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Development of Larvae and Juveniles of the Liobagrus mediadiposalis from Daeseocheon Stream in
Yeongdukosipcheon by Jae Min Park and Kyeong Ho Han'* (Gyeongsangbuk-Do Native Fish Business Center,
Uiseong 37366, Republic of Korea; 'Department of Fishery Science, Chonnam National University, Yeosu 59626, Republic
of Korea)

ABSTRACT The samples used in this study were collected on two occasions (April 21 and May 16,
2021) from Liobagrus mediadiposalis and spawned egg masses located under rocks in Daeseocheon,
Yeongdeok-gun, Gyeongsangbuk-do. Fertilized eggs ranged in size from 3.30~3.92 (average
3.57£0.19) mm (n=30), and it took 152~155 hours to hatch at water temperatures of between 17.0 and
20.0°C. Newly hatched larvae immediately post-hatching had a total length of 6.43~6.67 (6.55+0.07)
mm (n=230), and were characterized by the retention of a yolk sac and an incompletely open mouth
and anus, consistent with the yolk. On the 9 days post-hatching, the postflexion larvae had grown to
length of between 11.0~13.8 (12.3+£0.70) mm (n=30), and the caudal bone at the tip of the tail was
bent upwards at an angle of 45°, thereby indicating the transition to the late larval growth stage. On
the 16 days post-hatching, the total length of juvenile had increased to between 15.8~18.2(16.8 £0.77)
mm (n=30), and the number of fins reached a fixed number of 8 dorsal, 17 anal, and 8 pelvic fins.
On the basis of the findings of this study, we were able to confirm differences in the size of hatching
larvae and fin mottle patterns in the early life history of related species.
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Mo B A7PAYEl = Mori (1936)°] 93] H579) B7, T, o5,
F, e, Foll, ARl AR 22E Ve R AF 7IAER
W) 7] 5 (Siluriformes) $7}2]3 (Amblycipitidae) 15F+= ¢ 1, A=) 7Pt 7 e wr) o] AR FAl7;

obloh A3} S| 2T F3, Rk, QB W U Welolxel o BEskm mA=n] Aol weH 25T Pt 9)

5 20 Bede] 225 A AL oF 44 34%0] M
Stk (Nelson et al., 2016; Froese and Pauly, 2023). $-2u-2to]|
= 57184 (Liobagrus)®) £7V2] Liobagrus andersoni, SAH]
L. obesus, A7VAH] L. mediadiposalis, AR 7FA] L. somjin-
ensis, SYAZIAE] L. hyeongsanensis & 5%59°] £3E3l= A2
2 48A Qch(Son et al., 1987; Kim et al., 2005; Chae et al.,
2019).

A2 291 S (ATAD, BB ()
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AR, @A Bjepdel BEskar A =u] 7Rt
Zjoll oA w7 el ek SRR Fed S
FAA Zo)HE A= AF 7IA= T} (Park and Kim, 2010;
Kim, 2013; Kim et al., 2015).

7] ojFof gt 27| WAL 1R SAN Pseudobag-
rus fulvidraco (Kang and Lee, 1996; Han et al., 2001), =&}
N P. koreanus (Kang, 1998), SAH] (Seo et al., 2006), A7FAF
2] (Choi et al., 2008), LA FAN P. brevicorpus (Kang et al.,
2007), 35780 Leiocassis ussuriensis (Park et al., 2015), H 7|
Silurus asotus (Mun et al., 2017) 5°| AFE AL, 57127}
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ek A= AABESH] A (Choi, 2008), 572+ el (Son
and Choo, 1988; Kim, 2007a), 4] (Son and Byeon, 2004; Kim,
2007b), &535H4 AHE (Kim, 2013), A E4] (Son and Lee,
1989; Cho and Park, 2017) 50| A= ¢t

Choi et al.(2008)°] A3t X7 oA AHE A7HAkE o =
71EARE A AtolA et Beja] E7o] 415 (Park and
Kim, 2010)°.2 7A1% ARA7EE o2 o A72 1
o= ZeF Arhtele 27T A AW sk
ot
Yool R0 27T AT ARER] AlE, WAL, Rol],
Zo17], midof7] g & AANHEA F 540 UE LRFE
o] A Uehdth(Park er al., 2005). T F9 SH&
Wake Ae B2 SR A% U BRely goauAE o
Tk 9 583 712X822 Z-89t}(Blaxter, 1974; Balon,
1985; Kim et al., 2014; Ko and Won, 2015).

