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The Habitat, Age and Spawning Characteristics of the Korean Eastern Spined Loach, lksookimia
yongdokensis (Pisces: Cobitidae) in the Chuksancheon (stream), Korea by Myeong-Hun Ko, Yeon Seon Jeon
and Yong-Jin Won* (Division of EcoScience, Ewha Womans University, Seoul 03760, Republic of Korea)

ABSTRACT

The habitat, age and spawning characteristics of the Korean eastern spined loach,

Iksookimia yongdokensis, were investigated to obtain baseline data for its ecological characteristics in
the Chuksancheon (stream), Yeongdeok-gun, Gyeongsangbuk-do, Korea. The difference between the
habitats of juveniles (0+) and 1~4 year old loaches was that juveniles mainly inhabited sandy bottoms
(substratum particle size 0.6 +1.44 cm) with very slow velocities of water current (2.4 £2.09 cm/sec)
and low depths (29.2+7.57 cm), whereas 1~4 year old loaches inhabited pebble and cobble bottoms
(substratum particle size 5.5~6.1 cm) with relatively fast velocities of water current (3.8~4.6 cm/sec)
and deep depths (50~70 cm). The age groups for I. yongdokensis (female) estimated by the frequency
distribution of total length in the spawning season (July) indicated that the 35~64 mm is 1-year old,
the 65~94 mm group is 2-year old, the 95~119 mm is 3-year old, and the 120~145 mm is more than
4-year old. The sex ratio (57/ %) was 0.69, and females were 10~30 mm larger than males. The lamina
circularis at the base of the pectoral fins in males, a secondary sexual characteristic, formed at the
13th month after hatching. The spawning season according to the gonadosomatic index (GSI) was
June to July with water temperatures of 20~25°C. The average number of eggs was 2,292+ 618, with
a diameter of 1.46 £ 0.02 mm for mature eggs.
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Fig. 1. Study stations of Chuksancheon (stream), Chuksan-myeon,
Gyeongsangbuk-do, Korea, 2015. Thick line: distribution area of /k-
sookimia yongdokensis.
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Fig. 2. Comparison of water velocity, depth and substratum particle
size by age of Iksookimia yongdokensis in the Chuksancheon (stream),
Chuksan-myeon, Yeongdeok-gun, Gyeongsangbuk-do, Korea from
September to October, 2015. The diagrams indicate the median (hori-
zontal line) and 50% range (gray rectangle).
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Table 1. Physical characteristics and the number of fish collected in the Chuksancheon (stream), Chuksan-myeon, Yeongdeok-gun, Gyeongsang-
buk-do, Korea during May to October, 2015

Station
Items / Scientific name Total RA Remarks*
1 2 3 4 5
River width (m) 25~30 30~40 50~70 50~60 70~90
Water width (m) 3~7 2~6 10~30 10~25 10~30
Water depth (cm) 50~120 50~150 30~80 30~130 40~70
River type** Aa~Bb Aa~Bb Bb Bb Bb~Bc
Altitude (m) 64 36 21 16 6
Bottom Mud (~0.1 mm) 5
structure™®** Sand (0.1~2 mm) 10 20 20 10
(%) Gravel (2~16 mm) 10 10 20 30 20
Pebble (16~64 mm) 20 30 25 40 30
Cobble (64~256 mm) 50 40 30 30
Boulder (256 < mm) 10 10 10 10 10
Family Anguillidae
Anguilla japonica 1 1 0.02 An
Family Cyprinidae
Carassius auratus 24 1 25 0.55
Pseudorasbora parva 15 5 46 3 69 1.53
Squalidus multimaculatus 62 722 39 139 962 21.27 En
Tribolodon hakonensis 16 16 0.35
Rhynchocypris oxycephalus 53 65 537 655 14.48
Zacco koreanus 215 337 447 85 60 1,144 25.29 En
Zacco platypus 27 121 342 217 323 1,030 2277
Family Cobitidae
Misgurnus anguillicaudatus 12 4 66 10 2 94 2.08
lksookimia yongdokensis 128 128 2.83 En
Family Bagridae
Pseudobagrus koreanus 1 1 0.02 En
Family Siluridae
Silurus asotus 15 15 0.33
Family Osmeridae
Plecoglossus altivelis 15 12 59 86 1.90 Di
Family Adrianichthyidae
Oryzias latipes 23 23 0.51
Family Centropomidae
Coreoperca herzi 22 36 46 104 2.30 En
Siniperca scherzeri 1 1 0.02
Family Odontobutidae
Odontobutis platycephala 17 8 11 36 0.80 En
Family Gobiidae
Chaenogobius urotaenius 4 21 25 0.55
Rhinogobius brunneus 12 58 32 6 108 2.39 L
Number of species 5 8 17 11 11 19
Number of individuals 322 623 2459 444 675 4,523

