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2ET 10 BRICEWEREREATHEBRIET
%, #90, i, BERIASER X OEREEE R L DR
FRIFEDNERATH Y, T Ot EERITIRAEORE
EHBOKI 55% 0% Ed D T LS - oA
Wh X2 HDEBEREEL > TS, LnL, H
1E, BRFEONFAECIIEmEEICrE ) s
DB AR L, = D 20 FEM TrEZEE R TH
2,800 A5 1,400 AR L, DIEAgIz It
FEEOEH LAESENDIRNICH D, DD,
BRI CIIfCER ER B ORI LD % T 5
T L EZHMIT, $BkE OB UL & —» OFffn
725 ST K 2 iUk 2 e R OB A 53 H
S FEE STV 5.

—7, EARBEORFR TN BEL, 7
T AR AT T O RANEEREE DR S N,
TN LT 5 YV Turbo (Batillus) sazae H.
Fukuda, 2017 °7 U B 470 & &5 & 3 D%
BIEENERTEEN TS, £, BiEGEE
FHGR O SRR T Y 7 A3 EL, H
AMEOLZEOZFHR A < Z & OTE D5
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W ETHEIEENE E, BDRWEE LTI
JReE L THEEARAREZH- TS, ZNHLDOES
PED EV K EEW) A IR G & T D BEIRIZE R R
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HHBRELZTE LTZIAN LA HIBETLHDH 2
LoD, FBlER 2RI 5 £ T, Zhooif
EOBEMNEERFEE - T D EEZILND.

Z T, AR TIEENZENORFETEEL
BESTIZH D aEE B EO Y b A U X Ext
BT, NN Z D BRSO O
WTREZITY 2 & & LT

AHEMEER TH LT O BREIZEIT S
2017 EDOAFERIT, 421 b CRERAEFEREDOK
6.9% (EEHSERFIERITHE SAD) &, HAUE
CIEAE 2 2o L A IRICIR N C B2 M & 72
STWNWD. 220, REOVHF i, hox
BRI SR CH DT U B, V=3,
~ L B LT FOERERITZE L T£<,
BT 3 AR O IE  (BARRIRIEREGE > A T A
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hy) , AEPEAKETRISI% QEST2HAM)

]

|

L7700 (Fig. 1) , WIRAEZRRT R OEER
FTHHEWNZD.

SEOV Y =0AFER (Fig.2) A5 &, 1998
D 12,556 b & B — 7 ([CHEdE N & 220, BT
SHEMITE— 7 BEDOKIE5r D 5~6 T~ AfHE a4
BLTWD. IBRFICBNTY, EEEOE—
7 (1988 4F-: 1,377 b o) IZ&2EHE R D H DD,
ZALARR T ARE & RIS & 72 0, IR
B 7 D 3~4 E|D 4~5 7 b AT EHERE LT
WHIRIZ 5D (Fig. 2,3) . Ak o gillidE
HRFEDFE LR I KD, BA-FHEAL TEPRA R X
KEETHHELEEZLNTEY, WEREICBN
THIEBERED 1984 4ED 174 h oD 1988 H0D
1,377 S E TAEMTH S MFIZEEIM L=, Th
VR AR A & 1983 AEFE A D AR
HkT5HL0THLZ ENEEIN TS,
72, VHE T RPERB OSSN, $E~1+
FHAL TP o 2508 RO BRI 22 %
KIET e bR ST g, ©

APERDMERIZH 5 P = EJRIZ DN T,
SHRLEOHANERAIND EZATHDID, &
FRIEOBRIEEICB TV IR TEERT
e CHAEEENHD LTS Z EG (Fig
3), ZOFEFAEEOHITHE LD )T B
WAL, BERIBZEO W CIIARE O EEfRZEORR
IR EREEE RTTAREMERH D L V2D,

Z 9 LIEEROBIME~OX K & LT,
TCIET U A &[RRI AR B O TEBR %
TNZ XV FEFEEO I ML D E A S hE X
AU, 2016 A= TIXAEEM GRAEGHS, AR <0
AW Ca)IlR, T, Rk, B, &
) DOBERIFIRAZ I TR 300 5 E OFE B
DMEPE S, SRR STV D 0L L,
EARBRD X9 708505 b o LoV R R &
AT &> THER S B3 S 5 O Ff 23 L 3
LD 2 LRGBS 10 LA EH DT U E
e T 5L, OB E O HE T
DOENEIIRER TH D EHEEIND.

LMo T, BRIECBW TSRV & A
LENNIHERE - FIRT 57201213, EREEIC X
HREINRIVEL TS EEZBND. BIE,
AR CITIR O EFEHI RN W T, JfEEs (-
PA X (FR25cm LAT) O8] 5, 6 H) %
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WY TlE, BIROFRERBIIS U AT

FZEMBEF LWEEZLNDD, ITHEOTUE
A& L5 EAEREE RN Z LS, BEIR
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—F, AEE KA TH DA U XL, 1992 4
(AR S 2 ENAEBKT C N TR AEE O FERL
W LT 2 L 230, RBisgEE %2 kL L
YEIRIZ B\ TR ORI ZREE % 11083 2, 3%
FEAYE R LT, 2017 SED BARIELOZEFEA U H %D
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M (Fig.4) Th Y, BIRRIIEEGEOEFEE
Lo TS (BRI ST /KPE SRR, ATKPES
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T AR A PER, %L bIC kR, fUTXx
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THLEST BT\, BAREE OFFEORINC
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kv 2 —EE .

