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ABSTRACT

The mahseer species Neolissochilus holds significant ecological and socioeconomic value, but its wild population is 
declining. A major challenge in conservation efforts is taxonomy uncertainty. This study used DNA barcoding of three 
mitochondrial DNA (mtDNA) segments (COI, Cyt b, and 16S rRNA) to verify the morphological identification of nine 
specimens collected from Bonan Dolok River and eight Neolissochilus sumatranus from the Tulas River, as well as 
three Neolissochilus soro samples from the Tulas River, and eight from Boho Rivers, respectively, in North Sumatra. 
Morphological identification was based on body height, eye diameter/length, length of pectoral fin to the dorsal fin, anal 
fin to the caudal fin, and dorsal fin branch rays. Neighbour Joining analysis was used to construct the phylogenetic trees, 
showing that samples of N. sumatranus and N. soro clustered with supported bootstrap values of 63-71%, and no genetic 
distance between them. ASAP and ABGD species delimitation supported this clustering. This suggests both are the same 
species and closely related to N. soroides and N. hendersoni (genetic distance: 0.001-0.012 and 0.000-0.002, respectively). 
This challenges existing taxonomy and emphasizes the need to revisit Neolissochilus classification in Indonesia. Further 
study involving traditional taxonomy and DNA barcoding on Neolissochilus species in Indonesia is needed to clarify species 
distinction, validate taxonomy, and update the conservation status. This approach will enhance species identification, guide 
conservation efforts, and improve management of these vital freshwater fish species.
Keywords: Conservation; freshwater fish; mitochondrial DNA; phylogenetics; taxonomy validation 

ABSTRAK 

Spesies tengas Neolissochilus mempunyai nilai ekologi dan sosioekonomi yang penting, tetapi populasinya di habitat 
liar semakin berkurang. Salah satu cabaran utama dalam usaha pemuliharaannya adalah ketidakpastian dalam taksonomi. 
Kajian ini menggunakan pengekodan DNA bagi tiga segmen DNA mitokondria (mtDNA) (COI, Cyt b dan 16S rRNA) 
untuk mengesahkan pengecaman morfologi sembilan sampel yang dikumpulkan dari Sungai Bonan Dolok dan lapan 
Neolissochilus sumatranus dari Sungai Tulas, serta tiga sampel Neolissochilus soro dari Sungai Tulas dan lapan dari 
Sungai Boho di Sumatera Utara. Pengecaman morfologi dibuat berdasarkan ketinggian badan, diameter/panjang 
mata, panjang sirip pektoral ke sirip dorsal, sirip anal ke sirip kaudal dan jejari bercabang sirip dorsal. Analisis Jiran 
Menyambung digunakan untuk membina pokok filogenetik, yang menunjukkan bahawa sampel N. sumatranus dan N. 
soro berkelompok dengan nilai sokongan bootstrap 63-71% dan tiada jarak genetik antara mereka. Persempadanan spesies 
ASAP dan ABGD menyokong pengelompokan ini. Ini mencadangkan bahawa kedua-duanya adalah spesies yang sama dan 
mempunyai hubungan rapat dengan N. soroides (dan N. hendersoni) dengan jarak genetik masing-masing 0.001–0.012 dan  
0.000–0.002. Penemuan ini mencabar taksonomi sedia ada dan menekankan keperluan untuk mengkaji semula pengelasan 
Neolissochilus di Indonesia. Kajian lanjut yang menggabungkan taksonomi tradisional dan pengekodan DNA terhadap 
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spesies Neolissochilus di Indonesia diperlukan untuk menjelaskan perbezaan spesies, mengesahkan taksonomi dan 
mengemaskini status pemuliharaan. Pendekatan ini akan meningkatkan pengecaman spesies, membimbing usaha 
pemuliharaan dan memperbaiki pengurusan spesies ikan air tawar yang penting ini.
Kata kunci: DNA mitokondria; filogenetik; ikan air tawar; pemuliharaan; pengesahan taksonomi

INTRODUCTION

Neolissochilus is a genus of mahseers residing across 
Asia including in Indonesian waters. Despite receiving 
less attention than the true mahseer, Tor, the presence of 
Neolissochilus is significant in terms of socioeconomic 
value and conservation. Local people in some areas of 
Indonesia, such as North Sumatra and West Java, consider 
the fish sacred and consumed during traditional ceremonies. 
The mahseers are valued for their texture and taste, as well 
as their low fat and high protein content (Chasanah et al. 
2021; Khai et al. 2015). The price of mahseers, including 
Neolissochilus spp., in North Sumatra, is high, ranging 
from USD25 (Rp400,000) to USD31 (Rp500,000) per kg, 
while in Java, the price can be up to USD62 (Rp1,000,000) 
(Rumondang, Fuah & Aidil Huda 2023). 

