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ABSTRACT

To examine the taxonomic status of Acheilognathus sp. specimens from the Geum

River, morphological and genetical characteristics of A. sp., A. yamatsutae and A. majusculus were
investigated and compared in detail. Specimens of A. sp. could be distinguished from the other two
species by the combination of some morphological characters such as nuptial color, vertebrae, gill-
rakers and etc. Males of A. sp. had red bands on the outer margin of dorsal and anal fins and a white
band on the outer margin of ventral fin in breeding season. A. sp. had larger maximum body length
and somewhat more vertebrae than A. yamatsutae, and had fewer gillrakers than A. majusculus. A. sp.
appeared as a monophyletic group with A. majusculus and A. cyanostigma based on genetic analysis.
In addition, it had even more close relationship with other congeners than A. yamatsutae. Therefore it
is presumed that A. sp. from the Geum River may be a distinct species in genus Acheilognathus.
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Fig. 1. Sampling localities of fishes used in present study from
southern Korean Peninsula.
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Table 1. Collecting localities and samples using in this study

=40 WA=l Acheilognathus sp.2| 275 2|X| 251

Number of specimens

Species/Locality River System Population No. GenBank No.
Morphology Molecular
Acheilognathus yamatsutae
Yeoncheon-gun, Gyeonggi-do Imjin R. 1
Hongcheon-gun, Gangwon-do Bukhan R. 2 8
Hongcheon-gun, Gangwon-do Bukhan R. 3 2 KM408087-88
Boeun-gun, Chungcheongbuk-do Namhan R. 4 15
Boryeong-si, Chungcheongnam-do Ungcheon R. 5 9 2 KM408093-94
Wanju-gun, Jeollabuk-do Mangyeong R. 6 17 2 KM408095-96
Hwasun-gun, Jeollanam-do Yeongsan R. 7 10 2 KM408097-98
Andong-si, Gyeongsangbuk-do Nakdong R. 8 4
Mungyeong-si, Gyeongsangbuk-do Nakdong R. 9 3 2 KM408089-90
Gunwi-gun, Gyeongsangbuk-do Nakdong R. 10 31
Gyeongsan-si, Gyeongsangbuk-do Nakdong R. 11 67
Goryeong-gun, Gyeongsangbuk-do Nakdong R. 12 28
Jinju-si, Gyeongsangnam-do Nakdong R. 13 11
Miryang-si, Gyeongsangnam-do Nakdong R. 2 KM408091-92
Acheilognathus sp.
Geumsan-gun, Chungcheongnam-do Geum R. 14 13 2 KM408085-86
Okcheon-gun, Chungcheongnam-do Geum R. 15 8
Acheilognathus majusculus
Sunchang-gun, Jeollabuk-do Seomjin R. 16 10 3 KM408081-82
Gokseong-gun, Jeollanam-do Seomjin R. 17 6
Andong-si, Gyeongsangbuk-do Nakdong R. 18 7
Mungyeong-si, Gyeongsangbuk-do Nakdong R. 19 2 KM408083-84
Cheongsong-gun, Gyeongsangbuk-do Nakdong R. 20 18
Sancheong-gun, Gyeongsangnam-do Nakdong R. 21 24
Cheongdo-gun, Gyeongsangbuk-do Nakdong R. 22 8

A7 B ol B4 A A Bk Aolsle
A 2004 & I hedel S A Ede 2w
Aol BN AR A viwd Fa Felah
Ueh A ml 2232129 A spol| A AAH oz 2rg
skl tt (Fig. 2).

3%2] Ay AS 2 A53AL Table 20 Vepfi ol
—\"’i— Aol AR JRAL] W el AAHSL)S Bl

4 22 36.2~803 mme] Wy TEIalE

520~113.6mm, A. sp.= 37.4~95.0mm= veh} g+
7v 7V Ak Alspe SEEAFES vha Ad

A A F 7 Agu]e] BAdzsE S, ER
7] Zeol7t gl ot S-S, Mk E HFF Sl A =
Z}o] 7} gl2iv} (Table 2, Fig. 3). A 3}~ (Gillrakers)ol| A= =
WAFE 9~13 (mode 9.5~ 11)7], Z&¢AEE= 15~19
(mode 17)7}, A. sp.= 9~ 12 (mode 10)7] = Yeht} A, sp.=
E9ATe 77k A4S el gleh 34175 (Scales)=
7 8l Az sk S FASIIE Sk ERARe
35~ 39 (mode 37~ 38)7l], ZZ A= 37~43 (mode 39, 40)
7N, A. sp.= 37~40 (mode 38)7)| & Yeldtl AAH o= A
.2 AL BHAT 2EATL] F0H 54
& eblsich A1 Al 4392
2 2 Y9 Ax7} /AL 34~38 (mode 35)7Hi =7}
AR 2] 33~35 (mode 34)7Hi\:} o gkl Aol A
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Fig. 2. Comparison of nuptial color among males of Acheilognathus
yamatsutae, A. sp. and A. majusculus.
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Table 2. Meristic counts and morphometric measurements of Acheilognathus yamatsutae, A. sp. and A. majusculus from several rivers in Korean

