculture, as an alternative to produce this crab, is hampered by high levels of cannibalism. Substrates or
shelters can reduce cannibalism. This study compared the effectiveness of one substrate and two types of shelter for reducing
cannibalism of P. pelagicus crablets. Crablets with average carapace length of 3.6 + 2.2 cm and average weight of 6.4 £1.5
g.ind! were stocked in 24 rectangular tarpaulin tanks with 1 m2 surface and 50 cm water depth. The stocking density was 8
crablets in each tank. A split-plot experimental design was applied with four main plots and two subplots with 3 replications.
The main plot consisted of A0 (without shelter), Al (seaweed), A2 (pipes), and A3 (seaweed and pipes), and sub-plots had
either no-substrate (BO) or sand-substrate (B1). Cannibalism (K), survival (S), and four water quality parameters were recorded
for 42 days. The data were analyzed using an ANOVA for a split-plot design and post-hoc Tukey. The results show that the sand
substrate significantly (P>0.05) reduced cannibalism and increased survival of the P. pelagicus. Treatment AOBO, without
substrate or shelter, showed the highest cannibalism (54+7%) and lowest survival rates (33t7%). While treatment A1B1, with
Gracillaria sp. as shelter and sand as bottom-substrate resulted in the lowest cannibalism (4+7%) and highest survival rates
(88+£13%).

Keywords: Blue swimming crab, cannibalism, shelter, substrate, survival

INTRODUCTION

The Portunus pelagicus, commonly known as the blue swimming crab and belonging to the
Brachyura order within the Crustacea class (Portunidae family), is widely present in aquaculture and
fisheries worldwide due to its extensive geographical range and economic importance (FAO, 2017;
Yulianto et al, 2024). Blue swimming crab has become one of the commodities that has contributed
to the development of the fishery business in Indonesia, in both fishing and aquaculture. Occupying
the 4th position after shrimp, funa, and squid, blue swimming crabs are usually exported to meet the
world's crab consumption (Fahmi et al., 2015). The United States has been the largest market for
Indonesian crab exports, consistently buying up to, 10 fousand tons of blue swimming crab from
Indonesia, accounting for 43% of the total exports (Swainston, 2023). Some countries that have
become crab export destinations include China (19%), Malaysia (1%) and Japan (0,5%).

The increasing demand of the world community for crab meat becomes a challenge and
leads to concerns of the decreasing availability of crabs in nature. This happens because 70% of the
fulfilment of consumption and export comes from natural catches, while the remaining 30% comes
from cultivation activities. The destruction of the crab habitat exacerbates the decline of the nature
populatfion due to this overfishing, as environmental conditions impact growth and abundance of
blue swimming crabs (Maryani, et al., 2023). Therefore, the development of aquaculture technology
is a crucial effort to maintain and perhaps increase the production without disturbing their natural
population (Hastuti et al., 2020; Wang et al., 2023).

Blue swimming crab culture in Indonesia has started since entering the 2000s, primarily as a
response to the declining wild crab populations due to overfishing (Zamroni, 2023). The problem that
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often occurs in crab cultivation is the high level of cannibalism (Azra et al., 2018). Cannibalism in
crabs lasts from megalopa to juvenile stages (Romano and Zeng., 2008). This cannibalism can cause
high mortality in crab cultivation (Oniam et al., 2011; Xu et al., 2020). Cannibalism during the molting
stage results from the combination of heightened aggression among crabs before molting and their
increased vulnerability and reduced defense capabilities during and after molting (Waiho et al.,
2021).

Recent studies have highlighted the importance of appropriate shelter and subsirate in
mitigating this behavior across various crab species. Longmire et al. (2021) demonstrated the
potential of oyster reef habitats in supporting juvenile blue crab (Callinectes sapidus) populations by
offering protection through structural complexity. Zeng ef al. (2018) suggested that combining plant
species serving different functions (food and shelter) could optimize both growth and survival rates
in Chinese mitten crab (Eriocheir sinensis) aquaculture. Toi et al. (2023) found that red seaweed was
an effective shelter material for high-density nursery rearing of juvenile mud crabs (Scylla
paramamosain). Additionally, Zhou et al. (2023) found that fine sand and PVC pipes effectively
reduce cannibalism and promote growth in mud crabs. These studies emphasize the need for shelter
and substrate to reduce cannibalistic behavior in various crab species (Wahyuni et al., 2020). For blue
swimming crabs (P. pelagicus) no studies combining shelter with substrate to reduce cannibalism
were done. This study aims to assess the effect of adding sand substrate and different shelters on the
survival rate and cannibalism of blue swimming crabs (P. pelagicus) in tanks using a split-plot design.

