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Egg development and mitotic interval (To) in black
plaice, Pleuronetes obscurus (Herzenstein)
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Abstract

Black plaice, Pleuronectes obscurus (Herzenstein), were collected from the
coastal areas of Hari, Young-do, Busan, Korea, from February to March 2007
and fertilized in order to observe egg development and temperature-related
cleavage rates and mitotic intervals (To).

The fertilized egg is demersal and adhesive, and measuring 0.84+0.010 mm
in diameter. The eggs contain no oil globules. After 1 hr 45 min, the
blastodisc formed. The 2-, 4-, 8-, 16-, 32- and 64-cell stages were attained in
respective times of 2.5, 3.5, 4.5, 5.5, 7.5,and 8.5 hr; the morula stage in 10 hr
and the blastula stage in 16 hr. The eggs began the gastrula stage in 20 hr
and formated of the embryonic body in 27 hr. The optic vesicles appeared
in 44 hr, the auditory vesicles and Kupffer's vesicle in 72 hr. Kupffer’s

vesicle had disappeared and movements of heart and tail were observed in



90 hr. Hatching took place 121 hr after fertilization at 14°C. The hatched
larvae were 3.5£0.16 mm in total length.

The first cleavage stage occurred at 190~195, 160~165, 125~130, 75~80,
60~65 and 45~50 min at 6, 10, 14, 18, 22 and 26 C, respectively. At higher
temperatures, eggs developed faster and wunderwent further identical
development. For black plaice, To were 83.44+3.076, 71.53+3.060, 63.12+2.109,
45.09+2.780, 39.96+2.095 and 30.44+3.354 min at 6, 10, 14, 18, 22 and 26T,
respectively. There were strong negative correlations between the To and
water temperatures at all temperatures (Y=-2.6981.X+98.767, R’=0.9831, where

Y is Tp and X is temperature).

Approved as qualified thesis of Soo-Yeon Im for the degree of Master of
Philosophy by the Evaluation Committee in November 2007.
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I. A 2

B 7YAM), Pleuronectes obscurus (Herzenstein)= 7}A}¥] & (Pleuronectifor-m
es), 7FAH] 3} (Pleuronectidae)dll 3l HAFo] oF 40 cmoZ HF AQtel A4
AR FddE Eolen, AAFTEY B4R T& ol e feuy

of A At kol T olde 4B &Y, FFIe 5 8 £Xxsta o

HZ AR/ Aol QR(Paralichthys olivacens), 2352 (Sebastes schlegeli)
S HE T HFH Jerw PJAo AHHOR HS3 AMA ZiAe R

S MRS FIH IR FEAYN /% Ad 9T FHEFS BFst 27

Akl 5, 1997). FAAATIE 17ke] 8 NEH HEOTE @ol o] Hu
glom FAAAeR AQH AN} Be oFE A2 AUFe] FhHT Yo
A9 3%, A BE Y @ FHAY SN FAMAvIY] FHAD A%

SAT AAzAvlel B3 AT SHGAA Kim s o/ (2007)e] )%
AZFRSHH Apde] e W DA AT/ AF S ARolth AFAA 2
Gebeld Aol 27148 D SR BT AvE SR (Kereius
bicoloratus), X 7Y A0\ (Limanda yokohammne), BI7VA W (Verasper variegatus) 2 3+
YRR (L. herzensterns) T TEAA Hol A& W HATAR A M AT
# Aol glth(Kim, 1982; Kim ef #/, 1983; 7 5, 1985 % &, 1995; Han and
Kim, 1997, 3 7, 1999).

