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ABSTRACT

Spawning inducement of flounder, Paralichthys olivaceus, was attemped by the control
of water temperature and photoperiod from June 1, 1989 through January 5, 1990 (189
days). Water temperature was gradually decreased from 21.7C to 10.6C which was the
minim biological temperature for spawning of flounder. Water temperature was increased
again to 15T gradually, and then maintained at this level through the end of spawning.
Photoperiod was also changed gradually from 10L/14D in June 1, 1989 to 14L/10D in
July 25, 1989.

Spawning of the fish occurred from October 4, 1989 through January 5, 1990 (93
days). The average number of eggs spawned during the spawning season per female were
2.67 billion. The first spawning occurred on the 60th day after the time of minimun water
temperature 10.6C. The water temperature and photoperiod at the first spawning were
13T and 14L/10D respectively. It took 71 days to spawn since the photoperiod had cha-
nged from 10L/14D to 14L/10D.

Spawning period can be devided into three terms. The first term was continued for
30 days from the beginning of the spawning. The second term for 41 days was the major
spawning period followed by the third term, the final period of the spawning, for 22 days.
The percentage of average fertilization rate of the eggs in the first, second and third spawning
terms were 37.4%, 54.1% and 19.6%, respectively. Feeding rate was increased in the
maturing period but, decreased in the spawing period. During the final spawning period,
the abrubt decreasing of the feeding occurred again.
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YA EEe ER S A e BEAE Bid R3] BES FRHINS £ fHashe Ao
ERAC 2 vl BESITL YX) TR AT MRl T2 ARE MPHAS HEo 2 Bl
Pt kel SISV (N 1979 5 B3 - i 1971), o] HiELS SFHE ko] wo}
RES ZHEIES TER3E7]7E vl - o2& Rggho] itk J2lB 2 BiAE B Lk HF SEsld
BRENS FEstnA she B2 piert BiTHo Soh(Ig 5% 1980 5 Fok - /k 1979 5 BH -
EH 1986, 1987 : BH % 1988 ; &6 & 1980 Min 1988 : & % 1089). &if WX #j#ol
EXO 2 [EEe] Rl wel B AR BIRSle) HMA BH s £ LER 31 e
Eigolth. whebA ABKR BERGZ ARENS FHstd RHY THIIS LED B 25
g & de FHikol YIES Tk ok

BRAES PR o] I A BT B 82 5o (Dicentrarchus labrax) &) 7%,
=¥ Palavas BI9EATS] BFFEHl o# #EF vl 13 (Station Experimentale d’” Aquaculture de
Palavas, 1984), &5 (Pagrus major) &} 75 i@ %(1986)9) 2ste] fnifol olat RN
FERZE HEE vk ek GR(P olivaceus) ol VAME EHEEA o8 SN Mot ke
BIEHEL > v —(1984), 1 %(1986)°] #H&T u gk BAAE Min(1988)9) 23 AS
FIR JGER AT Bt BN HRENS FEsle a7 279 b dou, EARS FEsY
B EINS FEetil EURAS RESIE e K403 ®ER vk gk

orebA, A BRI AT dX 9] ZREIIS KBS B WEMSZ #4537 Y5k, ¥xe E
REEC 7 B S nA Jog A7 KES HBHE ABO R S ERKE A
EIS FHEstaz A

ZE S S pF S

Hfe 1985 o ATHRIPSH EHN KA fFE S 454 ojn 2 A 7R (2K #f 560~685
mm, FHZ K 610mm, BEFHE 2,500~4,1509, THEEE 3,3809) ¢ +7 208 (£ EHE 400~
525mm, FHEK 462mm, BEHE 800~1,9009, FHHEE 1,3809), # 278 51.2kgS 19894
6 1HYH fMESIAL

FE A= BT (EK 3.7m, KE 1.0m, KERE 8.6m*) & #AIYo ™ ki Kk b
Bt AHEEES m* & 4.74kgo) At} MBEHES BHS FRES A28 (ks 5 —
1984 ; iEFT % 1986 : Min 1988)2 %2 A HES JOES FIEsIg L, KEY 2Ee 935y
gkt X7 7] 4 iR %S FEEE RESITH(Fig 1). A BRSO PIEEIEER (semi closed
system) & 2 A 2% K 2 o] fiFE KT 4.2¢/min, TERIEKS] FKELS 127.5¢/min° Aot #a
ArRRE EE d78ol uleElE 28 1E 5009~1kge Fow, ftd] A4d E 9 E (vitamine
E)& 2f fkEY 005% A JEAE BERd #rlsld 2o fEE 2t 18R LR
HA B AL Pkn g @t ik, HES F SR EHBIE/ AIEE X 100) S EEsg)

