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Non-indigenous giant mud crab, Scylla
serrata (Forskål, 1775) (Crustacea:
Brachyura: Portunidae) in Malaysian coastal
waters: a call for caution
Hanafiah Fazhan1,2†, Khor Waiho1,2† and Mhd Ikhwanuddin1*

Abstract

Introduction of non-indigenous species into a well-established ecosystem can be detrimental, resulting in both
ecological and economical damage. Two specimens of giant mud crab, Scylla serrata were found for the first time
in two geographically distinct mud crab landing sites (Matang Mangrove Forest Reserve, Perak and Kota Marudu
Mangrove Forest, Sabah) in Malaysia. Their identities were confirmed using a combination of morphological,
morphometric and molecular (partial COI gene) analyses. Scylla serrata is regarded as non-indigenous species within
Malaysian coastal waters as this is the first confirmed report of their occurrence in Malaysia and no established
population was found in both landing sites. Accidental release or escape was considered as the possible vector for
the introduction of the two specimens found in this study as frequent import of S. serrata from other countries
were reported in both landing sites. Urgent intervention is needed to prevent further introduction and possible
establishment of S. serrata population in Malaysian coastal waters.

Keywords: Giant mud crab, Introduction, Malaysia, Non-indigenous species, Scylla serrata, Species identification,
Partial COI gene

Background
A new species introduced to an ecosystem outside its
native range is termed as “non-indigenous species”
and can occur deliberately or accidentally by the
means of humans (Holmes and Simons 1996;
Manchester and Bullock 2000). If the new environ-
ment is suitable, the non-indigenous species may
establish a viable population, and if it spreads fast
and causes harm to either the environment, human
health, economy or any other valuable resources, it
will be termed as an “invasive species” (Manchester
and Bullock, 2000). Aquatic ecosystems are even
more susceptible to the spread of non-indigenous spe-
cies due to the high reproduction rate of most
aquatic organisms and rapid dispersal of propagules

that is possible in water (Strayer and Dudgeon 2010;
Wood et al. 2016).
The mud crab genus Scylla De Haan, 1833 (Decapoda:

Portunidae) is widely distributed in the brackish and
coastal mangrove area of Indo-West-Pacific region and
supports important commercial, recreational and
indigenous fisheries (Keenan et al. 1998; Ikhwanuddin et
al. 2011). Known for their succulent meat and delicate
flavour and texture, mud crabs are highly sought after in
seafood restaurants, both locally and internationally. The
global capture fishery production of mud crab is
approximately 38,000 t in the year 2014 (FAO, 2016).
Mud crabs are highly adaptable to various environments
due to their ability to tolerate broad ranges of temperature
(16–35 °C) and salinity (1–56 ppt) (Alberts-Hubatsch et
al. 2015). They also show movement up to an average of
3.7 km for foraging purposes (Hyland et al. 1984). Mud
crabs are opportunistic omnivores and feed mainly on
crustaceans, molluscs and fish (Viswanathan and Raffi
2015). Thus, if introduced, either deliberate or accidental,
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mud crabs could potentially disrupt the balance of the
local ecosystem.
There are four species of mud crab within this genus,

Scylla serrata (Forskål, 1775), Scylla tranquebarica
(Fabricius, 1798), Scylla olivacea (Herbst, 1796) and Scylla
paramamosain (Estampador, 1949). Scylla serrata is the
largest and most widespread species of genus Scylla
(Keenan et al. 1998; Alberts-Hubatsch et al. 2015). Scylla
serrata has been reported in most tropical and subtropical
coastal regions of Indo-West-Pacific such as Bangladesh
(Begum et al. 2009), India (Ali et al. 2011), Sri Lanka
(Tharmine et al. 2014; Amarasekara et al. 2016), Indonesia
(Roza and Hatai 1999; Nordhaus et al. 2009), Philippines
(Baylon et al. 2004; Quinitio et al. 2007), Australia (Keenan
et al. 1998) and around the oceanic islands of Indo-Pacific
(Alberts-Hubatsch et al. 2015), except around South China
Sea (Albert-Hubatsch et al. 2015; Fazhan et al. 2017). Prior
to the revision of genus Scylla by Keenan et al. (1998), the
species identification of mud crabs within the genus Scylla
has been controversial and only one species, S. serrata, was
being recognized (Stephenson and Campbell 1960). The
division of genus Scylla into four distinctive species has led
to the re-validation of species identification in most loca-
tions. However, since the revision of the genus Scylla
(Keenan et al. 1998), S. olivacea has been the most com-
mon species in Malaysian waters, although S. paramamo-
sain and S. tranquebarica also occur (Ikhwanuddin et al.
2011; Waiho et al. 2015; Waiho et al. 2016).
A recent nationwide survey of mud crab species com-

