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Abstract

Misgurnus mohoity (Dybowski, 1869) is recorded for the first time from the Korean Peninsula based on specimens collected from
South Korea. It is distinguished from other Korean Misgurnus by the following characteristics: 48—50 total vertebrae; 19-20 caudal
vertebrae; 164—180 lateral line scales; a poleaxe-shaped lamina circularis with a shallow neckline at the base in mature males; and a
slender, elongated caudal peduncle with a CPL/CPD (caudal peduncle length/caudal peduncle depth) ratio of > 1.7 and an LPC/DPA
(the projected length from the posterior edge of the anal fin base to the base of the caudal fin to the projected length from the pelvic
fin insertion point to the anterior edge of the anal fin base) ratio of > 1.1. Mitochondrial cyth gene analysis revealed that the Korean
specimens form a monophyletic clade (100% bootstrap support) with populations from Russia, China, and North Korea, exhibiting
a high genetic distance (K2P: 10.04%) from other Korean congeners. A new Korean name, “Ga-neun-mi-ggu-ri”, is proposed based
on the slender and elongated shape of the body and caudal peduncle. These findings provide crucial biogeographical evidence for

understanding the dispersal and differentiation of the genus Misgurnus in Northeast Asia.
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Introduction

The weather loaches of the genus Misgurnus (Cyprini-
formes, Cobitidae) are freshwater fishes widely distribut-
ed throughout Europe and East Asia (Kottelat and Freyhof
2007; Yashima et al. 2023). This genus is defined by the
following diagnostic morphological characters: a slender
and elongated body; three pairs of maxillary barbels; a
suborbital spine hidden beneath the muscles; a rounded
edge of the caudal fin; and no regular row of spots (Kim
1997; Kottelatand Freyhof 2007; Nakajima and Uchiyama
2017; Chae et al. 2019; Nakajima and Hashiguchi 2022).
Currently, ten valid species are recognized within the ge-
nus Misgurnus globally (Vasil'eva 2001; Kottelat 2012;

* These authors contributed equally to this work.

Nakajima and Hashiguchi 2022; Shedko and Vasil'eva
2022; Dyldin et al. 2023; Nakajima et al. 2025).
Recently, taxonomic revisions of the genus Mis-
gurnus have been actively conducted in China, Rus-
sia, and Japan through molecular and morphological
analyses. Since the 2000s, Russian scientists have
described Misgurnus nikolskyi Vasil'eva, 2001 and
Misgurnus chipisaniensis Shedko et Vasil'eva, 2022
as new species (Vasil’eva 2001; Shedko and Vasil'eva
2022). Meanwhile, in Japan, Misgurnus amamianus
Nakajima et Hashiguchi, 2022 was identified as a new
species based on features such as the shape of the lam-
ina circularis in the male pectoral fin, the branching of
the last ray of the dorsal fin, and the LPC/DPA ratio
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(the ratio of the projected length from the posterior
edge of the anal fin base to the base of the caudal fin to
the projected length from the pelvic fin insertion point
to the anterior edge of the anal fin base) (Nakajima and
Hashiguchi 2022). The genus Misgurnus is recognized
as a taxonomically unstable group characterized by
persistent controversies, largely due to frequent identi-
fication errors resulting from morphological variations
associated with sex, life history, and environmental
factors (Kottelat 2012; Han et al. 2013; Shedko and
Vasil'eva 2022; Yashima et al. 2023). To address these
challenges, recent studies describing new species uti-
lize shape-based geometric morphometric techniques
in addition to traditional meristic and morphometric
comparisons (Sequeira et al. 2011; Sidlauskas et al.
2011; De La Cruz-Agiiero et al. 2015). To this day, nu-
merous studies remain underway globally to differenti-
ate morphologically similar cryptic species.

In contrast, taxonomic studies of the genus Misgurnus
in the Korean Peninsula have been limited. To date, only
three species have been reported in this region: Misgur-
nus dabryanus (Guichenot, 1872) (of which Misgurnus
mizolepis Giinther, 1888 is a junior synonym according to
Kottelat 2012) and Misgurnus anguillicaudatus (Cantor,
1842) in South Korea, and Misgurnus buphoensis Kim
et Park, 1995 in the lower reaches of the Tumen River in
North Korea (Yang et al. 1994; Kim and Park 1995; Kim
and Park 2002; Chae et al. 2019). According to the stud-
ies in Russia (Vasil'eva et al. 2003; Perdices et al. 2012),
there have been consistent suggestions that previously
unrecorded Misgurnus species may inhabit the Korean
Peninsula. This potential distribution is linked to the bio-
geographical connections between Korean waters and the
Russian Amur River drainage (excluding Khanka Lake),
northeastern Mongolia, and northeastern China, extend-
ing south to the upper reaches of the Liao River (Vasil'eva
et al. 2003; Perdices et al. 2012).

