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Intra- and Inter-specific Variation of Four Acetes Species (Crustacea: Decapoda:
Sergestidae) Sampled along the West Coast of Peninsular Malaysia

(Variasi Intra- dan antara Spesies Empat Spesies Acetes (Crustacea: Decapoda: Sergestidae)
disampel Sepanjang Pantai Barat Semenanjung Malaysia)
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ABSTRACT

The intra- and inter-specific variation of Acetes shrimps were evaluated based on samples collected from in-shore catches
and off-shore trawling around the west coast of Peninsular Malaysia. Species captured were identified as Acetes indicus,
A. serrulatus, A. japonicus and A. sibogae. A region of the mitochondrial cytochrome c oxidase subunit I (COI) gene
comprising 552 base pairs (bp) was amplified from 159 Acetes specimens. The sequence alignment analysis generated
phylogenetic trees which depicted the four major clades that were consistent with the species identified morphologically.
These four species varied considerably for haplotype and nucleotide diversity, with A.indicus and A. serrulatus showing
different demographic histories. Furthermore, the observation of two clades in the A. indicus and A. sibogae lineages,
with relatively high levels of intraspecific divergence, suggests that cryptic diversity is possibly present in these two taxa.
This study has contributed to the knowledge of the distribution patterns and molecular phylogenetics of four Acetes spp.
in the Straits of Malacca.
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ABSTRAK

Variasi intra- dan antara spesies Acetes dinilai berdasarkan sampel yang dikumpulkan daripada tangkapan di pantai
dan tunda di luar pesisir pantai di sekitar pantai barat Semenanjung Malaysia. Spesies yang ditangkap dikenal pasti
sebagai Acetes indicus, A. serrulatus, A. japonicus dan A. sibogae. Suatu kawasan gen sitokrom ¢ oksidase mitokondria
subunit I (CoI) yang terdiri daripada 552 pasangan bes (bp) telah teramplifikasi daripada 159 spesimen Acetes. Analisis
penjajaran jujukan menghasilkan pokok filogenetik yang menggambarkan empat klad utama adalah tekal dengan spesies
yang telah dikenal pasti secara morfologi. Empat spesies ini sangat berbeza daripada segi kepelbagaian haplotip dan
nukleotid dengan A.indicus dan A. serrulatus menunjukkan sejarah demografi yang berbeza. Tambahan pula, pemerhatian
titisan dalam dua klad A. indicus dan A. sibogae, dengan tahap perbezaan intraspesies yang agak tinggi, menunjukkan
bahawa kepelbagaian krip mungkin ada dalam dua taksa ini. Kajian ini telah menyumbang kepada pengetahuan tentang
pola taburan dan molekul filogenetik empat Acetes spp. di Selat Melaka.

Kata kunci: Acetes; analisis filogenetik; gen COI; Semenanjung Malaysia; spesies kriptik

INTRODUCTION etal.2006). These species also play important roles as both

Acetes shrimps of the family Sergestidae (Decapoda) are
small planktonic shrimps (10-40 mm in total length), which
are locally known as ‘Udang Geragau’ or ‘Udang Baring’
(Omori 1978, 1975). Currently, seven out of 14 described
Acetes species have been found within Malaysian coastal
waters, namely Acetes indicus, A. japonicus, A. serrulatus,
A. vulgaris, A. sibogae, A. intermedius and A. erythraeus
(Amanietal.2011a,2011b,2011¢c; Aminetal.2011,2010,
2009a, 2009b, 2009¢, 2009d, 2008; Arshad et al. 2012,
2008,2007; Longhurst 1970; Omori 1975, 1978; Pathansali
1966). Landings of Acetes species are confined mainly to
the west coast of Peninsular Malaysia where 75% or more
of the total landing occurs (DOF 2013). Acetes are known
for their commercial importance in subsistence fisheries
(Holthuis 1980; Omori 1978, 1975) and potential use as
feed in agriculture and aquaculture (Deshmukh 1991; Job

predators and prey in the food webs of coastal waters (Xiao
& Greenwood 1993).

Previous studies on Acetes spp. focused mainly on
their population dynamics, distribution, morphology,
reproductive biology, morphometrics and lifecycles (Amani
etal. 2011a,2011b,2011c; Amin et al. 2011, 2010, 2009a,
2009b,2009¢, 2009d,2008; Arshad et al. 2012,2008, 2007,
Wong 2013; Wong et al. 2015). Presently, little is known
about their genetic diversity spanning the common fishing
grounds along the west coast of Peninsular Malaysia. To
conserve the existing resources of these highly exploited
species for long-term sustainable yields, information on
the genetic diversity of Acetes populations is crucial for the
assessment and management of wild stocks (Allendorf &
Luikart 2006; Carvalho & Hauser 1994; Thorpe et al. 2000;
Ward 2000; Ward & Grewe 1994).
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The identification of Acetes species is commonly
based on the global identification keys by Omori (1975)
as this identification system applies to a vast geographical
coverage and is also able to differentiate males from females
at different stages of their life cycles (Wong 2013; Wong et
al. 2015). Conversely, species identification studies using
the mitochondrial cytochrome ¢ oxidase subunit I (cor)
gene have shown the usefulness of its sequence analysis in
examining the phylogenetic and evolutionary relationships
of decapod crustaceans such as penaeid shrimps (Baldwin
et al. 1998), brachyuran crabs of the genus Cancer
(Harrison & Crespi 1999), snapping shrimp genus Alpheus
(Williams et al. 2001), Farfantepenaeus shrimps in Cuban
waters (Garcia-Machado et al. 2001), Western Pacific squat
lobsters (Machordom & Macpherson 2004), European
crayfish genus Austropotamobius (Trontelj et al. 2005),
freshwater glass shrimp Paratya australiensis in eastern
Australia (Cook et al. 2006), giant tiger prawn Penaeus
monodon in Thai waters (Khamnamtong et al. 2009),
Melicertus kerathurus populations in the Mediterranean

Sea and eastern Atlantic Ocean (Pellerito et al. 2009),
Western Mediterranean red shrimp Aristeus antennatus
(Roldan et al. 2009) and Indo-West Pacific portunid crabs
(Lai et al. 2010).

In this study, morphological identification based on
the global identification keys of Omori (1975) and mtDNA
col sequence analyses were used to evaluate the genetic
diversity and phylogenetic relationships among Acetes
species in the west coast of Peninsular Malaysia.

MATERIALS & METHODS

SAMPLE COLLECTION AND IDENTIFICATION

Acetes shrimps were sampled from inshore catches using
push-nets and trawling activities at sea more than 5 nautical
miles (nm) offshore along the west coast of Peninsular
Malaysia (Figure 1), from August 2007 to October 2008.
A global positioning system (GPS) was used to mark the
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FIGURE 1. Map of Peninsular Malaysia showing the 14 sampling locations for this study The sampling locations
are — SGKB: Sungai Kubang Badak; TBHG: Teluk Bahang; KK: Kuala Kurau; KG: Kuala Gula; KS: Kuala Sepetang;
SGT: Sungai Tiang; BPL: Bagan Pasir Laut; BL: Bagan Lipas; TR: Teluk Rhu; SKC: Sekinchan; TKR: Tanjong
Karang; PSETT: Portuguese Settlement; PKKP: Pulau Kukup; SGK: Sungai Kapal; indicated as (°)



geographical position of each sampling location (Table 1).
Perak was the only state in which both in- and offshore
samples were collected. The samples were preserved
immediately in 70% ethanol (Merck, Germany) upon
collection, followed by long-term storage in 95% ethanol as
described by Lai et al. (2010), Wong (2013) and Wong et al.
(2015). Fixation and preservation in ethanol was carried out
to prevent degradation of DNA by enzymes upon death of
the specimens as the latter would subsequently be used for
DNA analyses (Black & Dodson 2003; Bucklin 2009; Diaz-
Viloria et al. 2005; DiStefano et al. 1994; Wong 2013). The
species and sexes of Acetes spp. were identified under a
dissecting microscope (Leica zooM 2000™ , Model No.
745V, Germany), according to the key characters described
by Omori (1975) and Wong (2013) (Table 2).