L LITEETIE, A U A S8 EE DI
> CTHEIERMES OFENIER LooH D = L oft
e A2 HAE Lz v 7 — REHEED
Bz 72 B0 fA DB ST 2 E D, Hilsk
VA =TI D L0 SRR K& E L PETE
RV TN — NS OF T I A FE T ER 8D
BANBHR NI L 72> T D,

F ZTCTAMZEIZBWT, Y= CIEERE RIS
R PEINS BHEE O34 F TOMAREEIZR
DOLUHAEREDIRIA %, A U X TIXRIEDZLE
fBIZR L Z & DT W N TR A FERATIC B 1T
DLt AT A Z 2 A E L CLLTF O
- e EiTo7z.

Y TOXIALREICEET SR
BIES 1 H#i T, BRI 2 opE
A ST DI DIFFEEAT -T2, WEIR

e 2 AR

1k

B G EEIN M R ORFE OBFGED 72D H L 2 D
RO ETHEIHRNC I T 5,6 H OXEIANH T
HIVTWDA, O L0 R, FERIF OFRAFE]
R, BRANORIBENFE~OB XY R L
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MZTHMENRSL EEZ DI, £2T, BR
WIREREOY Y = OA TR (GD , #RkT
AR B X QWA OFRAEE &2 F20i L, AR
BT ORI OV TRRGEEE T o 72, T DOFER,
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FEOREA & —E LW Z & 2B M L.

WUES 2 /i Cl, VYV oimEnAESERANT
a7 H— (LUFaL s Z—LiEd) OBSER
Frie. ORISR EMEH O E BRIk
WTC, N ED B ESCHEE OB EREE L 02
RNHEETHHAMN T L7 X —5ERL, B
R LV AIT o7, FOREE, MilRoEl
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TR AR OBREA MR 272012, BRFHRIC
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TEIToT-. OFORER, A MO KIRAE
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DR SH D Z EEZHLMNT LT,
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PEZOFEREZRD 1% E E TOHM A2 X5IHE
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IR & A B KRR E AN~ E B A IR 35 2
EEALMNI LT, F2, BAEFFEOEFIS, A
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BEMEZ /R LT,



BARILR 2B 2 et B H B O W20 2 B 9 5 W78

ATHXOANIEREERMOREICET S0

SEIIEER 1 8 1 THTIL, EFEOA Ui 8
F O > TEMATE R OFFEN LR LoD
bV, TOMYOUEHKE TH oG #—T
VRV L ERY 7o FE B AR PE AT O RS BB iR
LIRoTND T LG, FEID 100 kI DRK
T2 UieA U 7 OIS AE DA PE % 3 Bk
HNZiRA Tz, P2 ORER, KA 2R Lz
B EFEET S, RO/ NS 2 H L7
SRR AEFE L & RIS B WIS AE DA PEN T
XL AHEM AR LT

fe < EBINESS 1 #i%h 2 I, RAKE 2 H
U 7ol A DR B RE T 1% L0 ZER TR
M2 FIEE T 572012, ARG SR OV
TR L7, 22 ofE%, wIEREl, D g4 o
IR FE S L OVKEE R 2 70 & OB 70 AR SR %
R L, B4 CTHAMICEEE LT EER 2 VTR
BEOMEBEYNEZIK T X N TEHEIICAEETE S
ZEEWLMMIL, B H BT AERD
HRREINED /S 77 THOAREIEE LTHE L
TWAHZ &AERLT.

S I, HINES 1% 3 HTIE, HEgoT
TR RMMED & < EAZEREICh 5
Chaetoceros calcitrans (LA T V3 v T 2 A LHgET)
DEINTIT 5 KRELZELFR DO REMEZ B 5002
T5HZ EEEMICBEAEFEICE L TVD
Chaetoceros neogracile (LT3 A 7 72— L L%
9) LT A Z LIk W EHEiE T, P

ZORER, THE CRIMEENNE L T
ey b7 AL, KRN TR m iR
MARFT T — UL DHAR S H H DD,

BN COREN IR EER N+ e TH D Z & AV
BHL7-. &7, EZ0@ERMIEREE W TES
FKRZIR T S DR FIEE, @iERmE MR
TV R T U AREF LY, EiRmTE
Isochrysis sp. (Tahiti Isolate) (UL N4 & & B&T)
RRF T T —VORERBNRI TH L Z L
ZIHLMNZ LT,

EHIT, BAMEELEILVY T U AERVWE
THKHEE (A UTX, YIIVIR T A Anadara
kagoshimensis) OFEEAPERBRZITV, BIMGE
L7c iy b7 v AXFERRIRER N AHETH 5
T ERER LT

SEIIEER 2 §iClY, #lbt o ¥ —I2W T
RN EN TV 7V — R OFRER b 25 % B3
THZEEHME LT, BIRRORESRZRAIEL
TERERBRZIT, ZOHMESLEMMEIZ DN T
FEAM - B A AT o 2. 20F ORGSR, AN E <,
MK LFIHNATREZR AR U e v L U o v
TN — FHOBREROMEICE L TRY, B
ZRORMENZ MR OWHI &GN D Z &, B
FROFARITARH) (FY) CThDH Z L7 ERYE
DI ENRE DD Z LAV L. FrE e s
TIEINLOFENREMEMBEDEDL Z LITX
0, TERORZ TR L FIEOMENEEH
THZ L EMHER L. S OIC, A% OBRE SR,
FERAOHLD XV HEEOMNEDRNELS 2D &
N, IR LOMERICE R R N TR
TN — ROAEFENRAREE I H Z LR LTE.

