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Abstract. Rosly HAAM, Mohd Nor SA, Md. Naim D. 2017. Phylogenetic relationships within the Scylla (Portunidae) assessed by the 
mitochondrial DNA sequence. Biodiversitas 18: 1696-1704. This study was centered around the phylogenetic of mud crab genus Scylla 
collected across Malaysia based on a 542 base pairs (bp) section of the mitochondrial cytochrome c oxidase I (COI) from 201 individuals. 
Sampling locations were nine areas including one location from Borneo (Sabah and Sarawak). The Maximum Parsimony (MP) and 
Neighbor-Joining (NJ) methods was conducted for phylogenetic analysis and performed in MEGA ver. 5.05. We found that S. olivacea 
is the plenteous species collected with 111 individuals, followed by S. tranquebarica with 61 individuals. Scylla paramamosain is barely 
found throughout our sampling locations with only 29 individuals caught in this study. Regrettably, no wild samples of S. serrata was 
found during our sampling occasions, accordingly life specimens were purchased from restaurants to complete the analysis. Both MP 
and NJ phylogenetic trees shows a monophyletic relationships among all four species within genus Scylla included in this study. This 
was also supported by the genetic distance analysis based on Tamura-Nei which indicates that there is high interspecific and low 
intraspecific genetic distances among and within species of Scylla included in the analysis. This investigation divulged a solid proof that 
supports the occurrence of three species of Scylla with the nonappearance of S. serrata in Malaysian waters. This current investigations 
could serve as a guidance for promoting further assessment on aquaculture and conservation management for the species.  
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INTRODUCTION  

Malaysia is identified as one of the world’s mega-
diversity center and a biodiversity hotspot, in which it has 
the total coastline length of 4675 km while the mangroves 
area occupies 5053.45 km2 (Wong 2004). This large 
expanse of water space and various aquatic habitats (e.g. 
rivers, peat swamps, reservoirs, former mining pools and 
paddy fields) provide good opportunity for colonization of 
a large numbers of endemic and unique marine organisms 
(Abdullah et al. 2017; Imtiaz et al. 2017). Mud crabs of the 
genus Scylla (Portunidae) is also known as swimming crabs 
due to the broad paddles of the flattened fifth pair of legs 
that was used to dig into the mud (Ng et al. 2008). They are 
native to the Indo-West Pacific Ocean such as South 
Africa, Red Sea, Australia, Philippines, Pacific Islands, 
Taiwan and Japan (Fratini et al. 2010). In Malaysia, mud 
crab or locally known as ketam nipah or ketam bakau 
inhabits mangrove forests and river mouths in estuarine 
environments, where they can be found along the west and 
east coast of Peninsular Malaysia, Sabah and Sarawak.  

Mud crabs has an excessive market demand where the 
price may fetch around Malaysia Ringgit (MYR) 40 - 60 
per kilogram in a market, especially females with mature 
ovaries. As a consequent, the species belong to this genus 
is the most important crab for commercial culture and 
export markets (Keenan 2004) particularly in the tropics 
(Bell and Gervis 1999; Williams and Primavera 2001). To 
illustrate, the story of mud crab aquaculture has been 
started in China since centuries ago (Yalin and Qingsheng 

1994) and Ikhwanuddin and Oakley (1999) reported that it 
has been started in other Asian region since more than three 
decades ago. Due to its high commercial value, mud crab is 
extensively cultured and captured (Keenan 2004). Further 
exacerbating the situation is that the broodstocks are almost 
entirely caught from the ocean (Xu et al. 2009). 
Additionally, juveniles are caught for seeding in ponds or 
enclosures while adults and subadults were used for 
fattening and soft-shell crab production (Le Vay 2001; Sara 
et al. 2002; Sara 2010). As a result of increased fishing 
effort over time and unregulated nature of fishery, there are 
indications that crab populations have decreased 
significantly (see e.g. Francis and Bryceson 2001; Mahika 
et al. 2005; David 2009; Xu et al. 2009). In spite of 
continuous harvest pressure, this species is managed in 
only a few parts of their range (e.g. northern Australia, 
Pillans et al. 2005), and, as a consequence, they become 
smaller and harder to catch in many places especially in 
developing countries (Gopurenko et al. 2002; Ewel 2008). 

