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Abstract 
 

Two fish species Acanthurus mata and Ephippus orbis of the order Acanthuriformes were collected from Gopalpur-on-
sea, Bay of Bengal, where they were recorded for the first time. Both the fishes were identified using the conventional 
taxonomic methods followed by the molecular taxonomic method of DNA barcoding using the mitochondrial 
cytochrome c oxidase subunit I (COI) gene. All COI barcodes produced in this investigation were matched with reference 
sequences of anticipated species by morphological identification. Based on DNA barcodes, neighbour-joining, and 
maximum likelihood phylogenetic trees were constructed, and all of the specimens found were clustered according to 
their species-level taxonomic categorisation.  To derive haplotype diversity, a median-joining network was built. The 
current study additionally looked at the number of variable sites, parsimony informative sites, nucleotide diversity, and 
variation in amino acids. Significant genetic variations were detected among A. mata species from various geographic 
regions. However, E. orbis still has highly conserved natural populations with no significant variations. The findings of 
this work provide information on the phylogeny, population dynamics, divergence time, and genetic diversity of both 
fish species as well as substantial validation for the use of DNA barcode sequences for tracking species diversity. 
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Introduction 
 
Fishes have a key role in the generation of income, 
protein, and dietary supplements for human use 
(Ugwumba and Ugwumba, 2003; Ward et al., 2005; 
Rasmussen et al., 2009). Fish have also drawn a lot of 
interest because of their ecological and economic 
value, particularly model fish used in scientific study 
and economic fish in the aquaculture sector (Wang et 
al., 2024). Biological invasion of non-native fish 
species into various habitats particularly marine 
ecosystems has increased significantly during the 
latter half of the 20th century and become a global 
problem due to the expansion of world trade, which 
was accompanied by climate changes, habitat 
modification, and the development of new trading 
routes (Vitousek et al., 1996; Hulme, 2009; Havel et al., 
2015). The Indian peninsula is surrounded by the Indian 

Ocean to the south, the Arabian Sea to the west, and 
the Bay of Bengal to the east. Because it is primarily 
tropical, this region boasts a broad range of flora, 
making it one of the world's megadiverse countries 
(Raghunathan et al., 2012). The Bay of Bengal, a distinct 
marine ecological system is the biggest triangular 
basin in the Indian Ocean which has experienced the 
constant introduction of several marine invasive 
species, many of which have already developed into 
local populations (Barua et al., 2001; Barik et al., 2021).  
 
Odisha is one of the coastal states, which is situated 
on the western bank of the Bay of Bengal on India's 
east coast with 480 km long coastline (Mohanty et al., 
2008). The checklists of marine fish species are 
available in the marine and estuarine fish fauna of 
Orissa (Barman et al., 2007) and marine fauna of 
Odisha, east coast of India (Pati et al., 2018). According 
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to several studies conducted by Molnar et al. (2008), 
Vilà et al. (2010), and Katsanevakis et al. (2014), the 
invasion of non-native species may have detrimental 
effects on the marine ecosystem, including the 
displacement of native species that results in the loss 
of native genotypes, modification of habitats, 
alteration in community structure, disturbances in 
food-web properties, and significant economic loss. 
Many marine fish have reportedly been introduced into 
the Bay of Bengal, Odisha coast, forcing communities 
to leave their native habitats (Barik et al., 2017, 2018a, 
2018b, 2018c, 2020a, 2020b, 2020c, 2021).  
 
Appropriate fish species identification has a pivotal 
role in estimating the degree of change in species 
composition in a particular habitat. Additionally, 
species identification is essential for maintaining 
sustainable seafood supplies and fair trade relations, 
particularly by giving consumers and market regulatory 
bodies correct information and efficiently overseeing 
seafood market transactions (Xiong et al., 2018, 
Dufflocq et al., 2022,  Zhang et al., 2023, Jiang et al., 
2025). Fishes have unique morphological features that 
make it difficult to identify them using simply 
morphological and morphometric data as descriptors 
(Triantafyllidis et al., 2011; Zhang and Hanner, 2011).  
 
Additionally, the morpho-based characteristics that 
are altered as a result of convergence and divergence 
in fishes are what cause debated distinguishability, 
identification, and classification of fishes (Keskin and 
Atar, 2013). In the past ten years, advancements in 
DNA-based methodologies have enabled the practical 
implementation of DNA analysis in the field of 
taxonomy. Numerous studies have shown that the 
highly conserved mitochondrial cytochrome c oxidase-
I (COI) gene is widely employed as a barcode marker for 
the identification of the majority of animal species 
(Hebert et al., 2003a, b). This method has long been 
recognised as the most flexible method for 
delimitation and identification since it consistently 
examines high rates of sequence divergence at the 
species level (Ivanova et al., 2012; Vences et al., 2012). 
 