There are 33 species of Neolissochilus across their 
geographic distribution and four species are distributed in 
Indonesia (Froese & Pauly 2024; Kottelat 2013; Kottelat, 
Whitten & Kartikasari 1993). Neolissochilus longipinnis, 
N. sumatranus, N. thienemanni, and N. soro are the valid 
Neolissochilus living in Indonesian freshwater. There 
have been no publications reporting N. longipinnis and  
N. thienemanni in the past decade, apart from a few 
mentions of N. thienemanni being collected from the rivers 
in North Sumatra and Aceh (Nasir, Munira & Muchlisin 
2018; Rachmad, Sihombing & Sabariyah 2019). However, 
lack of morphological identification information in the 
methods by Rachmad, Sihombing and Sabariyah (2019) 
raises doubt regarding the species identification, and the 
identified specimens by Nasir, Munira and Muchlisin 
(2018) could not be confirmed by personal communication. 

Mahseers, including Neolissochilus, prefer to inhabit 
clear, rocky waters with slow to swift currents and are 
sensitive to environmental changes (Ali et al. 2014; Hoàng 
et al. 2015). The presence of mahseers in their natural 
habitats can indicate the overall health of freshwater 
ecosystems (Everard et al. 2021). Therefore, protecting 
mahseers is essential for preserving many others of the 
same habitat. In North Sumatra, several rivers are home 
to mahseers, N. sumatranus and N. soro or previously 
known as Tor soro (Barus et al. 2023; Chasanah et al. 2021; 
Larashati et al. 2022; Roesma, Chornelia & Mursyid 2019). 

The mahseers population in the wild habitat is 
decreasing due to overexploitation, habitat degradation, 
water pollution, and invasive species (Kottelat, Whitten 
& Kartikasari 1993). Among the four Neolissochilus 
inhabiting Indonesian freshwater, N. thienemanni has been 
under fully protected by the Indonesian Ministry of Marine 
Affairs and Fisheries Decree No.1/2021 and categorized 

as Vulnerable by IUCN (World Conservation Monitoring 
Centre 1996). Some efforts to manage and protect the 
mahseers in Indonesia have been conducted through 
local wisdom, establishing protected areas by the local 
community, and conducting different studies related to the 
bioecology of the mahseers (Larashati et al. 2020; Safitri, 
Sulistiono & Hariyadi 2021). 

Taxonomical challenges in identifying the mahseers 
have been documented resulting in difficulties in 
identifying them morphologically (Khaironizam, Zakaria-
Ismail & Armbruster 2015; Pinder et al. 2019; Roberts & 
Khaironizam 2008; Walton et al. 2017), while taxonomy 
certainty is needed for determining their conservation status 
and performing effective management and conservation 
efforts. Variation in the oral morphology exists within  
N. soroides in the form of normal, truncated, and lobe types, 
with the most commonly found being normal and truncated 
types (Khaironizam, Zakaria-Ismail & Armbruster 2015). 
Four Neolissochilus sumatranus specimens collected from 
West Sumatra exhibits incipien Tor type morphology and 
have been considered a junior synonym to N. soroides 
(Robert & Khaironizam 2008), which needs further 
validation. Neolissochilus soro has long been placed 
under the genus Tor and its taxonomic status remains in 
question (Scharpf 2015), while its reclassification to genus 
Neolissochilus needs further clarification of the diagnostic 
characters used to distinguish between Neolissochilus 
species inhabiting Indonesian waters. 

To resolve the taxonomic confusion, genetic-based 
identification of the mahseers using marker genes from 
mitochondrial DNA such as COI, Cyt b, and 16S rRNA, 
and nuclear DNA such as microsatellite has been employed 
(Esa et al. 2011; Hoàng et al. 2015; Khudamrongsawat et 
al. 2021; Nguyen et al. 2008; Sati et al. 2013; Walton et 
al. 2017). In fish DNA barcoding research, using multiple 
molecular markers can offer additional insights, helping to 
clarify uncertainties and ensuring reliable identification of 
different species at various developmental stages (Qi et al. 
2013; Wu et al. 2024; Zhang & Hanner 2012). ​

To date, genetic-based study on Neolissochilus 
inhabiting Indonesian freshwater is limited to N. sumatranus 
and N. soro (Barus et al. 2023; Larashati et al. 2022). 
Barcoding using the COI gene validated the morphological 
identification showing that mahseers captured in Bonan 
Dolok River belong to Neolissochilus and Tor. Genetic 
differentiation of N. sumatranus and N. soro was shown 
in the study by Barus et al. (2023) using RAPD. However, 
the resolution of RAPD in distinguishing closely related 
species might be lower than other techniques like DNA 
barcoding or sequencing methods (Cermakova et al. 2023). 
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Identifying species morphologically can be 
challenging due to similarities and variations among 
species or genera. Furthermore, there is a lack of clarity in 
the diagnostic characteristics used to reclassify T. soro as 
N. soro. Therefore, it is necessary to incorporate molecular 
identification alongside morphological identification of 
N. soro and N. sumatranus. The objective of our study 
was to utilize three molecular markers COI, Cyt b, and 
16S rRNA for DNA barcoding to confirm morphological 
identification of N. soro and N. sumatranus collected from 
rivers in North Sumatra. By using these three molecular 
markers, we aim to enhance the accuracy and reliability 
of fish identification. Furthermore, no barcode sequences 
are currently available for Indonesian Neolissochilus 
generated from Cyt b and 16S rRNA. As a result, the 
barcode sequences developed in this study will contribute 
to the existing database of Indonesian Neolissochilus.

