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Abstract 

The Japanese threadfin bream, Nemipterus japonicus, the most abundant and crucially 

economic Nemipterus species is widespread throughout the Indo-West Pacific. The 

species has been studied widely for various aspects but genetic studies are scanty. This 

preliminary study contributes to the species phylogeography through the study of the 

genetic diversity and historical demography of N. japonicus populations from the 

Persian Gulf and Indo-West Pacific based on cytochrome c oxidase subunit I (COI) 

gene sequence. Grouping of the data into phylogenetic trees indicated that the Japanese 

threadfin bream consists of two reciprocally monophyletic phylogroups with 2.3% net 

sequence divergence which may qualify as cryptic species: clade I, consists of two sub-

clades (Ia and Ib) occurs in the Persian Gulf and Western India, and clade II, which is 

restricted to the South China Sea. Historical and demographic hypotheses were raised 

to explain the observed phylogeographic pattern and population structure. Among the 

possible key mechanisms, sea level fluctuations driven by glacial episodes of the 

second half of the Pleistocene Epoch appear to have played an active role in initiating 

major phylogeographic separation. Apart from presumptive Pleistocene vicariance, a 

trend of increasing genetic differences with increasing geographic distance (i.e., 

isolation-by-distance) and regional differences in breeding season were also proposed 

as possible alternative scenarios. Since the baseline knowledge on the intraspecific 

genetic diversity and management and evolutionary significant units is the first step 

before any action to be taken, the basic findings provided by this research are 

particularly relevant to conservation efforts, fishery management and stock assessment. 
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Introduction 

The Japanese threadfin bream, 

Nemipterus japonicus (Bloch, 1795), 

the most abundant and crucially 

economic Nemipterus species is 

widespread throughout the Indo-West 

Pacific ranging from East Africa, 

including the Persian Gulf and Red Sea 

to the Indo-Malay Archipelago (Fig. 

1A). It is a benthic, non-migratory 

species, very abundant in coastal 

waters, found on mud and sand bottoms 

in the 5-80 m depth ranges, usually in 

schools (Russell, 1990). As a result of 

faster growth rates in males, females 

predominate at small sizes and  males at 

large sizes (Lee, 1973). As a demersal 

carnivore, the diet of this species 

mainly consists of crustaceans, fishes, 

molluscs, polychaetes and echinoderms 

(Salarpouri et al., 2010; Afshari et al., 

2013; Manojkumar et al., 2015). This 

species is trawled in commercial 

quantities in the Persian Gulf and Oman 

Sea (Valinassab et al., 2006), the 

Andaman Sea (Senta and Tan, 1975), as 

well as in the Bay of Bengal 

(Krishnamoorthi, 1971), and the South 

China Sea (Eggleston, 1972; Lee, 1973; 

Weber and Jothy, 1977). It has been 

studied widely for various aspects like 

maturity, reproduction and related 

aspects (Krishnamoorthi, 1971; 

Eggleston, 1972; Murty, 1984; Russell, 

1990; Bakhsh, 1996; Rajkumar et al., 

2003; Kerdgari et al., 2009; Fazeli, 

2013), biology and biochemistry 

(Krishnamoorthi, 1971; Murty, 1984; 

Murty, 1987; Russell, 1990; Samuel, 

1990; Bakhsh, 1996; Chawla et al., 

1996; Zacharia, 1998; Raje, 2003; 

Manojkumar, 2004; Joshi, 2010; 

Naqash and Nazeer, 2010), and 

population dynamics (Vivekanandan 

and James, 1986; Iqbal, 1991; Zacharia, 

1998; Rajkumar et al., 2003; Fazeli, 

2014; Rezayi et al., 2014), but 

morphological and genetic studies are 

scanty. Analysis of morphometric 

characters have indicated that separate 

stocks of this species may exist along 

the east and west coasts of India 

(Sreekanth et al., 2015). Evaluation of 

mitochondrial cytochrome b (Cyt b) 

gene sequence among N. japonicus 

populations along the coast of 

Peninsular Malaysia by Jamsari et al. 