MATERIALS AND METHODS

We evaluated the effectiveness of using sand substrates and two difference types of shelter,
Gracilaria sp. and artificial materials (PVC pipes), through the Survival Rate (SR) of juvenile P.
pelagicus. The crab behavior and mortality from both cannibalism and other causes were observed
for 42 days in microcosmos. The microcosmos were checked for dead crab twice a day and dead
crab were removed immediately. This study distinguishes between crabs that died due to
cannibalism or due to other causes. Crabs that died due to cannibalism were characterized by the
loss part of the body, while crabs that died due to other causes had the opposite characteristics
(Figure 1).

Figure 1. Dead crab caused by canibalism (below) and by other causes (above)
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The experimental design used was a split-plot design with main plots and subplots, where the
main plot consisted of 4 variables and the subplots consisted of 2 variables with three repetitions
(order 4x2x3). The main plot was the provision of different shelters, consisting of A0 (without shelter),
Al (seaweed), A2 (pipes), and A3 (seaweed and pipes). Meanwhile, sub-plots had either no-
substrate (BO) or sand-substrate (B1). This resulted in the following treatments: Treatment AOBO: no
shelter and no sand substrate; Treatment AOB1: no shelter with sand substrate; Treatment A1BO: shelter
(Gracilaria sp.) and no sand substrate; Treatment A1B1: shelter (200 gr Gracilaria sp.) with sand
substrate; Treatment A2B0: shelter (4 PVC pipes) and no sand substrate; Treatment A2B1: shelter (4
PVC pipes) with sand substrate; Treatment A3BO: shelter (100 gr Gracilaria sp. and 2 PVC pipes) and
no sand substrate; Treatment A3B1: shelter (100 gr Gracilaria sp. and 2 PVC pipes) with sand substrate.

A total of 192 crablets with an average carapace length of 3.6 £+ 2.2 cm and an average
weight of 6.4 £ 1.5 g.ind! were stocked in 24 tanks at a stocking density of eight individuals.m-2. The
containers used in this study were square tarpaulin tanks with a length of 1 m, a width of 1 m, and a
height of T m. Tanks were filled upto 0.5 m with sea water with a salinity of 25 ppt. The seawater was
collected in the estuary of the study site, and before use rested for one week to let solids settle. The
substrate used was sea sand af 15 cm thickness; thus, in these tanks the water column was 35 cm.
This study used sand sourced from the natural habitat of Blue Swimming Crab. The sand used has
been first filtered and then sun dried to minimize contamination of substances and foreign objects
that may have a negative impact on the research. The shelter consisted of 2 types that were
representing abiotic and biotic objects. Shelters in the form of PVC pipes with a length of 15 cm and
a diameter of 2.5 inches. Each tank is provided with 4 PVC pipes for the 3rd freatment and two PVC
pipes per tank for the 4th tfreatment. Another shelter used was Glacilaria sp., of 200 g in each tank in
the 2nd treatment and 100 g in the 4th freatment.

The data collected in this study related to survival, cannibalism, and water quality during 42
days investigation. The water quality monitoring during the study included temperature, pH, salinity,
dissolved oxygen (DO), and ammonia (NHs). The survival rate (SR) was calculated based on the
comparison between the number of crabs collected at sampling time (Nt} and the number of initial
crabs stocked (No) using the method by Busacker et al. (1990).

Nt
S (%) = 5-x 100

The rate of crab cannibalism was calculated using the formula of Suharyanto et al. (2008), by
calculating the initial number of crabs (KA) minus the number of crabs in each test pond atf the end
of the study (KS) minus the number of crabs that died due to cannibalism (KBK) and divided by the
initial number of crabs at the time of the study (KA).

KA—KS — KBK
K (%) = —————— x 100

The first step in the statistical analysis of the rates of cannibalism and survival was a Multifactorial
Split-plot ANOVA. In case of non-significant interaction and indications for differences between
shelter types this was followed by a Tukey HSD test to identify different groups.