olo] G0l 7o 27| YBAL AT S-S AR whet &
gupete] EEshs BE7] FoRE ez A7 19
H uf glow (MLTM, 2010, 2011; NIBR, 2013), 343 71X
7F e EAFORY ofF (Kim et al., 2014), BA A= °F
(Kang and Lee, 1996; Han et al., 2001; Park et al., 2015,2016)
of AFE B A7 F= IFH A (Song er al., 2017),
Seluete] BEe Sl ofRe] 2/ATA ATt A3
Z}7FAHE] (Choi et al., 2008), AT (Seo et al., 2006)TF A=
o] I-folF F7HE o7 27| ABAL & dHAA A7t
glovt 2714el A7} Wasigrt meha B AL 14
A A7) o ), WA, AR 01 o) A FE
£ WSt 2AFST FESH Hlal & 27|YAE st
o] F BES QIR 7|2A RS nHdstalat gtk

1. A28 U & 55

H Ao AREE AlRE 2022 49 21€7} 59 9Y 23]
AA AE gy GabdH| g A A 7FR 50 cm, A2
30cm 37]9] Hi$) offoll Mef 1ute] (A% 12 cm)2t 27] 2~3
cm FE0] |y 2742 o] FojH FATE ARSIATH(Fig. 1A).
AN Fae B4l Hlud mEA 2= 7Rt oA EAst
I (Fig. 1B), A7AR 28 & ofnj9] F FHS 93 27] &
9 7 2o Agn) 7|2 4= § PEE XS TSI

2. e 3L Xx|of HEfRE

ANFE A= ABEE R3] =835, A oY
< 93 === (Formaldehyde 20%)2 20 ppm/EY S =2 2
319 FEAF T, 222 17.0~20.0°C (B 18.5+1.5°C)

Fig. 1. Photographs showing the habitat for Liobagrus mediadiposalis
in the Daeseocheon (A) in Yeongduk-gun, Gyeongsangbuk-do, Korea
and egg mass of spawning ground (B), Female adult (C).

ol 4 Telstoict. Wb e AE W ke des 4
e w7 ¢ AA AV (Nikon SMZ18, Japan)©ll F2H g
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Fig. 2. Egg development of Liobagrus mediadiposalis. A: gastrula stage; B: middle gastrula stage; C: embryo and kuffer’s vesicle formation; D: late
gastrula stage; E: 4~5 myotomes; F: 10~15 myotomes; G: movement of embryo; H: development of eyes pupil; I: development of primordial caudal
fin; J: appearance of two pairs barbel; K: development of melanophore in eyes; L: embryo just before hatching; M: hatched larvae. Scale bars =1.00

mm.

oA dele A, dFol Aokt shotol 2284 = A, &
o Hlzo] glar, AL FAAS w= 3, B R =] tFo]
A2 it A=gu] 7|24 A= I 67, A=
Hu] 1972 ]S =ZH(Kim et al., 2005; Chae et al., 2019)T} ¥
714 =8 (Kim, 2007a; Kim, 2013)& AES}o] & dto|A A
gt ojul= A7t 2 545t (Fig. 10).

2.1to] 57| Y £3

ARE A7M o] $ARE Ero] RAAL 71 Ao
o ol Yol ol=glm M2 Rzl gigiom, Bol slet
g Aae A Aol £1u 4B de 23
£ 43y, 3T M4 163~18770 (Fo 17570) Het.

