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ABSTRACT

Early sexual maturation through temperature stimulation was induced in female and male of yezo scallop.
Gonadosomatic index (GSI) in female showed 9.12 £ 2.9 in January, 14.89 £ 2.9 in February and 21.3 + 1.4 in
March in experiment | . GSI in experiment | showed a significant increase (P < 0.05) and in experiments |l and Il|
were not show significant variations (P > 0.05). It also showed significant between the control and the experiments

|, II,and Ill in February (P < 0.05) measurements. Experiment | has showed good results in sexual maturation
and spawning when compared with other experiments Il and lll and the control. Histological observation showed
that ovary condition was in a growing stage in all the experiments |, Il, and Ill. In February, ovary condition
through histological observation was a late mature stage in all the experiments |, Il, and Il except the control of
a growing stage. GSI and gonad weight were 4.4 + 0.88 and 2.8 g, respectively in November whereas it was 15.1
+ 2.8, and 11.7 g, respectively in January and 21.7 £ 5.4, and 19.4 g, respectively in February after rearing at a
water bath of 12 C depending on the condition of experiment I. It was possible early releasing of eggs and
sperms of yezo scallop in February instead of the middle of April to the end of May being spawning period.
Fertilized eggs have become a gastrula stage through a spiral cleavage and then become a trochophore larvae
after 36 hours. After 10 days, D-shaped larvae have changed into an umbo stage larvae and attached to juveniles
in the post larvae after 20-23 days.
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2008). 27}eju|e] stze] HE Ao wo Qlu 7L 3
o 2 MIALEL 94.967)5 7}15} (Min, 2004). Oh et al.
(2008) o mW=m, 19719 AE Jdube| A 900E2] AkeiAt
7heju) 7} AakE] gl o) e ‘ri HE 5o felo ik
o] Zrasla gledl, 7leu] At 19979 1,20052] F o
Ako)F 2001 AL OlT so] #1555 of 2002\ ell=
59E7}2] Aatero] 4| gict (Park, 1998).

Z71e)u]ol| thgt AF2E Yoo (1969) 2 =lo]e} A7l =
3t B3 o]& Lee and Chang (1977), Yoo et al. (1979) <
Ak A 8ol F3F A2} Pyen and Rho (1978), Kang et al.

(1982) 9] <lFERE AAbel At 7|xA77) 1, Aksbed
(Kang et al., 1982, Kang et al., 1996), 4157] (Chang

et al., 1997), 754 (Park et al., 2000), A% (Park,
1998, Park et al., 2001), A31de] A-4 #H3} (Chang,
1991) o] A3 A7} le}. vjrteu]o] djsixe FEAA
(Park et al., 2005), 23} (Chung et al., 2005), 2214

¥ B3} 9 AAF7)e] #Et AF (Park et al., 2008) 7} 3}
o, F3 54 FE5d R FEAA (Lee et al.,
2013) ol B3t A7} giet o" t=o] dell= sk
AdeA oln| & A Fefsle] S-S TRt 2] ¥
B AAskE 7 ek A7 sle ARtk 4-5€9) A
A7 E o] 83te] FRAAF W shjzbA] of 22-2470€0] &
2o A & o3k flglo] Ha gloerng xU|FRE At
< 17| o]FolAE BA V7Y ultiekdo] 7sdte
7hefn] ofAlel] @ =go] & 5 Qiok £ A7 AdjelA 2
7Heu] Al E Az A9sE 'rorJ':— 3lo] Abghs
gt Avke} 3ol wE Zrlelu]e] A4 E
3 71| 27|F5E FAlel| gt ]' gl

1. 27belu] ) A5

oju] ARgell H83k HolAE-L Isochrysis galbana,
Chaetoceros calcitrans, Pavlova lutherii,
Phaeodactylum tricornutum-= 1% 23] ml% 5,000,000
cells 7|22 2:1:1% Zeto] T3t A 29 A

at wF 13] wies] AR AelEe A AAdskgch

=14 50%—2— *Wffbl °ﬂ°1 Tag o HolAE AEE
A A3 o]g3}¢] <k 1000 lux, 27|
= 14L:10D€ +r ]daiu}.