MATERIALS AND METHODS

SAMPLE COLLECTION

The sampling sites were chosen based on information from 
local fishermen, who identified areas where mahseers were 
typically found. Nineteen fish specimens were collected 
using a gill net with a 2 cm mesh size by local fishermen 
from the rivers in Samosir Regency-North Sumatra in 2016. 
Eleven and eight specimens from the Tulas and Boho Rivers 
were collected, respectively (Figure 1 & supplementary 
Table 1). All individuals were euthanized by rapid cooling 
in water mixed with ice (Wilson, Bunte & Carty 2009). 
Muscle tissues were cut from the specimen’s right side of 
the body and preserved in 96% ethanol. Afterwards, the 
specimens were fixated in 4% formaldehyde for a night, 
washed and preserved in 70% ethanol and deposited at 
the Research Center for Limnology and Water Resources 
BRIN. The fishes were morphologically identified based 
on Weber and de Beaufort (1916), Kottelat, Whitten and 
Kartikasari (1993), and Kottelat (2013). Nine specimens 
of N. sumatranus collected from Bonan Dolok River were 
described in Larashati et al. (2020).  No specific permit 
was required for this study because the species are not 
protected, sampling locations are outside the protected 
area, and no cross-border sample movement is involved. 

DNA EXTRACTION, AMPLIFICATION AND SEQUENCING, 
AND DATA ANALYSIS

DNA was extracted from the muscle part of the fish 
samples collected in 2016 following the protocol from 
gSYNC™DNA Extraction Kit (Geneaid, Taiwan) with 
100 µL elution buffer added and genomic DNA was 
stored in -20 °C for further use. The DNA extraction 
of 2019 collection was described in Larashati et al. 
(2022). The concentration and purity of extracted DNA 
were measured using NanoDrop™ One Microvolume  
UV-Vis Spectrophotometer, resulting in concentration of  
12-200 ng/µL and purity of 1.8-2.

DNA samples from the 2016 collection were amplified 
and sequenced using primer pairs of COI, Cyt b, and  
16s rRNA, while DNA samples from 2019 collection were 
amplified and sequenced using primer pairs of Cyt b and 
16s rRNA. The COI segments of 2019 collection have 
been barcoded and explained in Larashati et al. (2022). 
650 bp of the COI segment was amplified using FishF1 
and FishR1 primers (Steinke & Hanner 2011; Ward et al. 
2005). The Cyt b segment was amplified using LA-danio 
and HA-danio primers (Yang et al. 2010), producing a 
1,140 bp amplicon. The 16S rRNA segment of 583 bp was 
amplified using16Sar L and 16Sbr H based on the work of 
Palumbi et al. (1991). 

Amplification was conducted in 25 µL containing  
10-100 ng DNA template, 0.1 µL Taq DNA polymerase 
(5 U/µL), 0.2 mM of dNTPs, 10 pM of each primer, and 
2.5 µL PCR buffer (10x DreamTaq buffer, 20 mM MgCl2) 
using PCR Thermal Cycler (Biorad) with PCR conditions 
following Steinke and Hanner (2011) for COI, Yang et al. 
(2010) for Cyt b, and Palumbi et al. (1991) for 16S rRNA. 
A reaction without DNA template was used as a negative 
control for each of the mtDNA segments amplification. The 
PCR products were visualized in 1% agarose gel containing 
GelRed (Biotium, US). The purification and bidirectional 
sequencing were conducted from the COI, Cyt b, and  
16S rRNA segments with the same primers, performed by 
1stBASE DNA Sequencing Services (Malaysia).

The raw amplified sequences were trimmed at both 
ends according to the forward and reverse primers to 
remove low quality regions and non-target sequences 
using Mega version X (Kumar et al. 2018). The assembled 
sequences were aligned using ClustalW in Mega version 
X. The nucleotide sequences were converted into amino 
acids, making sure to select the correct reading frame based 
on the primers used for amplification. The alignment was 
visually inspected for gaps or shifts in the reading frame, 
which were indicative of indels. 