W A% G 7 olF B 471 ABE 4YE 24 AFn
o 2717} MEkE Ao 2R, A A7)k 330~3.92
(3.57£0.19) mm (n=30) T}

3.

rL
iz
0X

o ot

AR & AAolA Tk AT WA= Gl 7|7} Al
ZHE AL (Fig. 24), 19417 Foll= F7] dHl7]o 25t
Hijgto] W&ho] 50%5 Hol Welgtth. ol |k flofl= FH A4
o A7} Em|stA Uehtr] AZkskgich(Fig. 2B). 23417 30
H S ma] Eof Kuffer’s vesicle®] FAE At (Fig. 20).
26A17F 304 Folli= 7] FHl7lel Eate] 90%E Hol W%t
o, Kuffer’s vesicle®] &A= Ath(Fig. 2D). 32A|7F 3-of|+= uj
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Fig. 3. Larvae and juveniles development of Liobagrus mediadiposalis. A: newly hatched larvae, 6.55 mm in total length (TL); B: 1 days after
hatching (DAH) 6.96 mm in TL; C: 3 DAH 9.44 mm in TL; D: 6 DAH 10.6 mm in TL; E: 9 DAH 12.3 mm in TL; F: 11 DAH 13.8 mm in TL; G:
16 DAH 16.8 mm in TL; H: 20 DAH 18.2 mm in TL; I: 28 DAH 23.8 mm in TL; J: 100 DAH 34.4 mm in TL. Scale bars = 1.00 mm.

A9 w7t ddshaA tzrt =7 ARSI, iAol
4~5719) Ldo] Tttt (Fig. 2E). SIAIZE Folle He] &
of 1789] o]&7} WA, TE = 10~15712 F7HstE S
o, Zge 3 22 H7] ARSIt (Fig. 2F). 65417F 2o
= oA 971 23~25702 ST, Al mEE R &
Zo]7] A|Zksta tHe] 222 fISiTh(Fig. 2G). 69417 3
o= woll W=7t Q= AH Y T3] WLkt (Fig. 2H). Hf
A= = A 180~360°2 |- sto] 22 fick(Fig. 21). 120
AIZE Zoll wE] Rl ot = 2o Wastr] AlEkskgict
(Fig. 27). 126 A7t 30+ Fofli= <eoll ST} 3 2bstr] A%
8Fth(Fig. 2K). 151A7F Foli= 28] 9] Zol7t Jd&ho] 56.2%
o @t o (Fig. 2L), 152417 S7E 2|7} dafg F31
2dA B3Pt AR QT (Fig. 2M). ©]% 155A|17F Zoll= 50%
ol Rt AR E AL 157A7F Foll= BE A9 F3prt ¢
2H U

4. X}x|0f HEHE

B3} A% zpol AR 6.43~6.67 (6.55+0.07) mm (n=30)
2 A7} HE2 ds] G| gokar, 449 =4 4717 AN
on, 1709 d3& 7 T} E3F 271= & AA| Zo]
40.9~41.2%% A3 A4S wet L}%P v o] uf &5

Eol @ojo] Bt Zo] PAEIYT, Lol ML 2]
of Slgtos, wAlSl 5 Foliel ) % FAE oLl

=] QIGlth me] EREL F 0= Fojxl et 24
= FE o]Ho 137}, & o|ZHEE 28~ 29702 F 41~427)
ATh(Fig. 3A).

23l & 144 d3Atol= AA 6.69~7.18 (6.96+0.18) mm
(m=30)2 Y} o] L, Helolle SHMLET} 26
ot SA=u|e mEA=gu]= B3}sE7] ARSI, #E

ALgjulo= 5749 £717F WEsty] Akt 4 =



42~447) (16 +26~28) 2 Z7}3}¢ch(Fig. 3B).

B3l & 395 d3zlol= AR 8.90~10.5 (9.44+0.50) mm
(m=30)2 {Jof T 249 2 2A AL, d
A7) B AA do| 33.0~334%= XA 5HETh A =yu] £7)
= SALE 47, RA=u|o 747 st e
GZof= gro R g wjX=gn] 143} olrtu| FFol= go R
H 7REAI=gu] 1o WSl e =gn] £7] ¢ 13
A= S7Fetant. melo] A2t SNAZE= AR H o2 HYrt
HojAn Fojg o, 552 wet mej7bR] vh B S A
27} Azt (Fig. 30).