2. A5 2o & AN 2R 5 24
ol w27t s fEE T
4 10-12 em & 5% 20 50075 4

g3l7] 1ste] 7t
St Fig. 13}

(Jan.): 3T 5C
) / N
(Feb.): 5T 75T 10T
! ) )
( Mar): 10T 10T 10°C

(Exp.1) (Exp. 1I) (Exp. 1)

Fig 1. The design of water temperature shock experiment on
target adult scallop.
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2|32 (CD-15APX, Mitutoyo, Kawasaki city, Japan) &
xS SAsR 2 HAAAE (CAS, Seoul, Korea) & A%
FE SA AR ofel o] Alelgitt
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$3+05CE vﬂ ‘LP }_oﬂ ofwl= 300 el 119 27l
83815tk 1289 WAl &5 5+ 0.5C, HUHE o] &3}
1€ 12+ 1C 2 52 *ﬂil% Fck e 19 50%E A
ARl A ARl en BERE 3,000 luxEH AAAS
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1089 xm, &L 28.4 pm, AFTFE 141.8 g 31oH, A4
& e T 2.8 g ©|3lt} (Table 1). AH542] 109 522
17.27C, 11€9] 14.6T o| oy 1¥€e]] 7.7CE H33} )

e A aE %i%*—'.‘, FL FUAE Flsle] A
FxoA YFEE = =
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Table 1. The morphological condition of the target adult scallop.

Korean J. Malacol. 30(4): 311-319 2014

Contents Shell length (#zm) Shell height (#zm) Shell width (zm) Total weight (g9 Gonad weight(g)
Mean 106 108.9 28.4 141.8 2.8

Maximum 116.4 122.8 35.2 188.8 4.9

Minimun 81.2 91.6 25.1 113.7 1.9

147} 3 AFbsl o o]
4 % 30 p«m Muller gauze & A&
ok 3z} AX AA & AS Fx0 548319

o} 4:74k<]

iyl

Isochrysis  galbana,

Chaetoceros calcitrans, Pavlova lutherii,

Phaeodactylum tricornutum= 7]+ 50,000 cells/ml

< Twdier DA ol & 6-770A)/ml it

ol T
[<)

=21

Az ¥ n@

B
,0

1. o oS A& A4 i3t

SEuel 271 oFA A 197090 23] G dnte
A A AAREA AbekEl A A B e Al o] %
RPN 1989 FRA] At AL AAE]
%t} (Oh et al., 2008). Oh et al.(2008) 2] RE.iof w=m,
27 )] dfgAAl V)ee] £A3) o] 19974 1,2005%
Akl o) 8 wEo] f1gle g 20024 59ES AJAksE| 9]
o} Z7levu)e] Akl A% B B, FRldeke] A dF
A4 (24 k) °] AA A5k 39 2&4E AL
waksly] Al &sle] $& 8.0-11.5C (AFEHIAlRE 8T) A%
ol 39 oM 59 F7HA] 2-33]0) AA Algho] o] FojA]
t}. Oh et al. (2008) <] 1ol w2w F=4k 271e]w] ofv]
o] AALAFE 29 17.24 £ 3.69, 39 F4 20.16 + 4.85
ol dEiE 4 Hugts Elck Maru, 1978). vHH

