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Optimum temperatures for metamorphosis

in hatchery reared Japanese oyster

Yutaka KUSUKI and Sadao HIRATA

This report describes the optimum tempeature for artificial spat collection in
hatchery reared Japanese oyster, Crassostrea gigas, larvae. Test temperatures
ranged from 26 to 36°C by 2°C steps. Triploid eyed larvae, induced by
Cytochalasin B, were contained in each beaker of 500mé capacity and a pecten
shell as cultch was immersed at the bottom of each beaker. A pecten shell
was changed every day.

Percentage of larvae which attached during eight days was more than 85%
at 30°C and 34°C. The rate was as low as 54% at 26°C. Because the mortality
rate of larvae was approximately 40% in three days at 36°C, percentage of
larvae attached was only 32%, which means that the higher tolerance limit
of eyed larvae was 36°C.

After counting the number of larvae attached on each pecten shell, spats
were transferred to another tank of ambient temperature of about 26°C.
Average survival rates of spats in six days were higher than 65% at 30°C
and 32°C. The rates at 26°C and 34°C were approximately 50%, and 21% at
36°C.

Percentages of spats which survived after 6 days, as compared to eyed-larvae
in the beaker at the start of the experiments, were 62% at 30°C and from
40 to 45% at 32°C and 34°C. Also 24% at 26°C and 7% at 36°C was measured.
From these results it was assumed that the optimum temperatures for spat

collection of hatchery larvae are from 30 to 32°C.
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< 77 % Crassostrea gigas 1EOKE & HHEE & OBIRICOOTIE, DHOBERNLS S,
L LZNns3h 3 GAGEEEMPEATO I - LEDOERNE <, STHEBEDEGET TH,
BOWNIGE S TOERBRERTH S, Thick b &, ZHH O DMGE T TOEBEKEBHI0
CULTRAERESBD TE LB EBRENTOEY, $HZHEIPDS H80-90% L LD
DA DRUNEICTE 2 IR EFRIZ20-28°CTH 545, BKIERE21-26°CE, FRTH26CEVHE
WKIBERE > TOBHMELH B,

LLAT, YEBRELBLLERMUEIPEELEENTEHD, 7AYHH*+ Crassostrea
virginica D KBIGHETIH 325 CTHECEEL, £BELEA -/ E0 S 3,

EERT VG, SHIEE~ 7+ 9% BKEIC USRS S & 3 EBA 1T - C, SH® DS
L TORBMYEIHIS0C, DRGDEL SRBLEH T TOSEMYEL 35.4~38.5 COEMTH
5L ERRL, HKROEZLDDROSVKBIREMA SNB T EER LT,

RAGEAMER A ESE 2 ICHBAMAEEL, COM-EDOKEBIE>DT, BEMEL
AR, KTV oREL VBERED FBBIEC 2 EEZ 5053, $H5 LiGkiETH
HIHIGE, MEROMHOEBRRLEBE LLINRENEOSHO, D245 bEBLLENIR
HOBKIEE KD 5 BHTEREITO, HETFOMRNEBONLOTHET 5,
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26~32COBERBICOVT 2 CESADABRBETEREIT -1, DD H26~30°CIHEETE
#kiE, 32°CiHE — 4 — I L B1ERKEEH VI,
ENEFNOEEKEICER 2ADOER (ER2m, &5130m) AN, COFIIYET7
4V — (£L#0.45 um) THRB L 72HEK80meZE AT, 30°CE32°COEMITIE, EFick s
FOEAEBCHWT, F70vB%E L, HOEKDOEIEH18.2 Cl% TH - 12,
HRAGEIR 6 ABHCHRICLZEMEREICI O, ZHBLTHA +H 7Y Y BT=fEE
LB L, #925~28CTEHBL TV bDTH S, DEGAED D LERBSIEICE L7DId 1 UL
T, EREIRED - T (TEERBBRFOMBYEDKR X S 35E 300~ 390 4m T, 340 ~
360 umiCE -7 DR 6N, PIEOREEIVENINIHETH -7, TOHESETHIBHIL,
BABXOEM 2 KDND 1 KiC 125~ 132 FEOGES, FAE <y P THRTHALLSOA
N, TORDOENKIEIZ25.6CTH-1, Kb 1 AOEMIE, BEHOHMEANEZRICEEHE
KIEGEANT, PEERNERSERKEOER L At iz, 1IHCIZ26°C &28°COKMEILFTED
IKIRICIE L 7o 30°COIKIEIZ13EFIT, 32°COIKIE I 14BFICATE DIKIRITE L 7c,
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DB EM > O NEBE AR 2 L e, BT OYES, FiDH o 8K IAANT
ATEDKIRIC LT OIS, $HEA AN TKIEIZE Lz, 2 LT C. calcitrans 1.5 T / e
LI, AL TOABREERSEE, B L TORBERE v — ~TKA T,