DNA EXTRACTION, AMPLIFICATION AND SEQUENCING

DNA was extracted from 25 g of muscle sample, using
i-genomic CTB DNA Extraction Mini Kit (iNtRON
Biotechnology Inc., South Korea). Amplification of the
552 bp fragment from the 5’-end of mitochondrial DNA
cytochrome ¢ oxidase subunit I (cor) gene was performed
using PCR (Saiki et al. 1988) with the primer pair LCO1490
(5’-GGT CAA CAA ATC ATA AAG ATATTG G-3’) and
HCO2198 (5’-TAAACTTCA GGG TGACCAAAAAAT
CA-3’) (Folmer et al. 1994). Each PCR reaction mixture
contained 2.5 pL. of 10x PCR buffer (Vivantis), 1.5 mM of
MgCl, (Vivantis), 50 uM of each dNTP (Vivantis), 1 unit
(U) of Taq polymerase (Vivantis), 0.3 uM of each primer
(1st BASE Pte. Ltd., Singapore), 2 uL of DNA template (50
ng) and adjusted to a final volume of 25 uL with deionised
water. The PCR of COI gene was performed on an Eppendorf
Mastercycler® Gradient (Eppendorf, Germany) with the
following profile: Initial denaturation at 94°C for 60 s;
five cycles at 94°C for 30 s, 45°C for 90 s and 72°C for
60 s; 35 cycles at 94°C for 30 s, 51°C for 90 s and 72°C
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for 60 s; followed by a final extension at 72°C for 5 min
(Costaetal.2007; Hebert et al. 2003). Prior to sequencing,
PCR products were purified using the MEGAquick-spin™
PCR and Agarose Gel DNA Extraction System (iNtRON
Biotechnology Inc., South Korea). Purified PCR products
were sequenced from both directions, on an ABI Genetic
Analyzer 3730 (Applied Biosystems).

SEQUENCE ANALYSIS

DNA sequence chromatograms were viewed and manually
edited with Chromas LITE 2.01 (Technelysium Pty. Ltd.,
Australia). Homology search was performed with Basic
Local Alignment Search Tool (BLAST; Altschul et al.
1990). Alignments of the COI sequences were performed
in Molecular Evolutionary Genetics Analysis 4 (MEGA4;
Tamura et al. 2007). The aligned nucleotide sequences
were then translated into amino acid based on invertebrate
mitochondrial genetic code. The sequence variation and
base composition of the amplified sequences were analyzed
using MEGA4 and DnaSP v5.10 (Librado & Rozas 2009).
When homologous sequences from two individuals
differed by one or more than one nucleotide, the sequences
were considered as different haplotypes.

PHYLOGENETIC ANALYSES

Based on all aligned cor sequences, the phylogenetic
relationships among haplotypes were examined by four
phylogenetic methods to verify whether alternative
topologies were supported by different tree-building
methods. Prior to these analyses, the best-fit evolutionary
model of nucleotide substitution was chosen using
corrected Akaike Information Criterion (AIC; Hurvich &
Tsai 1989; Sugiura 1978) in jModelTest 0.1.1 (Posada
2009, 2008).

The calculation of pairwise genetic distances within
and among the four Acetes species and the Neighbour-

TABLE 1. Sampling locations of Acetes species along the west coast of Peninsular Malaysia

State Sampling Location (Abbreviation) Latitude Longitude Sampling Method
Kedah Sungai Kubang Badak (SGKB) 6°23°58.75”N 99°43°32.21”E In-shore
Pulau Pinang  Teluk Bahang (TBHG) 5°27°36.91”N 100°12°44 51”E In-shore
Perak Kuala Kurau (KK) 5°0°11.41°N 100°25°22.47"E In-shore
Perak Kuala Gula (KG) 4°55°0.35"N 100°27°39.54”E In-shore
Perak Kuala Sepetang (KS) 4°51°12.23"N 100°32°9.53"E In-shore
Perak Sungai Tiang (SGT) 3°55’9.28”N 100°36°15.02"E Off-shore
Perak Bagan Pasir Laut (BPL) 3°49°11.80”N 100°41°4.16”E Off-shore
Perak Bagan Lipas (BL) 3°45°48.83”N 100°44°18.62"E Off-shore
Selangor Teluk Rhu (TR) 3°42°47.86"N 100°45°11.12"E Off-shore
Selangor Sekinchan (SKC) 3°26°42.08"N 100°54°39.76”E Off-shore
Selangor Tanjong Karang (TKR) 3°19°48.37”°N 101° 2°20.32"E Off-shore
Malacca Portuguese Settlement (PSETT) 2°10°57.14"N 102°15°57.91”E In-shore
Johor Pulau Kukup (PKKP) 1°19°5.39”N 103°26°37.77"E In-shore
Johor Sungai Kapal (SGK) 1°20°51.04”N 104°13°12.94”E In-shore

(Wong 2013; Wong et al. 2015)
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Joining (NJ; Saitou & Nei 1987) tree were based on the
substitution model of Kimura’s Two Parameter (K2P;
Kimura 1980) and were constructed using MEGA4 in which
the stabilities of the derived clusters in phylogenetic trees
were accessed by 2000 replications of non-parametric
bootstrapping (Felsenstein 1985).

The Maximum Parsimony (MP; Camin & Sokal 1965)
tree was constructed from a heuristic search using Tree-
Bisection-Reconnection (TBR) in Phylogeny Analysis
Using Parsimony (PAUP* 4.0b10; Swofford 2002).
Nodal support was accessed through non-parametric
bootstrapping using the heuristic search option of 1000
replications with 10 random addition-sequence replicates.
The Maximum Likelihood (ML; Felsenstein 1981) tree
was constructed using the starting tree obtained by BioNJ
(Gascuel 1997) and Nearest Neighbour Interchange
(NNT; Jarvis et al. 1983) branch swapping arrangements
in PhyML 3.0 (Guindon et al. 2005). The data set was
bootstrapped for 1000 replications.

Bayesian Inference (BI) was performed using MrBayes
3.1.2 (Huelsenbeck & Ronquist 2001; Ronquist &
Huelsenbeck 2003) with substitution model parameters set
to Iset nst=6 rates=gamma and all priors were left default
to allow estimation of the parameters from the data. Each
BI was conducted three times to check for consistency
of results. Two runs of four Metropolis-coupled Markov
Chain Monte Carlo (MCMC) chains each (one cold chain
and three heated chains, default temperature = 0.20) were
run for four million generations (mcmce ngen = 4000000)
and sampled every 1000th generations (sample freq =
1000). When the average standard deviation of split
frequencies was less than 0.01, 25% of the samples were
discarded as burn-in (sump burnin = 1000). The remaining
trees were used to calculate the posterior probabilities (PP)
and to produce the 50% majority-rule consensus tree after
discarding burn-in samples in each analysis. Probabilities
of 95% or higher were considered significant support. All
the phylogenetic trees were rooted with Sergestes similis
(GenBank Accession Number: DQ882152) as outgroup
and displayed with TreeView 1.6.6 (Page 1996).