In this study, while investigating the species of the
genus Misgurnus in South Korea, a distinct group was
identified in the rivers of Goseong-gun, Gangwon-do,
which differed from the three species previously known
to inhabit the Korean Peninsula. Morphological com-
parisons and mitochondrial DNA analysis confirmed
these specimens as Misgurnus mohoity (Dybowski,
1869), a species previously known to be distributed in
the Amur River basin across China, Mongolia, and Rus-
sia (Shedko and Vasil’eva 2022). This study provides the
first specimen-based confirmation for the hypothesis of
Perdices et al. (2012), who treated Misgurnus biparti-
tus (Sauvage et Dabry de Thiersant, 1874) as a junior
synonym of M. mohoity and suggested a distribution
extending from the Amur River basin and northeastern
China to the Korean Peninsula. Consequently, by report-
ing the unrecorded species M. mohoity in Korea, this
study provides essential baseline data for understanding
the dispersal and differentiation history of the genus in
Northeast Asia and presents a taxonomic re-evaluation
of Korean Misgurnus species.

Material and methods

Sampling. A total of 61 specimens comprising two Mis-
gurnus species were examined in this study. Specifi-
cally, 22 specimens of M. mohoity were collected from
Goseong-gun (Fig. 1A), and 39 specimens of M. anguil-
licaudatus were collected from Eumseong-gun, Iksan-si,
Sinan-gun, and Jeju-do in South Korea (Fig. 1B-E). All
specimens were collected using a baited trap (commercial
fish feed; 2 x 2 mm) and hand net (4 x 4 mm). Prior to
fixation, all specimens were anesthetized with MS-222 to
minimize distress and physical distortion. The specimens
were then fixed in 10% neutral formalin and subsequently
preserved in 70% ethanol. For genetic analysis, the right
pelvic fin was sampled and fixed in 99.5% ethanol. To
minimize growth-related morphological variation and ac-
count for the development of secondary sexual character-
istics, only specimens of at least 70 mm of the standard
length (SL) were collected (Yashima et al. 2023).

Morphological analysis. Meristic and morphometric
methods followed Hubbs et al. (2004), Kottelat and Frey-
hof (2007), and Nakajima and Hashiguchi (2022) (Fig. 2).
All measurements were taken using a digital caliper (Mi-
tutoyo, CD-20CX, Japan) and recorded to the nearest
0.01 mm. Morphometric data are expressed as percentages
of standard length (SL) and head length (HL) in Table 1,
which presents the values for each population along with
the number of specimens observed for each measurement.
Fin ray and vertebral counts were obtained from soft X-ray
radiographs (Hitex, HA-80, Japan), following the meth-
odology of Sawada (1982). To identify the features of
the lamina circularis, specimens were stained with Aliza-
rin Red S following the protocol of Taylor and Van Dyke
(1985) and subsequently preserved in 100% glycerin. De-
scription of external morphology and the lamina circularis
followed Nakajima and Uchiyama (2017) and Yashima et
al. (2023). Statistical analyses were performed using SPSS
version 29.0 (IBM, Armonk, New York, USA). Principal
Component Analysis (PCA) was conducted to compare
morphological variations among the five populations.
Following verification of normality and homogeneity of
variances, differences in factor scores were analyzed using
one-way ANOVA and Duncan’s post-hoc test (P < 0.05).

DNA extraction and phylogenetic analysis. DNA was
extracted from fin clips using a genomic DNA extraction
kit (Bioneer, Korea). The mitochondrial cyth gene was
amplified by polymerase chain reaction (PCR) using uni-
versal primers described by Palumbi (1991): F (5'- TGA
CTT GAAGAACCACCGTTG-3")and R (5- GGATTA
CAA GAC CGATGC TTT-3"). The total reaction volume
for PCR was 50 pL, containing 2 pL of template DNA,
1 pL of each primer (10 uM), 24 pL of PCR mastermix
(Takara, Japan) and 22 pL of deionized water. PCR cy-
cling conditions included an initial denaturation at 95°C
for 5 min, followed by 30 cycles of denaturation at 94°C
for 30 s, annealing at 56°C for 30 s, and extension at 72°C
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Figure 1. Sampling localities for Misgurnus species in South Korea. The blue circle (A) indicates the collection site of M. mohoity