EIFES 9% BERE o) KR #3lde FEWL 68 18¥H 7H 18AAE
BAREKE (A Kol 22.7C7 8 7 198 LIHE = %% (15RT, 20Hp) & FIAslY
K-S AaF w3o] 8 5890 10.6CE RIE KBS #ED O, O @ik LR A B o=
14~15C #igE7 HES stdch £33 AL kol 14T ©ol8t2 @ 118 24F%EHE EK
HYe](15,000kcal/h) & FIHsI KRS EARY X2 #iFsia.

JCEK RS BBYE 300W 1S SEAM ko] KE Ei 1.5mel W21, RS K dhge)
KFEMHl 100lux, K#E 713 sHfle] 80luxH Al sttt YBHE HEHS 68 183E 78 24
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A7bAE BEREERTC] 13.58 oA 1085 SI= 5 SHEESNOY, 7H 250 He BREMNS
10FEEON A @ik BinAlA 118 22H7HX] 158K S =2 KEERESAD (Fig. 2, 3).

EYVER LS S EIpfEY RiEE rmAZERE (1BE 0.5mm UL E @)l Eo Q52 gt
o] WtES EIME oF oBFE LMol stlon, kR &2 1050 3E Mk #pshe) mERES
FEEHATE TR vlolA ket &7 3040 HESt Emm stebere 4o A,
FLI e FAaEn Astde zol2 Ptk HLERS QENEY W3 7LIY e HE
Ao, ZHEERS 10089 B LIk Jpgle] #fTH 1 Qe <o #ME HESQR, 3E Figsty
TR bS] RAEANA Y HEE AFECE 3t O 1md% 1.200%0.2 BESIY

Lv

Fig. 2. Diagram of the control system of rearing tank.

. automatic photoperiod regulator
* light (300W)

* boiler (15,000kcal/h)
 refrigerator (15RT, 20HP)
 pump (1/2HP)

CL : cycle of light

RT ! rearing tank

CW ! control of water temperature
LV : light intensity sensor

HE : heat exchanger

jae -~ v~ B an B |

KR

EIEEE Bty BEES NSy A123 10894 64 1HRE Eiol #TH 19904 18 5
R7AA 189HMEY BRAME KEFC RoIMe] KR, HE 2 pH #tE Fig 49 2tk kXS &
fAFHE+S 10.6~22.7C #HiEA e FEKR(10.6C)S #ES 87 58 LR Eijo) 24
19904 1A 5H7IAE 15CE #@BREsA &= 12.1~14.9CE #EFAQD wES fEwiids
BAREKS dAC o) thA #bE= RS Roltrt ABMIQ AEFEAI ARE 7A 20A%H
FEKS BEROE 44 FolAE HAS BIAT, £ MEHES FEstd 1.0200~1.0254 HiEg o
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Fig. 3. Control of water temperater and photoperiod for spawning of flounder.

NW : natural water temperature CD : controlled daylight
CW : controlled water temperature C ! start cooling
ND ! natural daylight H : start heating
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Fig. 4. Varitions of pH, specific gravity and water temperature during the experimental periods
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pHE BERHFZ FAHEKY 5 vk Fo2 2 #i+ & #kglel 7.0~8.39 #E7} HFps A

KR R ) FEe 93 WX FHae] EIFE FRE Fig 59 ok kil Bt wE ES
RIEKE REH EIRC) ol Fo1X7] 7hAl= 60H ] MEE AL, ABMCE KRS #57] A1Es
7H 208 Z%E= 76H°], 185 &Y fE MAAE R 126H ] FIEHAC Efol KT HE
W= 19905 15 5H 24 MEDD B 94 BfEIol 9o, 1 & gEpo] o] Foj 1 I 69 HRCI AT