position revealed two specimens of the giant mud crab,
S. serrata in Malaysian waters. This study describes the
species identification of S. serrata found using (i)
morphological (ii) morphometrics and (iii) molecular
identification methods. The confirmed identity of S.
serrata in this study serves as the first report of its

occurrence in Malaysian waters. The possible vector and
impact of its introduction are discussed.

Methods
Sample collection
A bimonthly nationwide survey of mud crab species com-
position was conducted in Malaysian waters from April
2012 to July 2013 (Fig. 1). A total of 1325 mud crabs
caught using standard crab pots were identified to species
level based on Keenan et al. (1998). Interestingly, two
specimens of S. serrata was found for the first time from
Malaysian coastal waters. One specimen (immature
female) was collected from Matang Mangrove Forest
Reserve, Perak (4°45′N100°37′E) (Straits of Malacca) on
27 March, 2013 by H. Fazhan and another (mature male)
was found in Kota Marudu Mangrove Forest, Sabah (6°
44′N117°1′E) (Sulu Sea) (Fig. 1) on 12 May, 2013 by K.
Waiho. Fishing and crabbing are commonly conducted in
both estuaries by local communities. Matang Mangrove
Forest Reserve was gazetted as a permanent mangrove
forest reserve more than a century ago whereas Kota
Marudu is protected under the jurisdiction of local for-
estry department.

Morphological and morphometric identification
The collected specimens were identified morphologically
based on the key characters (i.e. frontal lobe spines
shape and height, cheliped carpus and propodus spine,
cheliped color, and polygonal patterning on pereiopods)
provided by Keenan et al. (1998).
Only mature male (>95 mm carapace width, CW) was

subjected to morphometric identification. The measure-
ments of 24 body parts were taken to the nearest
0.01 mm using Vernier calipers based on Keenan et al.
(1998). Five morphometric ratios used by Keenan et al.

Fig. 1 Two specimens of Scylla serrata was found in Malaysia (in white), one in Matang Mangrove Forest Reserve, Perak (labelled A) and another
in Kota Marudu Mangrove Forest, Sabah (labelled B)
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(1998) for species comparison and identification was ap-
plied in this study as well.

Molecular identification
Additionally, validation using molecular method was
conducted. Both specimens were stored in −80 °C
prior DNA extraction. DNA was extracted from the
muscle tissue of walking leg using GF-1 Nucleic Acid
Extraction Kits (Vivantis Tech., MY). Partial cyto-
chrome oxidase subunit I (COI) gene from the mito-
chondrial genome was amplified using polymerase
chain reaction (PCR). The temperature profile used
was: pre-denaturation at 95 °C for 10 mins, denatur-
ation at 94 °C for 30s, annealing at 50 °C for 30s,
extension at 72 °C for 45 s (30 cycles) and final
extension at 70 °C for 10 mins. Standard universal
primers LCO-1490 (5′-GGTCAACAAATCATAAAGA
TATTGG-3′) and HCO-2198 (5′-TAAACTTCAGG
GTGACCAAAAAATCA-3′) were used (Folmer et al.
1994; Fazhan et al. 2016). PCR products (Fig. 2) were
sent for sequencing (First BASE Lab, MY), checked
for quality and subjected to BLAST (Basic Local
Alignment Search Tool) analysis for comparison and
identification based on deposited sequences in
GenBank, NCBI (National Center for Biotechnology
Information) (Altschul et al. 1997).