o kY] A9 24 6.93 £ 1.94, 3¥ =% 10.83 + 1.669]
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st} Park et al. (1998) < 72z A= Uit 490
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gl Akt A7)7b wEg o 4 oleh o] 23k ol wElnke] 4=
2o] ey} B} 0] a1} S} S S0 w2
7hejule] A<} Algte] whg oz sk} (Oh et al,
2008). wEhA Fujake] A9 29 £7] AR oo A
ol ik 18E® 27| s frx 2 Akke SfEiAE <l
A<l FAxAE B3l =7] A 27t 283k Aol
2 A7 Azl x| gk v YAk ws
AR A7, 97 GSI 735 190 AFF17F 912 + 2.9,
2%0] 14.89 + 2.9, 399 21.3 + 1.4% A&EAH 07 A3
th AETF I% 1€ 9.05 + 1.6, 2€ 12.85 + 1.8, 39 16.3
+ 1.4% Yepytth AET M2 149 8.16 + 1.0, 29 13.64 +
3.0, 39 17.8 + 2.22 YePgr} 2o A& 1,101, Mo=
FoJz7E e (P > 0.05), Al3T-¢F =72k oAbt
ARk (P < 0.05). 2T AT+ 1€ 556 + 1.0, 24
8.58 + 2.6, 3¥ 14.01 + 1.59] Z#AE vepigith A8 |
= AEH o7 g5dte] ARt 7hset W12 S 2 Akts)
o AlET I, - Akt 7158k "2 AJAdse] =4 X
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wolom e AETe} vlagls o oA =0tk P <
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Fig. 2. The variations of the gonadosomatic index (GSI) in female (left) and male (right) of P. yessoensis.
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Fig. 3. The development of ovary (left) and spermary (right) by control of water temperature in the scallop of P. yessoensis in
January A: control, B: experiment I, C: experiment II, D: experiment IIl. Scale bar = 100 ym.

Fig. 4. The development of ovary (left) and spermary (right) by control of water temperature in the scallop of P. yessoensis in
February A: control, B: expeirment I, C: experiment II, D: experiment IIl. Scale bar = 100 pm

grovt (P > 0.05, Fig. 2) 390l A8 f2)37} eyt

t} (P > 0.05).

2. 58 B8 4N L 21 U3}
A A WS F3l AR dEs 2R A, 180l
£ AdTe] 271 Gt 477 (growing stage) T
§—Jr A=At (Fig. 3). Wi &gl vhefgt 27]9] dwA|
So] B duARe] £ AFT O, AR, ART
I ‘5-1 g7 £ wWilth 2490l da7 davt 4457
Agen, AdgF1, I 9 M EZF A%7] (mature
stage) % Fs3Ieh (Fig. 4. 3Yol AT 0 AT
o] Ui ALr] dAo]gl oq. AT 2 ML Az
eRte (Fig. 5).

HU b

A2 75, 18] da7e 27 A7), AT 2 I

o ARG A= 472 Bl g} (Fig. 3). 2
Qolle BE AZRTo|A 572 1JrEP)fE‘r (Fig. 4). 3¢°ll=

)z Aiul Aerigdoy A 1 2 [ A2
B} (Fig. 5). AAAES x%x}du]%‘ii s Av
dx7e A7) dRATe GhiGowiE JYEAE T
ko AAslgh w3k AT} =2 <l (nucleolus,

NU) € 7} & (nucleus, N) ©] o]F2] Te2to g Fey
AR s GEAEE AZAE o]
F7 (yolk granule, YG) o] #2=lon, A2A n2s
£ v|gE (microvilli, MV) & o]FojA W34} (vitelline
envelope, VE) 22 E2#to] 9l3it} (Fig. 6).

i AAAHEE A daTelds AEAE SAge
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(B

Fig. 5. The development of ovary (left) and spermary (right) by control of water temperature in the scallop of P. yessoensis
in March A: control, B: experiment I, C: experiment I, D: experiment III. Scale bar = 100 um

.'f o
F?ﬂ
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i
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L l-r:.

Fig. 6. The electron micrographs of vitellogenic oocyte of P. yessoensis (February). Left: control, Right:
experment II, OC; oogonium, N; nuclear, NU:nucleolus, MV:multivesicular, VE: vitelline membrane, YG:
yolk granule.

o, dells A ] S5o] Ftbo] o]FojA 1L glglr} Al 2| A 9lt} (Chang et al., 1985). o|¥§ AFZI= F=
T OoA = b2 HeE hust A 5] ¥ ﬂ"q"% o] Ak 7he]u| o] M) Al Falje] AL 0] 3-5C o} At
o gk Zrleue] Aaks e, T 9 meR Ao g Jhsst A2 oF 20 o]odA AT AFE Anls)
wolom, Augt e Fukgh 33 w2l Zol= ¢F 3.3 I gk 3 Chang et al. (1985) ©] A7 ZAd}e] wp=r 1
pm@Bom I Alghe] 3AkE moko] Biﬂ (acrosome, AC) $271al 94, 20C A4 ou|2 = 2.39 x7] XS U A
7} A8kl HAE AAeE o] glolon, 1 ol i iR s A 5