The family of surgeonfishes, tangs, and unicorn fishes 
is known as Acanthuridae having 84 species 
distributed in 6 genera. Surgeonfishes are fascinating 
inhabitants of tropical and subtropical habitats, and 
they are particularly common on and near coral reefs. 
With a swift side sweep of the tail, they can slice other 
fish with their razor-sharp caudal spines. Numerous 
kinds are well-liked aquarium fishes and have vivid 
colours. The family Acanthuridae includes the genus 
Acanthurus, which is found in the Atlantic, Indian, and 
Pacific oceans. They have a pair of dangerously sharp 
spines, one on either side of the base of the tail, just 
like other family members. Acanthurus mata, also 
known as the elongate surgeonfish or blue-lined 
surgeonfish, typically lives on steep slopes among 
coral reefs (Froese and Pauly, 2025). Several earlier 
investigations have been conducted to comprehend 
the evolution of the Acanthuridae family members 

(Huburt et al., 2010; Sorenson et al., 2013; Nabila et al., 
2019; Tao et al., 2020; Yang et al., 2020). 
 
The fishes of the family Ephippidae are aquarium fishes 
known as spadefishes, batfishes, and scats, which have 
a total of 15 species distributed in 8 genera. It is a tiny 
family of tropical and subtropical ocean fishes with deep 
bodies. They are laterally compressed and shaped like a 
spade and have extremely symmetrical, triangular 
dorsal and anal fins. They have vertical brown or black 
banding and patches of brilliant silver with yellow 
accents. While juvenile batfish have very long dorsal and 
anal fins and frequently resemble leaves or other debris, 
adult batfish have incredibly deep, nearly round bodies. 
Spadefishes belong to the genus Ephippus. This genus 
presently has two known species Ephippus orbis and 
Ephippus goreensis (Froese and Pauly, 2025). Ephippus 
orbis, generally known as orb fishes are recorded from 
Indo-West Pacific: Persian Gulf to Natal, South Africa, 
eastward to India and Lesser Sunda Island, Indonesia, 
north to Japan (Masuda et al., 1984) and Taiwan, south to 
northern Australia (Lieske and Myers, 1994). 
Remarkably, few studies were attempted earlier to 
understand the evolution of members of the Ephippidae 
family (Cavalluzzi, 2000; Ghanbarifardi and Shahdadi et 
al., 2022). 
 
The purpose of this study was to elucidate the 
identification of two species based on both 
morphological diagnostic characters and molecular 
features by utilising different approaches to the widely 
employed mitochondrial COI gene. Further, genetic 
variation, phylogenetic positioning, and divergence 
time estimation of the two ray-finned fishes have also 
been discussed. 
 
Materials and Methods 
 
Ethical approval 
 
No live animals were used in this study. This study used 
fish sourced from local fishermen. 
 
Study area and specimen collection 
 
On the Gopalpur-on-sea (19.25°N, 84.90°E), Odisha 
coast, Bay of Bengal, India, during the year 2020, five 
specimens of the marine fish species A. mata (Family: 
Acanthuridae) and four specimens of E. orbis (Family: 
Ephippidae) were collected by the local fishermen 
during their daily fishing activities. Line fishing was 
used to catch the various fish specimens. The samples 
were brought to the laboratory under freezing 
conditions as soon as possible. Additionally, isolated 
muscle tissue and fin clips were kept in 100 % ethanol 
at a low temperature. 
 
Taxonomic species identification  
 
Specimens were systematically classified based on 
the taxonomic characters available in the leading 
taxonomic guides, e.g., Commercial Sea Fishes of 
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India (Talwar and Kacker, 1984). The identification of 
both species was further confirmed by an examination 
of the taxonomic keys and the meristic characteristics 
stated in many prominent identification keys (Talwar 
and Kacker, 1984; Randall, 2001; Rao, 2003). Finally, all 
the specimens were classified according to 
Eschemeyer’s Catalog of Fishes (Fricke et al., 2022) 
and designated to their species level. 
 
DNA extraction, PCR amplification, and 
sequencing 
 
By using the salting out approach (Sambrook and 
Russell, 2001), genomic DNA was extracted from the 
muscle tissue of the two specimens of the species A. 
mata and one specimen of the species E. orbis with a 
final dilution volume of 200 µL. A Nanodrop 
spectrophotometer was used to check the quality of 
the isolated DNA. The extracted DNA was further 
examined using 1.5 percent agarose gel 
electrophoresis before being put into storage at -20 °C 
for future usage. Using specific primers, a part of the 
mitochondrial cytochrome c oxidase subunit I (COI) 
gene was amplified (Table 1) (Ivanova et al., 2007). In a 
25 µL reaction volume with 100 ng of template DNA, 0.2 
M of each primer, 0.2 mM of dNTPs mix, 1 U of Taq DNA 
polymerase, and 1× PCR assay buffer, the mtCOI gene 
was amplified. A suitable PCR procedure was used to 
program the amplification, consisting of an initial step 
at 95 °C for 2 min, 35 cycles of 94 °C for 30 sec, 54 °C 
for 30 sec, and 72 °C for 1 min, and a final extension at 
72 °C for 10 min. The PCR results were electrophoresed 
on a 1.5 percent agarose gel and the products were 
purified. Finally, the sequencing of the purified 
products was outsourced. 
 