In addition, a haplotype network was constructed
for A. indicus and A. sibogae using the TCS 1.13 software
(Clement et al. 2000), which employs a 95% statistical
parsimony method (Templeton et al. 1992). For the
intraspecific variation, haplotype diversity (h; Nei 1987)
and nucleotide diversity (st; Nei 1987) was computed using
DnaSP v5 based on segregating sites (S).

Population structure for each species was carried out
using Analysis of Molecular VAriance (AMOVA; Excoffier
et al. 1992) to produce the pairwise ®-statistics (Weir
& Cockerham 1984) in Arlequin (Excoffier & Lischer
2010). The significant levels of the AMOVA and pairwise
O-statistics were tested with 10000 permutations. When
the overall AMOVA was statistically significant, a Mantel
test (Mantel 1967) was performed in XLSTAT v.2010.3.06
to determine if genetic distance was due to geographical
distance. Statistical significance was determined by 10000
permutations.
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Demographic histories were investigated using the
Neutrality Tests and Mismatch Distribution Analysis.
Tajima’s D (Tajima 1989), Fu’s F (Fu 1997) and the R,
(Ramos-Onsins & Rozas 2002) and their significance was
tested with 10000 coalescent simulations (Hudson 1990)
in DnaSP v5. Mismatch distribution was performed with
Arlequin v3.5 and mismatch figures were created using
DnaSP v5. The parameters of the mismatch distribution or
demographic expansion before and after population growth
(6,and ©)) and time since expansion, T, expressed in units
of mutational time (Rogers 1995; Rogers & Harpending
1992) were estimated using generalised non-linear least-
squares approach (Schneider & Excoffier 1999). Their
respective 95% confidence intervals (CT) were obtained
by parametric bootstrapping with 10000 permutations.
The fit between the observed and expected distributions
under population growth was evaluated by the sum of
square deviations (SsD; Schneider & Excoffier 1999) and
Harpending’s Raggedness Index (r; Harpending 1994) with
10000 bootstrap replicates.

RESULTS

SPECIES IDENTIFICATION OF ACETES

From a total of 159 specimens collected, four main Acetes
species, namely, Acetes indicus (n=69), A. serrulatus
(n=65), A. japonicus (n=13) and A. sibogae (n=12) were
identified based on the key morphological characters
described by Omori (1975) and Wong (2013). Males
and females were identified by the presence of a pair of
protuberances (genital coxae) between the third pereiopods
and first pleopods, a petasma and lower antenullar
flagellum with spine(s) in males but absent in females.
The different species of Acetes were differentiated based
on the apex of telson, petasma and antennular flagellum
of males and third thoracic sternite of females (Table 2).

CYTOCHROME C OXIDASE SUBUNIT I (COI) GENE

The 552 bp of the cor gene fragment (GenBank Accession
Number: HQ630429-HQ630587) amplified in this
study were obtained for 159 specimens and showed 46
haplotypes (Table 3): 11 haplotypes were identified for A.
indicus, 31 haplotypes for A. serrulatus, two haplotypes for
A. japonicus and two haplotypes for A. sibogae. From the
multiple sequence alignment of 46 haplotypes, 167 variable
sites were found, of which 144 and 23 were parsimony
informative sites and singleton sites, respectively. No
insertions or deletions (indels) were found. Most of the
variations (139 sites, 83%) occurred at the third codon
position, while 26 variable sites (16%) were at the first
position. Only two variable sites (1%) were at the second
position.

The mean nucleotide composition of each Acetes species
is shown in Table 4, together with the base composition
according to first, second and third codon position. The
pattern of nucleotide substitution was biased in favour of
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TABLE 3. List of specimens used in this study and their GenBank accession numbers

Lab Identification

Species (specimen no._sex of specimen'_sampling Haplotype GenBank Accession Number

location?)

Acetes indicus AI9_f BPL2 ail HQ630429
All4_m_SGTI1 ail HQ630430
AIl5_f SGTI ail HQ630431
AI26_f PSETT4 ail HQ630432
AI27_m_PSETT4 ai2 HQ630433
AI28_m_BPL2 ail HQ630434
AI29_m_PSETT4 ai3 HQ630435
AI30_f PSETT4 ai4 HQ630436
AI31_m_PSETT4 ai4 HQ630437
AI32_f PSETT4 ai5 HQ630438
AI33_m_PSETT4 ai4 HQ630439
AI34_f PSETT4 ai6 HQ630440
AI35_m_SGTS5 ail HQ630441
AI36_f_SGTS ai7 HQ630442
AI37_m_SGT6 ail HQ630443
AI38_f SGT6 ail HQ630444
AI39_m_BPL7 ail HQ630445
AT40_f BPL7 ail HQ630446
AJ41_m_BPLS ail HQ630447
AI43_m_BL9 ail HQ630448
Al44_f BL9 ail HQ630449
AlI45_m_BL10 ai4 HQ630450
Al46_f BL10 ail HQ630451
AI47_m_SKC11 ail HQ630452
AI49_m_TKR12 ail HQ630453
AISO_f TKRI12 ai8 HQ630454
AI52_f TRI3 ail HQ630455
AI53_m_TKR14 ail HQ630456
AI55_m_SKC15 ail HQ630457
AI56_f SKCI5 ail HQ630458
AIS7_m_BPLI16 ail HQ630459
AIS8_f BPL16 ail HQ630460
AI59_m_SGT17 ail HQ630461
AlI60_f SGT17 ail HQ630462
Al62_f BL9 ail HQ630463
AI63_m_BLI10 ail HQ630464
Al64_f BLI10 ail HQ630465
AI65_m_SKCI1 ail HQ630466
AI66_f SKC11 ail HQ630467
AlI67_m_SKC15 ail HQ630468
AlI68_f SKCI5 ai8 HQ630469
AI69_m_TKR12 ail HQ630470
AI70_f TKRI2 ail HQ630471
AI72_f TKRI14 ail HQ630472
AI73_m_TR13 ail HQ630473
Al74_f TRI3 ail HQ630474
AlI75_m_TR13 ai9 HQ630475
AI76_f TRI13 ail0 HQ630476
AlI77_m_KK19 ai4 HQ630477
AI78_f KK19 ai4 HQ630478
AI79_m_KK19 ai4 HQ630479
AI81_m_KK19 ai4 HQ630480
AI82_f KKI19 ai4 HQ630481
AI83_m_KG26 ai4 HQ630482
AI84_f KG26 ai4 HQ630483
AI85_m_KG26 ai4 HQ630484

(continue)



