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ABSTRACT To investigate the taxonomic status of undescribed species Acheilognathus sp. HR
from Korean Acheilognathidae discovered from the Dalcheon River, a tributary of the Hangang River,
molecular phylogenetic and morphological characteristics were compared and analyzed with previous
studies. As a result of molecular phylogenetic analysis, A. sp. HR formed the same genetic clade as
the five subspecies of Acheilognathus tabira, but formed a separate monophyletic group based on the
unique genotype, showing clear differences. As a result of morphological analyses, the dorsal fin color
in males is grayish and the nuptial coloration of the outer edge of the anal fin is white. The outer edges
of the dorsal and anal fins are convexly rounded. A black blotch is present on the dorsal fin of the
juvenile, but there is a black blotch absent on the dorsal fin of the small adult female. In the counts,
the number of branched dorsal rays is 12~13. In the measurements, the length of the barbels is short
and the body depth is deep. Therefore, the A. sp. HR of Hangang River is considered at the level
of a distinct species distinguished from each other by the five subspecies of A. tabira by molecular
phylogenetic, morphological, and limited distributional characteristics.

Key words: Acheilognathidae, Acheilognathus sp. HR, taxonomic status, undescribed species, Hangang
River, Korea
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Fowler, 1903)%= £383}lgths 2171 9leu (Mori, 1928a,
1935; Choi and Jeon, 1974), &A= £33l 715225k Hof
ol I AAZE EEYE AoRE d#A ok (Chyung, 1954,
1961, 1977, Arai et al., 2007).

S Bleeker (1860)°] &J3te] AEO] =H o
A QAE Acheilognathus melanogaster (Bleeker, 1860)5 24|
3 (type species) 22 FHE &I o2A S0 XA
U BT 7, 94de] ZAAL ZASHA e A, SA=
ejulol 94 w2 olgolzl 27he] Fh=mt EAjek A, <)
FA7F 182 5-5¢0 4, Xol9] SAL=u]dl= F24 w0l
ZASAL A5 G A, 25} Aol 7|7} e
e 7, 2 BAA i 427 B a4 A 59 FeH
W A Ak Bl olato] WAt o] yulx) 57 3t
FEETH(Arai and Akai, 1988; Li et al., 2017).
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Genomic DNA (gDNA)E ojA] #£9] 3% Hjx|=2u|
AR 22 At & HiGene™ Genomic DNA Prep Kit

(BIOFACT Co., Ltd., Daejeon, Korea)S ©]-&3}o &34t

5%ta A AW (polymerase chain reaction, PCR)2 Chang
et al. (2014)¢] #H o) et n]EZ=2]ol DNAQ| cytochrome
b (cytb, 1,126 bp) FAA GG gt forward®} reverse primer
(Cyt b-F, 5'-GAYTTGAAGAACCATCGTTGTA-3'; Cyt b-R,
5'-CTTCGGATTACAAGACCGATGC-3")E Z+Z} 10 pmol/
pLE 3438t FH|H gDNA 100 ngd 32 $HSE £ &
£ 20 uLg! AccuPower® PCR PreMix Kit (BIONEER Corp.,
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w2} GTR+G 2d& Z-43}9] rapid bootstrapping WO 2
1,000 HHEslo] HEA31¢th. Bayesian inference (BI) ¥ ol
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Table 1. Detailed information of samples and genes used in the molecular phylogenetic analysis in the present study

GenBank®

Species/Locality ngjéﬁfrn River system aceession no-. References
cytb
Acheilognathidae

Acheilognathus barbatulus

Shanghai, China - - KF410699.1 Chang et al.(2014)
Acheilognathus chankaensis

Anhui Province, China - - KF410713.1 Chang et al.(2014)

Yeoju-si, Gyeonggi-do, Korea SUC17953 Hangang River OP314873 Present study

Gongju-si, Chungcheongnam-do, Korea SUC26241 Geumgang River OP314874 Present study

Sangju-si, Gyeongsangbuk-do, Korea SUC26721 Nakdonggang River OP314875 Present study

Gurye-gun, Jeollanam-do, Korea SUC11830 Seomjingang River OP314876 Present study

Damyang-gun, Jeollanam-do, Korea SUC26404 Yeongsangang River OP314877 Present study

Jangheung-gun, Jeollanam-do, Korea SUC26762 Tamjingang River OP314878 Present study
Acheilognathus cyanostigma

Matsusaka, Mie Province, Japan - - AB620134.1 Kitamura et al. (2012)
Acheilognathus deignani

