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Abstract – The genus Parapenaeopsis is an important group of marine shrimps for wild capture in the
Indo-West Pacific region. Phylogenetics of penaeid shrimps is still a debatable issue. This study focuses on
the phylogenetic relationships among seven species within the genus Parapenaeupsis, the population
genetic variation of Parapenaeupsis sculptilis along Bangladesh coastline of the Bay of Bengal and the
phylogeography of P. sculptilis in the Indian Ocean region by analysing cytochrome oxidase subunit 1
barcode (CO1) sequence. No population structure was detected in P. sculptilis collected from two sampling
sites along the Bangladesh coastline (AMOVA and FST =−0.014, p > 0.05; FST = 0.061, p = 0.04), which
expanded first around 73 (CI: 36−119) kyr ago. The genealogical relationships in Bangladesh P. sculptilis
population are shallow with haplotype diversity (h) of 0.58 and nucleotide diversity (p) of 0.0014. The
different P. sculptilis samples from Bangladesh, India and Mozambique of the Indian Ocean revealed
connectivity between western Indian Ocean and the Bay of Bengal. The phylogeny within the genus
Parapenaeupsis showed a polyphyletic relationships for P. hardickwii and its taxonomy needs to be
reevaluated. The study will help for genetic upgradation in aquaculture and monitoring of the population
genetic diversity of P. sculptilis.

Keywords: Bay of Bengal / population genetics / historical demography / effective population size / management /
aquaculture
1 Introduction

The genus Parapenaeopsis (Alcpck, 1901), which is
synonymized to Mierspenaeopsis (Sakai and Shinomiya,
2011), Alcockpenaeopsis (Sakai and Shinomiya, 2011),
Batepenaeopsis (Sakai and Shinomiya, 2011), Ganjampe-
naeopsis (Sakai and Shinomiya, 2011), Kishinouyepenaeopsis
(Sakai and Shinomiya, 2011), constitutes an important group
of penaeid shrimps in the Indo-West Pacific (IWP) region
(Chanda, 2016; Chowdhury et al., 2019; ITIS, 2016; WoRMS,
2020). The rainbow shrimp Parapenaeopsis sculptilis (Heller,
1862) is a penaeid shrimp distributed throughout the Indo-
West Pacific region, including north-eastern Australia,
northern Bay of Bengal, west coast of India and south-eastern
ding author: mhbb_alam@sau.ac.bd
Africa (De Grave, 2015; ITIS, 2020). It is a commercially
important marine shrimp for wild capture in the Indo-West
Pacific region, including Bangladesh (Silvestre and Pauly,
1997; Department of Fisheries Bangladesh, 2013; BOBLME,
2013; WoRMS, 2020).

The Indo-Pacific region is considered as a hotspot of
marine biodiversity in terms of species richness and unique
ecosystems (Crandall and Riginos, 2014; Keyse et al., 2014).
The marine biodiversity, including genetic diversity, of this
diverse biogeographic region is insufficiently studied and
unevenly sampled (Crandall and Riginos, 2014; Keyse et al.,
2014). Bangladesh possesses an enriched diversity due to its
extensive mangrove forests and large flow of freshwater, and
harbours a wide varieties of crustaceans (Quader, 2010;
Hossain, 2014; IUCN Bangladesh, 2014). The crustaceans
shrimps and prawns are the among the dominant ones, and
have considerable commercial and nutritional valuesfor
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Fig. 1. Parapenaeopsis sculptilis sampling sites along the coastline of
Bangladesh. Capital letters indicate sites: SB- Sundarban at Satkhira
in Bangladesh and TB- Teknaf Beach at Cox’s Bazar in Bangladesh.
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millions of coastal people through direct engagement in the
shrimp industry (DoF, 2013). In Bangladesh waters, 24 species
of freshwater prawns and 36 saline water shrimps including 24
penaeid shrimps have been reported (DoF, 2013, 2019).
Overexploitation, fishing with banned gears and during
banned period, water pollution, destruction of mangrove
and wetlands due to shrimp farming, cyclones, escaping of
farmed shrimp to nature are among the major threats to
diversity of shrimp in Bangladesh (Quader, 2010; DoF, 2013;
Alam, 2016). Thus, it is important to unveil the phylogeo-
graphic and phylogenetic relationships, population differenti-
ation and demographic history of shrimp for their proper
management and conservation.

Population genetics of several penaeid shrimps i.e.
Penaeus indicus (Milne-Edwards, 1837), Penaeus monodon
(Fabricius, 1798), Penaeus semisulcatus (De Haan, 1844) and
Macrobrachium rosenbergii (De Man, 1879) with their
phylogeography in the IWP region have revealed high genetic
variation within the species (Alam et al., 2015; Alam et al.,
2016a, 2016b; Alam et al., 2017; Alam and Pálsson, 2018).
A clear population structure was detected in M. rosenbergii
and P. monodon within Bangladesh and distinct evolutionary
lineages in P. indicus, P. monodon and P. semisulcatus in the
IWP region, using mitochondrial DNA markers, micro-
satellites, genotyping of SNPs and RADseq of the whole
genome (Alam et al., 2015, 2016a, 2016b, 2017; Alam and
Pálsson, 2018). Inconsistencies between the taxonomic
assignment and the mtDNA variation were observed in
several genera and speceis of penaeid shrimps.Cryptic
diversity or distinct lineages in the IWP region were detected
in several species which have been, diverging for million of
years, predating even the onset of Ice Age. Unresolved
phylogenetic patterns may in some cases reflect ancestral
polymorphism shared by different species (Cayuela et al.,
2020), hybridization (Bouchemousse et al., 2016) or even
wrong taxonomic assignments and genebank errors (Meikle-
john et al., 2019). Several studies have been performed on
population genetics and phylogenetic relationships among
different species under the genus Parapenaeopsis, based on
morphology of different species in the Indian waters (Chanda,
2016), morphology and Randomly amplified polymorphic
DNA (RAPD) (Rajakumaran et al., 2014), variation in the
mitochondrial control region to infer population differentia-
tion in Parapenaeopsis hardwickii (Miers, 1878) sampled
from eastern part of the China Sea (Tzeng, 2007), and on
mitochondrial 16SrDNA and CO1 to unveil phylogenetic
relationship among Chinese species of Parapenaeopsis
(Xinzheng et al., 2014). Even though P. sculptilis contribute
to a large catch in Bangladesh, no studies have been devoted
to unveil its population genetic variation. Parapenaeopsis
sculptilis has commercially and nutritionally great impor-
tance in the Indian and western Pacific Ocean regions. Thus,
the study of its population genetic diversity with the
phylogeography is required to assist the authority for the
management of the shrimp.