= FE o] EA8lT 33t} (Fig. 7). Hr} £ 12CE FA31HA "—".01—‘5 Nitzschia closterlum,
Pavlova lutheri, Isochrysis galbana, Chaetoceros

3. X S Y Y calcitrans X Tetraselmis suecica T &334
ol o] AAA g W A&E & (Turner and 100,000cells/m] 1%} 33] FF3lgt}. Ho] ZFIFoll= 247t
Hanks, 1960; Sastry, 1966, 1968), Ho|A& (Sastry, ol & 2L Ul on 3|8 213 TR &

1966, 1968), YxAI7F (Simpson, 1982) 5 #&e] glovt =& 7hEsle] 12TE FAIskA AdlelA ofn] A5e)7}
sde] BAe| wel AA4e] weke] ebAr} (Chang TR A EdE 27] AAS0] fEF o] 296 Ateto] 7}
1991), 27kefu] w9 32 EEAAE Age] APty Stk
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Fig. 7. The development of ovary (left) and spermary (right) by control of water temperature in the scallop of P.
yessoensis in February. AG: acrosome granule, M: mitochondria.

Table 2. Monthly variations of gonadosomatic index (GSI) in female of P. yessoensis. by water temperature

stimulation from November 2013 to February 2014.

Contents 2013.11 2013.12 2014.1.10 2014.1.21 2014.2.7
GSI 4.4 + 0.8 98 + 1.4 15.1 £+ 2.8 17.0 + 3.4 21.7 £ 5.4
Gonad weight(g) 2.8 7 11.7 12.8 19.4

Table 3. Spawning outputs from early sexual maturation througth water temperature stimulation of P. yessoensis.

Mean no. of

Appearance rate

Spawning day No. of adults spawned Hatching rate (%) (%) of D-shaped
eggs(10°)/Ind. lavae
100 Female
2014.2.12 + 20 Male 1,500 87.2 92.4

AAA S Bsel B 27 445 45 29, 4R

=

i Table 29} 2Fo] M= gir}. 114 A4 A 4 A
Az FEe A7 4.4 £ 0.88, 2.8 g o]0} 1€ 15.1 +

Nl

2.8, 11.7 g, 290 21.7 + 5.4, 19.4 g0 & FA3] YA 4%
$7) 27119k}, 290l AR g Eele] WAL A
glom 4% BnF 4 93

Oh et al. (2008) ¢] - Aol wh=w F=4k ofw] ] At
2k 1,860 7, 3+ 85.6%, Bl&°] 77.8% o|gich W
Hol| 2I|s FEd E AT ZAFelAs AEelA
1,500 2 A& ke F3&2 87.2%% w3 DA =
HEE 92.4%F £ AHE 230 (Table 3).

Z7)FEE A Sfste] AR FA8S 16 £ 05T
A sl ARglen, fAHele AlEA EEEE] N
closterium, P. lutheri, I. galbana, C. calcitrans 2 T.
suecica o= EFot FF8IATE & 16 + 0.5TolA
A YA 3 (spiral cleavage) = Al&3ke] Flj7]
(gastrula stage) & #AAH < 1.5Y Fol= HEA
(trochophore) 0] o] F4F FJ3lka, o] wjFe HolAd
Al AAEIGIth 4 29 Foll= HEE 7R 27] 9w

-

Ir

agh ¢

(early veliger) <l 7 ®eke] D¥ #47] (D-shaped
larva) 7} AAEZ, oF 104 Fele 27|97
(prodissoconch shell) & #¥A3sle] 447 F47] (umbo
stage larva) 7} A&=" Z4 (umbones) °©] A= cH
o
A=)

[}

(Fig. 8). o|% 27| H4L A3l oF 20-229 Fol&
240-280 pm 2719 WY FArAo] Heo] ARt gl it
(foot) 3} <FA (eye spot) ©] FFA3}IA| Uel = pediveliger
A71E 2-39 B AF L, 4 F 20-23Y Foll= FARY
73 5o 71 A FAlste] kA s 7} =Yl Ao A
24 et 47 (SL) ol wE 2 (SH) 9 AR Ao
gom Ad AL SH = 0.9646SL + 23.9 (* =
0.9673) St} (Fig 9).