53t & 64A F7|Aol= A% 9.87~11.5 (10.6£0.56) mm
(=302 Y52 Aot 24, stet 280 & F 4%0] 4A g
sk, dEmlot R3S AFH ] AR o] Al7]oll=
dE S FY A7]Rbelo mejrt f1Be s $ojR|aL QL
717019 FAAE UEhien, 7 713 9 FEZE AT
£ 0ge 1S 18 S| 2 wdskle 5o 2 AR
PE Ao 25 B =9, ZF ol Aeejn] £7] &
£ SAL= 7, KA =20 1374, viR|=2u] 574, 2R =
Hu] 23712 718k 22 ¥ BeFe] SAAZE vEo|
A 5E B =ain] AR 7EA] 2l (Fig. 3D).

B3l & 9dR) Tkl M3 11.0~13.8 (12.3£0.70) mm
(n=30)% 12| 9 n|RgAZo] A& Fall 45°= L3
AARHA F7|Rfo| 2 o] Ystgint. ZF R A gju]| £7] 5=
£ A= 870, A L] 15702 F7Fstsich S LEe
WY& wet R =gu] AR A mgo 2 Wi,
HHY meoke] SAARE T HollA ZMEA=u7AR] \A Az
3tglth(Fig. 3E).

H3l 5 1194 S7|Ro = A% 12.9~15.0(13.8+£0.72) mm
=302 AFL w FEo] T2 ot = F2kgt Holqd
on, FEollA 1] ZHog A4sE JdAH|Rch 2 Bl A=
Hu] £7] = i =] 67, R =2n] 40742 F7181H3
o SNAEE ) & dRES AlQstale 7 AA O A&
t}(Fig. 3F).

23 5 1697 Xol= AR 15.8~18.2(16.8+£0.77) mm
(=302 Z} 7o Agu] &7] = FA =20 874, RA|
L2ju] 177), i =2fn] 87|= ol DtHA 2]oj7]2 o]F
skt B BeFe] SAARzE mExegu] £7] Y&, 54
Laju] £7] Aol J&kekeltt (Fig. 3G).

23l & 20¥4] #oj= AZF 17.0~19.5 (18.2£0.80) mm
(=302 mA=u|g} Jd4H 5 Fol= S E7} F2st
R, A =] 7PgAE e w2 w7t A= It (Fig.
3H).

H3l 5 2897 Xole AR 21.2~26.2 (23.8+1.50) mm
(m=30)2 AN F AA7} ez Ve, 7kEA =g
0], A=, iz =2jn], AR =n|, LR =gu]o| = gz

deoreor

X7kALZISl 271 8EAL 79

o] Uepyton, mejA=ajn| & H]Z3 U] A=gu] 7}
Ao Y2 w7t 3/ = ik (Fig. 31).

23l & 100€H4] Xol= A%} 27.4~39.2 (34.4+3.84) mm
(=302 AN FZAE i 7R 2 deE W8S
g om, 7 2ol xrajn| 7PgRtE] ol = g2 Q] w7} A
sho] AJoi o] A at fAbsEGATH(Fig. 37).

i =

YA AL FYol FAT FYLHHE AA FEUeE
YEl= SHHORE o] oA ATMAFE] 9 Abgho] ERIE Al7|&=
4~592 ARAR7IAH (Choi er al., 2008; Chae et al., 2019)
4~69, S A (Seo et al., 2006) 5~6L=2 FARFE AL, AFIAFA
= ARG ez vigo| mefjo} Ao 7z Qi E3 FHHEI
HE)7F ol 9l X o= TAFEI Ykt

ARE At e $ACE AE dIE Bog AoR
o}2]™, 4ZAL7kA (Choi et al., 2008)9] -9 AT 70
G E B35, SAE (Seo et al., 2006)= LFH o] ES
A8} 2tol & H Tt

AT Pel= FFOE dEt o] JHHRE gof ol
(FIHE o1&, ZAFTYA HXA7IAE (Choi er al., 2008),
SAHE (Seo et al., 2006)4 = 22 FeE Uetlch 22 o
718 o]7Ql AT FA7Y (Kang and Lee, 1996; Han et
al., 2001), =527l (Kang, 1998), ZX%SA7) (Kang et al.,
2007), t-s780] (Park ez al., 2015)9] &2 E2| = o] G E o]
FA) grom, Habdo] 7k Hawto = FrtE|dt o) Rel Aol&
Heloh

Argbere. A7kAke] 163~18770, A4 A AF7kALE] (Choi, 2008;
Choi et al., 2008) 121~1527] (E&= 132~2157H), A+ (Seo
et al.,2006) 69~2277| 2 B W 9] ¢tof QISiTh.