The main objectives of the study were to assess the
population genetic variation of P. sculptilis within Bangladesh
and the phylogeographic patterns of P. sculptilis in the
Indian Ocean region based on mtDNA variation. For
comparison we assess the phylogenetic relationships within
the genus Parapenaeopsis.
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2 Materials and methods

2.1 Sample collection

Twenty three P. sculptilis were collected from Sundarban
(SB) mangrove forest of Satkhira district and 17 from Teknaf
Beach (TB) of Cox’s Bazar district of the Bay of Bengal (BoB)
in 2013 (Fig. 1). A pleopod was collected from each individual
and preserved in 96% ethanol.

2.2 DNA extraction

Genomic DNA was extracted from approximately 1mg
pleopod tissue using Chelex and proteinase K, following the
recipe and the protocol as described in Alam et al. (2016a).
2.3 Polymerase chain reaction (PCR) and sequencing

PCR of mitochondrial cytochrome oxidase subunit 1
barcode (CO1b) was performed utilizing 30–150 ng DNA in a
final volume of 10mL, following the recipe and the protocol as
described in Alam et al. (2016b), using the primers from
Folmer et al. (1994). The PCR product (5mL) was purified
using ExoSAP clean up, in a final volume of 10mL, including
1% Exo- I, 2% SAP and 10% SAP-Buffer, at 38 °C for 30
minutes (1 Hold), then 80 °C for 15min (1 Hold) and finishing
at 12 °C (1 Hold). The DNA template was sequenced, utilizing
3mL DNA template in a final volume of 10mL, including Big
Dye Terminator kit 3.1 (Applied Biosystems) and the forward
primer, precipated in ethanol and sequenced in a 3500 xL
Genetic Analyzer (AB).

2.4 Sequence analysis

A total of 112 CO1 sequences at a length of 517 bp from
seven species (P. sculptilis � 12, Mierspenaeopsis sculptilis
(Heller, 1862) � 6, Parapenaeopsis aff. Sculptilis � 1,
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Parapenaeopsis coromandelica (Alcock, 1906) � 23, Para-
penaeopsis stylifera (H. Milne Edwards, 1837) � 24,
Parapenaeopsis tenella (Spence Bate, 1888) � 2, Para-
penaeopsis hungerfordi (Alcock, 1905) � 2, Parapenaeopsis
cornuta (Kishinouye, 1900) � 1, P. hardwickii � 40 and
Parapenaeopsis sp. – 1) under the genus Parapenaeopsis (see
Tab. 1) were downloaded from GenBank, and subsequently
aligned with the newly generated sequences (40) in this study.
Bioedit Sequence Alignment Editor was used to edit and
align the sequences (Hall, 1999). In order to minimize the
loss of useful information in the phylogenetic reconstruction,
eight GenBank sequences were omitted from the downstream
analyses when noticing that their inclusion in sequence
comparison resulted in shorter total CO1b alignment.

2.5 Genetic diversity and demography

Genetic diversity of P. sculptilis from Bangladesh was
analysed for each sampling site. The software ARLEQUIN
v3.5 (Exoffier and Lischer, 2011) was used to calculate
haplotype diversity (h), nucleotide diversity and number of
segregating sites (S). To compare the number of haplotypes
among samples, haplotype richness considering the different
sample sizes, was estimated using the function allele.richness
in the R package Hierfstat (Goudet, 2005; R Core Team, 2020).
An unrooted network was constructed using the software
Network v4.6.1.3 (Bandelt et al., 1999) in order to assess the
evolutionary relationships among the recorded CO1
haplotypes for P. sculptilis from Bangladesh, India and
Mozambique.

The differences among samples of P. sculptilis within
Bangladesh and in the Indian Ocean region (Bangladesh, India
and Mozambique) were studied by analysing molecular
variation (AMOVA) for the CO1 sequences, considering both
pairwise differences among sequences (FST) and solely the
haplotype frequencies (FST), and tested with 1000 permuta-
tions, using ARLEQUIN v3.5 (Excoffier and Lischer, 2011)
and by analysing genetic distances between the populations.
Genetic distances within and between the samples from the
tree countries (Tab. 1), based on CO1 marker from our study
and available GenBank sequences, were estimated with
Kimura two parameter model (K80) using the APE package
in R (Paradis, 2006). Net pairwise genetic distances between
populations were calculated following the equation of Nei and
Li (1979) as D= dxy � [(dxxþ dyy)/2], where dxy is the mean
difference between populations x and y, and dxx and dyy are the
mean distances within population x and y, respectively.
Significance of the pairwise differences were estimated by
1000 permutations of sequences among the populations
compared.

Forty CO1 sequences of P. sculptilis were analyzed to
reconstruct its historical demography within Bangladesh, by
comparing the fit of the distribution of pairwise nucleotide
differences (mismatch distribution) with the expected values of
a demographic expansion, following the methods developed
by Rogers and Harpending (1992). The fit was estimated by the
sum of squared deviation (SSD) and the Regardness Index
(Harpending, 1994), and tested using Arlequin v3.5 (Excoffier
and Lischer, 2011). Fu’s F (Fu, 1997) and Tajima’s D
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(Tajima, 1993) tests were performed, to further estimate the
demographic changes, or possible deviation from neutrality,
using Arlequin v3.5. The time since expansion of P. sculptilis
population was estimated as t= t/2mL, where t is the median
of the mismatch distribution = 0.85696, m is the mutation
rate = 1% per site per Myr for the CO1 (Knowlton et al., 1993;
Knowlton and Weight, 1998) assuming one generation per
year, and L is the length of the sequence = 589 bps.