Phongsali Province, Laos - - KF410715.1 Chang et al.(2014)
Acheilognathus imberbis

Anhui Province, China - - KF410718.1 Chang et al.(2014)
Acheilognathus lanchiensis

Lanxi, Zhejang Province, China - Fuchunjiang River AB366481.1 Kawamura et al.(2014)
Acheilognathus longibarbatus

Cao Bang Province, Vietnam - Bang Giang River AY952335.1 Unpublished
Acheilognathus longipinnis

Japan - - KF410722.1 Chang et al.(2014)
Acheilognathus macropterus

Hubei Province, China - Lake Kasumigaura KF410728.1 Chang et al.(2014)

Yeoju-si, Gyeonggi-do, Korea SUC17950 Hangang River OP314879 Present study

Sejong-si, Korea SUC15166 Geumgang River OP314880 Present study

Boseong-gun, Jeollanam-do, Korea SUC19543 Seomjingang River OP314881 Present study

Damyang-gun, Jeollanam-do, Korea SUC18013 Yeongsangang River OP314882 Present study

Jangheung-gun, Jeollanam-do, Korea SUC26765 Tamjingang River OP314883 Present study
Acheilognathus majusculus

Korea - - LC006056.1 Unpublished

Imsil-gun, Jeollabuk-do, Korea - Seomjingang River AB366461.1 Kawamura et al.(2014)
Acheilognathus melanogaster

Japan - Lake Kasumigaura KF410730.1 Chang et al.(2014)
Acheilognathus meridianus

Gvangjsih, China - - KF410732.1 Chang et al.(2014)
Acheilognathus omeiensis

Leshan, Sichuan Province, China IHB:0307265 - HQ113256.1 Yang et al.(2011)
Acheilognathus polylepis

Huangshan, Anhui Province, China THB:0504223 - HQI113251.1 Yang et al.(2011)
Acheilognathus sp.

Okcheon-gun, Chungcheongbuk-do, Korea SUC25094 Geumgang River OP314884 Present study
Acheilognathus rhombeus

Japan - Lake Kasumigaura KF410738.1 Chang et al.(2014)

Yeoju-si, Gyeonggi-do, Korea SUC22754 Hangang River OP314885 Present study
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Table 1. Continued
GenBank®
Species/Locality S\?;T:;Iﬁl;n River system accession no-. References
cytb
Acheilognathus rhombeus
Gongju-si, Chungcheongnam-do, Korea SUC15478 Geumgang River OP314886 Present study
Mungyeong-si, Gyeongsangbuk-do, Korea SUC12383 Nakdonggang River OP314887 Present study
Gurye-gun, Jeollanam-do, Korea SUC26571 Seomjingang River OP314888 Present study
Damyang-gun, Jeollanam-do, Korea SUC26418 Yeongsangang River OP314889 Present study
Jangheung-gun, Jeollanam-do, Korea SUC26751 Tamjingang River OP314890 Present study
Acheilognathus tabira tabira
Mie Prefecture, Japan - Harai River AB620141.1 Kitamura et al.(2012)
Kusatsu, Shiga Prefecture, Japan - Lake Biwa AB620138.1 Kitamura et al. (2012)
Joyo, Kyoto Prefecture, Japan - Kizu River AB620159.1 Kitamura et al. (2012)
Setouchi, Okayama Prefecture, Japan - - AB620150.1 Kitamura et al. (2012)
Acheilognathus tabira tohokuensis
Gojome, Akita Prefecture, Japan - - AB620139.1 Kitamura et al.(2012)
Yokote, Akita Prefecture, Japan - - AB620157.1 Kitamura et al.(2012)
Kisakata, Nikaho, Akita Prefecture, Japan - - AB620144.1 Kitamura et al.(2012)
Nishime, Yurihonjo, Akita Prefecture, Japan - - AB620148.1 Kitamura et al.(2012)
Odate, Akita Prefecture, Japan - - AB620153.1 Kitamura et al. (2012)
Yuza, Yamagata Prefecture, Japan - - AB620140.1 Kitamura et al. (2012)
Tsuruoka, Yamagata Prefecture, Japan - - AB620145.1 Kitamura et al. (2012)
Shibata, Niigata Prefecture, Japan - - AB620151.1 Kitamura et al.(2012)
Acheilognathus tabira erythropterus
Isawa, Oshu, Iwate Prefecture, Japan - - AB620143.1 Kitamura et al.(2012)
Hanamaki, Iwate Prefecture, Japan - - AB620155.1 Kitamura et al.(2012)
Natori, Miyagi Prefecture, Japan - - AB620147.1 Kitamura et al. (2012)
Itako, Ibaraki Prefecture, Japan - - AB620158.1 Kitamura et al.(2012)
Acheilognathus tabira jordani
Oda, Shimane Prefecture, Japan - - AB620149.1 Kitamura et al. (2012)
Oda, Shimane Prefecture, Japan - Ohara River AB366468.1 Kawamura et al.(2014)
Yonago, Tottori Prefecture, Japan - Kamo River AB366470.1 Kawamura et al.(2014)
Himi, Toyama Prefecture, Japan - - AB620142.1 Kitamura et al. (2012)
Kaga, Ishikawa Prefecture, Japan - Lake Shibayamagata AB620152.1 Kitamura et al. (2012)
Echizen, Nyu, Fukui Prefecture, Japan - - AB620156.1 Kitamura et al. (2012)
Acheilognathus tabira namakurae
Tamana, Kumamoto Prefecture, Japan - Meishin River AB620146.1 Kitamura et al.(2012)
Hisayama, Kasuya, Fukuoka Prefecture, Japan - - AB620154.1 Kitamura et al.(2012)
Yanagawa, Fukuoka Prefecture, Japan Chikugo River AB366471.1 Kawamura et al.(2014)
Acheilognathus sp. HR
Chungju-si, Chungcheongbuk-do, Korea SUC07087 Hangang River OP314891 Present study
Chungju-si, Chungcheongbuk-do, Korea SUC07088 Hangang River 0OP314892 Present study
Chungju-si, Chungcheongbuk-do, Korea SUC07089 Hangang River OP314893 Present study
Goesan-gun, Chungcheongbuk-do, Korea SUC25881 Hangang River OP314894 Present study
Goesan-gun, Chungcheongbuk-do, Korea SUC25882 Hangang River OP314895 Present study
Acheilognathus tonkinensis
Taiwan - - KF410745.1 Chang et al.(2014)
Acheilognathus typus
Wakayanagi, Miyagi Prefecture, Japan - Kitakami River AB366474.1 Kawamura et al.(2014)
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GenBank®