A1 G A= dAATE AR EHE FHoEA AAA

oK
2
rlo
o2
1>

A

A3 Y ©71AQ SUEE o|F 4 U TH(Thorgaard, 1983). Al 1 ¢&

o,

Ae AT T 4v)A (tetraploid), AAE LG A AT 2uiA
(mitotic gynogenetic diploid), &/3# A4 2¥] A (androgenetic diploid) -fr % ¢l

AFEEH, o] W BE&ZQ Al 1dE AAE As 2 g2 A1 3

_‘I_



HE25ENN AU FEE MEER N5IdE ABOZA FET

A h(Bataillon, 1910; Kawamura, 1939; Levy, 1913). o] %] #-2(cold shock)

Ae)7t FAFAA A 1 3 = A 1 AAZTELS JAANZoRE YA
ol Az o] Ay E v JAu(Book, 1941; Frankhauser, 1945). L3+ #}A]
A vk o] FHER izt Al 2 ARG A A 1 34 A= v}

ofr
ol
oL

oAl 2 AFEEE dAe 5 o7l 3MA FEA AMRHE 2%,
&, 384 AR ZbsetH A 1 38 dAE A FEA FE ARSEHE o
< AY, #4 Ayt dxo® we Hgso] A& dtH(Thorgaard, 1986;
Komen e al, 1991). Streisinger ef o/ (1981)> A 1 AMEZEA] & 2 F
4 Y2 FEHFEA AMEEE AL AL 200 A zebrafish (Zebra
danios) s =3, Onozato (1984)= % AHEZ A (Oncorlynchus keta)l

A AMZEEE A4AG ALTAY 20 AE A v e AT 26 A

=

FEA BHRALL A 234 BF A L A1 3T AL A2l Ui olFel
AgHE Aele) %, 4= 2 Azel uiel @etd 4 9ch(Thorgaard ef al,

1981; Onozato and Yamaha, 1983; Thorgaard and Allen, 1987).

A

Dettlaff unit (To)= 7o dolus TA1F G &t 3 AMNE BEF
7l B 7 hY dE5HA AE EFE Aeld HAS E¥th(Saat and
Veersalu, 1996a, 1996b; Shelton ef 47, 1997). To't= =] uwig} winjg o2
ek, S AEHES T3 10 25 Abel9 A= FAE AA 58S 7

o lojA xeof #HAEI] BAGAE ST F Uth(Dettlaff, 1986). &7

ofN

A AAE FEF7= paddlefish (Polyodon  spathula), shovelnose sturgeon
(Scaphiriynchus platorynchus), AV (Cyprinus carpio), tench (Zinca tinca), black
crappie (Pomoxis  nigromaculatus), W\ 7\(Siurus —asotus), winter flounder

(Pseudopleuronectes americanus), greenling (Hexagrammos otakil) & B2 oA

QaA 22e G AAe AE FH37] 98] A8 5 A chElajghans of
1993; Shelton and Rothbard, 1993; Mims ¢# 47, 1997; Shelton ef #/, 1997;
Gomelsky e# 4/, 2000; Park and Im, 2001; Park and Johnson, 2002, Park e/
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al., 2006).

b E =delAe 7T g A]dste] dEo A 1FFA
o A EARS ob e, HATEAEl el & S
A 712 ARE BFE b Tl WE 1wk A 1 dE At @t =
Abet AT,



B Ao A" ZATVAW], Pleuronectes obscurus® o= 20073 29
BE 3¢9 24 Fab dx S EF Ak AP E NASE TS

#
SAFstn FARAEEFATYY YAFH GO o Fse #4 ¥ FR

2 Ao 28" o9 913 S copy stand (Nikon D80, Japan) 3foll Al &
Fstdom, "o Ha AFH o A FS digital vernier caliper (CD-20CP,
Japan)®} W A}A & (JW-1, Korea)S AF&3ted, 0.01 cm, 0.01 g B2 7212 54
sttt BERE sttt o2 RY 43 HAAES A - A AHHE F

3 AFFA st B - FIA AT

AAA7rAm Hoje A EAS dtstr] fete AT IEAST
(gonadosomatic index: GSI)9} Zt5 & X] 4 (hepatosomatic index: HSI)E 3}}3}
Aok AT FAFY BT FAFE AL GOl (%)=(BHLE FH/AAFT)X