129

(Goseong-gun, Gangwon-do), while the red circles (B-E) represent sampling localities of M. anguillicaudatus; B, Eumseong-gun,

Chungcheongbuk-do; C, Iksan-si, Jeonbuk-do; D, Sinan-gun, Jeollanam-do; and E, Jeju-si, Jeju-do.

for 1 min, with a final extension at 72°C for 7 min. After
checking the quality of the PCR products by electropho-
resis, they were purified using a purification kit (Bioneer,
Korea) according to the manufacturer’s protocol. The fi-
nal PCR products were sequenced using an ABI-3730XL
sequencer (Applied Biosystems, USA).

Phylogenetic reconstruction and genetic divergence.
For phylogenetic reconstruction, the generated cytb se-
quences were subjected to manual inspection and multiple
sequence alignment using Clustal Omega. The taxonomic
positioning of the Korean M. mohoity was evaluated by
reconstructing evolutionary relationships using the maxi-
mum likelihood (ML) method implemented in MEGA12.
Prior to tree construction, the optimal nucleotide sub-
stitution model was identified by selecting the one with
the lowest Bayesian Information Criterion (BIC) score.
To assess the reliability of the resulting phylogeny, nodal
support was estimated via bootstrap analysis with 1000
replicates. Additionally, genetic divergences between
lineages were quantified using the Kimura 2-parameter

(K2P) distance model. The final phylogenetic tree was
rooted using Sabanejewia balcanica (Karaman, 1922)
(family Cobitidae) and Pangio pangia (Hamilton, 1822)
(both species: family Cobitidae) as designated outgroups
to provide evolutionary orientation.

Results

Family Cobitidae Swainson, 1838
Genus Misgurnus Lacépéde, 1803

Misgurnus mohoity (Dybowski, 1869)
English common name: snake weatherfish

New Korean common name: 7t 0|3 2| [ga-neun-mi-ggu-ri]
Figs. 3, 4; Table 1

Materials examined. CNUC-39769-39790 (9 males,
13 females), 69.9-107.5 mm SL, Baebong-gil, Hyeon-
nae-myeon, Goseong-gun, Gangwon-do, Republic of Ko-
rea, 38°32'14.38"N, 128°24'10.75"E, 12 December 2025.
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Figure 2. Schematic measurements of the Misgurnus anguillicaudatus. TL, total length; SL, standard length; Snl, snout length; ED,
eye diameter; HL, head length; IOW, interorbital width; BL, barbel length; PAFL, preanal fin length; PAL, preanal length; PDFL,
predorsal fin length; PPelFL, prepelvic fin length; PPL, prepectoral fin length; PFL, pectoral fin length; PelFL, pelvic fin length;
LDFB, length of dorsal fin base; LAFB, length of anal fin base; CPD, caudal peduncle depth; CPL, caudal peduncle length; BD1,
body depth at anterior origin of dorsal fin; BD2, body depth at anterior origin of anal fin; LPC, the projected length from the poste-
rior edge of the anal-fin base to the base of the caudal fin; DPA, the projected length from the insertion point of the pelvic fin to the
anterior edge of the anal-fin base; L, the length of last ray of dorsal fin; S, the length of the second branched soft ray of dorsal fin;
DFO-CFB, dorsal fin origin to caudal fin base; AFO-CFB, anal fin origin to caudal fin base. Drawing by Se-Yeon Park.

Diagnosis. Misgurnus mohoity differs from all other
Misgurnus species in Korea by the combination of the
following characteristics (Tables 1, 2): poleaxe-shaped
lamina circularis at the pectoral-fin base in adult males
(vs. narrow and elongated in M. mizolepis; spatula-shaped
in M. buphoensis); shallow neckline at base of lamina cir-
cularis (vs. deep in M. anguillicaudatus); distinct black
spot at upper caudal-fin base (vs. indistinct or absent in
M. mizolepis); barbel length <30%HL (vs. > 40% in M.
mizolepis); shallow caudal-peduncle depth (vs. deep in
M. mizolepis); dorsal-fin rays iii, 6 (vs. commonly iii, 7
in M. anguillicaudatus, iii, 67 in M. mizolepis and M.
buphoensis); CPL/CPD > 1.7 (vs. < 1.7 in M. anguilli-
caudatus and M. mizolepis); LPC/DPA > 1.1 (vs. < 1.1
in M. anguillicaudatus); total vertebrae 48—50 (vs. < 48
in M. anguillicaudatus and M. buphoensis, > 48 in M.
mizolepis); caudal vertebrae 19-20 (vs. <19 in M. anguil-
licaudatus); and lateral-line scales 164—180 (vs. 145-160
in M. anguillicaudatus and 110-127 in M. mizolepis).