The changes in effective population size (Ne) of
P. sculptilis were calculated through construction of Bayesian
Skyline Plot (BSP) in BEAST v1.7.5 (Drummond et al., 2007).
The MCMC simulations in BEAST were run for 6.0� 107

times with a sample per 1000 generations, following the
“GTRþ I” substitution model, selected after comparison of
likelihood of different models using PhyML (Guidon et al.,
2010) implemented in Ape R package (Paradis, 2006; R Core
Team, 2020). A strict molecular clock model was set as priors
in BEAST, using the molecular clock of 1% per million year
(Myr) for the CO1 as above. Effective sample sizes (ESS) of
the Markov Chain sampled model parameters were investi-
gated using TRACER v1.5 (Rambaut and Drummond, 2009)
and deemed sufficient if >200. The BEAST log files were
read in TRACER software (Rambaut and Drummond, 2009) to
construct Skyline Plot which excluded 10% sample skylines as
burn-in. The Skyline plot was finally redrawn in R (R Core
Team, 2020) using the ape package (Paradis, 2006).

2.6 Phylogenetic relationships among the species
under the genus Parapenaeopsis

Phylogenetic relationships among the species under the
genus Parapenaeopsis in the IWP region were analyzed by
constructing a phylogenetic tree, utilizing available sequences
(144) of different species i.e., P. sculptilis, Parapenaeopsis aff.
sculptilis, M. sculptilis, P. coromandelica, P. stylifera,
P. tenella, P. hungerfordi, P. cornuta, P. hardwickii (see
Tab. 1). The Bayesian inference tree was constructed in
BEAST v1.7.5 (Drummond et al., 2007) using nucleotide
substitution model “GTR” derived from PhyML test (Guindon
et al., 2010) using APE package (Paradis, 2006) in R (R Core
Team, 2020) based on lowest Akaike information criterion.
Strict molecular clock model and coalescent diversification
model were set as tree priors in BEAST. MCMC simulations
were run for 1.0� 107 generations and sampled every 1000th
generations. Effective sample sizes (ESS) of theMarkov Chain
sampled model parameters were investigated using TRACER
v1.5 (Rambaut and Drummond, 2009) and deemed sufficient if
>200. Maximum clade credibility tree was constructed using
TreeAnnotator v1.7.5 (Rambaut and Drummond, 2013) with a
10% burn-in. The software FigTree v1.4.0 (Rambaut, 2012)
was used to observe the divergence time by reading Bayesian
inference tree. Divergence time of the lineages based on CO1
was estimated in BEAST v1.7.5, again using the molecular
clock of 1% per million year (Myr). Metapenaeus dobsoni
(Miers, 1878) and Metapenaeopsis barbata (De Haan, 1844)
were used as outgroup. The tree was redrawn to increase
visibility using APE package in R. Clades which diverged with
a posterior probability (PP) 90% or above will be considered as
well resolved.
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Table 1. Information about the sequences for CO1b of the mitochondrial DNA of the genus Parapenaeopsis utilized for the study.

Species Sampling location Sample size GenBank
accession number

Reference

P. sculptilis

Bangladesh 40
1

MW381251-MW381290
MN200398

*0

*1

India 11 KU341998-KU342000
MK779149-MK779151
MK779166-MK779168
KT898913, KX399423

*2

*3

*3

*4, *5

M. sculptilis
Bangladesh 1 MH429355 *1

Mozambique 5 KP297897-KP297901 *6

Sub-Total 58

P. aff. sculptilis India 1 KX399432 *5

P. coromandelica
Sri Lanka 18 HQ180247- HQ180264 De Croos and Pálsson (2010)

India
5 KX139140-KX139141 *2

KU341991-KU341993 *2

P. stylifera

India 22 KF613003, KU341997
KX139142, KX139143
KY316145-KY316147

*7, *2

*2

*2

MH712487-MH712489
MH724294
MK779140-MK779142
MK779158, MK779159
MK986637, MK986638
MK986647-MK986650

*8

*9

*3

Iran 2 KR261592, KR261593 Samadi et al. (2016)
P. tenella China 2 MK164420, FJ435655 Meng et al. (2019), *10

P. hungerfordi China 2 NC_038069, FJ435656 *11, *10

P. cornuta China 1 KP072694 Yang et al. (2015)
P. hardwickii India 6 KU341994- KU341996

MK430870, MK430871
MH577540

*2

*12, *13
*13

China 30 KU899136, KU302814 *14, *15

KR258740-KR258746 *16

MF632006-MF632025 *17

NC_030277 *15

Bangladesh 4 MF601487, MF614763
MF614765,MN200402

*18

*18, *1

Parapenaeopsis sp. Unknown 1 LT009696 *19

Sub-Total 94
Total 152

*0 Present study.
*1 M.S. Ahmed et al., Department of Zoology, University of Dhaka, Dhaka, Bangladesh, Unpubl data.
*2 L.M. Chowdhury et al., National Bureau of Fish Genetic Resources, Kerala, India, Unpubl data.
*3 A.R. Dhawade et al., College of Fisheries, Maharashtra, India, Unpubl data.
*4 G.T. Mehetre and M.S. Dharne, CSIR-National Chemical Laboratory, Pune, Maharashtra, India, Unpubl data.
*5 R. Ram et al., ICAR-Central Institute of Fisheries Education, Maharashtra, India, Unpubl data.
*6 L. Simbine, Universidade Federal de Sao Carlos, Sao Paulo, Brazil, Unpubl data.
*7 P.S. Bhavan et al., Bharathiar University, Tamil Nadu, India, Unpubl data.
*8 A. Dhawade et al., College of Fisheries, Maharashtra, India, Unpubl data.
*9 T.M. Sawant, G.N. Khalsa College, Mumbai, Maharashtra, India, Unpubl data.
*10 W.J. Mai, and C.Q. Hu, South China Sea Institute of Oceanology, Guangdong, China, Unpubl data.
*11 S. Zhong, Guangxi Institute of Oceanology, Guangxi, China, Unpubl data.
*12 N. Mandal and D. Mondal, Bose Institute, Kolkata, West Bengal, India, Unpubl data.
*13 A. Mandal et al., Rajiv Gandhi Centre for Aquaculture, Karaimedu, Sirkazhi, India, Unpubl data.
*14 Y. Yuan et al., Chuanqiao, Shanghai, China, Unpubl data.
*15 P. Liu and Z. Mao, Chinese Academy of Fishery Sciences, Yellow Sea Fisheries Research Institute, Shandong, China, Unpubl data.
*16 P. Liu and Z.C. Mao, Chinese Academy of Fishery Sciences, Yellow Sea Fisheries Research Institute, Shandong, China, Unpubl data.
*17M. Yang, Department ofMarine Organism Taxonomy& Phylogeny, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China,
Unpubl data.
*18 K.A. Habib et al., Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, Unpubl data.
*19 M. Staats et al., RIKILT, WUR, Akkermaalsbos 2, 6708 WB Wageningen, Netherlands, Unpubl data.
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Table 2. Genetic diversity of Parapenaeopsis sculptilis from Bangladesh based on mitochondrial CO1. N =No. of individuals, Nh =No.
of haplotypes, HR= Haplotype richness, h = haplotype diversity, p=Nucleotide diversity, S =No. of segregating sites, SE = standard error.

