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RESEARCH ARTICLE

DNA barcoding revealed a new species of Neolissochilus Rainboth, 1985 from the
Kaladan River of Mizoram, North East India

Lalramlianaa, Samuel Lalronungaa, Sumit Kumarb and Mahender Singhb

aDepartment of Zoology, Pachhunga University College, Aizawl, India; bICAR-National Bureau of Fish Genetic Resources, Lucknow, India

ABSTRACT
Neolissochilus kaladanensis sp. nov., a new cyprinid species, is described from the Kaladan River drain-
age of Mizoram. It differs from all other valid Neolissochilus species in having higher number of gill
rakers on the lower arm of the first gill arch (13–14 vs. 12 or below in all the species). The analysis of
mitochondrial gene cytochrome c oxidase subunit I (COI) sequences separated N. kaladanensis sp. nov.
from all other Neolissochilus and Tor species with an average genetic distance of 6.0%. It is further sepa-
rated from the morphologically most similar species N. hendersoni and N. soroides by a genetic distance
of 6.7% and 6.8%, respectively. Based on the lowest BIC and AICc scores, best fit model for COI dataset
was TN93þGþ I, out of 24 different nucleotide substitution models tested. The maximum-likelihood
(ML) phylogenetic tree was constructed using the COI sequences of representative Neolissochilus and
Tor species. The anomalies observed among the GenBank sequences of the genera Tor and
Neolissochilus are also discussed.
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Introduction

The freshwater cyprinid fishes of the genus Neolissochilus
Rainboth, 1985, also known as Mahseer, are medium to large
fish, widely distributed throughout the southern and south
eastern Asia (Rainboth 1991). The genus is characterized by
having dorsal fin with four unbranched and 8/9 branched
rays, last unbranched ray not serrated; pectoral fin with one
unbranched and 13–17 branched rays, pelvic fin with one
unbranched and 7/8 branched rays, anal fin with three
unbranched and five branched rays, caudal fin forked with
convex distal margin on each lobe, 20–29þ 2 or three lateral-
line scales on the body, 6–10 predorsal scales; 16–20 circum-
ferential scales; 12 circumpeduncular scales; scales large and
heavy; lips thick, but not hypertrophied; pairs of maxillary
and rostral barbels present; cheeks with numerous tubercles;
gill rakers long, slender, with 2–6 rakers on epibranchial and
7–12 rakers on ceratobranchial; pharyngeal teeth with three
rows (5,3,2) (Rainboth 1985).

Currently, there are 28 species of the genus Neolissochilus
recognized as valid (Eschmeyer et al. 2017), and the identifi-
cation to the species level is confusing due to overlapping
morphological and meristic characters resulting in compli-
cated taxonomy. The cryptic nature of the genus as a whole
requires concerted efforts of taxonomists and molecular biol-
ogists to generate molecular signatures of morphologically
well studied specimens. DNA barcoding, relying on approxi-
mately 650 nucleotides of the mitochondrial gene cyto-
chrome c oxidase subunit I (COI), focuses on the setting up
of DNA barcode sequence libraries of known species for

unambiguous species identification in future (Hebert et al.
2003). The efficiency of DNA barcoding in fish species identifi-
cation has been demonstrated by Ward et al. (2005), Hubert
et al. (2008) and Lakra et al. (2016), as well as in mahseer spe-
cies by Laskar et al. (2013).

Recent investigation of the Kaladan River and its tributa-
ries in Mizoram, northeastern India, found a new species of
Neolissochilus. Detailed morphomeristic comparisons of this
material with congeners and analysis of their COI gene
sequences revealed it as an unnamed species. The description
of this material as Neolissochilus kaladanensis sp. nov. formed
the basis of this study.