IO OMFFERCR A ST, BIVETIE, WS
REWIELIZET, P - AUV
M B FUBE ORI B L CA R R B IS B R
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Fig. 1. Annual fisheries production (A, in tons) and value (B, in million yen) from 2015 to 2017 of the four main species
(Japanese top shell, abalone, sea cucumber, and sea urchin) inhabiting the rocky shores of Shimane Prefecture.
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Fig. 2. Changes in the annual fisheries production (in tons) of the Japanese top shell in Japan and in Shimane Prefecture.
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Fig. 3. Changes in the annual fisheries production (in tons) of the Japanese top shell and abalone in Shimane Prefecture.
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Fig. 4. Changes in the annual aquaculture production (M, in number of individuals) and value (@, in hundred million
yen) of Iwagaki oysters in Shimane Prefecture.
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Fig. 5. Changes in the annual artificial seed production (in number of individuals) of Iwagaki oysters at the Shimane

Prefectural Sea Farming Center.
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FIE Y IOWHERICEYT SHE

551 8 R & EDRH

BRI W T IR (2 R ET 558 H
Thb. T, H ML ROMBEFEHANCE
WT S, 6 DR IO 2.5 cm LA FOjffE)n
RSN TEY, o) LEEHORE T IR
HORBEOREDT-O LRI TWA. LL,
EAR O = D PEINHIC B9 2 sE 7 il S T <
ZORPN A A TH - 7=,

—J7, oL OR, REERE P TE, Y=o
PEIHAIZ 6~10 A TZOREINILT, 8 H &L &SN Tn 5.
F7o, BNORIEERETE L, =itk % 7,
SAICBIET 22 L2 NE LTEY, KREDOEA
M TH D 5,6 HIXEBROPEIN & Bn 5 = L A
BZanb.

Z ZCAEITIE, 1990 406 3 4], ERIRRF
DY = DORENE PEITHADIRI 2T, BRIEICE
FBFEREEZH LM LTz,

MHEFIVAE

PEARIT BARRID R O AR O Ba7e 5 R (1),
BRI GHAB) , P (BRHD) O3 HIRMAHATFL
7= (Fig. 6) . BEHIKIIRE Y, RIS & PaEHX
E7 & (R2eE) Tl X 7-7% 8 60~80 mm (B
HHIX DO—EZFR<) OHFIFAD b D ZXBUZ, 1990
B, 1991 FFB KOV 1992 4F (A 2 FR<) D 4
AMG 10 A2/ THIZ 1~2 [BIOME THRA 21T
Stz 1A 72 ) OEAROEE T4 HIX & 3 30~40
AR & L7z,

AT A RRIREE TRBRIG I EMR S, ke, R E
B, IR EEZNEL, 10%5/L~ U ik ClE
LT $r ABICKTEL T 70% % ) — VIRIRT
TERAF LT, 2 D1%, MERESS 10 KA BEVE 2 TR
L, BHEDFENC LN~ T, AEREE s
13 OEALCEIWT L, WrimfEHic b 5 R O
FEEIA D 6 A5 A 545 (Gonad Index : GI & g97)
R L.

AFEEAEFES (GD) = (EFREOmAE / Wik
ROiEFE)  *x 100

51T, 1990 FEDFEAIC HSUVNTIE, BindR Wik
INSFIRIZHESTRT 7 0 VU R EERIL, ~~
Fxo Vv e o CoEY AR, RO

FEEBE LT, SRR XL T 0 5 Bt 2
A3 7=.

13 (IRIHERET)
BRI 8 pm.

I (et - MEONEEH]) - ~~ hF U IR
e, FHMIEELST 10~40 pm.

I GRERI) : WEROBRIAE Y, MlnELIT
40~80 pm.

IVH] (OFEEERE) : AERELIZONEE N ERE L, IR
FE Y —ECHEND. SRR Gl ER
1% 120~200 pm.

V] (B I ZITERIE CHEEAIREAE T 180 um.

HEOD AEFEAMI 0D BEAFE 1 IBE: D 718 302 HEV, K
SRR, RS REMIA, KSREAE, RS TlodE L, SR
G2 5D Do mfdERZ2 BiC XY
10% BN CHIE L 7=,

LU D REENE D4y K B ARG DB S5k B
Zh LT, METIIVIIO YNNG AN AR FERERE T C g
M 532 & O & AR & HE LTe. [RIERICHE
TIHERHARR T 5 0 DK T ORISR 50%
VL ED b O % Rl ER & HE L.

F72, 1990 FET HUE X CEREE L 72 53%5 60~80
mm OEEARIZOWT,  EFEOWmE sy & IiHHIE 2
SYEEL, IR (B LEZOYVY) 23U
7o BEARITAR S BT S MAER I L, FHANZ
1 EEARIZD X IR 100 f#l & L, 30 pm KD D
WEEHIL 72 0h o 72,

S BT, 1990 A HERHIX CHAE L 72 7% % 60 mm
KGO /INLDOBEZDONT, I TH D 6 H DFEA
30 flE A% AV TikEr & GI 3 K OSERR O BEE DR
tR% b LAY N OHEE 1T 72

LR B A WAEE TR

USRS

HBFEORBAEOEAZEL (1990 F)

(1) %= 60~80 mm

MEDRRRAE SHIXE 4 HIIIIVEIOIFHIE .S
FETH-720 (Fig. 7-1) , 5 A LAV IRAR
DEDDEIENEIINL, 6 AtH~T7 AR A5mE
IV OIIAIE THERE L7z (Fig. 7-2,3) . T D4, 7
A ~8 AT V HIO IR OFIE D3R 4 12K
DF B &L b, IVHILLF OF O IIAEAE-0B] T2
(Zffa o 72 B LIRds L ORAEE B2 & 2 IR o ElE



DHIN U7z, IMEIRTIRE S mE L, Ml & e
A7 WRER L (Fig. 74) .