Gene Sampling Location N Nh HR h± SE p ± SE S

CO1
Sundarban, Satkhira 23 6 4.7 0.40 ± 0.13 0.0009 ± 0.0009 5
Teknaf, Cox’s Bazar 17 9 9 0.79 ± 0.10 0.0022 ± 0.0016 9

Total 40 12 11.3 0.58 ± 0.09 0.0014 ± 0.0011 11

Fig. 2. Median-joining haplotype network based on 56 sequences of
mitochondrial CO1 barcode of Parapenaeopsis sculptilis sampled
from Bangladesh, India andMozambique. Each pie is a haplotype and
its size presents the frequency of samples. Distances between pies
represents to mutational differences between the haplotypes.
Shadings denote different sampling locations (BD- Bangladesh,
IN- India and MO- Mozambique).
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Fig. 3. Mismatch Distributions, based on 40 sequences (589 bps) of
mitochondrial CO1 barcode of Parapenaeopsis sculptilis from
Bangladesh. The Sudden Expansion Model was used to obtain the
expected values.
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3 Results

3.1 Mitochondrial DNA diversity of P. sculptilis

Intra-population genetic diversity of the P. sculptilis from
Bangladesh was characterized with low haplotype diversity
(h= 0.58 ± 0.09) in comparison with studies on other penaeids
from Bangladesh e.g. in Metapenaeus monoceros (Alam,
2016) where h was close to 1 and also lower nucleotide
diversity (p = 0.0014 ± 0.0011), and thus, reflected by the
shallow genealogy (Fig. 2), (Tab. 2). Twelve unique haplotypes
were found in Bangladesh, of which 9 were singletons.
Haplotypes 1, 2 and 3 were common in both locations which
represented 26, 32 individuals, respectively (Appendix 1).
The population differentiation between the two sampling sites
was non-significant (AMOVA and FST=−0.014, p > 0.05) or
marginally significant considering the haplotype frequencies
Page 5
(FST= 0.061, p= 0.04), indicating single population within
Bangladesh or a weak structure.

A medium-joining haplotype network of the CO1
sequences from Bangladesh, India and Mozambique formed
a starlike network, reflecting similar haplotypes in the three
countries, where haplotype 1 represented 29 sequences from
Bangladesh, 8 from India and 4 from Mozambique, haplotype
2 and 3 represented 3 and 2 individuals respectively from
Bangladesh (Fig. 2). The rest 10 haplotypes were singletons
(Bangladesh – 7, India – 2 and Mozambique – 1), and the
majority maintained a single mutation distance from the
common haplotype 1. The population differentiation among
Bangladesh, India and Mozambique populations was non-
significant (AMOVA, FST and FST; p > 0.05), indicating
connectivity or recent split between the Bay of Bengal and
western Indian Ocean (Appendix 2). The net genetic distances
between the P. sculptilis samples from the three countries were
also nonignificant (p > 0.05; Appendix 2).

The mismatch distribution based on the CO1 sequences
from Bangladesh followed the sudden expansion model both
for the SSD – 0.004 (p > 0.685) and the raggedness index
0.124 (p > 0.551), in line with the shallow genealogies
observed (Fig. 3). Time since expansion of the Bangladesh P.
sculptilis population, based on the median of the mismatch
of 9
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distributions was around 73 (CI: 36–119) Kyr ago assuming
one generation per year. Deviation from the equilibrium was
also observed with the Tajima’s D and Fu’s Fs (Tajima’s
D= −2.06716 with P = 0.004 and Fu’s Fs = −10.78778, P = 0),
suggesting the expansion of Bangladesh population from a
bottleneck or a selective sweep.

The Skyline plot for the Bangladesh population showed
slow expansion for at least 30 Kyr (Fig. 4) with a current
effective population of 6.51�106 (CI: 0.48� 106–
29.43� 106), but the confidence interval is large as expected
by a single marker with little variation.

3.2 Phylogenetics of the genus Parapenaeopsis

The phylogenetics of the species within the genus
Parapenaeopsis showed mostly a well resolved tree with five
distinct clusters (Fig. 5). All taxa formed monophyletic groups,
except P. hardwickii. Cluster 1 represented a monophyletic
group comprising of P. sculptilis from Bangladesh, India and
Mozambique except for an individual of P. hardwickii from
India, which diverged from cluster II comprising of
P. hardwickii from Bangladesh, India and China for 6.15
(CI: 4.77–7.50) Myr ago (PP > 90) and shared a common
ancestor with P. tenella. Cluster 4 presented a monophyletic
group of P. coromandelica from Sri Lanka except for an
individual of P. stylifera from India, which diverged from
cluster 3 representing amonophyletic group ofP. stylifera from
India and Iran except for an unconfirmed specimen of P. aff.
sculptilis from India for 3.96 (CI: 2.88–4.94) Myr ago (PP >
90) and share a common ancestor with P. cornuta and
P. hungrdordi. Cluster V composed of two P. hardwickii
(GB accession numbers: NC_030277 and KU302814) which
showed a closest similarity with M. barbata and M. dobsoni
Page 6
and shared a common ancestor with the other species of
the genus Parapenaeopsis 14.36 (CI: 12.75–16.04) Myr ago
(PP > 90).

