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Development of Eggs, Larvae and Juveniles of the Squalidus gracilis majimae from Wicheon Stream,
Nakdong-River by Jae-Min Park, Kyeong-Ho Han'* (Gyeongsangbuk-Do Native Fishes Business Center, Uiseong
37366, Republic of Korea; 'Marine Technology Undergraduate, Chonnam National University, Yeosu 59626, Republic of

Korea)

ABSTRACT

The aim of this study was to investigate the early life history of Squalidus gracilis

majimae by observing the development of the eggs and morphology of juvenile fish. Squalidus gracilis
majimae used in this study were captured in 2021 June from a tributary flowing into Wicheon, located
in Uiseong-gun, Gyeongsangbuk-do. For artificial insemination, ovaprim was injected at 0.5 mL/kg.
Egg development occurred 12 h after injection. The size of mature eggs of S. gracilis majimae was
0.80~0.85 mm (0.83+0.01 mm, n=30). Incubation time at 22+1°C ranged from 62.5 to 69 h. The
length of larvae immediately after hatching was 2.39~2.53 mm (2.44 £ 0.04 mm, n=230). On the 18th
day after hatching, the larvae had a total length of 8.51~9.84 mm (8.95+0.42 mm, n=30), and the
tip of the spine was completely curved. On the 22nd day after hatching, the juvenile fish had a total
length of 12.6~13.6 mm (13.0 £ 0.36 mm, n=30), with dorsal fins at iii7 and anal fins at i7. Egg size and
hatched larvae size were similar for S. gracilis majimae and S. multimaculatus, and cupulae showed a
singularity as it disappeared last among related species.
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Fig. 1. The egg development of Squalidus gracilis majimae. 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: formation of em-
bryo; O: 3~6 myotomes; P: 9~11 myotomes; Q: appreance kuffer’s vesicle; R: 21 myotomes; S: movement of embryo; T: development of brain; U:
embryo in long tail; V: embryo just before hatching; W: hatched larvae. Scale bars =1.00 mm.
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9] FHHE oS oMtk (Fig. 1T). #4 & 54Atoll=
HiA o] Aol v R, zlza]x]}:eiulgl Aol o
g B2 AAE doi4lh (Fig. 10). 78 F 5941t 302°=
o . Evg g R A BB s S ’8%}@?%0] gL
o, 52} Ao o] 2Rtk (Fig. 1V). 7 & 62412k 302 =
BHX%VP HErE F WAL F3F ARSI (Fig. 1W).
A T OAtol= AT AAY 50% o) /ol Fatetgla,
& 19X = e A Y] R 4R E A

AS
T
AS
T

3. XIx|0f HEfuE

B3 4% dgatols AA 2.39~2.53 mm (244 £0.04 mm,
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B3 & 194 d2A = A% 2.90~3.20 mm (3.06+0.10
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mm, n=30)2 &3} ¢jof] 23 Sz FaxH 7L HA}
wWolRla, 93] fFol= M2 SHLZ7E J& skl vt
°2 g kgAY uE B Wi 34 Egsigitt o] A7)
o= 49 ofiRa ofrtu| FF 149 FZ=717F HEst
%t} (Fig. 2C).
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Fig. 2. Larvae and juveniles development of Squalidus gracilis majimae. A: newly hatched larvae, 2.44 mm in total length (TL); B: 1days after
hatching (dAH), 3.06 mm in TL; C: 3dAH, 3.72 mm in TL; D: 7dAH, 4.71 mm in TL; E: 9dAH, 5.82 mm in TL; F: 11dAH, 6.59 mm in TL; G:
14dAH, 7.14 mm in TL; H: 18dAH, 8.95 mm in TL; I: 20dAH, 12.0 mm in TL; J: 22dAH, 13.0 mm in TL; K: 40dAH, 18.5 mm in TL. Scale

bars =1.00 mm.
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Table 1. Time required for embryo development stages of genus Squalidus from Korea