tIEBAAE B RBESES 13,5850 #ik 108FHC] HxE 5400 HHEREE 3 H, 78 24H
LiggHEl= BRER ol 14850 HE% ROKME o A, gl 14kHHc 2 B|ind 98
30H LIk 5H gl HiLEe] olFolion, RHEEE tHIES 78 258 FH EIZAE 7189
FES A HWEI L 5HES Ele] Ei-¥oyt 108 108 58 ABAS EMio o F
ol Mt AE7NF EEe 2A Kol 12~.13CR ERIHA BEEl 14.5FH R
FE ENGHA(308 /M), ARKEol 14.5FFREINA 15K 2 Eing 4% ohA 14.5KH 2 stol
A= ERFLA(41 ARD, 1281 H R o] 14.50 A #ik FolAdA Effo] KT = © EIEIA
(23D E FEE 5 o,
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Fig. 5. Variations of water temperature, photoperiod and the number of eggs spawned during the
experimental period.
C : start cooling (22.7C)
M : minumum biological temperature for spawning (10.67)
H : start heating (14.0C)
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EIR e MENE, B EE 2 THEL Fig 63 2 10 MEWRES X5 &) 2134
108 4BoE 81.6X10MeIge ), 118 15HE 133.2X 1002 &N #M+S FAME
vFeERA T EERRAR ) B ENE LS 1,869.4X 10401, 4A 1BE 5 ENNE S 267.1X
10%elx, 10 T ENEL 27.9X10%°] A

& EE B MEIE U3 BLEXRY THRe M2 HEe JES RIoH, MENE
3k B0 B e EINEIETY 47.6%, BN 63.5%, EIRHE 41.8% 2 28 B 55.3
%ol 2}, EDRo] ojFol HoewWME Zhol AHHA &L HEE & EIHHEYT 2482
DRI O R, AR 11H, EIEL 4801k
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Fig. 6. Fertilization percentage of the floating eggs and number of total eggs and floating eggs during
spawning periods.

FFREIN o] ENHNY 2488 BRAS BEI U SRS EIEI 37.4%, EIPHE
54.1%, EIVEIL 19.6% 2 T8 44.4% 010 38 90% Ll kol RS B = EN Hnk
37HA, 4287, 458AZ &% 100%, 92.3%, 98.4% oAt}

HAa ik BAES M 2 £ MR Fig. 73 2ol fEwY 10 BAES ANEY
0.3~0.4% FEEIAE, KB 2 KEH FRETol A1FE 7H 248 DEREE ko2 Bimsty
8AWMAA Aol AEHE 108 F7kA ) 2EAKS AEEY 1H 0.9~1.0% HEIAUG. 23y
Eie] AMLoz AZEHA 1 AREE BAES 05~0.7% #EZ Hotxor, ERo] #
TEo7bE 128 30H L#EdE 0.35% 2 23 Bste @ms Bad.
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Fig. 7. Variation of feeding rate and total eggs during the experimental periods.
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ABBQ EIFAS 98 \AEARES HrEs A7), WA FnT ki, BIE KETEE 2 85K
Zo EIVEI JIHC) EES gEL VA dX9 ARENS A FHEo MEAKES MEEs
FHBEEE ¥t TA - /HR(1979)E B 3.7X1.0m, KA 8 m*Y EHKiE &£ 50~70
cm®) B 12B(93 48, 57 8B)E 1.8~2.4kg/m*% HEZ MBI, EiF %(1980)2
£ E 70cm FiS B 7~10BE 6K Ki#(5.0X1.5X0.8m)) WEste] EIS FES vt
gtk & BgeolA HAS EKE(ER 3.7X1.0m)o FHLE 46.2~61.9cme WU HEE
27R(AA 7R, £ 208 4.74kg/m?) WETO 2N WAEERINAM ki BEEY ALEY £
TS RS Aot MR R ENCE TR B B4 gdv Aoz ATEY.

KT B RS B EIRCl v g RSt FEY A, HE KRS 12T
LlkoZ #Esld MES ERES 190 HABKES B HAT BREY BN 22 vz
gl Qo HRRE % 1972), B £01970)d v E £(1973) &£F hnEMAFl ENTFES
1.5M8 492 4 YA stgoen, 3 MLHF 15T LY "We ENSA ¥evn Ba
sl X0l Bele (B 2(1986) < JCEEAZE izt IRl BARSEA T B oA = Kol
] Zo| BFSIEE, BRHEES 37 58 I BAEY 14~18CTE {3l Aol HMEMlTtT
sk ch