 
Table 1. Primers for the PCR used in DNA barcoding. 
 

Primer Primer sequence (5′ to 3′) 

VF2_t1 TGTAAAACGACGGCCAGTCAACCAACCACAAA
GACATTGGCAC 

FR1d_t1  CAGGAAACAGCTATGACACCTCAGGGTGTCC
GAARAAYCARAA 

FishF2_t1 TGTAAAACGACGGCCAGTCGACTAATCATAAA
GATATCGGCAC 

FishR2_t1 CAGGAAACAGCTATGACACTTCAGGGTGACC
GAAGAATCAGAA 

Note: COI amplification was carried out using Fish cocktail 
primers (1:1:1:1) (Ivanova et al., 2007). 
 
 
Sequence data analysis 
 
The generated chromatograms' quality was examined 
with the program CodonCode Aligner 
(www.codoncode.com), and high-quality continuous 
sequence reads of bases (Quality value >20) were taken 
into consideration for additional investigation. Using 
the software BioEdit, the forward and reverse 
chromatograms were both evaluated. The accurate 
barcode sequences were created, aligned, and further 

consensus sequences were constructed as per the 
method described by Hall (1999). Using ExPASy 
(https://www.expasy.org), the protein-coding 
sequences were converted to amino acids, and no stop 
codons were discovered. To determine whether the 
sequence belonged to the locus targeted, the NCBI 
web server's BLASTN program was used (Altschul et 
al., 1990). The segment that showed 100 % alignment 
with no gap or indel (insertion/deletions) was chosen. 
  
Genetic diversity 
 
The COI gene sequences of both species from all the 
available locations in the NCBI database were retrieved. 
The Kimura two-parameter (K2P) distance, nucleotide 
composition, codon usage bias, and 
transition/transversion bias of the sequences of both 
species were determined by MEGA X (Kimura, 1980; 
Tamura et al., 2004; Kumar et al., 2018). Both a 
comparison of overall diversity and a pairwise 
comparison between different places were done to 
obtain the haplotype diversity. To ascertain the 
ancestry of haplotypes, a median-joining network 
(Bandelt et al., 1999) was built in population analysis with 
reticulate trees PopART v1.7 (Leigh and Bryant, 2015). 
DNA sequence polymorphism DnaSp v6.12.03 was used 
to determine the gene sequences' intra-population 
polymorphism (Rozas et al., 2017). Additionally, analyses 
were done on the number of variable sites, nucleotide 
diversity (Jukes and Cantor, 1969), haplotype diversity 
(Nei and Tajima, 1983), and parsimony informative sites. 
The Tajima’s D test (Tajima, 1989), and Fu and Li's D and 
F tests (Fu and Li, 1993) were conducted to test the level 
of significance of the dataset. 
 
Amino acids variation 
 
The amino acid sequences of respective nucleotide 
sequences along with the sequences of the same 
species from different locations were downloaded 
from the NCBI database. Thereafter, the amino acid 
sequences were then aligned with ClustalW using 
MEGA X software (Kumar et al., 2018). Entropy 
(uncertainty; H(x)) values were determined for each 
place in BioEdit. Entropy has a value of 0 when there is 
zero variation, and it rises as variability rises. Based on 
the resultant values, the variable amino acids were 
then further separated into four (arbitrary) groups 
according to increasing entropy: H(x) 0.5–0.7, 0.71–0.9, 
0.91–1.1, and >1.1. Entropy values below 0.5 were 
deemed non-variable amino acid positions and 
residues with zero variation were defined as conserved 
(Pentinsaari et al., 2016). We grouped the amino acids 
into five standard groups in order to identify their 
chemical characteristics at each site: nonpolar 
aliphatic (G, A, V, L, M, I); polar uncharged (S, T, C, P, N, 
Q); aromatic (F, Y, W); positively charged (K, R, H); and 
negatively charged (D, E). We regarded the site as non-
variable and treated it as equal to those sites with 
entropy <0.5 when the amino acids at a given position 
exhibited variation exclusively among amino acids 
within such groups. 

http://www.codoncode.com/
https://www.expasy.org/
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Phylogenetic analysis  
 
Phylogenetic analysis was carried out by constructing 
the maximum likelihood (ML) tree using MEGA X, 
(Kumar et al., 2018). The support for the nodes in the 
two trees was assessed using 1000 bootstrap 
iterations. The Interspecies and Intergeneric Kimura 
two-parameter (K2P) distance, a standard for 
barcoding investigations, was also computed using 
MEGA X (Kimura, 1980; Kumar et al., 2018). The best-fit 
model for the development of the maximum likelihood 
tree was identified. 
 