Results
Systematic account
Order: Decapoda Latreille, 1806.
Family: Portunidae Rafinesque, 1815.
Genus: Scylla De Haan, 1833.
Scylla serrata (Forskål, 1775) (Fig. 3).

Description
The carapace is oval and is 1.56 times (mature ♂) /
1.57 times (immature ♀) broader than long. There
are nine (9) anterolateral spines on both sides of the
carapace with straight or slightly concave outer mar-
gin, and six (6) high frontal lobe spines with concave
and rounded interspaces. Cervical groves are present
on the anterior of the slightly raised carapace.
Overall, the carapace, walking legs and chelipeds are
smooth. Two obvious spines are located at the car-
pus of chelipeds on distal half of the outer margin.
Another two sharp spines can be found at the dorsal
margin of chela (propodus), near the insertion of the
dactyl. Teeth-like structures are found in between
the cavity of the dactyl and the distal margin of the
chela. Obvious polygonal patterning is present on
chelipeds and all walking legs. The chela is greenish
to brownish with bright blue coloration. The overall
coloration is a mixture of light brown and green.

Fig. 2 PCR products of the partial COI gene sequence of Scylla serrata
specimens from (1) Matang Mangrove Forest Reserve, Perak and (2)
Kota Marudu Mangrove Forest, Sabah. L: 100 bp ladder marker

Fig. 3 Scylla serrata ♀ specimen from Matang Mangrove Forest
Reserve, Perak
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The measurements of S. serrata collected in this
study is presented in Table 1.

Habitat
Resides in the coastal estuaries, coastlines and brack-
ish mangrove forests area with tidal influence and
occasional salinity reflux. Prefer muddy bottoms and
seagrass beds.

Distribution
Perak and Sabah, Malaysia (current study); Philippines;
Indonesia; Japan; Taiwan; Bangladesh; Sri Lanka;
Australia; oceanic islands of the Indo-Pacific; Maldives;
Mauritius; South Africa; Africa; the Red Sea; Gulf of
Aden; the Persian Gulf.

Morphometrics measurements
The two morphometric characters and five morphomet-
ric ratios of mature male S. serrata specimen found in
this study fall within the range of S. serrata when com-
pared with the data of four Scylla species provided by
Keenan et al. (1998) (Table 2). However, they were dis-
tinct from the other three species, i.e. S. tranquebarica
(frontal median spine height (FMSH)/ carapace frontal
width (FW) and FMSH/ distance between frontal me-
dian spines (DFMS)), S. paramamosain (inner carpus
spine (ICS)/ outer carpus spine (OCS)) and S. olivacea
(ICS/OCS, FMSH/FW and FMSH/DFMS) (Table 2).
This further confirms the identity of our specimen as S.
serrata.

Molecular validation
BLAST analysis of the partial COI gene sequence from
both specimens confirmed their identity as S. serrata, in
which the sequences of both specimens were identical to
that of other S. serrata specimens found in GenBank
(query cover = 100%; identity = 100%; E value = 0.0).
The partial COI gene sequences of S. serrata ♂ from
Sabah and ♀ from Perak were deposited into GenBank
with the accession number KX249605 and KX249606,
respectively [see Additional file 1].

