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Conditioning Oysters for Spawning in Winter

Yutaka Kusukiand Sadao Hirata

Adult oysters were reared for 35 days, from Nov. 22 through Dec. 27, 1989 at the
temperatures of 20°C and 25°C fed with mixture of Dunaliella sp., phaeodactylum
tricornutum and Isochrysis galbana, at the cell concentration of 10*cells.” ml.

Oysters, moderately fattened at the beginning of the experiment, became watery
at the end of the experiment.Energy flow calculated from nitrogen equilibrium
showed that at 20C consumption equaled metabolism and no meat increased. At
25C consurﬁption was much lower than metabolism,owing to the increased metabo-
lism at higher temperatures.

From these results the recommended method to rear adult oyters for spawning
in November is that oysters are first reared under 20°C to fatten oysters, and then
reared above 20°C to accelerate gametogenesis using stored energy in the body.

Oysters fed at the cell concentration of 10* cells/ ml could only manage metaboli-
sm. Oysters should be fed at the higher cell concentration than 10%cells/ nl to

increase fattening.
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Table 1. Size of oysters at the beginning of the experiment.

Shell Shell Shell Total Shell Wet meat Remark %2
height length depth weight weight weight

(mm) (mm) (mm) (g) (g) (g)

118 74 33 138. 3 84.6 4.9 E
116 49 27 80.7 pl.7 9.8* D
101 62 35 105.3 61.9 14.7* D
100 61 28 82.5 53.0 15.1 C
94 46 28 79.9 52. 0 12.5 % C
92 56 28 76.5 46. 5 20. 4 g*3
84 41 42 79. 2 67.5 5.1 D
81 43 39 77.5 64. 6 3.6* D
79 58 33 66. 2 40. 8 8.8 E
79 42 45 94.8 76.7 6.8 E

Average 88.1 10. 2

*  Dry meat weight and ash weight were measured.
% 2 Condition of meat classified according to SATO10
* 3 G; Gonad developped.
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£ 2. CEBBEBIEO 7 & LAY Y

Table 2. Condition indices at the beginning of the experiment.

Wet meat Dry meat Ash Condition Condition Remark
weight weight weight Index 1 * Index I *
(g) (g) (g)
12.5 2.415 0. 280 19.3 17.1 C
4.7 2.089 0.282 14. 2 12.3 D
9.8 1.587 0. 208 16.2 14.1 D
3.6 0.580 0.105 16. 1 13.2 D

%* Condition index 1 = dry meat weight/ wet meat weight (%)
Condition index 0 = (dry meat weight-ash weight)/ wet meat weight (%)
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Table 3. Size of oystlers examined on Dec. 11,

Shell Shell Shell Total Shell Wet meat
height (mm) length (mm) depth (mm) weight (g) weight (g) weight (g )
20 101 64 A1 130.9 95.3 20.4
°C 84 51 40 83. 2 96,1 7.7
25 98 19 33 117.1 2.5 13.5
T 95 60 32 81.4 33.5 15.7

&, 25°CO 2 KR & KA XIREEDE TH - 72 MBI (EKO 7oh EOIiB A - 72 &
A, BDE Y, 7 a - v OEBRD A S LRSS sk A 2 et L. S O
KX CEELTWA T EARLTO R, o) 3 AR E DS OREENDIEC, FCEAL
TBEFVALOWEDTH 75,
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N oHTh, L galbana & P. tricornutum & 31313 [E U K& & TH S5, Dunaliella sp. (2
ML DERERTIIN LT, AREXERETIIHZMAREN,

®4 HHBEHOARELRSH

Table 4. Organic nitrogen content of micro-algae.