Materials and methods

Sample collection and morphological analysis

A total of 14 fish specimens were collected, 13 from the
Kaladan River in the vicinity of Kawlchaw Village (22�2505200N
92�5602900E) and one from the Kaladan River in the vicinity of
Darzokai Village (22�5400900N 92�5506000E). The specimens
were fixed in 10% formalin and then transferred to 70% etha-
nol for longer preservation. Prior to fixation, small muscle tis-
sues were excised from the right side of some specimens for
DNA extraction. The meristic counts and morphological meas-
urements followed Hubbs and Lagler (1964) and Rainboth
(1985). For vertebral counts and other osteological studies,
specimens were cleared and stained in alizarin. Vertebral
counts included the first four vertebrae of the Weberian
apparatus. Fin rays were counted using a stereomicroscope
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and were confirmed through cleared and stained specimens.
The small posteriormost ray of the dorsal and anal fins, articu-
lating with the same pterygiophore as the preceding ray,
were counted as 1=2. Numbers in parentheses after a meristic
value indicate the frequency of that value. Type specimens
were deposited at the Zoological Survey of India (ZSI),
Kolkata, India (Registration No. ZSI FF 7605) and Pachhunga
University College Museum of Fishes (PUCMF),
Mizoram, India.

Comparative materials

Neolissochilus (Barbus) compressus: ZSI F5513, 1, 142.8mm
SL; Neolissochilus (Barbus) blythii: ZSI F5553, 1, 45.8mm
SL; Neolissochilus (Barbus) dukai: ZSI F 2388, 1, 104.1mm
SL; Neolissochilus hexagonolepis: PUCMF 17016, 2,
102.3–150.1mm SL; Neolissochilus (Barbus) stracheyi: ZSI F
2175, 1, 277.0mm SL.

The published information used for comparisons were:
McClelland (1839) for N. hexagonolepis and N. hexastichus;
McClelland (1845) for N. spinulosus; Day (1869) for N. blythii
and N. compressus; Day (1870) for N. stevensonii; Day (1871)
for N. stracheyi; Day (1873), Ali et al. (2014) and Arunachalam
et al. (2017) for N. wynaadensis; Day (1878) for N. dukai; Herre
(1940) and Khaironizam et al. (2015) for N. hendersoni and
N. soroides; Smith (1945) for N. paucisquamatus; Yinrui and
Xinluo (1985) for Tor hemispinus and T. qiaojiensis; Chen et al.
(1999) for N. baoshanensis and N. heterostomus; Vidthayanon
and Kottelat (2003) for N. subterraneus; Arunachalam et al.
(2017) for N. acutirostris, N. capudelphinus, N. micropthalmus,
N. minimus and N. tamiraparaniensis.

DNA extraction, PCR amplification and DNA sequencing

Genomic DNA was isolated from 25mg (approx.) of fish
muscle tissue following standard phenol:chloroform:isoamyl
alcohol method (Sambrook and Russell 2001). The DNA, after
precipitation, was dissolved in TE buffer (10mM Tris–HCl,
0.1mM EDTA, pH 8), and Nanodrop 2000 spectrophotometer
(Thermo Scientific, Waltham, MA) was used for determining
the concentration and quality. The fish universal primer pair
Fish F1: 50-TCAACCAACCACAAAGACATTGGCAC-30 and FishR1:
50-TAGACTTCTGGGTGGCCAAAGAATCA-30 (Ward et al. 2005)
was used to amplify the partial COI gene. The 15 ml PCR reac-
tion contained 1� buffer, 100 mM dNTPs, 2mM MgCl2, 5 pm
of each primer, 2 U Taq DNA polymerase and 100 ng template
DNA. The amplification was done using Veriti 96 PCR machine
(Applied Biosystems, Inc., Foster City, CA) and the DNA
sequencing was performed following the dideoxynucleotide
chain termination method (Sanger et al. 1977), using an auto-
mated DNA sequencer ABI 3500 (Applied Biosystems, Inc.,
Foster City, CA). All the amplifications and sequencing condi-
tions followed Singh et al. (2017).

DNA sequence analysis

In the present study, COI gene sequences of three individuals
of N. kaladanensis sp. nov. (NCBI Accession Nos.

MG518431–MG518433) and three sequences of Tor barakae
(NCBI Accession Nos. MG518434–MG518436) were generated.
A total of 106 sequences of Neolissochilus and Tor species
along with Puntius chelynoides as out group, were included
from GenBank to make a comprehensive analysis and eluci-
date phylogenetic relationship (Supplementary Electronic
Table 1). Sequences were aligned using CLUSTALW integrated
in MEGA 7 (Molecular Evolutionary Genetics Analysis) soft-
ware (Kumar et al. 2016). The generated sequences were
blasted in NCBI (http://www.ncbi.nlm.nih.gov) for the nearest
matches. The genetic distance between the groups was cal-
culated by averaging pair wise comparisons of sequence
across all individuals (Supplementary Electronic Table 2). The
genetic distance of N. kaladanensis sp. nov. was plotted
against 24 Neolissochilus and Tor species (Figure 1). Based on
the lowest BIC (Bayesian Information Criterion) and
AICc scores (Akaike Information Criterion, corrected), best
fit nucleotide substitution model for present COI dataset
was TN93þGþ I given by Tamura and Nei 1993
(Tamura–NeiþGamma distribution with five rate catego-
riesþ certain fraction of sites are evolutionarily invariable).
The maximum-likelihood (ML) phylogenetic tree was con-
structed with 500 bootstraps using one representative COI