The aligned sequences were subjected to species 
identification using the Basic Local Alignment Search 
Tool (BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). The multiple sequences obtained from samples and  
GenBank-NCBI were aligned by ClustalW. A phylogenetic 
tree was reconstructed using Neighbour Joining analysis 
estimated by bootstrapping with 1000 replicate data 
sets for each of the mtDNA segments (COI, Cyt b, and  
16s rRNA). A cyprinid Barbodes binotatus (accession 
number: MG699688.1 (COI), MT483247.1 (Cyt b), and 
MZ708839.1 (16S rRNA), was included in the analysis as 
an outgroup species. Reference sequences of Neolissochilus 
from the NCBI database were used as the ingroup 
(supplementary Table 2) together with the sequences 
obtained from this study for phylogenetic tree and genetic 
distance analysis. The pairwise genetic distance among 
sequences was calculated using the Kimura 2-parameter 
model implemented in MEGA version X.
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Two methods for species delimitation using Assemble 
Species by Automatic Partitioning (ASAP) (https://bioinfo.
mnhn.fr/abi/public/asap/) and Automated Barcode Gap 
Discovery (ABGD) (https://bioinfo.mnhn.fr/abi/public/
abgd/abgdweb.html) were employed in this study. The 
aligned sequences for each mtDNA segment without the 
outgroup were used as an input file, the Kimura (K80)  
TS/TV was selected for distance mode, and other parameters 
were kept at default. These results were compared with the 
morphological identification and phylogenetic tree results.

RESULTS

MORPHOLOGICAL IDENTIFICATION

The specimens described in this study were those collected 
from Tulas and Boho Rivers. Specimens collected from 

the Tulas River coded I6, I8, I9, I11–13, I18, I19, I22 are 
identified as N. sumatranus and coded I10 and I15 belong 
to N. soro. All specimens from the Boho River (BH2, BH3, 
BH4, BH6, BH7, BH8, BH9, and BH10) are identified as 
N. soro. 

In this study, both N. sumatranus and N. soro specimens 
displayed an elongated shape, with a standard length (SL) 
ranging from 109.4 mm to 170 mm and from 74.2 mm to 
146 mm, respectively. All specimens of N. sumatranus 
and N. soro showed no median lobe of the lower lip. Four 
morphological characters are shown to differ between 
N. sumatranus and N. soro, which are body height, eye 
diameter/length, the length of pectoral to the dorsal fin, the 
length of anal fin to the caudal fin, and number of dorsal fin 
rays (Table 1 & Supplementary Figure 1).

Neolissochilus sumatranus from Tulas and Bonan 
Dolok Rivers exhibits several ‘longer’ or proportionally 

FIGURE 1. Sampling locations of Neolissochilus samples in this study 

TABLE 1. Key characteristics used distinguishing N. sumatranus and N. soro

Species Body depth Eye diameter/length Length of pectoral fin 
to the dorsal fin

Length of anal fin 
to the caudal fin

Number of 
dorsal fin 

rays
N. sumatranus 3.6–4.3 times 

shorter than the 
standard length

1.5 times shorter than 
the snout length, with 
four irregular rows of 
pores on each side of 
the snout under the eye

The pectoral fin tend to 
be almost the same or 
longer than the dorsal 
fin 

The anal fin reaches 
the caudal fin 

II, III, 8–11 
weak dorsal 

rays

N. soro 3.6–3.9 times 
shorter than the 
standard length

The pectoral fin is 
shorter than the dorsal 
fin and tend to be 
further away from the 
pelvic fin 

The anal fin does not 
reach the caudal fin 

II, III, 7-9 
weak dorsal 

rays 
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larger characteristics than N. soro from Tulas and Boho 
Rivers. These include the pectoral fin, anal fin, and the 
weak rays on the dorsal fin. Additionally, N. sumatranus 
has a greater body height proportion than N. soro. Notably, 
the presence of pores (tubercles) beneath the eyes in 
N. sumatranus is another distinguishing feature. The 
morphological characteristics of N. sumatranus from 
Bonan Dolok River were described in Larashati et al. 
(2022).

MOLECULAR DATA

Nineteen COI sequences, 28 Cyt b sequences, and 28 
16S rRNA sequences were successfully amplified. No 
insertions, deletions, or stop codons were detected in the 
samples. The read lengths analyzed for the COI, Cyt b, and 
16S rRNA were 602 bp, 1091 bp, and 565 bp, respectively. 
The analysis showed that all COI sequences, Cyt b 
sequences, and 16S rRNA sequences were identical within 
their respective datasets, with no observed variation across 
the aligned regions.

A similarity search in the Genebank database showed 
that sequences of N. sumatranus from Tulas River and  
N. soro are 100% similar to N. sumatranus (PQ237057.1) 
based on the COI segment. The reference N. sumatranus 
are from our previous study (Larashati et al. 2022). From 
the three rivers, N. sumatranus and N. soro samples are 
99.74% similar to N. soroides (AP013114) based on the Cyt 
b segment, and 100% similar to N. soroides (OM203154.1) 
and N. hendersoni (OM202514.1) based on the  
16S rRNA segment. The Cyt b and 16s rRNA sequences 
of morphologically identified N. sumatranus from 
Bonan Dolok and Tulas Rivers were submitted to  
Genbank-NCBI. The accession numbers for Cyt b 
sequences from these rivers are PQ623176-PQ623181. 
The accession numbers for 16S rRNA sequences from 
Bonan Dolok and Tulas Rivers are PQ620133-PQ620138. 
The COI sequences of samples collected from the Tulas 
River were not submitted to Genbank-NCBI due to their 
similarity with sequences of Bonan Dolok River samples. 
Only sequences from samples confidently identified as 
N. sumatranus were submitted, owing to uncertainty 
regarding samples identified as N. soro.