Discussion
The identity of S. serrata specimens found in the current
study was successfully identified and validated using a
combination of morphological, morphometric and mo-
lecular analyses. All three analyses were previously used
by Keenan et al. (1998) to separate the long recognised
single species (i.e. S. serrata) within the genus Scylla into
four distinct species, with the addition of S. tranquebar-
ica, S. olivacea and S. paramamosain. Similar methods
were also employed by Imai and Takeda (2005) to valid-
ate the identity of a natural hybrid mud crab genus
Scylla in Japan.
The discovery of S. serrata in Malaysian coastal waters

is unprecedented. It was reviewed by Alberts-Hubatsch
et al. (2015) that despite their wide geographical
distribution, S. serrata has never been reported in
Malaysian waters after the division of genus Scylla into
four species. The species composition of mud crab
population in Malaysian waters is predominantly made
up of S. olivacea, with S. tranquebarica and S. parama-
mosain being frequently found in smaller numbers
(Ikhwanuddin et al. 2011; Waiho et al. 2016).
Both S. serrata specimens found in this study were

captured in intertidal mangrove forests. The presence of
only one specimen in each location despite our extensive
survey involving large number of mud crabs suggests
that very few individuals were introduced and there is
possibly still no viable S. serrata population in the wild.

Table 1 Measurements (mm) of Scylla serrata

Measurement parts Immature ♀ Mature ♂

CW 75.11 142.72

ICW 69.83 139.81

8CW 74.15 140.71

PCW 24.84 46.53

CL 47.81 91.31

FW 28.8 52.67

FMSH 1.62 3.21

DFLS 3.35 7.13

DFMS 3.5 7.61

SW 37.4 71.86

AW 42.61 32.68

3PML 31.2 54.83

3PCL 28.7 33.01

5PDL 22.2 44.64

5PDW 22.86 21.76

CDL 32.10 53.61

CPD 16.74 43.68

CPL 69.81 110.9

CML 37.00 63.74

CPW 17.23 25.81

IPS 2.17 3.13

OPS 2.11 2.21

ICS 1.83 2.42

OCS 2.24 2.31

CW carapace width, ICW internal carapace width, 8CW carapace width at spine
8, PWC posterior width of carapace, CL carapace length, FW carapace frontal
width, FMSH frontal median spine height, DFLS distance between frontal
lateral spines, DFMS distance between frontal median spines, SW sternum
width, AW abdomen width, 3PML third periopod merus length, 3PCL third
periopod carpus length, 5PDL fifth periopod dactyl length, 5PDW fifth
periopod dactyl width, CDL cheliped dactyl length, CPD cheliped propodus
depth, CPL cheliped propodus length, CML cheliped merus length, CPW
cheliped propodus width, IPS inner propodus spine, OPS outer propodus spine,
ICS inner carpus spine, OCS outer carpus spine
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Personal communication with local fishermen revealed
that some mud crab traders import mud crabs, specific-
ally S. serrata from oversea due to their large sizes and
high market price. Several traders from Perak sourced S.
serrata from India and Indonesia whereas traders from
Sabah imported S. serrata from the neighbouring
Philippines. In addition, it was observed that local
traders and fishermen frequently discard unhealthy
mud crabs directly onto the ground nearby during
screening before selling them off to restaurants. With
most of these traders and fishermen living just nearby
their mud crab fishing ground (the same sampling
sites in this study), it is very likely that both S. ser-
rata specimens found in our study were imported
from oversea and accidentally released or escaped into
the wild.
Other alternative vectors that has been reported to

facilitate the introduction of non-indigenous marine
and estuarine invertebrate species are the uninten-
tional release of invertebrate larvae via ballast water
of large cargo ships and escape from aquaculture ac-
tivities (Fuller et al. 2014). Invertebrate larvae are
taken on-board of large cargo ship, travel far from
their natural geographical habitat and release into
pristine non-native environment with the loading and
discharge of ballast water. This unintentional intro-
duction method was postulated to be one of the vec-
tor responsible for the introduction of Asian shore
crab, Hemigrapsus sanguineus (De Haan, 1853), to
Northwest Atlantic (Epifanio et al. 1998) and Asian
tiger shrimp, Penaeus monodon Fabricius, 1798 (Fuller
et al. 2014). Since their introduction, both P. mono-
don and H. sanguineus have successfully colonised
their new introduced environment, displaced other
local invertebrate species and altering biodiversity
(Ruiz et al. 1997; Fuller et al. 2014). Both locations
where S. serrata specimens were found (Perak and
Sabah) are main shipping channels (i.e. Straits of
Malacca connects Indian Ocean and the Pacific
Ocean whereas Sulu Sea is situated between South
China Sea and the Pacific Ocean). However, introduc-
tion of S. serrata via ballast water in the form of
larvae is less likely as the number of discovered S.
serrata specimens was too low. If this postulate is
true, the high volume of ballast water would have in-
troduced high number of S. serrata larvae, and subse-
quently resulted in the formation of a sizeable
population instead of just one specimen being found
in each location. However, further study is needed to
determine the possibility of S. serrata larvae being
transferred via ballast water. Another vector, i.e. es-
cape from aquaculture activities is unlikely as no mud
crab aquaculture activity is reported and observed in
both locations. Only several small-scale fattening and