Description. Meristic and morphometric data relative
to standard length (SL) and head length (HL) summarized
in Table 1.

Body elongated, slightly compressed laterally. Head
conical, slightly depressed. Mouth small, inferior, horse-
shoe-shaped; lips fleshy. Three pairs of barbels on upper

lip; two pairs of mental lobes on lower lip. Third pair of
barbels longest, measuring approximately 21%HL, 1.5—
2.0 times eye diameter. Adipose crests on caudal pedun-
cle poorly developed. Lateral line very short, incomplete;
scales small, rounded, or ovoid. Lateral line scales 164—
180 (mean 173.7) (Figs. 3A—C). Head naked. Suborbital
spine absent (lateral ethmoid hidden under muscles).
Mature males with poleaxe-shaped lamina circularis
at pectoral-fin base, featuring rounded-serrated posterior
margin and shallow neckline at base. Inner side of lami-
na circularis with developed fossa near articular process
(Fig. 3E). Pectoral fins longer in males; first branched
soft ray thickened, elongated. Body depth relatively
low, 8.7%—11.7%SL (mean 10.6). Dorsal fin rays iii, 6
(Fig. 3D); margin rounded; last ray branched. Caudal-fin
margin rounded. CPL/CPD mean 2.1; LPC/DPA mean
1.4. Total vertebrae 49 (48-50); abdominal vertebrae 29
(28-30); caudal vertebrae 19 (19-20) (Fig. 3B).
Coloration in life. Head and dorsal surface of the
body dark blackish-brown with scattered irregular spots;
ventral surface yellowish-brown (Fig. 3A). Dorsal, anal,
and caudal fins with similar irregular spots. Distinct black
spot at upper caudal-fin base, subequal to eye diameter.
Sexual dimorphism. Mature males with second pec-
toral-fin ray elongated; pectoral and pelvic fins longer
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Table 1. Morphometric and meristic data of Misgurnus mohoity and M. anguillicaudatus in Korea.

Misgurnus mohoity

Misgurnus anguillicaudatus

Character n=22 n=39
mean (range) mean (range)
Absolute meristic values [mm]
Standard length (SL) 83.3 (69.9-107.5) 103.6 (73.1-159.8)
Head length (HL) 18.14 (12.54-24.01) 14.41 (11.69-18.09)
Relative meristic values [%SL]
HL 17.2+£0.60 (16.3-18.4) 17.8 £ 1.06 (15.4-19.7)
PPL 18.4+0.84 (16.8-20.2) 19.1 £ 1.25(16.4-21.0)
PAL 68.4 £ 1.39 (66.6-72.4) 71.1+1.61 (66.1-73.7)
PAFL 73.8 £ 1.81 (71.5-79.1) 76.6 £ 1.73 (71.6-78.7)
PDFL 57.6+1.97 (52.3-61.7) 58.6 £ 1.95 (54.8-62.9)
PPelFL 60.0 £ 1.68 (56.4-63.6) 61.2+1.44 (57.9-64.4)
LDFB 7.1 +0.94 (5.1-9.0) 9.6+0.94 (7.8-11.4)
LAFB 7.3+£0.87 (5.9-9.1) 8.5+0.67 (7.0-9.7)
PFL 11.0+£3.37 (7.2-17.1) 12.0 £2.57 (8.8-16.6)
PelFL 7.2+ 1.73 (4.8-10.1) 8.6 +1.24 (7.0-11.0)
CPD 8.9+0.85(7.5-11.2) 11.0 + 1.55 (6.4-13.8)
CPL 18.9 £ 1.29 (16.1-20.9) 14.5+£1.20 (12.0-16.8)
BD, 10.6 +£0.64 (8.7-11.7) 13.7+1.49 (11.4-16.8)
BD, 9.6 £0.68 (8.2-10.9) 11.5+0.95(9.9-13.3)
DFO-CFB 43.3 +1.48 (40.1-45.6) 42.4+1.38(39.7-45.7)
AFO-CFB 27.6 + 1.40 (24.8-30.3) 25.0 + 1.48 (22.0-28.0)
L 4.1+0.75(3.1-5.7) 5.8+ 1.07 (4.5-8.6)
S 8.0+ 1.01 (6.9-10.6) 10.8 £ 1.34 (8.2-13.2)
DPA 13.8+1.14 (11.6-16.5) 15.9 + 1.49 (14.2-19.6)
LPC 18.9 £ 1.29 (16.1-20.9) 14.5+1.20 (12.0-16.8)
Relative meristic values [%HL]
SnL 39.7+4.11 (34.8-50.3) 39.2 +3.22 (32.5-44.5)
ED 14.7+2.03 (10.8-19.0) 13.9+2.76 (10.1-21.0)
oW 24.1+2.80(19.8-29.1) 23.7+2.20(20.2-29.4)
BL 21.4+4.50 (13.7-30.5) 27.4+5.74 (18.5-39.3)
CPL/CPD 2.1+0.23 (1.7-2.6) 1.3+£0.22 (1.0-2.1)
L/s 0.5+0.07 (0.4-0.7) 0.5+ 0.08 (0.4-0.7)
LPC/DPA 1.4+0.17 (1.1-1.7) 0.9+0.11 (0.7-1.1)
Counts
Dorsal fin rays iii + 6 iii + 6-7
Anal fin rays iii+5 ii+5
Pectoral fin rays i+10-11 i+9-10
Pelvic fin rays it5 it5
Caudal fin rays 15-16 15-16
Total vertebrae 49 (48-50) 45 (43-46)
Abdominal vertebrae number 29 (28-30) 28 (27-29)
Caudal vertebrae number 19 (19-20) 17 (17-18)