The phylogenetic tree analysis of the three 
segments showed a similar pattern, showing samples of  
N. sumatranus and N. soro are clustered together (bootstrap 
values 63-71%) with no genetic distance, suggesting 
that they belong to the same species and are closely 
related to N. soroides and N. hendersoni (Figure 2, Table 
2-4) with genetic distance between the samples and  
N. soroides/N. cf. soroides ranged from 0.001 to 0.012, 
while the genetic distance between the samples and  
N. hendersoni ranged from 0.000 to 0.002. Based on 
the COI and Cyt b gene, the farthest genetic distance is 
to N. hexastichus and N. hexagonolepis (0.043–0.065), 
based on the 16S rRNA gene, it is to N. hexastichus,  
N. hexagonolepis and N. pnar (0.024). 

The lower score from the ASAP method from COI 
resulted in 3 partitions (ASAP-score: 2.00; p-value:  
1.33e-03; W: 1.64e-03; threshold dist.: 0.017618), from 
Cyt b resulted in 5 partitions (ASAP-score: 4.5; p-value: 
3.00e-05; W: 7.59e-05; threshold dist.: 0.017585), from 
16S rRNA resulted in 3 partitions (ASAP-score: 1; p-value: 
2.06e-03; W: 1.76e-03; threshold dist.: 0.006224). The 
ABGD method from COI resulted in 8 partitions ranging 
from 2 to 9 groups, with partition 4 (prior maximal distance 
P=0.004642) indicating 4 groups, from Cyt b resulted in 
7 partitions ranging from 2 to 9 groups, with partition 4 
(prior maximal distance P=0.004642) indicating 6 groups, 
from 16S rRNA resulted in 5 partitions consisted of 3 
and 4 groups, with partition 4 (prior maximal distance 
P=0.004642) indicating 3 groups. ASAP and ABGD 
methods recognized the N. sumatranus and N. soro samples, 
along with N. soroides and N. hendersoni references, as 
belonging to the same group or species.

DISCUSSION

Our study indicates that the samples morphologically 
identified as N. sumatranus and N. soro belong to a single 
lineage based on COI, Cyt b, and 16S rRNA markers. 
Both species delimitation analyses support this clustering, 
suggesting they represent the same species. However, 
although the sample size was small, we consistently 
observed distinct morphological differences between  
N. sumatranus and N. soro samples. Key characteristics 
that differentiate N. sumatranus include proportionally 
longer pectoral and anal fins, a higher number of weak rays 
on the dorsal fin, greater body height, and the presence of 
pores beneath the eyes.

The apparent contradiction between genetic 
homogeneity and morphological differences in our study 
aligns with broader taxonomic challenges observed in 
some freshwater fish species, as evidenced by different 
studies (Almeida et al. 2024; Hubert et al. 2008; Wu et 
al. 2024). Recent research on closely related mahseer 
species by Wu et al. (2024) has identified distinct species 
among genetically similar mahseers. They proposed 
that the species T. laterivittatus and T. sinensis should 
be considered synonymous. They also suggested that  
N. compressus, N. stracheyi, and N. baoshanensis may be 
the same species, differing only at the population level. The 
study also showed intraspecific variations in N. qiaojiensis 
and N. hemispinus samples. Furthermore, Chen et al. 
(2023) demonstrated that N. soroides and N. hendersoni 
from the Daying River in China show close genetic 
clustering, while the two species from Peninsular Malaysia 
are morphologically distinct (Khaironizam, Zakaria-Ismail 
& Armbruster 2015). 

The discrepancies observed between genetic 
and morphological analyses may be due to recent 
divergence, suggesting that these species have not yet 
developed significant genetic differences in the analyzed 
mitochondrial genes (Wu et al. 2024). Alternatively, the 
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FIGURE 2. Neighbour Joining tree reconstructed from 
the COI, Cyt b, and 16S rRNA sequences for species of 
Neolissochilus with bootstrap value of 1,000 replicates. 
The red line indicates Neolissochilus examined in this 

study. Vertical black bars correspond to the morphological 
classification of the specimens, and the molecular units 

using ASAP and ABGD species delimitation methods
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TABLE 2. Genetic distances between samples and Genbank database based on the COI sequences

No Species 1 2 3 4 5 6 7 8 9 10
1 Barbodes binotatus
2 N. sumatranus 0.168
3 N. soro 0.168 0.000
4 N. soroides 0.170 0.002 0.002
5 N. hendersoni 0.171 0.002 0.002 0.001
6 N. stracheyi 0.163 0.027 0.027 0.025 0.026
7 N. heterostomus 0.179 0.029 0.029 0.027 0.028 0.020
8 N. baoshanensis 0.183 0.022 0.022 0.020 0.021 0.017 0.010
9 N. hexastichus 0.165 0.045 0.045 0.043 0.044 0.043 0.043 0.043
10 N. hexagonolepis 0.168 0.043 0.043 0.041 0.042 0.045 0.045 0.041 0.008  