£ H 1 EROMEDHER L~V

Tablel. Numbers of attached and died larvae during experiment 1

p—— o H K f N~ M
No. of attached larvae No. of died larvae

Days 26°C 28°C 30°C 32T | 26°C 28°C  30°C 32°C

1 1 1

2 1

3 3 1

4 1 1 1

5 1

6

7 9

8 8 1 2

9 6 3

10 11 1 1 8

F 17 7 10 20 1 2 1 3

COBFEBEBOELTT A280F TERER T 12,

HBRLER

SKEOEE KR OZEEE, 26.0~26.1°C, 28.0~28.2°C, 30.0~30.2°C, 31.8~32.0°C
&, BELTO,

BRI DG A DA E ENCIEDRBUER 11T ED TR LT

&R 6 BHEE TELLVA, THHELSHENEH -, L LIOHEOMNEH DS
AHEERETH32CO0ME D15 <, 28CEICTIHEMCIMEUT TH - 17,

EBOHBDI DI EE Y v - LILE - THBE, BEHLUCHEBFASHBLTVS &
DICRABHER, 1HHTCERTCEE 1 HALNE, 20%GBEHELTHAMEKEE L
Honh/olk, F0FEF L -1,

BB ONYEDORERRE S 5 &, 26CLBCTRABIONESEDH LG LTED, T
C—EMOYPELRZTBTFE EL T0ichs, 30°CE32°CTRLBICHT L, KEBBEOAZE T,
RIPEERFET B L, 32COHDTI, 3~4 HHAEDDS velum BBIAEA < »>F T3 &
IRPENRHONZ LI > TE, ZLTE6HBICRZOLS eSO BT, 4
NEBDO K CHVICEL TV S, UL, TOTRROITREL, SEHRDONONES L
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DT -1,

FHRBHIRO DI L E > TWAPENRONT, ZLTHERLIE-> T 5, YIEDFHHK
BRC, RO DI S F > TOAPEIMOA 7 ABETHEEL 7o % /ovelum I % <
S DFTOBHED, B >D20THWE35D6H506NELHICN-TELDT, IHLbHT
ZAEBETHE LT,

2) #2ME%ER (19804 8 B16H~24H)
A &

HI1EERT, 32CTHNOAELDEL, SROMEETCTULTHL T EMNELEL 72D
T, 34°CE3COREREAMAT 2BIEHDOERAEIT - 12, 32CUTIMERIERKEE, 34CL
36°Cik e — 5 —ic K AtEERKEL MW,

SEMEEABI5E, PAEBNET S EHEORDBRY, B e 720 TEERER S OH
EUHESDFERBELCTL b, BIAERTEROTOPERNES 2 600D, ZOF
TR LT ADT, SEEGBEOSEMEEFENZ HUTEREH W, BEREHVIERS
HERE I HEREGENT, HHEREI0EENE L, —ANEBEOERERSIHIC] L%
—EHO, 1 LE—h—iK I ) ETHATHEAL 72K 00 me% AL, CHICHHE% 500 I
Bl CORIMAERELTHY FHBRE AN, 5 FARBAEHSORD SDOEZRY, &
oAmEA Eic LTe— 54 —DEIChD 7,

