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Development of Eggs, Larvae and Juveniles of the Ladislavia taczanowskii from Hongcheongang-
River by Jae-Min Park, Seong-Jang Cho' and Kyeong-Ho Han** (Gyeongsangbuk-Do Native Fish Business Center,
Uiseong 37366, Republic of Korea; 'Boryeong Freshwater Eco Center, Boryeong 33416, Republic of Korea; *Fishery
Science Chonnam National University, Yeosu 59626, Republic of Korea)

ABSTRACT This study was conducted to investigate the early life history by observing the egg
development of Ladislavia taczanowskii in endangered fish and to use it as basic data for species
conservation research. The broodstork used in the study was secured from the area of the Hongcheon
River in Hongcheon-gun, Gangwon State. The broodstork, who was being raised in the laboratory,
selected mature individuals in May 2021 and induced them to spawn by hormone injection. The size
of the maturation egg was 1.50~1.79 (average 1.59+0.08, n=30) mm due to the circular invasive egg.
The incubation time took 168 hours at 16.5°C and 109 hours and 30 minutes at 25.5°C. Newly hatched
larvae, the consonants had a total length of 5.55~6.31 mm (6.30 +6.93, n=30) mm, and the mouth and
anus did not open and had egg yolk. 5 days after hatching, the preflexion larvae had a total length of
9.91~10.8 (10.1 £0.27, n=30) mm, and the mouth and anus opened, and feeding activities began. 8
days after hatching, the flexion larvae had a total length of 10.3~11.4 (10.8 £0.38, n=30) mm, and the
end of the vertebrae at the tail fin tip began to bend upward. 10 day after hatching, the postflexion
larvae had a total length of 11.8~13.1 (12.3+0.43, n=30) mm, and the end of the vertebrae at the tail
tip was completely bent at 45°. 18 days after hatching, the total length of the juveniles was 18.9~23.4
(20.4 £1.69, n=30) mm, and the number of fins in each part was fin rays with 10 dorsal fins, 9 anal fins,
22 caudal fins, and 7 ventral fins. As a result of the study, the postflexion larvae showed differences
in morphology from other Gobioninae fishes in the upper part of the tail’s hypural, the shape of spots
on the dorsal vertebrae, the vertical stripes developed on the head, and the irregularly deposited
melanophore throughout the body.
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al., 2017), &7 Squalidus multimaculatus (Song et al., 2017),
ZE7 Gnathopogon strigatus (Kim et al., 2019), Zv}x} H.
longirostris (Mun et al., 2020), $12] Coreoleuciscus splendidus
(Han et al., 2018; Park et al., 2019; Song et al., 2020), &7}
S. japonicus coreanus (Kim et al., 2021), o} x| Abbottina
springeri (Park et al., 2021), 2217 Sarcocheilichthys
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Fig. 1. Egg development stages of Ladislavia taczanowskii. A: fertilized egg; B: blastodisc; C: 2 cells; D: 4 cells; E: 8 cells; F: 16 cells; G: 32 cells;
H: 64 cells; I: morula stage; J: blastula stage; K: early gastrula stage; L: middle gastrula stage; M: late gastrula stage; N: closure of circle; O: forma-
tion of embryo; P: 5~7myotomes; Q: appreance Kuffer’s vesicle; R: development of optic vesicle; S: embryo in long tail; T: melanophore in eyes; U:

hatching start. Scale bars =1.00 mm.
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(Fig. 10). 74 2|7kl 4A| 7)ol 23193 (Fig. 1D), =
7 T 2X7F 30&ol= 8A|Z7 o Bt o (Fig. 1E), £4 &
3AZtellE 16M|27]0 B3t3ieh (Fig. 1F). %8 ¥ 4A7tol=
3241 E7]o] SBIR I (Fig. 1G), 78 & 5A17 ol 6441 E7] 9]
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Fig. 2. Larvae and Juveniles development of Ladislavia taczanowskii. A: newly hatched larvae, 6.30 +£6.93 mm in total length (TL); B: 3 days
after hatching (DAH), 7.17+0.23 mm in TL; C: 5 DAH, 10.1£0.27 mm in TL; D: 8 DAH, 10.8 £0.38 mm in TL, E: 10 DAH, 123 mm in TL, F:
14 DAH, 15.1£0.52mm in TL; G: 18 DAH, 20.4 £ 1.69 mm in TL; H: 60 DAH, 45.94+3.66 mm in TL. Scale bars =1.00 mm.
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3) 7|Xt0{7|(Flexion larva)
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n=30)mmE XA gu] £ e FFo] 9FoZ 3
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= 292 throl At (Fig. 2D).

