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ABSTRACT

Egg development and morphological change of larvae and juvenile of the Roughscale

sole, Clidoderma asperrimum, were investigated in the present study. Adult fishes were collected
on the East Sea, Korea, from 2017 to 2018 and reared in a circular water tank (@ 6 X1 m) at water
temperature of 12.8 +£1.9°C. Fertilized eggs ranged from 1.42 to 1.59 mm (mean 1.51 £0.04 mm, n=50)
in diameter. The eggs were spherical in shape, transparent, floating and colorless. The egg yolk was
separated from the egg membrane 60 mins post-fertilization (PF), and an embryo was formed in 62 hrs
PF. More than 50% of the eggs hatched within 144 hrs PF in the range of 10.2~11°C(mean 10.8°C).
The size of the newly hatched larvae were 4.22~4.64 mm (mean 4.53+0.16 mm) in total length (TL),
their mouth and anus were not open yet. At 10 days after hatching, the preflexion larvae reached
5.88~6.62 mm (mean 6.31+0.33 mm) in TL, and the yolk absorption was completed and the mouth
began to open. At 55 days after hatching the larvae reached to flexion larvae stage and they were
10.4~13.3 mm (mean 12.7+1.3 mm) in TL, and the tip of notochord was bent upward. At 120 days
after hatching the larvae reached to juvenile stage and they were 35.3~40.5 mm (mean 39.5+ 2.4 mm)
in TL. Their all fins had completed set of the fin-rays (D. 79~94: A. 63~75) and the juveniles adopted a

benthic life.
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7}A+u] T} Pleuronectidae ©]f= A A4 234 56F, &
Utoll= 154 265°] A4st= A= dEA Uth(Kim er
al., 2005; Nelson et al., 2016; Chae et al., 2019). Z7}x}0]
Clidoderma asperrimum+ 7}A0]% Pleuronectiformes, 7}FA}
1] 3} Pleuronectidae, £7FA0|4 Clidoderma 9152 S8y},
A&, Myt T EHESY 20 o] REFch(Kim er al.,
2005).
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59 B8 Aol7} YL, #41 15~1.900 me] vrerol mejo}
Hol Q& 3ol ARstH, 12~2Y Alolo] We L& A=
AC2 eiA ek ol AnEAAR, A%, A2HF, AA
o] 5& H11 A} (Kim et al., 2005; Myoung and Cho, 2021).
7= ol ol AAshe 583 Ao, 55
Eo1ele A2d H1e) FoE S5 Bot 170l A
St olfoltt. el ofzjspo] S8] He] FAAL &7
& B9 AUFTALOIT FHS BT AT Bt dag
A7oIch (NFRDI 2010). sHiol 58] A47]4S SHastn 2
QoA AUE Tretels] el A $ES) 2] ¥
SIS A2 gotof gttt (Byun er al., 2009). ZHA|EAY
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oA UEREE Be FEES % 149 S4E Holy] G
FARRZIY FQBAR 2L B TR THE ATV
t}(Blaxter, 1974; Kim et al., 2000; Park et al., 2005).

7HALa| 2t o Fof] et A= Zr=t}a] Platichthys stellatus,
B 7}AH| Pseudopleuronectes yokohamae2] A1} 2}2] of
e (Yusa, 1960b; Kim et al., 1983; Han et al., 2001; Byun
et al., 2007), =7}&H0] Eopsetta grigorjewi, B7FAM0] Verasper
variegatus, =7 A1) V. moseri® Z7|Wga 43 (Yusa,
1961; Takita et al., 1967; Imaoka and Misu, 1974; Cho et al.,
1995; Aritaki et al., 2000, 2001), =t}2] Pleuronichthys cornu-
tus, Z7VA40| Tanakius kitaharae, =7VA| Kareius bicoloratus
9] kAL = 7| A EA(Takita and Fujita, 1964; Kim, 1982;
Minami, 1982, 1983, 1984), Z7}&1] Limanda herzensteini®)
27983} ZFR)0] ARS-(Rho et al., 1988b), E2]| 71102}k 7}
A1) P. schrenki®] Wit z}o]o] L2 Z}o] (Yusa, 1960a), 27}
Ayslof Z7iAyEl o] 27 8Pa AHoIARS (Fujita, 1965), AFEHe)
7}A4w| L. sakhalinensis®] ‘FIAY 1} Zp2)o] FeH3}(Han er al.,
2017) 5 @ AT} SARAT B7Alo] et A A
&3 AAS7) (Lim ef al., 2012), JUHEE 24 Nam et al.,
2013) 5 DR 277} ok, 27TAe BIF A 2ATE
Roly] o}, & AL FrhAule HEA @ o] o)
g e S AR 271884 E-S vkl F
A 7\ EQTE T 7| ZARE ATHTA B,

