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Abstract

The small-scale grouper Epinephelus polylepis from the family Epinephilidae, is an important commercial
species that plays a crucial role in coastal benthic ecosystems. Previous studies have failed to accurately
identify this species in the northern region of the Persian Gulf and the Gulf of Oman. The aim of this study is
to analyze the samples of E. polylepis collected in the Persian Gulf and Gulf of Oman using a combination of
morphological and molecular data. The morphological data include 17 morphological characters and six
counting characters. For the molecular study, sequences of the mitochondrial COIl were used, which were
combined with GenBank sequences. The samples were collected in the sandy areas of two stations, Tis and
Qeshm. This species can be distinguished from other congeners by the presence of smaller and closer spots
on the fins and spots on the back of the head and body. Analysis of the COI sequences of the mitochondrial
DNA and samples sequenced in this study and samples from the vicinity of the typing site (Bahrain) revealed
a monophyletic group with a high posterior probability and a low intraspecific genetic distance (0.19%). In
addition, molecular analysis completely separated this species from other congeners.
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Introduction

The Epinephelidae family (Groupers) includes commercially important species (Luiz et al., 2016). This family
includes 16 genera and 170 species in tropical and subtropical regions, of which 4 genera and 15 species are
distributed in the Persian Gulf and the Gulf of Oman (Fricke et al., 2024). The Epinephelus genus has 91 species,
the most species diversity among its genera, and it is distributed from the Atlantic Ocean to the Indo-Pacific
Ocean, including the Persian Gulf and the Gulf of Oman (Fricke et al., 2024). The small-scale grouper
Epinephelus polylepis, widely distributed in the Western Indian Ocean, is known as one of the primary sources of
valuable fish catch in the Persian Gulf and the Gulf of Oman (Fricke et al., 2024). According to the morphological
similarity, Epinephelus polylepis with other species in the genus Epinephelus including E. chlorostigma, E.
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bleekeri, E. areolatus is confused. The aim of this study is to identify the species E. polylepis by morphological
and molecular approaches with the COI gene for the first time in the Persian Gulf and Gulf of Oman.

Materials and Methods

During a field study conducted from 1400 to 1401, we collected samples of E. polylepis using gill nets
and hooks. These samples were then transferred to the Zoological Museum of Ferdowsi University of
Mashhad (ZMFUM).

Morphological Studies

We analyzed morphological traits of the samples based on available sources, including Johnson et al.
(2019). To identify the specimens, we used valid identification keys (Randall, 1995; Johnson et al., 2019). In
total, we used 23 morphological traits, including 17 measuring traits and six counting traits.

Molecular Studies

For DNA extraction, we used the salt method (Bruford et al., 1992) on three samples. We amplified the
gene fragment using the primers FishF1 and FishR1. The PCR conditions for the COI gene included an
initial denaturation at 94 °C for 5 minutes, followed by 35 cycles at 94 °C for 45 seconds, 52 °C for 45
seconds, and 72 °C for 90 seconds, with a final extension at 72 °C for 7 minutes. We corrected the
mitochondrial gene sequences using BioEdit v7.2 software (Hall, 1999) and aligned them with MEGA v10.0
software (Kumar et al., 2018). Using the Kimura Two-Parameter (K2P) model in MEGA v10.0 software
(Kumar et al., 2018), we calculated the intraspecies and interspecies genetic distance, which reflects the
nucleotide difference. To determine the best evolutionary replacement model for nucleotides, we used
iModelTest v2.1.6 (Darriba et al., 2012), based on the Akaike Information criterion. For Bayesian analysis,
we used MrBayes 3.2.7 software (Ronquist et al., 2012) with 30,000,000 repetitions.

Research findings
A total of five samples of the species Epinephelus polylepis were collected from two stations: Tis in the
Gulf of Oman and Qeshm in the Persian Gulf.

Morphological data

Morphological features of the small-scale grouper include: 11 spines (XI) and 17-16 soft rays on the
dorsal fin; 66-70 scales along the lateral line; 8 soft rays on the dorsal fin; 19 soft rays on the pectoral fin; 9-
10 qgill spines in the upper half of the first arch and 17-18 gill spines in the lower half of the first arch (25-28
total gill spines); caudal fin short or slightly edged; serrated gill cover; head, body, and fins covered with
many small, closely spaced dark brown spots (except ventral parts of head and body); terminal edge of the
caudal fin with a white line and a row of blackish brown spots; dark lines on the upper jaw.

Molecular analysis

For molecular analysis, a total of 65 sequences belonging to 57 species of the genus Epinephelus and an
outgroup of Cephalopholis boenak were used. Epinephelus polylepis showed a very close relationship with
E. areolatus, E. cyanopodus, and E. multinotatus as a sister group (Fig. 3). The genetic differences between
E. polylepis samples and their sister group, E. areolatus (8.3 %), E. bleekeri (11.8 %), and E. chlorostigma
(10.6 %), were calculated.

Discussion of Results & Conclusion

The present study demonstrates the successful identification of the species Epinephelus polylepis from the
Persian Gulf and Gulf of Oman, which had not been thoroughly studied previously. Both molecular and
morphological data strongly support the validity of E. polylepis (Fig. 3). The meristic features and color patterns
observed in the specimens collected in this study largely overlap with those of the type and paratype specimens
(Randall & Heemstra, 1991; Heemstra & Randall, 1993). Additionally, the morphometric characteristics of our
samples are consistent with the original sample, except for the slightly larger body depth and head length. Molecular
analysis and morphological identification of specimens from the northern Persian Gulf and Gulf of Oman confirm
their classification as E. polylepis (Fig. 3). The phylogenetic analysis of the COIl mitochondrial sequence reveals a
monophyletic group consisting of samples from the northern region of the Persian Gulf and the Gulf of Oman
indicating minimal divergence between them. The genetic distance in this study further confirms the distinctiveness
of E. polylepis, with divergences from E. areolatus, E. bleekeri, and E. chlorostigma exceeding the minimum
determined distance (8.3%, 11.8%, and 10.6%, respectively). It is worth noting that a genetic distance of at least 2%
is typically required for the separation of closely related species in marine fish based on the COI gene (Ward, 2009),
further supporting the genetic validity of E. polylepis. Future research should focus on accurately molecularly
identifying other members of the Epinephilidae to establish their relationships and diversity.
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Figure 3. Bayesian Inference tree based on the mitochondrial gene of cytochrome C oxidase subunit (COIl) | for Epinephelus

JN208559.1_Cephalopholis_boenak

species. The sequences of Epinephelus polylepis studied in this study are shown in red.
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Figure 3. Bayesian Inference tree based on the mitochondrial gene of cytochrome C oxidase subunit (COI) | for
Epinephelus species. The sequences of Epinephelus polylepis studied in this study are shown in red.
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