Table 1. Morphometric data for Neolissochilus kaladanensis sp. nov. (n¼ 14).

Paratypes

Holotype Range Mean ± SD

Standard length (SL) in mm 126.5 69.8–400.2
In percentage (%) of standard length

Head length 25.0 23.9–28.7 26.1 ± 1.4
Body depth 36.9 33.4–37.8 35.9 ± 1.4
Body width at dorsal-fin origin 21.3 12.4–21.4 16.7 ± 2.7
Dorsal-fin base length 18.7 15.9–19.4 18.2 ± 0.9
Dorsal-fin height 31.4 24.2–34.6 31.5 ± 2.6
Dorsal spinous height 27.4 22.2–27.7 25.6 ± 1.8
Anal-fin base length 8.5 7.4–9.1 8.1 ± 0.5
Anal-fin height 18.7 20.2–22.6 21.3 ± 0.7
Pectoral-fin length 22.4 21.3–24.6 23.1 ± 0.9
Pelvic-fin length 20.3 20.2–27.4 21.8 ± 1.8
Pre-dorsal length 52.2 52.3–59.8 54.7 ± 1.8
Pre-pectoral length 25.8 23.6–28.9 25.9 ± 1.5
Pre-pelvic length 52.6 50.6–58.3 53.5 ± 2.0
Pre-anal length 77.2 76.3–86.3 78.6 ± 2.6
Post-anal length 26.9 24.5–27.8 26.0 ± 0.9
Pre anus length 74.9 73.8–83.3 76.5 ± 2.4
Post-dorsal length 51.7 32.5–57.1 52.6 ± 6.1
Post-pectoral length 55.5 72.9–83.5 77.0 ± 2.9
Post-pelvic length 52.1 48.3–56.3 50.7 ± 2.2
Caudal-peduncle length 18.4 13.7–18.3 17.2 ± 1.2
Caudal-peduncle depth 14.3 12.7–17.4 13.9 ± 1.1
Distance from pectoral fin to pelvic fin 28.5 27.2–32.8 29.0 ± 1.5
Distance from pectoral fin to vent 52.2 28.6–55.7 50.0 ± 6.5
Distance from pectoral fin to anal fin 54.6 52.5–65.1 55.1 ± 3.3
Distance from pelvic fin to vent 24.6 22.1–28.8 24.0 ± 1.9
Distance from pelvic fin to anal fin 27.3 24.3–31.7 26.6 ± 2.0
Anal to vent 2.2 1.6–2.3 2.0 ± 0.2

In percentage (%) of head length
Head depth 87.0 73.3–82.1 76.7 ± 2.2
Head depth at pupil 61.4 56.3–85.5 60.4 ± 7.4
Head width 66.8 55.4–74.0 61.6 ± 5.8
Snout length 39.9 30.9–39.4 35.1 ± 2.6
Pre-nostril length 25.0 19.0–23.9 21.5 ± 1.2
Eye diameter/length 24.7 16.4–32.5 26.7 ± 4.3
Pre-occipital length 84.8 76.1–84.7 79.9 ± 2.3
Interorbital 44.9 29.0–50.7 38.4 ± 5.5
Internarial 24.7 18.8–28.5 21.9 ± 2.4
Upper jaw length 26.9 20.9–26.8 23.2 ± 1.5
Lower jaw length 21.8 15.7–20.3 4.8 ± 0.4
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sequence of 25 Neolissochilus and Tor species (Figure 2), as well
as multiple COI sequences of same species (Supplementary
Electronic Figure 1).

