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Abstract

Understanding the genetic structure and diversity of marine fish is crucial for a sustainable management program. We examined
the genetic diversity and historical demographics of the yellowfin snapper, Lutjanus xanthopinnis Iwatsuki, Tanaka et Allen, 2015,
in the coastal waters of east Peninsular Malaysia which is bordered by the southern part of the South China Sea using the mito-
chondrial genes (mtDNA) D-loop and Cytochrome b (Cyz-b). A total of 99 (D-loop) and 78 (Cyz-b) specimens of L. xanthopinnis
were successfully sequenced from six locations within the range of species distribution along the Malaysian South China Sea.
In the presently reported study, the lack of genetic differentiation among populations can be attributed to historical demographic
events, eggs and planktonic larvae’ ability to disperse, spawning patterns, and the absence of physical barriers in the geographical
landscape. Maximum likelihood gene trees demonstrated that the populations under study had limited structuring and formed a
panmictic population that lacks support for internal clades. The AMOVA (Analysis of Molecular Variance) and population pairwise
@, values indicated high genetic exchange between the study areas. A high level of haplotype diversity (D-loop: 0.948-1.000;
Cyt-b: 0.542-0.928), low nucleotide diversity (D-loop: 0.0095-0.0159; Cyt-b: 0.0022—0.0049) and starlike haplotype network in-
dicates a recent expansion of L. xanthopinnis populations in Malaysian South China Sea. However, neutrality and goodness of fit
tests revealed non-significant values. Furthermore, the BSP (Bayesian skyline plot) analysis estimated population expansion events
during the late Pleistocene. During this epoch, the fluctuation in sea level may have led to an increase in the abundance of resources
and favorable habitats for the yellowfin snapper. The presently reported findings could initiate efficient management strategies for
L. xanthopinnis along the coastal areas of the Malaysian South China Sea and other nearby nations that share the same waterways.
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Introduction

Snappers, members of the family Lutjanidae, constitute
an abundant and diverse fishery resource. They comprise
17 genera, with 113 documented species in the Atlantic
and Indo—Pacific regions of tropical and subtropical wa-
ters (Froese and Pauly 2023). Amongst the Lutjanidae
family, the genus Lutjanus contains the highest number
of species, amounting to 73 (Allen 1985). This genus is
regarded as a valuable fisheries resource that is both eco-
logically and commercially significant across its range
of distribution (Messias et al. 2019), including Malaysia
(Adibah et al. 2018).

The yellowfin snapper, Lutjanus xanthopinnis Iwatsu-
ki, Tanaka et Allen, 2015, is a small lutjanid species that
was previously mistaken for Lutjanus madras (Valenci-
ennes, 1831) widely distributed throughout the western
Pacific and Indian Oceans, spanning from Sri Lanka to
the Andaman Sea and the Malay Peninsula, towards the
southeast to Indonesia, Malaysia, and Brunei, to the Phil-
ippines, north to China and Taiwan, and south to Japan
(Iwatsuki et al. 2015). Due to its initial taxonomic conun-
drum with L. madras, basic information about the bio-
geography, ecology, biology, and population stock status
of L. xanthopinnis is highly limited (Arai et al. 2023).
As a result, the present conservation status of L. xan-
thopinnis is classified as Data Deficient (Carpenter et al.
2019). This “L. xanthopinnis + L. madras” mixed species
group is caught using gillnets and trawl nets (Rahman et
al. 2023). It is subjected to commercial exploitation and
contributes to Malaysia’s annual fish landing statistics.
Landings of Lutjanus species have steadily risen over the
last decade (2013-2022) in Malaysia, reaching 15 391
tonnes annually (DOF 2023).

Understanding the genetic population structure of ma-
rine fish is crucial, and fisheries management should be
based on this knowledge (Gonzalez et al. 2023). Its im-
plementation could mitigate the risk of genetic resource
depletion (Laikre et al. 2005). Habib and Sulaiman
(2016) reported that identifying stock structure is one of
the cornerstones of assessing fisheries stock, particular-
ly for marine fish. Therefore, basic population parame-
ters such as the number and distribution of fish stocks,
dispersal pattern, and genetic diversity are needed for a
sustainable management and conservation program (Tan
et al. 2019; Kasim et al. 2020; Mohd Yusoff et al. 2021).
Genetic studies can provide valuable insights into these
factors, aiding in determining the optimal management
scale for the target species (Ovenden et al. 2015; Alam
et al. 2017). Despite its significant contribution to the
economy, only a few studies have been conducted on the
genetic diversity, population structure, and demographic
history of snappers from the biodiverse South China Sea
(Guo et al. 2007; Li and Chu-Wu 2007), including Malay-
sian waters (Halim et al. 2022).

Genetic markers, such as mitochondrial DNA (mtD-
NA), are highly effective in assessing genetic variation in-
cluding at species-level population genetics. Furthermore,

it is extensively employed in evolutionary genetics and
allows the estimation of population history parameters
such as divergence time among different groups (Habib
and Sulaiman 2017; Tan et al. 2019). Mitochondrial DNA
markers are preferred and reliable because they are present
in vast quantities in cells and have a mutation rate great-
er (10-17 times) than nuclear DNA (Allio et al. 2017).
The mtDNA D-loop and Cyt-b markers were used in the
population genetics and demography of the data-deficient
L. xanthopinnis natural populations in the East Peninsu-
lar Malaysian waters of the South China Sea. The non
protein-coding D-loop and protein-coding Cy#-b regions
have been extensively used as population genetic markers
in numerous marine fish, including snappers (Silva et al.
2018; Hernandez-Alvarez et al. 2020; Veneza et al. 2023).

Currently, there is only one population genetic study
of L. xanthopinnis based on the COI (Cytochrome ¢ ox-
idase subunit I) gene (Arai et al. 2023), restricting our
understanding of this biological resource. Hence, the key
objective of the presently reported study was to assess
the population genetics and demographic history of this
species, L. xanthopinnis, in the South China Sea off East
Peninsular Malaysia through the analysis of the two mi-
tochondrial regions (D-loop and Cyz-b). The findings of
this study would be crucial and serve as a point of refer-
ence for the management and conservation strategies of
this species.

Materials and methods

Sampling and preservation. A total of 120 samples of
yellowfin snapper were obtained from fish landing ports
at six distinct geographical areas within the range of spe-
cies distribution along the East Peninsular Malaysian
waters of the South China Sea in 2022 (Table 1, Fig. 1).
Subsequently, all specimens were identified using several
systematic morphological traits described by Iwatsuki et
al. (2015) and specimens were randomly validated using
a molecular technique based on COI genes. This species
can be distinguished from other Lutjanus species by its
yellow stripes, predominantly yellow fins, preopercular
flange with several embedded scales, and a pair of small
rounded to elliptical nostrils on each side of the snout.
A fin clip from each specimen was excised and stored in
95% ethanol. Samples were kept in 1.5 mL centrifuge
tubes at 4°C until further analysis.

Table 1. Sampling sites, coordinates, and collection dates of
Lutjanus xanthopinnis from Malaysian South China Sea.

Coordinates Date
6°08'03.5"N, 102°14'00.8"E 4 May 2022
5°54'29.5"N, 102°28'08.0"E 7 Oct 2022
5°19'19.4"N, 103°07'44.2"E 13 Aug 2022

Sampling site (population)
Kota Bharu, Kelantan
Tok Bali, Kelantan

Pulau Kambing,
Terengganu

5°19'19.4"N, 103°07'44.2"E 10 Jul 2022
3°47'10.7"N, 103°1925.4"E 26 Aug 2022
2°26'48.8"N, 103°49'38.5"E 14 Oct 2022

Dungun, Terengganu
Kuantan, Pahang
Mersing, Johor
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Figure 1. Sampling sites of Lutjanus xanthopinnis in the Malaysian waters of the South China Sea. Abbreviations: KB = Kota Bha-
ru, TB = Tok Bali, PK = Pulau Kambing, DG = Dungun, KU = Kuantan, MS = Mersing. The blue-shaded area denotes the natural

range of the yellowfin snapper in the area of study.

