Korean J. Ichthyol. 11(1), 86~93, 1999

Z71 2] (Limanda herzensteini) 2] 5|45 2 Jf £2 2}
trfa ol ek

3588 o
of el eta AR, v sta o b B}
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Artificial fertilization of flounder, Limanda herzensteini caught at Pohang brook was per-
formed in April 13, 1995 and hatched larvae were reared for 25 days to describe the devel-
opment of eggs and the morphogenesis of larvae.

The fertilized egg was buoyant, colorless and spherical in shape, measuring 0.86~0.96 mm
in diameter (mean: 0.90 mm). The egg has no oil globule, and its perivitelline space was
narrow.

Hatching in the indoor tank with 16.0°C in mean water temperature started from the 64
hours after fertilization.

The newly hatched larva, measuring about 2.80 mm in total length, had 10~11+25~27=
35~ 38 myomeres. The anus is open at about the anterior point of the body.

The 3 to 4 days old larva was 3.90 mm in total length. In this larva the eyes were black and
the mouth was open. The yolk was consumed in 8 to 9 days.

In 20 to 22 days after hatching, the larvae grew 6.1 mm in total length. The eyes were
located symmetry on both sides of head.
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Z7}A}m], Limanda herzensteini (Jordan et Snyder)=
Z7}Ak=) H (Pleuronectiformes), 7FAF= )%} (Pleuronectidae),
ZEA1 7} & (Limanda)ell &43h= flH=, $-2uete]
EE A OB AR, 7, S, e, 558
gtell 7] E=x3v} (A, 1986; 7 5, 1994; =5 5%
313], 1997).

Ju 2

FA7pA Ao sle] Syl M 7] WA F
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of d3led: 7IAE vt Sl AA oY, 7k FE 5
AR o 2 A ARIA ZEX7) 7] wfdtel] dEeAME
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HZ S8 A = x|, Paralichthys olivaceus



Eggs development of Limanda herzensteini 87

(Han and Kim, 1997b)& ©v]£3}e] E7}x}u], Kareius
bicoloratus (Kim, 1982; Han and Kim, 1997a), &Xx]7}=}
u], Limanda yokohamae (Kim et al., 1983; 7] %, 1985)
2 W 7}x}m], Verasper variegatus (£ 5, 1995) 52 ©
o AR S H MEEAE AE A7t st
A A glovt, Friatulel] Hgt AT obA7HA
u] &3 Al o]}

o] ez FAriAbml o] GRS Wil o
o= ppEEAEME 2 PR ke o HReE
o Hste] A7 B3
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—

)

Aol AHEE s 19954 3Yel| AAHE Z
o Udwt dctelA Aol 23 oJFH ou]E (&
219~252 mm)e AZPAe)A AF&sldd F 199549 4
13 2% 5/\]01] A48t oJu| S (P &K 232~252
mm, $7: 2K 215~220mm)S ZRiEoz AT
A Eﬂ%ﬁ:iw_ 2 FESA I, W fFfRE At
SamA gl W AF R MiEREe] tskel W)
Att.

2REONS §-5Al07 ¥ ZepAEl4z (51.5%35.0 X
30.0cm)el] 4=83l9lom, A1&-842 Microfilter® o
ssed 19 23] Bstla Y F pot g T-
S meter2 14 13] ZA 3ot AHE7|7E F 299
= 13.5~19.8°C (T 17.5°C)gjon, g&E2 308
32.8% (3 31.8%)°) % (Fig. 1).
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Fig. 1. Daily variation of water temperature and salinity
during the rearing of Limanda herzensteini in la-
boratory.
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A7hAbe) ZREIIS] =7] 0.86~0.96 mm(rﬁ:r 0.90
mm, n=50)2] 9] (Fig. 2)= 74 3 IRk 5
PRI o, iRk $laz, FINE-> S (Fig. 3, A).
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Fig. 2. Frequency distribution of egg diameters of Lim-
anda herzensteini.
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31(Fig. 3, C), 6AIZF thell= 324 7]l H3ld o} (Fig.
3, D).
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Fig. 3. Egg developments of Limanda herzensteini.

