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Abstract. The existence of mole crabs had been reported from the southern coast of Central Java. However, no mole crab data was
available from the northern coast of Central Java. This study aimed to figure out the existence of mole crabs on the northern coast of
Central Java, as revealed from the cytochrome c oxidase 1 (COIl) barcoding. Mole crabs samples collected in Sendang Sikucing Beach
Kendal. The taxonomic status of the samples was inferred from sequences similarity test using the basic local alignment search tool to
conspecific sequence deposited in GenBank. Pairwise genetic distances were calculated based on the Kimura 2-parameter model. A
phylogenetic tree had reconstructed in molecular evolutionary genetic analysis (MEGA) software based on a neighbor-joining algo-
rithm. Branching reliability was obtained from 1000 bootstraps replication, while branching polarity was obtained from the out-group
comparison. The mole crab samples from the northern coast of Central Java had unambiguously identified as Emerita emeritus based on
high sequences similarities (98.27%-99.70%). The decision was supported by low genetic distances (0.002-0.005) and their monophyly
with Emerita emeritus (KR047035) in GenBank. Pairwise analysis among each possible pair of samples had genetic distances ranged
between 0.000 and 0.005, indicated that all sample belongs to single species. The data provide the first record of the existence of Emeri-
ta emeritus on the northern coast of Central Java. Our data on the existence of E. emeritus on the northern coast of Central Java is
among essentials information as a scientific basis in creating policy for the management of sustainable use of the mole crabs in the

areas.
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INTRODUCTION

Mole crabs or sand crabs from superfamily Hip-
poidea are widely distributed over the World. This
macrozoobenthos buried under the sand surfaces at
the intertidal zone (Wardiatno et al., 2016; Bhagawati
et al., 2016; Pramithasari et al., 2017). It had reported
that mole crabs play an important role in the intertidal
zones of tropical and subtropical regions to stabilize
the food chain in the marine environment (Wilson &
Wolkovich, 2011; Beasley et al., 2012; Lastra et al.,
2016).

Hippoidea is divided into three different families,
e.g., Albuneidae, Blepharipodidae, and Hippidae.
Albuneidae consisted of one genus of Albunea. Hip-
pidae consisted of Emerita and Hippa (Boyko &
McLaughlin, 2010). Ten species of Emerita have
been described from all over the universe (Boyko &
McLaughlin, 2010), and their distribution has been
summarized by Mahapatro et al. (2018). Three genera
of Hippoidea reported from Indonesia waters; i.e.,
Albunea, Emerita, and Hippa (Bhagawati et al., 2016;
Pramithasari et al., 2017).

Previous studies reported that various species of
mole crabs inhabit Indonesia’s coastal areas. Five
species of Hippa that have been described from Indo-

nesia that are H. adactyla, H. admirabilis, H. ovalis,
H. marmorata, and H. celaeno (Wardiatno et al.,
2014; Muzammil et al., 2015). Other species of mole
crab reported from the southern coast of Java Island.
For instance, Pramithasari et al. (2017) found Albune
symmysta from intertidal zones of Samas and Congot
beaches in Yogyakarta. E. emeritus was reported from
Bulus Pesantren Beach Kebumen Regency (Mashar &
Wardiatno, 2013) and other offshore areas on the
southern coast of Java Island (Wardiatno et al., 2015).

Morphological identification of mole crabs has a
long-standing impediment due to high morphological
variability within species (Rudolf et al., 2016). There-
fore, accurate species-level identification of mole crab
needs an additional method. The identification meth-
od with a highly precise result can be performed
through molecular identification using cytochrome ¢
oxidase 1 (COI) barcode. The COI barcode has been
widely used in animal identification (Ward et al.,
2009; deWard et al., 2011). In DNA barcoding, spe-
cies identification is based on the genetic distance of
2 t0 3% (Hubert et al., 2012) or even genetic distance
among individuals within species that might reach of
6.8% up to 24.8% depending on the fish group (Perei-
raetal., 2013).
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Several studies had successfully identified animals
into species-level depend on the availability of refer-
ence sequences in the database. For example, Nuryan-
to et al. (2017) were successfully identified fish larvae
specimens until species level. Other studies also
proved that the partial sequence of the COI gene as a
reliable marker for species determination in crusta-
cean (Weiss et al., 2014; Raupah 2015; Matelatto et
al., 2016).