Species Dry weight Pigment Organic nitrogen
per per
108 cells 108 cells (/108 cells) (/mg dry Wt)
Dunaliella sp. 5.59 ng 29.3 1 8 0.224 mg N 0.040 mg N
1. galbana 3.35 11.5 0.113 0.034
P. tricornutum 3.19 12.8 0.117 0. 037

BEEHICLZIZNX—OHFN  11H9R KB AE L TKEBA KD, 35 LWEGHEHKE
WL Ths, 2RI BETO 2 AMOEEICOWT, BRIELAEHEBSE IS INTO SH
L EFED SHEL I

HWER KA LR, RANC T FHIlE/ meic 123 K 5T P. tricornutum &R 12, KA
DKEIE50L TH A5 6 <1084/ Ki#E & 785, P. tricornutum D108 B D KE R BRI,
450 11Tg NTH D00, MALTHELRBIET 0590 N LB,

11A29Rc, £5D1HHD@ED, 31X CHRIKD 3 EOBRELRA L T07 i/ mt O

# 5. RO S

Table 5. Cell numbers of each food in the stock solution.

Day 1
Speci Cell Org. nitrogen Org. N Dry weight Dry weight
pecies
numbers content per of food per of food
(%108 cells) 10 8cells algae 108 cells algae
Dunaliella sp. 96.80 0.224 ;g N 21.68mg N 5.59 mg 1.1 g
P. tricornutum 75.00 0.117 8.78 3.19 239.25
1. galbana 98.00 0.113 11.07 3.35 328. 30
Sum 269. 80 41.53 1108. 66
Volume of water 30 £

1.384mg N/ £, 0.154mg N/ 102 cells and 4.109 mg dry weight/ 10® cells.

Day 2
Species Cell numbers Cell numbers Total cell Org. N of Dry weight of

left in Day 1 supplemented numbers food algae food algae
(x108cells) (x108cells) (x108cells) (g ND (mg)

Dunaliella sp. 47.10 15.60 62.70 14.04 350.49

P. tricornutum 36.50 74.30 110.80 12,96 353.45

1. galbana 47.70 47.70 5.39 159.78

Sum 221.20 32.39 863.72
Volume of water 146 ¢ 10.0 24,6

1.317mg N/£2, 0.146mg N/108cells and 3.90ng dry weight/10 8 cells.
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KEDSPRNG30 £ 2ED, ARSI AN, BHEHED S 2 Dofalfi ki, 101 ks
DT.7T0A8RYRILF 7K T THE LT, 0TI - 78R 14.6 0 (T Fo i i 45 4
HAMNATEGRAEL (Ko 2UH) . ahdrs 2 008ERMEIC, 1 HHEEU XSkl
Lfco 2 HIBNCESEE U2 s &, K4 OFSRAINNT, MilsEt GRS RRICRNTE 5,

1 HHOBDEE O # L 269.8 < 10° DFTKE HKE341.53m NTHDH, THn30¢L DT,
1240 OABEARIT1.384ng NES D, Wk LT, 2HEE1.31Tmg NEE D, 1 8AEK
M) 1 HI 7.7 B Lo, Zofo IO TEEREE T HIE 1066 g N, 2 H
FI10.14mg N, #120.80mg N&75 5B, THAUKIEZ LAcicz i 0.69mg NET, &El 21,39
mg N7S 1 KFE~0 2 HHFOMHE & 155, 1 fE RIS 40 KE L Te207T, a1l
1 B4 TE2.6Tmg NI LT &S 5,

HEEE HER rBEO MG ORI EI N 1K (20°C) (3 84,000 cells/mé, No 2 KAH (25
°C) 1151,000¢ells/ meTd - 7to, CO& xDEEE /KM KEIZEYNITIEK L7250 ¢ I LS
DKBTTE 216405 MAT65.48 &7 TiTo, CORFE /Koo 30RO K|
LAEEZTHD, |HHOKDY BN SH - 23T THD, »EEIC L SEBIOMNIL 3
EHUERTHS EMELTOAOT, RO HHN S | HEH OO &1 UTH
%, i 2 HHOMEHED S OB Ic X - THG SN ADH Th 477, 1 HHOKEHIIKE
CH SN TWE, —4 2 HHOMRED O OB AEE < 0T, FAKEPOEEHOE S
2 AHOEHE G U TH - o EKAET 5 &, &5 2 OHAGI0% Mk O D5 KEIZ0.146