A: Unfertilized egg; B: 8 cells stage, 4 hrs. after fretilization; C: 16 cells stage, 5 hrs.; D: 32 cells stage, 6 hrs.; E: 64
cells stage, 7 hrs. 30 mins.; F: Morula stage, 11 hrs.; G: Blastula stage, 15 hrs.; H: Blastodisc covering of the yolk
1/3, 19 hrs.; I: Blastodisc covering of the yolk 2/3, 21 hrs.; J: The blastopore is complete closely and the embryo
protrued slightly above yolk sac, 23 hrs.; K: Continuation of overgrowth, head of embryo developing, 27 hrs.; L: 3
myotomes stage, formation of optic vesicles, 28 hrs.; M: 6~7 myotomes stage, formation of eye lens and Kupffer’'s
vesicle, 29 hrs.; N: Disappearance of Kupffer’'s vesicle, 36 hrs.; O: Formation of heart, 46 hrs.; P: Formation of
otolith, 51 hrs.; Q: 26 ~27 myotomes stage, formation of pectoral fin, 60 hrs.; R: Embryo just before hatching, 64
hrs. Scale bar indicates 1.00 mm.
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Welel A2 i =89 183 A=Z At by
(Fig. 3, 1), 23717} 4ol kMol Ji S 12 A=
£ A L) fiEe] RS ) 2F g 9l
o} (Fig. 3, J).

ZhE 1% 27%]7}01] irige] me] Hio] FEEs,
FO7F ##=7] 2" Zsled o (Fig. 3, K), 123
Bl 1A]7ke] At 28A12F thell = mell @l=7) Jehr]
Alzbstd 2, 3719 el A= Aok (Fig. 3, L).
2k 1% 29A17be| = mE] BB Kupffer[Linrl 3

)4

AERIL, Fell BaRNrE Jdeldr] A1Eskd oH,
i< 6~ Hi Z7Fskod Tt (Fig. 3, M).

R 1% 34~36A17tell = KupfferKinrl A2A1E %o
o, ke 7HE #F9E FH 7l Al A, Hiert
F3batod ot fEi-> 9~ 1070 = F7ksled ek (Fig. 3, N).

BHE 1% 46717 el AlAbe] H-3}8le] nbg3slr] Azt
slom, g 9]l “;—_M‘ o] 27| A|AtelHA mE]e]
wa Rt it BaRirt Srrskadch kage] m
ER = l.‘:ﬁﬂlﬂ HAEAAHA e

gk o= RE R
s}ai\:‘r(Flg 3,0).
i 4 51AIZel|l A3te] ®31el7| AlRbEtelaL, H
H’Wﬂ HE°] AR om, fkee Ee 283 == At
HA IRERZE Al SRS A = el Yelxla,
BRI Sk e, Bt 2302 SUkekdTh
(Fig. 3, P).
BN 14 58AI7 el kA = n]

ow, 15~16712] HEiel 4k

4717} 22eis
ool wlgel AR ov, KHEE FiEste] M F
QF37] Aztaledeh iR mekel BaFKM
el 53 wjzel WY ew veiten,

© 26~277 2 =7}kl (Fig. 3, Q).

SR % 60Xl IKEEA BeiEstel SHEE 9
3] ahulal ghgen, dilie] AT o} shobAA
WL Eiel ol=3ch B % 63~64xITbel = KEE
7 Adetel BEADA SIS BT MelRE B
317 A)#ksledeh (Fig. 3, R).
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<4 WL o9 A7

48 14.0~17.8°C(FTF 16.0°C)oll A= &4 % oF
63~64A]7ke] AeFglon, £ 13.5~14.5°C (H+#
14.0°C)ell M= ¢ 874 7ko] A& F i)

4frfae] JBRSE

Wk B fFRE &Kk 270~2.90mm (3 2.82
mm, n=10)2A < 2L un BRIt H4
ol A, s dglont 2 d=A sk

SHES B 13 Al HiEe] vz Fo $AFe

° 11424~25=35~367]41t}. K= HI
e glovt s slREd meE|e] GRIRE 14,
172, 3/42] 33tel| JE71A] mofe] BfaFiur) EEsiw
fEA =2jn] Qo= mele] Fof BE dAX o=
ehikel (Fig. 4, A).