Molecular dating  
 
The RelTime with ML technique in MEGA X (Kumar et 
al., 2018) was used to estimate the divergence time of 
both species. The divergence time was calculated 
using the sequences of the mtCOI genes from both 
species as well as a few other sequences obtained 
from GenBank. Since the RelTime method only needs 
the minimum and/or maximum calibration boundaries, 
we selected the following fossil evidence time 
boundaries from the original studies: (1) fossil evidence 
of the genera Prionurus and Naso (0.3-33.9 Mya), for 
the entirety of the group Acanthuridae (Sorenson et al., 
2013; Rabosky et al., 2018); and (2) fossil evidence of the 
genera Platax (7.1-18.2 Mya, for the entirety of the 
group Ephippidae (Betancur et al., 2015; Sanciangco et 
al., 2016; Rabosky et al., 2018). The outgroup clade was 
automatically eliminated from the analysis under the 
presumption that the equivalent rates of evolution 
between the in-group and out-group sequences could 
not be tested (Kumar et al., 2018). 
 
Results 
 
Morphology of the specimen 
 
Two marine fish species, A. mata and E. orbis (Fig.1) 
were collected for the first time from the Gopalpur-on- 
sea of Odisha coast, Bay of Bengal. The collected 
specimens were successfully assigned to their 
respective species by taxonomic analysis based on 
their morphological characteristics (Talwar and 
Cacker, 1984; Randall, 2001; Rao, 2003). Morphometric 
and meristic characteristics of both the fishes 
observed were recorded (Supplementary Table 1). 
 
 

 
Fig. 1. (A) Acanthurus mata and (B) Ephippus orbis, collected 
from Gopalpur-on-sea, Odisha coast, Bay of Bengal, India. 
 

Sequence data analysis 
 
COI barcode sequences of both species were 
successfully amplified. No insertions/deletions, stop 
codons or heterozygous sites were detected; 
supporting that the amplified sequence constitutes a 
functional mitochondrial COI sequence.  The lengths of 
the edited barcodes of two A. mata fishes were 703 bp 
and 699 bp. The length of the edited barcode of E. orbis 
was 672 bp. The sequences of the A. mata and E. orbis 
both showed the highest matches to single species in 
the BLAST database, respectively, with 100 % and >99 
% homology of their respective sequences. The 
accession numbers for the COI gene sequences of the 
aforementioned specimens are A. mata: ON222817, 
OK345038 and E. orbis: ON197105. 
 
Genetic diversity 
 
For genetic diversity analysis, 12 COI sequences of A. 
mata species and 10 sequences of E. orbis species from 
various locations available in the NCBI database were 
considered for our study. The frequencies of the 
nucleotides of A. mata were: 26.89 % (A), 31.04 % (T), 
25.25 % (C), and 16.82 % (G). The transition/transversion 
rate ratios were k1 = 7.326 (purines) and k2 = 12.288 
(pyrimidines) and the overall transition/transversion 
bias was R = 5.261. The frequencies of the nucleotide of 
E. orbis were 22.93 % (A), 24.85 % (T), 33.17 % (C), and 
19.04 % (G). The ratios of transition/transversion rate 
were k1 = 14.291 (purines) and k2 = 8.463 (pyrimidines) 
and R = 5.209 represented the overall bias for 
transitions and transversions. The distribution of the 
nucleotides within the codon in the barcode region is 
represented in Figure 2. The Consortium for the 
Barcode of Life (CBOL) had recommended the Kimura 2-
parameter model for calculating genetic distance 
(Kimura, 1980; Shen et al., 2016). The Kimura-2-
parameter model was used in this work to determine the 
genetic distances between various organisms. The 
average K2P distances of the COI sequences of A. mata 
and E. orbis at the intraspecies level were 0.017 % and 
0.004 %, respectively.  
 
 

Fig. 2. Distribution of nucleotides within codons within the 
barcodes of Acanthurus mata and Ephippus orbis. 
 
 
The median-joining network's overall topology (Figs. 3A 
and 3B) of collected fish species corresponded with 
the phylogenetic trees of both the species. The 
network was centred on a single widely distributed 

   
(A)                                                        (B) 
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(B) 

 
Fig. 3. Median-joining haplotype networks of COI gene of (A) Acanthurus mata and (B) Ephippus orbis. The size of the circles 
designates the frequencies of individuals appearing in the sample. Mutations are represented by lines and the rate of mutation 
is shown by dashes along the lines. 
 
 
high-frequency haplotype, which was radiated by a few 
minor low-frequency derived haplotypes.  
 