ERTETE

Ao AMEE ojul 20174 11€9)4] 20189 78744 A
5 AT S AW AT ojgH -4 43u}
25 gR3le] YPLZ(P6x 1 m)oA F52loz A5
o} ARSS 2L 10.2~14.0°C (B 12.811.9°0)2 $X31¢
a1, Hol= AR FGo], 7 TY AHolE HA Faste] Yol
A-ge T Mg, e, e 8% MP (moisture
pellet) AF2 & A2 T3kt

FAgto] o] 83t AL AR 42.0~51.1 cm (B 46.6+3.3
cm, n=11), AF 1,226~2,322 g (B¢ 1,676+318 g), TR
A& 30.8~36.3 cm (B 33.5+£2.7cm, n=10), A& 4143~
6153 g (St 51481114 g) At A2 H&5H=E 93l B4
S 2E(LHRH-a)Z A5 kg3 100 pge 5o FARHAT
A T2E FA ST GAY ERAHE WY gste], 74
T BERqhbHo g Xstqitt AHE 2 A A A
Wi} Este] sfjsrol A AFAsHATH T2 PVC A Y
HPFZ (@ 1 m)ol 831, A A At7]¢} 7HEZ A 3
H (G um) 2 o2 s 42422 sl

42 B9 E 5008 AEsto s F97] (V-12BM,

IR0 9] Sl & Xtx|of HEfEE 87

(SMZSOO Nikon, Japan)oi S Lie*ﬁ‘}‘iit}. Ay 4
25 WZ7)E o] &3] 10.2~11.0°C (B
A=A, 2R o] 9 ARgp22 10.0~14.
20°0)F FAISFUT AR o] FeE2
Z17HA] 107AA 4~10Y HA 2 Tk
£ A6, AAEnE ez Ry #E o
skt 3 Aol gt iR 29 23} 8Y
Rotifere} Artemia sp. & S F38tRL, £ 759 & AA
Bgo] AEEE Al7|5E HiHALE (Love larva, Japan)E 55
St
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1“ 1.42~1.59 mm (B 1. 0
I UL 380~1,220 mL (B

1) M= & SZ!(Zygote period)

AgE F 4 T 1A= %%ﬂ wato] EEE
(Fig. 1A), % 3 2AZF 30890 583 Ao S wjut

o] /4= At (Fig. 1B).

2) +st8d M (Cleavage period)
$ T 4A7E 3080 = A1ETo] ¢
t}(Fig. 1C). £ & 5A|7F 3089 =
AlZ7]ol @8}l (Fig. 1D), 778 F 647t 30&0]l= 84|327]
o] @3}9 21 (Fig. 1E), 374 3 8A|7toll= 16A1Z7]0] T35
th(Fig. 1F). 7 & 917k 304&0lli= 324|132 7] 0]l 23}31 2L (Fig.

1G), 78 ¥ 11170l 644|3E7] 0] D3F3iTh(Fig. 1H).