4) £7|X10{7|(Postflexion larva)

B3l 5 1024 37170l A% 11.8~13.1 (B 12.3+0.43,
n=30)mm= W2} T2 HFUT FFo] 45°2 &3] #oj7]
HA F712017| 2 oStk 2 A =2jv] B V= s=
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Ao A Al MR 712717 ¥ meFo g SAET} WdEtg]
o} ol = sz =gu]7t £3}8}7] AlstaL, RA=gu] 7]
Z JFo| = S 227t J&SH T (Fig. 2E).

B3} 3 1447 Z7|xtoj= A 14.5~16.1 (Bt 15.1£0.52,
n=30)mmZ W] $|Z3} o go| WLt 57| Aol7} Fhot
AL, ZF B9 A ] 7|2 = FX=gu] 872 F7FHA
3, iR =gu]ol= 5709 7|27 Wkt RA=gnl= gt
o7 dAZdE Jd mEA=u|et 5] EH UL, e
71402 wixenjete BRE|Egth SMAZE § AFdS
ua} of7hu] FERE m7t] ghdo] EfR Ao R ojojA W
oatglch(Fig. 2F).

5) x|017| (Juvenile)

53l & 1844 A oj= AR 18.9~23.4 (B 20.4+1.69,
n=30)mm=z Z} £ A=gn] 7|2 = SA=H0| 1071,
SR =Fu] 97, meR=gju] 227, sjR=&u] 7= o
SlHA X|o]7]2 o]Ysteirt. v =gju|o] JE =R =u]

As] Albgl L, SR =u| et ae]of WEstEd vy =eF

MAE F7]= EoE(H 50| BollA ohulE Aut
E A4S et B0 B0 R oo SAAEE AF
=0} 159 72w & W3ttt o] Al7]ols W] 9%} of
o] E717} FollaL, vhd BeFe] SMAZ = FA L] 2
oA tiFE AAEGley, we £ 5 AFYY tEget
AZ= T} (Fig. 2G).

23} 5 6097 o= AR 42.6~50.7 (B 45.9+3.66,
n=30)mm=E Hz] &3} ofefig o] ALY =7]= &3
AR, & AAe vlEgo] wEsnh SA=u], RA=
o] 7|2 FEkEolls SAAETE JASHE L, 7R =], 12
gAajn] 7|2 oE SMAET} HFsiglon, six|=an|
ol SMAZ7L FASHA] gskth & SHCEE FE0] WSt
P, FE2 w2t 72 S5 oy AgsHA vebstth o 22
T2, e R of g 9 Zol7t Agtth(Fig. 2H).

l‘

=
=
r
=
9

s

o |

2

1

2 AelA= Afue] F BE E EAS A 7|2AREA
W 9 27|88 EAS "l RA|otte] ZAFET vl
3153 Th(Table 1).

AEE YollA Afm| e AlteEat &gt ojn| 25 E FY
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Molof et 9l Rfxlof FefE 113

< Bt ATPFL Youn (2011)9] AT Aol UG,
AL 6~7TY £L2 16~20°CE 2 A7) Ay B 48
I AT 22 E7hE E7H(Chae er al., 2019)94 %= A
0|9 AFHA7]= 69= LA ot & dAqtolA 5E= gl
H R 29 FFoE AdEy, 5 A7 Aju] 9] Aty
g 1S HeiAs AAsRPolA HEet Avt ad Ao
2 HQlth BEL710179 F4 2 BYS S8 A9 %
< k= A2 $8510 (Hong er al., 2015), SH 9] % &
F EZ7RE ez ANAY AR EE Y 222
o FF % = ARRE anE A% vk )tk (Lee, 2009;
MLTM, 2010; ME, 2011).