(2008) and Lim et al. (2016) provided 

evidence for possible occurrence of 

cryptic species in that region. Analysis 

of mitochondrial cytochrome c oxidase 

subunit I (COI) gene sequence among 

nine Nemipterus species by 

Ravitchandirane et al. (2012) revealed 

that the highest intraspecific K2P 

distance belongs to N. Japonicus 

(0.069; based on 5 specimens). DNA 

barcode results based on COI gene for 

three N. Japonicus specimens supported 

the possible existence of two 

geographically separated lineages, the 

Indian Ocean and West Pacific lineages 

(Ning et al., 2015). On the other hand, 

the population genetic structure and 

phylogeographic pattern within the 

western range of species (consists of the 

Indian Ocean, Arabian Sea and two 

evaporative basins, the Red Sea and 

Persian Gulf) is even more poorly 

known. However, the early findings 
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clearly suggest that the diversity of the 

Japanese threadfin bream in the Indo-

West Pacific remains largely 

unexplored. 

     Mitochondrial DNA (mtDNA), due 

to its maternal and non-recombining 

mode of inheritance and rapid sequence 

evolution, provides multiple haplotypes 

that can be ordered phylogenetically 

within a species (Avise, 2000). Among 

the mitochondrial genes, a 650 bp 

fragment from the 5´ region of the 

mitochondrial COI gene, with a strong 

track record in revealing cryptic 

species, has been adopted as a global 

bio-identification system for members 

of the animal kingdom (Hebert et al., 

2004; Ward et al., 2005). Recent 

studies have successfully proved the 

efficiency of this gene in diagnosis of 

threadfin breams (Ravitchandirane et 

al., 2012) and other marine fishes from 

the Persian Gulf (Asgharian et al., 

2011) and Indian Ocean (Lakra et al., 

2011). This study contributes to the 

species phylogeography through the 

study of the genetic diversity and 

historical demography of N. japonicus 

populations from the Persian Gulf and 

Indo-West Pacific based on original and 

published COI sequences. Results 

should provide a primary understanding 

of the species history, and may have 

relevance for conservation, stock 

assessment and fishery management. 

 

Materials and methods 

Origin of samples and populations 

From June to November 2012 a total 

number of seventeen specimens were 

collected from 8 stations along the 

northern coast of the Persian Gulf 

which based on geographical proximity 

were grouped into two populations (Fig. 

1B and Table 1): the Bushehr 

population (consists of 10 specimens 

from five sampling stations including 

the Bushehr waterfront, Bandar Deyr, 

Bandargah, the Nayband Gulf and the 

Suru Village coast) and the Hormozgan 

population (consists of 7 specimens 

from three sampling stations including 

Bandar-e Kong, Bandar Abbas and the 

Salkh Village coast). All specimens 

were identified as N. japonicus based 

on taxonomic keys and descriptions as 

referenced in the FAO species 

catalogue vol. 12 (Russell, 1990). In 

addition, 14 previously published COI 

sequences from the South China Sea, 

Western India (coast of Maharashtra; 

Lakra et al., 2011) and coast of Bushehr 

Province (from Nayband National Park; 

Asgharian et al., 2011) were also 

retrieved from the National Center for 

Biotechnology Information (NCBI). 

 

DNA extraction and mtDNA sequencing 

DNA was isolated from fin tissue 

samples by standard Phenol-

Chloroform method (Sambrook et al., 

1989), and diluted in TE buffer to a 

final concentration of 50 ng/μL. The 

COI gene (approximately 655 bp in 

length) was amplified using a set of 

primers FishF1: 5´-

TCAACCAACCACAAAGACATTGG

CAC-3´ and FishR1: 5´-

TAGACTTCTGGGTGGCCAAAGAA

TCA-3´ (Ward et al., 2005).   The 25 μl 
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Figure 1: (A) Map of the Indo-West Pacific showing the current range of Nemipterus Japonicus 

(black area; after Russell, 1990). (B) The sample collection sites in the Persian Gulf. 

Numbers are the same as in Table 1. 

 

Table 1: Sampling localities, geographical coordinates and number of specimens. 

Population No.* Lat. N Lon. E n GenBank Acc. No. 

Bushehr 1 28˚17´ 51˚64´ 12 KU739523; KU739524; KU739525; KU739526; 

KU739527; KU739528; KU739529; KU739530; 

KU739531; KU739532; HQ149889; HQ149888 

Hormozgan 2 26˚83´ 55˚45´ 7 KU739533; KU739534; KU739535; KU739536; 

KU739537; KU739538; KU739539 

Western India 3 19˚01´ 72˚78´ 5 EF609553; EF609554; EF609555; EF609556; 

FJ347947 

South China Sea 4 22˚39´ 114˚10´ 7 KF134003; KF134004; KF134005; EU871686; 

EU871687; JF493971; JQ681509 

* Population number on Fig. 1, n = sample size. 