2lofLt 24 27]6f Dokl
ApEgol UolubwlA 4

3) ZH{&M (Blastula period)

T & 13ARbell= 1284|270 kit (Fig. 1D). 74 &

15417kl 256X 7)o B39 (Fig. 1), 3 & 18A171
= AEZ 27 A ¢ glE AR FTIHAA A7 o kit
(Fig. 1K). 74 ¥ 26A|17toll & Zuj7] o 234 th(Fig. 1L).

4) SHIE M (Gastrula period)
S T 43Ol wte] aRE Gol W ewA Y]
o 23l ch(Fig. IM).



Fig. 1. Egg development of roughscale sole Clidoderma asperrimum. A: Fertilized egg, 60 min post-fertilization (PF); B: Blastodisc formed, 2.3
hour post-fertilization (hPF); C: 2 cells, 4.3 hPF; D: 4 cells, 5.3 hPF; E: 8 cells, 6.3 hPF; F: 16 cells, 8 hPF; G: 32 cells, 9.3 hPF; H: 64 cells, 11
hPF; I: 128 cells, 13 hPF; J: 256 cells, 15 hPF; K: Morula stage, 18 hPF; L: Blastula stage, 26 hPF; M: Gastrula stage, 48 hPF; N: Formation of
embryo, 62 hPF; O: Formation of kuffer’s vesicle, 74 hPF; P: Development of myotomes 30, 96 hPF; Q: Disappear of kuffer’s vesicle, 104 hPF; R:
Number of myotomes 45 development, 128 hPF; S: Hatching larvae, 144 hPF. Scale bars =0.5 mm.

5) Hixl|&4-A (Embryoric period)

7 3 62Xkl viAI7F FA 7] Al&SETh(Fig. IN).
4 T 74X7 = wiA Y] wE] Rl ¢t YAE L, &
2] Z9] dekHE Bol= Kuffer’s vesicleo] FAE QLM 77119
Ao FAE UG (Fig. 10). 8 & 96/\]71"31]h EE]X]“EW]
2o gro] s, 4ol FAEN e, 2 = 3072
Z7F5F Tt (Fig. 1P). 73 & 104A]7boll= Kuffer’s vesicle©|
2AEQN, w9 dol= oA HA d¥} EeEgle
= 7Hetle W=7 £3k5kith(Fig. 1Q). 78 ¥ 128A]7tell=
HiA o] 22| Qlo] s Rl L, o] Al7]9) 2 = 45702 St
3tgith(Fig. IR).

6) F3t(Hatching period)
T T 14447kl AA 50% oldo] Re|RE Faks
I o HA F3l7h 4 E| Gtk (Fig. 1S).

3. X}x|0f HEHE

1) Lt2HXI0{7| (Yolksac larvae)

B3} 250 Uil HA 4.22~4.64 mm (B 4.53+
0.16mm, n=10)2 & AA|7} ¥HEF FHAS 7, 93
Leule #e ol AEE F FE7HA] olojA e, g
I} FHE, 2371 B WEEHA] gskth Aol fF5El (A
I BJE AEHE dglem, o] Al7]9] deke HAiH] 45.8%
£ AR5 }ﬁE}(Flg 2A).

B3l & 447 d3Rtel= HAF 501~5.04 mm (B 503+
0.02mm, n=10)2 H2|A|=2jn| n|FFo] YZ7tA] 2ge 5
AAE7F QAR wolle A2 MAxTF 2B HHA
7hedle 550] WEskatt o] /\l7l°ﬂh PR mofe] 43}
To| FE/A] WLt o, d3He M3 Z4ste] Ay
36.3%2 *}X|5}9Ic}(Fig. 2B).

23l & 6dn d3Rtol= HAF 505~5.45 mm (B 529+

ol



Fig. 2. Morphological development of yolk-sac and preflexion larvae
of the roughscale sole Clidoderma asperrimum. A: Newly hatched
larvae, mean 4.53 mm total length (TL); B: 4 days after hatching
(dAH), mean 5.03 mm TL; C: 6 dAH, mean 5.29 mm TL; D: 8 dAH,
mean 5.64 mm TL; E: 10 dAH, mean 6.31 mm TL; F: 15 dAH, mean
6.42mm TL. Scale bars = 1.0 mm.