Species S. japonicus coreanus S. multimaculatus S. gracilis majimae
Stage References Kim et al. (2021) Song et al.(2017) Park et al.(2005a) Present study  Fig. 1¥*
*WT. 23+ 1°C 25°C 26+ 1°C 22+1°C
Zygote period Insemination 00:00 00:00 00:00 00:00
Swelling 00:00 00:15 00:09 00:15 A
Blastodisc 00:15 00:35 00:20 00:30 B
Cell cleave period 2 cells 01:00 00:50 00:48 01:00 C
4 cells 01:10 01:05 01:16 01:30 D
8 cells 01:20 01:15 01:48 02:00 E
16 cells 01:40 01:30 02:19 02:30 F
32 cells 01:50 01:45 02:50 03:30 G
64 cells 02:00 02:00 03:21 05:30 H
Blastula period Morula 02:20 02:40 04:46 07:00 |
Blastula 03:10 04:00 05:40 07:30 J
Gastrula period Early gastrula 04:50 04:30 06:55 08:30 K
Middle gastrula 06:20 06:00 08:41 10:30 L
Late gastrula 08:50 07:50 10:35 13:00 M
Embryonic period ~ Formation of embryo 10:50 11:00 12:58 14:30 N
3~6 myotomes 14:00 12:00 15:40 22:00 o
8~11 myotomes 15:00 15:00 17:05 24:30 P
15~22 myotomes 23:00 22:00 23:30 26:00 Q
25~28 myotomes 25:00 23:00 32:35 31:00 R
Hatching period Hatching start 46:00 65:00 57:49 62:30 w
Hatching complete 49:00 77:00 - 79:00 -
*WT : water temperature, **Egg development photographs (Fig. 1) of S. gracilis majimae (Present study)
Table 2. Comparison of egg and larvae characteristics in Squalidus fishes
Speci Fertilized eggs diameter Time of hatching Newly hat.ched Postﬂe)qon
pecies (mean + SD mm) (Water temperature, °C) larvae size larvae size Reference
- P ’ (mean=SD mm) (meanzSD mm)
0.87~0.98 62 h 30 min~69 hrs 2.39~2.53 8.51~9.84 Present stud
(0.91+£0.04) (22+£1) (244+0.04) (8.95+£042) ¥
Squalidus gracilis majimae
57 h 49 min
+ + - :
(2910.3) 26+1) (3310.2) Park et al., 2005a
1.10~1.16 46~49 hrs 3.6~4.5 6.9~8.6
idus j 1 y Ki ., 2021
Squalidus japonicus coreanus (1.12£0.03) 23+1) 4.1402) (7.6%0.5) im et al., 20
. . 0.8~0.9 65~77 hrs 2.5~3.1 6.0~79
Squalidus multimaculatus (08+003) 25) 28) ©8) Song et al., 2017

B3}l 3 1897 T7)xtoj= A 851~9.84mm(8.95+042  WolRTh o] A7|oE @] B n]REATo] 45°2 YA
mm, n=30)2 A|L=2jv] 7|& = SALHY] AN, B HoiXHEA S|t} 7] o DT (Fig. 2H).

Hu| 2070 (10+10)2 2718193, IR =Fulo|= 7712 7] 23} & 2044 E7]Rol= AR 11.1~129mm (12.0+0.71
27} etk SA=He] 7|2 o SMALAETL Az} mm, n=30)2 FAL=#u] 7|2 £ R FUIEFL, o
SR, B HAF oz A2E SNMAEE I7|y BEEY7L 2 dZ=Ee] Jd AR =Fu|et mEA == &3] 2



Fig. 3. Dorsal and lateral view of head cupulae (arrow of red) appearing in larvae and juveniles of Squalidus gracilis majimae. A: yolk-sac larvae,
3dAH 3.60~3.81 mm in TL; B: preflexion larvae, 7dAH 4.59~4.80 mm in TL; C: flexion larvae, 14dAH 6.66~7.75 mm in TL; D: postflexion lar-
vae, 20dAH 11.1~12.9 mm in TL; E: juvenile, 40dAH 15.2~21.3 mm in TL; F: juvenile, 55dAH 18.0~23.0 mm in TL.

Hlon, viR|=u)7t Tasty] AlZsHTh S 420
ZH9jel I71E FAsPL, HA=n 7R ° 7]
Aax7h EA A2 (Fig. 21).

B3l 3 2247 2ol HA 12.6~13.6 mm (13.0+0.36
mm,n=30)2 7 AAFoE JA=UH SHLIZLE= T 0}
HAAZE AL, 2 £91d A =du] f&KoA e skt
AZE71= 2 71 AR Eol59A Aol Fobfith o] Al
719] Agju] 7|12 = FA=0 7l KA =] i77,
WA =] 57, A =2n] 237 (12+ 1DHE Aol &3}
HA Z|of7]of DSF3ATh (Fig. 2)).