DNA extraction and quantification. Total genomic
DNA was extracted from fin tissue using salt extraction
(Aljanabi and Martinez 1997). The extracted DNA sam-
ples were assessed for their purities and concentrations
using the BioDropand and then kept in 1.5 mL centrifuge
tubes at —20°C before amplification.

Polymerase chain reaction (PCR) amplification and
sequencing. The preserved DNA samples were PCR
amplified using the partial mitochondrial DNA control
region (D-loop) and Cytochrome b (Cyz-b). The prim-
ers used were as follows: (a) D-loop control region
A (5-ATTCCACCTCTAACTCCCAAAGCTAG-3',
forward) and G (5-CGTCGGATCCCATCT TCAGT-
GTTATGCTT-3', reverse) (Lee et al. 1995) (b) Cyt-b
(forward 5'-GTG ACT TGA AAA ACC ACC GTT
G-3') and (reverse 5'-CTC CAT CTC CGG TTT ACA
AGA C-3") (Song et al. 1998). The final volume of 25
pL PCR reaction solution contained 3 pL of genomic
DNA, 0.5 pL of 10 pmol forward primer, 0.5 pL of
10 pmol reverse primer, 12.5 pL of Taq polymerase
Bioline red mix, and 8.5 pL of double distilled water
(ddH,0). The thermal protocol for D-loop was: initial
denaturation (94°C for 5 min), followed by 35 cycles of
reaction, denaturation (95°C for 60 s), annealing (56°C
for 90 s), extension at (72°C for 60 s), final extension
(72°C for 10 min), and last hold at 4°C. The Cy¢-b gene
was amplified under the following conditions: initial
denaturation (94°C for 80 s), 30 cycles of reaction,
denaturation at (94°C for 42 s), annealing (47°C for

45 s), extension (72°C for 60 s), final extension (72°C
for 5 min), and last hold at 4°C. The PCR results were
observed on 1.5% agarose gel stain with SYBR Safe
to verify their existence and determine the size of the
amplified DNA fragment. All satisfactorily PCR am-
plified products were later sent to Apical Scientific Sdn
Bhd in Selangor, Malaysia, for sequencing. An Applied
Biosystem ABI3730x1 capillary-based DNA sequenc-
er was used to perform the sequencing.

Sequence alignment and editing. The ClustalW pro-
gram incorporated in MEGA 11 software (Tamura et al.
2021) was utilized to verify and align the multiple se-
quences. Identification of DNA sequences was verified
with the Basic Local Alignment Search Tool (BLAST)
method available in the National Centre for Biotechnol-
ogy Information database (NCBI) (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) before subsequent processing. The
aligned sequence was transformed into a haplotype file
in DnaSP 6.0 (Rozas et al. 2017). All haplotypes have
been submitted to GenBank and have been assigned ac-
cession numbers OR756024-OR756105 (D-loop) and
OR764550-OR764577 (Cyt-b).

Genetic diversity, phylogenetic, and population
structure analyses. The number of haplotypes, poly-
morphic sites, and genetic diversity indices of haplo-
type and nucleotide diversity were performed using
Arlequin v3.5 (Excoffier and Lischer 2010). The phy-
logenetic relations of haplotypes were estimated using
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the Maximum Likelihood (ML) approach employed in
MEGA 11. Tamura 3-parameter (Tamura 1992) with
Gamma distribution and invariant sites (T92 + G + 1)
and Hasegawa—Kishino—Yano (Hasegawa et al. 1985)
with Gamma distribution (HKY + G) were identified to
have the lowest BIC score (Bayesian Information Crite-
rion) for the D-loop and Cyt-b sequences, respectively
in MEGA 11. The statistical support for the Maximum
Likelihood (ML) tree was assessed by 1000 bootstrap
replicates (Felsenstein 1985). The brownstripe snap-
per Lutjanus vitta was employed as an outgroup tax-
on (D-loop sequence, FI887832) and (Cyt-b sequence,
DQ900677). A median-joining network (MJN) was ac-
complished through the utilization of the median-join-
ing approach outlined in the PopART (Population anal-
ysis with reticulate trees) software (Leigh and Bryant
2015) for an overview of mutational differences be-
tween haplotypes.

The @, (Population pairwise comparisons) for both
data sets were calculated by Arlequin v3.5 software,
and the statistical significance of the pairwise compari-
sons was assessed using 10 000 permutations. In addi-
tion, AMOVA (Analysis of Molecular Variance) was
performed using the Arlequin 3.5 software to evaluate
the population partitioning of L. xanthopinnis across the
South China Sea off East Peninsular Malaysia based on
the fixation index F values.

Demographic history and population expansion.
The historical demographic expansions of the Lutja-
nus xanthopinnis populations were examined. To an-
alyze the deviation from neutrality, Tajima’s D (Taji-
ma 1989) and Fu’s F, (Fu 1997) were performed. The
population @ (before expansion), O, (after expansion),
and 7 (relative time since population expansion) were
calculated as historical demographic variables in Arle-
quin 3.5. The values of t were transformed to estimate
the T (actual time since population expansion) using
the equation

T=1-2uk

where u is the sequence mutation rate per site per
generation and £ is the length of sequence (Yildirim 2016).
In the presently reported study, one mutation rate was
used for D-loop (i.e., 3.6% per million years) (Donaldson
and Wilson 1999), while a mutation rate of 1% per million
years was used for Cyt-b (Bowen et al. 2001; Lessios
2008). The Bayesian skyline analysis was conducted
using the software BEAST version 2.2.0 (Bouckaert
et al. 2019), where the effective population size (NV,)
changes were examined over time. Since no population
structuring was detected (refer to the “Results” of this
study), the analysis was based on a single population
model. The data was prepared using the BEAUti, and the
subsequent analysis consisted of 108 iterations. A burn-in
period of 107 iterations was implemented, with sampling
occurring every 10* iterations. All analyses underwent

automatic optimization, and the outcomes were obtained
with Tracer version 1.7.1 (Rambaut et al. 2018).

In addition, the goodness of fit test parameters, name-
ly Harpending’s raggedness index (H,,) and the sum of
squared deviations (SSD), were calculated in Arlequin
3.5 to determine whether the sequence data deviated sig-
nificantly from the expected outcomes of a population
expansion model. Moreover, mismatch distribution anal-
yses were conducted using Arlequin 3.5 software with
the graph created using the R tool (R Core Team 2023).
The mismatch distribution reveals whether the popula-
tion of L. xanthopinnis was demographically expanding,
stable, or declining over time. A population at equilibri-
um displays a multimodal distribution pattern, whereas
a recently expanded population displays a unimodal dis-
tribution pattern (Slatkin and Hudson 1991; Rogers and
Harpending 1992).

Results

Genetic diversity. A total of 99 and 78 distinct spec-
imens of Lutjanus xanthopinnis were successfully se-
quenced for the mtDNA D-loop and Cyt-b fragments,
respectively from 120 specimens. The final dataset of
D-loop sequences (844 base pairs) revealed 96 poly-
morphic sites (65 parsimony informative and 31 sin-
gletons variable sites), generating 82 haplotypes, of
which only four (4.88%) were found in two to six lo-
calities. In contrast, the remaining 78 (95.12%) were
either singleton haplotypes or exclusive to a single lo-
cality. The Cyr-b aligned sequences (751 base pairs)
revealed 35 polymorphic sites (25 singleton variables
and 10 parsimony informative sites), defining 28 hap-
lotypes where 8 (28.58%) were found in two to six lo-
calities, and 20 (71.42%) were exclusive to one local-
ity or singleton haplotypes. The D-loop fragment was
AT-dominant (62.3%). However, Cyt-b gene sequences
showed almost similar percentages of AT (50.11%) and
CG (49.89%). In all sampled locations, L. xanthopinnis
revealed a high level of haplotype diversity (D-loop:
0.948-1.000; Cyt-b: 0.542-0.928), but the diversity of
nucleotide was low (D-loop: 0.0095-0.0159; Cy#-b:
0.0022-0.0049) (Table 2).