4 Discussion

4.1 Population genetics and phylogeography
of P. sculptilis

The haplotypes of P. sculptilis population from Bangladesh
were similar and no population structure was unveiled, based
on mitochondrial CO1 gene. The genetic variation was
smaller than those reported for Bangladesh P. semisulcatus,
P. monodon, P. indicus and M. rosenbergii (Alam et al., 2015,
2016a, 2016b, 2017). A genetic homogeneity was also reported
in Bangladesh for P. monodon, P. indicus and P. semisulcatus,
based on mitochondrial DNA variation (Alam et al., 2015,
2016a, 2016b, 2017). The Slack of differentiation could reflect
gene flow or a recent divergence within Bangladesh as the
P. sculptilis samples were collected from two farthest locations
along Bangladesh coastline. A genetic homogeneity was also
observed between Bangladesh, west India and the remote
sample fromMozambigue.Whether this indicates a recent split
or some connectivity, possibly mitigated by human transport is
unknown but it is clear that more markers are needed to assess
possible differentiation between these areas. This finding
differs from the studies on other penaeids reported for
of 9



M.M. Mahbub Alam and S. Pálsson: Aquat. Living Resour. 2021, 34, 1
P. semisulcatus, P. indicus and P. coromandelica from Sri
Lanka (De Croos and Pálsson, 2010, 2011; Alam et al., 2016a)
and M. rosenbergii from Bangladesh (Hurwood et al., 2014;
Alam et al., 2017), which showed large differences between
western Indian Ocean (east African coast) and eastern Indian
Ocean (Bay of Bengal). The databases on penaeids (Holthuis,
1980; WoRMS, 2020) reported that P. sculptilis was not
naturally distributed in south south-eastern Africa. In the
present study the sample from Mozambique showed a close
similarity with P. sculptilis from Bangladesh or India, which
might have been transported from Bangladesh or India through
historical currents, colonization routes or recent anthropogenic
introductions from other regions purposely for aquaculture or
accidentally through transfer of ballast water (Alam et al.,
2015).

Based on the mtDNA variation the population of
P. sculptilis in Bangladesh started expansion during the late
Pleistocene following the sudden expansion model and was
supported also by the negative Tajima’s D and Fu’s Fs. Based
on the estimated time since expansion (t), more recent
expansion was observed in P. sculptilis than those reported for
P. monodon, P. semisulcatus and P. indicus (Alam et al., 2015,
2016a). Climatic fluctuations affected the demographic history
of Asian marine species, where the species may have survived
in several Pleistocene refugia (Liao et al., 2010; Stewart et al.,
2010; Tsang et al., 2012). The effect of Ice Ages on organisms
is considered to have varied both with latitude and
topography of the land of organisms (Hewitt, 2004), resulting
in expansion of different populations or species with varied
times.

The phytogeography of P. sculptilis, based on the analysis
of mitochondrial CO1b gene, did not reveal any genetic
subdivision in the Indian Ocean region. The P. sculptilis
populations from Bangladesh, Indian and Mozambique should
thus be considered as single panmictic population based on
mtDNA COI. This lack of population genetic structure in
P. sculptilis differs from that already reported for other species
of shrimps in the region. Penaeus semisulcatus, P. indicus,
P. monodon andM. rosenbergii showed distinct lineages on the
East and West sides of the Sunda-Shelf and between western
Indian Ocean and Bay of Bengal (Alam, 2016; Alam et al.,
2015, 2016a, 2016b; Alam and Pálsson, 2018). The other
penaeids studied seemed to have diverged in isolation in
different regions of the IWP Ocean, unlike P. sculptilis which
appear to have survived only in a single region and may have
expanded from that area recently. Further studies are though
needed to cover the geographic range and to applying more
genomic markers to assess the possible genetic structure.

4.2 Phylogenetic relationships

A polyphyly in different species of the genus Para-
penaeopsis was revealed from phylogenetic analysis. An
individual of P. hardwickii, and P. stylifera clustered together
with P. sculptilis (cluster − I), P. stylifera (cluster − III) and
P. coromandelica (cluster − IV) respectively that could be
errors, hybridization or an ancestral polymorphism. But two
P. hardwickii showed more similarity with the outgroup
Metapenaeopsis barbata and Metapenaeus dobsoni and
indicated that these two P. hardwickii belong to the
Metapenaeopsis rather than the Parapenaeopsis. The patterns
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in P. hardwickii could have resulted from incomplete lineage
sorting (ancestral polymorphism) or widespread hybridization
between the species under the genus. As species trees can
differ from single gene trees (Pamilo and Nei, 1988) and
mtDNA can give different result from other markers e.g. in the
horned lizard (Leache and McGuire, 2006), it is important to
assess variation in other markers. Mitogenomic markers have
though repeatedly provided interesting insight into the natural
history of different species and especially in case of clear
divergence provided valuable markers to distinguish origin of
different specimens e.g. in tracing harvesting species
(Galimberti et al., 2013; Bucklin et al., 2011).

Even though mitochondrial DNA was used here to infer
population genetic variation and connectivity of P. sculptilis in
the Indian Ocean region and the phylogenetic relationships of
seven species within the genus Parapenaeopsis, we acknowl-
edge the limitations of mitochondrial markers. A single marker
may lack the statistical power to detect subtle differentiation
and due to lack of recombination it may be vulnerable to
selection at any loci within the mtNDA, furthermore, indirect
selection could arise from linkage disequilibrium with
maternally inherited symbionts (Hurst and Jiggins, 2005;
Rokas and Carroll, 2005; Gatesy et al., 2007; Nielsen and
Beaumont, 2009; Beaumont et al., 2010; Casillas and
Barbadilla, 2017). Thus, to get a complete scenario of the
species diversity, phylogeographic relationships and the
classification of species within the genus Parapenaeopsis,
extended studies are required utilizing nuclear and mitochon-
drial DNA markers.