6 % oW
Table 6. Cell numbers and its organic nitrogen not retained by oysters in 2—day
experiment.
Tank Numbers of Volume of Cell numbers Org nitrogen Org. nitrogn
cells not water in left in tank content of of algal
N retained the tank algae per 10° cells left
0. per mé (2) (%108 cells) cells (mg N)* (g N)
No. 1 84,000 65.4 54.94 0.146 8.02
No. 2 51,000 65.4 33.35 0.146 4.87

* Day 2 in TaBLe 5.

g NTd ot o, HBAOAEERRIZAEO LN 1 /KM (20°C) 8.02mg N, No 2 7/Kf& (25
C)48Tmg NEHL D, EIMLIAYSYTEENEN1.00mg N, 0.61mgNEED,

SEE O E ke O MITIE SN, 1 KK 117 40K/ me, No 2 /KHH 6.9 STHEAE /
WS S e, COKIICIAEBRE [OOSR R (No L /KHE 8.4 Ji el /me, No 2 /K 5.1 /7 4l
Bl /me) EZENTVEZDTIAAELDNT, Hhlt Xncfifao @S Lo, Chuc BEdK
OKBENG B E, FEEKOOPER S IO TE B,

it W03 2 RIC D Fe - Tl L TP S AT 0 30T, BSOS £ e B
+BIBAICIE 2 BT RLES L 7 BRI A S E RO P A I O 1, 91 H10° Ml 0 o
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RO < EH D AEEIABY S ORI KK

BEHRBIIHHO0.154ug N, 2HHO0.146mg NSO T, T OFHEIR 0.150mg NEK B, TH
% bldKROMBEEIC AT S &, FBEKTOPEE S L TN 1 K 0.41mg N,  No 2 /K H%
?

0.47Tmg NGOt (K7D,

&7 LBROEMYER

Table 7. Expelld cells suspended in the supernatant water
ke
Tank Algal cell Cell not Expelled Volume Numbers of  Org. N. of ‘
conc retained ¥ cells of water expelled cells expelled
No. (x10*/ mf) (X10%/ me) (X10%/ mf) (£) (X108 cells) cells (ng N)
No. 1 11.7 8.4 3.3 8.18 2.70 0.41
No. 2 6.9 5.1 1.8 17.57 3.16 0.47

* Values from Table 6.

BRI D 5 HIE FHiENa 1 K8 82.13mg, No. 2 KH# 53.73 mg T - 12, 2 5 1o & MM IR fikd

logH O OEBRELRBIEZ 1 HHE 0.0375mg N, 2 HH0.0374mg N, F890.037bmg NTH 305,

COFEEEROT, ERMOEBEREIEING 1 K 3.08ng N, No 2 Ki#2.01mg N &75 - 72,
FREOBMMER B L G TS N0 1 KAE3.49mg N, No2 KiB2.48mg N &5, Chidh +
AMESTOMEISDT, 7+ 11 HED O >YBEFRE N 1 KH0.44mg N, No 2 /Ki#0.31

mg N & 78 -7z,
1300 -1 S

ZENHRL,
HEHE —AR0E BB - 267 — 1.00 - 1.67mg N (20°C)
=2.67 —0.61 =2.06mgN (25°C)

HibE = EE - BEtE - 1.67 — 044 1.23mg N (20°C)
=2.06 —0.31 - 1.75mg N (25°C)

HE, $HOLBH26Tg NDS Bh I HIRE N0 20CT1.6Tg NTHD, Fo,<
— Y MIBSET, 25°CTHTIHB TH 1o £ LINARIE, BIER267Tng NS b, 20C
T 1.23mg NT, 46% LKERTHD, 25CTIE1.75mg NT66% TH - 120

RKE AHBEIBRIHEE» OB L, hEDOERERSYT g & LCHET R L, A
L8 1 HOBMBRHERIT20°CTIB.67m, 25CTIE37.56 &5, O, 1mbid 0.067 mgDFkEzs
FOMHBICHYE ST 505, 20°CTIH 1.25mg N, 25°C T3 2.25 mg NODIEEICHI Y4 2,

RAE HARAHLELSRBEBAEELIC LI THRHONE,

HNE - R - R =123 - 1.25 = -0.02m N (20°C)
=175 —252=-0.7Tmg N (25°C)