*En: Korean endemic species; L: land-locked species; An: andromous species; Di: diadromous species, **Kani (1944), ***Mud (~0.1 mm); Sand (0.1~2 mm);
Gravel (2~16 mm); Pebble (16~64 mm); Cobble (64~256 mm); Bolder (256 mm <) (Cummins, 1962).
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Fig. 3. Frequency distribution of the total length of Iksookimia yongdokensis in the Chuksancheon (stream), Chuksan-myeon, Yeongdeok-gun,
Gyeongsangbuk-do, Korea from March, 2015 to February, 2016. Gray: juvenile, Black: female, Dark gray: male.
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Table 2. The sex ratio of lksookimia yongdokensis in the Chuk-
sancheon (stream), Chuksan-myeon, Yeongdeok-gun, Gyeongsang-
buk-do, Korea from March, 2015 to February, 2015

. Sex ratio 2
Month  Juvenile Female Male Total (P12) Xz
Mar. 19 64 34 117 0.53 9.18
Apr. 16 61 35 112 0.57 7.04
May 18 63 33 114 0.52 9.38
Jun. 24 48 37 109 0.77 142
Jul. - 87 73 160 0.84 123
Aug. 26 80 56 162 0.70 424
Sep. 25 75 59 159 0.79 191
Oct. 29 44 36 109 0.82 0.80
Nov. 12 36 19 67 0.53 525
Dec. 11 36 26 73 0.72 1.61
Jan. 5 13 11 29 0.85 0.17
Feb. 6 10 8 24 0.80 022
Total 191 617 427 1,044 0.69 34.58

The critical value for x* goodness-of-fit test of equal numbers of females and
males (1 df) at 95% significance is 3.84.
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2= FL5kTh(Table 3).
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Fig. 4. Temperature and gonadosomatic index (GSI) of Iksookimia
yongdokensis in the Chuksancheon (stream), Chuksan-myeon, Yeong-
deok-gun, Gyeongsangbuk-do, Korea from March, 2015 to February,
2016.
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Fig. 5. Fecundity of Iksookimia yongdokensis (n=16) in the Chuk-
sancheon (stream), Chuksan-myeon, Yeongdeok-gun, Gyeongsang-
buk-do, Korea from May to June, 2015.

Table 3. Mature egg size of Iksookimia yongdokensis in the Chuk-
sancheon (stream), Chuksan-myeon, Yeongdeok-gun, Gyeongsang-
buk-do, Korea, June, 2015

Total length  Body weight ~ GSI

Mature egg size

(mm) @ () ~ Fecundity (mm)
117 98 19.2 1,484 143+0.10
118 124 20.0 2,220 1.45+0.09
122 1431 235 2,221 146+0.07
124 14.8 232 2,185 1.49+0.07
125 123 223 2,422 1.44+0.09
126 14.62 200 2,540 1.47+0.08
127 14.95 20.5 2,002 1.46+0.06
128 13.83 16.5 2,850 1.45+0.09
129 15.1 20.7 2,397 143+0.07
142 21.8 21.6 2,804 1.49+0.11

Mean = SD 146+0.02
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2¥ QgA} vSAL T2 SEE o8 Yo
Niwaella delicata= 37 12.54], &AL 11581714 1=
Hh 9lo] (Kano, 2000), 35 AEFAS o835t A7 Zaete]
Hla HE7F dasioha e

AHl (/@)= 0.69% Y'Y FotE7 101H = Reke
U o2 v e o) 7eh= vl A {ARSFSITH(Table 5). 13t
27 olf ol3 4L B slo] 1A% olRolA
£ AR7le] M ME} Qojut A0 B 1 EglEE (Kim
and Jeong, 1988; Kim ef al., 2006; Ko and Park, 2011; Ko,
2009), TN A = ol 2t BhEH st =R ookt