Peninsula
Species Acheilognathus yamatsutae A. sp. A. majusculus
River Han R. Ungcheon R.  Mangyeong R.  Yeongsan R.  Nakdong R. Geum R. Seomjin R. Nakdong R.
Population 34 5 6 7 8,9,10,11,12,13 14,15 16,17 18,20,21,22
N 23,%18,%*11 9 17,%8,%%9 10 124,%85,%*14 21,%%13 16,%9,%*13 79,%38,%*20
SL (mm) 48.3-74.2 52.9-69.5 57.4-66.3 46.7-80.3 36.2-66.4 37.4-95.0 57.2-89.1 52.0-113.6
Meristic characters
DF 8.0+0.0 8.0+0.0 8.1+04 8.0£0.0 8.0+0.2 8.1+£0.2 8.1+0.3 8.0+0.0
®) ®) (7-9) ®) (8-9) (8-9) (8-9) ®)
PF 14.0£0.9 12.8+0.4 13.5+0.5 13.6+£0.7 13.5+0.6 13.7£0.6 14.31+0.6 13.9+£0.7
(13-16) (12-13) (13-14) (13-15) (13-15) (13-15) (13-15) (13-15)
VF 7.0+0.0 6.8+0.4 6.91+0.2 7.0+0.0 7.0+0.0 7.0+0.0 7.0+0.0 7.0+0.2
) (6-7) (6-7) ) @) @) @) (6-7)
AF 7.9+0.3 8.0+0.0 8.1+0.8 8.0+0.0 8.0+0.2 8.0£0.0 8.0+0.0 8.0+£0.2
(7-8) ®) (7-10) ®) (7-8) ®) ®) (7-8)
Scales 37.5£0.7 38.3£0.7 38.2+0.6 37.5£0.5 37.1+0.7 38.4+0.7 39.9+1.1 38.6+0.8
(36-39) (37-39) (37-39) (37-38) (35-39) (37-40) (38-43) (37-41)
Gillrakers 10.2+0.9% 11.6£0.7 9.8+0.9% 11.4+1.0 10.7+0.8%* 10.4+0.9 16.91+0.8%* 17.1+1.0%
(9-12) (11-13) (9-11) (10-13) (9-13) (9-12) (16-18) (15-19)
Vertebrae 32.5£0.5%* 329+0.3 32.940.3%* 323405 31.9+0.3%*  33.24+04%*%  349+1.2%F  33.6+0.6%*
(32-33) (32-33) (32-33) (32-33) (31-32) (33-34) (34-38) (33-35)
Percents of standard body length
HL 23.5+0.6 23.1+0.7 22.8+0.6 23.4+0.8 24.6+1.0 23.0+1.3 22.9+0.5 237+£13
(22.3-24.7) (22.3-24.5) (21.9-24.5) (21.8-24.6) (22.6-27.7) (21.2-25.7) (21.8-24.1) (21.0-26.3)
PDL 48.7£1.2 48.0+0.7 50.8+1.6 472+1.6 49.8+1.1 48.8+1.2 49.7+1.0 49.8+1.1
(46.2-50.7) (47.0-49.1) (49.1-56.3) (45.0-49.2) (47.2-53.2) (46.7-50.9) (48.3-51.6) (47.2-52.1)
PPL 22.1+0.7 22.4+0.7 21.6+0.8 22.6+0.7 23.6+1.2 219+1.2 21.7+0.7 224+1.4
(21.0-23.6) (21.4-23.8) (20.1-23.1) (21.0-23.6) (21.3-26.1) (20.3-25.2) (20.5-22.7) (19.4-24.9)
PVL 46.9+1.0 44.6+0.5 46.7+1.5 45.4+0.8 47.0+1.1 458+1.4 45.8+1.1 46.7+1.2