RESULT AND DISCUSSION

The lowest rate of cannibalism (4%) was found in the treatment with sand and Gracillaria only
(A1B1) and the highest (54%) in the treatment AOBO, i.e. without substrate or shelter (Figure 2). In the
freatment without substrate but using seaweed shelter (A1BO), the rate of cannibalism was 33%,
which was comparable to that found for A2B1 (29%), a freatment with substrate and pipe shelter
(A2B1). The addition of sand significantly reduced the rate of cannibalism of blue swimming crabs
(Table 1). Both, the overall effect of shelter type and substrate type was significant (P=0.007 and
P=0,000 respectively). Likewise, the interaction substrate*shelter was non-significant (p=0.16).
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The highest cannibalism rate (54+7%) was found in the treatment without sand and without
shelter (AOBO). The cannibalism rates of A2BO, pipes only or A3B0, pipes plus seaweed, were not
significantly different (Figure 2). Intermediate cannibalism rates (33 to 20%) were found in the
treatments A1B0O, A2B1, AOB1 and A3B1. However, compared to all other treatments, the rate of
cannibalism was significantly lower in treatment A1B1, 200g Gracilaria sp. plus sandy substrate: 4+7%.
The post-hoc test on shelter type confirmed that the addition of 200 gr Gracilaria as shelter (A1) is
significantly more effective in reducing cannibalism than addition of pipes or of pipes plus 100g
Gracillaria (Table 2). The rates of cannibalism with and without substrate found in this study are in the
same range as those found by Oniam et al. (2011) and Longmire ef al. (2021). The effect of shelter
type on reducing cannibalism were in line with those found by Mirera and Moksnes (2013).

Table 1. Multifactorial Split-plot ANOVA on The Effects of Shelter and Substrate Type on Blue
Swimming Crab’s on Cannibalism and Survival Rates, and on the Ammonia levels

Cannibalism Rate Survival Rate Ammonia
Source of variafion Df  MS F Sig. MS F Sig. MS F Sig
Intercept 1 24225 1958 0.005 92194 1089 0.001 10310 433.6 0.002
Shelter type 3 5273 11.6 0.07 440.5 43 0.061 0.053 1.45 0.319
Repetition 3
Substrate type 1 3444 1323 0.000 6257 137.3 0.000 0.019 0.49 0.502

Shelter * substrate 3 58.6 225 0.16 58.6 1.29 0.344 0.001 0.023 0.995
Note: Bold values indicate significant differences

Table 2. Tukey HSD Matrix of pair-wise comparison probabilities for different treatments on
Cannibalism and Survival rates, and on the Ammonia levels

Cannibalism Survival Rate Ammonia
Subset Subset Subset
Shelter N 1 2 1 1
Al (Gracilaria) 6 18.7500 72.9167 0.5933
A3 (Gracilaria and PVC) 6 31.2500 64.5833 0.6017
A2 (PVQC) 6 37.5000 56.2500 0.63330
No shelter (BO) 6 39.5833 54.1667 0.7933
Sig. 1.000 .085 0.106 0.348
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Figure 2. The rates of cannibalism of Blue swimming crabs (P. pelagicus) during the study

434 Impact of Substrate and Shelter on Cannibalism in Blue Swimming Crab (R.W. Ariyati et al.)



Jurnal Kelautan Tropis November 2024 Vol. 27(3):423-440

During the study we observed that the pipe shelter of 2.5-inch diameter was used only by crab
smaller than 5 cm (Figure 3). Crabs exceeding 5 cm in length no longer used the inside of the pipe
as a hiding place, but preferred staying outside the pipe. This might have contributed to the low
effectiveness as shelter. Another factor might be that the crabs are not yet used to this material in
contrast to sand and seaweed.

The survival rates of the blue swimming crab were calculated based on all crabs that died,
both from cannibalism and those that died from other causes. The highest survival rate (88%) was in
freatment A1B1, using substrate as well as seaweed while those of the other freatments with sand
and other shelters had intermediate levels (71 to 79%). The lowest survival rates were found in all
treatments without the substrate sand (33% to 58%). The survival rates with and without substrate
found are in the same range as those found by Ravi and Manisseri (2012) and Kohinoor et al. 2018.
The effect of shelter type on improving survival were in line with those found by He et al., 2017.