B, e—Ah—dic1 B1EEBEMOEEZ, HKEIT- 7, #Ed Chaetoceros calcitrans
10,000 cells/me %, B HKBZEICIT 7o T OMIIE 1 BIEREEKRTH 5,

WA+, TANBIYIDBLEICE > TIRIIL, S, $4 b h 7 v BT
KT AE LT, 267~278 CTRHBLTWAbDTH S, DEGIAD OMBNAE E TOER
RI6THBE, BOHTH -7, WARD RIS 330~400 um T, 350~370 4m iTE
—IBAOND, HEHNLHi-TcETH - 7.

#® 8

KIKHEDKE DB 26.1~26.2°C, 27.8~28.2°C, 30.0~30.2°C, 31.8~32.6°C, 33.7
~33.8°C, 35.4~36.6°CT, KEDOEHEI/ NS 7D, BCOLDIIFH, -5 —ick
BB D 1D, KBOEEFEHGD LKED -1
SEMAEBZHOBERICL 3 ERTIE, 8 BEOEREE L TALREHII2B~34TCTREK
BONCTETH - fehs, 36°CH DA &2 cHEmMLTEY, 5 BEF TIRIBIERAIL(E2),
75 RBEAOMEHIE, SBRAITZI0EETH 55, 0CLIBATEEMNESZ V. LirLnd
NHMBBHL OO OB bDRA LN T
HEEAEZB2LHOE - —TOERTHE, fEoE—2i, 30°CUTT3~4HH, 32C
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Table 2. Numbers of attached and died larvae in a smll glass vessel
during the experiment 2.
: =

HBH No. o? atta%hed iirvae No. %of d;i;Ed lairﬁflae

Days  T798°c  30°C  32°C  34°C  36°C | 28°C 30C 32°C 34°C  36°C
1 0 0 0 0 0 0 0 2 0 0
2 0 0 0 0 0 0 0 1 1 1
3 2 17 1 6 1 0 0 0 0 10
4 0 0 0 4 0 0 0 0 0 57
5 5 26 3 0 0 0 0 0 0 20
6 1 0 1 4 0 1 0 0 0
7 4 3 4 1 2 0 0 0 0
8 1 1 4 3 0 1 1 1 1
i 13 47 13 18 3 2 1 4 2 90

£33 FoOEBOKY FTHRBEE - —BEADNERE B
Table 3. Numbers of attached and died larvae in a 500m¢ beaker during the

experiment 2. A pecten shell was immersed as cultch.

s H - % K

B No. of attached larvae No. of died larvae

Days | 26°C  28°C  30°C 32°C  34°C  36°C | 26°C  28°C 30°C  32°C 34°C 36°C
1 7 22 5 15 167 65 0 0 0 0 o 1
2 72 13 20 127 63 97 0 0 2 0 3 50
3 48 98 77 128 73 2 17 4 3 8 4 186
4 80 90 251 49 20 — 13 8 728 11 —
5 25 31 71 7 91 - 49 28 8 16 4 —
6 17 28 2 14 1 32 26 0 0 3 —
7 4 9 3 3 1 — 0 0 13 0 0 —
8 17 42 17 1 7 — 3 2 2 2 12

it | 270 333 446 344 423 164 | 114 68 35 54 37 237
% 54 67 89 69 85 32 23 14 7 11 7 47

T 2~3HH, CUETE 1 ~28HE, &BICLBBEELHBEAGMS SN (F3),
8 Hi TOMERITICT LT LMBOBL L TR OE L, RWT28CLE2TEMTOBITEL, 26
CRHEST DA% LB ot 36CIH3BETEEGE L, MELDVULL-/0DT, 3HET
KardE U, 3HMEONERENRSTH - 1,
FEHE, t7 THERENDMNBFLE-H —BE~DNF LRI THB L, BKEEDHBE~D
FEDBE L, 2ARD0~80%% D1, ROTHI FHBNONEE, ROAEEREEITHF
5&, BKEESBRANME, Lcd->THRDO MUNOFMNEROANRE L, AENMIE L7726 DIidsd
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~T78% T, WHELHBTH -1,
O — 713, 36°CEKEX, 26~30°CTIE5~6 Hi%, 32~34CTld 4 ~5 A%icH SN,
F36CTIH I HE»SEEMLEET D, 3H®%E TIRLKDATBHEET L 1.