Phylogenetic and population genetic structure. Based
on the phylogenetic analysis derived from the D-loop and
Cyt-b markers, an ML tree with internal weakly support-
ed clades was revealed (<70%). No geographic partition-
ing of the haplotype was observed within its haplotypes
(Fig. 2A, Suppl. material 1, Fig. 2B). Furthermore, the
median-joining network inferred from both genes sup-
ported this lack of partitioning among the studied pop-
ulations (Figs. 3, 4). A complex reticulated network was
generated by the 82 D-loop haplotypes (Fig. 3), while 28
Cyt-b haplotypes provided a well-defined network pattern
(Fig. 4). A single dominant haplotype (Hap_01) was iden-
tified in the D-loop sequence followed by Hap 06 and
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Table 2. Genetic polymorphisms, neutrality test, mismatch distribution and goodness of fit tests for Lutjanus xanthopinnis popula-
tions inferred from the mitochondrial DNA D-loop (844 base pairs) and Cyt-b (751 base pairs) sequences.

Genetic diversity Neutrality test Mismatch distribution Goodness of fit tests

Population Tajimas’D Fu’s F, SSD H

N M H O Do Ve P vame P O 0 * Vame P Vame P
D-loop
B 18 16 49 0986 0.013 -0.72 024 —4.69 0.02 10.07 183.282 390 0.0123 0.37 0.0174 0.49
KB 15 14 51 0.990 0.014 -094 0.16 —-4.10 0.03 7.32 58911 6.65 0.0157 0.38 0.0155 0.81
PK 13 13 49 1.000 0.015 -0.67 025 -4.55 0.01 810 3614991 7.00 0.0138 0.39 0.0256 0.54
KU 20 19 53 0994 0.012 -1.26 0.09 -9.29 0.001 14.40 6837.57 0.00 0.0127 0.38 0.0159 0.50
MS 18 13 47 0947 0.010 -1.35 0.07 -1.93 0.18 0.002 15.449  11.00 0.0124 0.74 0.0198 0.79
DG 15 15 41 1.000 0.009 -1.51 0.05 -8.71 0.008 5.50 6854957 2.00 0.0193 041 0.0248 0.56
Overall 99 82 96 — — — — — — 6.639 — —
Mean 17 0986 0.012 -1.08 0.14 -5.54 0.04 7.566 2927.527 5.092 0.0144 044 0.0198 0.61
Cyt-b
B 14 8 13 0.769 0.003 -1.30 0.09 -220 0.08 0.00 4934 4756 0.0151 0.70 0.0440 0.79
KB 11 8 13 0927 0.004 -0.71 025 -231 0.07 0.005 27363 4496 0.0061 0.71 0.0290 0.82
PK 10 7 12 0911 0.004 -125 0.11 -1.98 0.07 0.079 16.653  3.461 0.0112 0.61 0.0562 0.49
KU 16 6 10 0.541 0.002 -1.59 0.04 -1.09 021 0.004 1.743 4736 0.0801 029 0.2888 0.17
MS 15 8 14 0.895 0.003 -1.21 0.11 -1.70 0.16 0.018 8.441 3.844 0.0070 0.77 0.0287 0.83
DG 12 8 12 0.848 0.003 -1.57 0.05 -3.20 0.01 0.00 4221 4977 0.0307 047 0.0835 0.58
Overall 78 28 35 — — — — — — 4.176 — —
Mean 13 0.815 0.003 -1.27 0.11 -2.08 0.1 0.017 10.559 4378 0.0250 0.59 0.0884 0.61

Bold type denotes significant difference at a level of 5%; N = number of samples, N, = number of haplotypes, N,; = number of polymorphic

sites, H{ = haplotype diversity, D, = nucleotide diversity, © /O, = Mismatch distribution before/after expansion, 7 = relative time since population

expansion, SSD = sum of squared deviations, //,; = Harpending’s raggedness index; TB = Tok Bali, KB = Kota Bharu, PK = Pulau Kambing,

KU = Kuantan, MS = Mersing, DG = Dungun.

Hap 24. Among the Cyt-b haplotypes, Hap 03 exhibited
the highest level of dominance, followed by Hap 01 and
Hap 04. The Hap 03 was observed in all sampling ar-
eas and is regarded as the ancestral haplotype based on
its dominance and central position where all haplotypes
radiate (Clement et al. 2000). A network including an
ancestral haplotype often exhibits a star-burst pattern or
star-like, with the ancestral haplotype positioned at its
center (Ferreri et al. 2011).

The @ (pairwise comparisons) analysis revealed
limited and non-significant structuring of L. xanthopinnis
populations from the Malaysian waters of the South Chi-
na Sea for both D-loop: —0.0212 to 0.0780) (Table 3) and
Cyt-b: —0.0359 to 0.1899 (Table 4). Negative @ values
indicate higher differences within the sample compared
to the variation across different samples. Subsequently,
the absence of population partition among the investi-
gated groups was supported by AMOVA. The AMOVA

Table 3. Pairwise @, (below the diagonal) and associated P values (above the diagonal) between sampling sites of Lutjanus xan-

thopinnis inferred by mtDNA D-loop region.

Population Tok Bali Pulau Kambing Kuantan Kota Bahru Mersing Dungun
Tok Bali 0.1335 0.2364 0.0292 0.4735 0.4503

Pulau Kambing 0.0297 0.0345 0.3180 0.0088 0.3150

Kuantan 0.0101 0.0645 0.2594 0.5715 0.0204

Kota Bahru —0.0061 —0.0045 0.0471 0.7408 0.3000

Mersing 0.0071 0.0780 0.0043 0.0152 0.8005

Dungun —0.0114 0.0734 —0.0128 0.0132 —0.0212

Table 4. Pairwise @, (below the diagonal) and associated P values (above the diagonal) between sampling sites of Lutjanus xan-

thopinnis inferred by mtDNA Cyz-b region.

Population Tok Bali Kota Bahru Pulau Kambing Kuantan Mersing Dungun
Tok Bali 0.17206 0.74161 0.68112 0.20453 0.00515
Kota Bahru 0.0384 0.06465 0.74111 0.12434 0.24493
Pulau Kambing —-0.03352 —0.03597 0.23978 0.36917 0.02307
Kuantan 0.01387 0.18997 0.08439 0.18642 0.86496
Mersing —0.02673 0.05859 0.01717 0.01024 0.51678
Dungun —-0.00615 0.13248 0.04497 -0.03304 -0.0113
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Figure 2. Maximum likelihood (ML) gene trees of Lutjanus xanthopinnis haplotypes from the Malaysian waters of the South Chi-
na Sea inferred from (A) D-loop (tree was compressed for a better illustration) (B) Cy#-b marker. Branches are drawn to scale and
bootstrap values <70% are not shown. (The original D-loop ML tree is presented in Suppl. material 1).
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indicate median vector. Dashed line is nucleotide mutation.
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results revealed that the intra-population genetic variance
was more significant than the inter-population genetic
variation for both fragments (Tables 5, 6).

Table 5. Results of AMOVA for Lutjanus xanthopinnis inferred
by mtDNA D-loop region.