 

PCR reaction mixes included 16.5 μL 

of dH2O, 2.5 μL of 10X PCR buffer, 1 

μL of Mg
2+

 (50 mM), 1 μL of each 

primer (0.01 mM), 0.5 μL of each 

dNTP (0.05   mM), 0.5U of Taq DNA 

polymerase, and 2 μL of DNA 

template. PCR utilized the following 

thermocycler (Primus 96 advanced 

Gradient, PeqLab, Germany) 

parameters: an initial hold at 95˚C for 2 

min, 35 cycles of 40 sec at 94˚C, 1 min 

at 51˚C, 1 min at 72˚C, followed in turn 

by 10 min at 72˚C and then held at 4˚C. 

Products were visualized on 1% 

agarose gels and the sharp and most 

intense products were selected for DNA 

typing. The PCR products were 

sequenced using an ABI Prism
TM

 3730 

Genetic Analyzer (Applied Biosystems, 

Foster City, California) by the 

Macrogen Company, South Korea. 

 

Sequence alignment and data analysis 

All newly obtained sequences were 

deposited in GenBank (Acc. No. 

KU739523-KU739539). The COI gene 



Iranian Journal of Fisheries Sciences 16(2) 2017                                       591 

 

 
 

sequences were first aligned with 

ClustalW procedure implemented in 

MEGA 5.2 (Kumar et al., 2008), and 

then manually. The best-fit model of 

nucleotide substitution for analyses was 

selected under the corrected Akaike 

Information Criterion (AICc) with 

jModelTest 2.1.3 (Posada, 2008). 

Parameters of genetic diversity and Fst 

distance values among population pairs 

were calculated using the Arlequin 

3.5.1.3 (Excoffier and Lischer, 2010). 

We used the Median-Joining (MJ) 

network method to depict the 

relationships between haplotypes, as 

implemented in the Network 5.0.0 

(Bandelt et al., 1999). To reconstruct 

the phylogenetic relationships among 

the COI gene sequences, Neighbor 

Joining (NJ) and Maximum Likelihood 

(ML) phylogenetic trees were 

constructed using the MEGA software. 

The phylogenetic trees were rooted 

using homologous sequences of N. 

peronii (GenBank Acc. No. HQ149891 

and HQ149890). Using the Arlequin 

program, changes of effective 

population size through time were 

examined by the tests of neutral 

evolution (i.e. Tajima's D (Tajima, 

1989) and Fu's Fs (Fu, 1997) with 

Arlequin, and Ramos-Onsins and 

Rozas's R2 (Ramos-Onsins and Rozas, 

2002) with DnaSP 5.10 (Librado and 

Rozas, 2009), and distribution of 

pairwise differences or mismatch 

distribution (MMD; Harpending, 1994). 

The validity of observed MMD was 

evaluated by the tests of raggedness 

index (Hri) and the sum of squared 

deviations (SSD). We used τ (Tau: time 

elapsed since the beginning of 

expansion in mutational units) value 

provided by MMD analysis to calculate 

the time since the beginning of 

expansion. The relationship with the 

absolute time in years (t), is t = τ/2µ, 

where µ is the fragment-specific 

mutation rate. The Geographic Distance 

Matrix Generator 1.2.3 (Ersts, 2011) 

was applied to make a geographic 

distance matrix among population pairs. 

To detect putative genomic boundaries, 

we used a user-friendly geometric 

method implemented in the Barrier 2.2 

(Manni et al., 2004) known as 

Monmonier’s maximum difference 

(Monmonier, 1973). Complete details 

on the procedure are given in Manni et 

al. (2004). Then, the statistical 

significance of the identified boundaries 

was tested by hierarchical Analysis of 

Molecular Variance (AMOVA; 

Excoffier et al., 1992) using the 

Arlequin package. Applying the Mantel 

test (using 1000 permutations; Mantel, 

1967) with Vegan 2.0 library (Dixon, 

2003) and R 3.0.1 package (Ihaka and 

Gentleman, 1996), we also tested the 

potential hypothesis for regional 

subdivision under isolation-by-distance 

(IBD; Slatkin, 1993). 