The addition of substrate had a significant effect on the survival of blue swimming crabs (Table
1). The effect of shelter type was non-significant (P=0.06), and neither was the interaction
substrate*shelter (P=0.344). The post-hoc test confirmed that types of shelter did not impact the
survival rate of juvenile blue swimming crabs (P. pelagicus) significantly (Table 2). This indicates that
combining the sand substrate with seaweed provides the best rearing environment for juvenile blue
swimming crabs (P. pelagicus).

i - s L

Figure 3. A small blue swimming crab is hiding inside a PVC pipe
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Figure 4. Survival Rate of crabs (P. pelagicus) during the study
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During the study, the water temperature in the rearing tanks ranged from 26.7°C to 30.2°C,
which was within the recommended range for blue swimming crab (Table 3). The study was
conducted during the wet season and those temperatures were to be expected; during the dry
season temperatures of pond water can reach 36°C. Dissolved oxygen values, which are related to
temperature, varied between 4 and 5.3 mg L' and remained within the recommended range. The
salinity values during the study ranged from 25.1 ppm to 26.7 ppm, which was below the
recommended value for crab cultivation. The study was done during a wet season; heavy rains had
impacted the salinity value in the estuary when the water for the study was sourced. However, crab
is a euryhaline organism having a wide tolerance of salinity. Moreover, at this stage the crabs live in
estuaries and later migrate to waters with higher salinity (Rinaldi et al., 2019). We did our experiments
with juveniles.

During the study the value of the pH ranged from 8.3 to 8.5, which is above the recommended
range for aquaculture (Table 3). These alkaline pH values influence the aquatic nitrogen cycle. More
specifically, alkaline levels of the pH stimulate the tfransformation of ammonium (NH4*) to ammonia
(NHs) that can evaporate from the water (Edwards et al., 2024).

Table 3. Water Quality in the tanks with Blue Swimming Crabs (P. pelagicus) during the study

Treatments Recom-
Variables mended
AOBO  AOBI A1BO AIB1  AZ2BO A2B1 A3B0 A3B1 values
Temp (°C) 29-30 29-30 29-30 29-30 29-30 29-30 28-29 27-28 23,6 -31,8b
l(:)rr?g L) 4,0-4,7 4,1-4,9 4,4-4.,9 4,5-5,3 4,3-4,9 4,3-4,8 4,1-4,8 4,3-4,5 4-60
pH 8,4-8,5 8,4-8,4 8,4-8,5 8,4-8,4 8,3-8,4 8,4-8,5 8,4-8,5 8,4-8,5 6,78-8¢
?SI'C';)”V 2526 25-26 2627 2627 2526 2526 2526 2526 25 ¢
/(A\FTT;JWI]_??IG 0,7-1,0 0,7-0,8 0,3-1.1 0,4-0,8 0,5-0,8 0,5-0,6 0,5-0,7 0,6-0,7 <1d
Notes: a)lhsan et al., 2020; b) Hamid, 2019; c) Hilmi & Ikhwanuddin, 2020; d) Azra ef al., 2018 & Yusneri
et al., 2021
0.90
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= 0.70
|
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Figure 5. Average ammonia content in the rearing containers during the study
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The ammonia levels ranged from 0.28 mg L-! to 0.83 mg L' (Table 2 and Figure 5). Those values
remained well below the recommended level of 1 mg L' acceptable for blue swimming crab
(Portunus pelagicus) aquaculture and were in line with those found in previous studies on crustacean
(Azra et al., 2018). The treatments with sand substrate plus any shelter showed slightly lower ammonia
levels than those without sand (BO) or sand only (Figure 4). The treatments had a significant effect on
the level of ammonia (Table 1). However, the effect on the ammonia levels of shelter, that of
substrate and that of their interaction were non-significant. The type of shelter had neither any
significant impact (Table 2). As the pH was not different between the treatments also the balance
ammonium-ammonia as well as the evaporation potential of ammonia (Edwards et al., 2023) will not
be different between the freatments.