Ok

100, HSI (%)=

\/
/-\
-t-‘

™
t7e A= % (Axioskop, Zeiss, Germany)e] X50 ul]& 3}olA| eyepiece

micrometer= 50 7 el HE S SAsto HtsA



e
i)

e

3. %3, =75

FAGE HFA9 ZokaE £Z(36 cmX51 cmX31 cm)ol F&FH o,
A &4 29 7HAI(100 m)E A Fste 19 13], 1/34 S5 37 F

TS TE3] A Y. A T G FI L2 14205CE FA A
2

1A
)
o
4
=

o

e
=
1]

=

i
6)]
=
__>f1_54
~
=]

~
f

formalin, 3.25g Na,HPO, - 12H,O, 2.25¢ KH,PO4, 315 950 ml)S A}-8-3h<

Kl

Aatdom, A7) A7tA 4T BASAT. AAE £2F7] @2 A
E3AE X50 wEolA #HFS AT

2 AFAA AAE BEF7Ie 1 AZZ]S) B Al AHS AAPste
AR A G A A 2 oHw R 8 AET] o]F dojye dT
SAA EEY XS dg olgw TR Q8,1 AE7], 4 AE7] H 16
A7) 74A] ol2& A7 HlAISES Ignatyeva (1975)9] ol we} 7+ R3)
F2oA HAa Feo & 10% A7t 2 MEZ|(t1)ol o122+ Az, 8 M E7](tm)
7HA] ol2E AZbE ZAFSIA T Ho AME BEFIIE To=(Tn-T1)/2E ALF
sttt W AAZE EEFVI FHY HFBABAE FHotatr] fste A3 3

.

g

7 & A (linear regression analysis)= A A| 3}
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264218 cm, 285.9171.06 g

1]

=

(7=10) ©] 907 (Table 1), AH4-¥ Fole] 9@ & Fig. 13 2tk
AR (GS)E AL 302:143% 02 SR

&

5
Fig. 29} &t}

E
A FE 6TAA Al 1 F&e F%

A2
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Table 1. Body lenth, body weight, godadosomatic (GSI) and
hepatosomatic indices (HSI) of broodstock black plaice,

Pleuronectes obscurus

Body length  Body weight

GSI (% HSI (%
(cm) (©) " "

Female (7=10) 319 + 3.81 864.1 + 231.8 30.2 £ 1.43 1.0 + 0.49

Male (77=10) 264 £ 218 285.9 + 71.0 2.3 + 0.78 0.8 £ 0.19




Fig. 1. External morphology of the broodstock black vplaice, Pleuronectes

obscurus used in this study. (a) female and (b) male. Bar is 6 cm.



Cleavage frequency (%)
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Minutes after fertilization

Fig. 2. The percentages of black plaice, Pleuronectes obscurus eggs
developed to anaphase of first cleavage at six different

temperatures overtime.
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G MRS Fhekel 54 F 5%l Al 1 B 98 Her $EA 2
s

ry
>
o
rlo
[OF]
a1
AL

(]

199, =4 F 75~80% Al 1
o A 2 22T A Al 1 G AFS 4 F 45807 £ F 758
o &8 HAd 50%2 A 1 G HNES Hole AIFFS £ F 60~65% o]
Aoem A 1 G &8 7HA = 308 AL HAGY. G+ £

A F 3530 Al 1 d&o] AlAE £ F 60l &

T g
A8 289 AZHE 2580w A 1 G HE 50%S HQ A TS 45~50%

Fig. 2014 b kel ol ZAZAE A WA Feo] wold5Z A
198 A2 ARe weAn, A

1
S B A F2o] FoldFE A 1 dd 954 £8HE AFE #ot
=

A7 AR BTG AME FEFVIE HEAY FL2 6TA 83.44+3.076
B, 10Coll A 71.53+3.060%, 14C o)Al 63.12+2.109%, 18C ol A 45.09+2.780% &
2 YEgton 22T = 39.96+2.095%, 18]31 26 CAlAl 30.44+3.354%F ©] %]
ThFig. 3). Fig. 3elA & & Uxol #A7IAH] MG £ F7to] e A
Ax BEF7] AL AAHA FARE Holm  FXel  wE