To conclude, the population genetic diversity of
P. sculptilis within Bangladesh, based on mitochondrial
CO1 barcode, is characterized with low nucleotide and
haplotype diversity with shallow genealogy. The mitochon-
drial DNA variation in P. sculptilis did not reveal any distinct
population structure within Bangladeshor in larger region
covering India and Mozambique. The phylogenetics of the
species within the genus Parapenaeopsis revealed monophy-
letic group for almost all taxa except for P. hardwickii, which
showed a close similarity for some specimens withM. barbata
andM. dobsoni. Thus the taxonomy of P. hardwickii need to be
reevaluated. The Bangladesh, Indian and Mozambique
populations of P. sculptilis should be considered as single
evolutionary significant unit (ESU) or conservation unit, which
could be managed through regional cooperation. The trend of
Parapenaeopsis sculptilis population in Bangladesh can be
monitored and its harvest could be sustained by using the
information of its genetic diversity. Sustainable development
of the species could be facilitated through genetic upgradation
by selective breeding.
Supplementary Material
The Supplementary Material is available at
https://www.alr-journal.org/10.1051/alr/2020027/olm.

Appendix 1. Median-joining haplotype network based on 40
sequences of mitochondrial CO1 barcode of Parapenaeopsis
sculptilis sampled along the Bangladesh coastline.
Appendix 2. Pairwise genetic distances (FST) and F-statistics
on haplotype frequencies (FST) between P. sculptilis populations
from Bangladesh, India and Mozambique.
of 9

https://www.alr-journal.org/10.1051/alr/2020027/olm


M.M. Mahbub Alam and S. Pálsson: Aquat. Living Resour. 2021, 34, 1
Acknowledgements. The authors acknowledge the United
Nations University–Fisheries Training Programme, Iceland
forfinancial support in the study and theDepartment ofFisheries
(DoF), Bangladesh for assisting during sample collection.

References

Alam MMM. 2016. Origin and population structure of major prawn
and shrimp species in Bangladesh, PhD dissertation, Faculty of
Life and Environmental Sciences, University of Iceland, 162 pp.

AlamMMM, de CroosMDST, Pálsson S. 2016a. Mitochondrial DNA
variation reveals distinct lineages in Penaeus semisulcatus
(Decapoda, Penaeidae) from the Indo-West Pacific Ocean. Mar
Ecol 38: e12406.

Alam MMM, Pálsson S. 2018. Recent phylogeographic studies
revealed distinct lineages in penaeid shrimps. Oceanogr Fish
Open Access J 7: 001–004.

Alam MMM, Westfall KM, Pálsson S. 2015. Mitochondrial DNA
variation reveals cryptic species in Fenneropenaeus indicus. Bull
Mar Sci 91: 15–31.

AlamMMM,Westfall KM, Pálsson S. 2016b. Mitogenomic variation
of Bangladesh Penaeus monodon (Decapoda, Penaeidae) and
reassessment of its phylogeography in the Indo-West Pacific
region. Hydrobiologia 763: 249–265.

Alam MMM, Westfall KM, Pálsson S. 2017. Historical demogra-
phy and genetic differentiation of the giant freshwater prawn
Macrobrachium rosenbergii in Bangladesh based on mito-
chondrial and ddRAD sequence variation. Ecol Evol 7:
4326–4335.

Bandelt HJ, Forester P, Röhl A. 1999. Median-joining networks for
inferring intraspecific phylogenies. Mol Biol Evol 16: 37–48.

Beaumont MA, Nielsen R, Robert C, Hey J, Gaggiotti O, Knowles L,
Estoup A, Panchal M, Corander J, Hickerson M, Sisson SA,
Fagundes N, Chikhi L, Beerli P, Vitalis R, Cornuet J-M,
Huelsenbeck J, Foll M, Yang Z, Rousset F, Balding D, Excoffier
L. 2010. Indefence of model-based inference in phylogeography.
Mol Ecol 19: 436–446.

Bucklin A, Steinke D, Blanco-Bercial L. 2011. Annual Review of
Marine Science. DNA Barcode Mar Meta 3: 471–508.

BOBLME. 2013. Marine Protected Areas in Bangladesh � a
framework for establishment and management BOBLME-2013-
Ecology-04.

Bouchemousse S, Liautard-Haag C, Bierne N, Viard F. 2016.
Distinguishing contemporary hybridization from past introgres-
sion with post-genomic ancestry-informative SNPs in strongly
differentiated Ciona species. Mol Ecol 25: 5527–5542.

Casillas S, Barbadilla A. 2017. Molecular population genetics.
Genetics 205: 1003–1035.

Cayuela H, Rougemont Q, Laporte M, Mérot C, Normandeau E,
Dorant Y, Tørresen OK, Hoff SNK, Jentoft S, Sirois P, Castonguay
M, Jansen T, Praebel K, Clément M, Bernatchez L. 2020. Shared
ancestral polymorphisms and chromosomal rearrangements as
potential drivers of local adaptation in a marine fish.Mol Ecol 29:
2379–2398.

Chanda A. 2016. A Study on Newly Described Genera Alcockpe-
naeopsis, Batepenaeopsis, Helleropenaeopsis, Kishinouyepe-
naeopsis and Parapenaeopsis from Indian Water. Poult Fish
Wildl Sci 4. DOI: 10.4172/2375-446X.1000147

Chowdhury LM, Kathirvelpandian A, Divya PR, Basheer VS, Shanis
R, Chelath M, Pavan-Kumar A, Krishna G. 2019. Molecular
identification and phylogenetic assessment of species under genus
Parapenaeopsis Alcock, 1901, from Indian waters.Mitochondrial
DNA Part A 30: 191–200.
Page 8
Crandall ED, Riginos C. 2014. Magnificent dimensions, varied forms,
and brilliant colors: the molecular ecology and evolution of the
Indian and Pacific oceans. Bull Mar Sci 90: 1–11.

De Croos MDST, Pálsson S. 2010. Mitochondrial DNAvariation and
population genetic structure of white shrimp Fenneropenaeus
indicus along the coastal belt of Sri Lanka. Aquat Living Resour
23: 315–323.