A= 6804 TY (5L 20~25°0)2 FA & o] &3} A
T o %31 2™ (Shimzu and Hanyu, 1982; Kaneko et al.,
1986), Bld F7Het A, FEAN, SN, A,
Z442] K. brevifasciata®} GABIG oW EHE e} 7| EE
N, AEFN Hobe wa2x f32u|ite, dEAZe]H K.
naktongensis, 5~~0| 2], v 3] Misgurnus anguillicaudatus,
| F2HR] M. mizolepis R Th= = Ho|3ith(Table 5). A<
9 A7) 1454003 mmZ ]R3} o] F Fo|A HjwA F
Saa9 GARET 24m|TE THe02 2 el S5O,
EHpE 22024618712 U2} ofF FolA S
&otglon vwA FEfet B, HEAN. 7153,
Fen| e o FAFSEA T
=
5

PEANS WS JREY HEANS R FEHoE



Table 4. Comparisons of age by the total length distribution of Cobitidae during spawning period in Korea

Age
Species Female Male Reference
1 2 3 4 5 1 2 3
lksookimia yongdokensis (TL) 35~64  65~94  95~119 120~145 35~64 65~94  95~124 Present study
1. koreensis (TL) 30~49  50~64  65~105 30~49  50~90 Kim, 1978
1. pumila (TL) 30~44  45~59  60~80 30~44 50~60 Kim and Lee, 1984
1. longicorpa (TL) 55~79  80~99 100~114 115~134 140~160 55~79 85~104 105~134 Kim and Ko, 2005
1. pacifica (TL) 30~49  50~74  75~99 100~124 130~160 30~49 50~74  75~110 Present study
(SL) 40~59  60~89  90~109 110~126 (without distinction of sex) ~ Choi and Byeon, 2009
Cobitis hankugensis (TL) 45~59  60~89  90~124 50~60 70~99 Ko, 2009
C. lutheri (TL) 40~59  60~79  80~109 45~59  60~79 Ko and Park, 2011
C. tetralineata (TL) 45~59  70~94  95~125 45~60 70~94 Kim et al., 2006
Koreocobitis rotundicaudata (SL) 40~69  70~109 110~142 (without distinction of sex) Byeon, 2007
Kichulchoia multifasciata ~ (TL) 80~110 110~150 80~130 Chong, 1986
Table 5. Comparisons of spawning characters of Cobitidae in Korea
. Sex ratio Spawning period Mature egg size .

Species (#19)  (water temperature, °C) (mm) Fecundity Reference
lksookimia yongdokensis 0.69 June~July (20~25) 145+£0.03 2,292+618 Ko et al., 2016
1. koreensis 0.74 June~July (20~26) 1.10+£0.08 1,138+431 Kim, 1978; Ko et al., 2012
1. pumila 1.01 May~July (20) 1.35+0.08 328 +203 Kim and Lee, 1984; Ko et al., 2013
1. longicorpa 0.65 June (20~24) 1.32+0.12 2402+944 Kim and Ko, 2005
1. hugowolfeldi 0.59 June~July (21~23) 1.30+0.07 1,933 +530 Choi, 2003; Park, 2016
1. pacifica 0.63 July (20~25) 1.11£0.04 2,503+1,337 Ko and Won, 2016

0.93 July (25~27) 0.76+£0.01 809 +295 Choi and Byeon, 2009
Cobitis hankugensis 1.55 July (22~27) 0.98+0.05 2,783+1,543 Ko, 2009
C. lutheri 0.65 July (24~26) 1.09+0.02 1,127+£453 Ko and Park, 2011
C. tetralineata 0.58 June~July (22~26) 0.98+0.10 1,288 +583 Kim et al., 2006
Koreocobitis rotundicaudata 0.78 May~June (20~23) 1.18+0.09 1,365+720 Byeon, 2007
K. naktongensis 0.92 May~June (17~20) 0.87+0.05 2,2643+4,629  Hongetal.,2011
Kichulchoia brevifasciata 049 June~July (19~29) 145%0.16 69+353 Kim, 2008; Ko and Bang., 2014
K. multifasciata 0.73 April~May (13~21) 1.78£0.06 820+207 Chong, 1986
Misgurnus anguillicaudatus - May~June 1.1 16,430~40,000 Uchida, 1939
M. mizolepis - April~June 1.12 8,500~1,3500 Kim et al., 1987, 1992
SHd & - AR Aga &, 2 Bige] A4sta glen, b el ok
SEEEOE BRI RS T B