(45.4-49.3) (43.9-45.5) (44.8-51.4) (43.4-46.3) (42.9-49.3) (43.7-48.5) (44.0-47.7) (44.3-49.6)
PAL 64.1+1.2 61.3+0.5 64.4+1.7 62.0+1.2 63.6+1.0 62.7+1.3 63.2+1.0 63.7£1.0
(61.5-66.0) (60.4-62.0) (62.5-69.7) (59.3-63.1) (61.3-66.0) (60.2-64.6) (61.5-65.4) (61.7-65.6)
BD 33.0+1.1 29.7£0.5 328+1.3 31.2+0.7 320£1.5 31.3+1.0 32.0£1.1 32.6+£2.6
(30.6-35.6) (28.9-30.4) (31.3-35.4) (29.9-32.0) (28.9-37.2) (29.1-32.5) (30.4-34.2) (28.0-39.4)
LCP 222+1.1 23.8+1.1 209+1.6 224+1.6 225+1.1 219+1.1 224+1.1 21.9+1.2
(20.2-23.9) (22.5-25.7) (15.3-22.7) (20.0-24.3) (19.0-25.0) (20.0-24.2) (20.7-24.3) (19.2-24.1)
DCP 11.8+£0.4 12.1+0.4 12.5+0.5 11.7£0.6 11.7+0.7 12.0+0.5 123+0.4 12.3£0.6
(11.2-12.6) (11.6-12.7) (11.9-13.8) (10.8-12.5) (9.9-13.6) (11.1-12.8) (11.7-13.1) (11.1-13.9)
LAF 15.6+1.2 14.5+0.7 14.2+0.7 142+0.6 14.4+1.0 17.0+1.0 150+1.3 14.7x1.1
(12.9-17.5) (13.7-15.5) (12.7-15.3) (13.1-15.0) (12.4-17.5) (15.2-18.5) (12.9-16.5) (12.3-16.8)
LDF 17.2+0.8 17.1£0.6 17.3+0.8 17.3£1.2 17.3+1.1 18.4+1.6 16.6+0.8 16.6+1,2
(15.5-18.5) (16.5-18.4) (15.7-19.0) (15.6-19.3) (15.4-20.0) (15.6-21.6) (15.2-18.4) (13.8-18.6)
Percents of head length
SnL 26.7£3.4 22.5+£0.9 30.0+1.0 247+1.6 26.4+2.0 27.1+2.1 29.0+£2.9 30.1+2.0
(22.7-32.7) (20.8-23.9) (27.6-31.3) (22.7-27.1) (21.1-30.0) (23.4-29.9) (23.7-33.5) (23.7-36.1)
ED 31.8£1.7 31.7£1.6 30.9+0.8 31.0+1.3 30.5+2.0 31423 289+1.0 29.0+1.9
(29.0-34.8) (29.7-33.3) (29.7-32.8) (29.3-33.6) (26.4-36.7) (27.8-36.7) (27.2-31.2) (23.8-32.9)
oW 384+£13 395+1.1 404+1.6 38.7+£1.7 382+1.8 40.1+1.3 385+13 37.6£1.5
(36.3-40.5) (38.1-41.9) (36.9-42.6) (36.0-42.0) (34.5-43.8) (37.4-42.8) (35.6-40.6) (32.1-41.7)
BL 13.0+1.7 7.0x£2.0 15.9+2.5 13.3+1.7 56+1.3 16.4+3.5 179+1.5 16.4+3.7
(9.6-17.0) (4.2-11.0) (12.9-20.7) (11.1-16.8) (2.7-9.4) (10.3-21.1) (14.5-19.8) (9.7-25.8)
Percents of eye diameter
BL 40.9+4.9 22.1+6.9 51.8+9.0 43.1+59 18.3+4.2 529+12.6 61.9+6.5 57.1%£14.5
(31.0-50.0) (14.0-37.0) (41.9-68.9) (36.6-54.3) (8.7-32.5) (30.3-67.3) (46.5-71.4) (32.5-105.1)