0.11 mm, n=10)2 XX =2jn] u|FHo] J2e|gd 4
Z= A2 A7 QolFlar, vE] ZA e vh 2o S
27} Azkstgint. o] Al719] dekRtol= || =gju| 7t kst
Al &2 Stk (Fig. 20).

53} & 34 diAtol= WA 5.54~5.74 mm (B 5.64+
0.08 mm, n=10)E x| =2jn] u|FHo I e|GH SHL
Ze YA ejn oK et |} o Ko = M2 Gt RS
ARp wgste] ghr|=gu] THEETLR] ojojF on, o] WEF

b

>

r

-

E7IXt0| 9] el & xhx|of

gk

EHfet 89

7] A&stGit. o] Al7]e] Wake M| 17.7%E AR5+
th(Fig. 2D).

2) M7|Xt0{7| (Preflexion larvae)

53}l 5 10YA A7|Rlols WA 5.88~6.62mm (B 631+
033mm, n=10)2 SMLZE= 7 59 offiZd a3t
o] Qo Mttt At dAH BFo R HAt 4A
i, o] GelHA TR =gn|e £l o] Al
7ol F95gol dEsdla, A== BS Yolxlon,
Yol dejHA] HolggS A&ttt (Fig. 2E).

53t 2 15974 A71Aels A% 6.35~6.47mm (Bt 642+
0.12mm, n=10)2 SMALIZE= 79| SRR} ofef| &, w|et
231, 3HE AFol= sl Y2 ol o] fgET 4
A ettt A3 YA mofoA YAF o R WIS
a1, o] Al7]19] &2 ARhu] 9.9%F ARG (Fig. 2F).

B3} & 2044 A7|zbol= AA 6.52~7.16 mm (F 695+
022mm, n=10)2 ZMAZ} JFMAEY} BT 22 A st
2| gju] A H2psiglal, mejx]ajn] EREd= 7127t
dsly] A&kt (Fig. 3A).

13}t % 33U4) W)= WA 6.67~7.95mm (B 7.76+
0.52mm, n=10)2 &R =gu]9] 7| 4 672 27519,
SALEZE A7)7F ZotAHA F AA ] B WA &) &
Zatch YAg 9] 43132 0 e = WEdste] FE7HA] 0]
Hh(Fig. 3B).

3) £7|Xt0{7| (Flexion larvae)

3} & 5597 7|0l E AR 104~133 mm (B 127+
13mm,n=10)2 902 =oj 9Jd 53} AR u|of= 7|2
7 ddsty] AL, $Folle 271l wastiglh 5A
Lajuls e SREA AZE AL, RA =] 23 F
HHRO A FE AIZE QI 72 B A=du] 7|2 = 5A
ajn] 777, KA =] 5570, A =u] 17702 Lt
3,2 s FHol 9 wjA=gulo= 5749 7|27} HEEy)
A &SI, o] A7)0l HFEe] n|RgidEo] FoR 3
o] 2)7] A&kt (Fig. 3C).

4) £7|X10{7| (Postflexion larvae)

B3l 3 7544 T2l FA 14.6~20.8 mm (B4t 185+
20mm,n=10)Z W] JEL 23 Fe|= AP, 52
HE A 502 2FH o]FYh A% oL 2JX
P2 A, 7 AA= viEo] =7 Azttt
o] A7l ZAE AIFE| AL AZte] dojFa, Fel A
TN 4ol FR|F oY, AU u|fFAFZo| 45°
2 &43] 3o Fth(Fig. 3D).



Fig. 3. Morphological development of flexion and postflexion larvae
and juveniles of the roughscale sole Clidoderma asperrimum. A: 20
dAH mean 6.95 mm TL; B: 33 dAH mean 7.76 mm TL; C: 55 dAH,
mean 12.7mm TL; D: 75dAH, mean 18.5mm TL; E: 120dAH, mean
39.5mm TL. Scale bars =1.0 mm.