De Croos MDST, Pálsson S. 2011. Population biology and genetic
diversity of two adjacent shrimp (Parapenaeopsis coromandelica)
populations exploited under different fishing pressures in the
coastal waters of Sri Lanka. J Mar Biol Assoc Uk 92:
819–829.

De Grave S. 2015. Parapenaeopsis sculptilis (Heller 1862). Accessed
through: World Register of Marine Species at http://www.
marinespecies.org/aphia.php?p=taxdetails&id=210410, Date:
2016-05-16

DoF. 2013. National Fish Week 2013 Compendium (in Bengali).
Department of Fisheries, Ministry of Fisheries and Livestock,
Dhaka, Bangladesh.

DoF. 2019. National Fish Week 2019 Compendium (in Bengali).
Department of Fisheries, Ministry of Fisheries and Livestock,
Dhaka, Bangladesh.

Drummond AJ, Ho SYW, Rawlence N, Rambaut A. 2007. A Rough
Guide to BEAST 1.4. p41. http://beast.bio.ed.ac.uk.

Excoffier L, Lischer H. 2011. Arlequin ver 3.5: An Integrated
Software Package for Population Genetics Data Analysis. Swiss
Institute of Bioinformatics, Switzerland.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. DNA
primers for amplification of mitochondrial cytochrome c oxidase
subunit I from diverse metazoan invertebrates. Mol Mar Biol
Biotechnol 3: 294–299.

Fu YX. 1997. Statistical tests of neutrality of mutations against
population growth, hitchhiking and background selection. Genet-
ics 147: 915–925.

Galimberti A, De Mattia F, Losa A, Bruni I, Federici S, Casiraghi M,
Martellos S, LabraM. 2013. DNA barcoding as a new tool for food
traceability. Food Res Int 50: 55–63.

Gatesy J, DeSalle R, Wahlberg N. 2007. How many genes should a
systematist sample? Conflicting insights from a phylogenomic
matrix characterized by replicated incongruence. Syst Biol 56:
355–363.

Goudet J. 2005. Hierfstat, a package for R to compute and test
hierarchical F-statistics. Mol Ecol Notes 5: 184�186.

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W, Gascuel
O. 2010. New algorithms and methods to estimate maximum-
likelihood phylogenies: assessing the performance of PhyML 3.0.
Syst Biol 59: 307–321.

Hall TA. 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symp Ser 41: 95–98.

Harpending RC. 1994. Signature of ancient population growth in a
low-resolution mitochondrial DNA mismatch distribution. Hum
Biol 66: 591–600.

Hewitt GM. 2004. Genetic consequences of climatic oscillations in
the Quaternary. Philos T R Soc B 359: 183–195.

Holthuis LB. 1980. FAO Species Catalogue. Volume 1. Shrimps and
Prawns of the World. An Annotated Catalogue of Species of
Interest to Fisheries. FAO Fisheries Synopsis No. 125: 1–271.

Hossain MAR. 2014. Habitat and fish diversity: Bangladesh
perspective. In: Wahab MA, Shah MS, Hossain MAR, Barman
BK, Hoq ME (eds.), Advances in Fisheries Research in
Bangladesh: I. Proceedings of 5th Fisheries Conference &
Research Fair 2012. 18-19 January 2012, Bangladesh Agricultural
of 9

https://doi.org/10.4172/2375-446X.1000147
http://www.marinespecies.org/aphia.php?p=taxdetails&id=210410
http://www.marinespecies.org/aphia.php?p=taxdetails&id=210410
http://beast.bio.ed.ac.uk


M.M. Mahbub Alam and S. Pálsson: Aquat. Living Resour. 2021, 34, 1
Research Council, Dhaka, Bangladesh Fisheries Research Forum,
Dhaka, Bangladesh.

Hurst GDD, Jiggins FM. 2005. Problems with mitochondrial DNA as
amarker in population, phylogeographic and phylogenetic studies:
the effects of inherited symbionts. Proc R Soc B 272: 1525–1534.

Hurwood DA, Dammannagoda S, Krosch MN, Jung H, Salin KR,
Youssef MABH, de Bruyn M, Mather PB. 2014. Impacts of
climatic factors on evolution of molecular diversity and the natural
distribution of wild stocks of the giant freshwater prawn
(Macrobrachium rosenbergii). Freshw Sci 33: 217–231.

ITIS. 2016. Parapenaeopsis sculptilis (Heller 1862). Retrieved from
the Integrated Taxonomic Information System (ITIS), Date:
2020-05-15; http://www.itis.gov

IUCN Bangladesh. 2014. The Festschrift on the 50th Anniversary of
The IUCNRed List of Threatened SpeciesTM, Dhaka, Bangladesh:
IUCN. Date: 29.04.2016; https://portals.iucn.org/library/sites/
library/files/documents/RL-549.3-002.pdf

Keyse J, Crandall ED, Toonen RJ, Meyer CP, Treml EA, Riginos C.
2014. The scope of published population genetic data for Indo-
Pacific marine fauna and future research opportunities in the
region. Bull Mar Sci 90: 47–78.

Knowlton N, Weigt LA. 1998. New dates and new rates for
divergence across the Isthmus of Panama. P Roy Soc B: Biol Sci
265: 2257–2263.

Knowlton N, Weigt LA, Solorzano LA, Mills DK, Bermingham E.
1993. Divergence in proteins, mitochondrial DNA, and reproduc-
tive compatibility across the Isthmus of Panama. Science 260:
1629–1632.

Leache AD, McGuire JA. 2006. Phylogenetic relationships of horned
lizards (Phrynosoma) based on nuclear and mitochondrial data:
evidence for a misleading mitochondrial gene tree. Mol
Phylogenet Evol 39: 628–644.

Liao P, Kuo D, Lin C, Ho K, Lin T, Hwang S. 2010. Historical spatial
range expansion and a very recent bottleneck of Cinnamomum
kanehirae Hay. (Lauraceae) in Taiwan inferred from nuclear
genes. BMC Evol Biol 10: 124.

Meiklejohn KA, Damaso N, Robertson JM. 2019. Assessment of
BOLD and GenBank � Their accuracy and reliability for the
identification of biological materials. PLOS ONE 14: e0217084.