A e EIRS 9ete AR HEEE WiTAA ABRCE HET R, BN 4~6
Bel pist EISY EIE 6@A Lk 997 108 4H9 EEe 2R KBS KB A
DN #gEetAl BfRst Yo & 5 vk &, AP Tl A9, HBEAZE 9L/15De A 14L/10
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D& Rfig of Efio] o] FolHhal #5¢ vk 9l th(Station Experimentale d’ Aquaculture de Palavas,
1984). Min(1988)2 d x| o] B2 Kol 12TA 14~15C2 LF &3, FEI7F 10L/14
DollA 14L/10D% #iE of EIIScin 2323 v o} 23U 8 %(1986) ARKE T+
BA 17~18KHo 2 RIUR BHEsle ES FHEstgov o ke £ Z3te B &
Emalohal sk & e A9, kel 13T gitkell A JEHA7E 14L/10DA A 14.5L/9.5D2 =&
WAl EPpo] o] F o)W o 2 M Min(1988) T Palavas Ff5t® (Station Experimental d’ Aquaculture
de Palavas, 1984)9] &R —#I At KEQ A%, & R BES M k2SS A
et o ME ki FmMe BESE PRI 100lux, 7HEAE 7 80luxH Al tha WA #HEslgct
ol B £(1986)9 & FHAEUN: KERHS XE 800lux BUie 433 @A FE=HA=H,
A BFFeol A Bl HES LA RET AL B kel 2.3mE Qe gl miEd REA
kel & pigee dxe B fEEe Ao ABAENeR AR dE do BRe Ao
#HRE

a9, EIEGe ENES WHale Eo]l #THve BIAA —Bisle EMol o]FolA7]
HoE= 523 REE ol2n EIislE Ao ' wolth BEiEHm 23 dx9 A Bl friEss
Refelol $te] & £(1980)& 78~112Holg HESFAT. FA - IMA(1979) = Ao ES
BiiAe) #iAe) 2B E Vo, Filiel e ENERE 742 91.24%, 8.76% oW, LIRS
79.8%, 35.0% & Jth T A EEE ENES SEY EiH, 279 o ERE] th2w, ENY
FrERE KIS 106 A, EUNFEES 78 HRolety H&S vt ok A 43 HE 19y
Tty EIEY) Biste 44k - MKR(1979)E 404X 10%1(& K 60.5~71.5cm), *3F %£(1980)&
427.0X10% (A% 52~50cm) & #4539} & BEdAE 1BE ENEo 267X10%oE
FEEY H3ld EMeEE AL FHAS HIged, 5iEE 2A5s KB 2L EH FAme kX
B RAET A S HREIN BIF ERIA & Pigte ABMC R KB EEEE RAmsldds
oAl Mz o2 g (EHE + UAAE Aoz dddHg.

PEY #RE fasty, 9x9 I KB B pEs U o
Eiol pE= st Kl FES FAac] wifTHlok @ Aoz 2iEE 3] S 9 HiRHE
e BB 70H Blbe] MESH EIIS 95tadE 1208 LIk HATFHY ufE3 " Held.
H REY RIS HE7 AdAe BadA k5 £%S TTe=N BES Kol o
2R E FHHEEEY SLEV} o, oA FFH+ 9olF Docosahexaenoic acid(22 © 6 ©3)
o] BEXIAAS JVE-S At EES BRO 2 I #HeES L vk (Watanabe 1991). Bl E9
HRES HFANCE EATOE 2850 BGRsle] 94X ERNS ABWE FEE F IS B2 T
ofUel, RE S I ke B8 Ml E R Y a2 #H EHe BES Fies N
% 9= Aoz MZHETE

o

AeE L & AAD, B
.

Bl

B

L

1989%F 68 1A%E 19904 18 5H7FA 189HR KBz HEE sty X9 EWS
FET HFREE EOSH o A

KB PR o3 Fel EIS BEKE 10.6C EH KR 13C Ak 608 Tro| ERol
AZAH QR T, ke ABS w37 A3 e LHE 7eHo] AE=A 3 SR FAEl
o} 8 EIRS KB 13T FiElA] KBHA7E 10L/14D2 € "8 E EAREE AF5e 14L/10DE
R = Bl Ee] o FoiFen, RAREWMBAZYHE 718 FESAT
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BIHA 30H, EIIFHI 41H, ENEY 2309 32 TEAAY. MEIE dd 5L &%
FRERS ME e EHEoI R, F5 TRRS b7t 54.1% 2 718 21, Bl 37.4%, K
19.6% JHolYl o, 288 F15 44.4% Atk

T, fREA R BT MR el #iTHE Bl SAeRo] Wmstdsl EIRkE
FHE S#c) BAstaon, EN TS 9% Bdske @Eme YeEhIAT
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