 

Results 

Genetic diversity 

The sequence analysis of a 348 bp 

fragment of the COI gene detected 44 

variable nucleotide sites (26 singleton 

variables and 18 parsimony informative 

sites) among 31 specimens from four N. 
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japonicus populations, which defined a 

total of 17 haplotypes. From these, 15 

(88.2%) haplotypes were singletons and 

only two were shared between 

populations, one was shared between 

two adjacent populations (haplotype 

No. 2 was found in 4 individuals from 

the Bushehr / Hormozgan populations), 

and another haplotype was shared 

between distant populations (haplotype 

No. 1 was found in 7 individuals from 

the Bushehr/Western India 

populations). None of the observed 

haplotypes in the South China Sea were 

found elsewhere. Overall haplotype 

diversity (h) was 0.929 ± 0.02, ranging 

from 0.904 ± 0.10 for the South China 

Sea to 0.700 ± 0.21 for the Western 

India population (Table 2). The 

haplotype diversity was nearly similar 

across the Hormozgan and Bushehr 

populations (0.878 ± 0.07 and 0.809 ± 

0.12, respectively). Overall nucleotide 

diversity (π) was 0.0210 ± 0.011, 

ranging from 0.0169 ± 0.009 for 

Bushehr, to 0.0041 ± 0.003 for the 

South China Sea population. The high 

haplotype and nucleotide diversities in 

the Bushehr and Hormozgan 

populations were clearly evident in the 

large values of the average number of 

nucleotide differences (5.86 and 3.97, 

respectively).  

 

Genealogical relationships and 

phylogeographic depth 

The ML analysis (Fig. 2A), using the 

Jukes-Cantor (JC69) model (Jukes and 

Cantor, 1969) of sequence evolution, 

grouped all the COI sequences into two 

reciprocally monophyletic clades with a 

high statistical support: the western 

clade (clade I) included all the COI 

sequences from Bushehr, Hormozgan 

and the Western India, while the eastern 

clade (clade II) was restricted to the 

South China Sea. The NJ tree (not 

shown) had similar subdivisions. 

Consistent with the NJ and ML trees, 

the MJ analysis showed a clear 

discrimination of two clades by 

numerous mutational steps (Fig. 2B). 

The net sequence divergence between 

these two major matrilineal 

phylogroups was 2.3%, which under a 

rate calibration for teleost COI gene 

sequence (3% per site per million years; 

Ludt et al., 2012) implies a date of 

cladal separation about 0.76 Myr ago. 

Further, the western clade was divided 

into two sub-clades: sub-clade Ia 

restricted to the Persian Gulf and 

Western India, while sub-clade Ib 

occurs sympatrically with some 

members of the first sub-clade in the 

Western India.  

 

Genetic differentiation and population 

structure 

The range of pairwise Fst estimates 

between the Persian Gulf and Western 

India populations was low to moderate 

(ranging from 0.140 to 0.374), while 

the levels of sequence divergence 

between the South China Sea and other 

populations were strongly high (ranging 

from 0.659 to 0.797) (Table 3).  
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Table 2: Parameters of genetic diversity in the N. japonicus populations. 

Populations N H s k h ± SD π ± SD 

Bushehr 12 7 24 5.86 0.878 ± 0.07 0.0168 ± 0.009 

Hormozgan 7 4 14 3.97 0.809 ± 0.12 0.0114 ± 0.007 

South China Sea 7 5 4 1.43 0.904 ± 0.10 0.0041 ± 0.003 

Western India 5 3 4 2.21 0.700 ± 0.21 0.0063 ± 0.004 

Total 31 17 45 7.34 0.929 ± 0.02 0.0210 ± 0.011 

n = sample size, H = number of haplotypes, s = number of polymorphic sites, k = the average number of 

nucleotide differences, h = the haplotype diversity, π = the nucleotide diversity, and SD = standard 

deviation. 

 

 
Figure 2: (A) Maximum-Likelihood (ML) tree summarizing relationships between the COI 

sequences. Bootstrap resampling values are provided at each fork (given only if ≥ 50%). 

(B) Median-joining (MJ) network describing the relationship among the seventeen COI 

haplotypes. The circle area is proportional to the frequency of each haplotype and the 

colors indicate the four different populations. 

 

Because the N. japonicus populations 

are distributed along an east-west axis, 

we expected geographic isolation to 

contribute to genetic affinities. 