There were 33 polymorphic sites in the sequences of 
A. mata, of which 25 (75.76 %) were singleton variable 
sites and 8 (24.24 %) were parsimony informative sites. 
The dataset had 34 mutations in total. The 12 distinct 
sequences yielded a total of 8 haplotypes, 6 of which 
were unique haplotypes (75 %), and 2 of which were 
shared (25 %). Hap1 was the dominant haplotype with 5 
sequences (sequences of Gopalpur, India; South 
Africa; Pakistan; Indian Ocean, Norway) while the other 
shared haplotype was Hap4 (sequences of Seychelles: 
Mahe, Victoria; Tamilnadu, India). In the sequences of 
E. orbis, there were 5 polymorphic sites, of which 4 (80 
%) were parsimony informative sites and 1 (20 %) was a 
singleton variable site. Within the dataset, a total of 6 
mutations were discovered. The 10 distinct sequences 
yielded a total of 4 haplotypes, of which 2 (50 %) were 
shared haplotypes and the remaining 2 were unique 
haplotypes (50 %). Hap1 was the dominant haplotype 
with 6 sequences (sequences of Gopalpur, India; 
Myanmar; Iran; Bangladesh; Indian Ocean, India; 
Andhra Pradesh, India) while the other shared 

haplotype was Hap3 (sequences of China; Taiwan). The 
nucleotide diversity (π), haplotype diversity (Hd), 
Tajima’s D test and Fu and Li's D and F test values of 
both species are mentioned in Table 2. 
 
Amino acid variation 
 
The distribution of amino acids in the COI sequence of 
the fish species A. mata is presented in Figure 4. For 
  
 

 

Fig. 4. Distribution of amino acids within the barcodes of 
Acanthurus mata and Ephippus orbis. 
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the study of amino acid variation in the COI sequences 
of A. mata, 234 amino acids were considered. In 
evidence of functional constraints influencing 
diversity in amino acid sequences, 233 out of the 234 
amino acids were found to be completely conserved 
among the A. mata. At position 150, only one sequence 
of A. mata was from the Arabian Sea of the coast of 
India, where the non-polar amino acid leucine (L) was 
substituted to polar charged amino acid proline (P). 
Although the substitution of amino acid was from 
different chemical groups, it was not considered as 
variable, because the entropy value was less than 0.5.  
The distribution of amino acids in the COI sequence of 
E. orbis is presented in Figure 5. For the study of amino 
acid variation in the COI sequences of both E. orbis, 231 
amino acids were considered.  In E. orbis, all 231 amino 
acids were observed to be completely conserved. It is 
evident from the study that there were no variations in 
amino acids in the COI sequence of E. orbis. 
 
Phylogenetic analysis 
 
To compare the newly created barcode sequences 
with the sequences available in the NCBI database for 
other species under the Acanthuridae and Ephippidae 
families, 70 and 16 COI gene sequences including one 
outgroup COI gene sequence for each family were 
included respectively for the phylogenetic 
reconstruction. The average K2P distance at the 
interspecies level of the genus Acanthurus was 
estimated to be 0.115. The average K2P distance at the 
intergeneric level of the family Acanthuridae and 
Ephippidae were found to be 0.178 and 0.183 
respectively. The Acanthurus genus had the highest 
intergenus K2P distance of 0.2 with the genus 
Paracanthurus.  It was revealed that A. mata had the 
highest interspecies K2P distance of 0.15 with 
Acanthurus tristis and Acanthurus polyzona. The genus 
Ephippus revealed the highest intergeneric K2P 
distance of 0.21 with Chaetodipterus. 
 
DNA barcode sequences from the studied species as 
well as the retrieved sequences from the related and 
other species were used to create the Maximum 
likelihood (ML) phylogenetic tree. The inferred ML 
trees (Figs. 5 and 6) of both the families displayed 
highly consistent clustering of sequences that were 
organized into groups based on their morphological 
identity and primarily make up monophyletic genera 
except the Acanthurus genus of the family 
Acanthuridae, which formed a paraphyletic clade with 
the Ctenochaetus genus. According to the model test 
for the construction of the ML tree, HKY+G+I was 
identified as the best-fit DNA substitution model for 
both the datasets with a BIC value of 14322.995 for the 
Acanthuridae family and 5707.385 for the Ephippidae 
family. The A. mata sequence from Taiwan was closer 
to the sequences of Gopalpur-on-sea as compared to 
the sequences of another region. The analysis 
suggested that the species Acanthurus maculiceps 
and Acanthurus blochii were closer to A. mata as 
compared to other species of the genus Acanthurus. It  
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Fig. 5. Maximum likelihood (ML) phylogenetic tree of the family Acanthuridae. ML tree is based on the Hasegawa-Kishino-Yano 
model (Hasegawa et al., 1985). The percentage of trees in which the associated taxa clustered together is shown next to the 
branches. Branches resulting in partitions with less than 50 % bootstrap replicates were collapsed. The estimated value of the 
tree's log likelihood is -6389.78. The variation in evolutionary rates among sites was modelled using a discrete Gamma 
distribution (5 categories (+G, parameter = 1.422) and Ts/Tv = 7.003). Some sites to be evolutionarily invariable ([+I], 32.79 % sites) 
were allowed by the rate variation model. Accession No.: ON222817 and OK345038 were generated in the present study. 
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Fig. 6. Maximum Likelihood phylogenetic tree of family Ephippidae: ML tree is based on Hasegawa-Kishino-Yano model 
(Hasegawa et al., 1985). The percentage of trees in which the associated taxa clustered together was shown next to the branches. 
Branches resulting in partitions with less than 50 % bootstrap replicates were collapsed. The estimated value of the tree's log 
likelihood was -2691.82. The variation in evolutionary rates among sites was modelled using a discrete Gamma distribution (5 
categories (+G, parameter = 1.213) and Ts/Tv = 4.630). The rate variation model allowed for some sites to be evolutionarily 
invariable ([+I], 34.59 % sites). Some sites to be evolutionarily invariable ([+I], 34.59 % sites) were allowed by the rate variation 
model. Accession No.: ON197105 was generated in the present study. 
 