VIO IFHINE D 5D D EIE&1E 8 A FANTHKRIK L 72
ST, 9 HIZHT TAIZ=O L, AFEEIIV
HOIFHIRCHen L= (Fig. 7-5) . =L C, 10 HiZ
IEVEIOIAIIRIIE & A ETER L, R Eich D
FRAFEIN & LA N OB WP T H s b/ (Fig.
7-6) . 7 A% ~8 A% -0V O IR O IME
ML, BOES, PRI & X CREZE C, X s
LN TH o7~

HWORBE FHiXE D 4 HIET TIOBEFOR
B FR B A, AFERRRR IR D D F O Efg R
X 10~30%FEETH-7= (Fig.7-7) . 5 HLUKZD
BIEIFEM L, 6 A% ~7 ARPEICIiT & TOREART
TIRELERAY 50% L & 72 0, ABEE TR T CFe L
fo. ZO%E T OmBLRITEIL, B, RS
HIXIE 8 AR T, PEEHIXIE 7 A #4112 10~20%
FTHA L. L, 9 ARSI 0 F0m
FELLIRADS 50% LA L FCHIIN L, RS ITRS 7 C el
L7, Z0% 10 I HIXIFE A ETHEEL, ZOH
FEHEERIT 0~10% & 720, IR & A B D 22BN
BB SNT. £i2, 6 A% ~9 AICATEROK
TEERH DM NOEEL, BEL 25T HIEM
#lezsnr- (Fig. 7-8) . Z OBEBAGITRE RS
%Kmméht%%%%ﬁ%@&ﬁ@éh Dk

HEFRI I AEFEER O — b2~ S IR 2 A 2 7S
R sniz. Zok ‘iﬁ*ﬁfﬂli@ 6 H BH~T A1R
Pl b < BE SN, TOHBEIGIIAREFEAD

40~60%TH VY, ZOHROKAEHEHR ThH o722

LHEIRLT.

Fig. 8-a, b, ¢ [ZAEFEARMIG DBIZ 0 B HIE L7245
HIXIZ BT 2 AR O HHBLEIS OB 2~ T, &
X Lt 6 A%Y~7 ARitE 9 A 2 [BIIEME
Zor L, MEHEDNMEIEIEGE L.

(2) 3= 60 mm K

PR D% ENE 43.9~59.8 mm OFPHICH Y, D
AR Z & OFHEIEIL 50.8~552 mm TH 7.

Fig. 8-d (ZAEFHARAK G O8I0 b HIE U 7o AR
ROHBIEIG OHERE 2773, MERMGIZB T D,
LMﬂ&iM%&%H%E@%ﬁmmmuL@ﬁ

TIXFERROM 2~ L, MEREDSFRIFA L7225, 6 H
%#@ﬂ%t 7 #OVHIOIIFEIE I X O 7D
SAEENTI L VBEE CTH 72, £, OB OR
FOmEEEERIE, 7% 60 mm UL EOREL Y & E M
MRH Y, FKT80%DEIRGLBIZR I NI,

e 2 AR

1k

Gl D%k

(1) 1990 &

Fig. 8-a, b, ¢ {Z 1990 FFDO K- HUX D7 E 60 mm UL
DOFED Gl OHIE & BEFEEF R OHER 273, &M
X &M ZIERF L, Gl OF)fEIZ 6 H~7 A
AR mEZ R L2, 2 OfEIXMEREE L E U sED
HIXC 75.5, 72.8, Rk EHIX T 77.0, 68.5, Vit
XTlxe Hl2764 ThoT-. TOHGLITED L, 8
AR T IMERE & &5 40 Ritk & e o 7223, 9 HIC
XSO L, B ITMEREZ A2 UG i X
T53.1, 55.0, [RIEEHIX T 41.7, 41.3, FEEHIX T
65.2, 67.0 L7po7-. Z OHENMERILTEE X T
T, RIESHX CidbThThotz., FHIKEE
GI DZEBE A AT O EME (R D BB R D2
BEhfEm & k< s L=as, PEEHX Tl GI o)
O — 7 1 3EERDO B v —7 L0 HF )
IZB oz,

Fig. 8-d (Z7% 5 60 mm Aiti DFED GI D F-EJfE & 4
FERLRR OHERS 2o, GI OZSEE 6 ZMERE DS IR
L0, FX O%E 60 mm LA EDRE & b4 5
& BRI GLIMEL, ZDOE— 7 I IRHECTH -
7. Gl OB eE & 7> - DlTMEDs 6 H iy,
HES 5 A WA CEIEA 4399, 48.8 Th-o7-.