Source of variation df Sum of
squares

35.167

Variance  Percentage P
components of variation value
0.10395 Va 1.91 0.067
5.32534 Vb 98.09

5.42929

Among populations 5
Within populations 93  495.257
Total 98 530.424
F,)=0.019

Fixation Index (

Table 6. Results of AMOVA for Lutjanus xanthopinnis in-
ferred by mtDNA Cyt-b region.

. Sumof  Variance Percentage P
Source of variation df ..
squares components of variation value

Among populations 5 9.688  0.04480 Va 3.19 0.08
Within populations 72 97.812  1.35849 Vb 96.81

Total 77 1075 5.42929

Fixation Index (F) = 0.031

Demographic history. Both neutrality tests (Tajima’s
D and Fu’s F)) showed negative values, and non-signif-
icant P values at P > 0.05 in all studied populations as
deduced by the Cy#-b and D-loop genes of mtDNA, re-
spectively (Table 2). The disparities in population sizes
after (0,) and before expansion (6,) for the D-loop mark-
er were 7.566 and 2927.52, while 0.017 and 10.559 were
estimated from the Cyt-b gene (Table 2). The 7 value
of D-loop was 5.092, while Cy#-b was 4.378 (Table 2).
The estimated expansion period for L. xanthopinnis was
109 246 and 280 254 years ago, inferred by D-loop and
Cyt-b genes. The Bayesian skyline plot (BSP) analysis
indicated that increases in effective population size (V)
were approximately 87 746 years ago, as inferred from
the D-loop (Fig. 5A). In comparison, expansion started
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75 244 years ago based on the Cy#-b marker (Fig. 5B).
For both the total data sets and all sample stations, the
Harpending’s raggedness index (H,) and the sum of
squared deviations (SSD) showed values that were low
and not statistically significant (Table 2). The mismatch
distribution (Fig. 6) conformed to the sudden expansion
model despite distinct bimodality based on the low and
non-significant values in the goodness of fit tests (H
and SSD).

Effective population size (Ng)
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Figure 5. Bayesian Skyline Plots of the mtDNA (A) D-loop
marker and (B) Cyt-b gene of Lutjanus xanthopinnis popula-
tions from Malaysian waters of the South China Sea. The dark
blue line represents the mean and the shaded blue band indicates
the standard error.
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Figure 6. Mismatch distributions (pairwise number of differences) for the mtDNA (A) D-loop (B) Cyt-b genes of Lutjanus xan-

thopinnis from Malaysian waters of the South China Sea.
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Discussion

The yellowfin snapper, Lutjanus xanthopinnis has only
been recognized as a valid species since 2015 (Iwatsuki et
al. 2015), although it had been subject to commercial ex-
ploitation in a mixed group with L. madras with which it
had been erroneously synonymized. Thus, it is crucial to
investigate the population genetics of this species to im-
plement an efficient management strategy. The presently
reported study is the first to investigate the population
genetics of L. xanthopinnis from the waters of the South
China Sea, bordering East Peninsula Malaysia using a
combination of two mitochondrial markers.

Genetic diversity. The present levels of nucleotide and
haplotype diversity can shed light on the demograph-
ic trends of communities in the past (Grant and Bowen
1998). Estimating a population’s genetic diversity is based
on these two basic metrics (Nei and Li 1979). The pres-
ently reported study reveals a high level of haplotype di-
versity (D-loop: 0.948-1.000; Cyt-b: 0.542—0.928) and
low nucleotide diversity (D-loop: 0.0095-0.0159; Cyt-b:
0.0022—-0.0049) observed in all locations where L. xan-
thopinnis was sampled (Table 2). A combination of high
haplotype diversity (//) and low nucleotide diversity (D,)
suggests the presence of a large population that has un-
dergone recent expansion, allowing for the persistence of
recently generated alleles in the population without suffi-
cient time to gather more nucleotide alternatives within the
haplotypes (Grant and Bowen 1998; Delrieu-Trottin et al.
2017; Kasim et al. 2020; Tovar Verba et al. 2023). These
findings coincide with earlier studies on several Lutjanus
species, including the red snapper Lutjanus campechanus
(H=0.946, D= 0.021) (Garber et al. 2004), crimson snap-
per, Lutjanus erythropterus (H=0.946, D = 0.03) (Zhang
et al. 2006), southern red snapper, Lutjanus purpureus (H
=0.99, D, = 0.026) (Gomes et al. 2012), mangrove red
snapper Lutjanus argentimaculatus (H = 0.929, n- 0.003)
(Gopalakrishnan et al. 2018), and dog snapper Lutjanus
Jjocu (H=10.996, D = 0.036) (Souza et al. 2019). In addi-
tion, the trend in genetic diversity estimates between the
two markers in all aligns with the results reported by Silva
et al. 2018, with the D-loop region having a greater level
of genetic diversity than the Cys-b because of the higher
polymorphic sites and mutation rate in the former.

Population genetics structure. The populations of L.
xanthopinnis from this part of the South China Sea of
Malaysian waters showed no geographical structuring
based on two mtDNA fragments. All statistical analyses
corroborated this: gene trees consisting of a single clade
(Fig. 2; Suppl. material 1) and undetermined genetic par-
tition of haplotype networks (Figs. 3, 4), the statistical-
ly non-significant value of pairwise @, (Tables 3, 4) as
well as lack of genetic differentiation in AMOVA (Ta-
bles 5, 6). These findings indicate a significant amount
of genetic exchanges between the populations of L. xan-
thopinnis attributed to substantial gene flow. This trend

is consistent with earlier research conducted on similar
species in different regions of the world (Gomes et al.
2012; Gopalakrishnan et al. 2018; Souza et al. 2019;
Veneza et al. 2023), which reflects a common evolu-
tionary pattern among species in this group. A number
of factors influence the genetic differentiation and flow
of genes among marine organisms, such as planktonic
larval stage, extended lifespan, distances and directions
of dispersal and spawning pattern (Froukh and Koch-
zius 2007; Palumbi 2003; Pineda et al. 2007; Haye et
al. 2014). The planktonic larval stage is believed to be a
crucial determinant of the population genetic patterns of
snapper (Tovar Verba et al. 2023). Facilitated by marine
currents, the larvae could travel in a long-distance move-
ment, thereby ensuring the continued existence of genet-
ic connectivity. Furthermore, snappers form extensive
spawning aggregations across their entire habitat (Claro
and Lindeman 2003; Malafaia et al. 2021; Motta et al.
2022). Rahman et al. (2024) reported that L. xanthopinn-
is has a higher tendency to create spawning aggregations
in the waters of Malaysia. The vast migration of adult
individuals to breeding aggregations also contributes to
genetic homogeneity. Typically, marine fishes exhibit
minimal genetic differentiation because they can theoret-
ically disperse throughout their life stages as there are no
physical barriers preventing passage between basins of
the ocean (Mandal et al. 2012).

Demographic history. Our study found that the popula-
tions of L. xanthopinnis throughout the East Peninsular
Malaysian waters had recently undergone a population
expansion history. However, the multimodal distribution
curve in the mismatch analysis (Fig. 6) suggests popu-
lation stability. But other lines of evidence such as the
median-joining network displayed a star-like pattern,
Tajima’s D and Fu’s F; show negative values, while H,
and SSD have non-significant values. These findings col-
lectively suggest the presence of a recent demographic
expansion. Previous studies on Lutjanus have exhibited
the same historical demographic pattern. These have been
reported in Lutjanus synagris (Linnaeus, 1758) (see Silva
et al. 2018), Lutjanus purpureus (Poey, 1866) (see Gomes
et al. 2012), and Lutjanus argentimaculatus (Forsskal,
1775) (see Gopalakrishnan et al. 2018). The tau value es-
timated a population expansion between 109 246 and 280
254 years ago for the mtDNA gene markers, D-loop and
Cyt-b, respectively.