Abbreviations are as follows. BD, body depth; BL, barbel length; DF, PF, VF and AF, branched fin rays of dorsal, pectoral, ventral and anal fin; ED, eye diameter;
Gillrakers, front one on the first branchial arch; HL, head length; IOW, interorbital width; LAF and LDF, length of first branched anal and dorsal fin ray; LCP and
DCP, length and depth of caudal peduncle; N, number of individuals used in the analysis; PDL, PPL, PVL and PAL, predorsal, prepectoral, preventral and preanal
length; Scales, number of scales on the lateral line; SL, standard body length; SnL, snout length.
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Fig. 4. Map showing the distribution area of Acheilognathus sp. in Korean Peninsula.
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A. tabira AB366469

- "
— A. tabira AB239404
i A. yamatsutae Ablok AB366475 Yamatsutae group
4'; A. yamatsutae Han KM408087
D4aZ8 A tsutae Han KM408088
yama

A. yamatsutae Nakdong AB366477

A. yamatsutae Nakdong KM408090

0.98/54|L| A- yamatsutae Nakdong KM408091

A. yamatsutae Nakdong KM408092

A. yamatsutae Nakdong KM408089

A. yamatsutae Ungeheon KM408093

A. yamatsutae Ungcheon KM408094

1.00/98} A. yamatsutae Mangyeong KM408095

0.97/951 A, yamatsutae Mangyeong KM408096

A. yamatsutae Yeongsan KM408097

*L A.yamatsutae Yeongsan KM408098

A. majusculus Seomjin KM408079  Majusculus-Cyanostigma

A. majusculus Seomjin AB366461 group

A. majusculus Seomjin KM408081

A. majusculus Seomjin KM408082

0.89/54 A. majusculus Nakdong KM408083
100981 A. majusculus Nakdong KM408084
. * [ A. sp. Geum KM408085 " A. majusculus

i A. sp. Geum KM408086 :

A. cyanostigma AB239347
A. cyanostigma HQ113263
A. cyanostigma HQ113262

A. cyanostigma AB620134

0.55/ - - A. omeiensis HQ113256
—I A A

0.57/82

0.9270

*

HQ113257
1.0009e— A. barbatulus AB366443
1.00/99 A. rhombeus AB239403
¥ b A. rhombeus AB366467
1.00/98 1.0089L— A, rhombeus Dongjin KM408080
A. polylepis HQ113251
A. macropterus AB366453
0.52/40 A. macropterus AB366454
0.84/73] f— A. macropterus AB366456
A. macropterus AB366457
A. tonkinensis AB366452
A. tonkinensis AB366478
o o A. longipinnis AB366451
. [ A. typus AB366474
& A. typus NC008668
* E A. chankaensis AB366447
S A. chankaensis Seomjin KM408078
E A. chankaensis AB366448
1.0098L—~ A chankaensis AB366446
070/ A. imberbis AB366450
—— ﬂ:,ﬂ. meridianus AB366464
e A. meridianus HQ113238
A. lanchii is AB366481
* [ Acheilognath lanceolatus EM408099
L Rhodeus ocellatus NC011211
BI/ ML
02

Fig. 5. Bayesian inference tree of Acheilognathus yamatsutae, A. majusculus, A. sp. and 14 Acheilognathus species, inferred from mitochondrial
cytochrome b gene sequences. Numbers above nodes represent posterior probabilities values (BPP, left) and bootstrap values (BP, right). (*)
indicates that 1.00 BPP/100 BP.
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Table 3. Discriminating characteristics among Acheilognathus sp., A. majusculus, A. yamatsutae and A. cyanostigma

Acheilognathus

Acheilognathus

Acheilognathus

Acheilognathus

Acheilognathus sp.

:>I‘:|
0E
+

cyanostigma

majusculus
(Nakdong, Seomjin R.)

yamatsutae
(Han, Mangyeong, Yeongsan R.)

yamatsutae
(Nakdong, Ungcheon R.)

Characteristics

(Geum R.)

(Japan)
35.7-65.1%°

52.0-113.6

46.7-80.3 37.4-95.0

36.2-69.5

Standard body length (mm)

>

I

0

Color patterns of fin in males at spawning season

7]

Absent Present®¢

Present
Present
Present

Present

Present

Pink triangle on the apex of dorsal fin

Absent®

present
Absent

Absent

Absent

Red band on the outer margin of dorsal and anal fin
White band on the anterior margin of ventral fin
White band on the outer margin of anal fin

Longitudinal band of body side in life

o[xls]

Absent
Present™®

Present

Present

Present
Obscure

Present
Obscure

Present

Present

o
Ho

Distinct®

Distinct

Distinct
10.7-11.6

16.9-17.1 8.3
(5-10)*°

10.4
(9-12)

9.8-11.4

Gillrakers at anterior row of first arch

(15-19)
33.6-34.9

(9-13)
32.3-32.9

(32-33)

(9-13)
31.9-32.9

33.6°
(32-35)

332
(33-34)

Number of vertebrae

(33-38)
57.1-61.9
(32.5-105.1)

(31-33)
18.3-22.1
(8.7-37.0)

2 Uchida (1939), ® Nakamura (1969), ¢ Miyadi et al. (1976), ¢ Kawanabe and Mizuno (1989), ¢ Akai ez al. (2004). ED: eye diameter.

very short®, not
exceed 1/4 of ED®

52.9
(30.3-67.3)

40.9-51.8

Barbel length to the eye diameter (%)

(31.0-68.9)
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