Continued (TABLE 3)
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Lab Identification
Species (specimen no._sex of specimen'_sampling Haplotype GenBank Accession Number
location?)
AI86_f KG26 ai4 HQ630485
AI87_m_KG26 ai4 HQ630486
AI88_f KG26 ai4 HQ630487
AI89_m_PKKP29 ail HQ630488
AI90_f PKKP29 ail HQ630489
AI92f PKKP29 ail HQ630490
AI93_m_PKKP29 ail HQ630491
AI94_f PKKP29 aill HQ630492
AI95_m_SGK30 ail HQ630493
AI96_f SGK30 ail HQ630494
AI97_m_SGK30 ail HQ630495
AI99_m_SGK30 ail HQ630496
AI100_f _SGK30 ail HQ630497
Acetes serrulatus AS3_m_BPL2 asl HQ630498
AS4_m_SGT]1 as2 HQ630499
AS5_f BPL2 as2 HQ630500
AS6_f BPL2 asl HQ630501
AS7_m_BPL2 as3 HQ630502
AS8_m_SGTI1 as2 HQ630503
AS9_m_SGT5 as4 HQ630504
AS10_f SGT5 as5 HQ630505
AS11_m_SGT6 asl HQ630506
AS12_f SGT6 as6 HQ630507
AS13_m_BPL7 as7 HQ630508
AS14_f BPL7 as2 HQ630509
AS15_m_BPL8 as2 HQ630510
AS16_f BPL8 as8 HQ630511
AS17_m_BL9 asl HQ630512
AS18_f _BL9 as9 HQ630513
AS19_m_BL10 as2 HQ630514
AS20_f BL10 as2 HQ630515
AS21_m_SKCI1 asl HQ630516
AS22 f SKCI11 as8 HQ630517
AS23_m_TKRI12 as10 HQ630518
AS24_f TKRI12 asl HQ630519
AS25_m_TRI3 asl HQ630520
AS26_f TRI3 asll HQ630521
AS27_m_SGT1 as12 HQ630522
AS28_f SGT1 as13 HQ630523
AS30_f BPL2 asl HQ630524
AS31_m_SGT5 asl HQ630525
AS32_f SGT5 asl4 HQ630526
AS33_m_SGT6 as2 HQ630527
AS34_f SGT6 asl5 HQ630528
AS35_m_BPL7 as2 HQ630529
AS36_f BPL7 asl6 HQ630530
AS37_m_BPLS8 asl7 HQ630531
AS38_f BPLS asl8 HQ630532
AS39_m_BL9 as19 HQ630533
AS40_f BL9 asl HQ630534
AS41_m_BLI10 as20 HQ630535
AS42_f BLIO asl HQ630536
AS43_m_SKC11 as21 HQ630537
AS44_f SKCI11 asl HQ630538
AS45_m_TKR12 as22 HQ630539
AS46_f TKRI12 as23 HQ630540

(continue)
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Continued (TABLE 3)

Lab Identification

Species (specimen no._sex of specimen'_sampling Haplotype GenBank Accession Number
location?)

AS47_m_TR13 asl HQ630541
AS48_f TR13 as24 HQ630542
AS49_m_TKR14 as8 HQ630543
AS50_f TKR14 as25 HQ630544
AS51_m_SKCI5 asl HQ630545
AS52_f SKCI15 asl HQ630546
AS53_m_BPL16 as26 HQ630547
AS54_f BPL16 as27 HQ630548
AS55_m_SGT17 as8 HQ630549
AS56_f SGT17 as7 HQ630550
AS58_f TR13 as8 HQ630551
AS64_f SKCI15 as2 HQ630552
AS69_m_PKKP29 asl HQ630553
AS70_f PKKP29 asl HQ630554
AS71_m_PKKP29 asl HQ630555
AS72_f PKKP29 as28 HQ630556
AS73_m_PKKP29 as2 HQ630557
AS75_m_SGK30 asl HQ630558
AS76_f SGK30 as29 HQ630559
AS77_m_SGK30 as30 HQ630560
AS79_m_SGK30 as31 HQ630561
AS80_f_SGK30 asl8 HQ630562

Acetes japonicus AJ1_m_TBHG ajl HQ630563
AJ2_f TBHG aj2 HQ630564
AJ3_m_TBHG aj2 HQ630565
AJ4_f TBHG aj2 HQ630566
AJ5_m_TBHG ajl HQ630567
AJ6_f TBHG18 aj2 HQ630568
AJ7_m_KG26 ajl HQ630569
AJ8_f KG26 aj2 HQ630570
AJ10_f KG26 aj2 HQ630571
AJ11_m_KG26 ajl HQ630572
AJ12_f KG26 ajl HQ630573
AJ13_f KK19 aj2 HQ630574
AJ18_f KK19 ajl HQ630575

Acetes sibogae Asil_m_SGKB28 asil HQ630576
Asi2_f SGKB28 asil HQ630577
Asi3_m_SGKB28 asil HQ630578
Asi4_f SGKB28 asi2 HQ630579
Asi5_m_SGKB28 asil HQ630580
Asi6_f SGKB28 asil HQ630581
Asi7_m_KS27 asil HQ630582
Asi8_f KS27 asil HQ630583
Asi9_m_KS27 asil HQ630584
Asil0_f KS27 asil HQ630585
Asill_m_KS27 asil HQ630586
Asil2_f KS27 asil HQ630587

'f: female, m: male; >sampling location: refer to Table 1

122 transitions (Ts, 44 A<>G and 78 T<>C changes) over
95 transversions (Tv, 62 T<>A, 8 T<>G, 20 C<>A and 5
C<>G changes), yielding a Ts/Tv ratio of 1.28. Furthermore,
from the 196 mutations, 194 (99%) were synonymous
mutations and two (1%) were non-synonymous mutations.
Non-synonymous mutations that resulted in amino acid

substitutions occurred at sites 253, 301 and 434, resulting
in a change from leucine to methionine, alanine to serine,
serine to threonine, respectively. The substitutions resulted
in a change of chemically similar amino acids. Overall, the
pattern of base composition nucleotide substitution was
similar among Acetes species.
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First codon Second codon Third codon Overall
T C A G T C A G T C A G T C A G A+T
A. indicus 238 168 284 310 457 238 125 181 369 9.1 515 25 355 166 308 172 663
A.serrulatus  23.9 169 288 304 457 239 125 179 387 8.7 502 24 361 165 305 169  66.6
A. japonicus  20.7 196 288 31.1 457 239 125 179 332 196 443 30 332 210 285 173 617
A. sibogae 196 201 293 310 457 239 125 179 354 147 418 82 335 196 279 190 614
Overall 233 173 287 308 457 239 125 180 372 102 496 29 354 171 303 172 657
PHYLOGENETIC ANALYSES with the same overall topology, which are four major clades,

Phylogenetic trees constructed based on Neighbour-Joining
(NJ) and Maximum Likelihood (ML), Maximum Parsimony
(MP) and Bayesian Inference (BI) are shown in Figures 2 and
3, respectively. NJ, ML, MP and BI consistently produced trees

99

namely, clade ai, as, aj and asi for A. indicus, A. serrulatus,
A. japonicus and A, sibogae, respectively. The four major
clades corresponded well to the four identified Acetes species
based on morphological characters (Omori 1975; Wong

ras9
Fas11
Fas 19
+as 20
as27

as22

A—as 10
{:as30

100 lr

asd
-l-as25

\

3l e
a2 A. japonicus

Sergestes similis

A . serrulatus

A,

indicus

/

-

e IJ A. sibogae

ai-I

ai-Il

j asi-I

3 asi-ll

FIGURE 2. Neighbour-Joining (NJ) phylogram showing the relationships among COI mtDNA
haplotypes of the Acetes species shrimps
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FIGURE 3. Maximum Likelihood (ML) tree from COIl mtDNA haplotype data under the best-fitting
model HKY+I+G selected by jModeltest

The parameters were as follows: model = HKY8S5, number of substitution types (nst) = 2, proportion of invariable sites
(p-invar) = 0.6220, Transition/Transversion ratio = 4.2197 and gamma () distribution shape parameter (o = 1.7320).
The value at each node represents the bootstrap value (BS, %) for ML / posterior probability (PP) for BI / (BS%) for MP

2013). Each clade was strongly supported by high bootstrap
(BS) values of 97-100% and posterior probability (PP) values
of 0.99-1.00. Furthermore, A. indicus and A. sibogae were
shown to cluster into two distinct clades, respectively.