(2) 1991 &

Fig. 9 12 1991 4ED & HIX D GI DIl & AEFER
ROHERSZ R, MK E b G ITMERED L < [FRA
L, ZOFHEITHS, P T 7 ARTE,
B S HIK Tl 8 ARlc sz = L. ZF0Off
VRMEREZ NS BT IR T 72.2, 76.2, BRI HIX
T754, 64.7, PEHEHIX T 83.6, 80.7 Th-o7=.
AN 2202, 1990 49 HizA bz X 5 7q
(H@%%tﬁiﬁiﬁmf%@wﬁ B, Bl 5
HX Tl GI OFERRZE LD 9~10 A 2T 070
SIENMEM RO Bz, £z, WEHHXO 9 Ho
GI 1Z 1990 4 & [RIERIZ L M 2 7R LT
(3) 1992 £

Fig. 10 12 1992 FFD HURHIX. & R HIK D GI -
PIE &SRR OHERS 2”3, WX & % GL IR
M & [FRRICHEREDS L < RIRA L, EONYEMEIX 6 Atk
Yo7 HEPEICREMEZ R LTz, 2 OfEISHEREZ
FALVHERHIX C 77.9, 74.5, [2ilkE#1X T 75.6, 67.5
ThoT-.

VIE, 34D GLIE, HFilcko TR INEBLF
6 HH 7 AIZhHT TEVEZ R LTz,

MESHOBRAZEIE (1990 EEHEHX)
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Fig. 7. Photomicrographs of different histological sections from gonads of the Japanese top shell.
1. Ovary in Phase IV collected in April. Bar = 100 um (% 100)
2. A mature ovary in Phase V collected in June. Bar = 100 pum (% 100)
3. A mature ovary in Phase V collected in June. Bar = 100 pum (% 200)
4. A spent ovary in Phase IV collected in August. Arrow (A) indicates the spent ovary. Bar = 100 um (% 100)
5. A mature ovary in Phase V collected in September. Bar = 100 um (x 100)
6. A spent ovary in Phase III collected in October. Arrow (A) indicates the spent ovary. Arrow (B) indicates ovary in
Phase I1I. Bar = 100 um (% 100)
7. Testis collected in April. Arrow (C) indicates a spermatid. Arrow (D) indicates a sperm. Bar = 100 um (% 400)
8. A section of the male gonad collected in August. (x 40)
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Fig. 8. Seasonal changes in the sexual maturity rate (solid circles) and gonad index (GI) of the Japanese top shells in
1990. a. East Shimane area (shell height = 60 mm); b. Oki Islands area (shell height = 60 mm); c. West Shimane
area (shell height = 60 mm); d. East Shimane area (shell height < 60 mm).
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Fig. 9. Seasonal changes in the gonad index (GI) of the Japanese top shells in 1991.
a. East Shimane area (shell height = 60 mm); b. Oki Islands area (shell height = 60 mm); c. West Shimane area
(shell height = 60 mm).
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Fig. 10. Seasonal changes in the gonad index of the Japanese top shells in 1992.
a. East Shimane area (shell height = 60 mm); b. Oki Islands area (shell height = 60 mm).
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Fig. 11. Frequency distributions of the oocyte diameter of the Japanese top shells in East Shimane area in 1990.
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Fig. 12. Relationship between gonad index (GI) and shell height of the Japanese top shells sampled in East Shimane
area (shell height < 60 mm) in 1990.
@ = Mature female in Phase V; O = Immature female in Phase I-11I; A = Mature male with sperm; X =

Indeterminable.
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Fig. 13. Seasonal changes in the surface water temperature of each research area from 1990 to 1992.
@ =East Shimane; A = Oki Islands; B = West Shimane.
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KON T BRIl < BRETh - 7o, Mpt
KITHROEIR Ny 7 2D F EHEH L.
BRESGATIXANR D 2 K OZNZEIKES, 10m
OIS T, BEHETE X (Fig. 16-B ¥ 147) &
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Japan Sea
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Fig. 14. Location of the sampling sites.

Fig. 15. An artificial collector (60 x 30 % 25 cm) made from vinyl chloride egg containers.
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Fig. 16. A schematic diagram of the method for installing the artificial collectors previously shown in Fig. 15.
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Fig. 17. Comparison of the size frequency distributions (in shell diameter, pm) of the juvenile Japanese top shells
between artificial collectors (10m upper, test 1) with attached microorganisms and diatoms () and those without
attachment ().
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Table 1. Number and shell diameter of juvenile Japanese top shells sampled with the artificial collectors in Tako

Date 7.12 — 8.26 826 —9.21 921 —10.19 10.19 — 11.1
Time (days) 41 26 29 13
Number of juveniles 22 7 4 3
Range of shell diameter (um) 390 ~ 670 270 ~ 940 290 ~ 450 420 ~ 600
Number of juveniles / day 0.54 0.26 0.13 0.23

Table 2. Number and shell diameter of juvenile Japanese top shells sampled with the artificial collectors in Kataku

Date 69 — 7.7 7.7 — 8.8 8.8 — 8.31 831 — 9.27 9.27 — 11.1
Time (days) 28 32 23 27 35
Number of juveniles 0 0 33 8 P
Range of shell diameter (um) - - 280 ~ 800 330 ~ 790

Number of juveniles / day 0 0 1.43 0.29 X

Note: ¢ = Lost collectors.