 
is evident that the genus Prionurus was the ancestor of 
the rest of the genera of the Acanthuridae family. The 
E. orbis sequence from Bangladesh was closer to the 
sequences of Gopalpur-on-sea as compared to the 
sequences of other regions. It was also observed that 
the E. orbis has a sister lineage with the species 
Tripterodon orbis. 
 
Molecular dating 
 
The families Acanthuridae and Ephippidae were 
estimated to have originated around 112.69 Mya and 
55.17 Mya during the early Cretaceous period and 
Eocene epoch respectively. Acanthurus and Ephippus 
were two well-established genera, which were 
estimated to have diverged at the beginning of the 
Eocene epoch. According to estimates, the separation 
of the Acanthurus clade from its common ancestor 
took place during the early Eocene sub-epoch around 
45.07 Mya whereas the A. mata species during the late 
Miocene sub-epoch around 9.97 Mya. After the origin of 
A. mata, the species Acanthurus maculiceps and 
Acanthurus blochii were diverged from the same 
common ancestor around 7.37 Mya. The species 
Acanthurus xanthopterus, Acanthurus gahhm, 
Acanthurus olivaceous, Acanthurus reversus, Acanthus 
bahianus, and Acanthurus tractus of the genus 
Acanthurus were originated in the recent years which 
was less than 1 Mya. Similarly, the species Zebrasoma 
scopas, Zebrasoma flavescens, Prionurus laticlavius, 
Prionurus punctatus, Naso lituratus, and Naso elegans 
originated around less than 1 Mya. However, the 
species Ctenochaetus flavicauda and Ctenochaetus 
truncatus originated in the present epoch Holocene, 
which was less than 0.01 Mya (Fig. 7). Ephippus clade's 
split from its common ancestor was estimated to have 

happened during the early Eocene sub-epoch around 
55.17 Mya and that of E. orbis was estimated to have 
happened during the late Eocene sub-epoch around 
36.24 Mya (Fig. 8). 
 
Discussion 
 
In the present investigation, these two fish species 
were collected from the Gopalpur-on-sea of Odisha 
coast, Bay of Bengal which was earlier reported from 
the Chilika Lagoon (a brackish water reservoir) of 
Odisha state (Mohapatra et al., 2007; Satapathy and 
Panda, 2009).  
 
Due to the phenotypic variability of taxa and the 
relative lack of competence, the conventional 
morphology-based species identification system has 
been diverted in recent times, which may ultimately 
result in misidentifications. DNA barcoding has been 
utilised in molecular taxonomy for species 
identification at every stage of life to eliminate these 
disadvantages. DNA barcoding is supported by an 
advantageous DNA segment that is shared by 
organisms with significant interspecies variations. The 
mtCOI gene is typically used as a standard species 
barcode due to its high levels of conservation within 
species and moderate genetic diversity between 
different species (Bingpeng et al., 2018). Here, the COI 
barcode sequences of the two species were amplified 
successfully.  
 
Both the barcode sequences did not contain any stop 
codons and nuclear mtDNA copies (NUMTs). Typically, 
the vertebrate NUMTs are less than 550 bp (Zhang and 
Hewitt, 1996). It is anticipated that the conserved 
primer pairs used in this investigation amplified  
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Fig. 7. Time-calibrated phylogenetic tree of family Acanthuridae. The time tree is derived from the Hasegawa-Kishino-Yano 
model (Hasegawa et al., 1985) and the RelTime method (Tamura et al., 2012, 2018). The estimated value of the tree's log likelihood 
was -8689.36. The variation in evolutionary rates among sites was modelled using discrete Gamma distribution [5 categories (+G, 
parameter = 1.4191) and Ts/Tv = 7.385)]. The rate variation model permitted some sites ([+I], 31.91 % of sites) to be evolutionarily 
invariable. The analysis involved 73 nucleotide sequences. Numbers on the branches represent the time (in Mya) of different 
nodes. Accession No.: ON222817 was generated in the present study. 
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Fig. 8. Time-calibrated phylogenetic tree of family Ephippidae. The time tree is derived from the Hasegawa-Kishino-Yano model 
(Hasegawa et al., 1985) and the RelTime method (Tamura et al., 2012, 2018). Branch lengths of the phylogenetic tree were 
calculated using the Maximum likelihood (ML) method. The estimated value of the tree's log likelihood was -2666.13. The variation 
in evolutionary rates among sites was modelled using discrete Gamma distribution [5 categories (+G, parameter = 0.1528)]. The 
analysis involved 9 nucleotide sequences. Numbers on the branches represent the time (in Mya) of different nodes. Accession 
No.: ON197105 was generated in the study. 
 