Additionally, the BSP analysis indicated that the pop-
ulation expansion occurred around 87 746 and 75 244
years ago. These events overlapped with the late Pleis-
tocene, as shown in Fig. 5. The late Pleistocene Epoch is
characterized by alternating glaciation and deglaciation
periods at approximately 100 000-year intervals (Imbrie
et al. 1992). The climatic shifts during the late Pleisto-
cene resulted in alterations in temperature and salinity,
consequently affecting the worldwide circulation of the
ocean patterns (Bond et al. 1997; Petit et al. 1999). During
glaciations, sea levels receded by 120-140 m below the
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current level, exposing most shallow water habitats.
This significantly impacted marine life demographics,
including eradication, displacement, recolonization, and
population expansion (Hewitt 2000; Lambeck et al. 2002;
Liu et al. 2006). Population expansions during the late
Pleistocene period have also been previously reported in
several other snappers for example in Lutjanus erythrop-
terus (see Zhang et al. 2000), L. purpureus (see Gomes et
al. 2012), Lutjanus synagris (Linnaeus, 1758) (see Silva
etal. 2018), and Lutjanus alexandrei Moura et Lindeman,
2007 (see Veneza et al. 2023).

Based on this preliminary data, the L. xanthopinn-
is populations in the Malaysian waters bordered by the
South China Sea could be considered a single stock
unit as no population structuring was observed. How-
ever, this was based on two maternally inherited mtD-
NA markers. Furthermore, our work is constrained in
its ability to examine other regions of the South China
Sea due to the scarcity of specimens from other regions
of Malaysian waters and the absence of haplotype se-
quences in any accessible database. Additional analysis
should be conducted with autonomous, genomic nucle-
ar markers, such as a microsatellite marker for a holistic
approach to understanding the population genetic pat-
tern in this region. This would also entail examining a
broader geographical coverage and increasing the num-
ber of samples, particularly from other regions within
the South China Sea.

References

Adibah AB, Adamson EA, Juliana LH, Nor Mohd SA, Wei-Jen C, Man
A, Darlina MN (2018) DNA barcoding of Malaysian commercial
snapper reveals an unrecognized species of the yellow-lined Lutja-
nus (Pisces: Lutjanidae). PLoS ONE 13(9): €0202945. https://doi.
org/10.1371/journal.pone.0202945

Alam MM, Westfall KM, Palsson S (2017) Historical demography and
genetic differentiation of the giant freshwater prawn Macrobrachium
rosenbergii in Bangladesh based on mitochondrial and dd RAD
sequence variation. Ecology and Evolution 7(12): 4326-4335.
https://doi.org/10.1002/ece3.3023

Aljanabi SM, Martinez I (1997) Universal and rapid salt-extraction of
high quality genomic DNA for PCR-based techniques. Nucleic Acids
Research 25(22): 4692-4693. https://doi.org/10.1093/nar/25.22.4692

Allen GR (1985) FAO species catalogue: Vol. 6. Snappers of the world:
An annotated and illustrated catalogue of lutjanid species known to
date (No. 6). FAO, Rome.

Allio R, Donega S, Galtier N, Nabholz B (2017) Large variation in the
ratio of mitochondrial to nuclear mutation rate across animals: Im-
plications for genetic diversity and the use of mitochondrial DNA
as a molecular marker. Molecular Biology and Evolution 34(11):
2762-2772. https://doi.org/10.1093/molbev/msx197

Arai T, Taha H, Alidon N, Jumat J, Azmey S, Zan ND, Jaafar TNAM,
Habib A (2023) Mitochondrial cytochrome ¢ oxidase subunit I gene
analysis of the yellowfin snapper, Lutjanus xanthopinnis in the Indo—
Pacific region and a note on Lutjanus lutjanus population structure.
Heliyon 9(9): €19348. https://doi.org/10.1016/j.heliyon.2023.19348

Conclusions

The population structure of Lutjanus xanthopinnis still
needs to be better understood, particularly in Malaysia. This
is a significant challenge from a management perspective.
The initial baseline population genetic data on L. xantho-
pinnis populations in the Malaysian South China Sea is cru-
cial for authorities’ planning and management strategies.
Based on preliminary data, the L. xanthopinnis populations
in the South China Sea of Malaysia could be considered a
single stock unit because the two mtDNA markers revealed
no population structure was present. According to their es-
timated demographic history, populations of L. xanthopin-
nis significantly expanded in the Late Pleistocene. When
combined with other relevant data, this genetic information
may help create efficient management strategies for Malay-
sia and other nearby nations that share the same waterways.

Acknowledgments

The study was funded by the Fundamental Research Grant
Scheme (FRGS) with project reference FRGS/1/2021/
WABO05/UMT/02/4, and the authors gratefully ac-
knowledge the Malaysian Ministry of Higher Education
(MoHE) for their support. We also appreciated the logis-
tical assistance provided by the Faculty of Fisheries and
Food Science at Universiti Malaysia Terengganu.

Bond G, Showers W, Cheseby M, Lotti R, Almasi P, DeMenocal P,
Paul P, Heidi C, Irka H, Bonani G (1997) A pervasive millenni-
al-scale cycle in North Atlantic Holocene and glacial climates.
Science  278(5341): 1257-1266. https://doi.org/10.1126/sci-
ence.278.5341.1257

Bouckaert R, Vaughan TG, Barido-Sottani J, Duchéne S, Fourment M,
Gavryushkina A, Heled J, Jones G, Kiihnert D, De Maio N, Matsch-
iner M, Mendes FK, Miiller NF, Ogilvie HA, du Plessis L, Popinga
A, Rambaut A, Rasmussen D, Siveroni I, Suchard MA, Wu C-H, Xie
D, Zhang C, Stadler T, Drummond AJ (2019) BEAST 2.5: An ad-
vanced software platform for Bayesian evolutionary analysis. PLoS
Computational Biology 15(4): €1006650. https://doi.org/10.1371/
journal.pcbi. 1006650

Bowen BW, Bass AL, Rocha LA, Grant WS, Robertson DR (2001)
Phylogeography of the trumpetfishes (Aulostomus): Ring species
complex on a global scale. Evolution 55(5): 1029-1039. https://doi.
org/10.1554/0014-3820(2001)055[1029:POTTAR]2.0.CO;2

Carpenter KE, Al Abdali FSH, Al Buwaiqi B, Al Kindi ASM, Ambuali A,
Borsa P, Govender A, Russell B (2019) Lutjanus xanthopinnis. TUCN
Red List of Threatened Species 2019: €. T137566591A137566868.
[Accessed on 02 August 2024.] https://doi.org/10.2305/IUCN.
UK.2019-2.RLTS.T137566591A137566868.en

Claro R, Lindeman KC (2003) Spawning aggregation sites of snapper
and grouper species (Lutjanidae and Serranidae) on the insular shelf
of Cuba. Gulf and Caribbean Research 14(2): 91-106. https://doi.
org/10.18785/gcr.1402.07


https://doi.org/10.1371/journal.pone.0202945
https://doi.org/10.1371/journal.pone.0202945
https://doi.org/10.1002/ece3.3023
https://doi.org/10.1093/nar/25.22.4692
https://doi.org/10.1093/molbev/msx197
https://doi.org/10.1016/j.heliyon.2023.e19348
https://doi.org/10.1126/science.278.5341.1257
https://doi.org/10.1126/science.278.5341.1257
https://doi.org/10.1371/journal.pcbi.1006650
https://doi.org/10.1371/journal.pcbi.1006650
https://doi.org/10.1554/0014-3820(2001)055%5B1029:POTTAR%5D2.0.CO;2
https://doi.org/10.1554/0014-3820(2001)055%5B1029:POTTAR%5D2.0.CO;2
https://doi.org/10.2305/IUCN.UK.2019-2.RLTS.T137566591A137566868.en
https://doi.org/10.2305/IUCN.UK.2019-2.RLTS.T137566591A137566868.en
https://doi.org/10.18785/gcr.1402.07
https://doi.org/10.18785/gcr.1402.07