Table 3. Comparison of the number of juvenile Japanese top shells sampled with the artificial collectors with attached
microorganisms and diatoms (+) and those without attachment (-)

Test 1 (8.2 — 8.17) Test 2 (9.26 — 10.11)
Tako Kataku Tako Kataku
Depth (m) Layer + - + - + - + -
5 Lower 24 11 18 14 1 2 3
10 Upper 71 26 55 59 36 9 14 2
10 Lower 1 2 9 7 4 1 3 1
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Fig. 18. Location of the sampling stations. Open circles denote sampling stations where
plankton nets were used while. Solid circles denote sampling stations where artificial collectors

were used.
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Fig. 19. A schematic diagram of the method for installing the artificial collectors. The shaded portion represents the sea

bottom.
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Fig. 20. Seasonal changes in the gonad index (GI) of the Japanese top shells in 1995. Solid squares and vertical bars
indicate the means and standard deviation (+ SD), respectively.

GI = Gonad area / Total area of section x100.
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Fig. 21. Timing of the appearance of the larval stage of the Japanese top shell in correlation to fluctuations in surface
water temperature (in °C), and daily mean of the significant wave height (in m) in 1995.
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Fig. 22. Seasonal changes in the number of juvenile Japanese top shells collected from artificial collectors at the station
of Line A (upper, 10 m depth; lower, 5 m depth) in 1995. The asterisk denotes sampling date with lost collectors.
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Fig. 23. Vertical distributions of the juvenile Japanese top shells sampled with the artificial collectors at Lines A (upper)
and B (lower) in 1995. Data values denote the number of juveniles (ind./collector) collected at each corresponding depth.
Asterisks denote data values with lost collectors. The shaded portion represents the sea bottom.
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Fig. 24. Location of the sampling stations. The solid circle indicates the sampling station which used the artificial

collector shown in Fig. 15.
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Fig. 25. A schematic diagram of the sampling method using a suction sampler.
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Fig. 26. A schematic diagram of the method for installing the collector shown in Fig. 15.
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Table 4. Sampling information and total surface area covered by the suction sampler

Sampling

Total sampling area (M)

G 12

1996

28-Jun  19-Jul  4-Aug 24-Aug 14-Sep 11-Oct 22-Jan
<] 0.25 0.25
1~2 0.25 0.25 0.25 0.25 0.25 0.5 0.25
3~4 0.25 0.25 0.25 0.25 0.25 0.5 0.25
6 0.25 0.25
8 0.25 0.25
Table 5. Density of age 0 Japanese top shells taken by the suction sampler
i Density (ind. /nf)
Sampling 50 1996
) i Ol Aa Dine s U100 in
Live shell
<a 312 4
| Eaedt) 0 96 176 120 112 94 0
3~4 0 32 96 120 128 177 0
6 104 32
8 56 16
Dead shell
< 88 0
1222 0 32 96 88 16 14 0
3~4 0 16 88 72 32 152 0
6 136 16
8 88 16
Note: Data is available only for age 0 juveniles.
Table 6. Mean shell diameter of age 0 Japanese top shells taken by the suction sampler
Sampling Mean shell diameter + SD (um)
depth (m) 1995 1996
28-Jun 19-Jul 4-Aug 24-Aug 14-Sep 11-Oct 22-Jan
Live shell
<1 626+ 174 1,100
1~2 - 467 +34 564 +£193 656+287 669 +336 622+ 353 -
3~4 - 468 £55 652+176 618+259 603 +377 727 +417 -
6 741 + 257 1,995 + 637
8 569 + 230 1,615+ 291
Dead shell
<1 423 + 180 -
1~2 - 390+ 102 559 +£125 495+ 151 610+330 618+ 196 -
3~4 - 392+75 421 +180 536+187 460+ 140 453 + 138 -
6 556 + 202 1,433 £ 513
8 538 +£ 191 1,850 + 624

Note: - = Not present.
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Fig. 27. Seasonal changes (1995 to 1996) in the size frequency distribution of live and dead juvenile Japanese top shells
taken by the suction sampler at 2 m and 4 m depths.
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Fig. 28. Size frequency distribution of dead juvenile Japanese top shells showing the proportions of hole and no
hole shells sampled from the study site from 1995 to 1996.

Fig. 29. Dead juvenile Japanese top shells with holes sampled at 2 m depth on August 8 (A, B, C) and at 4 m depth on
September 14 (D). Scale bars = 200 um. Arrows indicate the holes.
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Fig. 30. Seasonal changes in the number of juvenile Japanese top shells collected by artificial collectors in 1995.
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FPRBERETE F KL OFRAT/KIE OB E B (X AEN & FAk
ThH-o7-.

HE B OBE IR I A EiA KB iE = L R o 5
BIZ X o7 AIREOHBEZIL 1991 T E~T %
FN, HIBE L 7o B HIAIKEEZ E O F FFRIR Y b
(HA 180 pm) IZANTEREL. LL, 20k
ETIROEE LY Z TR0 IR TH-T2D T,
1992 4EDRF ) S EIE & [AEkO =7 — 1 7 M X
DB (B B ICEE U-. GG IR
BT DERETIE, RIS & [FERIZ 22350 C5hE
L, BrAncoid THRELEZLOZREA LTI B
E L7z LT, iR EOBESRMEOENGAELL
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DF|BEFFE A 7ok L7z,

1990 FFEFEAEREII AT HFD 5 H D, 1991 4F, 1992
AR TIRAED 11 A0S, 1993 4, 1994 3¢
EREIAEFD 7T A GEREZBLA LT, 1994 %
AR TR L DR A L, HEE O]
IZ DWW T L W EEICIAE 21T o7, F£7z, 1991 4F
& 1992 DWW T, = HEH 04 B IT0R A
FERREDO RN ONWT ORISR 215572012, H
HiA KB M A BT 5 = OBEZ HHiAK
PEREVEN ORREE L [RIRFICSE M L7, A L=
ITRETIR RIZRDIR Y, a2 lllE Liciz, fBOvs
RUTSANC R L.