The mean percentage of nucleotide sequence
divergence (K2P) within and between Acetes species are
summarized in Table 5. The interspecific variation ranged
from 14.50-20.50%. This result indicates that A. sibogae
was the most divergent among the four Acetes species,
followed by A. japonicus, A. serrulatus and A. indicus.
In addition, the two distinct clades of A. indicus and A.
sibogae showed a mean sequence divergence value of
8.94% and 10.93%, respectively.

In the statistical parsimony haplotype network
produced using TCS (Figure 4), both the Acetes indicus
and A. sibogae formed two separate networks. For
A. indicus, the clade ai-1I haplotypes could not be
parsimoniously connected to the ai-/ clade network at
the 95% significance criterion and the corresponding
sequences were separated by at least 44 mutational steps
from ai-I clade haplotypes. Similarly, the haplotype asi2
was separated by 52 mutation steps from the haplotype
asil.For A. japonicus,both ajl and aj2 haplotypes were
connected. All haplotypes of A. serrulatus, with the
exception of as7 and as25, were connected to either one
of the common haplotypes, as/ and as2, with an overall
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TABLE 5. Mean nucleotide sequence divergence (%) estimated with Kimura’s Two Parameter (K2P), based on haplotypes only:
(a) between and within Acetes species and outgroup, Sergestes similis; (b) between and within two distinct clades of A. indicus;
(c) between and within two distinct clades of A. sibogae

Species A. indicus A. serrulatus A. japonicus A. sibogae S. similis (outgroup)
Acetes indicus 4.08

A. serrulatus 14.49 0.63

A. japonicus 17.86 14.69 0.18

A. sibogae 20.47 19.58 19.89 10.30

S. similis (outgroup) 21.35 19.32 21.21 21.57 -
(b) Interclade variation of A. indicus

Clade ai-I ai-1l

ai-1 0.32

ai-1l 8.94 0.36
(c) Interclade variation of A. sibogae

Clade asi-I asi-II

asi-I -

asi-II 10.30 -

? <air () >
, -
all (49)
i
clade ai-I clade ai-1I

(a) A.indicus

s>

as1 (19)

-
as25 (1) >

as?

(¢) A. japonicus

(b) A. serrulatus

asi1 (11)

Eza
(d) A. sibogae

FIGURE 4. Parsimony network of (a) A. indicus, (b) A. serrulatus, (c) A. japonicus and
(d) A. sibogae based on 552 bp of COI amplified in this study

Each oval represents a haplotype and the haplotype in a square has the highest outgroup probability. The size of the oval or square corresponds to the
haplotype frequency. The haplotype abbreviations correspond to the haplotypes as reported in Table 2, and the number in parentheses corresponds to
the frequency of the haplotype. Small circles indicate the number of mutational changes among haplotypes
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appearance of the network resembling a radiating star-like
shape (Figure 4).

There were 11 haplotypes detected for A. indicus
(Table 6). The ail haplotype was the most common
and occurred in all but two locations, Kuala Gula and
Kuala Kurau. The haplotype diversity for A. indicus was
moderate (h =0.552) while nucleotide diversity was high
(t=0.031) in the overall samples. However, when the
two clades were analysed separately, low levels of both
h (ai-1=0.286, ai-1I = 0.228) and 7t (ai-1 = 0.001, ai-1l =
0.001) were observed. A. serrulatus had 31 haplotypes in
total with as/ being the most common followed by as2,
as8, as7 and asl8, respectively (Table 7). The overall
haplotype diversity was high (h = 0.886) while overall
nucleotide diversity was low (it = 0.004).

Both A. japonicus and A. sibogae had only two
haplotypes each. Both haplotypes occurred in all four
locations where A. japonicus was detected and the overall
h was moderate (0.540) while Tt was low (0.001) (Table
8). The overall 4 and  was low for A. sibogae with one
location having both haplotypes (Sungai Kubang Badak)
while Kuala Sepetang had only one haplotype (Table 9).

The AMOVA results for each Acetes species are reported
in Table 10. Only A. indicus showed significant population
differentiation with 75.8% of the molecular variance due
to variation among the sampling sites. There was also
significant differentiation between the two clades ai-I and
ai-11 (99.2%). The pairwise ® . was not significant for
Kuala Kurau, Kuala Gula and the Portuguese Settlement

when they were compared with one another. However,
they were significant when each was compared with the
other populations (Table 11). The Mantel Test indicated
no correlation between @ estimates and geographical
distribution (r = 0.106, p>0.05). Similar to AMOVA, the
pairwise ®_ values were not significant for the other three
Acetes species (detailed results not shown; Wong 2013).

All the Neutrality Tests were significant for A.
serrulatus while A. japonicus was the only species that
did not show any significance in these tests (Table 12).
Although none of the Neutrality Tests were significant for
the pooled A. indicus samples, the ai-I clade, which was
analysed separately was significant for all the tests while
the ai-II clade was significant only for R,. Similarly, A.
sibogae was only significant for Tajima’s D.

A bimodal mismatch distribution was observed for A.
sibogae (sSD =0.040,0.01< p<0.05) (Figure 5). Similarly,
a bimodal mismatch distribution was observed for the
pooled samples of A. indicus (ssp = 0.112, p>0.05),
which did not differ significantly from the distribution
expected for population expansion. When the ai-I and
ai-1I clades were analysed separately, both showed a
unimodal distribution that did not differ significantly from
the distribution expected for population expansion (ai-I,
ssp = 0.005, p>0.05; ai-1l, ssp = 0.040, p>0.05), with
peaks closer to zero (L-shaped distribution) (Figure 5).
This pattern was also seen in A. serrulatus (SSD = 0.004,
p>0.05) and A. japonicus (ssp = 0.032, p>0.05) (Figure
5).