I MEHBOERZE
5 &

F2MEERT, v—A—THBEL Thy FRABHE Lch FHEER, SRBERNDFRKKE
KA, BENKEDIKIRIZ25~26CTH - foo $AEHIE Chaetoceros calcitrans % 2 ~ 3 Ji#fa/
WEETH 7o, MMEHRRLEEEMY LT, £&T0 s +HEZHR L, BE4EF
TRHE L7,

BRERUER

MROARA R L4E%IBHEE TRENGDDHE L, FORIEIDE VLT, &
CTHER G HE TOERRERD I, COMREXKLIORLI, TOXKT, & FBIORLICE
HERRIE, ROZHOERRA LY LLEDOTELE L, KOt RFEHEKICHET 56 H
HoABEMEKOEEHROT, ZOEEERLI, LIS THEDEL - ADHEDAEER
MEond, EEHERRIEL S, FINEDOEZD » LHOMEOEREISE O &, FEERR
FEL T 5,

EEBIE D 24 E LicHE, 4405 | DBOABRRIEBRNIKEY, RETH
30°CDBTH B, 2 HBD SIRERRIEESL 85, WHHKRBINICAS &, 30°C&32°CETEY
HIRRDE . 36°CTR2IB ENEVEVETS - 720 28°CIITIIHEERSTS &, D150 @O,
26°C1345% LIEWMETH - 1o,

x4 Ry FHRBRINEBE LA FHEO 6 BHEDARE (H52)

Table 4. Survival rates during six days after larvae
attached on pecten shells in the experiment 2.

EERBAED O | 7B Kk @ (¢
BETOHH Reared temperature (°C)
Days attached | 26 28 30 32 34 36
1 0 14 40 14 19 8
2 62 73 84 71 60 30
3 42 58 51 63 64 50
4 32 73 72 67 100
5 50 41 86 100 79
6 79 71 — 88
8 6 53 41 100 33
E oy 45 57 70 65 47 21
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m. % &8 %5 %

BIEERTRCEVI GRS OLT, 10BMOEETRREAER LI P-T, D
T EDORBIEDOELEREIEZTCULETH S T EHHAL o, 7o velum DELICEEA - D
T, HMTHENL -2 &DIKi a8, RENHIL - T, SRICEVBEOH X HE
R, GBEEOHMEOIHHENZRICEDATNLDE, b LLGESSERDOIDHICIKA
THECILH DO OD, RHETHZ, 12820, ~"VRREBHEHEODT, IHPEBIIAL
TATHEV DL bDTRIBEESH TH b,

EMPOMED Dm0, 28°C&, 30, 32CETEHICED, WH LI A»LAS L, FHH
TREMILEEFZOND, SHOEBRTIY, KEE»0enlEDP D ThH - fohs, 26, 28°CTHED
HERHLTELELTWD 0D, 30, 32 CTREBICOI>TAH LTV, ThhK
ElmEP2millE-~oEDNUATHEAI P, Thd, ATHEMAEOBEET, oIt LTH
DEFNEROIEOETH A D,

F1EERTERD A5 RBECAE LIcERDE L, BELNEEOBGREHECTS L
BTEND -1, BEHLTOABHENALNDIDIC, NETIHERLEO, TOTELLH
FRATRAE LI VT EBEZ SN, TNTHE I RIERKE TRICAE SHK > TOIYEE 2
£ (F270D), 3LE—H—ik AR, KEIE3CICLT, *7 FHBRFEICIRHEO», L
CHMDF 5 FHEA, RAEF&E U L TER L., ¥AMEREAB L, ETLILLDIC
H3MULATE LT -1, RICEDHE DI, £50&80 1IIEMIHELTEY,
WHENEDOHFESO DN I HTHE LI &L 5,