Lateral line scales

173.7 + 5.44 (164-180)

151.5 + 4.42 (144-161)

than in females. Rounded, poleaxe-shaped lamina circu-
laris at pectoral-fin base, with serrated margin and shal-
low neckline. Males with well-developed raised ridges on
the flanks, extending anteriorly and lateral to the dorsal
fin (Fig. 4A). Post-spawning females with white spot-like
spawning scar between pelvic fins and anus (Fig. 4B).
Distribution. Originally described as Cobitis fossilis
var. mohoity by Dybowski (1869), with type locality in Ila
River basin (Amur River system) near Dul’durga, Russia.
Native range encompasses Northeast China, Mongolia,
and Amur River basin, excluding Sakhalin Island (Zhang

et al. 2021; Dyldin et al. 2023). In Korea, previously
identified from an albino individual (Song et al. 2017),
with no subsequent wild population records documented
until the presently reported study.

Multivariate morphospace and diagnostic trait
analysis. Multivariate analysis of standardized mor-
phometric traits revealed distinct morphological diver-
gence between M. mohoity and M. anguillicaudatus.
PCA showed two separate clusters with minimal overlap
(Fig. 5). The first two principal components accounted for
56.2% of the total variance (PC1: 41.2%; PC2: 15.0%).
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Table 2. Comparisons of morphological characters of Misgurnus species distributed in Korea.

Character

M. mohoity

M. mohoity
(Korea clade)

M. anguillicaudatus
(Korea clade)

M. mizolepis

(Korea clade) M. buphoensis

Shape of lamina circularis

A black spot at the base of the
caudal fin

Barbel length of head length

Caudal peduncle depth

Last ray of dorsal fin

Ray number in dorsal fin
CPL/CPD ratio

LPC/DPA ratio

L/S ratio

Total vertebrae

Abdominal vertebrae number
Caudal vertebrae number
Lateral line scales

Reference

Poleaxe, shallow
neckline at base

Clearly visible
Less than 30%

Shallow
Branched
iii-iv + 6

More than 1.1
More than 0.5
50-51
30-31
20

Vasil'eva 2001; Zhang
et al. 2021; Nakajima
and Hashiguchi 2022;
Nakajima et al. 2025

Poleaxe, shallow
neckline at base

Clearly visible
Less than 30%

Shallow
Branched
iii+ 6
More than 1.7
More than 1.1
0.5 (0.4-0.7)
49 (48-50)
29 (28-30)
19 (19-20)
174 (164-180)

Presently
reported study

Poleaxe, deep
neckline at base

Clearly visible

Less than 30%

Shallow
Branched
iii + 6-7
Less than 1.7
Less than 1.1
0.5 (0.4-0.7)
45 (43-46)
28 (27-29)
17 (17-18)

