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Abstract
This study was conducted to reconstruct the phylogenetic tree of the members of the genus Acanthobrama using
osteological traits. For this purpose, four species, including A. urmianus (from the Urmia basin, ShahrChay
River), A. marmid (from the Tigris basin), A. persidis (from the Kor River basin), and A. microlepis (from the
Caspian Sea basin, Bijar River) were collected using electrofishing device and then fixed into 10% buffered
formalin after anesthesia. For osteological examination, five specimens of each species were cleared and
stained. Out-group taxa for phylogenetic analyses was selected Abramis brama. After extracting osteological
data of the studied taxa, the data matrix was prepared and was inserted into the TNT and PAUP software to
reconstruct phylogenetic tree. Based on the results, a total of 10 osteological characteristics were identified for
members of Acanthobrama genus. The studied taxa were divided into two clads, including A. microlepis + A.
urmianus and A. marmid + A. persidis. The most important of characteristics was related to the neurocranium,
which accounted more than half of the diversity. The important characteristics of this part were related to the
diversity in the ethmoid region, including the supra and lateral ethmoid and vomer, as well as basioccipital
segment located in the occipital portion. The other features were related to the different parts of the jaw,
opercular series and fins.
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Introduction

The members the genus Acanthobrama, belongs to the family of Leuciscidae, have four species of A. urmianus, A.
marmid, A. persidis and A. microlepis in the inland waters of Iran (Eagderi et al., 2022). This genus is
characteristised by having two rows of pharyngeal teeth, a large number of vertebrae and no barbels (Pourshabanan
et al., 2021). There are many disagreements in taxonomic status of the members of this genus in Iran due to their
morphological similarities (Coad, 2016). Several features are used in the taxonomy of fish e.g. morphometric and
meristic characters, color pattern and molecular traits. Considering the lack of reliable morphological features to
distinguish the members of the genus Acanthobrama, this work aimed to investigate the phylogenetic relationship
of this genus in the inland waters of Iran based on osteological characteristics. The results of this study can help to
provide valuable taxonomic characteristics to identify the members of this taxa.

Materials and Methods
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For this research, Acanthobrama species including A. marmid from Dinevar River, A. persidis from Kor River, A.
microlepis from Bijar River and A. urmianus from Shahr Chai River as in-group, and Abramis brama as an out-
group were collected. After sampling, the specimens were anesthetized using 1% clove solution and fixed into 10%
buffered formalin. For osteological examination, five specimens of each species were cleared and stained using
modified method of Taylor and VVan Dyke (1985) using alizarin red and alcian blue for bone and cartilage staining,
respectively. The skeletal segments were scanned with a Scanner (Epson v700) and examined under a
stereomicroscope. The data matrix was prepared using ten extracted characters. Phylogenetic reconstruction was
performed based on maximum parsimony criterion and Neighbor Joining respectively using PAUP (Swofford,
1998) and TNT (Goloboff Pablo et al., 2008) and cluster analysis using PAST (Hammer et al., 2001) softwares.

Research Findings

The data matrix for four in-groups and one out-groups is presented in Table 1. Character states: 1- the pre-ethmoid
is (0) cartilaginous, (1) semi-ossified, and (2) ossified; 2 - the posterior part of vomer is (0) long and passes the
middle part of the both lateral-ethmoid, and (1) short and extends to the middle part of the both lateral ethmoids; 3-
masticatory plate of the basioccipital (0) has an oval shape with two laterally developed processes, and (1) is circular
with two undeveloped processes; 4- the two anterior processes of basioccipital are (0) developed, and (1)
undeveloped; 5- anterior margin of the lateral-ethmoid has (0) three depressions, and (1) one median depression; 6-
operculum (0) has two developed projections, and (1) has two undeveloped projection or without projections; 7-
palatine (0) with a pointed middle process, and (1) without process; 8- the number of branched rays of the anal fin
are (0) 26, (1)14-15, and (2) 9-10; 9- the third unbranched ray is (0) thin, and (1) thick; 10- The pharyngeal teeth
counts in the outer row is (0) 5, and (1) 4. The results of the parsimony analysis based on data matrix had most
parsimony trees with a length of 12, consistency index (CI) of 1 and retention index (RI) of 1. The consensus
majority tree was selected based on values obtained from 1000 replicates (Fig. 1).

Table 1: Data matrix for five studied taxa including four in-group and one out-group (0=Plesimorphic, 1,2=Apomorph)
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Figure 1: Phylogenetic tree resulting from NJ (A) and Parsimony (B) analysis for studied taxa of Acanthobrama using osteological
characteristics.

Discussion of Results and Conclusions

The classification of Acanthobrama species based on skeletal characters confirms previous studies on the classification
of these taxa based on molecular data (Teimori et al., 2015). The parsimony analysis divided the Iranian member of this
genus into two main clades of A. microlepis + (A. marmid + A. persidis) and A. urmianus. Acanthobrama persidis and A.
marmid were clustered in the same clade by having two synapomorphy traits, including semi-ossified pre-ethmoid and 4
pharyngeal teeth, which overlapped with the results of Neighbor Joining analysis. Timuri et al. (2015) based on the
mitochondrial gene of Cytb reported A. microlepis as a group from the clade of A. persidis + A. marmid. Based on
neighbor joining and cluster analysis, the members of this genus were categorized into two subclades, including A. marmid
+ A. persidis and A. microlepis + A. urmianus. The two species A. urmianus and A. microlepis were clusterd in the same
group by having five pharyngeal teeth in the outer row, the thickness of the third unbranched ray in the dorsal fin and the
number of branched rays of the anal fin. Based on the results, the most differences between in-groups were related to the
skeletal elements of the neurocranium.
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Figure 1: The location of collection of the studied species from Bijar River (A) and Anzali lagoon (B) in Gilan province,
Shahr chai River (C) in west Azerbaijan province, Dinevar River (D) in Kermanshah province and Kor River (E) in Fars
province.
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Figure 2: The lateral view of Abramis brama (A) as out-group and A. persidis (B), A. urmianus (C), A. marmid (D) and A.
microlepis (E) as in-group.
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Table 1: Data matrix for five studied taxa including four in-group and one out-group (0=Plesimorphic, 1,2=Apomorph)
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Figure 4: Dorsal (A) and ventral (B) view of neurocranium in A.urmianus and dorsal view of supra-ethmoid and pre-ethmoid
of A. brama
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Figure 7: Phylogenetic tree resulting from NJ (A) and Parsimony (B) analysis for studied taxa of Acanthobrama using
osteological characteristics.
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