All previous studies on mole crabs in Indonesia
had performed either outside of Java Island or on the
southern coast of Java. No study reported the exist-
ence of mole crabs from the northern coast of Java,
neither based on morphology nor molecular identifi-
cation. Therefore, taxonomic study through deep and
careful identification is a vital step to explore the
existence of mole crabs on the northern coast of Java
and to ensure which species exist. This study aimed to
explore the existence of mole crabs on the northern
coast of Java Island with special emphasis in northern
Central Java. Molecular identification was chosen due

to the nature of mole crabs that showed high morpho-
logical divergence within species.

The data obtained is essential as a scientific basis
for decision-making to create regulation on sustaina-
ble use of mole crabs on the north coast of Java. The
data extended the reliability of the COIl gene as an
identification tool in a taxonomic study with the con-
sequences of improving the importance of taxonomic
study in the applied field of science.

METHODS

Sampling site

Mole crab samples were collected using incidental
sampling techniques in Sendang Sikucing Beach,
District of Weleri, Kendal Regency (Figure 1). Sam-
ple collection was performed using push nets (locally
known as jaring sodo) and helped by local fishermen.
Field trips had conducted in March, April, and Sep-
tember 20109.

Nl e oY

Figure 1. Sampling site in Sendang Sikucing Beach (Source: Legend)

Sample Handling

The whole individual of mole crab samples was
preserved in ethanol 70% for morphological observa-
tion. A small fraction of pereopod was cut off and
preserved in 96% pro analytic ethanol for molecular
identification.

DNA Isolation, Amplification, and Sequencing

The isolation of total DNA, PCR amplification,
and sequencing of the partial sequences of the COI
barcode were performed at 1% BASE (www.base-
asia.com, No 7-1 to 7-4, Jalan SP 2/7 Taman Serdang

Perdana, Seksyen 2, Seri Kembangan 43300, Selan-
gor, Malaysia). The partial sequences of COI barcode
were multiplied in polymerase chain reaction tech-
nique using metazoan universal primer LCO1490:5’-
GGTCAA CAAATCATA AAG ATATTG G-3’dan
HCO2198:5’-TAA ACTTCAGGG TGA CCA AAA
AAT CA-3’ (Folmer et al., 1994).

Data Analysis

The nucleotide sequences of the partial COI gene
were edited and aligned together using Bioedit soft-
ware (ver. 7.0.5; Hall, 1999). Sequences alignment
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was conducted using ClustalW (Thompson et al.,
1994) in Bioedit ver. 7.0.5; Hall, 1999). Functional
cytochrome ¢ oxidase 1 gene was determined by
translating the nucleotide sequences to an amino acid
in ORFfinder online software
(https://www.ncbi.nIm.nih.gov/orffinder/;  National
Center for Biotechnology Information, U.S. National
Library of Medicine 8600 Rockville Pike, Bethesda
MD, 20894 USA). Taxonomic status of the samples
obtained from the homology test to the conspecific
sequences data deposited in GenBank
(https://www.ncbi.nIm.nih.gov/orffinder/;  National
Center for Biotechnology Information, U.S. National
Library of Medicine 8600 Rockville Pike, Bethesda
MD, 20894 USA). Additional data of genetic distanc-
es and monophyly of the samples were calculated in
MEGA X (Kumar et al., 2018). Genetic distances and
monophyly of the samples were estimated based on
the Kimura-2 Parameter (K2P) model of evolution.
The polarity of tree branches was obtained from other
mole crab species (Albunea symysta MG930985, Al-
bunea paretii  MF490048, Albunea gibbessi
MF490047) and out-group comparisons. Scylla serra-
ta (accession number KM528133) had used as out-
group species. The reliability of the branching pattern
was obtained through 1000 non-parametric pseudo-
replicates.