5) X|0{7| (Juvenile)
B3l 5 12094 2| oj= AR 35.3~40.6 mm (B 39.5+2.3

mm, n=10)2 & 53 JBO2 o|FH Hel Lo Hof
XSG, e BHAT Y 239Uk B AR HlE
o] WAol £RsE Astehe ¢s Wolw, Auajn] AR
o BB FHE ArZE 52 UPL olFglom, 7 Fold
An) 712 Si FAL] 79~947), HA=H8)] 63~757)
2 Aol SoheA] Ho}7]|2 olAsteich Fig. 3E).

o

E7HA= ohE 7R 2 At g3lo] Hd olg
HA &%7] wZell, S AT ofnl= AAofA L A

£ AYFRoA AR ”*/\17]“ o] sttt 1z
U A3 ARSEE ofu 9] AT R3E-2 0.1% °lstE F3] A
Z3tgeh. F2 AAHo|F, G4F, HLFE AFHske & 7t
Au| et g 7= AvlEZIAEZ AA AWEE 5
At ZE QA R]42H] 86.6%S AHA|FHH(Nam et al., 2013). 7}
Apu| o] oju|e] Al HoldH, 19 T onY WA= A
5 EA7E §le 2SR By 319—‘/} L= i e S P R
A HoldH7} olF L thE WF AR AXT MP AR
AFHE kel GlAE ofn] ] G EFo] FE A &

S vtk Az £V e 22 AFAIA U A
¢ A7 = MP AL 38 Al & $RED Hiks
& 2ol 3 Asto] & IS vIAA ke 7= 9
ojo] o] nA= FFTA 8 5 T S g
el o B2 A77F qlojof & Aot

7HAm| o] G2 BE RS JAAHAR F FRE Yol
A=t 7k )& o721 QX Paralichthys olivaceus (Han and
Kim, 1997)& H|Z3 729 7HAv 7t £7HA] 9] e
BB Azke] w71 (Yusa, 1960a), 2X]7F44] (Yusa,
1960b) & A& 7FAH] (Rho et al., 1988a; Han et al., 2017)=
29 AzRES Arei

E7HAm] ¢ 27 AP 7] (Han er al., 2017), 3
7FAkE] (Mito, 1963), F 711 (Yusa, 1960a), 3A 2| 71A+H]
Pleuronectes punctatissima (Mito, 1963), Z4=t+2] (Byun et al.,
2007), =C}&] (Takita and Fujita, 1964), &2]7F4}1] (Kim et al.,
1983), E7FaH] (Yusa, 1961), S7Hh] (Kim, 1982), 27}k
(Fujita, 1965)= Z7}Atu]| 2o} 29k o, ¥ 7Ex}bu] (Takita et al.,
1967), k=&7}AH0] (Nakagawa, 1989), Z7FAH0| Microstomus
achne (Byun et al., 2009)+= &7FAH0| 2o} AW H| =35},

E7Hb) = BEe2 10.8°CY o R3] 144A]7b0] 22
HUAL, G 7| Foll A= ARdRZRA] 22 14.5°C 1334
Zt(Han et al., 2017), A71AH0] 42 13.5~19.8°C 63~64A]|7t
(Han and Kim, 1999)2 2 o]&& Z7Xlu|Er} H3l20] =
k3L A8 ARE ERF BRIt FErels 2 82~11.2°C 121

Ho rlo o



A ZF(Byun et al., 2007) 2.2 AR =204 B3| 7to] £7}
An|Eoh weky ZA7RlojE 22 9.8~13.0°C 169417 (Byun
et al.,2009)2.2 Z7Alu|E}t H3IA|7Eo] Zo] o] H Yt

Zb B3lgt 271340 &polY A7|= HA 4.22~4.64 mm=E
QREY 7R REY Fow, b 27)7}F vjdt =7
3.65~4.78 mm (Aritaki et al., 2000), Y721 3.87~4.20 mm
(Aritaki et al., 2001), Z7}Al0] 3.85~4.34 mm (Byun et al.,
2009)9} G-AF5FTH(Table 1).