2AH 3712 w2 A3} 3.30~3.92(3.57+0.19) mmE
AZ9] HRAR}7FALE (Choi et al., 2008) 2.85~3.73 (3.27) mm,
Z A (Seo et al., 2006) 2.95~3.92 (3.30) mme} & jol= B
o] x| gkttt

22 ojFo| wt B e S oE A 2
HAE 7HA 2L, 27| QoAx T Ay E Apx|oe] g4t
I AEof| FFE u|X]= Fa3 F 22 F 3htolth(Yoon et
al., 2007; Cho et al., 2015). 44 2147} 59 16 JA= 274
9] il AFAoA ERlg Aut WEA TA7E 7= o]
3 B3kA] A8 F AJZHO] £ 17.0~21.5°CollA 152~1554]
Fo 2 AR 28 A7 HI91E YEth(Table 1). % 2AF
Zke] REgt Bl £ A7 S Y3 FARE =2 2AA
Ado] o Ao= AlRHH

AT A7]= FIRpeo] A7]¢f AgH e g vl sy of

tr

ofr
e
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Table 1. Time required for embryo development stages of genus Liobagrus from Korea

L. obesus .. . Lo .
Species (in Chogangcheon stream . L. SOMYIMEnsIs. . L. mediadiposalis
and Kumgang River) (in Seomjingang River) (in Daeseocheon stream)
Stage Fig. 2%*
References Seo et al., 2006 Choi et al., 2008 Present study
*WT. 22.8+2.70°C 227%1°C 19.2+2.25°C
Zygote period Insemination - 00:00 - -
Swelling - - - -
Blastodisc - 00:40 - -
Cell cleave period 2 cells - 01:00 - -
4 cells - 02:30 - -
8 cells - - - -
16 cells - 04:40 - -
32 cells - - - -
64 cells - - - -
Blastula period Morula 00:00 07:00 - -
Blastula 04:30 09:10 - -
Gastrula period Early gastrula - - 00:00 A
Middle gastrula 10:15 20:15 19:00 B
Late gastrula 14:30 25:30 23:30 C
Embryonic period Formation of embryo 20:45 35:10 26:30 D
3~6 myotomes - - 32:00 E
8~10 myotomes 38:25 53:15 51:00 F
22~24 myotomes 48:55 - 65:00 G
33~37 myotomes 61:40 62:20 - -
Hatching period Hatching start 225:15 189:20 152:00 M
Hatching complete - - 157:00 -
*WT: water temperature, **Egg development photographs (Fig. 2) of L. mediadiposalis (Present study)
Table 2. Comparison of egg and larvae characteristics in Liobagrus fishes
Species Ferctliilzirzrfgt:rg & Time of hatchingo Nizl\?/az ?ii}el:ed Number of }l);)rsvt;i: );g: Reference
(mean = SD mm) (Water temperature, °C) (mean SD mm) myotomes (mean = SD mm)
i Discocheon sreamy (372029 (1934225 (osszogn 10FO=42 GGl Presenstudy
ﬁﬁé’i’iﬁﬁﬁﬁfﬁng River) (32 §§ iﬁi) 18(32}172 " i (77 2188 iﬁ%) 14+24=38 (11 - %)?.)5'3)) Choi et al., 2008
ﬁhogﬁf)u‘;n cheon stream 293392 225 h 15 min 7.30~7.90 14+28=42 10.5~11.5 g0 ol 2006
and Kurgngagng River) (3.43£048) (22.8%2.70) (7.60%0.30) N (11.0£0.50) erat,

Bol| $ATo] 2 FL HopRlole] Arw Zow], £g#e]  mm, SAFE (Seo et al., 2006) 7.30~7.90 (7.66) mmE Tt Zokck

A77F A9 RepATko] AiH o ojx|= et Wt ¥ (Table 2).

o] gl Aoz Az EtH(Sado and Kimura, 2002; Lee et al., AR A AF3E uke} o] 47k, Rlxto] 27, BIpA|7H