Initially, only one species from genus Scylla has been 
revealed namely Scylla serrata (Forskål 1775), until the 
research conducted by Estampador (1949) has made it clear 
that there are more than just one species occurred within 
the genus. Consequently, to reveal the puzzles about the 
taxonomic nomenclature of Scylla, several research and 
reviews were made (see Joel and Raj 1980; Fuseya and 
Watanabe 1996; Overton et al. 1997), until genetic and 
molecular research (allozyme electrophoresis, 
mitochondrial genes and nuclear genes) have come up to 
provide insight into the taxonomy of the genus (Keenan et 
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al. 1995; Keenan et al. 1996; Fuseya and Watanabe 1996; 
Keenan et al. 1998; Keenan 1999; Imai et al. 2004). 
Accordingly, four distinct species have been successfully 
revealed (Keenan et al. 1998; Keenan 1999; Imai et al. 2004).  

In spite of its commercial interest and the declining 
status of mud crab genus Scylla, globally, knowledge of the 
genetic and demographic structures of wild populations is 
limited to a few studies (Gopurenko et al. 2002; see e.g. 
Keenan et al. 1998; Gopurenko et al. 1999; Gopurenko and 
Hughes 2002; Xu et al. 2009; for details study). 
Furthermore, despite the fact that it is an important food 
resources, only a few documented research on the 
phylogenetic and population of this species has been 
reported in Malaysia. In this context, identifying the 
genetic characteristics of a population and the rate of 
migration and/or gene flow can give insights into some of 
the key processes and factors influencing the substantiality 
of populations (Gauffre et al. 2008). It is also an important 
prerequisite, which may be crucial for effective 
conservation (i.e. conservation genetics) of the species 
concerned. The genetic information obtained would help in 
delineating proper sustainable management strategies and 
predicting the effects of proposed management alternatives 
on the viability of a species. 

Additionally, genetic information is crucial in 
characterizing a species and for monitoring a potential 
changes in the genetic makeup and adaptive values as a 
result of interaction between wild and cultured populations, 
translocation or environmental changes (Jørstad et al. 2004; 
Utter 2004; Perrier et al. 2013) of this economically 
important species. The blending of cultured mud crabs with 
unadulterated wild stock found in open water bodies may 
accrue in unfit mud crabs contrasted with the local wild 
stock. Genetic data would, likewise, be helpful in the 
determination of ideal stocks for an efficient rearing 
projects and restocking. In the former, populations with 
high genetic diversity are chosen as broodstocks, while in 
the later, populations with high intraspecific genetic 
distance are required as contributor and beneficiary 
populations to guarantee the compatibility of gene pools of 
both populations (Lawlor and Hutchings 2004; Utter 2004). 
Furthermore, as genetic materials is acquired, it manifests 
heredity and is dependable for studying phylogenetic 
relationships.  

In this study, phylogenetic analysis of mud crab genus 
Scylla collected across Malaysia was conducted by 
utilizing the mitochondrial DNA cytochrome oxidase 
subunit I (COI) sequencing. Due to quick changes of 
animal mtDNA base sequences, mtDNA COI is an 
effective method for evaluating hereditary connections of 
individuals or populations within and between species and 
furthermore to identify and measuring the phylogeny 
among various species.  