Abstlch 2y Refjol] Ak FEN&Y S 2
7188 MNET BA G| 2 Ak nftEd 9 o Fet
£ AR EAT A7), G, 23 5o XJolg Holn
A1t} Shimizu et al. (1998)S A2]G-@ o whebA 27148
At 2 zpol7t Qe AR Bt v 9low, T Kwan
(2015)9] gt=4t m]teja} o 7o) EAHAFSHE HAoA =
AsFe AAA F39 ot Fole FFS 24t wekA
o e i} o] 7o) AAR] B4 theFet sty AL A4
gt Ta% 9o HoE e Z FF v A
o2 A=EYcH

=035 FWEI Iksookimia yongdokensis®] AE|Z &

93171 9@l 20159 3EHH 201649 2€87HA] BAEE
FEYT FAEY FAHOA AR A, 4] EA 5
o

I 1~4dAL FEEEY, FUAL 50 =224+
2.09 cm/sec) $A0] o (292+7.57 cm) B vl (SHA
37] 0.6x1.44cm)oll FE MASIAAT, 1~498- 45
o] WA W= 11 (3.8~4.6 cm/sec) AL A2 (50~70 cm)
73 & vl (3R] 5.5~6.1 cm)oll FE A A5k 2po]
E X2t AN E R 2 Ay (GRS FA5 A3t A=



7191 699 35~64 mm= T 1WA, 65~94 mmE T+ 2G4,
95~119 mm= FF 39A, 120~145 mmE T 444 oj}o =z
FAE T AT 13708 Fofl A 7EA=gu] 7R =
ZHt (lamina circularis)©] @450 & - =7} FEEYT, A
H (/)= 069921, dFo] AR 10~30 mm7t o Z
o A= AALdSE(GSHE ST 2 6~7H (5
£ 20~25°C)0| 9L, THLE 2292+61870, At 27|=
1.46+£0.02 mm%it}.

Ab A

o] =EL 2015UE HE R FETR)] Yoz
27D AYe wob £ 7|2 ATAYY @A
2015R1A2A2A01007117).

o

REFERENCES

Byeon, H.K. 2007. Ecology of Koreocobitis rotundicaudata (Cobit-
idae) in the Naerin Stream, Korea. Korean J. Ichthyol., 19:
299-305. (in Korean)

Choi, E.K. 2003. Biology of the southern spined loach, lksookimia
hugowolfeldi (Pisces, Cobitidae). Master Thesis, Chonbuk
National University, Jeonju, 42pp. (in Korean)

Choi, J K. and H.K. Byeon. 2009. Ecological characteristics of Co-
bitis pacifica (Cobitidae) in the Yeongok Stream. Korean J.
Limnol., 42: 26-31. (in Korean)

Chong, D.S. 1986. Morphological and bionomical studies of Niwaella
multifasciata (Wakiya et Mori). Master Thesis, Chonbuk
National University, 37pp. (in Korean)

Cummins, K.W. 1962. An evolution of some techniques for the col-
lection and analysis of benthic samples with special empha-
sis on lotic waters. Amer. Midl. Nat’l., 67: 477-504.

Hong, YK., H. Yang and I.C. Bang. 2011. Habitat, reproduction and
feeding habit of endangered fish Koreocobitis naktongensis
(Cobitidae) in the Jaho Stream, Korea. Korean J. Ichthyol.,
23:234-241.(in Korean)

Kaneko, T., K. Aida and I. Hanyu. 1986. Changes in ovarian ac-
tivity and fine structure of pituitary gonadotoropin during
spawning cycle of thachichibugoby, Tridentiger obscurus.
Nippon Suisan Gakkaishi, 52: 1923-1928.

Kano, Y. 2000. Age and growth of the ajime-loach, Niwaella delicata,
in the Yura river, Kyoto, Japan. Ichthyol. Res., 47: 183-186.