 
mitochondrial DNA favourably more than NUMTs. The 
nucleotide composition study of the COI gene 
sequences showed that in A. mata, AT (58 %) content is 
higher than GC (42 %) content. But in E. orbis, this 
contrasts with A. mata, where GC (52 %) content is 
higher than AT (48 %) content. In A. mata species, the 
utilisation of T (41 %) was the highest as compared to 
other bases C (30 %), A (15 %), and G (14 %) at the first 
codon position. G (7 %) was used the least in the 
second codon position, while the use of other bases C, 
A, and T was 22 %, 39 %, and 32 %, respectively. The 
highest percentage of nucleotide used in the third 
codon position was G (30 %), followed by A (27 %), C (24 
%) and T (19 %). However, in E. orbis species, T usage at 
the first codon position was the lowest (16 %), while 
utilisation of A, G, and C were 26 %, 31 %, and 27 %, 
respectively. E. orbis used T (42 %) the most and G (14 
%) the least frequently at the second codon position, 
whereas the use of other bases was A (16 %) and C (28 
%). At the third codon position, the usage of C was the 
highest (43 %) and the use of other bases was A (21 %), 
T (18 %), and G (18 %). The first codon position of A. mata 
favours the T bias in contrast with E. orbis, which 
clearly showed anti-T bias supported by earlier studies 
(Wang et al., 2014; Bingpeng et al., 2018; Barik et al., 
2021). The second codon position clearly favours the 
anti-G bias in A. mata and T-bias in E. orbis which was 
also supported by earlier studies (Wang et al., 2014; 
Bingpeng et al., 2018; Barik et al., 2021). Likewise, the 
third codon position was anti-T bias in A. mata, but high 
C bias in E. orbis which is in contrast with the earlier 
studies conducted by Wang et al. (2014), Bingpeng et 
al. (2018) and Barik et al. (2021). The codon positions of 
mitochondrial genes underwent varied degrees of 
base-mutation selection pressure during the evolution 
of species, resulting in base use bias in codon sites. 

The combinational impact of both neutral and 
selection pressure on a genome is assessed by the 
codon usage analysis (Barik et. al., 2021).  
 
From the total 8 haplotypes of A. mata found in our 
study, only 2 haplotypes were shared from which Hap1 
was the dominant haplotype with 5 sequences 
including the derived sequences by us from the Odisha 
coast near Gopalpur-on-sea. The intraspecies K2P 
distance of A. mata in this study was 0.017 which was 
much less compared to the previous study by Fadli et 
al. (2020) which was 0.12. Like A. mata, E. orbis had also 
2 shared haplotypes from the total 4 haplotypes and 
Hap1 was the dominant haplotype with 6 sequences 
including our sequence. It was observed that our 
sequences of both species represent the major 
haplotype. A high h and low π in both the species 
indicated recent demographic expansion of the 
populations under study (de Jong et al., 2011; Song et 
al., 2014; Garg et al., 2018). Tajima's D has a negative 
value when the population size is expanding due to the 
bottleneck or selective sweep and purifying selection 
and a positive value when the population size is 
declining. Due to the possibility of excess low-
frequency mutations in an admixed sample, Tajima's D 
was not estimated over multiple collections (Stajich 
and Hahn, 2005). As the Tajima’s D and Fu and Li’s D and 
F test values of the species A. mata calculated by 
considering both mutations and segregating sites 
were strongly negative, which indicated that the 
population size expansion such as after a bottleneck or 
a selective sweep or purifying selection of both the 
species. However, in the species E. orbis, Tajima’s D 
values calculated by considering mutations were 
negative and Tajima’s D values calculated by 
considering segregating sites were positive and 
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almost equal to 0, which was the indication of neutral 
evolution. These inferences were also supported by 
the Fu and Li’s D and F test values. 
 
DNA variation in different parts of the COI barcoding 
region should be related to the functional role of these 
sections in the protein (Pentinsaari et al., 2016).  Many 
variations were found between the frequencies of 
amino acids in the COI gene sequences of both the 
species A. mata and E. orbis from various geographical 
areas. Leucine (L), a nonpolar amino acid, was 
discovered to be most prevalent, and tryptophan (W), 
an aromatic amino acid, was completely absent. Polar 
uncharged Cysteine (C) amino acid was found absent 
from E. orbis whereas it was negligible in A. mata. 
Additionally, it was discovered that both the species 
contained relatively little of Lysine (K). Except for the 
nonpolar group, where E. orbis was found to have 
substantially higher amino acid frequencies overall, A. 
mata was shown to have higher total amino acid 
frequencies in all of the amino acid groups. The DNA 
variation in different portions of the COI barcoding 
region should be related to the functional role of these 
sections in the protein (Pentinsaari et al., 2016). It was 
evident from the study that the species E. orbis had 
still wild populations as the amino acid sequences 
were completely conserved. There was one amino acid 
substitution in A. mata, however, it was considered a 
non-variable as the entropy value was less than 0.5. 
 