soft-shell crab farming are sighted in Perak, and all
sourced juvenile crabs from local fishermen.
The first record of S. serrata in Malaysian waters

reported in this study may have adverse impact
towards the environment and could pose as threats to
the local mud crab populations. Well known for their
resilience – highly tolerance to water salinity changes,
ability to survive out of water and without food for a
long period (Quinitio et al. 2011), released or escaped
S. serrata imported from other countries could easily
survive and invade the local environment. Comparatively
larger in terms of average body size than the other three
Scylla species (Keenan et al. 1998), S. serrata may have
greater nutritional requirements and a better advantage in
its competition for food compared to local species i.e. S. oli-
vacea that are of smaller size. Once a satellite population is
established, crabs such as S. serrata may spread and
colonised nearby habitat effortlessly via their natural larval
dispersal (Behrens Yamada and Gillespie 2008), and may
pose as competitors to the local mud crab populations. In
addition, the report of natural hybrid mud crab crossed be-
tween S. serrata and S. olivacea (Imai and Takeda 2005) in
Japan also highlights the possible inter-species crossbreed-
ing of the escaped S. serrata with the dominant local S. oli-
vacea population in Malaysian waters. Ultimately, it may
result in the extinction of the local inhabiting mud crab
species following with the emergence of a new hybrid
species (Rhymer 1996). In addition, potential invasion
of S. serrata may also negatively affect other intertidal
communities, especially the preys (e.g. gastropods,
crabs, shrimps and mollusks) along the mud crab
food chain. Thus, frequent monitoring of wild mud
crab populations, strict regulations on the import of
non-indigenous S. serrata and the appropriate hand-
ling procedures should be introduced and imposed in
near future to prevent future possible establishment
of S. serrata satellite population in Malaysian waters.

Additional file

Additional file 1: The partial COI gene sequences of male and female
Scylla serrata from Sabah and Perak, respectively. (DOCX 13 kb)

Abbreviations
COI: Cytochrome oxidase subunit 1; DFMS: Distance between frontal median
spines; FMSH: Frontal median spine height; FW: Frontal width; ICS: Inner
carpus spine; NCBI: National Center for Biotechnology Information;
OCS: Outer carpus spine; PCR: Polymerase chain reaction

Acknowledgements
We are grateful to Institute of Tropical Aquaculture, Universiti Malaysia
Terengganu, Malaysia for providing us the facilities and equipment needed.

Funding
This study was partially funded by the Malaysia’s Ministry of Higher
Education under the Niche Research Grant Scheme (NRGS) (Vot. No. 53131).

Fazhan et al. Marine Biodiversity Records  (2017) 10:26 Page 6 of 7

dx.doi.org/10.1186/s41200-017-0128-8


Availability of data and materials
The genetic data supporting the results of this study are available in
GenBank under the accession numbers KX249605 (male S. serrata) and
KX249606 (female S. serrata).