F71&e7]10] Yetut= FEA §45 Hl
3 7547 HAAA 185120 mmY o S

2% Az %M
o= B3

AASAEITIE AAT RE w0 vy mges zlzmai
ou, & BN S50 Sorby] Alsigir. BrkRv]

(Byun et al., 2009)= £3} & 38~4194] A& 11.1+1.15mm
o ) me A eolo] FALEE 47} F7RIAL, OF HE
e d 2ge ﬁ‘“*iﬂ AR ATt H7EA R (Aritaki et
al., 200 23t & 3044 A4 12.0mmY o E AA o 2
2 BALTI] WY BPOE OIROIAT, E B 4T M F 2
%l @ 0y nefoz Y4slel ek FEckA Byun e

E7IX0|9] Hd 2 XX HEfEE o1

©o 7 B3ttt E2|7FA1a] (Han et al., 2001)= 3} & 459
A A% 8.36+£0.17mme w] Bojl= 2 SMAET} o 7H
AAA 5 Boll 42, A5 32, 1) &ﬂl 3Ro R ddsign
A& 7FAbA| (Han et al., 2017)= 23 3 390478 A% 890+
133 mm¥ o UE7A] 2oFo] SMARYL & Z 5L 8] & 5
Zol JFHom ddsiglon, 2 AFoA JHOE o)F
sttt E71AHH] (Okiyama, 1988)= A% 10.0 mmY o &
I H, mYA=gulo 7|71 FA4EH Ao, FAR, &
&, Ao vy Bk SAAxT) JRbE o] QIS g}
7FAHa] (Okiyama, 1988)= A% 124mm¥ o o] 2ofo g
SALZ7L 5 & A0, 0 F 270l wEE) qlgled, FRet
= AAl v meF SALz7E & it SA 2 7kAb]
(Okiyama, 1988)+ A& 8.1 mmY o 52 £9slo] 281 &
3lto] BE HRAEY T, SAATE AT &Ryl A K
of ZztE]o] Qllen, =o] 0|5 3FSATH(Table 3).

E7Hm], AF 7], SA 7 A= $7]A] A7) &
9] o]Fo] AZEHA He] ZAQ] Ao] #AE L, A7FAHH]
= =9 ols°] MPH FHgon, ZArrte], EX7HAm], 7}

al.,2007)= #3F & 2644 A4 8.97+0.66 mmY ) ol E Apu|, leg7P A= F7]7k0] A7)0 =< o]l °*°*E} 54
o] 1099 7] 01‘%‘01 e, viA O] SAAEE= 3} Y ax o) drde E7R|, E71A], SA 7R S A8 = A
Table 1. Comparison of eggs and larvae characteristics in Pleuronectiformes fishes
pope [oedese Tmeloraching - Newlyiuehed e

Clidoderma asperrimum Buoyant 1.42~1.59 144 h (10.8°C) 4.22~4.64 Present study
Limanda sakhalinensis Demersal 0.72~0.82 133 h(14.5°C) 33~3.6 Han et al., 2017

" - 150 h (11.5~13.0°C) - Rho et al., 1988a
Pseudopleuronectes schrencki " 0.70~0.83 - - Yusa, 1960a
Pseudopleuronectes yokohamae " 0.71~0.80 120 h (5§.5~17°C) 2.64~2.72 Kim et al., 1983

" 0.812~0.845 372 h(7.2~9.2°C) 3.40~3.80 Yusa, 1960b
Pseudopleuronectes herzensteini Buoyant 0.85~0.95 134.5 h(6~10°C) 2.25~3.02 Mito, 1963