SEED O B U7 BREW IR T L EBRERICR DR
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Table 7-1~5 J U &4EMkEE 2 A7 5 & (Fig. 32),
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OFPAICH Y, Z D% 8~10 mm FEE TH-7-.

0 B DIREEE
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Fig. 31. Seasonal changes in the shell diameter (under 3.5 mm) or shell height (over 3.5 mm) frequency distribution of
the juvenile Japanese top shell. The histograms show the observed frequency of populations within the articulated
coralline algal beds (black parts) and those outside the algal beds (white parts).
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Table 7-1. Sampling data of the 1990 juvenile Japanese top shell cohorts taken by the suction sampler

Year class 1990

TN NQ+ NQ- AQ Density MDH MaxDH  MmDH
(ind.) (ind.) (ind.) () (nd/m)  (mm) (mm) (mm)
1990
Nov - - - - - - - -
Dec - - - - - - - -
1991
Jan - - - - - - - -
Feb - - - : = : - .
Mar - - - - - - - -
Apr - - - - - - - -
15-May 4 4 - 0.2 20.0 3.40 4.30 2.60
Jun - - - - - - - -
3-Jul 6 6 - 1.0 6.0 4.00 4.60 3.50
Aug - - - - - - - -
4-Sep 3 3 - 0.6 5.0 7.30 9.70 5.00
Oct - - - - - - - -
22-Nov 3 3 - 0.8 3.8 9.70 11.30 8.20

Notes: TN = Total number of juveniles; NQ+ = Total number of sampled juveniles using the quadrat method; NQ- =
Total number of sampled juveniles without using the quadrat method; AQ = Total surface area of sampling using the
quadrat method; Density = Mean density of sampled juveniles; MDH = Mean shell diameter or shell height of
juveniles (mm); Max DH = Maximum shell diameter or shell height of juveniles (mm); Min DH = Minimum shell
diameter or shell height of juveniles (mm); — = No investigation.

Table 7-2. Sampling data of the 1991 juvenile Japanese top shell cohorts taken by the suction sampler

Year class 1991

™ NQ+ NQ- AQ Density MDH MaxDH  MmDH
(ind.) (ind.) (ind.) () (ind/m)  (mm) (mm) (mm)
1991
22-Nov 5 - 5 - - 1.40 2.70 0.40
15-Dec 6 - 6 - - 2.20 3.80 1.10
1992
Jan - - - - - - - -
Feb - - . : = & - -
Mar - - - - - - - -
27-Apr 15 3 12 0.3 10.0 4.30 8.60 2.20
May - - - - - - - -
2-Jun 40 4 36 0.4 10.0 4.80 7.70 2.60
Jul - - = - - : - -
11-Aug 12 - 12 - - 9.50 13.30 4.70
2-Sep 19 19 - 3.0 6.3 10.10 15.50 4.70
Oct - - - - - - - -
6-Nov 4 4 - 4.0 1.0 13.60 16.30 10.40

Notes: Abbreviations are the same as in Table 7-1. — = No investigation.
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Table 7-3. Sampling data of the 1992 juvenile Japanese top shell cohorts taken by the suction sampler

Year class 1992

N NQ+ NQ- AQ Density MDH MaxDH  MmDH
(ind.) (nd.) (nd.) (m) (ind/m})  (mm) (mm) (mm)
1992
6-Nov 16 - 16 - - 1.50 2.50 0.40
Dec - - - - - - - -
1993
Jan - - - - - - - -
Feb : = = - - : - -
Mar - - - - - - - -
Apr - - - - - - - -
7-May 11 11 - 0.5 22.0 3.70 5.20 2.30
17-Jun 26 26 - 12 217 4.90 10.40 2.70
Jul - - - - - - - -
5-Aug 9 9 - 1.0 9.0 7.20 9.40 5.90
26-Aug 4 4 - 1.0 4.0 6.20 9.60 4.20
20-Sep 2 2 - 2.0 1.0 10.80 12.30 9.20
5-Oct 2 = 2 - - 9.70 11.40 8.00
16-Nov 2 - 2 - - 10.90 11.40 10.40
Notes: Abbreviations are the same as in Table 7-1. — =No investigation.

Table 7-4. Sampling data of the 1993 juvenile Japanese top shell cohorts taken by the suction sampler

Year class 1993

TN NQ+ NQ- AQ Densiy  MDH

(ind.) (ind.) (ind.) (M)  (ind/nd)  (mm) (mm) (mm)
1993

17-Jun 0 - 0 - - - - -

5-Aug 0 - 0 - - - - -
26-Aug 3 - 3 - - 0.38 0.40 0.36
20-Sep 19 - 19 - - 0.63 1.30 0.40
9-Oct 9 - 9 - - 0.65 1.10 0.43
16-Nov 2 - 2 - - 0.87 0.97 0.76
8-Dec 6 - 6 - - 151 2.63 113

1994

Jan - - - - - - - -

Feb s - - - < : 5 -

Mar - - - - - - - -

Apr - - - - - - - -
13-May 5 5 - 0-75 6.7 3.00 3.80 2.30
9-Jun 8 8 - 1.0 8.0 3.95 4.80 2.70