Meng X, Gao B, Li J, Liu P. 2019. Complete mitochondrial genome
of smoothshell shrimp Parapenaeopsis tenella (Bate, 1888)
(Crustacea: Decapoda: Penaeidae). Mitochondrial DNA B Resour
4: 793–794.

Nei M, Li WH. 1979. Mathematical model for studying genetic
variation in terms of restriction endonucleases. Proc Natl Acad Sci
USA 76: 5269–5273.

Nielsen R, Beaumont MA. 2009. Statistical inferences in phylogeog-
raphy. Mol Ecol 18: 1034–1047.

Pamilo P, Nei M. 1988. Relationships between gene trees and species
trees. Mol Biol Evol 5: 568–583.

Paradis E. 2006. Analysis of Phylogenetics and Evolution with R,
© 2006 Springer ScienceþBusiness Media, LLC. 211p.

Quader O. 2010. Coastal and marine biodiversity of Bangladesh (Bay
of Bengal). Proceedings of International Conference on Environ-
mental Aspects of Bangladesh (ICEAB10), Japan.
Page 9
R Core Team. 2020. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. URL: http://www.R-project.org/.

Rajakumaran P, Vaseeharan B, Jayakumar R, Chidambara R. 2014.
Conformation of phylogenetic relationship of penaeidae shrimp
Based onmorphometric and molecular investigations. Tsitol Genet
48: 17–24.

Rambaut A. 2012. FigTree: Tree Figure Drawing Tool Version 1.4.0.
Institute of Evolutionary Biology, University of Edinburgh. http://
tree.bio.ed.ac.uk/

Rambaut A, Drummond AJ. 2009. MCMC Trace Analysis Tool,
Version v1.5.0, 2003–2009. Institute of Evolutionary Biology,
University of Edinburgh. http://code.google.com/p/beast-mcmc/.

Rambaut A, Drummond AJ. 2013. TreeAnnotator v.1.7.5. MCMC
output analysis. Institute of Evolutionary Biology, University of
Edinburgh.

Rogers AR, Harpending H. 1992. Population growth makes waves in
the distribution of pairwise genetic differences. Mol Biol Evol 9:
552–569.

Rokas A, Carroll SB. 2005. More Genes or More Taxa? The Relative
Contribution of Gene Number and Taxon Number to Phylogenetic
Accuracy. Mol Biol Evol 22: 1337–1344.

Samadi S, GhavamMostafavi P, Rezvani Gilkolaii S, Fatemi M, Fazli
H. 2016. Phylogenetic relationships of the commercial marine
shrimp family Penaeidae from Persian Gulf. Iran J Fish Sci 15:
333–346.

Silvestre G, Pauly D. 1997. Synopsis and recommendations of the
ADBACLARM Workshop on tropical coastal fish stocks in Asia,
p. 1-7. In Silvestre G., Pauly D. (eds.) Status and management of
tropical coastal fisheries in Asia. ICLARM Conf Proc
53: 208p.

Stewart JR, Lister AM, Barnes I, Dalén L. 2010. Refugia revisited:
individualistic responses of species in space and time. P Roy Soc
B-Biol Sci 2771682: 661–671.

Tajima F. 1993. Measurement of DNA polymorphism. In: Mecha-
nisms of Molecular Evolution. Introduction to Molecular
Paleopopulation Biology, edited by Takahata N., Clark A.G.,
Tokyo, Sunderland, M.A.: Japan Scientific Societies Press,
Sinauer Associates, Inc., p. 37–59.

Tsang LM, Achituv Y, Chu KH, Chan BKK. 2012. Zoogeography of
intertidal communities in the West Indian Ocean as determined by
ocean circulation systems: patterns from the Tetraclita Barnacles.
PLoS One 7: e45120.

Tzeng TD. 2007. Population Structure of the Sword Prawn
(Parapenaeopsis hardwickii) (Decapoda: Penaeidae) in the
East China Sea and Waters Adjacent to Taiwan Inferred
from the Mitochondrial Control Region. Zool Stud 46:
561–568.

WoRMS. 2020. Parapenaeopsis sculptilis (Heller, 1862). Accessed at:
http://www.marinespecies.org/aphia.php?p=taxdetails&id=
210410 on 2020-12-11

Xinzheng LI, Yan XU, Qi KOU. 2014. Molecular phylogeny of
Parapenaeopsis Alcock, 1901 (Decapoda: Penaeidae) based on
Chinese materials and 16S rDNA and COI sequence. J Ocean U
China 13: 104–114.
Cite this article as: Mahbub Alam MM, Pálsson S. 2021. Genetic variation of Parapenaeopsis sculptilis (Decapoda, Penaeidae) and
reassessment of the phylogenetic relationships within the genus Parapenaeopsis based on mitochondrial DNA variation. Aquat. Living
Resour. 34: 1
of 9

http://www.itis.gov
https://portals.iucn.org/library/sites/library/files/documents/RL-549.3-002.pdf
https://portals.iucn.org/library/sites/library/files/documents/RL-549.3-002.pdf
http://www.R-project.org/.
http://tree.bio.ed.ac.uk/
http://tree.bio.ed.ac.uk/
http://code.google.com/p/beast-mcmc/
http://www.marinespecies.org/aphia.php?p=taxdetails&id=210410
http://www.marinespecies.org/aphia.php?p=taxdetails&id=210410

	Genetic variation of Parapenaeopsis sculptilis (Decapoda, Penaeidae) and reassessment of the phylogenetic relationships within the genus Parapenaeopsis based on mitochondrial DNA variation
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 DNA extraction
	2.3 Polymerase chain reaction (PCR) and sequencing
	2.4 Sequence analysis
	2.5 Genetic diversity and demography
	2.6 Phylogenetic relationships among the species under the genus Parapenaeopsis

	3 Results
	3.1 Mitochondrial DNA diversity of P. sculptilis
	3.2 Phylogenetics of the genus Parapenaeopsis

	4 Discussion
	4.1 Population genetics and phylogeography of P. sculptilis
	4.2 Phylogenetic relationships

	 Supplementary Material
	Acknowledgements
	References