" 0.885 - 2.40~2.60 Rho et al., 1988b

" 0.86~0.96 87 h(13.5~14.5°C) 2.70~2.90 Han and Kim, 1999
Limanda punctatissima " 0.82~0.90 - - Mito, 1963
Platichthys stellatus " 1.09~1.19 121 h(8.2~11.2°C) 2.58~2.89 Byun et al., 2007
Pleuronichthys cornutus " 1.03~1.11 - 2.75~2.80 Takita and Fujita,

1964

Paralichthys olivaceus " 0.90~0.94 - - Han and Kim, 1997a
Verasper variegatus " 1.60~1.64 107 h(12.0~13.0°C) 3.80 Takita et al., 1967

" - - 3.87~4.20 Aritaki et al., 2001
Verasper moseri " 1.70~1.93 - - Nakagawa, 1989

" - - 3.65~4.78 Aritaki et al., 2000
Eopsetta grigorjewi " 1.03~1.07 - - Yusa, 1961

" 1.10~1.20 93 h(11.0~13.8°C) 3.00~3.20 Fujita, 1965
Kareius bicoloratus " 1.01~1.04 74 h (8.9~9.5°C) 3.09~3.14 Kim, 1982
Tanakius kitaharai " 1.20~1.30 103 h(12.0~13.0°C) 3.40 Fujita, 1965
Microstomus achne " 1.54~1.73 169 h (9.8~13.0°C) 3.85~4.34 Byun et al., 2009
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Table 2. Incubation time and egg developmental stages of Clidoderma asperrimum

Elapsed time
Stages M Characters Fig. 1
10.8+04°C
Zygote period
Insemination 00:00 -
Swelling 01:00 Swelling A
Blastodisc 02:30 1 cells B
Cell cleave period
2 cells 04:30 2 blastodisc is cleavage C
4 cells 05:30 2-2 array of blastomeres D
8 cells 06:30 2-4 array of blastomeres E
16 cells 08:00 4-4 array of blastomeres F
32 cells 09:30 4-8 array of blastomeres G
64 cells 11:00 8-8 array of blastomeres H
Blastula period
128 cells 13:00 8-16 array of blastomeres 1
256 cells 15:00 16 regular tiers of blastomeres J
Morula 18:00 The number of blastomeres were increased K
Blastula 26:00 Marginal cell was expended L
Gastrula period
Gastrula 48:00 Blastula came down and cover the yolk M
Embryonic period
Formation of the embryo 62:00 Formation of the embryo N
Appearance of Kuffer’s vesicle 74:00 7 myotomes, formation of optic vesicles (0]
30 myotomes 96:00 30 myotomes P
Disappear of kuffer’s vesicle 104:00 Development of eye lens Q
Embryonic movement 128:00 45 myotomes R
Hatching period 144:00 Hatching 50% S
Table 3. Comparison of postflexion larvae melanophore distribution in Pleuronectiformes fishes
Melanophore distribution
pectes Total length Trunk Otocystic Parietal Center Caudal - Ventral Dorsal Notochord Dorsalis Ventr.al
(mm) fin fin fin abdominal
Clidoderma asperrimum 153 + + + + + + + + + +
(Present study)
Microstomus achne 11.1 - + - - + - - - - -
(Byun et al., 2009)
Verasper variegatus 120 + + + + - + + + + +
(Aritaki et al.,2001)
Pseudopleuronectes yokohamae 8.36 - - - + - - - - + +
(Han et al.,2001)
Limanda sakhalinensis 8.90 - - - - - - - - + +
(Han et al.,2017)
Eopsetta grigorjewi 10.0 + - + - + + + - - -
(Okiyama, 1988)
Verasper moseri 124 + + + + - - - + + +
(Okiyama, 1988)
Pleuronectes punctatissima 8.1 - - - - - - - + - +

(Okiyama, 1988)

present: +; absent: —
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Species

Clidoderma asperrimum"

Microstomus achne?