Results

Morphological analysis and comparison

The measurements of morphomeristic parameters for holo-
type and average values for all paratypes of N. kaladanensis
sp. nov. are given in Table 1. Measurements are given as per-
centage of standard length (SL) and subunits of the head are
expressed in proportions of head length (HL) (see Figure 3
for morphology and general appearance). Neolissochilus kala-
danensis sp. nov. is markedly different from all other species
of the genus in having higher number of gill rakers on the
lower arm of the first gill arch (13–14 vs. below 12 in all other
species) and, with the exception of N. hendersonii, N. paucis-
quamatus and N. soroides, in having fewer scales on the lat-
eral line (20–22 scales in N. kaladanensis sp. nov. vs. 24–32 in
other species). The N. kaladanensis sp. nov. is compared with

N. acutirostris, N. blythii, N. capudelphinus, N. compressus,
N. dukai, N. hexagonolepis, N. hexastichus, N. micropthalmus,
N. minimus, N. spinulosus, N. stracheyi, N. tamiraparaniensis
and N. wynaadensis. The comparisons of important diagnostic
characters with these closely related species are shown in Table 2.

Genetic distances and phylogenetic analysis

The COI sequence separate N. kaladanensis sp. nov. from all
other Neolissochilus and Tor species with an average genetic
distance of 6.0%. It is further separated from the closely
related species available in GenBank, N. hendersoni and
N. soroides, by a genetic distance of 6.7% and 6.8%, respect-
ively. Neolissochilus kaladanensis sp. nov. is genetically closer
to N. hexagonolepis and N. hexastichus and together form a
monophyletic group in the ML tree of COI dataset (Figure 2
and Supplementary Electronic Figure 1), however, separated
by a distance of 4.9% from both species (Supplementary
Electronic Table 2). The genetic distance of N. kaladanensis
sp. nov. is compared with all the 24 Neolissochilus and Tor

Table 2. Meristic comparison of Neolissochilus kaladanensis sp. nov. with closely related species of genus Neolissochilus.

Species
Lateral-line

scales

Gill rakers on the
lower arm of
the gill arch

Predorsal
scales

Transverse scale
rows (lateral line to
dorsal-fin origin)

Transverse scale
rows (lateral line to
pelvic-fin origin)

Circumferential
scale rows

Circumpeduncular
scale rows

N. kaladanensis
sp. nov.

20–22 13–15 8–10 31=2 21=2–3 17–18 12

N. hexastichus 26 9 9–10 41=2 31=2 18 12
N. hexagonolepis 28–29 8 9–10 41=2 3 19–20 12
N. wynaadensis 26–29 9 10 41=2 21=2–3 18–19 12
N. stracheyi 26 – 7 41=2 4 18 12
N. compressus 28 �11a 9 4 31=2 18 12
N. blythii 25 �11a 6 31=2 21=2 17 11
N. dukai 28–29 – 9–10 31=2 21=2 16 12
N. capudelphinus 30–32 9 11–12 6 5 24 14
N. minimus 28–31 7 11–13 5–6 6 23–24 14
N. micropthalmus 28–29 8 8–9 4–5 5 18 12
N. acutirostris 29–32 7 10 5 5–6 20 12
N. tamiraparaniensis 28–30 9 11–12 5–6 5–6 20–2 12–14
N. spinulosus 32 – – – – – –

Other data sources are mentioned in comparative materials.
aData from Rainboth (1985).

Figure 1. Percent genetic distance (Y-axis) of Neolissochilus kaladanensis sp. nov. calculated against 24 species of Neolissochilus and Tor genera (X-axis).
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species, for which COI sequence is publically available (Figure 1).
The interesting observation is more than one clades formation
by the subgroups of same species, interspersed by other species
in phylogenetic tree and large genetic distance among them.
Based on this result, N. hexastichus is divided into three sub-
groups with average genetic distance of 4.2% among sub-
groups. Similarly, N. hexagonolepis, T. tambroides, and N.
stracheyi are divided into two subgroups each, with genetic dis-
tance of 2.7%, 2.6% and 1.3% between the related subgroups,
respectively. Conversely, very low genetic distance is also
observed between valid species, viz., N. hendersoni (KT354858)
exhibit 0% and 0.2% genetic distance with N. soroides
(AP011314) and N. soroides (KT001034), respectively. Similarly,
N. baoshanensis (KJ994640) show only 0.2% genetic distance
with N. stracheyi subgroup 1 (KT261305, AP011252, NC031555,
KT261302–KT261304, Supplementary Electronic Table 2).