Acta Ichthyologica et Piscatoria 54, 2024, 189-201

199

Clement M, Posada DCKA, Crandall KA (2000) TCS: A computer
program to estimate gene genealogies. Molecular Ecology 9(10):
1657-1659. https://doi.org/10.1046/j.1365-294x.2000.01020.x

Delrieu-Trottin E, Mona S, Maynard J, Neglia V, Veuille M, Planes S
(2017) Population expansions dominate demographic histories of
endemic and widespread Pacific reef fishes. Scientific Reports 7(1):
40519. https://doi.org/10.1038/srep40519

DOF (2023) Annual fisheries statistics 2022. Department of Fisheries
Malaysia. http://www.dof.gov.my/en/fishery-statistics

Donaldson KA, Wilson Jr RR (1999) Amphi-panamic geminates of
snook (Percoidei: Centropomidae) provide a calibration of the di-
vergence rate in the mitochondrial DNA control region of fishes.
Molecular Phylogenetics and Evolution 13(1): 208-213. https://doi.
org/10.1006/mpev.1999.0625

Excoffier L, Lischer HE (2010) Arlequin suite ver 3.5: A new series of
programs to perform population genetics analyses under Linux and
Windows. Molecular Ecology Resources 10(3): 564-567. https://
doi.org/10.1111/1.1755-0998.2010.02847.x

Felsenstein J (1985) Confidence limits on phylogenies: An approach us-
ing the bootstrap. Evolution; International Journal of Organic Evolu-
tion 39(4): 783-791. https://doi.org/10.2307/2408678

Ferreri M, Qu W, Han BO (2011) Phylogenetic networks: A tool to display
character conflict and demographic history. African Journal of Bio-
technology 10(60): 12799-12803. https://doi.org/10.5897/AJB11.010

Froese R, Pauly D (Eds) (2023) FishBase. [Version 10/2023] http://
www.fishbase.org

Froukh T, Kochzius M (2007) Genetic population structure of the en-
demic fourline wrasse (Larabicus quadrilineatus) suggests limited
larval dispersal distances in the Red Sea. Molecular Ecology 16(7):
1359-1367. https://doi.org/10.1111/j.1365-294X.2007.03236.x

Fu YX (1997) Statistical tests of neutrality of mutations against pop-
ulation growth, hitch hiking and background selection. Genetics
147(2): 915-925. https://doi.org/10.1093/genetics/147.2.915

Garber AF, Tringali MD, Stuck KC (2004) Population structure and
variation in red snapper (Lutjanus campechanus) from the Gulf of
Mexico and Atlantic coast of Florida as determined from mitochon-
drial DNA control region sequence. Marine Biotechnology 6(2):
175-185. https://doi.org/10.1007/s10126-003-0023-7

Gomes G, Sampaio I, Schneider H (2012) Population Structure of Lut-
Janus purpureus (Lutjanidae-Perciformes) on the Brazilian coast:
Further existence evidence of a single species of red snapper in the
western Atlantic. Anais da Academia Brasileira de Ciéncias 84(4):
979-999. https://doi.org/10.1590/S0001-37652012000400013

Gonzalez F, Barria P, Ponce F, Mora S (2023) Population Genetic Struc-
ture of Marine Fishes. https://doi.org/10.5772/intechopen.112694

Gopalakrishnan A, Vineesh N, Ismail S, Menon M, Akhilesh KV, Jee-
na NS, Paulton MP, Vijayagopal P (2018) Mitochondrial signa-
tures revealed panmixia in Lutjanus argentimaculatus (Forsskal
1775). Journal of Genetics 97(1): 179-187. https://doi.org/10.1007/
$12041-018-0899-7

Grant WAS, Bowen BW (1998) Shallow population histories in deep
evolutionary lineages of marine fishes: Insights from sardines and
anchovies and lessons for conservation. Journal of Heredity 89(5):
415-426. https://doi.org/10.1093/jhered/89.5.415

Guo Y, Wang Z, Liu C, Liu L, Liu Y (2007) Phylogenetic relationships
of South China Sea snappers (genus Lutjanus; family Lutjanidae)
based on mitochondrial DNA sequences. Marine Biotechnology
9(6): 682—688. https://doi.org/10.1007/s10126-007-9012-6

Habib A, Sulaiman Z (2016) High genetic connectivity of narrow-barred
Spanish mackerel (Scomberomorus commerson) from the South
China, Bali and Java Seas. Zoology and Ecology 26(2): 93-99.
https://doi.org/10.1080/21658005.2016.1161121

Habib A, Sulaiman Z (2017) Mitochondrial DNA analyses of nar-
row-barred Spanish mackerel (Scomberomorus commerson) sam-
pled from the Arabian Sea, the Bay of Bengal, and the Indo—Malay
archipelago. Zoology and Ecology 27(3—4): 245-250. https://doi.or
2/10.1080/21658005.2017.1385990

Halim LJ, Rahim I, Mahboob S, Al-Ghanim KA, Asmiaty AMAT,
Naim DM (2022) Phylogenetic relationships of the commercial red
snapper (Lutjanidae sp.) from three marine regions. Journal of King
Saud University - Science 34(2): 101756. https://doi.org/10.1016/j.
jksus.2021.101756

Hasegawa M, Kishino H, Yano TA (1985) Dating of the human-ape
splitting by a molecular clock of mitochondrial DNA. Journal of
Molecular Evolution 22(2): 160-174. https://doi.org/10.1007/
BF02101694

Haye PA, Segovia NI, Muifioz-Herrera NC, Gélvez FE, Martinez A,
Meynard Maria C (2014) Phylogeographic structure in benthic
marine invertebrates of the southeast Pacific coast of Chile with
differing dispersal potential. PLoS ONE 9(2): e88613. https://doi.
org/10.1371/journal.pone.0088613

Hernandez-Alvarez C, Bayona-Véasquez NJ, Dominguez-Dominguez
O, Uribe-Alcocer M, Diaz-Jaimes P (2020) Phylogeography of the
pacific red snapper (Lutjanus peru) and spotted rose snapper (Lutja-
nus guttatus) in the inshore Tropical Eastern Pacific. Copeia 108(1):
61-71. https://doi.org/10.1643/CG-18-157

Hewitt G (2000) The genetic legacy of the Quaternary ice ages. Nature
405(6789): 907-913. https://doi.org/10.1038/35016000

Imbrie J, Boyle EA, Clemens SC, Duftfy A, Howard WR, Kukla G,
Kutzbach J, Martinson DG, Mclntyre A, Mix AC, Molfino B,
Morley JJ, Peterson LC, Pisias NG, Prell WL, Raymo ME, Shack-
leton NJ, Toggweiler JR (1992) On the structure and origin of
major glaciation cycles 1. Linear responses to Milankovitch forc-
ing. Paleoceanography 7(6): 701-738. https://doi.org/10.1029/
92PA02253

Iwatsuki Y, Tanaka F, Allen GR (2015) Lutjanus xanthopinnis, a new
species of snapper (Pisces: Lutjanidae) from the Indo—west Pacific,
with a redescription of Lutjanus madras (Valenciennes 1831). Jour-
nal of the Ocean Science Foundation 17: 22-42.