Concordantly, an overall significant 

positive correlation was found between 

geographical and genetic distances 

(r=0.95, p=0.02). Further, to investigate 

the level correlation within the range of 

the western clade, we conducted a 

partial mantel test without taking into 

account the South China Sea sample.  
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Table 3: Estimates of Fst among pairs of populations (below the diagonal) and their p-values (above 

the diagonal; the significance threshold was ≤ 0.05). 

Populations Bushehr Hormozgan South China 

Sea 

Western India 

Bushehr 0.000 0.0004 0.0001 0.0430 

Hormozgan 0.193 0.000 0.0005 0.0009 

South China Sea 0.659 0.763 0.000 0.0009 

Western India 0.140 0.374 0.797 0.000 

 

 

The results indicated that the mantel 

index was still large but statistically 

non-significant (r = 0.71, p = 0.08). 

     Applying the Monmonier maximum 

difference  method  (not   shown) based 

on pairwise Fst values; a zone with the 

maximum degree of genetic 

discontinuity separating the South 

China Sea sample from all other 

samples was detected. AMOVA among 

post-hoc defined regions, as a test to 

assess the statistical significance of 

detected discontinuity, confirmed that a 

significant portion of the mtDNA 

variation was because of the among 

groups component (FCT = 0.561, 

56.14% of total variation; Table 4).  

 

Dynamics of effective population size 

An inspection of demographic histories 

presented the pronounced differences 

between the western and eastern clades 

(Table 5; Fig. 3). Recent expansion for

clade II was confirmed by the negative 

and significant Fu's Fs and positive and 

significant Ramos-Onsins and Rozas's 

R2 values. Further, the mismatch 

distribution proved close in pattern to 

theoretical expectation. The time since 

the beginning of expansion estimated 

for clade II was approximately 77.7 kyr 

ago. For clade I, the distribution of 

pairwise differences wasn’t unimodal as 

expected, an expected signature for a 

stable population with large long-term 

effective population size; or, this also 

might be observed in an admixture 

sample of individuals from historically 

sundered populations (Grant and 

Bowen, 1998). Statistical analyses of 

the neutrality tests (with the exception 

of Tajima's D) also supported this 

molecular-based inference. 

 

Table 4: Hierarchical analysis of molecular variance (AMOVA) according to the geography 

criterion. 

Source of variation df 
Variance 

components 
% variation Fixation indices 

Among groups
*
 1 3.358 56.14 FCT = 0.561

**
 

Among populations within groups 2 0.664 11.10 FSC = 0.253
**

 

Within populations 27 1.960 32.76 FST = 0.672
**

 

Total  5.982 100  
*
 The western group consists of the Bushehr, Hormozgan and Western India populations, and the eastern 

group consists of the South China Sea population; ** p<0.55; df = degree of freedom. 
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Table 5: Statistics of demographic expansion and MMD goodness-of-fit tests based on 

mitochondrial COI sequences for major clades. 

Populations Tajima's D Fu's Fs R2 Hri (p-value) SSD (p-value) τ t 

Clade I -1.70
*
 -1.33 0.089 0.032 (0.5) 0.019 (0.4) ˗ ˗ 

Clade II -0.59 -2.31
**

 0.142
*
 0.231 (0.3) 0.042 (0.3) 1.62 77.7 

Hri = Harpending's raggedness index; SSD = sum of squared deviations; τ = tau value (time since 

expansion in mutational units); t = time since expansion in thousand years (Kyr); 
*
p<0.05; 

**
p<0.02. 

 

 

 
Figure 3: Observed and expected mismatch distributions showing the frequencies of pairwise 

differences for clade I (left) and clade II (right). X-axis: number of substitutions, Y-axis: 

is Ne*μ (effective population size * substitution rate in generation). 

 

Discussion 

An evolutionary significant unit (ESU), 

by definition, is one or a set of 

conspecific populations with a long-

term, distinct evolutionary history 

(Ryder, 1986). Operational criteria have 

been suggested for defining 

intraspecific ESUs. The general 

recommendation is that ESU must 

contribute considerably to the overall 

genetic diversity of a species (Waples, 

1991). In this study, based on AMOVA, 

56.14% of the total variation observed 

was mainly between two geographical 

groups of populations, the western 

group consists of populations from the 

Persian Gulf and Western India and the 

eastern group consists of the South 

China Sea population. The more 

detailed suggestion is that ESUs be 

identified as groups of populations 

reciprocally monophyletic for mtDNA 

haplotypes (Moritz, 1994). Likewise, in 

the gene trees (ML and NJ), two 

reciprocally monophyletic phylogroups 

were split with high amount of 

statistical support, one contains 

specimens from the Persian Gulf and 

Western India and the other one 

contains specimens from the South 

China Sea. Redescription of the species 

based on morphology by Ning et al. 