el Zken] 8L 52 16 £ 0.5T A 22 = 297
o] FF-7A4 A71E A EE ANE A7) ebge] vehda i
o] Ed3l= o] 50% AE 33l 274l 20-249 7
ABANE Fshe 2ol 7P oAl Zlez ddsdh
Park et al. (2001) ¢ Q1 ZAzje] w2 Z7le]n]e] Aol
AREE7)9l 490 WA AE AREE W2 77.3 £ 2.7 #m
o] TRt Al 1349} Al 254E HEF 24272
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Trochophore larva

16-cell stage

Umbo

wr 061w

i

Juvenile attached to Shell of dead juvenile Scallop spat
substances

Fig. 8. The embryonic development and larval growth in the larvae of the scallop P. yessoensis.
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400
350 s A
SH=096465L+239 o 3
0o r!=0.9673 4('1
Em ‘jh
H *
B, +
E 200 A
FC
w
100 *
50
0
o 50 100 150 200 250 300 350 400

Shell length [m)

Fig. 9. Relative growth between shell length and shell height
of the larvae of the scallop, Patinopecten yessoensis.

sbgelgich. 48 15CelM 74 F 60417 Fol 2 117 +
3 pmE WAL & A7l A A% f= o 2]
TR AP e Az, 2] SRt

ol HAL AT 3 39700 Austy 4970l u}u}i ol
Ak o)A o)F ofRlx|s)rt Raksle] Ak Y17te] &
A 43 AR 2 10-15 em] ZrlelulE 729
22-2471 2ol A 20/€ 2 TF5T 5 glo] k2] Efof vip-
Aoz AL} o|gdt A= x7|2HI} SL0] AL
ah= el 6970] obd 4l wirtel sholA] W 7ok
o= gEgo] PAH Aoz wkuct

ofX

[e5

2 o

£ Aol A $exgel o 2rAeule AAs we
& 2% 20, 97 AAEAS GSD A 190 AT
7} 9.12 + 2.9, 290 14.89 + 2.9, 39e] 21.3 + 148 A%
Aoz Aesiilnt 24 ART LI, M= #2271 9

o} B > 0.05), ABFS} ol fol7} eic @ <
0.05). ABTF 1 & A%ALE A%stel A% 7kswt eIz
A% 0 AR AV £ ANE Bglem o BT
roatA =gk} (P < 0.05). 2A3HA #2-S Eaf A4
D 24T A, 1900 BE ARF) 2l Bast 4
7] (growing stage) THZ =gt} 2499 vz Wi
£ AR e, AT, 1 9 Me 15 4%7)
(mature stage) # 1= ek ofm]o] AW Q% FE5
SJ3j0] +-£ 1205 §AT 23}, 1190 AE A5 2 A
Ax ZeFe 77k 4.4 + 0.88, 2.8 g olg o} 199 15.1 +

2.8, 11.7 g, 290 21.7 + 5.4, 19.4 go& 45| Ja47]
7} F7hE o] 24| wheE, WAl 7sdte] Akl Algkrr)
2-371e] 7] Akt =7} 7heekgich & oF 16CollA
Azre YAAl U3 (spiral cleavage) = A]238le] dall7]
(gastrula stage) & 7AAH ¢ 1.5d Fele HEA
(trochophore) +A¢] = o A3l {-J3)gict oF 104 ¥
o= 27|97 (prodissoconch shell) < ?53 g8t 447
A7) (umbo stage larva) 7} A== 2
fﬂiqﬂo-]q o]:‘f_ 71‘7(47] _Ic—’r/\g.?_ qu‘ﬁl—O% _/[1
e FA AAT 52 7] Aol Fabsle] -
7] FH Aol 7Fskich

7] (umbones) ©|
2 ¥ 20289 %
22|l 7} Eo] =

A AL

£ e A AT k| °J%%
A 9 Akels} (14AQ62)0 o) 7-r] A <le] 23]
glow] Aol W 2= FA Azl 4714, J%
AAl Ak s =Y
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