TABLE 6. Haplotype compositions and summary of molecular diversity in Acetes indicus collected in this study

Haplo- Sampling Locations*
type SGT BPL BL KK KG TR SKC TKR PSETT PKKP SGK Total
ail 7 7 6 3 6 5 1 4 5 44
ai2 1 1
ai3 1 1
ai4 1 5 6 3 15
ais 1 1
ai6 1 1
ai7 1 1
ai8 1 1 2
ai9 1 1
ail0 1 1
aill 1 1
8 7 7 5 6 5 7 6 8 5 5 69
1 0 45 0 0 2 1 1 47 1 0 50
ap 2 1 2 1 1 3 2 2 6 2 1 11
h 02500 0.0000  0.2857  0.0000 0.0000 0.7000 02857 0.3333 0.8929 04000 0.0000 0.5516
T 0.0005 0.0000 0.02323 0.0000 0.0000 0.0015 0.0005 0.0006 0.0450 0.0007 0.0000 0.0312

*Abbreviations for sampling locations: refer to Table 1

n: number of sequences; S: number of segregating sites; Ny number of haplotypes; /: haplotype diversity; and t: nucleotide diversity.
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Sampling locations*

Haplotype Total
SGT BPL BL SKC TKR TR PKKP SGK
asl 2 3 3 4 1 2 3 1 19
as2 3 4 2 1 1 11
as3 1 1
as4 1 1
as5 1 1
as6 1 1
as’ 1 1 2
as8 1 1 1 1 1 5
as9 1 1
as10 1 1
asll 1 1
asl2 1 1
asl3 1 1
asl4 1 1
asl5 1 1
asl6 1 1
asl7 1 1
asl8 1 1 2
as19 1 1
as20 1 1
as21 1 1
as22 1 1
as23 1 1
as24 1 1
as25 1 1
as26 1 1
as27 1 1
as28 1 1
as29 1 1
as30 1 1
as31 1 1
n 14 15 8 7 6 5 5 5 65
N 17 15 4 3 8 4 3 6 60
N 11 10 5 4 6 4 3 5 31
h 0.9560 0.9143 0.8571 0.7143 1.0000 0.9000 0.7000 1.0000 0.8856
T 0.0062 0.0049 0.0021 0.0019 0.0052 0.0029 0.0025 0.0047 0.0042

*Abbreviations for sampling locations: refer to Table 1
n: number of sequences; S: number of segregating sites; N,,,: number of haplotypes; h: haplotype diversity; and t: nucleotide diversity
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TABLE 8. Haplotype compositions and summary of molecular diversity in
Acetes japonicus collected in this study

Sampling locations*

Haplotype K <G TBHG Total
ajl 1 3 2 6
aj2 1 2 4 7
n 2 5 6 13
S 1 1 1 1
Ny 2 2 2 2
1.0000 0.6000 0.5330 0.5386
7T 0.0018 0.0011 0.0010 0.0010

*Abbreviations for sampling locations: refer to Table 1
n: number of sequences; S: number of segregating sites; Nhap: number of haplotypes;
h: haplotype diversity; and mt: nucleotide diversity

TABLE 9. Haplotype compositions and summary of molecular diversity in
Acetes sibogae collected in this study

Sampling locations*

Haplotype SGKEB P Total
asil 5 6 11
asi2 1 - 1

n 6 6 12
S 52 0 52
Ny 2 1 2
0.3330 0.0000 0.1670
T 0.0314 0.0000 0.0157

*Abbreviations for sampling locations: refer to Table 1

n: number of sequences; S: number of segregating sites; N number of haplotypes;

h: haplotype diversity; and s nucleotide diversity

TABLE 10. Analysis of Molecular Variance (AMOVA) for Acetes indicus, A. serrulatus, A. japonicus and A, sibogae

Analysis Source of variation d.f. Sum of Variance Percentage of ~ Fixation P value
Squares  Components® Variation index (@)
Acetes indicus Among populations (Va) 10 721.343 1097601 75.77 0.75768  0.00000 + 0.00000
Within populations (Vb) 58 203.601 3.51036 2423
68 924943 14.48637
Acetes indicus Among populations (Va) 7 6.902 -0.02362 -2.13 -0.02129  0.59881 +0.00491
(without KK, KG Within populations (Vb) 42 47.586 1.13299 102.13
and PSETT') 49 54488 1.10937
Acetes indicus Among clade (Va) 1 573.519 22.37565 99.19 0.99188  0.00000 + 0.00000
(clade ai-I and Within clade (Vb) 67 12.278 0.18326 0.81
ai-1I) 68 585.897 22.55891
Acetes serrulatus Among populations (Va) 7 7.164 -0.02252 -191 -0.01912  0.78921 + 0.00420
Within populations (Vb) 57 68.437 1.20065 101.91
64 75.601 1.17812
Acetes japonicus Among populations (Va) 2 0.198 -0.05137 -20.28 -0.20285  0.76317 £ 0.00416
Within populations (Vb) 10 3.046 0.30462 120.28
12 3.244 0.25325
Acetes sibogae Among populations (Va) 1 4.763 0.00000 0.00 0.00000 1.00000 + 0.00000
Within populations (Vb) 10 47.631 476314 100.00
11 52.395 476314

'Sampling location, KK = Kuala Kurau, KG = Kuala Gula, PSETT = Portuguese Settlement
2Va, Vb, V¢ are the associate covariance components
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TABLE 12. Neutrality statistics (Tajima’s D, Fu’s F, Fu and Li’s D* and F*, R)), sum of square deviation (SSD) and Harpending’s
Raggedness index (r) were reported as well. Significance level: ¥0.01<p<0.05; ¥*0.001< p<0.01; *** p<0.001; ™ not significant

Tajima’s D Fu’s Fs Fuand Li’s D* Fuand Li’s F* R, SSD r
A. indicus, pooled 2.7155™ 15.6730™ 1.4841™ 2.0928™ 0.1715" 0.1116 0.2302
A. indicus, Clade ai-I -2.1066™ -8.940™ -3.4682™ -3.5615™ -0.0460" 0.0051 0.2618
A. indicus, Clade ai-II -1.0486™ -0.1260"™ -0.0627" -0.3736™ 0.1075™ 0.0399 0.6075
A. serrulatus -2.0787" -31.7964™ -3.5228™ -3.5664™ 0.0314™ 0.0041 0.0631
A. japonicus 1.4754 1.2350 0.7324"s 1.0368™ 0.2692" 0.0318 0.2959
A. sibogae -2.28217" 11.772" 2.8994" -3.1207" 0.2764" 0.0403" 0.7500
s ) (a) Acetes indicus Exp
1 Tajima’s D =2.7155 ™ ~--o- Obs
503" Fu's F,= 15.6730™
g i R:=0.1715" !
S0z | SSD=0.1116
§ 13: r=02302 i
o1t 5
- q\x ': 5
_— o, 2 e
0 20 40 60
Pairwise Diff
(b) Acetes indicus (clade ai-I) Exp
P Tajima’s D = -2.1066 ** seriies Eie
) Fu's F, = -8.940 ***
£ R, = -0.0460 *
8 SSD = 0.0051
£ r=02618
10 15 20
Pairwise Differences
(c) Acetes indicus (clade ai-Il) Ew
' Tajima’s D = -1.0486 ™ S K-

Fu's F,=-0.1260 ™
R>;=0.1075 **=*
SSD = 0.0399
r=0.6075

Freauencies

>
10 15 20
Pairwise Differences

FIGURE 5. Mismatch distribution based on COI sequence from (a) A. indicus, (b) A. indicus, clade ai-I, and
(c) A. indicus, clade ai-1I. The graph represents the observed mismatch distribution from segregating sites
of the aligned COI sequences. Dotted lines indicate the observed (Obs) distribution of mismatches, and solid
lines show the expected (Exp) distribution under an expansion model. The numbers of pairwise differences
are given on the horizontal axis and their frequencies on the vertical axis
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0.3 4 e (d) Acetes serrulatus Exp
g 4 Tajima’s D = -2.0787 ** ..-o- Obs
Beo2d i ! Fu's F, = -31.7964 ***
2] 3
2 ! ® R;=0.0314 ***
g 1 SSD = 0.0041
= : B r=0.0631
o]’ i
o_ ~
0 8 10 15 20 25
Pauwise Differences
0.6 - (¢) Acetes japonicus Exp
-
g 1A% Tajima’s D = 1.4754 ™ Sesies
Soad V1 Fu's F, = 1.2350™
o0 )
=3 { R;=02692™
g 41 SSD =0.0318
& r=0.2959
15 20
0.8 . (f) Acetes sibogae Exp
o6 Tajima’s D = -2.2821%** ---e-- Obs
2 ; Fu's F,=11.772™
g i R,=02764™
= 044 SSD =0.0403 *
g i r=0.7500
= i
0.2 4
: 3
0. -;m i