The hypothesis stated that using no shelter has a higher cannibalism compared to the use of
other shelters in all conditions. The treatments providing shelter with both sand and 200g Gracillaria,
had the lowest rate of cannibalism. That tfreatment, as well as those with sand and either pipes only
or Gracillaria plus pipes, had the highest survival rates. The rates of survival in the treatment with only
seaweed was higher than in those with other shelters without sand but was lower than all freatment
with sand. The effectiveness of sandy substrate on reducing cannibalism is probably due to mimicking
the natural habitat of blue swimming crab (P. pelagicus). Blue swimming crabs inhabit shallow waters,
typically found at depths of up to 5 meters, where the substrate consists of silt, sand and muddy sand
(Tribamrung et al. (2023). There, by digging themselves in, the sandy substrate provides the blue
swimming crab a shelter from predators and an ambush for preying. In addition, seaweeds provide
also natural food sources and nursery grounds fo marine organisms such as crab (Anh et al., 2019a;
Ahn et al., 2019b; Mantri, et al., 2020).

Seaweed provides better protection than the pipes because seaweed can be spread all over
the bottom of the water, therefore, it is safe for crabs to take shelter at any time (Zhang et al., 2021).
Gracillaria sp. as a shelter being more effective than the pipes might also be related to aquatic
plants having a similar role in nature (Beisiegel ef al., 2019). Adding pipe shelters did not significantly
change the cannibalism compared to providing sand only. Thus, the pipes did not narrow the crab’s
space for movement and hiding in the sand, however larger crabs could not use the pipes with a
diameter 2,5cm.

Adding shelters thus proves to be an effective method to lower cannibalism in confined
swimming blue crabs. This is in agreement with Zhang et al. (2021) and Wahyuni et al. (2020).
However, our findings do not support Wahyuni et al. (2020) stating that seaweed shelters are better
crab protectors than other shelters when kept in containers, because sand only gives lower
cannibalism than providing the other shelters only.

Our findings on ammonia are in contrast with the findings of Rejeki et al. (2020), who observed
that sandy substrates can serve as a natural biofilter. Neither were we able to confirm that Gracilaria
seaweed kept ammonia levels low, as found by Cahill et al. (2010) and Wahyuni et al. (2020). The
observed variations in ammonia levels across treatments underscore the importance of habitat
complexity in managing water quality for P. pelagicus aquaculture (Josileen and Menon, 2018). All
shelter types might have been colonised by a microbial community that transforms and contributes
to fixation of nitrogen compounds generated from fecal deposits and unconsumed feed and thus
contribute to reducing ammonia levels, just like in aquaculture systems using biofloc technology
(Monroy ef al., 2015). This organic material probably did not grown on sand or tanks. This suggestion
warrants further research.

In this study we did not vary the stocking density (SD), while lower SD also reduces the risk of
cannibalism (He, et al., 2017). One limitation of this study might be the lower water column in the
freatments with substrate. However, as even blue swimming crab are mostly botftom dwellers
(Romano and Zeng, 2006) we expect that the lower water columns did not impact the results of our
study.
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CONCLUSION

Using sand substrate significantly reduced cannibalism, but the lowest rate of cannibalisme
(4%) and the highest of survival (88%) were in the treatment with sand and Gracilaria sp.. The highest
rate of cannibalism and the lowest rate of survival during rearing blue swimming crab (P. pelagicus)
were in the freatment with no substrate and no shelter (AOBQO). Overall, adding shelters reduced
cannibalism while the sandy substrate was the most effective. Using Gracilaria sp., a seaweed,
provided the second-best shelter. More research is needed regarding the effect of shelters on
ammonia levels through the growth of organisms having a biofloc function.

ACKNOWLEDGMENT

We greatly appreciate the Dutch Science Foundation, NWO-WOTRO, for funding this research
through the PASMI (Project to design Aquaculture Supporting Mangrove Resort in Indonesia) project
(W 08.260.303). We also acknowledge Wageningen University and Research for supporting the
literature studies and Diponegoro University for providing the scholarship (Keputusan Rektor No:
456/UN7.P/HK/2021 and No. 276/UN7.A/HK/VIII/2022)

REFERENCES

Anh, N.T.N., An, B.N.T., Lan, L.M. & Hai, T.N. (20190a). Integrating different densities of white leg shrimp
Litopenaeus vannamei and red seaweed Gracilaria tenuistipitata in the nursery phase: effects
on water quality and shrimp performance. Journal of Applied Phycology, 31(5), 3223-3234. doi:
10.1007/s10811-019-01824-7

Anh, N.T.N., Vinh, N.H., Lan, L.M. & Hai, T.N. (2019b). Investigating the role of seaweeds and aquatic
plants in the improved — Extensive shrimp farms from Dam Doi district, Ca Mau province (in
Vietnamese with abstract in English). Science and Technology Journal of Agriculture and Rural
Development, 21, 88-97.