TABLE 3. Genetic distances between samples and Genbank database based on the Cyt b sequences

No Species 1 2 3 4 5 6 7 8 9 10
1 Barbodes binotatus
2 N. sumatranus 0.166
3 N. soro 0.166 0.000
4 N. soroides 0.168 0.012 0.012
5 N. hendersoni 0.165 0.002 0.002 0.012
6 N. stracheyi 0.171 0.030 0.030 0.030 0.031
7 N. heterostomus 0.169 0.028 0.028 0.028 0.030 0.016
8 N. baoshanensis 0.173 0.029 0.029 0.030 0.031 0.006 0.015
9 N. hexastichus 0.164 0.062 0.062 0.064 0.062 0.064 0.058 0.065
10 N. hexagonolepis 0.161 0.065 0.065 0.067 0.065 0.065 0.061 0.066 0.019  

TABLE 4. Genetic distances between samples and Genbank database based on the 16s rRNA sequences

No. Species 1 2 3 4 5 6 7 8 9 10
1 B. binotatus
2 N. sumatranus 0.079
3 N. soro 0.079 0.000
4 N. soroides 0.078 0.001 0.001
5 N. hendersoni 0.079 0.000 0.000 0.001
6 N. stracheyi 0.073 0.011 0.011 0.010 0.011
7 N. heterostomus 0.073 0.013 0.013 0.012 0.013 0.002
8 N. pnar 0.073 0.024 0.024 0.023 0.024 0.016 0.018
9 N. hexastichus 0.073 0.024 0.024 0.023 0.024 0.016 0.018 0.004
10 N. hexagonolepis 0.072 0.024 0.024 0.023 0.024 0.017 0.019 0.010 0.007  
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genetic similarities might arise from incomplete lineage 
sorting, where ancestral polymorphisms are shared among 
the groups, or hybridization, which can occur when 
different species coexist in the same habitat, resulting in 
a mix of their genetic characteristics (Hubert et al. 2008). 

While recent divergence, incomplete lineage sorting, 
and hybridization offer possible explanations, another 
factor to consider is the historical connectivity of river 
systems. The shared genetic background may reflect past 
gene flow between populations, with local adaptation 
driving morphological divergence. The dynamic nature 
of riverine systems supports this evolutionary context, as 
environmental changes can encourage genetic mixing and 
ecological specialization, leading to genetic similarity and 
morphological divergence.  

While the genetic evidence supports combining  
N. sumatranus and N. soro, the morphological 
differences indicate that further investigation is needed 
to assess their taxonomic validity. The morphological 
differences may still reflect phenotypic plasticity or  
population-level variation, which complicates the 
determination of species boundaries. To address this 
uncertainty, an integrative approach that combines 
additional genetic markers, environmental analyses, 
and broader population sampling are recommended. 
Furthermore, the reliance on mitochondrial markers may 
confuse finer-scale genetic differences that can be detected 
using nuclear or whole-genome data. Future studies should 
incorporate high-resolution genomic analyses to confirm 
the presence or absence of gene flow and to identify 
potential genomic regions associated with morphological 
divergence.

Distinguishing species of Indonesian Neolissochilus 
is challenging due to inconsistent comparisons. Kottelat, 
Whitten and Kartikasari (1993) highlight key characteristics 
of Indonesian Neolissochilus differentiation such as body 
depth, the number of pre-dorsal scales, the number of pores 
on each side of the snout, and whether the groove behind 
the lower lip is interrupted. Kottelat (2013) reclassified T. 
soro as N. soro, but still referenced earlier classifications. 
Haryono and Tjakrawidjaja (2005) noted that T. soro 
specimens in BRIN lack a median lobe, while Walton et al. 
(2017) argued that those from the type location may have 
one (Supplementary Figure 2). More samples from varied 
locations are needed to confirm N. soro’s morphological 
traits and establish its diagnostic characteristics.

The analysis of the three markers showed a close 
relationship between our samples with the species N. 
soroides and N. hendersoni, except from the 16S rRNA 
result that our samples were found to be identical to N. 
soroides (OM203154.1) and N. hendersoni (OM202514.1) 
references. Although the 16S rRNA sequence is widely 
regarded as a universal marker, it may not provide enough 
resolution to differentiate closely related species due to its 
highly conserved regions (Jaafar et al. 2021; Mohanty et al. 
2015; Xia et al. 2012). DNA barcoding of cultivable carp 

from India and Asiatic salamanders has shown that COI is 
more effective for accurate species identification (Mohanty 
et al. 2015; Xia et al. 2012).