WINGHEILBLOMRBBOEBKRE , BMEBLE L THEADEE - 1. Hi225°CTIE - 0.77
m NEVHIKRESHEDMEES -1,
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XTH- LRI OHTEL O, L LD & baAET dici E R L, A DD
M LT E WD B RN TH 5,

HRERPENU 2O RL L0 ad biohic, iR Eo X Sl &k
h AT L - T, B OB [ O oA Lo, B2 O
A ANSD &, H3c Lok, HPgEE L TNo 1 KK - 0.02mg N, No 2 KHE - 0.77mgN &
WAL BT O & 75 - o, FRITNe 2 (25°C) KEEOBOMIA NI, 0 RO T 7o
FAWE LT EAERLTEYD, WA

e X DG A 1 EARL T3, F=" = $ ~0.02
D 0.7Tmg NS QO HNERTEE L R A

DR DM 15 % D p AR LT AT, A ] 2o m71231?

g U OEMEERAFHOL(NLETE, 9~ DT E_04

12H1315~16mg N, 1 ~2 1314~ 15mg N 2O T® R 1.00

MIYHNHC A THER L g Mo h ks FE & LTI5
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SO, ERERTA5E0.05g Db E0DH L
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izt A, 3bHEOEBRBIR I ZOIRED KD .
L ERET HE, 1.8 g OIL &S, HER s | F c |l m
RSO PEE R AR 3109 LI F T, b & Ay 2 | 267|206 | 1.75] 252
LEISODEOENTRAK2 g Wb d 5 & |
LE, DRDKNEICE S EELLNS, E__031
20°CIZ AT CH T O & 5 IC A & 1 0 iIe R o8
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Fig. 3. Nitrogen scope for growth in
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UKFEh o SRR IR I ML TH 0, 2 BHIINo 2 7k (25°C) T34 5 F#ifa /me, No
1KHE (20°C) TR8 IR/ mb L F LS ELH->T, ZOLEDNLEAEERIEL LN
Ve HOEEMBHEHBEORE  RBIcHO SN TED, HEEL - EbEZ LN,

HBRTH200E0FADREL L ST -hORFEDL S BB LEDTHAS
o KB T TOEENY bFcd &, BOhARE L, 20°CTHE LI 2MHIED S Ho 1 K
POEPTRICEE > TEB0, HORBESHREL, F&7) a3 -7 vOoBERTALBO LT
Tt UL, 200C0%D 1 BRE25Co 2 EikE i, BohoEORMEDIEL, Kisx sl
STV, T, EFTREHsDIc, BEBStSIITORTO A -1 EERLTV A,
CORKE L TR EDENDIRTBEZ SN D, BEKEG 2 Hic—BK#Z Uichs, Kiid
DEKOBEAR I B2 E D LB 2L DI - TETWI, TH LT EDEIEFIC 85 -
72D E LNIEV, 200CTHE, TRXVF-DROUMOH L EHAOEOIRETH - 72535, HEHIE
¥Wlog N&EBhote, Lc->TiERIEEL L TsNE, SROKBERTOMAILLC LR
FRETH ~7cA D, L L26COBEITIEEL0.6lmg NTHY, InaxLTEEL, #bLLE
ELThH, AETD0.7Tmg N&DDEL, SEIOKRIERTRARTH S,

SlelOfRERE, SRR 1 Fil /s L, FRNERT ¢ O 220°CTHE L& 2D
WAKEP SR Lz, £59 5 LBERE,E 11 BICITEEBIE S -, TORE, 20CT
flE Lz RS 3V, BEEN DB IEERLIETSH -2, L L25CTIE,
HHESAET SRR~ 7, 25°C T, WHEKEDM20CEIDELBEDT, #NZ0HEERE
ARBIZIEDBDITHD, 20COHBRELTHRELILIELOABE, ARAENZYTH- 1
CEERLTHS,