Kasim NS, Jaafar TNAM, Piah RM, Arshaad WM, Nor SAM, Habib
A, Ghaffar MA, Sung Y'Y, Danish-Daniel M, Tan MP (2020) Recent
population expansion of longtail tuna Thunnus tonggol (Bleeker,
1851) inferred from the mitochondrial DNA markers. Peer] 8:
€9679. https://doi.org/10.7717/peerj.9679

Laikre L, Palm S, Ryman N (2005) Genetic population structure of
fishes: Implications for coastal zone management. Ambio 34(2):
111-119. https://doi.org/10.1579/0044-7447-34.2.111

Lambeck K, Esat TM, Potter EK (2002) Links between climate and sea
levels for the past three million years. Nature 419(6903): 199-206.
https://doi.org/10.1038/nature01089

Lee WIJ, Conroy J, Howell WH, Kocher TD (1995) Structure and evo-
lution of teleost mitochondrial control regions. Journal of Molecular
Evolution 41(1): 54—66. https://doi.org/10.1007/BF00174041

Leigh JW, Bryant D (2015) POPART: Full-feature software for haplo-
type network construction. Methods in Ecology and Evolution 6(9):
1110-1116. https://doi.org/10.1111/2041-210X.12410


https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://doi.org/10.1038/srep40519
http://www.dof.gov.my/en/fishery-statistics
https://doi.org/10.1006/mpev.1999.0625
https://doi.org/10.1006/mpev.1999.0625
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.1111/j.1755-0998.2010.02847.x
https://doi.org/10.2307/2408678
https://doi.org/10.5897/AJB11.010
http://www.fishbase.org
http://www.fishbase.org
https://doi.org/10.1111/j.1365-294X.2007.03236.x
https://doi.org/10.1093/genetics/147.2.915
https://doi.org/10.1007/s10126-003-0023-7
https://doi.org/10.1590/S0001-37652012000400013
https://doi.org/10.5772/intechopen.112694
https://doi.org/10.1007/s12041-018-0899-7
https://doi.org/10.1007/s12041-018-0899-7
https://doi.org/10.1093/jhered/89.5.415
https://doi.org/10.1007/s10126-007-9012-6
https://doi.org/10.1080/21658005.2016.1161121
https://doi.org/10.1080/21658005.2017.1385990
https://doi.org/10.1080/21658005.2017.1385990
https://doi.org/10.1016/j.jksus.2021.101756
https://doi.org/10.1016/j.jksus.2021.101756
https://doi.org/10.1007/BF02101694
https://doi.org/10.1007/BF02101694
https://doi.org/10.1371/journal.pone.0088613
https://doi.org/10.1371/journal.pone.0088613
https://doi.org/10.1643/CG-18-157
https://doi.org/10.1038/35016000
https://doi.org/10.1029/92PA02253
https://doi.org/10.1029/92PA02253
https://doi.org/10.7717/peerj.9679
https://doi.org/10.1579/0044-7447-34.2.111
https://doi.org/10.1038/nature01089
https://doi.org/10.1007/BF00174041
https://doi.org/10.1111/2041-210X.12410

200 Rahman et al.: Mitochondrial markers revealed genetic panmixia in yellowfin snapper

Lessios HA (2008) The great American schism: Divergence of marine
organisms after the rise of the Central American Isthmus. Annu-
al Review of Ecology, Evolution, and Systematics 39(1): 63-91.
https://doi.org/10.1146/annurev.ecolsys.38.091206.095815

Li L, Chu-Wu L (2007) Genetic diversity and molecular markers of
five snapper species. Chinese Journal of Agricultural Biotechnology
4(1): 39-46. https://doi.org/10.1017/S1479236207001210

LiuJX, Gao TX, Yokogawa K, Zhang YP (2006) Differential population
structuring and demographic history of two closely related fish spe-
cies, Japanese sea bass (Lateolabrax japonicus) and spotted sea bass
(Lateolabrax maculatus) in northwestern Pacific. Molecular Phylo-
genetics and Evolution 39(3): 799-811. https://doi.org/10.1016/].
ympev.2006.01.009

Malafaia PN, Franca AR, Olavo G (2021) Spawning aggregation sites
of the cubera snapper, Lutjanus cyanopterus, on the continental shelf
of Bahia state, northeastern Brazil. Fisheries Research 242: 106037.
https://doi.org/10.1016/j.fishres.2021.106037

Mandal A, Rao D, Karuppaiah D, Gopalakrishnan A, Pozhoth J, Sam-
raj YCT, Doyle RW (2012) Population genetic structure of Penae-
us monodon, in relation to monsoon current patterns in southwest,
east and Andaman coastal waters of India. Gene 491(2): 149-157.
https://doi.org/10.1016/j.gene.2011.10.002

Messias MA, Alves TI, Melo CM, Lima M, Rivera-Rebella C, Ro-
drigues DF, Madi RR (2019) Ethnoecology of Lutjanidae (snappers)
in communities of artisanal fisheries in northeast Brazil. Ocean and
Coastal Management 181: 104866. https://doi.org/10.1016/j.oce-
coaman.2019.104866

Mohd Yusoff NIS, Mat Jaafar TNA, Vilasri V, Mohd Nor SA, Seah YG,
Habib A, Wong LL, Danish-Daniel M, Sung YY, Mazlan AG, Mat
Piah R, Tan MP (2021) Genetic diversity, population structure and
historical demography of the two-spined yellowtail stargazer (Ura-
noscopus cognatus). Scientific Reports 11(1): 13357. https://doi.
org/10.1038/s41598-021-92905-6

Motta FS, Freitas MO, Rolim FA, Abilhoa V, Pereira Filho GH (2022)
Direct evidence of a spawning aggregation of cubera snapper (Lutja-
nus cyanopterus) in southeastern Brazil and its management impli-
cations. Fisheries Research 252: 106339. https://doi.org/10.1016/j.
fishres.2022.106339

Nei M, Li WH (1979) Mathematical model for studying genetic vari-
ation in terms of restriction endonucleases. Proceedings of the Na-
tional Academy of Sciences of the United States of America 76(10):
5269-5273. https://doi.org/10.1073/pnas.76.10.5269

Ovenden JR, Berry O, Welch DJ, Buckworth RC, Dichmont CM (2015)
Ocean’s eleven: A critical evaluation of the role of population, evolu-
tionary and molecular genetics in the management of wild fisheries.
Fish and Fisheries 16(1): 125-159. https://doi.org/10.1111/faf.12052

Palumbi SR (2003) Population genetics, demographic connectivity,
and the design of marine reserves. Ecological Applications 13(sp1):
146-158. https://doi.org/10.1890/1051-0761(2003)013[0146:PGD-
CAT]2.0.CO;2

Petit JR, Jouzel J, Raynaud D, Barkov NI, Barnola JM, Basile I, Bend-
er M, Chappellaz J, Davis M, Delaygue G, Stievenard M (1999)
Climate and atmospheric history of the past 420,000 years from the
Vostok ice core, Antarctica. Nature 399(6735): 429—436. https://doi.
org/10.1038/20859

Pineda J, Hare JA, Sponaugle S (2007) Larval transport and dispersal
in the coastal ocean and consequences for population connectivi-
ty. Oceanography (Washington, D.C.) 20(3): 22-39. https://doi.
org/10.5670/oceanog.2007.27

R Core Team (2023) R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria.
http://www.R-project.org

Rahman MM, Ariffin NA, Seah YG, Jaafar TNAM, Habib A (2023)
Length—weight relationships and relative condition factors of three
coral-associated Lutjanus species from Terengganu waters of the
South China Sea, Malaysia. Turkish Journal of Zoology 47(4): 216—
221. https://doi.org/10.55730/1300-0179.3134

Rahman MM, Ariffin NA, Seah YG, Jaafar TNAM, Fadzli MH, Habib
A (2024) Reproductive features of data-deficient yellowfin snapper,
Lutjanus xanthopinnis (Actinopterygii: Eupercaria: Lutjanidae),
from east-coast of Peninsular Malaysia: Implications for sustainable
fisheries management. Acta Ichthyologica et Piscatoria 54: 63—74.
https://doi.org/10.3897/aiep.54.112995

Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA (2018)
Posterior summarization in Bayesian phylogenetics using Tracer
1.7. Systematic Biology 67(5): 901-904. https://doi.org/10.1093/
sysbio/syy032

Rogers AR, Harpending H (1992) Population growth makes waves in
the distribution of pairwise genetic differences. Molecular Biology
and Evolution 9(3): 552-569.