Discussion

The taxonomic ambiguities of the genus Neolissochilus has
been discussed earlier (Khaironizam et al. 2015; Zheng et al.
2016; Arunachalam et al. 2017). The genus closely resembles
Tor in morphological appearance and, further, both the gen-
era occupy the same distributional range (Rainboth 1985).
Besides, the existence of polymorphism (Tor like morph) has
been reported in N. soroides (Roberts and Khaironizam 2008)
and N. stracheyi (Hoang et al. 2015). The two genera are said
to be distinguished by the presence of a continuous labial
groove (Laskar et al. 2013; Hoang et al. 2015), sometimes
developed into a fleshy lobe, and 10–14 gill rakers on the
lower arm of the first gill arch in Tor, whereas an interrupted
groove and 6–9 gill rakers on the lower arm of the first gill
arch in Neolissochilus. This statement seems incomplete as

Figure 2. Molecular phylogenetic analysis by maximum-likelihood method including 36 COI sequences of 25 species and Puntius chelynoides as outgroup.
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Rainboth (1985) himself clearly stated the existence of vari-
ation on the lower arm of gill rakers (first gill arch) depending
upon their geographical distribution in Neolissochilus and Tor,
viz., 6–9 vs. 10–14 from peninsular India and Sri Lanka, 7–11
vs. 12–16 from Myanmar and 7–12 vs. 12–17 from Thailand
and Malaya. Nevertheless, due to the overlapping character
like presence of mental lobe in N. hexastichus, Laskar et al.
(2013) suggested to emphasize the number of gill rakers
alone for generic distinction between the two genera. It is
apparent that the genus Tor (except T. hemispinus and T.
qiaojiensis) possess higher gill rakers as compared to
Neolissochilus in general, and the suggestion of Laskar et al.
(2013) is almost acceptable, but, may still be chaotic due to
high total gill rakers count reported in N. baoshanensis
(13–14), N. heteterostomus (13–19) and N. soroides (15–17)
overlapping with those of the genus Tor. Therefore, depend-
ing upon their particular habitat, we do not reject the use of
gill rakers' count to distinguish the two genera at first hand;
however, we suggest that the use of molecular markers is a
better approach to resolve the ambiguity because of overlap-
ping morphological characters between the two genera.
Despite having high gill rakers, the COI analysis is evident
that N. kaladanensis sp. nov. is well nested inside the clade of
the genus Neolissochilus and therefore undoubtedly belong-
ing to the genus.

Zheng et al. (2016) suggested that T. hemispinus and T.
qiaojiensis should be grouped under the genus Neolissochilus
and N. benasi should be given another genus name. It is
apparent that Tor hemispinus and T. qaiojiensis were placed
under the genus Tor due to the presence of well-developed
median lobe at their lower lips. Tor qiaojiensis sensu stricto
was placed under the genus Neolissochilus by Rainboth
(1985), however treated as T. qiaojiensis by Eschmeyer et al.
(2017). We strongly agree with the suggestion of Zheng et al.
(2016), placing the two species under Neolissochilus but
decline the suggestion of placement of N. benasi to other
genus since the three species were well nested within the
Neolissochilus clade based on the COI sequences analysis.
Furthermore, the gill rakers count (11–12 and 12, respectively)
of T. hemispinus and T. qaiojiensis are unexpectantly lower in
comparison to other species belonging to the genus Tor.
Neolissochilus kaladanensis sp. nov. differs from both the spe-
cies in having lower lateral line scales and higher count of
gill rakers.

Delineation of species using DNA barcoding depends on
the intra- and inter-species distance where the sequences are