Azra, M.N., lkhwanuddin, M., Talpur, A.D. & Abol-Munafi, A.B. (2018). Larval culture and rearing
techniques of commercially important crab, Porfunus pelagicus (Linnaeus, 1758): Present stafus
and future prospects. Songklanakarin Journal of Science and Technology, 40(4), 780-792.

Beisiegel, K., Tauber, F., Gogina, M., Zettler, M.L. & Darr, A. (2019). The potential exceptional role of a
small Baltic boulder reef as a solitary habitat in a sea of mud. Aquatic Conservation: Marine
and Freshwater Ecosystems, 29, 321-328.

Busacker, P.G., Adelman, R.l. & Goollish, M.E. (1990). Growth. 363-387. Methods for Fish Biology.
American Fisheries Series, 13. Great Britain, 684 pp.

Cahill, P.L., Hurd, C.L., Lokman, M. (2010). Keeping the water clean — Seaweed biofiltration
outperforms traditional bacterial biofilms in recirculating aquaculture. Aquaculture, 306(1-4)
153-159. doi: 10.1016/j.aquaculture.2010.05.032

Edwards, T.M., Puglis, H.J., Kent, D.B., Durdn, J.L., Bradshaw, L.M., Farag, A.M., 2024. Ammonia and
aquatic ecosystems — A review of global sources, biogeochemical cycling, and effects on fish.
Science of The Total Environment, 907, p.167911.

FAO (2017). Species Fact Sheets Portfunus pelagicus (Linnaeus, 1758)

Fahmi., A.S., Maksum, M., Suwondo, E. (2015). USFDA Import Refusal and Export Competitiveness of
Indonesian Crab in US Market. Agriculfure and Agricultural Science Procedia, 3, 226-230.
Hamid, A. (2019). Habitat dan Aspek Biologi Rajungan Angin, Podophthalmus vigil (Fabricus 1798) di

Teluk Lasongko, Sulawesi Tenggara. Jurnal IlImu Pertanian Indonesia, 24(1), 1-11.

Hastuti, Y.P., Wicaksono, P.H., Nurussalam, W., Tridesianti, S., Fatma, Y.S., Nirmala, K., Rusmana, 1. &
Affandi, R. 2020). Addition of Shelters to Control the Physiological Respons and Production of
Mud Crab Scylla serrata in Resirculation Aquaculture System. Jurnal llmu dan Teknologi
Kelautan Tropis, 12(1), 299-310. doi: 10.29244/jitkt.v12i1.30753

He, J., Gao, Y., Xu, W., Yu, F., Su., & Xuan, F. 2017. Effects of different shelters on the molting, growth
and culture performance of Portunus frituberculatus. Aquaculture, 481(1), 133-139. doi:
10.1016/j.aquaculture.2017.08.027

438 Impact of Substrate and Shelter on Cannibalism in Blue Swimming Crab (R.W. Ariyati et al.)


https://doi.org/10.1007/s10811-019-01824-7
https://doi.org/10.1016/j.aquaculture.2010.05.032
https://doi.org/10.29244/jitkt.v12i1.30753
https://doi/

Jurnal Kelautan Tropis November 2024 Vol. 27(3):423-440

M.G. & lkhwanuddin, M. 2020. Salinity and preservation conditions of lipofuscin extracts in blue
swimming crab, portunus pelagicus. Pakistan Journal of Biological Sciences, 23(5), 685-690. doi:
10.3923/pjs.2020.685.690

Kohinoor, S.S.M., Arshad, A., Amin N.S.M., Rahman, A.M., Kamarudin, S.M., & Khayat, A.J.A. 2018.
Effects of bottom substratum on survival and growth of early juveniles of blue swimming crab,
(Linnaeus, 1758) in capftivity. Journal of Environmental Biology, 39, 913-916. doi
10.22438/jeb/39/5(S1)/22

Josileen, J. & Menon, N.G. (2018). Blue Swimming Crab, Portunus pelagicus (Linnaeus, 1758). In
Handbook of Marine Prawns of India (pp. 369-396). Central Marine Fisheries Research Insfitute.