(2015) concordantly presented 

diagnostic differences in belly color, 

with specimens in the South China Sea 

having a silver belly, while those from 

the Indian Ocean (Nayband National 

Park; Asgharian et al., 2011) have a 

yellow coloration. The pattern 

represented by phylogenetic trees in 

this study belongs to the 

phylogeographic category I (Avise, 

2000): deep gene tree with major 

phylogroups allopatric, which 
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correspond to populations that have 

been geographically isolated for a long 

period. The current data indicates that 

the main phylogeographic subdivision 

within N. japonicus date to 0.76 Myr 

ago, namely the mid-Pleistocene. 

Apparently, series of episodes of low 

sea level through the second half of the 

Pleistocene epoch (approximately 2.5 

Myr to 11.8 Kyr ago; Hewitt, 2000) 

appear to have played an active role in 

initiating major phylogeographic 

separation within this species. The 

Indonesian Archipelago constitutes a 

crucial biogeographic barrier among the 

Pacific and Indian Ocean provinces 

(Briggs, 1974). During the Pleistocene, 

sea level fluctuations of up to 130 m 

exposed the Sunda and Sahul shelves as 

dry lands, restricting waterways within 

the archipelago and sundering 

populations of many marine organisms 

into geminates now found in the west 

Pacific and Indian Ocean (Porter, 1989; 

Voris, 2000), in conjunction with 

limited larval exchange among oceans, 

drift and selection promoted genetic 

subdivision (Jackson et al., 2014). 

Apart from biogeographic studies (e.g. 

McManus, 1985; Woodland, 1986; 

Springer and Williams, 1990), a key 

array of evidence supporting 

Pleistocene vicariance between the 

Indian Ocean and the west Pacific 

biotas comes from comparative 

phylogeography. Numerous examples 

of pronounced Indo-West Pacific 

phylogeographic break at the 

intraspecific level in marine taxa have 

been reported (reviewed in Carpenter et 

al., 2011 and Borsa et al., 2015). These 

cases typify what is implied by Aspect 

III of genealogical concordance (Avise 

and Ball, 1990): the concordance in the 

geography of gene-tree partitions across 

multiple co-distributed species 

implicates shared historical 

biogeographic factors in shaping 

intraspecific phylogenies (in this case, 

allopatric divergence driven by 

Pleistocene sea level fluctuations). 

     Clade I presented two significant 

sub-clades; sub-clade Ia belongs to the 

Persian Gulf and Western India, while 

sub-clade Ib occurs sympatrically with 

some members of the sub-clade Ia in 

the Western India. Theoretically, this 

outcome could arise in a species with 

large evolutionary effective population 

size and high gene flow. Then, some 

anciently separated lineages might by 

chance have been retained whereas 

many intermediate genotypes were lost 

over time by gradual lineage sorting. 

Balancing selection also could promote 

this outcome by favoring long-term 

evolutionary survival of some 

haplotype lineages (Avise, 2000). On 

the other hand, morphometric analysis 

on N. japonicus has indicated that more 

than one stock is present in the west as 

well as east coast of India (Sreekanth et 

al., 2015). Thus, another possible 

explanation involves secondary 

admixture between allopatrically 

evolved populations from the west and 

east coast of India (Avise, 2000). 

Hydrological and ecological evidence 

formally support this molecular-based 

inference. The recirculation cells at the 
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western frontier of the Bay of Bengal 

(Durand et al., 2009), low mean sea 

surface temperature, presence of 

freshwater received from the peninsular 

rivers, weak winds and the continental 

shelf pattern differentiates the ecology 

of the Bay of Bengal from that of the 

Arabian Sea (Jaswal et al., 2012). 

Further, around the latitude of 10°S, 

there is a strong hydrographical and 

chemical front with sharp gradient 

changes in dissolved oxygen, salinity, 

nitrate and phosphate content, 

separating the profile of the Arabian 

Sea from the Bay of Bengal (Tsang et 

al., 2012). Accordingly, these would 

enhance larval retention, resulting in 

unique genetic composition within the 

Arabian Sea from the Bay of Bengal. 