Kani, T. 1944. Ecology of Torrent-inhabiting Insects, pp. 171-317.
In: Insect 1 (Furukawa H., ed.). Kenkyu-sha, Tokyo. (in Jap-
anese)

Kim, D.H., H.Y. Jo and HJ. Lee. 2008. Study on the reproduction
and growth of lksookimia koreensis Kim (Pisces: Cobitida)

SWEIO MAIRIS 17, M2by| 55 247

in the Namdae Stream, Cheorwon-gun, Gangwon-do, Ko-
rea. Korean J. Ichthyol., 20: 21-27. (in Korean)

Kim, D.S., J.H. Kim and I.S. Park. 1992. Induced and multiple
spawnings by human chorionic gonadotropin injection of
the loach, Misgurnus mizolepis (Teleostomi; Cobitidae). J.
Aquacult., 5: 109-115. (in Korean)

Kim, E.J. 2008. Conservation biology of dwarf loach, Kichulchoia
brevifasciata. Master Thesis, Chonbuk National University,
Jeonju, 58 pp. (in Korean)

Kim, L.S. 1978. Ecological studies of cobitid fish, Cobitis koreensis
in Jeonju-cheon Creek, Jeonrabug-do province, Korea. Ko-
rean J. Ecol., 2: 9-14. (in Korean)

Kim, I.S. 1997. Illustrated Encyclopedia of Fauna & Flora of Korea,
Vol. 37, Freshwater Fishes. Ministry of Education, Yeongi,
518pp. (in Korean)

Kim, I.S. 2009. A review of the spined loaches, family Cobitidae
(Cypriniformes) in Korea. Korean J. Ichthyol., 21 (supple-
ment): 7-28.

Kim, I.S. and J.Y. Park. 1997. lksookimia yongdokensis, a new co-
bitid fish (Pisces: Cobitidae) from Korea with a key to the
species of Iksookimia. Ichthyol. Res., 44: 249-256.

Kim, I.S. and J.Y. Park. 2007. Freshwater Fishes of Korea. Kyohak
Publishing Co., Ltd., Seoul, 467pp. (in Korean)

Kim, I.S. and M.H. Ko. 2005. Ecology of lksookimia longicorpa
(Cobitidae) in the Seomjin River, Korea. Korean J. Icthyol.,
17: 112-122. (in Korean)

Kim, I.S. and M.T. Jeong. 1988. Seasonal variation of the color pat-
tern in the Cobitid fish Cobitis taenia lutheri form Korea.
Korean J. Ecol., 11: 77-82. (in Korean)

Kim, I.S. and W.O. Lee. 1984. Morphological and ecological as-
pects on the population of Cobitis koreensis Kim (Pisces:
Cobitidae) in the Begchon Stream, Puan-gun, Cholla-bug-
do, Korea. Korean J. Ecology, 7: 10-20. (in Korean)

Kim, I.S., M.H. Ko. and J.Y. Park. 2006. Population ecology of ko-
rean sand loach Cobitis tetralineata (Pisces; Cobitidae) in
the Seomjin River, Korea. J. Ecol. Field Biol., 29: 277-286.
(in Korean)

Kim, 1.S.,Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J.H. Kim. 2005.
Illustrated Book of Korean Fishes. Kyohak Publishing,
Seoul, 615p. (in Korean)

Kim, S.Y., J.Y. Park and L.S. Kim. 1999. Chromosome of spined
loach, lksookimia yongdokensis (Pisces: Cobitidae) form
Korea. Korean J. Ichthyol., 11: 172-176.

Kim, Y.U., D.S. Kim and Y.S. Park. 1987. Development of eggs,
larvae and juveniles of loach, Misgurnus mizolepis Gunther.
Bull. Korean Fish. Soc., 20: 16-23. (in Korean)

Ko, M.H. 2009. Reproductive mechanisms of the unisexual dip-
loid-triploid hybrid complex between the spined loach
Cobitis hankugensis and lksookimia longicorpa (Teleosteli,
Cobitidae) in Korea. Doctoral Thesis, Chonbuk National
University, Jeonju, 160pp. (in Korean)

Ko, M.H. 2015. Habitat characteristics and feeding ecology of the
korean endemic species, Iksookimia pacifica (Pisces: Cobit-



248 DS . HAM. YBZ

idae) in the Bukcheon (stream), Korea. Korean J. Ichthyol.,
27:275-283. (in Korean)

Ko, M.H. and I.C. Bang. 2014. Spawning character and early life
history of the endangered Korean dwarf loach, Kichulchoia
brevifasciata (Teleostei: Cobitidae). Korean J. Ichthyol., 26:
89-98. (in Korean)