The two species delimitation methods from COI, Cyt b, 
and 16S rRNA confirmed the clustering of Neolissochilus 
samples in this study with the references of N. soroides 
and N. hendersoni. However, we cannot conclude the 
data as there are no available specimens of N. soroides 
and N. hendersoni to compare. Morphologically, samples 
of N. sumatranus collected from West Sumatra bear a 
superficial resemblance to N. soroides, which is found in 
Peninsular Malaysia and Thailand (Khaironizam, Zakaria-
Ismail & Armbruster 2015; Khudamrongsawat et al. 2021). 
Roberts and Khaironizam (2008) tentatively proposed that 
N. sumatranus is a junior synonym of N. soroides. We 
supported this conclusion based on findings from our earlier 
study (Larashati et al. 2022). However, it is premature to 
definitively state that N. sumatranus is a junior synonym of 
N. soroides, given the limited sample size of N. sumatranus 
in both our previous and current studies. Thus, it is essential 
to compare more samples of N. sumatranus from various 
regions of Sumatra with N. soroides, both morphologically 
and genetically, to determine whether these two species are 
indeed synonyms, especially considering the low average 
genetic distance observed between them. 

 Taxonomic ambiguity within the genus Neolissochilus 
may have arisen from phenotypic variations during the 
development of Neolissochilus. Such variations could be 
mistakenly interpreted as differences between species, 
adding to the complexity of the genus (Zhou et al. 2024). 
DNA barcoding using mitochondrial DNA has become a 
powerful tool for addressing the morphological limitations 
of complex genera that exhibit high morphological 
variation or share similarities among species. It aids 
in clarifying the taxonomy of certain mahseer species. 
However, DNA barcoding can only effectively identify and 
delineate species if accurate morphological identification 
is performed before submission to databases like GenBank 
or BOLD (Lalramliana et al. 2018). Misidentification may 
result in sequence inconsistencies, as seen in the COI 
sequences of Neolissochilus and Tor deposited in GenBank 
(Lalramliana et al. 2018; Walton et al. 2017).

Due to the limited information on the Neolissochilus 
genus in Indonesia, a comprehensive study incorporating 
traditional taxonomy and genetic analysis across their 
distribution range is necessary. This research would help 
clarify and establish the distinguishing characteristics 
within the genus, validate the taxonomic status, and 
update the conservation status. Additionally, ecological 
and behavioural studies are needed to investigate 
potential niche differentiation between N. sumatranus 
and N. soro. Taxonomic certainty is essential for effective 
fish management, ensuring accurate identification 
and understanding of fish species. This understanding 
supports effective conservation, regulation, and ecosystem 
management strategies. If N. sumatranus and N. soro are 
treated as a single species, conservation efforts could focus 
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on protecting habitats and maintaining genetic diversity 
across their combined range rather than managing them 
separately. In this case, preserving populations from 
various locations becomes critical, as they may possess 
unique genetic traits important for long-term adaptability.

CONCLUSION

DNA barcoding using three mitochondrial markers (COI, 
Cyt b, and 16S rRNA) showed that morphologically 
identified N. sumatranus and N. soro from North Sumatran 
rivers represent a single species, with close genetic 
relationships to N. soroides and N. hendersoni (genetic 
distances: 0.001–0.002). These findings challenge current 
taxonomic classifications and highlight the need to revise 
Neolissochilus taxonomy in Indonesia comprehensively. 
While DNA barcoding proved valuable in resolving 
species identities, our results emphasize the importance 
of integrating molecular and morphological approaches. 
We recommend: (1) extensive sampling across Indonesia; 
(2) standardized morphological analysis protocols; (3) 
application of multiple molecular markers, including 
the nuclear and whole genome approaches; and (4) 
development of clear diagnostic characters. This integrated 
approach will improve species identification accuracy, 
inform conservation strategies, and effectively support 
managing these economically important freshwater fishes.
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SUPPLEMENTARY TABLE 1. Detailed sampling information where Neolissochilus specimens were obtained

Sampling data Boho Bonan Dolok Tulas
Coordinate 98° 39’ 31” E; 2° 35’ 33” N 98° 40’ 31” E; 2° 39’ 37” N 98° 38’ 58” E; 2° 37’ 57” N
Sampling time May, 2016 April, 2019 May, 2016
Sample size 8 9 11
Habitat characteristic:      
Riverbed Boulder, gravel boulder, gravel sand, gravel
Land use at the upstream Agriculture forest forest 
Riparian zone Settlement and road forest forest 
Water quality parameters:      
Temperature (°C) 23.51 18.9-29.0 24.14
pH 7.68 6-8 7.18
Dissolved oxygen (mg/L) 8.8 7.20-8.61 8.9
Conductivity (mS/cm) not measured 0.023-0.512 0.065
Specimen code BH2-10 BD1, BD3-BD9 I6, I8, I9, I10, I11-13, I15, 

I18, I19, I22 
The information on the coordinate, habitat characteristic, and water quality parameters were from Larashati and Ridwansyah (2017) and Larashati et 
al. (2020) 

SUPPLEMENTARY TABLE 2. Source of published sequences of Neolissochilus species used for phylogenetic analysis 
and genetic distance for this study