RESULTS AND DISCUSSION

The taxonomic status of the samples was defined
based on the homology values of the sample sequenc-
es compared to the reference sequences deposited in
GenBank. The homology test of four female and four
individual male samples used Basic Local Alignment
Search Tool (BLAST) showed that the samples had
homology value ranged between 98.27 and 99.98 to
the sequence of E. emeritus (accession number
KR047035). Complete data on sequences homology

and the taxonomic decision of the sample to the con-
specific sequence are presented in Table 1.

It can be seen in Table 1 that all samples had se-
guence homologies higher than 97% and sequence
divergences to the reference species less than 3%.
According to those either homology values or se-
guence divergences, the mole crabs samples from the
northern coast of Central Java were undoubtedly de-
termined as E. emeritus. High genetic homology
among crustacean specimens with reference conspe-
cific sequences and low sequence divergence among
individuals have also been reported in another study
(Bilgin et al., 2014). High genetic homology among
individuals within species was also reported in fish
(Nuryanto et al., 2017; Ko et al., 2013). However,
comparing to study form Nuryanto et al. (2017) and
Ko et al. (2013), did not hundred percent parallel
since our present study and the study from Nuryanto
et al. (2017) and Ko et al. (2013) were used different
research objects. Here we used mole crab as a re-
search object, while Nuryanto et al. (2017) and Ko et
al. (2013) used fish larvae as their research objects.
However, from that comparison, we obtained insight
that different groups of animals might show a variable
value of genetic homology and divergences within
species. It proved by da Silva et al. (2011) and Buck-
lin et al. (2010) that different group animal species
showed highly variable genetic homology and differ-
ences among intraspecific individuals. All those pre-
vious studies strengthen our decision that the mole
crab samples from the northern coast of Central Java
belong to E. emeritus.

Kimura 2-parameter (K2P) genetic distance analy-
sis showed a low value of genetic distances either
among mole crabs samples with reference sequences
in the database or among each pair of the samples.
Those genetic distance values were much lower com-
pared to that value among species of Hippoidea (Ta-
ble 1).

Table 1. Sample code, homology values of the samples, and taxonomic decision

Code  Homology (%) Seq.Div. (%) Reference Species Taxonomic decision
w1 99.55 0.45 Emerita emeritus KR047035 Emerita emeritus
W2 99.70 0.30 Emerita emeritus KR047035 Emerita emeritus
EWB1 98.98 1.02 Emerita emeritus KR047035 Emerita emeritus
EWB2 99.12 0.88 Emerita emeritus KR047035 Emerita emeritus
EWB3 99.26 0.74 Emerita emeritus KR047035 Emerita emeritus
EWJ1 99.41 0.59 Emerita emeritus KR047035 Emerita emeritus
EWJ2 98.27 1.73 Emerita emeritus KR047035 Emerita emeritus
EWJ3 99.55 0.25 Emerita emeritus KR047035 Emerita emeritus

Remarks: W1, EWB1-3= female individuals; W2, EWJ1-3= male individuals; Seq.Div.= sequence divergence
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Table 2. Kimura 2-parameter (K2P) genetic distances between individuals within and among species

W1 Ee w2 EWB1 EWB2 EWB3 EWJ1 EWJ2 EWJ3 Pl As Ap Ag
w1
Ee 0.004
W2 0.002 0.002
EWB1 0.002 0.002 0.000
EWB2 0.000 0.004 0.002 0.002
EWB3 0.000 0.004 0.002 0.002 0.000
EWJ1 0.004 0.004 0.002 0.002 0.004 0.004
EWJ2 0.002 0.005 0.004 0.004 0.002 0.002 0.005
EWJ3 0.002 0.002 0.000 0.000 0.002 0.002 0.002 0.004
P1 0.256 0.253 0.256 0.256 0.256 0.256 0.256 0.256 0.256
As 0.256 0.253 0.256 0.256 0.256 0.256 0.256 0.256 0.256 0.000
Ap 0.224 0.222 0.224 0224 0224 0.224 0224 0.222 0.224 0.190 0.190
Ag 0.230 0.233 0.230 0.230 0.230 0.230 0.233 0.233 0.230 0.209 0.209 0.217
Ss 0.262 0.259 0.262 0.262 0.262 0.262 0.262 0.262 0.262 0.253 0.253 0.237 0.290