Authors’ contributions
HF and KW discovered the specimens during sampling. HF, KW and MI
identified the specimens and prepared the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
All sampling sites are commercial fishing grounds and no special approval is
needed. The work was approved by the Ethics Committee of Institute of
Tropical Aquaculture, Universiti Malaysia Terengganu.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Institute of Tropical Aquaculture, Universiti Malaysia Terengganu, 21030
Kuala Terengganu, Terengganu, Malaysia. 2Guangdong Provincial Key
Laboratory of Marine Biotechnology, Shantou University, Shantou,
Guangdong 515063, China.

Received: 5 January 2017 Accepted: 19 September 2017

References
Alberts-Hubatsch H, Lee SY, Meynecke J-O, Diele K, Nordhaus I, Wolff M. Life-

history, movement, and habitat use of Scylla serrata (Decapoda, Portunidae):
current knowledge and future challenges. Hydrobiologia. 2015;763:5–21.

Ali SA, Dayal JS, Ambasankar K. Presentation and evaluation of formulated feed
for mud crab Scylla serrata. Indian J Fish. 2011;58:67–73.

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W, et al. Gapped
Blast and PSI-Blast: a new generation of protein database search programs.
Nucleic Acids Res. 1997;25(17):3389–402.

Amarasekara GP, Priyadarshana T, Manatunge J, Tanaka N, Gunaratne GL.
Mud crab (Scylla serrata) population changes in Koggala Lagoon, Sri
Lanka since construction of the groyne system. Aquat Ecosyst Health
and Manag. 2016;19:83–91.

Baylon JC, Bravo ME, Maningo NC. Ingestion of Brachionus plicatilis and Artemia
salina nauplii by mud crab Scylla serrata larvae. Aquac Res. 2004;35:62–70.

Begum M, Shah MMR, Mamun A-A, Alam MJ. Comparative study of mud crab
(Scylla serrata) fattening practices between two different systems in
Bangladesh. J Bangladesh Agric Univ. 2009;7:151–6.

Behrens Yamada S, Gillespie GE. Will the European green crab (Carcinus maenas)
persist in the Pacific Northwest? ICES J Mar Sci. 2008;65:725–9.

Epifanio CE, Dittel AI, Park S, Schwalm S, Fouts A. Early life history of Hemigrapsus
sanguineus, a non-indigenous crab in the Middle Atlantic Bight (USA). Mar
Ecol Prog Ser. 1998;170:231–8.

FAO. Species fact sheets: Scylla serrata. Food and Agriculture Organization of the
United Nations, Fisheries and Aquaculture Department. 2016. http://www.fao.
org/fishery/species/2637/en. Accessed 12 January 2016.

Fazhan H, Waiho K, Shahreza MS. A simple and efficient total genomic DNA
extraction method for individual zooplankton. Spring. 2016;5:2049.
doi:10.1186/s40064-016-3724-x.

Fazhan H, Waiho K, Wan Norfaizza WI, Megat FH, Ikhwanuddin M.
Inter-species mating among mud crab genus Scylla in captivity.
Aquaculture. 2017;471:49–54.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. DNA primers for amplification
of mitochondrial cytochrome c oxidase subunit I from diverse metazoan
invertebrates. Mol Mar Biol Biotechnol. 1994;3(5):294–9.

Fuller PL, Knott DM, Kingsley-Smith PR, Morris JA, Buckel CA, Hunter ME, et al.
Invasion of Asian tiger shrimp, Penaeus monodon Fabricius, 1798, in the
western north Atlantic and Gulf of Mexico. Aquat Invasions. 2014;9:59–70.

Holmes JS, Simons JR. The Introduction and Naturalisation of Birds.
London: HMSO; 1996.

Hyland SJ, Hill BJ, Lee CP. Movement within and between different habitats by
the portunid crab Scylla serrata. Mar Biol. 1984;80:57–61.

Ikhwanuddin M, Azmie G, Juariah HM, Zakaria MZ, Ambak MA. Biological
information and population features of mud crab, genus Scylla from
mangrove areas of Sarawak. Malaysia Fish Res. 2011;108:299–306.

Imai H, Takeda M. A natural hybrid mud crab (Decapoda, Portunidae) from Japan.
J Crust Biol. 2005;25:620–4.