Y=-2.6981.X+98.767 (R°=0.9831)2] A2 o7 vlelrh
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100

80 Y =-2.6981X + 98.767
R? = 0.9831
7 60 }
5
E
£
S 40 |
20 }
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Temperature (C)

Fig. 3. Mitotic intervals (To, ¥) for black plaice, Plenronectes obscurus as
functions of temperature (X). The temperatures used are within
the normal range for spawning and early, development in this
species. Eggs from three females to were fertilized with pooled
sperm from five males and were distributed among the

temperature treatments.
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I+ Table 2 B Fig. 4% 2o FAGY HT IdA4S
0.84+0.010 mm (7=50)¢] ®I&g FAFo = {571 JA3Ath(Fig. 4-A).

T T 1A 458 ¥ wvte] A H W (Table 2, Fig. 4-B), &4 £ 2411t
3080 2 ME7 =3 tH(Table 2, Fig. 4-C). 2 Ax7] A 1243 F<
A % 3A17F 302 ] 4 AE7|(Table 2, Fig. 4-D), 2 AlX7] A 247t 59l
A T 4AZF 30 8 AMET|M =3 tH(Table 2, Fig. 4-E). &% % 54

ZF 308 ol 16 AEZ7]d @3t m(Table 2, Fig. 4-F), &4 ¥ 7A1%F 30%

$ol= 32 A E7|(Table 2, Fig. 4-G), &8 ¥ 8AIZF 30 Fol= 64 AE7]0|

2 77 9 A Hof wiwtd G @ Aol WlFZko]l FAdH Eujridl 23t

¥
&
.{
V)
=5
(@)
N
o
[0)¢]
I
=
N
N
X,
N
N
N
r
o
r
rlo
L
ot
)
fe}
it
>,
n
i)
flo
i
e
ra,
n
i)

Byt &€ A&HeZ APHol £4 F 20417k Fuj7|7E Al A of
(Table 2, Fig. 4-K) 78 ¥ 23A3tell= Hj
2, Fig. 4-L).
T4 F 2743 Fele wWAZE F57] AlFe vk (Table 2, Fig. 4-M).
T M Foe 27 FAEM 1070 sk A-S A - A
D%

(Table 2, Fig. 4-N). =748 F 72412t Fol= ©]EZ9} Kupffer AE7F FA 5

1471 o9 AHE AT = AH(Table 2, Fig. 4-0). &4 F 90AI7F $-of
+ Kupffer M7} glojA 3, 207] o]/ AES AT 4 Ao (Table 2,

Fig. 4-P), o] o A& "534 of&e neE FEAHUY F40le o] #ZH
At =4 F 121470 HoM Rie= AE AL F Ao I} F

NA S AL 35+0.16 mm ©] $1th(Table 2, Fig. 4-Q).
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Table 2. Embryonic development of the black plaice, Pleuronectes obscurus

at 14°C
Time .
. Stages Descriptions
(hr : min)
- A Fertilized egg
1:45 B Elevation of blastodisc
2:30 C 2-celled stage
3:30 D 4-celled stage
4 : 30 E 8-celled stage
5:30 F 16-celled stage
7 : 30 G 32-celled stage
8 : 30 H 64-celled stage
10 : 00 I Morula stage
16 : 00 J Blastula stage
20 : 00 K Beginning of gastrulation
23 : 00 I Postgastrula stage
27 : 00 M Formation of the embryonic body
44200 N BB of cptic vesicies
More than 14 mytomes stage,
72 : 00 @) formation of auditory vesicles and
Kupffer's vesicle
90+ 00 P diszgpgggraﬁzvif?égf?:rs’ sS?egseilcle
121 : 00 Q Hatching of embryo

*

stages (A ~Q) reffering from Fig. 2.
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Fig. 4. The eggs development of the black plaice, Plenronectes obscurus.