No further evidence for geographical 

lineage substructure was evident within 

the range of sub-clade Ia, an indication 

of high gene flow today between 

populations across this region with 

rather tight historical connections. The 

Persian Gulf, a sedimentary basin with 

very shallow water of about 30 m in 

depth, is considered a remnant of the 

Tethys Sea (Omar and Steckler, 1995). 

Due to its shallow depth, during the late 

Pleistocene glacial period when the sea 

level was lowered, it was completely 

dry (Lambeck, 1996). It was re-

colonized from the Indian Ocean refuge 

after the connection with the Indian 

Ocean was reestablished (Tsang et al., 

2012). 

     Studies on the spawning time 

indicate that spawning season of N. 

japonicus in the South China Sea 

(Eggleston, 1972), and the Persian Gulf 

(Kerdgari et al., 2009; Fazeli, 2013), 

Western India (Acharya, 1990; Raje, 

2003; Manojkumar, 2004; Joshi, 2010), 

and Red Sea (Bakhsh, 1996) mainly 

occur during May to October. However, 

Krishnamoorthi (1971) reported 

breeding season in the Bay of Bengal 

expending from November to March. 

Thus, the genetic subdivision pattern 

presented in N. japonicus may reflect 

the regional differences in reproductive 

behavior. On the other hand, a trend of 

increasing genetic differences with 

increasing geographic distance was also 

uncovered, which leaves open the 

hypothesis that part of the differences 

between populations might be 

explained by isolation by distance. 

However, since the N. japonicus 

populations and two major 

biogeographic barriers (the Indo-West 

Pacific barrier and the mainland of 

India) are distributed along an east-west 

axis, the exact discrimination between 

the role of the Pleistocene vicariance 

events and isolation by distance in 

shaping the current spatial distribution 

of genetic lineages is difficult. 

     The demographic histories of 

populations are of extreme relevance to 

phylogeographic patterns over 

microevolutionary time scales because 

of their inevitable influence on the 

structures of gene genealogies (Avise, 

2000). An approach to concluding the 

overall historical demography of a 

population from gene genealogy data 

involves examination of two different 

measures of variation, h and π (Grant 
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and Bowen, 1998). The high h but low 

π value for clade II (h = 0.904 ± 0.10; π 

= 0.0041 ± 0.003) indicates rapid 

population growth from a bottlenecked 

ancestral population (Grant and Bowen, 

1998), provided the time was adequate 

for recovery of haplotype diversity 

through mutation but too short for an 

accumulation of significant sequence 

differences (Lowe et al., 2009). 

Concordantly, the distribution of 

pairwise differences and tests of neutral 

evolution implied that a late Pleistocene 

population expansion (approximately 

77.7 Kyr ago) may have happened in 

the South China Sea. Conversely, the 

high values for h and π in clade I (h = 

0.890 ± 0.04; π = 0.0161 ± 0.008) are 

an expected signature for a stable 

population with large long-term 

effective populations size; or, they also 

might be observed in an admixture 

sample of individuals from historically 

separated populations (in this case, 

perhaps allopatrically evolved 

populations from the west and east 

coast of India) (Grant and Bowen, 

1998). This scenario is further 

supported by non-significant neutrality 

tests (with the exception of Tajima’s D) 

and multimodal distribution of pairwise 

differences. However, we cannot rule 

out the possibility of retention of 

ancient lineages and loss of 

intermediate polymorphisms and / or 

imperfect sampling. 

     Our findings clearly indicate the 

diversity in the Indo-West Pacific 

remains largely unexplored, even for a 

coastal species like N. japonicus that is 

easily encountered. We identified two 

reciprocally monophyletic phylogroups 

(or ESUs) in N. Japonicus which may 

qualify as cryptic species. Observed 

pattern of regional subdivision was 

consistent with the role of Pleistocene 

vicariance events. However, 

Pleistocene vicariance is considered 

only one of the key mechanisms. A 

trend of increasing genetic differences 

with increasing geographic distance and 

regional differences in breeding season 

were also proposed. Given the limited 

number of populations and low sample 

sizes, these results should be considered 

provisional. However, since the 

baseline knowledge on the intraspecific 

diversity and cladal distribution is the 

first step before any action is to be 

taken, the basic information provided 

by this research is particularly germane 

to conservation efforts, fishery 

management, and stock assessment. 
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