SIDOFEBRT, HORNE L2 CTIE, HBEBD2.67mg NITRHOAES0.77 mg N M Z 7=
344 mg NDBKETH S, INEZMIAEICHREL, 25COHKERERDTH S, BEHbDI10®
#iaE, X501 HHE2BEHEDOESMS, 0150 NTHDL, ZOMFEEAHWSE, 344 ng
NEH23EMIAL 05, —HRBOBRIBEARO O LG UHET, 25°COREBKE1.342 ¢/4
AW lg/HPhSERERT g D EOHEIMREERD S &, & 1#1 Hic22.5 EHass5,
DL DICERKED SROBHBERD, HEERLOELEREREBE R LLBENS
CEDPWBCTORENS, Lich-> THREBIHEHENREAS 1 JiE/ne & L, LRERELETK
WEPOEEKBERODTHRTEL LMLz, CORBICIHAAZEZT, L ULKBEELY
PEFEEGHHEE LS, 81 FHE /e A EHEICE 52D, 2~ 3/ meicis s &
fHABEKPEBL T ZDT, FERETHEEL TS Licny, EFERETHAETL TS E
BOWRF, FRBREOS LREE L THE SN 2H83E <10, ERHIRIECHH NG
WEEBZ D TDH S,

EPIraN1O and EwarRT i3, HBEREXRXTEH LT3,

R=0.01.w™ %
CIZTRIELER] g | Y OMREE (ZBRER, g) C, WHLERGQITHS, ZOATE
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B EOLEHETEWNg (K1) OLEOBRERAAET L, H1IM1I Y20 1420 (4
BER) L15, SllBHEKED SR AEHES EPiFANIO and EWARTO{HE & H$ 5 72
HEURERICHIIE 5, MBMRo10%MENE, XRS50 1HHE 2HHOESD S, @i HEHZ4.0
M TdH -2 COBMEAH NG E25°CT 1 HiC BB AR2MEMIE TR FR T2 & 75 5,
L LZOBERBRHEEHSZIORTHY, WMRT 7013 100mgd FEBETH L, O
i EPIFANIO and EwARTY O L O D0 b DTH S,

Sl EBHICIY EF &b e a0, B RERNI0g TH- 7o (K1) o K
BRI I3 S 1 0enfE O X A V7o, TOAERERIEEORYETH - 720, FADIRESH
BTk > THEOREEDT, HEERETH S, SLIOMEA» S E TG A DA F3 5
DHLOTHY, X1ow ),V%9WQA)M}D,E@#W@é@%mguFT,uﬁcw$
DRI gRETH D, Lt TESBHFICA > T AL, SRGBREBI5gLECRELATHS
He £ T B EAMOHMERAICHOIERNERED T g DL EIcii 550, HEES 100 m
DFED 200 mgid L BT S By

ZoLHic, FRTREHEEKEEICE > THERPANEX (R LHDT, EPIFANIO and
EwarT? O L 2ic £ T8I THUEZ KD D LB TERL I EDRbNr D

ﬁﬂww&mwkséu,&4@¢5m,ﬁm£»fﬁ@5wf,m~@v%ﬁ¢%%ﬁmm
BRI s, EIRERICME L TR T EGUETH D, S0 Mo siE /I 4.0
mg & UTEE LTV AD, TadD NSNS affiidic >0 T, RERIcHR LT,
O HIE AT D X423 H B

COEBEER D SN LS IOKEAGOERBIZEROT FALF -2 QB LEL, PEH SR
ORI AV ET B, LT ITHO LD ICHAD DA R ki & R TERBE %
FEXG LS LT BOI, BREAFEORED 2 >A I TR 6 F, PEONETH
LEEZOND, F72 LOOSANOFFY balfxT B L9z, pEIGO O & S A hisE % 5
ESEAROERNETH 5, FWMERUERE TE, Kl L TOAMBEOREE TITRPLOOD
B mnbh 56 Th b,

PLEDZ ES10~11HCIE20°CUL T DK THRIE L TIREBA LTI L, £DORERsET
BGADA LT BEICTRETHEEELOND, | FICH B EEMEDRENIHEE DT,
2 HEED KB A R A IC LG T, T v - TEFEARES Y, GHHTEASEEWS &
AT EDOBLEODOTERHEBEVNEEZL SN S,
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