2 AolA= Ovaprim T2 oJA|F kgd 0.5 mL &2
A= HStED 1 A3t AFARY Al S ¢
G ol FolA R BBk, et P d s
7] feiAE gAY AsAEirt g2 93 X Aer 2
o AFARE Al BE7F Suksta AAlgo] HE ARl A9t
£ Aol F& A o= wddr

M) o] e AP oz ko] HaHdE 7Hdl Aol
Mol vhere] mafiu 2zl AtskR| ek (Youn, 2011), BefF
Alopate] FHFR FFa7], Fa7l= GAt ojmjufiFof 4t
353l (Kang et al., 2007; Kim et al., 2014; Yoon, 2016), &1L
7], A&7 = vy & ofdlofl F&ksto] Akt (Lee er al.,
2002, 2004), Faol 2R Folu ol FRAIA Aledsto]
(Han et al., 2001), w9t 2] o}FH=2 ohet Akt 54004
Aol 5 H it

oo J&st 27)= B 1.59+0.08 mmE 2t 7HA|
(Youn, 2011)= 1.5 mmZ I7|7} ARG L, 2929 27
ot} o] 29} vjwst Ay} 2=£317] 2.40+0.05mm (Park and
Han, 2022a), $317] S. nigripinnis morii 2.3 mm (Kang et al.,
2007), ZFE117] 2.18 mm (Lee et al., 2004), 7}=5117] 1.96+
0.08 mm (Ko et al., 2012), $]18] 1.91+0.14 mm (Park et al.,
2019)2 &7, A&7, KA, SuERE, ZejFAL, of by, bl
7, e, depubabs Aol et ' 37171 AL,
ol 7t=s17], 49, &7, E4ole Bt ¢ 27171 frAkskd
o, IFFa7], F17), 171, A7), FA, FHA, o184,
PR = Moo}t Fot ' 27]7F Z{ch(Table 1).

T2 ool wet AEALe A S e AY 2
HAE 7HA1 L, 271800 oA iy B 2] o] o) Akt
Az Fa% IS A= T3 2% F shtelth(Yoon er
al., 2007; Cho et al., 2015). F3}o]] A2 == A|7HS Afju] 4~
16.5°C 168A|7F, &2 25.5°C 109A]7F 30&0] A2 FHAT. &
28 2AFEY B3 A Blud A 2 15~20°C ¥
o A= &5 o] 183A|7F(Han et al., 2001), =317] 186A]7t(Lee
etal.,2002), ZF=117] 189A]7t(Lee et al., 2004), 22 FA] 164
AZt(Lee et al., 2008), ZakA}F 175A17F(Mun ef al., 2020), 915
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Table 1. Continued

Days until

Days until

juvenile size Authors

(mm, mean * SD)

larvae size

postflexion
(mm, mean £ SD)

*NHL size
(mm, mean = SD)

Time of hatching
(*WT)

Egg diameter
(mm, mean = SD)

Species

22+048 20 days 40 days Kim et al., 2012
(6.5£0.77) (10.0£0.88)

29h

1.0+0.04

Macrophysogobio koreensis

(23°C)

Baek, 1978

0.7

20 h
(22~25°C)

0.5

M. yaluansis

2.79+£0.04 24 days 30 days Hong et al., 2015
(7.90£0.32) (9.74+£0.24)

72h
(20~22°C)

0.63+£0.02

M. rapidus

Song and Son, 2003
Ko etal.,2011b

1.03+0.07
0.89+0.04

M. longidorsalis

15 days
(8.6+0.67)

46+0.16 10 days
(7.7+0.58)

107 h
(23°C)

Gobiobotia macrocephala

15 days 20 days Ko etal.,2011a
(11.3£0.71)

(9.9+0.72)

120 h 55+0.29

(23°C)

1.24+0.07

G. brevibarba

34+0.07 13 days 20 days Ko etal.,2013
(7.6+£048) (12.0+0.76)