151 (144-161)

Rod shape, narrow

Spatula
and elongated,

Indistinct or absent —

More than 40% Barbel length / eye
diameter < 2.5
Moderately deep Shallow
Branched Branched
iii + 67 iii + 6-7
1.6 (1.2-1.7) 1.3-1.9
1.3 (1.1-1.6) More than 1.1
0.5 (0.4-0.7) More than 0.5
49 (48-50) 46-48
30 (30-31) 33
19 (18-20) 17-20
118 (110-127) 170-190

Kim 2009; Nakajima Kim 1997; Kim and Uchida 1939; Kim and
and Hashiguchi Park 1995; Chae et Park 1995; Chae et al.
2022; presently al. 2019; presently ~ 2019; Nakajima and
reported study reported study Hashiguchi 2022

Figure 3. Specimens of Misgurnus mohoity collected from Goseong-gun, Gangwon-do, Republic of Korea. (A) Lateral view of
specimen CNUC-39772; (B) Soft X-ray radiograph of specimen CNUC-39773; (C) Ventral view of the mouth; (D) Cleared and
stained of dorsal fin; (E) Lamina circularis at the base of the pectoral fin of a male. Scale bars: A, B=1cm; D, E =1 mm.
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Figure 4. Secondary sexual characteristics of Misgurnus mohoity. (A) Dorsal view of a male specimen CNUC-39788; red triangles
indicate well-developed raised ridges on the flanks. (B) Lateral view of a female specimen CNUC-39787; blue triangle indicates a
distinct white spawning scar. Scale bar 1 cm.
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Figure 5. Principal Component Analysis (PCA) biplot of standardized morphometric characters for Misgurnus anguillicaudatus
(yellow circles, n = 39) and M. mohoity (teal triangles, n = 22). The first principal component (PC1) accounts for 41.2% of the to-
tal variance, and the second principal component (PC2) accounts for 15.0%. Ellipses represent 95% confidence intervals for each
species. Gray arrows (vectors) indicate the contribution of each morphometric variable to the principal components. Morphological
separation along the PC1 axis is primarily driven by characters such as CPL, LPC, and AFO-CFB (positive loadings) and BD1,
BD2, and CPD (negative loadings).

This segregation was driven by structural proportions of
the caudal region. Caudal-peduncle length (CPL), the pro-
jected length from the posterior edge of the anal-fin base
to the base of the caudal fin (LPC), and the anal-fin origin

The centroids of the two species were clearly separated
along the PC1 axis; M. mohoity was primarily positioned in
the positive (+) region, while M. anguillicaudatus occupied
the negative (—) region, showing distinct differentiation.
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to caudal-fin base distance (AFO-CFB) showed strong
positive loadings on PC1, defining the slender posterior
profile of M. mohoity. Conversely, M. anguillicaudatus
exhibited high negative loadings for body depth (BD1 and
BD2) and caudal-peduncle depth (CPD), representing a
relatively deeper-bodied phenotype.

Canonical Discriminant Analysis (CDA) demonstrated
high discrimination efficiency, achieving complete mor-
phological separation between M. mohoity and M. anguilli-
caudatus along the first discriminant function (Fig. 6). This
significant isolation suggests that the analyzed morphomet-
ric characters are effective traits characters for taxonomic
discrimination. Specifically, the divergence was primarily
driven by the projected length from the posterior edge of
the anal-fin base to the base of the caudal fin (LPC), body

depth (BD2), and caudal-peduncle length (CPL), which
showed the highest standardized discriminant coefficients.
Univariate comparison of diagnostic ratios. Univari-
ate comparisons of selected morphometric ratios confirmed
significant differences in caudal peduncle proportions be-
tween the two species (p < 0.0001; Fig. 7). The caudal-pe-
duncle shape ratio (CPL/CPD) showed a distinct distri-
bution in M. mohoity compared to M. anguillicaudatus.
Similarly, the post-anal shape ratio (LPC/DPA) showed sig-
nificantly higher values in M. mohoity than in M. anguilli-
caudatus. These results are consistent with the morpholog-
ical diagnosis of M. mohoity, characterized by a shallower
and more elongated caudal peduncle. Both multivariate and
univariate analyses demonstrate consistent phenotypic dif-
ferentiation between the molecularly defined lineages.
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Figure 6. Canonical Discriminant Analysis (CDA) separation plot between Misgurnus anguillicaudatus (yellow) and M. mohoity
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canonical scores for each species.
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Phylogenetic verification and genetic divergence.
The Maximum Likelihood (ML) phylogenetic analysis,
reconstructed from mitochondrial cyth sequences, re-
vealed a clear evolutionary distinction between the newly
identified Korean specimens and the indigenous popula-
tions (Fig. 8). The tree was partitioned into two major
monophyletic groups with robust bootstrap support (BS =
100%), corresponding to M. mohoity and M. anguillicau-
datus. The specimens collected from South Korea were
clustered tightly within the M. mohoity group, alongside
reference sequences from Russia (RU), North Korea
(NK) and China (CN). In contrast, the indigenous wild
populations from South Korea formed a distinct group
with M. anguillicaudatus, including individuals from
China (CN) and Japan (JP).