Each developmental stages are detailed in Table 2. Bars are 200 um.
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L

R

i

o)

FA]
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9

2l

=
|

T

;[11_
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1
=

pzs
e 14TCAAN ZANAN Y SRS 5

tH,
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= LE7F F45HAH. Kupffer Al T F 2943t FAEHA 4 F 36
A Zbell AbRRR T A - 46A3bel Aol A H ] Wl en, F3A7A]

H A TH(Kim, 1982; Kim ¢f 4/, 1983; $+3} 71, 1999).
BAAATI S BRI Y FAEE Hu GO o]2E AZAAE H%d
Ao ErpAn, FAMARY 28 Fent duHon we @AHANY

TGl F3o ol27|7HA e ® AP E7hAv] Eo Afoew, wiRk @

Kupffer A1E7 Ao A% 2710l @48 A2 Asns 740, 27}
v, ZAAAv e AR Fds Bl
b glolAE AdAA AgutE e BB & Atk ol @ WIangel %
ot BY F dNE B4 L0 A98 F o, Y Fe =

NE 7t £9) £ EolA] o3

>
»
o
it
4
52
el

23} 2% o zojo] AL EX7iAIT] 2.64~2.72 mm, F7FAE] 2.70~2.90
m, =7FA] 3.09~3.146 mn S 2ZA FA7izEe] K3l AS ol A
3.5+0.16 mn ©| ®l&] 2k TH(Kim, 1982; Kim ef 2/, 1983; -3 71, 1999).

AARA7EAR FARGe] Al 1 G AR AT AMAEEE F7)(10)e] BAME
$3l 6C, 10C, 14C, 18C, 22T % 26TE F& ZAS Y24 3o FAL3
Az A 1 3¢ AF Az 6T, 10T, 14C, 18T, 22T 2 26Tl A 2tz
A 3 145%, 125%, 105%, 60%, 455 2 358 ojleow, AAE EIF7=
7} 7} 83.44+3.076%, 71.53+3.060%, 63.12+2.109%, 45.09+2.780%, 39.96+2.095%
2 30.44+3.354% o|lUTh. Dol A Zo] FAA7IAE Y Aol gloA
T NS 7o Z 3 A 1 G AFALE B o] FUMEe met

welAr], AME PAFIE gass 4% HAt B AT mzel,
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winter flounder (Pseudoplenronectes americanus), W 7\(Silurus asotus), F =) w7
(Hexagrammos otfakri), baltic herring (Clupea harengus membras L.), perch (Perca
Nuviatilis L.) and ruffe (Gymnocephalus cernuus L)X AL FLF7] A3
o FAbetAl, B FL FUtel wet AAE £EF717F FAsHATH(Saat and

Veersalu, 1996a, 1996b; Park and Im, 2001; Park and Johnson, 2002; Park e7

al., 2006).
B AT ARE Fo 24 Feol ©E Al 1 4@ AR ANE 24

F7l= A1 32 JAE A A AP A 5= A FAETHA Y &
AT 20 A, AME Z2E AAG AT 2ufA B 4ui A ke 24

e AAAEAS 98 NZARE AR £ AL Folm @A

P
N
o
it
>
>
2
2
b
2

e AF5AS FR FTEAN 7%,

bololAol & Aoz Az

2
=
r
D)
A
£~
r o
r o
-

N
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V. & g <o

B = stElEZ T Aol 20079 2€ 5 3€9d AA AMFH 7A
7YAY W), Pleuronectes obscurussS 302 st Wbyl 9 ") Lo wE
A1 FEAIZEH AAE F71(t0)E A

Ag7kAv o FAGe W dAe] 0.84+0.010 m o], HlEE FARdo
= E:

T 5 2A17F 302 2 ME7 EEstA T A F 341 30 4 AlE7],
T8 F

AN 7F 3089 8 METY], A F 5AIZF 308 Fol 16 A X7 EEF

63.12+2.109%, 45.09+2.780%, 39.96+2.095% % 30.44+3354E 0 2 o]E ¥=-269
81X+98.767 (R’=0.9831)2] AX Aoz yetd F gldoen £ F7td w1
7]’ Z:]J' 0}'1— {%‘% E— q
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