No. Species NCBI Acc No. Sequence type and base position Sample source
1 N. sumatranus PQ237057.1 Partial/COI (bases 1 to 681) Bonan Dolok River, 

Indonesia
2 N. cf. soroides KT368153.1 Partial/COI (bases 1 to 654) Terengganu, Malaysia
3 N. hendersoni MW591110.1 Partial/COI (bases 1 to 655) Pinang River, Malaysia
4 N. stracheyi ON606046.1 Partial/COI (bases 1 to 701) Dutah River, India
5 N. hexastichus MZ617270.1 Partial/COI (bases 1 to 705) Nagaland, India
6 N. baoshanensis KJ994640.1 Partial/COI (bases 1 to 856) China
7 N. hexagonolepis OM646558.1 Partial/COI (bases 1 to 657) India
8 N. soroides KP659424.1 Partial/Cyt b (bases 1 to 1117) unknown
9 N. soroides MN612780.1–MN612782.1 Partial/Cyt b (bases 1 to 1117) Thailand
10 N. stracheyi JQ346146.1 Partial/Cyt b (bases 1 to 1118) Laos
11 N. heterostomus KJ994713.1 Partial/Cyt b (bases 1 to 1131) China
12 N. hexagonolepis MZ443538.1 Partial/Cyt b (bases 1 to 1140) India
13 N. baoshanensis KJ994692.1 Partial/Cyt b (based 1 to 1131) China
14 N. hexastichus KP712236.1 Partial/Cyt b (based 1 to 1141) India
15 N. pnar OQ357607.1 Partial/large subunit rRNA (bases 1 to 

596)
India

16 N. soroides AP011314.1 Complete mitochondrial genome/COI 
(bases 5479 to 7029), Cyt b (bases 
14372 to 15512), 16s rRNA (bases 
1098 to 2776)

unknown

continue to next page
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17 N. soroides OM203154.1 Complete mitochondrial genome/COI 
(bases 5479 to 7029), Cyt b (bases 
14372 to 15512), 16s rRNA (bases 
1117 to 2752)

Daying River, China

18 N. hendersoni OM202514.1 Complete mitochondrial genome/COI 
(bases 5479 to 7029), Cyt b (bases 
14372 to 15512), 16s rRNA (bases 
1117 to 2752)

Daying River, China

19 N. stracheyi OM203155.1 Complete mitochondrial genome/COI 
(bases 5480 to 7030), Cyt b (bases 
14373 to 15513), 16s rRNA (bases 
1117 to 2753)

unknown

20 N. stracheyi NC031555.1 Complete mitochondrial genome/COI 
(bases 5481 to 7031), Cyt b (bases 
14374 to 15514), 16s rRNA (bases 
1117 to 2753)

unknown

21 N. heterostomus MW762597.1 Complete mitochondrial genome/
COI (5480 to 7030), Cyt b (14373 to 
15513), 16s rRNA (1118 to 2754)

unknown

22 N. hexastichus NC056297.1/MN378521.1 Complete mitochondrial genome/COI 
(bases 5479 to 7029), Cyt b (bases 
14373 to 15513), 16s rRNA (bases 
1098 to 2776)

unknown

23 N. hexagonolepis KM668070.1 Complete mitochondrial genome/COI 
(bases 5477 to 7027), Cyt b (bases 
14370 to 15510), 16s rRNA (bases 
1097 to 2773)

unknown

24 N. hexagonolepis KU380329.1 Complete mitochondrial genome/COI 
(bases 5479 to 7029), Cyt b (bases 
14372 to 15512), 16s rRNA (bases 
1098 to 2776)

unknown

 

 

 

 

 

 

 

 

 

 

 

SUPPLEMENTARY FIGURE 1. Key characteristics in N. sumatranus distinguishing from N. soro. 
A: eye diameter, B: Length of pectoral fin, C: length of dorsal fin, D: Length of anal fin to the 
caudal fin. The specimen is N. sumatranus (BD5) collected from Bonan Dolok River 
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SUPPLEMENTARY FIGURE 1. Key characteristics in N. sumatranus 
distinguishing from N. soro. A: eye diameter, B: Length of pectoral 

fin, C: length of dorsal fin, D: Length of anal fin to the caudal fin. The 
specimen is N. sumatranus (BD5) collected from Bonan Dolok River
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SUPPLEMENTARY FIGURE 2. Specimens of N. soro from Museum Zoologicum Bogoriense 
(MZB) collected from North Sumatra (A and C, MZB4055) and West Java (B and D, 
MZB1581) displaying truncated (C) and Tor-like (D) mouth type. Photo credit by Yudi 
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SUPPLEMENTARY FIGURE 2. Specimens of N. soro from Museum 
Zoologicum Bogoriense (MZB) collected from North Sumatra  

(A and C, MZB4055) and West Java (B and D, MZB1581)  
displaying truncated (C) and Tor-like (D) mouth type.  
Photo credit by Kunto Wibowo and Yudhi E. Sahari