divergent enough to enable recognition of the species
(Hebert et al. 2003). However, the DNA barcoding will suc-
ceed in recognition and demarcation of species only if the
barcoded specimens have been identified precisely prior to
submission of the sequence in public databases like NCBI
GenBank. It has been observed that there are lot of inconsis-
tencies among the COI gene sequences of Tor and
Neolissochilus available in the GenBank. This type of inconsist-
ency leads to more complications in the identification of spe-
cies and must be resolved by linking morphological data and
DNA sequences. The anomalies may be attributed to misiden-
tification of the species, synonymy, cryptic nature of the spe-
cies, species complex within single species or recently
evolved species with lesser divergence in DNA sequences.
The Peninsular Malaysian species of N. hendersoni and
N. soroides are morphologically distinct from each other
(Khaironizam et al. 2015); however the genetic distance does
not support this. Similar is the case of N. baoshanensis and
N. stracheyi subgroup 1. The question is whether or not the
two species are a case of synonym or the result of species
misidentification or limitation of DNA barcoding. Conversely,
N. hexastichus was divided into three subgroups with average
genetic distance of 4.2% among subgroups. Similarly,
N. hexagonolepis, T. tambroides and N. stracheyi were divided
into two subgroups each, with genetic distance of 2.7%, 2.6%
and 1.3%, respectively. The existence of subgroups in a spe-
cies, with high genetic distance indicates the presence of spe-
cies complex and requires concerted efforts of molecular
biologists and traditional taxonomists.

In conclusion, we agreed with the use of DNA barcoding
as a successful tool for identification and delineation of spe-
cies, the anomalies observed among the submitted sequen-
ces are otherwise an indication of the existence of cryptic
species and calls for the taxonomic revision of the two gen-
era Neolissochilus and Tor.

Taxonomy

Neolissochilus kaladanensis sp. nov. (Figure 3).

Type specimens

Holotype. PUCMF 17011, 126.5mm SL, 22�2505200N 92�5602900E,
Kaladan River in the vicinity of Kawlchaw Village, Lalramliana
and Lalronunga S, March 3 2017.

Figure 3. Neolissochilus kaladanensis sp. nov., PUCMF 17011, holotype, 126.5mm SL; India: Mizoram: Kaladan River.
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Paratypes. ZSI FF 7605, 3, 88.7–142.0mm SL; PUCMF
17012,2, 88.6–152.5mm SL; same as holotype; PUCMF 17013,
4, 69.8–94.8 SL;22�2505200N 92�5602900E, Kaladan River in the
vicinity of Kawlchaw Village, Lalramliana and Lalronunga S,
November 24 2015; PUCMF 17014, 3 (two specimens were
cleared and stained in alizarin), 79.7–92.2mm SL, 22�2505200N
92�5602900E, Kaladan River in the vicinity of Kawlchaw Village,
Lalramliana and Lalronunga S, November 24 2015; PUCMF
17015, 1, 415.2mm SL, 22�5400900N 92�5506000E, Kaladan River
in the vicinity of Darzokai Village, acquired from Department
of Fisheries, Government of Mizoram.

Morphological diagnosis

Neolissochilus kaladanensis sp. nov. is distinguished from all
other congeners in having higher number of gill rakers on
the lower arm of the first gill arch (13–14 vs. below 12 in all
other species). It is further distinguished in having the follow-
ing combination of characters: 20–22 scales on the lateral
line; 1=23/1/21=2–3 scales in transverse line from dorsal-fin ori-
gin to pelvic-fin origin; 8–10 predorsal scales; 17–18 circum-
ferential scales; 12 circumpeduncular scales and 35 vertebrae.

Description

Head short, deep, its length is about one-fourth of the SL, its
depth is slightly more than three-fourths of its length. Body
elongate, laterally compressed, maximum depth is slightly
less than half of the SL. Dorsal profile rising from tip of snout
to origin of dorsal fin, then sloping gently from dorsal-fin
base to caudal-fin base; body depth greatest at dorsal-fin
base. Ventral profile slightly curved to chest; abdomen
straight up to anal-fin origin; caudal peduncle profile slightly
concave, its least depth is slightly less than its length.

Eye ovoid, moderately large, located in anterior half of
head, its diameter is about one-third of the HL. Snout
rounded, its length is more than or equal to eye diameter,
cheek with irregular rows of tubercles (Figure 4(B)). Mouth is
subterminal and oblique, rictus is not reaching vertical
through anterior margin of orbit. Lips are fleshy, median lobe
of lower lip is not developed (Figure 4(A)); pair of rostral and
maxillary barbels are present.