2013). ol vlElshs ALR UBA oy ZAF I Y A7), 7t
73} A& 2o A7]= AR 643~6.67 (B 6.55+£0.07) Ao} A7), HIAZEE FHSHA Blwshr] o of22 FEo] gl

mm$ 3L, HHAA7HAFE (Choi er al., 2008) 17 7.18~7.39 (7.31) 2 AFelde 2718A T Aol tie i AR2 A4
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23 4% Aole] B AL G| 49~50% (BE
49.5%)= &2 AFYol AAstRLeH, AZAZHA] (Choi et
al., 2008) 40~45% (B4 42.5%), SAF2] (Seo et al., 2006) 40~
45% (B 42.5%)2 B9 BEFNA ok Qo] 9RI3he] 2
AAteleh ol Bart. olei Aol ZAE 7o) YA 5
e e 5 e FoT ARV E 5 S Ao R Helnh

73 A5 AR 9] 4 A7l 48R AR
(Choi et al., 2008), A (Seo et al., 2006)2} FLsIH L, 2
< Hw715 o7 AT FA7 (Kang and Lee, 1996) 53}
% 749, =547 (Kang, 1998) 73+ & 5%, BAFAH (Kang
et al.,2007) B3} T 49, 9|7]7}9] ©)7] (Mun et al., 2017) 53}
F 192 499 Sgo] BB AVlE 2L 7R ofRelA
2ol & BTt

2ok 45 Aolo] e HA ek FHo] 9HOR FolA
9T, TAF AU, FAlE EF FA FE ot

BT 22 d7]15 o 7el FANRE] AN, = AN, 2A)
SAPN, diE7del, W71ee] w7l AA dato] sk gt
FHH o2 2ol & Bt o|2fet Aol 72| of 7o F5}
AoE T2 4 S FHA SH2R W|F off T §7F
2|t oo S22 YET

AT 2] 0)7| 2 o|st= #3t 5 28UARH FA =T
o], A =2u], mR =], 7| FA =] 7P o g
Ao w7 yehts Ao BRI, FAM] (Seo e al., 2006)
= F3 24974 A o7|A o] Fee} w2 REZo] WE
wtoh AZA7EALE (Choi er al., 2008)= #3t 3 3597 4Jo1<]
Feloh w2 WhEo] UERtaL, Bok 3 7094 x| =gn] 7]
7R e v Bl =2k mE yEhf 2dFE 79
FE 2ol € 2L = AT

2 AFolM AbArE|e B7tE ol 2aFE T 27|88
As FERRbe] A7), FERAZE, A =2u] EFEH SolA Abe]
S BN, A2 v7]F of ol ?Y 34 757 9 EEA
7], Fopxto] TEGA A Ato]E Kol o] Al7] FE|H 2}
£ 72T 5 T wEhA 271 YEhtE 2AF
Zto] AolE W3] s HsidE &2 Selge] &3t
71, AR S 271 ZAN] HiE 271 A7 2R
I A0 2 Atz

ke

2 ¢

B Ao AMH AR 20219 4¥ 2147 5¥ 16Y 239
A 75 Fgte] $AIs A Ao A ArtAtE e GIE A
3lgich A= 27)= 3.30~3.92 (3.57+0.19) mm (n=30)%]

X7kALZIl =71 4EA 81

1,42 17.0~20.0°CollA E37HR] 285 AJ7RE 152~1554]
Zrol k. H3} A& Aol AA 6.43~6.67 (B 6.55+0.07)
mm (n=30)2 Y3} FE &3] )R] G, dFE 7HA|
I Ik 23}t & odA Erxtol= AR 11.0~13.8(12.3+
0.70) mm (n=30)& 2] £9| n|RgiZo] &S FFall 45°
2 3] ot 23t T 16YA Xoj= A 15.8~18.2
(16.840.77) mm (n=30)2 L&u] &7] &L Sz=7u] 8
A, RA=u] 1774, vjR=gn] 87/]2 o] =Fsigich A
T AT ZAFTE T 27|BEANA BERLe] 371, A=)
YHERFE FolA ZfolE 1 4= 9Tt
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