Ko, M.H. and J.Y. Park. 2011. Growth and spawning ecology of
Cobitis lutheri (Teleostei: Cobitidae) in the Mangyeong riv-
er, Korea. Korean J. Ichthyol., 23: 158-162. (in Korean)

Ko, M.H., J.Y. Park and S.H. Kim. 2009. Habitat enviornment and
feeding habitat of Iksookimia koreensis and Cobitis lutheri
(Pisces: Cobitidae) in the Mangyeong River, Korea. Korean
J. Ichthyol., 21: 253-261. (in Korean)

Ko, M.H., S.Y. Park and I.C. Bang. 2012. Egg development and
early life history of Korean spined loach, lksookimia ko-
reensis (Pisces: Cobitidae). Korean J. Limnol., 45: 93-101.
(in Korean)

Ko, M.H., S.Y. Park and I.C. Bang. 2013. Egg development and
early life history of the endangered Korean spine loach,
Iksookimia pumila (Pisces: Cobitidae). Korean J. Ichthyol.,
25: 65-73. (in Korean)

Ko, M.H. and Y.J. Won. 2016. The age and spawning characteristics
of the Korean endemic spine loach, lksookimia pacifica (Pi-
sces: Cobitidae) in the Bukcheon (stream), Korea. Korean J.
Ichthyol., 28: 72-78. (in Korean)

Kottelat, M. 2012. Conspectus Cobitidum: An Inventory of the
Loaches of the World (Teleostei: Cypriniformes: Cobitoi-
dei). The Raffles Bull. Zool., 26(Suppl.): 1-199.

Kwan, Y.S. 2015. Molecular Phylogenetic and Population Genetic
Studies of the Freshwater Fish Family Cobitidae (Teleostei:
Cypriniformes) in Korea. Doctoral Thesis, Ewha Womans
University, Seoul, 143pp.

NIBR (National Institute of Biological Resources). 2011. Red Data
Book of Endangered Fishes in Korea. Ministry of Environ-
ment, Incheon, 202pp. (in Korean)

Oliva-Paterna, F.j., M.M. Torralva and C. Ferndndez-Delgado.
2002. Age, growth and reproduction of Cobitis paludica in
a seasonal stream. J. Fish Biol., 60: 389-404.

Park. C.W. 2016. Ecology of the endemic Korean Southern king
spine loach, Tksookimia hugowolfeldi. Master Thesis, Chon-
buk National University, Jeonju, 56pp. (in Korean)

Park, J.Y. and L.S. Kim. 2001. Fine structures of oocyte envelopes
of three related cobitid species in the genus lksookimia (Co-
bitidae). Ichthyol. Res., 48: 71-75.

Perdices, A.J., Bohlen, V. Slechtovéd and 1. Doadrio. 2016. Molec-
ular evidence for multiple origins of the European spined
loaches (Teleostei, Cobitidae). Plos One, 11: ¢0144628.
doi:10.1371.

Przybylski, M. and M. Valladolid. 2000. Age and growth of Cobitis
paludica in the Lozoya River (Central Spain). Folia Zoo.,
49 (Suppl.): 129-134.

Ricker, W.E. 1971. Methods for assessment of fish production in
freshwater. IBP hand book, 3: 112-113.

Robotham, PW.J. 1981. Age, growth and reproduction of a popu-
lation of spined loach, Cobitis taenia (L.). Hydrobiologia,
129-136.

Shimizu, A. and I. Hanyu. 1982. Environmental regulation of annu-
al reproductive cycle in a spring-spawning bitterling Achei-
lognathus tabira. Nippon Suisan Gakkaishi, 48: 1563-1568.

Shimizu, T., H. Sakai and N. Mizuno. 1998. Embryonic and larval
development of a Japanese spinous loach, Cobitis takat-
suensis. Ichthyol. Res., 45: 377-384.

Slechtova, V., I. Bohlen and A. Perdices. 2008. Molecular phyloge-
ny of the freshwater fish family Cobitidae (Cypriniformes:
Teleostei): Delimitation of genera, mitochondrial introgres-
sion and evolution of sexual dimorphism. Mol. Phylogenet.
Evol., 47: 812-831.

Uchida, K. 1939. The Fishes of Tyosen. Part I. Numatognathi,
Eventognathi. Bull. Fish Exp. Sta. Gov. Gener. Ty6sen, pp.
400-458. (in Japanese)