Quantitative analysis of genetic divergence using
the Kimura 2-parameter (K2P) model further substan-
tiated this taxonomic separation. The mean interspecif-
ic genetic distance between M. mohoity and M. anguil-
licaudatus was recorded at 10.04%. The intraspecific
variation remained consistently low, with mean dis-
tances of 1.26% within M. mohoity and 1.16% within
M. anguillicaudatus. The combination of high boot-
strap support and a substantial K2P distance (10.04%)
confirms that the M. mohoity population collected from
Korea represents a distinct evolutionary lineage, taxo-
nomically separate from the M. anguillicaudatus pre-
viously inhabiting Korea.
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M. nikolskyi AB242171
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M. anguillicaudatus KF736233 (NK)
M. bipartitus DQ105239 (CN)
M. mohoity IN858852 (RU)

M. fossilis EF508562

# Sabanejewia balcanica AF263093
Pangio pangia EF508583

Discussion

In this study, 22 specimens collected from the river in
Goseong-gun, Gangwon-do, Korea, were identified as
Misgurnus mohoity through morphological and genet-
ic analyses. M. mohoity is morphologically similar to
M. anguillicaudatus, which was previously known to in-
habit Korea, but it can be clearly distinguished through
detailed morphological analysis. The biggest diagnostic
difference among meristic characters is that M. mohoity
exhibits distinct differences from the M. anguillicaudatus
group, with no overlap in total vertebrae (48—50 vs. 4346
in M. anguillicaudatus), caudal vertebrae number (19-20
vs. 17-18 in M. anguillicaudatus), and lateral-line scales
(164-180 vs. 144-161 in M. anguillicaudatus) (Table 1).
Furthermore, the lamina circularis in mature males is
considered one of the most important diagnostic traits for
species identification within the genus Misgurnus (see
Vladykov 1935; Kubota 1961; Kim 2009; Nakajima and
Hashiguchi 2022; Shedko and Vasil'eva 2022). Although
M. mohoity and M. anguillicaudatus both possess mor-
phologically similar poleaxe-shaped lamina circularis,
the two species exhibit subtle differences in the neckline
at the base; this feature is shallow in M. mohoity, where-
as it is deep in M. anguillicaudatus. This poleaxe-shaped
structure is clearly distinguishable from the narrow and
elongated rod-shaped lamina circularis of M. mizolepis
and the spatula-shaped one of M. buphoensis (Table 2).

M. anguillicadatus PZ161906
M. anguillicadatus PZ161907
M. anguillicaudatus LC507115 (JP)
M. anguillicadatus PZ161908
M. anguillicaudatus LC064878 (JP)
68176 Ly, anguillicadatus PZ161909

M. anguillicadatus

M. anguillicaudarus KM186181 (CN)
M. bipartitus MN127898 (CN)
M. mohoity PZ161905

M. mohoity

92-96 01 mohoity EF508565

Koreocobitis naktongensis EF508520

I Outgroup

Figure 8. Maximum Likelihood (ML) phylogenetic tree of Misgurnus species based on mitochondrial cyth sequences. Numbers at
nodes indicate bootstrap support values based on 1000 replicates. Sabanejewia balcanica and Pangio pangia are used as outgroups.
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These morphological differences were statistically val-
idated through multivariate analyses (PCA and CDA).
Misgurnus mohoity exhibits a relatively more slender and
elongated caudal peduncle compared to M. anguillicauda-
tus, resulting in a complete separation in the morphospace
(Figs. 6, 7). Specifically, the CPL/CPD ratio (more than 1.7
vs. less than 1.7) and the LPC/DPA ratio (more than 1.1 vs.
less than 1.1) serve as significant diagnostic indicators for
differentiating the body shapes of the two species.