MATERIALS AND METHODS  

Sample collection 
The sampling activity was performed during the years 

2010 to 2012 from nine mangrove areas in Malaysia. A 

total of nine locations were chosen for sampling. Several 
field trips were conducted across Peninsular Malaysia 
before the selection of suitable sampling locations. 
Consequently, nine suitable locations were selected and 
these include two locations from the east coast of 
Peninsular Malaysia namely Kelantan and Terengganu, 
four locations from the west coast of Peninsular Malaysia 
namely Langkawi, Kedah, Penang, Perlis and Perak, and 
only one location from Johor (south of Peninsular 
Malaysia). We also managed to sample individuals from a 
single population from Sarawak and Sandakan, Sabah, both 
located within the Borneo region. Justification of choosing 
these sampling locations is that they encompass the 
distributional range of mud crab genus Scylla within 
Malaysian waters. Crab pots with fish as bait were used to 
trap and catch the crab. Approximately seven crab pots 
were placed at identified mangrove areas in all sampling 
locations. The trap were spaced at precisely 100 meter 
apart from each other and were monitored for three 
successive days, 24 hours per day. Fortunately, our 
sampling activities were also facilitated by personnel from 
the Fisheries Research Institute (FRI) and the Department 
of Fisheries Malaysia (DoF). All samples caught were 
morphologically identified and classified on the basis of 
morphology and body coloration.  

Approximately 2 cm segment of muscle tissues from a 
right single claw of each crab was clipped and fully dipped 
in a labelled 2 ml eppendorf tubes containing 95% alcohol 
for DNA extraction. These reference specimens were then 
transported to Lab 308, Universiti Sains Malaysia for 
molecular analysis. The voucher specimens were deposited 
at the Centre of Marine and Coastal studies (CEMACS) 
Collection Centre, Muka Head, Penang following standard 
preservation protocol.  

Preservation of voucher specimen is a central part to 
record biodiversity samples through time and the most 
crucial step for this purpose is fixation. In this study, all 
voucher specimens were thoroughly cleaned with water to 
remove any contamination. The specimens were initially 
fixed in 10% formalin for a week. This solution is ideal for 
fixation of a marine organism in a tropical environment 
such as Malaysia. After a week, all samples were removed 
from formalin and rinsed with water to wash out excessed 
formalin. 
 
Polymerase chain reaction (PCR) and sequencing 

Total genomic DNA from all the specimens were 
extracted based on the protocols from AquaGenomic 
Solution Kit (BioSyntech, USA) in the presence of 
Proteinase K. A slight modification of the original protocol 
was made in order to get maximum yield of DNA. The 
quality and quantity of extracted DNA was checked by 
electrophoresis, which was conducted on a 1% agarose gel 
in Tris-Borate-EDTA (TBE) buffer solution at 100V, 
500mA for approximately one hour. The agarose gel was 
stained with ethidium bromide (EtBr) prior to visualization 
for the presence of the extracted DNA band in a gel 
documentation system (GENE Flash). The intensity of 
band indicates DNA quality. The quality and quantity of 
extracted DNA were also confirmed by use of 



 B IODIVERSITAS 18 (4): 1696-1704, October 2017 

 

1698 

spectrophotometer. The DNA quality having values 1.8-2.0 
based on OD260/OD280 and quantity above 10 uL 
suspended in 50 uL of ddH2O were chosen for Polymerase 
Chain Reaction (PCR) amplifications. 

The isolated DNA template was amplified using primer 
pair of cytochrome oxidase c subunit I (COI). Primers used 
for amplification were: Mtd-10 5’- T TGA TTT TTT GGT 
CAT CCA GAA GT - 3’ (Roehrdanz 1993) and C/N 2769 
5’- TT AAG TCC TAG AAA ATG TTG RGG GA - 3’ 
(Gopurenko et al. 1999). PCR was conducted in an 
eppendorf Master Cycler in a total volume of 20 uL based 
on the optimized conditions. The mixture consists of 10x 
PCR buffer, 2.5 mM dNTP mixture, 5U of i-Taq DNA 
polymerase, 25mM MgCl2, 0.5 pmol of each forward and 
reverse primer and 1.6 µl (20 ng) of DNA from each 
sample. Aliquots were then transferred into each of 0.2 mL 
labelled tube with DNA individually added for each 
sample. The thermal regime were 35 x [94°C for 30 s, 50°C 
for 30 s, 72°C for 1 min, 94°C for 3 min] and a final 
incubation at 72°C for 5 min. All amplified PCR products 
were then purified by using MEGA Spin Total Fragment 
DNA Purification Kit (Intron Biotechnology INC. Korea), 
an important step to avoid excess nucleotides, salts or 
primers. The purified PCR product was run on a 1.5% 
agarose gel with 100 bp ladder to compare the length of 
amplified PCR products and visualized on a GENEFLASH 
Syngene Bio Imaging prior to send for sequencing. Purified 
PCR products were stored at 4oC in a freezer. 