Longmire, K.S., Seitz, R.D., Smith, A. & Lipcius, R.N. (2021). Saved by the shell: Oyster reefs can shield
juvenile blue crabs Callinectes sapidus. Marine Ecology Progress Series, 672, 163-173. doi:
10.3354/meps13781.

Mantri, V.A., Kavale, M.G. & Kaz, M.A. (2020). Seaweed biodiversity of India: Reviewing current
knowledge to identify gaps, challenges, and opportunities. Diversity, MDPlI AG. doi:
10.3390/d12010013

Maryani, L., Bengen, D.G. & Nurjaya, LLW. (2023). Distribution and Growth Patterns of Crab (P.
pelagicus) Based on Environmental Characteristics in Candi Waters, Pamekasan Regency, East
Java Province. Jurnal Kelautan Tropis, 26(2), 340-348. doi: 10.14710/jkt.v26i2.17322

Mirera D.O. & Moksnes P.O. 2013. Cannibalistic interactions of juvenile mud crabs Scylla serrata : the
effect of shelter and crab size. African Journal of Marine Science, 35(4), 545-553. doi:
10.2989/1814232X.2013.865677.

Monroy C., Gustavo, A.R., Mejia J.C., Mejia G.C., & Cortésa, B.C., 2015. Importance and function of
microbial communities in aquaculture systems with no water exchange. Scientific Journal of
Animal Science, 4(%), 103-110; doi: 10.14196/sjas.v4i9.1941

Oniam, V., Taparhudee, W., Tunkijjanuij, S., Musig, Y. 2011. Mortality rate of blue swimming crab
(Portunus pelagicus) caused by cannibalism. Kasetsart University Fisheries Research Bulletin,
35(2), 1-13.

Ravi R., & Manisseri M.K. 2012. Efficiensy of shelters in reducing cannibalism among juveniles of the
marine blue swimming crab, Portunus pelagicus. The Israeli Journal of Aquaculture — Bamidgeh,
64, 1-6. doi :10.46989/001c.20649

Rejeki, S., Ariyati, RW., Widowati, L.L. & Bosma, R.H. (2020). The effect of three cultivation methods
and two seedling types on growth, agar content and gel strength of Gracilaria verrucosa.
Egyptian Journal of Aquatic Research, 46(2), 159-165.

Rinaldi, J.C., Hench, J., Darnell, M.Z. & Kukurugya, M. & Rittschof, D. (2019). Life Stage, Gender and
Movement of Blue Crabs (Callinectes sapidus) in Lake Mattamuskeet and Connecting Canals.
Journal of Fisheries Science, 1(2), 7-19. doi: 10.30564/jfs.v1i2.1095

Romano, N., & Zeng, C. (2008). Blue swimming crabs — emerging species in Asia, Global Aquaculture
Advocate, pp. 34-36.

Suharyanto, Aryati., Y., & Tahe, S. (2008). Upaya Penurunan Tingkat Kanibalisme Rajungan (Portunus
pelagicus) dengan Pemberian Suplemen Triptofan. Jurnal Perikanan, 10(1), 126-133

Swainston, R. (2023). Blue swimming crab (Portunus pelagicus), Indonesia Bottom gillnet, Pofs.
Monterey Bay Aquarium, Seafood Waftch, Report ID. 27964, 63p.
https://www.seafoodwatch.org/globalassets/sfw-data-blocks/reports/c/seafood-watch-blue-
swimming-crab-indonesia-27964.pdf

lhsan, Kasmawati, Asni, A., Ernaningsih, Asbar, Asmidar, Adimu, H.E. (2020). Aquaculture
management of blue swimming crab (Porfunus pelagicus) using infegrated submerged net
cage in Pangkep Regency waters. AACL Bioflux, 13(6), 3279-3286.

Toi, H.T., Anh, N.T.N., Ngan, P.T.T., Hom, T.N.H. & Hai, T.N. (2023). Effects of stocking densities and
seaweed types as shelters on the survival, growth, and productivity of juvenile mud crabs (Scylla
paramamosain),  Egyptian  Journal of Aquafic Research, 49(3), 401-407. doi:
10.1016/j.ejar.2023.01.005.