Pairwise Differences

FIGURE 5 (continuation). Mismatch distribution based on COI sequence from (d) A. serrulatus, (e) A.
Jjaponicus, and (f) A. sibogae. The graph represents the observed mismatch distribution from segregating
sites of the aligned COI sequences. Dotted lines indicate the observed distribution of mismatches,
and solid lines show the expected distribution under an expansion model. The numbers of pairwise
differences are given on the horizontal axis and their frequencies on the vertical axis

DISCUSSION including Raymunida (Macpherson & Machordom 2001),
Portunidae (Chu et al. 1999; Lai et al. 2010, Pfeiler et al.
COI SEQUENCE VARIATION 2005), Alpheidae (Williams & Knowlton 2001; Williams

et al. 2002, 2001), Gammaridae (Meyran et al. 1997), as
well as some penaeid shrimp species (Baldwin et al. 1998;
Maggioni et al. 2001; Quan et al. 2004; Tong et al. 2000;
Zitari-Chatti et al. 2009).

With respect to the amino acid substitutions, COr
is considered to be one of the most conservative genes
in the mitochondrial genome (Black et al. 1997), thus
only three amino acids substitution were detected in this
study. The translation of the 552 bp of cor gene fragment

High A+T content and positional biases, for example,
slight bias against cytosine (17.3%) in the first position,
in favour of thymine (45.7%) in the second position
and substantial bias against guanine (2.9%) in the third
position of mitochondrial cor gene fragment was found
in all Acetes indicus, A. serrulatus, A. japonicus and
A. sibogae individuals analysed in this study (Table 4).
This pattern of base composition is similar to the cor
gene region sequences in other groups of crustaceans,



2410

resulted in a sequence of 184 amino acids without in-frame
stop codons or indels. Together with the patterns of base
composition and base substitutions as discussed above,
these observations showed that the cor gene fragment
amplified in this study was not a nuclear mitochondrial
pseudogenes (Numts) (Bensasson et al. 2001; Song et al.
2008; Zhang & Hewitt 1996) that have been reported in
crustaceans, including in the snapping shrimp, Alpheus
(Williams & Knowlton 2001; Williams et al. 2002).

INTERSPECIFIC VARIATION OF ACETES SPECIES

From the phylogenetic trees inferred from the CoOI
sequence (Figures 2 & 3), it is evident that four distinct
clades could be clearly identified using NJ, MP, ML and BI.
All clades were monophyletic and supported by high BS
and PP that corresponded with the four different Acetes
species identified morphologically. This indicates that the
CoI molecular trees and species identification based on
morphological characters provided by Omori (1975) and
Wong (2013) are congruent. In addition, the aligned 552
bp of coI sequence showed a divergence range of 14.69-
20.47% among the four Acetes species in this study (Table
5). This level of sequence divergence is similar to those
reported in other shrimp genera such as Penaeus (8.0-
24.0%; Baldwin et al. 1998) and Metapenaeus (6.1-19.9%;
Tong et al. 2000), but is higher than those of the portunid
sister groups (2-7%; Lai et al. 2010).

INTRASPECIFIC VARIATION OF ACETES SPECIES

Acetes indicus  For the pooled samples, the moderate
haplotype diversity and high nucleotide diversity is a good
reflection of the abundance of this species within the west
coast of Peninsular Malaysia (Table 6). This species was
found in most sampling sites and had previously been
reported to occur from the north-western region to the south
of Peninsular Malaysia (Amani et al. 2011c; Amin et al.
2011, 2009a, 2009b, 2009¢, 2009d; Fernandez-Leborans
et al. 2009; Oh et al. 2010), mainly from in-shore catches.
In this study, A. indicus was also caught from off-shore
catches. However, the actual geographical range of
dispersal of A. indicus is unknown.

The moderate haplotype diversity and high nucleotide
diversity is also indicative of past evolutionary processes
(Table 6), suggesting either secondary contact between
historically isolated populations or stable populations with
large, long term-effective population sizes (Grant & Bowen
1998). The secondary contact of historically isolated
populations could have occurred due to the fluctuation
of sea-levels in the regions around the Sunda and Sahul
shelves in which low sea levels led to the formation of
large land masses which partly isolated the Indian Ocean
from the West Pacific and enclosed the South China Sea,
Sulu Sea and Sulawesi Sea (Voris 2000). The central part
of Indo-West Pacific area is reported as the geographical
range of this species (Chan 1998; Holthius 1980; Omori
1975; Xiao & Greenwood 1993). The receding sea levels

could have temporarily isolated the A. indicus populations
occurring in these regions and restricted gene flow among
the populations. Thus, the isolated A. indicus populations
could have evolved separately and secondary contact
occurred only during subsequent increase of the sea levels.
Using the minimum and maximum nucleotide divergence
between the two distinct clades of A. indicus (ai-1 and ai-II)
seen in the N7 tree (Figure 2) and the 1.40-3.00% per million
years for coI divergence rates for decapod crustaceans on
K2P distances (Table 5), we found a 2.98-6.39 million
years ago (MYA) split between the clades indicating an
early Pliocene to late Miocene divergence, thus supporting
the geographical isolation episode mentioned earlier. The
mixture of haplotypes found in the Bagan Lipas and the
Portuguese Settlement populations may reflect secondary
contact between the two clades (Table 6).

When the two clades were analysed separately, low
haplotype diversity and nucleotide diversity were observed
(Table 6). This pattern of low genetic diversity often reflects
recent events of population bottleneck or founder effects
by a single or a few mtDNA lineages (Grant & Bowen
1998). The N7 tree showed two deep clades for ai-1 and ai-IT
(Figure 2), but shallow phylogeny within these two clades
suggests population expansion after bottleneck (Slatkin
& Hudson 1991). This hypothesis was also supported by
the unimodal mismatch distribution, the non-significant
value of sum of squared deviation (ssp) and Harpending’s
raggedness index (r) and the negative values of Tajima’s
D and Fu’s F s (Aris-Brosou & Excoffier 1996; Fu, 1997,
Rand 1996; Tajima 1989) (Table 12; Figure 5a-5c).

The L-shaped mismatch distribution has been reported
in other shrimp species indicating population expansion
from a smaller initial population and recent bottleneck
events (Frankham et al. 2002; Li et al. 2009; Pellerito et al.
2009; Rogers & Harpending 1992; Roldan et al. 2009). As
many as 10 major Pleistocene sea-level fluctuation events,
during which the Sunda Shelf (including the Straits of
Malacca) was exposed had occurred with the latest being
the last-glacial maximum, around 18000-20000 years ago
during which the sea level dropped to about 120 m below
the present level in Southeast Asia (Hanebuth et al. 2000;
Pillans et al. 1998). These events could have caused local
extinctions in the sampling area of this study. Based on the
T value computed using Arlequin and 1.4-3.0% mutation
rates (Tables 5, 10 & 11), the estimates of the time since
the most recent sudden population expansion for these
two clades fall within the range of 97000-45000 years
ago, coinciding with the Pleistocene era sea fluctuations.
Therefore, for A. indicus, the genetic diversity seems to
suggest secondary contact between historically isolated
populations (Wong 2013).