26 h

0.74+0.08

G. naktongensis

(23°C)

*NHL : newly hatched larvae; WT : water temperature.
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A T2A17F(Ko et al., 2017), $12] 172A17(Park et al., 2019)9]
2853, 21~25°C YelolA= FFaL7] 230~240A17F (Park
and Han, 2022a), 7l-=&117] 240X]7t(Ko et al., 2012), Nl 2]
T2A|Z(Park et al., 2021), o320k} 72A17F(Hong et al., 2015),
B =R} 294)7H(Kim er al., 2012), S0kt 2047k (Baek,
1978), F5L2] 10717 (Ko et al., 2011b), E40] 1204]7H(Ko
et al., 2011a), SupR}L 26A)7E(Ko et al., 2013)°] £ F Tt
T 15~20°C HeloA= AFAE A8t 100417t o) F
3t A7to] g FHgloH, 4L 21~25°C YoM = fufA], o
SUAL, B AL, S0kR}, SentbE Al Qskal 100417 o4
F3} Azto] &g E|o] Aol Eth Ajul= thE 2 270
A= 100AI17F o]4Fe] 23} AJ7to] £2QE| AL, 20] & 7
& 53} A7to] ok E A3 Hilom, o|Ad F3} Azt
Aol 2o] T YL 1Y A W AR nelT) 22
A79] 7120] A%ato] wek B -2 ARSI Slo] (Hari
et al., 2006; Kaushal et al., 2010), Y54 o}F<l Ajuj= s5hd
o] o] AFsdtel wat AARA|7F aste] BART EEA| A
o] EoJ& AL 2 A= QIth(Kim and Park, 2007; Chung et
al.. 2011).  AfElsh 2 5 AR Aol AR w9719
A9 1420l R3FRo| WOl S Mol Do) Hers
T 7| 5slel 2 £ Aol WA W] YE Ao B
I ITH(Kim et al., 2023). AJu]j= & 16°C, 25°Coj|A H37}
AR R o]FolF o o] 59 AAA|7F s AR A A
FHoz BRAths HolA Aule vl§7|% BT Sl
7R o2 weld

AT A7) Zpole F3t A% &pofo] F7]9 DAL A
o] glom, 27|Ho|E AAs= FaT 7|&°] k(Ko er al.,
2011b). Am| 9] £} 2% & 27]= 6.30 mm= FAFY &
%117] 10.7 mm (Park and Han, 2022a), $-1.7] 9.60 mm (Kang
et al., 2007), 450} 5.16 mm (Han et al., 2001), E1.7] 6.00
mm (Lee et al., 2002), ZF=E317] 5.82 mm (Lee et al., 2004), 7}
=E7317] 8.60 mm (Ko et al., 2012), 412 5.95 mm (Park et al.,
2019), 7187l 2.44 mm (Park and Han, 2022b), &7 3.7 mm
(Kim et al., 2021), A&7l 2.8 mm (Song et al., 2017), =]
2.16 mm (Park et al., 2021), E1}z} 0.70 mm (Baek, 1978), ]
£z} 2.79 mm (Hong et al., 2015), 2 FAF 2.20 mm (Kim
etal.,2012), ZFFA] 4.61 mm (Lee et al., 2008), 152 4.60
mm (Ko et al., 2011b), EAFo] 5.50 mm (Ko et al., 2011a), 314
u}z} 3.40 mm (Ko et al., 2013), %] 7.92 mm (He et al., 1999),
ZHkR} 8.10 mm (Mun et al., 2020), 91EX] 6.60 mm (Ko et al.,
20172 5], F17], 7heEary], A, Akt 2717t
okm, B317], 2B 37, 412, BAbo], ol 2X|%} 27|k fAkSH
gom, o], 1B, BA, A2, X, Soixh, ol Lui,
BFA, RRA, FTE, Bpoiarct 277 Aok vl
<AFEY A 7|9 F3 A% 2715 dufsts o 4

l..
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116 =x{9l . =M.