Tribamrung, N., Bunnoy, A., Chuchird, N. & Srisapoome, P. (2023). The first description of the blue
swimming crab (Porfunus pelagicus) transcriptome and immunological defense mechanism in

Impact of Substrate and Shelter on Cannibalism in Blue Swimming Crab (R.W. Ariyati et al.) 439


https://doi.org/10.3923/pjbs.2020.685.690
http://doi.org/10.22438/jeb/39/5(SI)/22
https://doi.org/10.3390/d12010013
https://doi.org/10.14710/jkt.v26i2.17322
http://dx.doi.org/10.2989/1814232X.2013.865677
http://dx.doi.org/10.46989/001c.20649
https://doi.org/10.30564/jfs.v1i2.1095

Jurnal Kelautan Tropis November 2024 Vol. 27(3):431-440

response to white spot syndrome virus (WSSV). Fish and Shellfish Immunology, 134, p.108626. doi:
10.1016/].f5i.2023.108626

Wahyuni, S., Budi, S. & Mardiana. (2020). Pengaruh Shelter Berbeda terhadap Pertumbuhan dan
Sintasan Crablet Kepiting Rajungan (Portunus pelagicus). Journal of Aquaculture Environment,
3(1), 6-10.

Waiho, K., khwanuddin, M., Baylon, J.C., Jalilah, M., Rukminasari, N., Fujaya, Y. & Fazhan, H. (2021).
Moult induction methods in soft-shell crab production. Aquaculture Research, 52, 4026—4042.
doi: 10.1111/are.15274

Wang, D., Liu, X., Shang, Y., Yu, X., Gao, B., Lv, J., Li, J., Liu, P, Li, J. & Meng, X. (2023). Ammonia Stress
Disturbs Moult Signaling in Juvenile Swimming Crab Portunus frituberculatus. Biology, 12(3), 409.
doi: 10.3390/bioclogy 12030409

Xu, F., Shaw, L.B., Shi, J., & Lipcius R.N. (2020). Impacts of density-dependent predation, cannibalism
and fishing in a stage-structured population model of the blue crab in Chesapeake Bay. doi:
10.48550/arXiv.2011.08308

Yulianto, H., Sumiarsa, D., & Ihsan, Y.N. (2024). Assessing the sustainability of the blue swimming crab
(Portunus pelagicus) on the Eastern Coast of Lampung: a holistic approach to conservation
and resource stewardship. Fronfiers in Marine Science, 11, p.1304838. doi: 10.3389/fmars.
2024.1304838

Yusneri, A., Hadijah & Budi, S. (2021). Blue swimming crab Porfunus pelagicus) megalopa stage seed
feed enrichment with beta carotene. IOP Conference Series: Earth and Environmental Science,
IOP Publishing Ltd. doi: 10.1088/1755-1315/763/1/012026

Zamroni, A. Wijaya, R.A., Triyanti, R., Huda, H.M., Safrioqgjie, W.N., Dewitasari, Y., & Firdaus, M. (2023).
A Concept of open-closed season approach for Indonesian blue swimming crap (Portunus
pelagicus) Management on the north coast of Java. International Journal of Conservation
Sience, 14(3), 1081-1106.

Zeng, Q., Jeppesen, E., Gu, X., Mao, Z., Chen, H. (2018). Cannibalism and Habitat Selection of
Cultured Chinese Mitten Crab: Effects of Submerged Aqguatic Vegetation with Different
Nutritional and Refuge Values. Water, 10(11), p.1542. doi: 10.3390/w10111542

Zhang, H., Zhu, B., Yu, L., Liu, D., Wang, F. & Lu, Y. (2021). Selection of shelter shape by swimming crab
(Portunus trituberculatus). Aquaculture Reports, 21, 100908. doi: 10.1016/j.agrep.2021.100908

Zhou, D., Liu, L., Huang, X., Fang, W., Fu, Y., Li, Y. & Wang, C. (2023). Effects of different shelters on
feeding, molting, survival, and growth of Scylla paramamosain. Frontiers in Marine Science, 10,
P.1191025. doi: 10.3389/fmars.2023.1191025

440 Impact of Substrate and Shelter on Cannibalism in Blue Swimming Crab (R.W. Ariyati et al.)


https://doi.org/10.1016/j.fsi.2023.108626
https://doi.org/10.3390/biology12030409
https://doi.org/10.1088/1755-1315/763/1/012026