Acetes serrulatus A high haplotype diversity and low
nucleotide diversity were observed for this species (Table
7). Similar to A. indicus, the high haplotype diversity could
be due to the occurrence of this species in both in- and
offshore catches of a relatively large region from the central
to the south of the west coast of Peninsular Malaysia.



Previous studies had only reported their occurrence along
in-shore areas of the south of the west coast (Amin et al.
2011,2009d; Oh et al.2011). The high haplotype diversity
and low nucleotide diversity combination usually suggests
a population that had undergone population bottlenecks
followed by rapid population growth and accumulation
of mutations (Avise et al. 1984; Grant & Bowen 1998),
which have also been noted in other marine species (Chen
et al. 2004; Daemen et al. 2001; Kong et al. 2010; Liu et
al. 2008; Maggio et al. 2009; Pellerito et al. 2009; Stockley
et al. 2005).

The low nucleotide diversity reflects low genetic
divergence among A. serrulatus individuals (Table 7). As
reported for A. indicus, the shallow phylogeny of the NJ
tree (Figure 2) is consistent with a population expansion
event after a period of low effective population sizes caused
by bottlenecks or founder effects (Slatkins & Hudson
1991). Negative and significant values of Tajima’s D and
Fu’s F_ and significant R, indicate population expansion
(Aris-Brosou & Excoffier 1996; Fu 1997; Ramos-Onsins
& Rozas 2002; Rand 1996; Tajima 1989) (Table 12; Figure
5). The star-like radiating pattern of the haplotype network
(Figure 4), unimodal mismatch distribution, and low non-
significance of Harpending’s Raggedness index (r) further
supports a hypothesis of recent population expansion
(Rogers & Harpending 1992; Slatkin & Hudson 1991).
There is an excess of rare mutations seen here as excess
in singletons suggests accumulation of mutations during
the rapid population growth (Avise et al. 1984; Jorde et al.
2001; Rogers & Harpending 1992; Ramos-Onsins & Rozas
2002; Slatkins & Hudson 1991). As in A. indicus (Tables
5,10 & 11), A. serrulatus appears to have also undergone
late-Pleistocene expansion, due to the fluctuating sea levels
(Wong 2013). The estimates of the time since the most
recent population expansion event for A. serrulatus took
place approximately 61000-28000 years ago, coinciding
with rising sea levels during the late Pleistocene (Geyh et
al. 1979; Hanebuth et al. 2000; Voris 2000).

Acetes japonicus AND Acetes sibogae The presence of
these two species from the sampling sites in the northern
waters of the west coast of Peninsular Malaysia is similar to
that reported by Amani et al. (2011a,2011b,2011c), Amin
et al. (2011, 2010, 2009c, 2009d), Arshad et al. (2012),
Fernandez-Leborans et al. (2009), Hanamura (2007) and
Panthansali (1966). However, we did not detect any of
these two species at the southern region of the west coast
during the sampling period of our study (Wong 2013; Wong
et al. 2015). As such, with only three sample populations
for A. japonicus and two populations for A. sibogae,
demographic analyses and genetic diversity of these
species were not conducted in detail to avoid inaccurate
and biased reporting (Tables 8-10 & 12).

CRYPTIC DIVERSITY AND ITS IMPLICATIONS

Although morphologically defined species was congruent
with the mtDNA in this study, it does not reveal all the
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variations that are present genetically, especially in the
cryptic diversity possibly present in A. indicus and A.
sibogae. Evidence for cryptic diversity comes from the
extent of the genetic distance seen between clades within
these two species (Wong 2013). Sequence divergence
between clades ai-I and ai-II (8.94%) and clades asi-I and
asi-I1 (10.30%) are lower than interspecific cor divergences
of Acetes species in the current study (Table 5). Divergence
values of similar magnitude have been noted in cryptic or
sibling species (i.e. morphologically indistinguishable,
but genetically distinct) of other decapod crustaceans
(Bickford et al. 2007; Knowlton 1986; Pfenninger &
Schwenk 2007). In particular, studies have reported a
6-8% divergence between two cryptic species of the
kuruma shrimp, Penaeus japonicus (Tsoi et al. 2007,
2005), a 2-5% divergence between two sibling alpheid
species, Alpheus angulatus and A. armillatus (Mathews
et al. 2002), two morphologically indistinguishable clades
within Fenneropenaus (Penaeus) merguiensis with an
average divergence of 5% (Hualkasin et al. 2003) and
2-7% genetic divergence among sister groups of Portunus
spp. (Lai et al. 2010).

Further support for cryptic diversity is shown by the
cor haplotypes of A. indicus and A. sibogae which grouped
into two disconnected statistical parsimony network at
the 95% connection limit (Figure 4). As proposed by
Chen et al. (2010) and Hart and Sunday (2007), statistical
parsimony networks that are separated by more than the
parsimony connection limit would indicate the presence
of cryptic species. Hence, the high sequence divergence
values and the disconnected parsimony network for Acetes
suggest that cryptic taxa may be present in A. indicus and
A. sibogae (Wong 2013). Cryptic species require special
consideration in conservation planning especially for
highly exploited resources. The likely presence of cryptic
complexes within these Acetes species implies that more
in-depth knowledge of location boundaries (if any) and
other biotic and abiotic factors for each species would
need to be considered for conservation efforts to ensure
the long term sustainability of the Acetes fishing industry.
Fishery activities beyond sustainable limits coupled with
the presence of unknown cryptic species can lead to the
disappearance of these resources (Thorpe et al. 2000).

Another implication of cryptic diversity is that
previous reports of the life cycles of Acetes spp. may not
reflect the true biological nature of these species, since
those reports were based solely on morphological data
(Amani et al. 2011a, 2011b, 2011c; Amin et al. 2011,
2010, 2009a, 2009b, 2009¢, 2009d, 2008; Arshad et al.
2012,2008, 2007) which is unable to differentiate among
the cryptic complexes. Our study recommends that a
thorough and detailed investigation should be carried out
throughout the year with more sampling sites for both
in- and offshore Acetes populations in order to elucidate
the actual distribution and life cycles of each cryptic
complex. This should also be coupled with nuclear gene
studies (Wong 2013). Since mtDNA has a higher rate of
evolution and thus more mutations than nuclear genes, it
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is essential to have genealogical data from nuclear genes,
which are inherited from both parents, to establish the
status of these two clades. These studies would provide a
better management plan for sustainable fishing over time.

In conclusion, this study presents evidence of the
molecular phylogenetic relationships among four major
Acetes species sampled from the west coast of Peninsular
Malaysia. The four species were found to vary considerably
for haplotype and nucleotide diversity, with A. indicus
and A. serrulatus having different demographic histories.
Furthermore, the observation of two clades within the A.
indicus and A. sibogae lineages, with relatively high levels
of intraspecific divergence, suggests that cryptic diversity
may occur in these two taxa.
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