Keenan CP, Davie P, Mann D. A revision of the genus Scylla De Haan,
1833 (Crustacea: Decapoda: Brachyura: Portunidae). Raffles Bull Zool.
1998;46:217–45.

Manchester SJ, Bullock JM. The impacts of non-native species on UK biodiversity
and the effectiveness of control. J Appl Ecol. 2000;37(5):845–64.

Nordhaus I, Hadipudjana FA, Janssen R, Pamungkas J. Spatio-temporal variation
of microbenthic communities in the mangrove-fringed Segara Anakan
lagoon, Indonesia, affected by anthropogenic activities. Reg Environ Chang.
2009;9:291–313.

Quinitio ET, de la Cruz JJ, Equia MRR, Parado-Estepa FD, Pates G, Lavilla-Pitogo
CR. Domestication of the mud crab Scylla serrata. Aquacult Int. 2011;19:237–
50.

Quinitio ET, Pedro JD, Parado-Estepa FD. Ovarian maturation stages of the mud
crab Scylla serrata. Aquac Res. 2007;38:1434–41.

Rhymer JM. Extinction by hybridization and introgression. Annu Rev Ecol Evol
Syst. 1996;27:83–109.

Roza D, Hatai K. Pathogenicity of fungi isolated from the larvae of the mangrove
crab, Scylla serrata, in Indonesia. Mycoscience. 1999;40:427–31.

Ruiz GM, Carlton JT, Grosholz ED, Hines AH. Global invasions of marine and
estuarine habitats by non-indigenous species: mechanisms, extent, and
consequences. Amer Zool. 1997;37:621–32.

Stephenson W, Campbell B. The Australian Portunids (Crustacea: Portunidae) IV.
Remaining genera. Aust J Mar Freshw Res. 1960;11:73–122.

Strayer DL, Dudgeon D. Freshwater biodiversity conservation: recent progress
and future challenges. J N Am Benthos Sci. 2010;29:344–58.

Tharmine N, Edrisinghe U, Sivashanthini K. The status of diversity and species
composition of crabs in cavanthurai coastal area in Jaffna Peninsula of Sri
Lanka. Trop Agric Res. 2014;25:595–601.

Viswanathan C, Raffi SM. The natural diet of the mud crab Scylla olivacea (Herbst,
1896) in Pichavaram mangroves. India Saudi J Biol Sci. 2015;22(6):698–705.

Waiho K, Fazhan H, Baylon JC, Wan Norfaizza WI, Ikhwanuddin M. Use of
abdomen looseness as an indicator of sexual maturity in male mud crab
Scylla spp. J Shellfish Res. 2016;35(4):1027–35.

Waiho K, Fazhan H, Ikhwanuddin M. Size distribution, length-weight relationship
and size at the onset of sexual maturity of the orange mud crab, Scylla
olivacea in Malaysian waters. Mar Biol Res. 2016;12(7):726–38.

Waiho K, Mustaqim M, Fazhan H, Wan Norfaizza WI, Megat FH, Ikhwanuddin M.
Mating behaviour of the orange mud crab, Scylla olivacea: The effect of sex
ratio and stocking density on mating success. Aquac Rep. 2015;2:50–7.

Wood KA, Hayes RB, England J, Grey J. Invasive crayfish impacts on
native fish diet and growth vary with fish life stage. Aquat Sci. 2016;
doi:10.1007/s00027-016-0483-2.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Fazhan et al. Marine Biodiversity Records  (2017) 10:26 Page 7 of 7

http://www.fao.org/fishery/species/2637/en
http://www.fao.org/fishery/species/2637/en
http://dx.doi.org/10.1186/s40064-016-3724-x
http://dx.doi.org/10.1007/s00027-016-0483-2

	Abstract
	Background
	Methods
	Sample collection
	Morphological and morphometric identification
	Molecular identification

	Results
	Systematic account
	Description
	Habitat
	Distribution

	Morphometrics measurements
	Molecular validation

	Discussion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