Species/Locality S\?;Sér}?;n River system accession no-. References
cyth

Acheilognathus yamatsutae

Yeoju-si, Gyeonggi-do, Korea SUC17968 Hangang River OP314896 Present study

Mungyeong-si, Gyeongsangnam-do, Korea SUC1239%4 Nakdonggang River OP314897 Present study

Damyang-gun, Jeollanam-do, Korea SUC18015 Yeongsangang River OP314898 Present study

Jangheung-gun, Jeollanam-do, Korea SUC26741 Tamjingang River OP314899 Present study
Tanakia koreensis

Jinan-gun, Jeollabuk-do, Korea - Geumgang River KF866182.1 Kim et al. (2014)
Tanakia lanceolata

Japan - Lake Kasumigaura KF410807.1 Chang et al.(2014)
Rhodeus atremius

Fukuoka Prefecture, Japan - - KF410759.1 Chang et al.(2014)
Rhodeus notatus

Icheon-si, Gyeonggi-do, Korea - Hangang River AB366487.1 Kawamura et al.(2014)
Rhodeus sericeus

East Russia - é?l‘(’; E‘e‘f(fn) KF410785.1 Chang e al.(2014)
Rhodeus sinensis

Wauhan, Hubei province, China - - KF410794.1 Chang et al.(2014)

%} 292 jModelTest v2.1.10 (Guindon and Gascuel, 2003;
Darriba et al., 2012)2] Akaike information criterion (AIC)®]
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2007), Acheilognathus tabira erythropterus (Arai, Fujikawa
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and Nagata, 2007), Acheilognathus tabira tohokuensis (Arai,
Fujikawa and Nagata, 2007) 2 Acheilognathus tabira jordani
(Arai, Fujikawa and Nagata, 2007) & 571 of& e g
=0l Qlom (Fig. 1), TFoIAE Sefutee] HAsHe 4.
sp. HRO| HE H|I HAEL L/F FAAFE 7o s =
& nEsed gt Wl Xt A BB XA Eo] (93 BP/1.00
BPP), Yo A2J5H= A. tabira®) 570 o Jtal §aks] +
25 @A 48 (Fig. 1).
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37 AT GHIA BAD A, sp. HRS ZHo| S5
2 4ol vl ERjsHe A, AL 4] 3
8 SR o3ol £ Ao skzgel EAste A SN
Acheilognathusé?—g] e EA] (Arai and Akai, 1988; Li et al.,
2017)& & "5kt (Fig. 2).