Phylogenetic analysis offers a thorough understanding 
of how species evolve through genetic alterations, 
assesses the route connecting a modern creature with 
its ancestral origin, and forecasts potential future 
genetic divergence. The ML trees of both the families 
Acanthuridae and Ephippidae generated in this study 
showed the most robust clustering of both the families 
into respective monophyletic clades of their 
respective genus and species except the Acanthurus 
genus which formed a paraphyletic clade as the 
sequence of the Ctenochaetus genus clustered inside 
the Acanthurus genus of the family Acanthuridae. In 
the ML tree of the Acanturidae family, the total species 
of the genus Acanthurus as well as our generated 
sequence of A. mata along with the sequences of the 
same species came under the monophyletic clade with 
100 % support value. The phylogenetic analysis 
reflects that the A. mata species is closer to the 
Acanthurus maculiceps and Acanthurus blochii 
species. The earlier study conducted by Sorenson et 
al. (2013) lends further evidence to this. Similarly, in 
both the trees of the Ephippidae family also, our 
generated sequence of E. orbis along with the 
sequences of the same species came under the 
monophyletic clade with 100 % support value. The 
phylogenetic analysis reflects that the Tripterodon 
orbis species is closer to the E. orbis species with a 94 
% support value. This was supported by the study 
conducted by Ghanbarifadi and Shahdadi (2022). In the 
cases of both the family, these inferences are 
supported by the time tree derived by molecular dating 
also.  

Based on molecular dating phylogeny, the family 
Acanthuridae originated during the early Cretaceous 
epoch. However, the Acanthuridae family originated 
during the Eocene epoch according to an earlier study 
(Sorenson et al., 2013). The family Ephippidae was 
separated from their ancestors during the Eocene 
epoch which was evidenced by the earlier studies 
(Bellwood and Sorbini, 1996; Bellwood et al., 2004). 
Based on molecular dating phylogeny, the Acanthurus 
genus had radiated from the common ancestor in the 
early Eocene epoch, ~45.07 Mya which was supported 
by the earlier study of Sorenson et al. (2013) where the 
origin of the Acanthurinae group was reported ~42 
Mya. Despite different divergence timelines of the 
taxa, they formed their respective groups. Similarly, 
the origins of the Ephippidae family and Ephippus 
genus from the common ancestor were in the early of 
the Eocene epoch, 55.17 Mya approximately which is 
evidenced by the earlier studies of Bellwood and 
Sorbini (1996) and Bellwood et al. (2004). This type of 
situation revealed that the different morphological 
identifying characteristics like variation in numbers of 
dorsal spines, soft rays, within the genus or in between 
the genus probably happened due to the selective 
environmental pressure. Despite different divergence 
times, all the genera of both families clustered with 
their respective groups. 
 
Conclusion 
 
This finding suggests that DNA barcoding is highly 
effective at identifying the species. Phylogenetic 
connections are typically affected by morphological 
misidentification and nucleotide saturation. Due to 
phenotypic variability within species, there will 
inevitably be some instances of morphological 
misidentification, and this circumstance shows that 
DNA barcoding may identify these instances. Our 
findings also provide information on the genetic 
diversity, divergence time, and phylogenetic 
relationship of the family Acanthuridae and Ephippidae 
at the species and genus level. This study evidenced 
the significant genetic variability in A. mata species 
from different geographical areas. However, the wild 
populations of E. orbis are still present in all the areas. 
The genetic variation of natural populations was the 
natural gene pools of species. Therefore, care should 
be taken to preserve the genetic variation of wild 
populations. Further, genetic management should be 
improved by monitoring the genetic variability. 
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Supplementary Table 1.  Morphological and meristic characteristics of Acanthurus mata and Ephippus orbis. 

 

Characters Acanthurus mata Ephippus orbis 

Total length (TL)  23 cm 13.7 cm 
Standard length (SL) 18.5 cm 11.4 cm 
Morphometric measurements, % Total length 
Fork length (FL) 90.87 100 
Pelvic fin length 4.35 7.3 
Anal fin length 44.35 16.06 
Dorsal fin length 58.7 48.91 
Caudal fin length 19.57 15.33 
Caudal height 14.35 21.17 
Head length (HL) 19.13 29.92 
Pre-dorsal length 17.82 30.66 
Pre-anal length 35.22 53.29 
Pre-pectoral length 18.7 25.55 
Pre-pelvic length 25.22 18.98 
Body depth 36.08 65.69 
% of Head length 
Eye diameter 26.13 34.15 
Snout length 6.09 8.03 
Pre-orbital length 31.81 24.39 
Meristic counts, Number 
Dorsal fin (Spine+ Soft Rays) IX+26 IX+19 
Pectoral fin (Soft Rays) 17 18 
Anal fin (Spine+ Soft Rays) III+24 III+16 
Pelvic fin (Spine+ Soft Rays) I+5 I+5 

 

 

 
 