14.6~20.8 mm

9.42~12.7 mm

Verasper variegatus>

Pseudopleuronectes yokohamae®

10.7~14.1 mm

8.21~8.55 mm

Limanda sakhalinensis®

Eopsetta grigorjewi ®

AR VB Ve

S ","»:}W\\\\\\\\\\\\\\\'\'}

116

8.00~9.90 mm

10.0mm

Verasper moseri”

11.3~16.4mm

8.1mm

Fig. 4. Morphological comparison of postflexion larvae in Pleuronectidae fishes. "Present study, ?Byun et al.(2009), Aritaki et al.(2001), Han

et al.(2001), PHan et al.(2017), *®Okiyama (1988).

Aok A=ejnol] why mepe] SA2EI} B2wglw, HErhe)
L+ 2ot mope] BALEI Bo AASNGOR, L], B
7R AR, A7 S W &, A FAO
2 HAste] oFUE SAAT LXK A Hol2 Rtk
(Fig. 4). |2 A2 917, 2@ A7) L WAL Fof
wet S45 G0 HejS ekl Zlolet Az, 0|5 &

AaLo] Exide ERFEE ST JTS F AR A
Z+=lth(Han et al., 2001).

TSy 5 AXYER o|fst= A1719 Y Zpol=
FeEge] o] F1+9 %——‘?} S3olzt Az =t Byun et al.,
2009). 27 0= B3 & 759 HA A% 1531043 mme
2y ZA7 A=, 27| = 11.1£1.15 mm (Byun et
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Table 4. Comparison of benthos life period of Pleuronectiformes fishes

Days after hatching

Species
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Clidoderma asperrimum (15.3)
(Present study)

Microstomus achne (11.1)
(Byun et al., 2009)

Platichthys stellatus (9.68)
(Byun et al., 2007)

Pseudopleuronectes yokohamae (10.0)
(Han et al., 2001)

Limanda sakhalinensis (12.4)
(Han et al., 2017)

Paralichthys olivaceus (12.3)
(Han and Kim, 1997)

Verasper moseri (25.7)
(Aritaki et al., 2000)

Verasper variegatus (23.8)
(Aritaki et al., 2001)

() : Mean total length, mm

al., 2009), AF&#7FA0] 12.4+1.20 mm (Han et al., 2017), 7 & Eggt HejRAddolgih A S 7 60
w=r}e] 9.68+0.39 mm (Byun ef al., 2007), EX]7FAHA] 100+ B 3 U3l3l dubo] =1, 62417 & A7 A=
1.16 mm (Han et al., 2001), 2] (Han and Kim, 1997) 12.3 mm ot 4 144417 3 AA| 9] 50% oA o] 37 == Qict H
2 E7Fpu| Rt 3717} 22 A)7]o] AAPEE o]t on, 3} A39] zpole AR 4.22~4.64 mm (4.53£0.16 mm, n= 10)
=37FAba] 25.7 mm (Aritaki et al., 2000), H7F<}a] 23.8 mm Z Q3 FEL2 dYA 43, 73l 3 1094 A7Aol= A
(Aritaki et al., 2001)= E71A|Eth 2 Al7|o] AAPERE o] 7} 5.88~6.62mm (6.31 £0.33 mm, n=10)2 W3+ §47} 98

yoh= A2 UERYTH(Table 4). a1, §lo] @27] Al&stith. £33 £ 5544 SR = A%
E7Hv s 7R & F d E R8 A 2ol 717 A3 104~133mm (127413 mm, n=10)2 Uk THEL 3
F7h glow, HAY Y F ST WA o ol olzith. 23t ¥ 120¥A= A% 353~40.5mm (39.5+2.4 mm,

A vt 7R RE 271 8AL oA YEls 2ol n=10)93, Z+ A0 7|2 $= SA 0] 79~947, 5]

2}01%‘ T AT B 7Rt R= F71Rke Al7IO] FEE =2n] 63~75702 Aol DtHA] 2 o712 o] stgint.
AR Fol AT 27 At e FEY w1
&2 D% A ZM2E7E 2Fsto] Zof 7)o FEjH o

£o 183 2 Q= 293 7| 2ARE TR 4 Q). REFERENCES
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