Bt 12 199 fffae &K 2.90~3.00mm (¢
2.95mm, n=10)2 22 7}=1 Zolx me|RE2] A=
9 EA = mRErE 53 wEe] dSse $1F

o vehdwHA Frtsldeh. M 10~11425~27=
35~ 387 93t} (Fig. 4, B).

Witk 1% 3~449 s &Kol 3.80~4.00mm (4
Z 3.88mm, n=10)o|" *of @7} DA FHEY
o, figge] A A= FHEHUA HE ] fEiEsIA
32, §jo] A HelE W] ARtErg v me] R
R T Ee] JFIHA] Bofoz ghFer B
Bl 1/4,1/2, 3/49] 333} A =] $lo] M= HAA
o2 Jehgon, fHIEE = 2242 KMt 238k
o BaRine HE] WRE AZdA F71slda,
8-S 10~ 11427 ~28=37~397) 31} (Fig. 4, C).

Bt % 8~9¥Ale] fffas & EKe] 430~450mm
(B3 4.42mm, n=10)°] 2 Jise] A3 FEe] 14
Bl Holeglom, ilfbiEFel oS o EEsled
rotiferS EPL31A Aolslivh B2 vl Jlexn 24
A o] X oFzb UFol $IAEH T A =
H Fo| Yol 3 FEEsIEoH, A | K

Koz FAmefolddet. RtaFigs el fafi=}
d-gshs 3F-Ee] A ==n] ok RIS HiLE

W3} JHTEER ] E3}9] ) (Fig. 4, D).

Wb % 14449 fFfaxs &K 5.00~520mm (B
5.11mm, n=10) A =2 B2 <7t 2H 7] A=ske] 1,
w7t Skt e, weEls Ao FRAKN-S oFA
A2 FoIRARAE= AT, TREEE ol A
3] REo] ERISY BaXiwe] Frie & w3}
E 5 QAR 59 iEY] aRie M= HAA-
Aol Fxz3tet. o] A1719] fFfat ob7nlzt 4 sl
3, Alx=gu= obA] keIl e, XA dlgich
e 38~397 <>]3§E]—(Fig. 4, E).

B2t 20~22dA ) fFfaE= &K 6.00~6.10mm (3
¥ 6.05mm, n=10)2 H& o Az o, AF Fo
2 ofzb FErbHEA #MEES AREl A, fREmE Y
S7Feted B2 ot E¥¥ oz Holxth me|REe
TR ol mejxxwu] Z7]|7} 3~474
R A RE o8 A gn) obA] K o] ol az, A = ke
7heA =)= | ksl e (Fig. 4, F).
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Fig. 4. The prelarvae and postlarvae of Limanda herzensteini.
A: The newly hatched larva, 2.82 mm in total length (TL); B: Prelarva, 1 day after hatching, 2.95mm in TL; C:
Prelarva, 4 days after hatching, 2.95 mm in TL; D: Postlarva, 8~9 days after hatching, 4.45mm in TL; E:
Postlarva, 14 days after hatching, 5.10 mm in TL; F: Postlarva, 22 days after hatching, 6.05mm in TL. Scale bars
indicate 1.00 mm.
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7AW H 3 o] 542 Table 13} Fre] o B
el A B SRS gor, ArkAv =
Ao A RAE oEEEtIe e, 22 R
flEQl X714 (Yusa, 1960; Kim et al., 1983)¢} A
7}%}13], Limanda schrenki (Yamamoto, 1951)& ®] %3}
o] £27}x}u], Lepidopsetta mohigarei (Yusa, 1958), 7}
A 7}A}m], Lepidopsetta bilineata®} 7}AI7}Abm], Liop-
setta obscura (Pertseva-Ostroumova, 1961) ¥ Pseudo-
pleuronectes americanus (Pearcy, 1962) 52 kb

ghe Yok

Table 16 4] 3= uhe} o] Brhatn] NS =27)
= 0.86~0.94 mm=Z Mito (1963)2] 0.86~0.95 mm<}
H|Z&3lg] om, 2x)7}A1u] €] 0.71~0.84 mms} =77}
Z}a], Limanda punctatissima2] 0.82~0.90 mmse}= 8]
53t A3E Bu =3 E7}xpe] (Eopsetta grigor-
jewi), Z7}x}0] (Tanakius kitaharai), S7}A}7] (Kareius
bicoloratus), ¥ 7}A}=| (Verasper variegatus) S-3} ¥] w3}
@A Ze ol es}oﬂumable 1).