The PCR products were then purified according to the 
protocols from PCR Purification kit (PROMEGA) and sent 
to First Base Laboratories Sdn Bhd (1st BASE) for 
sequencing. Sequencing of products was done on the 
Applied Biosystems machine based on principles of Sanger 
sequencing method (dideoxy sequencing). The dideoxy 
nucleotides were fluorescently labelled and each nucleotide 
position was read based on different wavelengths. 

 
Sequence analysis 

Multiple DNA sequences were compiled, edited and 
aligned to generate unambiguous operational taxa units 

using Clustal W ver. 1.6 (Thompson et al. 1994) which is 
integrated in MEGA ver. 5.05 (Tamura et al. 2011). This 
was also includes four sequences of adult S. serrata based 
on morphological inspection (samples were obtained from 
a restaurant and it is believed to have originated from 
Sulawesi -3 sequences and Pulau Jawa -1 sequence, 
respectively). Another three sequences of S. serrata from 
GenBank that originated from three different countries 
were also included in this analysis. Sequences were then 
blast in BOLD (Barcode of Life Database system) and 
BLAST (Basic Local Alignment Search Tool) database 
(http://www.ncbi.nlm.nih.gov/blast) to assign each 
individual into its respective taxon.  

Phylogenetic analysis 
Intraspecific and interspecific pairwise genetic 

distances (Ds; Nei 1972; Nei 1978; Kalinowski 2002) were 
calculated under the Tamura-Nei genetic distance (Tamura 
and Nei 1993) performed in MEGA ver. 5.05 software 
(Tamura et al. 2011) for COI gene with gaps treated as 
missing data. The same software was used to cluster COI 
haplotypes into a Maximum Parsimony (MP; Farris 1983) 
and Neighbour-joining (NJ) phylogeny, employing 10, 000 
bootstrap replicates. To clearly present the phylogenetic 
tree, only 51 sequences including the four sequences of S. 
serrata obtained from restaurant were used to construct 
both MP and NJ trees as representatives of all sequences. 
Both tree reconstructions were rooted using two indigenous 
portunids Stoliczia chaseni (GeneBank accession number: 
AB290645.1) and Johora singaporensis (GeneBank 
accession number: AB290641.1) as an outgroup.  

RESULTS AND DISCUSSION 

A total of 201 samples of genus Scylla were 
successfully collected across the nine sampling locations 
across Malaysia (Figure 1).  

 
 
 
 
 

 
 
Figure 1. Location of the nine sampling sites across Malaysia 
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Of these, less than 100 adult crabs were positively 
assigned to three species based on their morphological 
characters namely S. olivacea, S. tranquebarica and S. 
paramamosain. The rest of the samples failed to assign to 
their respective species based on their morphological 
characteristics because they are immature samples. Among 
the total samples, S. olivacea was the most commonly 
occurred species with 111 individuals collected from all 
sampling localities (except Johor and Sabah), followed by 
S. tranquebarica and S. paramamosain with 61 and 29 
individuals caught respectively. In this study, S. 
tranquebarica was absent in Langkawi and Penang, but 
they are the only species inhibit mangrove areas in Johor 
and Sabah. Interestingly, no S. serrata was collected from 
the sampling locations. Table 1 provides a summary of 
species occurrences at each sampling site as illustrated in 
Figure 1.  