2ol & 4044 Aol A 15.2~21.3 mm (18.5+£2.19
mm,n=30)2 ¢} FH= 1749 o] Wi, 77 ¢
0 5 &, uEE 9 1Y Fo] SALZT} Fof e,
=9 ASYLR A7 2747} oprtu] HENAREH mER
Laju] AZPE7EA] o]ojA Uittt ' AAE HlEo] WY
817] Al&Fskich(Fig. 2K).

Job Hz

2

1

N8N &5T2 dPo 2 B rhehotn RagAE 7t
A AAREZTE o9l o]& Park et al. (20052)0] AP ATl
A B dakel dAstgoH, & & o7 A=A

T Y EAL Yt ol9o® Fo AAlske B
5 Squalidus argentatus®] ¢ F-FAE t&= Zo2 &EA
2}o] & R Tth(Wang er al., 2010).

249 £ 7] 0.91+0.04 mmE Park er al.
(20052)2] A% A 27|71 29403 mm=E 2 A7 AR
o 2A YetgeH, Moj 27] 4 & 271E B2 5+ e
Scale bar FA] & 5O 2 Zpo|H S IS = tha ol 2 $l
o 22 & AR E7M(Kim et al., 2021)= 3T B+t 7]
1.1240.03 mm, ¥ E7H (Song ef al., 2017) 0.8+0.03 mm& &
Ne AENES F1, AENGE= FABHAT

2 AgolA F3lol 28 F= ATHE =2 22+1°CoA] 62
A7 3080] 28 %3, Park ef al. (20052)2 422 26+ 1°C
oA 57AIZk0] 28 E0] T2 F2oA FEHA|t] wWE A
o2 Yetyth 7] (Kim ef al., 2021)L 4 23+ 1°Col| 4]
46A17F, 270 (Song et al., 2017) & 24+ 1°CO| A 65A]7F
° 2 ENe WEMNEG B3 7te] w5k, HEJeh= FA
5}t (Table 1). o]3 AFLRE & o] 429 §sh= T4
Azl GFE v AL & = AL, out At vlu g
Aelixe TYEE 22004 RSAZHS vt Zo] F
Q8}th(Kim er al., 2021).

K3} zpojo] 27)1E viug A3t 1ENE BdA 2444
0.04 mm, Park et al. (2005a)2 3.3+02mmZ z}o|& B Hh
22 Fe) 27) Aolg B AoldE FRlsty] ¢l
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ko] E717F HAE =Y ol EHAIA AT (superficial
neuromast)E ©|F= EAEY JRESoE Ay i Z
2 F#&2l cupulae (cupula)E FA3tL 2™ (Roberts er
al., 1988), 7|53 FEi7l AE5EY HZ4 2 AYA2E
I Zoa g A Qo dwai, 1967, 1972; Mogdans, 2019).
o9 BAR AFRE UEBAG 2L mARA NG o
F 48] Coreoleuciscus splendidus (Song et al., 2020), 90}
| Abbottina springeri (Park et al., 2021), &7 (Kim et al.,
2021), W& X] A. rivularis, Biwia zezera, S. gracilis®] 3%
(Nakamura, 1969) ¥ ¥XAF 23| FX] (Nakajima and Onikura,
2015)91 41 BT (Kim et al., 2021). 6] A]7]9] cupulae
I ag-2 ol Al AAZ] A8 F 27] & Ao
Q12 (Iwai, 1972; Mukai and Kobayashi, 1991; Nakajima and
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HX] ¢k=t} (Nakajima and Onikura, 2015; Song et al., 2020;
Kim et al.,2021).
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H 59 SH7A dgE o] AgAet 29k, cupulaed] T
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Cupulae7} 24 == A]719] ZEN= X|o7|2 o] & H3}
504l %= cupulae7} ¥EEGlom o|FRE = HA 2AHEHS]
th(Fig. 3). 2 9 AZEL B (Kim er al., 2021) B3} F 40
d, 412 (Song et al., 2020) £3} & 13Y, Yo} X| (Park et al.,
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Zo} |71 cupulae7} 441 €)= 442] (Song et al., 2020), ol
] (Park et al., 2021) Bt} 27 (Kim ef al., 2021)2} 7127
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g 9 §2)7|7te] g AL E Helnh

AF7HA Svete] £x3t= EMFe 271EA 4
7t A&H o2 AYEHA E (Kim et al., 2021), FE7N
(Song et al.,2017), 71 &7 & 3&°] AFEHIUL, 2 AFE &
3 22 & olF WolAE & 9 27 A oA ohekgt
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= A7HA WA A &2 FENY 2718 A7 =71
oz HQ3t Ao HT}
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