Remarks: W1-2, EWB1-3, EWJ1-3= mole crabs samples from north coast of Central Java, Ee= Emerita emeri-
tus KR047035, P1= mole crabs sample from south coast of Java, As= Albunea symysta, Ap= Albune aparreti,

Ag= Albunea gibbessi, Ss= Scylla serrata

A low level of genetic distances among our sam-
ples indicated that our sample belongs to single spe-
cies. Low genetic distance was also observed between
all our samples with the reference sequences of E.
emeritus (accession number KR047035), while the
interspecies pairwise comparison showed high genetic
distances (Table 1). Low genetic distance to the refer-
ence sequences becomes a strong indication that all
the samples genetically identified as E. emeritus. This
decision was performed based on several references.
Pereira et al. (2013) found that genetic distances
among individuals from single species ranged from
0.00 up to 0.085. The low genetic distance of 0.002
was reported by Nuryanto et al. (2017) on two mor-
photypes larvae, which was suggested to belong to
single species. Additional earlier studies also proved
that individuals from single species had low genetic
distances (Thirumaraiselvi et al., 2015; Hubert et al.,
2012), even among conspecific specimens collected
from geographically  separated populations
(Sachithanandam et al., 2012). Higher genetic dis-
tance among individuals from single species was re-
ported in other groups of animals, such as in thrips
(Kurniawaty et al., 2016), and in Lepidoptera
(deWaard et al., 2011). It seems that genetic distances
among intraspecific individuals varied among animal
phyla. Nevertheless, previous studies have evidenced
that intraspecific genetic distance was lower than
interspecific specimens. Therefore, our inference that
mole crab samples from the northern coast of Central
Java that belong to E. emeritus based on low genetic
distances to the reference E. emeritus (KR040735)
species available in GenBank was undoubted.

The phylogenetic tree showed that all samples and
conspecific references formed a monophyletic group

(Figure 2). The monophyly of the samples to the ref-
erence species had supported by a perfect bootstrap
value of 100. This value indicated that all trees (1000)
that were reconstructed during the analysis had simi-
lar branching patterns for the monophyly of the sam-
ples and the reference species (E. emeritus
KR047035).

The monophyly of our samples with reference
species strengthens the previous decision that both
samples belong to E. emeritus. Previous studies
proved that individuals from single species form a
clade in the phylogenetic tree if they are compared to
their conspecific relatives and supported by high
bootstrap value (Nuryanto et al., 2017; Kurniawaty et
al., 2016; Victor et al., 2009).

The presence of E. emeritus had been reported
from several coastal areas in Indonesia (Pramithasari
et al., 2017; Wardiatno et al., 2015; Mashar & Wardi-
atno, 2013). However, the existence of E. emeritus
on the northern coast of Central Java had never been
reported. Therefore, the success of the COI barcoding
of mole crab samples from the northern coast of Cen-
tral Java, as resulted in this study, proved that mole
crabs E. emeritus exist in that coastal area. Our find-
ing was the first record of the existence of Emerita
emeritus on the northern coast of Central Java Prov-
ince.

The data on the existence of E. emeritus on the
north coast of Central Java is valuable for the man-
agement of sustainable use of that natural resource in
the area. The data also provide additional evidence
that molecular systematic is a valuable tool for biodi-
versity assessment, especially for species-level identi-
fication in highly polymorphic species, such as mole
crabs.
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Figure 2. Phylogenetic tree showing the monophyly of
from GenBank (blue squares)

CONCLUSION

Based on high homology value, low genetic dis-
tance, and monophyly of our samples with the refer-
ence sequences, it can be concluded that mole crab
Emerita emeritus exists on the northern coast of Cen-
tral Java. This result was the first report of the exist-
ence of mole crabs on the north coast of Central Ja-
va.
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