FAREQ A. tabira®] ¥7)A (Jordan and Thompson, 1914)
o 7184 A4 ASAE A. sp. HRY} vt A3t A. tabira
o] SA=gn|et RAR=gu] £7] A= $= 42 9~107H (vs.
A.sp. HR, Z+Z} 12~1370¢} 10~117)E ¢ A3, EA H|&
4= 36~377 (vs. A. sp. HR, 33~367NZ © Wten, A%
2 A 39] 318 (vs. A. sp. HR, 2.4~2 8H)Z A1} F2 Ao
2 Yl Alg- ASR A A. tabira®] 871712 A. sp. HRS
MZ FEZS 2ol S B ch(Table 2). T3, Mori (1935)7F A&
Al FZof|A AfRsto] Hagt fh=At A. rabira 170A19] 7, €
T4 Aot Aok BARE oA 2 Aot YRSt o, 5
A=gju|e} AR =] £7] AF 57} 22 97l (vs. A. sp. HR,
12~137), 10~117HE H 3, JA-L A1) 2.94] (vs. A. sp.
HR, 24~288)2 A7} ol £ A7 Ante o|S ek
(Table 2). Chyung (1977)2 A. tabira?} Mori (1935)°] &J3}
FEUEA S £ Bad o|FE Iholie o ol &
Q1 7150] glrkal 7t o, 1Hast B/ 7S @
713 Qo] & Aot vlwdt Aut, oprtu| 7 FHoll S3A vhy
o] EAstaL, wP R FAHL et I AS Tt FY F
R =i, A WA wfA=gu] JART} SAS Wt
T RARE AelA B AT A AXIRE P ekt
(Fig. 2). 23, Chyung (1977)°] 7|&3t A. tabira®] A=
2ujet RAR=2ju] £7] Ax £ 22 9~1071€F 9~117H (vs.
A.sp. HR, ZtZ} 12~137] ¥ 10~117DH 2 H3L, A2 A9
2.7~3.18] (vs. A. sp. HR, 2.4~2 84 & A 17} Bria BARS
oA & A7 23} XpolE HGiTh(Table 2). webA, oA £
gutollAl 7158 A. tabira®] 3 A BAR= 2 AFolA
WHAE A.sp. HRE FE|Z EAET} A. tabira®] ¥7]A (Jordan
and Thompson, 1914)E H|E3t Arai et al. (2007)°] EAMEH A.
1. tabira®] FE A EAT o FARE A 22 Ueht, A sp. HRZ

qu
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Acheilognathus sp. HR2| &

Fig. 2. Freshly collected (A and B) and preserved (C) of Acheilog-
nathus sp. HR, SUC25881, male, 81.3 mm SL, collected from the Dal-
cheon River, a tributary of Hangang River near Goesan-gun, Chungc-
heongbuk-do, Korea, 3 October 2021. The bar indicates 10 mm.

£ AR OE 3 A= waElh

&R A. tabira= Arai et al. (2007)°] 2|5}o] 479 Y28
opgo] 7t ZIAEle] F 579 ofFHo] FAYLRE AA
I 9l B & (Fricke er al., 2022b), 0|5 gt A4 A=
At ZHAE ALste] T vl BA% A3} (Table 3),
HEo AN 54 M7t 2A SEEH E ol
Ze = gl oy, SX=gu] B7] A% 4=(branched dorsal
rays)ollAl A. sp. HRZ 12~137] (B 12271 E Yeht, Arai
et al. (2007)0] ZAYE: A. 1. tabira 9~117} (B4 10.174), A. .
nakamurae 8~107 (B4t 9.071), A. t. jordani 8~107) (B4
9.17W), A. t. erythropterus 8~107] (Bt 9.070) & A. ¢. toho-
kuensis 9~107] (B4 9.07)ETt SXgun] By Az &
7 8 B& A2 Ut (Table 3). o]2|3 Fed 54
< AL 7|12 oA RAALu] 7|2 FF L&A

e

S o
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Table 2. Comparison of major counts and measurements of Acheilognathus tabira and Acheilognathus sp. HR