hERe] §-F= 7B Al el & 5AeH,
A7 E v 2g A B sAE AR hERE
A 2 A A4 (Table 1), =v}2] (Pleuronichthy
cornutus)= JREE7F =7 olAdE 2~11708 7}

A3 glont, IR o] Fell Zraste] UHE 7HAW
(Mito, 1963), JX|F} ffHel ] (Paralichthys oliva-
ceus)®} =] (Pseudorhombus cinnamoneus):= 17 2]
WMIRE 7HA= Aol ke ke HE Ure 3
Aol et

IiEEAEfE = AR 227 AR 3
M 1% 29417 el el "=} (AET] AAHE W A
71, ol W=7t FAH7] 16~17A47F Aoz, 727}
Apu] s} 27h2w) (Fujita, 1965)¢] =7} A7) 134
7 Qo ZRabe A Aol wlsaln, A= YA ol
FAlel 83k A 7FAb] (Kim et al., 1983)2} E7}A}
u] (Kim, 1982) R whe] 33l gle] fhfiffel }ol
£ 2ol

Wpftol 2% A)7HE Table 2614 R whsh o]
A7pAm o] 7§ 42 14.0~17.8°C (3 16.0°C)ellA
Sk 1% 9oF 63~644)7k0], 13.5~14.5°C (B 14.0°C)
oAl ¢F 87A]7Fe], 6.0~10.0°Co|A]= 135x]7F 30%
(Mito, 1963)¢] AR % o] [FfES] 7 foll= 420 e}
g2, 7R 2B el A Bifbel A8HE A
3 WA /AL sl Aoz AHo

Wik B P 2K Table 204 Ri= wie} 7
o] H7}AH])7}F 2.70~2.90 mm=E o|u] B 31X Mito
(1963)¢] 2.25~3.02 mme} A w|Zsln], Tx]7}xjn|
o] 2.64~2.72mm (Kim et al., 1983), ¥ x]2] 2.40~2.78
mm (Mito, 1963; Han and Kim, 1997b) Bo}= <F7F =
a1, E7FAA]) 2] 2.98~3.01 mm (Han and Kim, 1997a),
E7}x}m] 2] 3.00~3.20 mm (Fujita, 1965), Z7}x}n] <]
3.90~4.60 mm, =}z 2] 3.75~3.82 mm (Mito, 1963) X

= owl@d A weldh

Table 1. Characters of the eggs in the species of the Pleuronectiformes

Oil

Species Egg size (mm) globule (mm) Type Color References
Limanda herzensteini 0.86~0.94 no buoyant transparent, Present study
” 0.85~0.95 colorless Mito, 1963
Limanda yokohamae 0.81~0.84 ” demersal ” Yusa, 1960
” 0.71~0.80 (adhesive) Kim et al., 1983
Limanda punctatissima 0.82~0.90 ” buoyant ” Mito, 1963
Eopsetta grigorjewi 1.10~1.20 ” ” ” Fujita, 1965
” 1.10~1.30 ” ” ” Imaoka and Misu, 1974
Tanakius kitaharai 1.20~1.30 ” ” ” Imaoka and Misu, 1974
Cleisthenes pinetorum 0.87~0.92 ” ” ” Mito, 1963
Kareius bicoloratus 1.14~1.40 ” ” ” Kim, 1982
Verasper variegatus 1.56~1.63 ” ” ” Mito, 1963
. one .
Pleuronichthy cornutus 1.16~1.26 0.16~0.19 ” ” Mito, 1963
Paralichthys olivaceus 0.90~0.94 one ” ” Han and Kim, 1997b

0.16~0.18
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Table 2. A comparison of larval characters in the species of the Pleuronectidae