All samples were successfully sequenced for the COI 
region, and no evidence was observed in the final 542 bp 
alignment to indicate the presence of pseudogenes in the 
data set. The alignment had 77 variable sites with 50 
parsimoniously informative sites (Table 2). No insertions, 
deletions or stop codons were observed among the aligned 
sequences. Lack of stop codons in the sequences confirmed 
that the sequences were functional protein coding gene for 
mitochondrial COI.  

Within the four species, intraspecific divergence ranged 
between 0.3 to 1.0% while interspecific divergence ranged 
from 10% to 21% with comparatively low divergence 
between S. paramamosain and S. tranquebarica and high 
divergence between S. paramamosain and S. olivacea 
(Table 3). The topology generated by MP (Figure 2) and 
NJ (Figure 3) analysis of COI barcodes showed monophyly 
of all four species which was strongly supported by 
bootstrap analysis at all nodes. Above all, the absence of 
Malaysian S. serrata is highlighted. The phylogenetic tree 
shows that S. tranquebarica and S. olivacea were more 
related to each other while S. paramamosain formed a 
sister group to this cluster. Scylla serrata was the most 
basal among the four species in both trees. 

Discussion 
Results of the mtDNA COI gene analysis in the present 

study have shed light on the genetic makeup of Scylla 
species, particularly from Malaysia. The high number of 
parsimonious-informative sites indicates that COI mtDNA 
is an informative and effective locus candidate for 
phylogenetic and molecular taxonomy studies (Kamarudin 
et al. 2011) (Table 2). The phylogenetic analysis of the COI 
gene confirmed the reciprocally monophyletic status 
between all Scylla sequences (Figures 2 and 3), thus shows 
less and/or no geographical association (see Rosly et al. 
2013). The monophyly of all species was also well 
established with a very low intraspecific and high 
interspecific genetic distances respectively (Table 3). 
Additionally, the genetic relationships revealed by the 
maximum parsimony (MP) and neighbor-joining (NJ) trees 
are in high agreement (four monophyletic clusters) with the 
same phylogenetic sister-species relatedness with the 

previous molecular phylogeny study of Scylla, which was 
also based on COI sequence data (Keenan et al. 1998).  

In this study, Scylla olivacea formed the terminal taxon, 
followed by S. tranquebarica, S. paramamosain and S. 
serrata which formed the most basal, although the support 
was not very high (Figures 2 and 3). Despite the fairly wide 
geographical coverage within the Malaysian waters of 
Scylla sampling in this study (Figure 1), no genetically 
identified S. serrata was detected. Many previous 
researchers have reported the abundance of S. serrata (see 
Overton et al. 1997; Keenan et al. 1998; Gopurenko et al. 
1999; He et al. 2010; Fratini et al. 2010) in the neighboring 
waters and it seems unlikely and puzzling that the species 
does not occur in Malaysia.  

 
 
Table 1. Number of individuals in each sampling site based on 
mtDNA COI sequence analysis for three species within genus 
Scylla from Malaysia.  
 

Sampling 
sites 

Number of individuals 
S. olivacea S. tranquebarica S. paramamosain

Perlis 9 1 0 
Langkawi, 
Kedah 15 0 1 

Penang 31 0 7 
Perak 24 10 10 
Kelantan 5 2 7 
Terengganu 8 4 2 
Johor 0 10 0 
Sarawak 19 9 2 
Sabah 0 25 0 
Total 111 61 29 
 
 
 
 
Table 2. Number of haplotype (Nhap) and number of site 
(variable, conserved and parsimonious informative sites) for each 
member within genus Scylla. N = sample size  
 

Taxa N Nhap 

Number of sites 

Variable Conserved
Parsimonious
informative 

sites 
S. olivacea 111 66 50 492 35 
S. tranquebarica 61 12 12 530 8 
S. paramamosain 29 16 15 527 7 
S. serrata  
(imported, not  
from sampling site) 

4 3 2 540 1 

 
 