o

S| A717F 245 §3 Aol 27|17t 2 A EAth
Afu|o] F7)7o] Al7]= F3F £ 1094 B+t A% 123 mm
2 Fe7 EAL & AA FA=gu= dZ2H UL, viA|
on|= 23tsl7] Az & AAldls ERE 2¢Y
SALE7} e 0 Pt on, T B SjulEE 9% 3
23} SR oljE 7oA who] Azkelo) Ytk 24
259 e EAOoZ = ZA£37] (Park and Han, 2022a) &
3t 3 794 Bt A 126 mmzE A =2n]} B =]
o] AZEHUY w2 £ EUL, S LEE FY EFEA 2
YA & S et dZ2Egen, me £ svEE A% &
ol 24 wbgo] JE T} 42| (Park er al., 2019)= H3
T 1094 B AF 8.54mmE & Ao vby moko] SA
27} ek, RE A=guls ges ddE Utk 1
E7 (Park and Han, 2022b)= £33} & 1844 895 mmZ ZE
A= goz ddE] g, vix=gv]= 23fstA] ¢
deon, EAQ FH Y S aZe & AR Y £ 5|
ST 980l "M vy meko JAEo] Jgih E317] (Lee
et al.,2002)y= 73+ 5 1744 B+ A% 80mmzE 2E A=
guls o2 AAENY, SAa2E HE HEY F &, 23
ol F2Eglon, & A5Yols A2 e EFH71 olofA
A3t oJER] (Ko et al., 2017)= £33 & 149 Hod AR 135
mmZ FA=gu|et Bz =aju|o] AAEHPH 2 BHY
I, ZALTE WY 9%, 55 230, WY SRR FA=Y

5] A& Abolo] FRstich Aol F7140) A7) b 2 5
Hoz me B & 9%} FAn] offe] FH vt
A meFo] FMARE vmi TAFET Bl AolT no)
Fejxel Fio] Fhsstdct. B $F37], 18, 42, B2
7). oBAE Aulet 2 BEAGe] AT FO2 0|59
3713017 FelE SAL 27T Y Fold B TEY
Ao Az

R R ET T

Aul= 8 Y 2t Aol Al7]o] TR Fo SHef o
o 2ok E717F BEEH o3 FH Y E7]= #HAA
4 (superficial neuromast)S | F= BAXES 4 F20
2 AgE 53 22 1221 cupulae (cupula)E FA3I le
= (Roberts et al., 1988), 712 Fe7t 355 FZ D A
AA A" 2oy A ok (Iwai, 1967, 1972; Mogdans,
2019). |9} Ao} B F Aok} o 7oA o] AFZE 49
(Song et al., 2020), YN ujX] (Park et al., 2021), &7l (Kim et al.,
2021), 71 =7l (Park and Han, 2022b), WS X] A. rivularis,
Biwia zezera, S. gracilis®| 3% (Nakamura, 1969) @ UEA} &
7] (Nakajima and Onikura, 2015)94 &= Atk (Kim et
al., 2021). Ao} A71€] cupulae TEIY-L Bo] A1} A4
A g 5 27] AES ddE] glow (Iwai, 1972; Mukai
and Kobayashi, 1991; Nakajima and Onikura, 2015), cupulae
£ 54 ol o] 44] A7le] Heje westel $714
o] A7)0l FHgte 2 Zrobx] FEER] gh=th(Nakajima and
Onikura, 2015; Song et al., 2020; Kim et al., 2021).

Aful= §3 3 1947E cupulae7t TEE UL (Fig. 3), 7
E7l (Park and Han, 2022b) 53} 3 3, 7] (Kim et al., 2021)
H3} 3 29, 42| (Song e al., 2020) B3} T 4, HYulj 3] (Park
et al., 2021) 53} 3 292 Yeylth ol #o| 437 A&ty
£ AR oS BEd B 2Er) HEESAT, cupulae
of wgagol Aoje] 27] sl AT B Qe A2 B
Qe el Hol712 olgat 23t & 18] ATspRA A
A} cupulae7} A8 2AEH YL, THE FAFTES UEM (Park
and Han, 2022b) 53} & 50, 7l (Kim et al., 2021) £3} &
40Y, 4J2] (Song et al., 2020) £33} & 134, Hulj %] (Park et al.,
2021) 3} & 204, kRl B3F 3 32U (Mun et al., 2020)9]
ZAsHHA cupulaeZt AAE L, F7)Zt0] A7]9| cupulae”}
AAE1= 212] (Song er al., 2020), A (Park ef al., 2021) 1