INETHFPER, HETAEICRED, MAEYLBHEREIZAPNVINET LI DEER
T&ETe WIRBDWRT I ZAF v 78, oA FOTH, GFEOELSELLMNET S, 71
A5 23 HFMEDONETE, FEROLELSOHBICHHINTE /1, MEREICLOH
BOEDB3HETHAHHN, 1 DOMHEEE LG OEEICE, MERIIICEITSEAR L Tl
HT260EELTOR, UL, SEA0OERTASLE, MEBBIGELEMKSL AT 2l (BE)

F6 H1IERME MR 2 HRIOMEH (HES £ T7H) £/ - DRICKIFED
5 FHERAND D F AT

Table 5. Numbers of attached larvae in two days transferred to a beaker
containing pecten shells after the experiment 1.

oA m B o» K ©
Quter shell color white QOuter shell color brown 24
1 2 3 4 1 2 3 4
A N ] 3 0 0 3 19 4 14 0
Outer surface
F A 0 0 0 2 61 4 9 0
Inner surface |
it 3 0 0 5 ‘ 80 8 23 0 119
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KRHEONELES, TOTIFWL T/, 2 LTERKTRICAN A FHRICZ1HT
KEFOPNEBNE LI, COTEns, BYBHERBAROHSLVE, MEFNLLYEY
Kbl -> TR LIS T Ebh - 1o,

WRFIB0EEAICIE A F R LIRS T AL 5 HE I TOHIR TIRE ST, ¢
DEICII RS 260 ~ 270 um LA EOFHEE HE 0 A 5N T, PEKEEHICE > T -5, 0
Cemo, ERDORE S 260~270 um THAHEEZONT W\, ZORMLETERESNS
LB E, 300um L EDRKEBGEBRLND LS 7128, BMIAE I L
BT, METHLENTEY, BERERET IRNER -HEIREAST2L5THB T,
FE A FNEDNEROKRE SR, SEOEBH»S bA1BEE0, 350umBEOREXTH
5o T LTEMOHECTA LD IL, NEBTEFTIRVS LHBOEEAIED, LOOSANOFF ¥ ®
WS partial metamorphosis #1T5 KD TdH B, LD XD » F YR TRBEIEA XS T & B
K, WFLTLE»EEZONS,

BE, BLORBETRIIMAELTOROAFSES+ 5 7 HEICHE S 7008, BhE
DESFRBOBIHNENE (, AVRICEMBELDEL -7 (ES) o TDXH1LT EIFRRKE
HTRECBONBLETHEY, LA LEARE TRENDIREKELE T 5 &, HERD
BILELANERDERVCBRONICIEBMY, A 344, BOBADSHELHES ST L
T, S, HERREMTELCLARTILDTHA I, Eye spot R 2D#HEHN S b, BHBE 4 34
BT 56DEEZLNTNRNN),

BARBIERD S b ERE, (FTEHBOERE (TE%K6BH) &050, BAKRNE
DHIBBONBIHAOREKEINCKD S &, £6ITRLIZESIT, 30CTHE2% EBEEE L, K

* 6. fAEKESHREROIXH#ER

Table 6. Expected spats obtained from eyed larvae reared at
different temperatures

Kid C WHEMER () X HAEBER(%) = BEAER(%)
WT Larvae attached Spat’ s survival Spats obtained

26 54 45 24

28 67 57 38

30 89 70 62

32 69 65 45

34 85 47 40

36 32 21 7

WT32°CDL5% Th b, 28°CLILCEMNHABITIE D, CDERDGOSHELAZNTHE S BIC
330~32CHHBAKIR E VAT D Th Do KEMEL BBREMBRMNELD, 26°CTIREE
FULPNEBEET, LobMNBREHES LD, ALREICEEBHVWT Edbhd, £1:36CT
BHMEOBERN S, GRMEOBATHSLEERLTVES,
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