Rozas J, Ferrer-Mata A, Sanchez-DelBarrio JC, Guirao-Rico S, Librado
P, Ramos-Onsins SE, Sanchez-Gracia A (2017) DnaSP 6: DNA se-
quence polymorphism analysis of large data sets. Molecular Biology
and Evolution 34(12): 3299-3302. https://doi.org/10.1093/molbev/
msx248

Silva D, Martins K, Oliveira J, da Silva R, Sampaio I, Schneider H,
Gomes G (2018) Genetic differentiation in populations of lane
snapper (Lutjanus synagris—Lutjanidae) from Western Atlantic as
revealed by multilocus analysis. Fisheries Research 198: 138—149.
https://doi.org/10.1016/j.fishres.2017.10.005

Slatkin M, Hudson RR (1991) Pairwise comparisons of mitochondrial
DNA sequences in stable and exponentially growing popula-
tions. Genetics 129(2): 555-562. https://doi.org/10.1093/genet-
ics/129.2.555

Song CB, Near TJ, Page LM (1998) Phylogenetic relations among
percid fishes as inferred from mitochondrial cytochrome b DNA
sequence data. Molecular Phylogenetics and Evolution 10(3): 343—
353. https://doi.org/10.1006/mpev.1998.0542

Souza ASD, Dias Janior EA, Perez MF, Cioffi MDB, Bertollo LAC,
Garcia-Machado E, Marcelo NSV, Galetti PMJ, Molina WF (2019)
Phylogeography and historical demography of two sympatric Atlan-
tic snappers: Lutjanus analis and L. jocu. Frontiers in Marine Sci-
ence 6: 545. https://doi.org/10.3389/fmars.2019.00545

Tajima F (1989) Statistical method for testing the neutral mutation hy-
pothesis by DNA polymorphism. Genetics 123(3): 585-595. https://
doi.org/10.1093/genetics/123.3.585

Tamura K (1992) Estimation of the number of nucleotide substitutions
when there are strong transition-transversion and G+ C-content bias-
es. Molecular Biology and Evolution 9(4): 678—687.

Tamura K, Stecher G, Kumar S (2021) MEGA 11: Molecular evolution-
ary genetics analysis version 11. Molecular Biology and Evolution
38(7): 3022-3027. https://doi.org/10.1093/molbev/msab120

Tan MP, Amornsakun T, Siti Azizah MN, Habib A, Sung YY, Dan-
ish-Daniel M (2019) Hidden genetic diversity in snakeskin goura-
mi, Trichopodus pectoralis (Perciformes, Osphronemidae), inferred
from the mitochondrial DNA CO1 gene. Mitochondrial DNA, Part
B, Resources 4(2): 2966-2969. https://doi.org/10.1080/23802359.2
019.1662741


https://doi.org/10.1146/annurev.ecolsys.38.091206.095815
https://doi.org/10.1017/S1479236207001210
https://doi.org/10.1016/j.ympev.2006.01.009
https://doi.org/10.1016/j.ympev.2006.01.009
https://doi.org/10.1016/j.fishres.2021.106037
https://doi.org/10.1016/j.gene.2011.10.002
https://doi.org/10.1016/j.ocecoaman.2019.104866
https://doi.org/10.1016/j.ocecoaman.2019.104866
https://doi.org/10.1038/s41598-021-92905-6
https://doi.org/10.1038/s41598-021-92905-6
https://doi.org/10.1016/j.fishres.2022.106339
https://doi.org/10.1016/j.fishres.2022.106339
https://doi.org/10.1073/pnas.76.10.5269
https://doi.org/10.1111/faf.12052
https://doi.org/10.1890/1051-0761(2003)013%5B0146:PGDCAT%5D2.0.CO;2
https://doi.org/10.1890/1051-0761(2003)013%5B0146:PGDCAT%5D2.0.CO;2
https://doi.org/10.1038/20859
https://doi.org/10.1038/20859
https://doi.org/10.5670/oceanog.2007.27
https://doi.org/10.5670/oceanog.2007.27
http://www.R-project.org
https://doi.org/10.55730/1300-0179.3134
https://doi.org/10.3897/aiep.54.112995
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.1016/j.fishres.2017.10.005
https://doi.org/10.1093/genetics/129.2.555
https://doi.org/10.1093/genetics/129.2.555
https://doi.org/10.1006/mpev.1998.0542
https://doi.org/10.3389/fmars.2019.00545
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1080/23802359.2019.1662741
https://doi.org/10.1080/23802359.2019.1662741

Acta Ichthyologica et Piscatoria 54, 2024, 189-201

201

Tovar Verba J, Stow A, Bein B, Pennino MG, Lopes PF, Ferreira BP,
Meghana M, Sergio MQL, Pereira RJ (2023) Low population ge-
netic structure is consistent with high habitat connectivity in a com-
mercially important fish species (Lutjanus jocu). Marine Biology
170(1): 5. https://doi.org/10.1007/s00227-022-04149-1

Veneza I, da Silva R, Ferreira C, Mendonga P, Sampaio I, Evangelis-
ta-Gomes G (2023) Genetic connectivity and population expansion
inferred from multilocus analysis in Lutjanus alexandrei (Lutjani-
dae—Perciformes), an endemic snapper from northeastern Brazilian
coast. Peer] 11: e15973. https://doi.org/10.7717/peerj.15973

Yildirim Y (2016) Genetic structure of Pleurobranchaea maculata in
New Zealand. PhD thesis in Genetics, New Zealand Institute for Ad-
vanced Study, Massey University, Auckland, New Zealand.

Zhang J, Cai Z, Huang L (2006) Population genetic structure of crimson
snapper Lutjanus erythropterus in East Asia, revealed by analysis of
the mitochondrial control region. ICES Journal of Marine Science
63(4): 693-704. https://doi.org/10.1016/j.icesjms.2006.01.004

Supplementary material 1

Phylogenetic tree

Authors: Md Moshiur Rahman, Nur Asma Ariffin, Ying
Giat Seah, Siti Azizah Mohd Nor, Tun Nurul Aimi Mat
Jaafar, Nuralif Fakhrullah Mohd Nur, Ahasan Habib

Data type: png

Copyright notice: This dataset is made available under
the Open Database License (http://opendatacommons.
org/licenses/odbl/1.0). The Open Database License
(ODbL) is a license agreement intended to allow us-
ers to freely share, modify, and use this Dataset while
maintaining this same freedom for others, provided
that the original source and author(s) are credited.

Link: https://doi.org/10.3897/aiep.54.123026.suppl1


https://doi.org/10.1007/s00227-022-04149-1
https://doi.org/10.7717/peerj.15973
https://doi.org/10.1016/j.icesjms.2006.01.004
http://opendatacommons.org/licenses/odbl/1.0
http://opendatacommons.org/licenses/odbl/1.0
https://doi.org/10.3897/aiep.54.123026.suppl1

	Mitochondrial markers revealed genetic panmixia in the data-deficient yellowfin snapper, Lutjanus xanthopinnis (Actinopterygii: Eupercaria: Lutjanidae), from a hotspot of the southern region of the South China Sea
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	References
	Supplementary material 1
	Phylogenetic tree