Species Water Time of Prelarva Number of References
P temperature (°C) hatching (hrs) (mm) myotomes
Limanda herzensteini 14.0~17.8 64 270~2090 10 ;éétggNN Present study
13.5~14.5 87 ” ” ”
6.0~10.0 134.5 2.25~3.02 - Mito, 1963
Limanda yokohamae 55~17.0 120 2.64~2.72 9;%87:22”32 Kim et al., 1983
6.0~16.0 372 340~380 10711H431~33 Yusa, 1960
=41~44
Eopsetta grigorjewi 11.0~13.8 93 3.00~3.20 12~Zﬁt2§ Fujita, 1965
12.0~13.0 102 2.90~3.20 - Imaoka and Misu, 1974
Tanakius kitaharai 12.0~13.0 103 3.40 112&4:;‘2“42 Fujita, 1965
. . 11~12+21~28 Kim, 1982;
Kareius bicoloratus 8.9~9.5 74 2.98~3.01 -36~40 Han and Kim, 1997a
Verasper variegatus 12.0~13.0 107 3.80 13+29=42 Takita et al., 1967

9 HEie F7kAn 7}t 35~3870 =2 =ve]e] 37
~ 387} (Mito, 1963)¢} zrom, ZF=r}e] (Platichthys
stellatus)®] 407H, ®H7}Alm) 9] 45~467), E7}x}u]9)
43~ 447) (Mito, 1963), ¥X]7}A}=] 39~427) (Kim et al.,
1983) Brjhi= A2 Ho|t}

Wik frfel aRie Fx 542 ZrAe] A
wma] Gz A EE] 1/4, 1/2, 3/4 290 IR moF
o2 yeh}, 7] E7}2H7] (Glyptocephalus stelleri), &
7AHa], F2]7kAb], 7 =vkE], W7k (Mito, 1963) &5
& FEAoz me FUe] FE3 ) ol 03
Moz vehta, Z7iabu] (Fujita, 1965)% A =2 v]
el 1d= wid = e qlo] FEfE o 2fe]7} it

A7 Abu = B % 2094 &K 6.00mmellA #e
Ax=gu] 7|7} E3beid =, EA1 7] 9] g8k 6.30
mm (F, 1981)¢} 7] B3t A|7|e] #3}3}a, E7kak
ne] &K 7.89~8.26 mm (Han and Kim, 1997a), 27}
Apu)e] B4 E 9.0 mm (7, 1983) Bk tha wh=A 4
L3l AL & 4 Sk

B HHE B7AIL ML 20~229R9] 2R
6.00~6.10 mmej|A] 1% Fo| 9|2 P} B> Af
RS Qeol7bed, B4R &k 10.00mm (il -
EiG, 1976), E7FA0]2] f& K 12.35 mm (F, 1984) ¥}
azs we ddd ol AR BiAE S
17.8~19.8°C (T 185°C)29] =2 Lo Al&3}e]
Mol oA whE o AZtEM, JX 7t Bk % 18
dA Z&K 7.85mm (Han and Kim, 1997b)ol| x| ##RES

AAkshe Aske 7ol 7} gleieh

A poluh 28 Ae FRG oy
3 Esel (s AW AFESEA R, AR
g A 2Abstelok s

X k<]

19954 3, HUlElE ddntellA RS FriainE
AN AHSSIR - 19954 4 13H el A% of
m)E ZAA el os) A TRKAIZ %, SR A2t

<+ A3k

1. 2K B 74 93 sEetINes =
7%= 0.86~0.96 mm (3 0.90 mm, n=50)%] 3, jhikE
wslow, EIk-> F3eh

2. AFE-4 14.0~17.8°C (7 16.0°C)oll M &k 14
64A| 7Rkl MEfb 3t ok

3.k B4 fFfas &kKel 2.70~2.90 mm (FH
2.85mm, n=10)%} o™, ghfe] FHYANI, I Sl
faFE7 9o BHES 10~11+25~27=35~3871<)
o}

4. WMt % 3~4HAS fFfars &Ke] 3.80~4.00
mmz ol Rt A FeEAeH, Y] L=
A Holg H7] Az H.

5. it % 8~9¥A] frfa: 2Kl 4.30~4.50
mmz JiE o] k3] FpE o] BRIMF R HAES
31, &3hgte] oS FE5ES)e] rotifers EUSLAl fEEHS)
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et
6. Bt % 20~22HA 9] fffax &K 6.00~6.10
mme Et Z7hsT, 9% wel 9= ok gwhl

T AEE QA Hof, #EEE AlRtE ol
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