Present study Jordan and Thompson (1914) Mori (1935) Chyung (1977)
A.sp.HR A. tabira
n=4 n=40 n=1 n=7?
Korea Japan Korea Korea
Total length (mm) 69.4~107.3 7~85 82 -
Standard length (SL, mm) 51.3~81.3 - - -
Counts
Dorsal fin rays iii, 12~13 iii, 9~10 iii, 9 iii, 9~10
Anal fin rays iii, 10~11 ii, 9~10 iii, 9 iii, 9~11
Lateral-line scales 33~36 36~37 36 36~39
Total vertebrae 36~37 - - 34~36
Measurements
SL/HL* 3.8~43 4 42 3.8~4.1
SL/Body depth 24~28 3.1 29 2.7~3.1
HL/Orbit diameter 29~33 - 32 2.8~32
HL/Interorbital width 2.6 - 2.7 -
HL/Snout length 36~3.8 37 35 -
HL/Caudal peduncle depth 1.9~20 - 20 -
HL/Caudal peduncle length 1.1~13 1.3 1.1 -

?: unknown; *HL: head length.

A] (number of dorsal rays minus number of anal rays)o| A ©
< TR AlolE HATH(Table 4). 3, H ol it A4 2
o] (barbel length/orbit diameter) H]-&o| A A. sp. HRS 9~21
(BT 13.9)%2 YEFY, Arai et al. (2007)0] RARSE 571 o
2 95 o7t 7P BHLE Ao g RAMH A. t. tohokuensis
2~39 (B 18 )%ET} B Z-& Ao R vrelyth(Table 3). A
Zrof| tfgt A1 (body depth/standard length) H] &2 -9, A.
sp. HR 35.9~42.3 (B 38.5)%= UEY, Arai et al. (2007)
o] ZAFSt A. t. tabira 28.2~38.0 (B4t 34.3)%, A. t. nakamurae
29.6~37.2 (Bt 33.1)%, A. t. jordani 28.0~37.3 (Bt 31.9)%,
A. t. erythropterus 29.6~35.8 (B 31.9)% ¥ A. t. tohokuensis
28.9~35.6 (B 31.9)%ET}T H1rl =2 Aoz Uyt
(Table 3).

A g B, 43 A. sp. HRE| SR =2{1] A (color of
dorsal fin in males) M Wi, HA = u| JHHo e}
U= &1 (color of anal fin in nuptial males)2 3|A-& Wt
£ Aol A. 1. tabira®} 7178 AR A EAS BTk (Fig. 2;
Table 4). ZL2{Uh, A. sp. HRO| -9, X|0]9] TR =2{u0| 4ol =
Al W4 (black blotch on dorsal fin in juveniles)©] Yel= 3
(Fig. 3A)7 2% &3 AJojo] FA=2fn] 4ol S ¥H (black
blotch on dorsal fin in small adult females)©] YERIA] %= &
(Fig. 3B)ollA= A. 1. jordani®t 7V AT A EAE Hoj
A G 719) 23 2204 A sp. HRE A. tabira® T4

Fig. 3. Dorsal fin coloration in juvenile and small adult female of
Acheilognathus sp. HR. A: Juvenile (black blotch present), SUC25882,
30.1 mm SL, collected from the Dalcheon River, a tributary of Han-
gang River near Goesan-gun, Chungcheongbuk-do, Korea, 9 August
2021; B: Adult female (black blotch absent), SUC7088, 56.7 mm SL,
collected from the Dalcheon River, a tributary of Hangang River near
Chungju-si, Chungcheongbuk-do, Korea, 18 April 2012. The bar indi-
cates 10 mm.
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Fig. 4. The distribution range of Acheilognathus tabira (five subspecies) and Acheilognathus sp. HR. W', Mori (1935); W?, Choi and Jeon (1974);

B3, Present study; A, Arai ef al.(2007); ® , Kitamura et al.(2012).

and Jeon, 1974), Y&2] Z% 2of=
t. jordani, A. t. tohokuensis, A. t. erythropterus 5 47l ©}&9]
Bx31T, 47 AWoll= A. 1. nakamurae 17 o}£0] x50
(Arai et al., 2007; Kitamura et al., 2012), 28] u2}k9] 317} =4
o= A. sp. HRO| A Aqtthal TETh(Fig. 4).
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BERASEA B Ao A A. sp. HRE Acheilognathus tabira
9] 57 obFT FYUT FA4 cladeE FAHAE LFT
AAEE 7|vte g2 Hxo dASTEE FAsHA A. rabira] 5
N oFEHE EEE AfolE Hlrh T3, FEjSH 4] Aol
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