This finding provides the first specimen-based confir-
mation of the hypothesized presence of M. mohoity on
the Korean Peninsula through actual specimens. This
hypothesis was previously proposed by Russian scholars
based on the biogeographical connectivity between the
Korean Peninsula and the Amur River system (Vasil'eva
et al. 2003; Perdices et al. 2012). Unlike the M. mohoity
in Tokyo, Japan, which is classified as an alien species in-
troduced as bycatch among Misgurnus loaches imported
from China for bait or consumption (Nakajima etal. 2025),
the Goseong-gun population is considered indigenous.

The indigenous status of this population reflects the
historical connectivity between the Amur River and the
Korean Peninsula within the ‘transition’ zoogeographi-
cal zone characterized by the absence of a major faunal
break between the two regions (Bogutskaya et al. 2008).
This is supported by the established biogeographical di-
vision of the Korean Peninsula, which categorizes the
northern East Coast of Korea (including Goseong) into
the “East north Korea Subdistrict”—a region defined by
its high faunal affinity with the Amur River system (Kim
1997). Consequently, these findings provide crucial bio-
geographical evidence for understanding the dispersal
and differentiation of the genus Misgurnus in Northeast
Asia. However, due to the current lack of research on the

distribution of M. mohoity within the Korean Peninsula,
information regarding its precise biogeographical distri-
bution and dispersal routes is limited. Therefore, subse-
quent studies are necessary to elucidate the evolutionary
and dispersal history of M. mohoity in Northeast Asia.

Mitochondrial DNA (mtDNA) analysis results further
support the morphological diagnosis and biogeographical
hypotheses. Misgurnus mohoity from Korea was recovered
in a monophyletic clade with populations from Russia,
China, and North Korea (Fig. 8), showing significant ge-
netic divergence (K2P distance: 10.04%) from M. anguil-
licaudatus populations. This indicates that, despite their
superficial similarities, the two species have undergone
independent evolutionary processes over a long period.

The M. mohoity specimens collected in this study clus-
tered with Russian M. mohoity and Chinese M. bipartitus
populations. These results genetically support the taxo-
nomic view (Vasil'eva 2001; Kottelat 2012) that considers
M. bipartitus to be a synonym of M. mohoity. Vasil'eva
(2001) concluded through morphological comparisons that
M. bipartitus in Chinese literature is actually M. mohoity,
while the species previously misidentified as M. mohoity
is the new species, M. nikolskyi. Although both names are
still used interchangeably in some Chinese literature, these
findings clearly demonstrate that M. bipartitus in Chinese
records taxonomically corresponds to M. mohoity.

Based on clear differences in meristic characters, statis-
tical separation, and high genetic distance, the population
in Goseong-gun, Gangwon-do is confirmed as M. mohoity,
representing the first record of this species in Korea. Ac-
cordingly, the Korean common name ‘ga-neun-mi-ggu-ri’
is proposed for this species, based on its most distinctive
morphological feature-a slender and elongated body shape
characterized by high CPL/CPD and LPC/DPA ratios.

Key to the species of the genus Misgurnus in Korea

la Lamina circularis in mature males rod-shaped, narrow and elongated; maxillary barbel length > 40% of head
length (HL); black spot at the upper base of the caudal fin indistinct or absent; lateral line scales 110-130 ..........

........................................................................ M. mizolepis

1b Lamina circularis in mature males poleaxe-shaped or spatula-shaped; maxillary barbel length <30% of HL; black
spot at the upper base of the caudal fin clearly visible; lateral line scales > 145..........ccoooiiiiiiiieiinieecee 2
2a Lamina circularis in mature males spatula-shaped; total vertebrae 46—48; lateral line scales 170—190 ..................

.................................................................... M. buphoensis

2b Lamina circularis in mature males poleaxe-shaped; total vertebrae 43—50; lateral line scales 144—180 ............... 3
3a Lamina circularis with a deep neckline at the base; total vertebrae 43—46, caudal vertebrae 17—18; lateral line
scales 144—161; CPL/CPD ratio < 1.7 and LPC/DPA ratio < 1.1 ....cccooceiiiniiiniiieieiene M. anguillicaudatus
3b Lamina circularis with a shallow neckline at the base; total vertebrae 48—50, caudal vertebrae 19-20; lateral line
scales 164—180; CPL/CPD ratio > 1.7 and LPC/DPA 1atio > 1.1 ....ccoooiiiiiiiiiieeeeeeeee e M. mohoity
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