 
 
Table 3. Pairwise Tamura-Nei genetic distances (Ds) among and 
within species of Scylla 
 
Species S. olivacea S. tranquebarica S. paramamosain 
S. olivacea 0.011   
S. tranquebarica 0.172 0.003  
S. paramamosain 0.209 0.100 0.006 
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Figure 2. Maximum Parsimony (MP) phylogenetic tree showing the relationships among cytochrome c oxidase I (COI) sequences of 
Scylla with additional sequences from GenBank and sequences of imported S. serrata from Indonesia 
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Figure 3. Neighbour-joining (NJ) phylogenetic tree showing the relationships among cytochrome c oxidase I (COI) sequences of Scylla 
species (with additional sequences from GenBank and sequences of imported S. serrata from Indonesia) 
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An obvious explanation is overharvesting may have 

caused such a decline that the limited number of samples 
and efforts failed to trap any S. serrata. But this species is 
not considered as an endangered group. However, there 
may be other underlying reasons, which cannot be 
pinpointed based on present knowledge. A study by 
Kosuge (2001) reported that out of 81 individuals, more 
than 60% of mud crab species sampled from the Matang 
Mangrove Forest Research off the Straits of Malacca were 
S. serrata while S. olivacea made up the remaining samples 
(no S. paramamosain and S. tranquebaria were reported). 
This earlier finding is in wide contrast to this study. 
However, 80% of the mud crabs sampled by Kosuge 
(2001) were immature. This could have led to 
misidentification. 

The area which is close to the original sampling by 
Kosuge (2001) was resampled to further confirm the 
existence of S. serrata in the location recorded in Kosuge 
(2001). Accordingly, both types (two groups of 
morphological variants) of S. serrata were obtained in this 
study (unpublished data). However, COI gene did not 
identify any of the two groups into S. serrata species. 
Furthermore, several researchers (Ikhwanudddin 2001; 
Ikhwanuddin et al. 2010, 2011; Mohammad Zaidi et al. 
2011) reported that this species is not found on the 
continental coast of the South China Sea based on 
morphological characters, although they are common in the 
Indo-Pacific Ocean (Keenan et al. 1998). However, these 
previous Malaysian studies were only focused on the Setiu 
Wetlands and Sarawak. The Straits of Malacca are an 
extension of this wide ocean, which is the native habitat of 
this species.  

While several authors have recorded panmixia for this 
species over a wide geographical range, Gopurenko and 
Hughes (2002) recorded a strong genetic structure on a 
meso-geographic scale in Australia. These differences were 
attributed to the differential influence of abiotic factors 
acting on the movement and/or on the survival within the 
different parts of the species distributional range during its 
pelagic phases. If it is proven by further extensive and 
intensive sampling, that S. serrata is not present in the 
surrounding of Malaysian waters and possibly slightly 
beyond, it could be hypothesized that they may be 
hydrological factors that prevent recruitment into the 
Malaysian waters. Fratini et al. (2010) did an extensive 
phylogeographic study of this species in the Indo-West 
Pacific Ocean (from Africa right to Australia including 
Southeast Asia) but it is noteworthy to add that no samples 
within the present area of study were included in their 
analysis. Similarly, He et al. (2011) analyzed a total of 439 
sequences from 24 locations throughout the Indo-West 
Pacific but no Malaysian samples were included 
(presumably because no previous molecular study has been 
conducted in Malaysia). Thus, more sampling efforts and 
utilization of molecular markers are needed to confirm their 
presence as reported by Kosuge (2001), or otherwise, in the 
Straits of Malacca. 

On the whole, in this study we were able to provide 
useful insights into phylogenetic relationships and genetic 

identity of Scylla species; particularly from Malaysia and 
surrounding waters. However, further studies using larger 
samples from other areas of its geographical distribution, 
sequence data from other mtDNA regions, and information 
based on nuclear DNA markers are required before any 
appropriate conservation management strategies for Scylla 
species are implemented. 
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