Fig. 3. Cupulae appearing in Ladislavia taczanowskii. A: yolk-sac, 1 days after hatching (DAH), 6.30~6.93 mm in total length (TL); B: yolk-
sac, 3 DAH 6.94~7.52 mm in TL; C: preflexion, 5 DAH 9.91~10.8 mm in TL; D: flexion, 8 DAH 10.3~11.4 mm in TL; E: postflexion, 10 DAH
11.8~13.1 mm in TL; F: postflexion, 14 DAH 14.5~16.1 mm in TL; G: juvenile, 18 DAH 18.9~23.4 mm in TL (ventral view: A, C, E, G; lateral

view: B, D, F).



o} Aju]E H])Z5) 2R (Mun et al., 2020), 270 (Kim et al.,
2021), 71 &7l (Park and Han, 2022b)+= X]0]7] o] &7}X] #2 g
= AL 2 Ho} cupulac?] E&7|7HE FYS mef Aokt
NMEZ & E= Foll Wt cupulacd] T R FA|7|7] T2
Ao ®Hel},

A 2FE S 2 e ARMEE Y3 3282
AL & QlFATE AFARRe] B o]Foj A= AL Eel
St & 7= 2ATRA B FER ok} o] 7] o],
=E7], 418, 20, S40let fARSHA L, 53 A5 2jo] A7)

E17, FEIT], 419, 40, A5 FARE AE Fld

ATk F71Rko o] FejH EAL 1] £ stuSE A5G

A=gu] ofgZo] M2FgE vhY mF, o] et N2 &

,' AA ERH R X2k A
=3 FEH LR 2olE AT 5 ST M=
10, 3P frEA] &8 5 AAR] e R Qs

3

&
HEA s, AR D e L Pk UeloE B

of

s

Sk AN

f

0|

o > & 40 ot A rlr ¢
e
N
_‘N_t‘
ok

L
Ml

O

1tH(Choi et al., 2022). wEkA A4 7
Jelo] FRES 5 Aol WRAY 5
A7t Do Ao g AYZHET

3
lo P n

N

o
S

12

o] A= EEFA7IAF MulY A E Ao} FEiUF
= TSt 27|BEAE AHstL FEE A1y V2AE
2 stz AAskle Aol ARGE ofu|= ZFEEEAA]
T AT A7 4N Rt AFAoA AR Fol
d £ 20219 58 A& HAE Adst SEE FAIR
AR EE Sl AsTh 39 ARFTeR F A7
1.50~1.79 (B 1.59£0.08, n=30) mm$Ich. £3} A7k 42
16.5°C 168A17E, 25.5°COI A 109A17F 3080] A Q= ¢ct. 23}
25 zpole AR 555~6.31(6.30£6.93, n=30) mm=E Y+ 3
2ol EYA S =S 7HA L QST 23 3 597 A7)
ol HA 9.91~10.8 (10.1 027, n=30) mm= T} FEo]
R, o] AFH FFol AFE ST £t & 89 F7| Ao
= A% 103~11.4(10.8£0.38) mmZ XA Fun| E2o] H*
ot Fio] 91K g Fojx|7] AR £3t F 1094 &
7|1A = A% 11.8~13.1 (12.3+043) mmE 18] B9 g
o R0l 45°2 3] ot B3} F 18UA Xoj= A
18.9~234(204%1.69)mm= Z+ B ALgn] 7|% $E= &
A=gu] 1074, RA=2u] 974, ]z =2fn] 2274, iR = u]
TR Aol Doiglet. A 23 37)|*}ol= B E shhEE
A&} SA=Hu]Y v 2, meo] WEdt A2 E7Y, 5
AA E2H R AFE LTt tgE BeRR|ok ofF
=3 FEF 2jolE Hrh

l
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