Dorsal fin with four (12) unbranched and 91=2 branched
rays (12), its length slightly greater than HL, its origin above
7th lateral-line scale and slightly anterior to vertical through
pelvic-fin origin; last unbranched ray ossified, strong and
smooth; first branched ray longest; posterior margin concave;
dorsal-fin base covered with scale sheath. Pectoral fin with
one unbranched and 14 (4), 15 (7) or 16 (1) branched rays,
first branched ray longest, adpressed fin tip reaching two-
thirds distance between pectoral and pelvic-fin origin. Pelvic
fin with one unbranched and eight (12) branched rays, first
branched ray longest, adpressed fin tip not reaching base of
anal fin, axillary scale present at its base. Vent closer to anal-
fin origin than to base of last pelvic-fin ray. Anal fin with
three (12) unbranched and 51=2 (12) branched rays, first
branched ray longest, adpressed fin tip almost reaching base
of caudal fin; anal-fin base covered with scale sheath. Caudal
fin forked, lobe tips rounded, principal caudal rays 10þ 9
(12), 10th ray shortest, lobes more or less equal.

Body covered with large scales; breast covered with
smaller scales. Lateral line curved, prominent and complete
with 20(2) or 21 (7) or 22 (3) scales on the body plus 1 (1) or
2 (10) scales on the caudal-fin base; 1=23/1/21=2 (10) or 1=23/1/3
(2) scales in transverse line from dorsal-fin origin to pelvic-fin
origin; 8 (3), 9 (8) or 10 (1) predorsal scales; 17 (3) or 18 (9)
circumferential scales; 12 (12) circumpeduncular scales. Total
gill rakers on the first gill arch 17 (1), 18 (1) or 20 (1); 4 (1), 5
(1) or 6 (1) on epibranchial, 1 (3) at angle and 12 (2) or 13 (1)
on ceratobranchial. Pharyngeal teeth three rows with 5, 3, 2
(3) formula. Vertebrae (abdominalþ caudal): 21þ 14¼ 35 (2).

Colouration

Dorsum dark brownish; sides becoming gradually lighter
towards abdomen with yellowish to orange hue; inconspicu-
ous dark brownish spots on the caudal peduncle; cheek, gill
cover and ventral portion of head pale brownish. All fins hya-
line without any marking. Distal part of dorsal and caudal fins
is black edged.

Etymology

The species is named after the Kaladan River, from where it
was collected (an adjective).

Figure 4. Neolissochilus kaladanensis sp. nov., PUCMF 17011, holotype, 126.5mm SL. (A) Lower lip region. (B) Lateral view of head showing tubercles.
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Distribution

Presently known from the Kaladan River (Kaladan River drain-
age) at Kawlchaw and Darzokai villages (Figure 5).

Remarks

Neolissochilus kaladanensis sp. nov. shared characters with
N. hendersonii, N. paucisquamatus and N. soroides, in having
fewer scales on the lateral line, a notable character which dis-
tinguishes it from all other valid congeners, other than
above-mentioned species (20–22 scales in N. kaladanensis sp.
nov. vs. 24–32 in other species). It is worth mentioning here
that the examination of the ZSI specimens revealed that the
lateral-line scales of N. blythii and N. compressus are 25 and
28 respectively rather than 22 scales as reported in the ori-
ginal description by Day (1870). Neolissochilus kaladanensis
sp. nov. markedly differs from N. blythii and N. compressus in
having fewer lateral-line scales (20–22 vs. 25 and 28) and
higher (13–15 vs. �11) gill rakers on the lower arm of the gill
arch. Furthermore, it also differs from N. stevensonii, the
Akyab species, in having fewer lateral-line scales (20–22 vs.
27). According to Rainboth (1985), grouping of species based
on their geographical distributional range, N. kaladanensis sp.
nov. is morphologically similar to species from Thailand and

Malaysia in having high gill rakers count. However, it differs
from all of them, with the exception of N. hendersoni,
N. paucisquamatus and N. soroides, in having lower lateral-line
scales (20–22 vs. 24–29 in all other species). It further differs
from N. hendersoni in having more predorsal scales (8–10 vs.
6–8) and more gill rakers on the lower arm of the first gill
arch (14–16 vs. 9–10); from N. paucisquamatus in having
more predorsal scales (8–10 vs. 7), dorsal-fin origin over 7th
scale (vs. 6th scale) of lateral line, adpressed pectoral fin not
reaching (vs. reaching) base of pelvic fin and adpressed pelvic
fin not reaching (vs. reaching) anus; and from N. soroides in hav-
ing more gill rakers on the lower arm of the first gill arch (14–16
vs. 9–10) and fewer scales at anal-fin base (3–4 vs. 4–6).
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