7-Jul 1 1 - 0.5 2.0 4.30 - -
8-Aug 6 5 1 1.0 5.0 4.93 5.80 4.00
1-Sep 3 3 - 1.0 3.0 7.53 8.40 6.70

9-Nov 0 0 - 1:5 0.0

Notes: Abbreviations are the same as in Table 7-1. — = No investigation.
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Table 7-5. Sampling data of the 1994 juvenile Japanese top shell cohorts taken by the suction sampler

Year class 1994

N NQ+ NQ- AQ Density MDH MaxDH  MmDH
(nd.) (nd.) (ind.) (M)  (nd/nd)  (mm) (mm) (mm)
1994
7-Jul-20 0 0 : 1.0 0.0
8-Aug 13 13 . 0.75 17.3 0.58 1.00 0.28
1-Sep 140 140 - 0.75 186.7 0.46 1.00 0.27
9-Nov 108 108 - 1.5 72.0 1.30 2.50 0.56
Dec - - - - - - - -
1995
Jan - - - - - - - -
Feb - - - - - - - -
7-Mar 19 19 - 15 12.7 2.37 4.40 1.30
18-Apr 26 7 19 13 4.7 2.83 3.90 1.70
May - - - - - - - -
28-Jun 6 3 3 0.5 6.0 4.10 5.50 3.00
19-Jul 6 6 : 1.0 6.0 7.89 9.90 5.50
4-Aug 1 1 - 0.5 2.0 5.70 - £
24-Aug 5 4 1 1.0 4.0 7.10 9.40 4.70
14-Sep 0 0 - 0.5 0.0
11-Oct 3 3 - 1:5 2.0 11.60 13.50 10.40
Nov - - - - - - - -

Notes: Abbreviations are the same as in Table 7-1. — =No investigation.
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Chaetoceros neogracile <€ >
. el pa ~
Trial 2 Isochrysis sp. (Tahiti I_solate) <€ = > R
Chaetoceros neogracile <€ >
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Fig. 35. Feeding regimen for Iwagaki oyster larva under two experimental trials.
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Fig. 36. Daily water temperature and pH of the rearing tanks (L] = Trial 1; @ = Trial 2) during seed production of

Iwagaki oysters.
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Fig. 37. Daily larval density and survival rate (3-day moving average) of the Iwagaki oyster larva reared in tanks (L1 =

Trial 1; @ = Trial 2).
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Fig. 38. Daily mean shell length and growth rate (3-day moving average) of the Iwagaki oyster larva reared in tanks ([
= Trial 1; @ = Trial 2). Vertical bars on shell length values indicate SD.
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Fig. 39. Daily protozoan density in the tanks (L] = Trial 1; @ = Trial 2).
* = No data; | = Replacement of water tank.
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Fig. 40. Daily cell density of the microalgal diets [l = Chaetoceros calcitrans; [1= Isochrysis sp. (Tahiti Isolate);
Chaetoceros neogracile] in the rearing tanks.

A. Residual microalgal density before feeding; B. Supplemented microalgal density; C. Total microalgal density
available (A+B); * = No data.
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CABI IR SN DY o TSI D I s o T2 T2 DR
FHAD ORI AE ORI, 90.8 um Th o
72. RBR1-BI2HOWTIE, fE 4 B B £ Tl
WAEDEEITFEZE LT L1~1.2 (B /ml A3
EHER L=, fE S HBIZ0.97 (@A /ml &)
& 720, Wk 1-A L REEROSNEDO KEIL TR
FREN-7-0, FRICA—7=22 50 pm DX
v FEHWTYA 7 x 2l vshEE2 Tl L
THKFER Z AT o 7=, KR Z1%1E, fH 6~10
H B & CIIRENEOBEEIXTTLE L T0.7~
0.8 fE{A/ml (T ZHER L7725, fE 11 B IS
ADOKERTIZEY 0.14 fEF/ml £ TEIZHED
L7z, 20, hEDOF ERHELNT, [EETS
FAIAFMNEINS T2 Z LG, fiE 12 H BICiER %
iUz, B 11 HE (BFE 12 B BixsENE
DY 2 TN DI T T2 ORFHAD)  DOFFlES)
EOTEFEE, 1043 um TH - 7=

1k

fRBBAGEN O KREIL T3 > 7- H £ TOEHFK
o a2 VRilE T B JRAEEM) O HEBUEE ¥ L O%hA 0 |
MR EROHEE % Fig. 44-¢, 177, 3B 1-A T
%, fAE 2 HELOFEABYD RSN, TO%
FEIX, A5 3~4 B B 02~2.5 x 10 fi{&/m/ TH
ST, FENEOKREL TR -T-HE S HE
WA LT 2.5 < 10MEfA/ml & 720, &
AR R LEVMEEZ R LZ. £220LE, fEF
ANV TRAE B DA KRB DO EESEEDS 6 x 107
fa/ml OEECHE SN, AR 1-A OfFF 4 H
HEToOHMBRERL 5~9%fhrxH#HBg L.
Wk 1-B TiL, flE 3 B BB FEATI ) MR
n, Kz 2175725 HH £ T 1.6~9.4x10* &
W/ml OFFATHERS LT-. AKiEE2%3 B E (6
B8 HH) NOHOEABWOEENEML, fd
B 10 A B £ T 3.1~5 x 10> fE{K/ml DOFiPH THER
L7y, SHAEOKEIL TR H-7-HF 11 HBIZA
PIZHEIM LT 1.1 x 10° @& /ml & 72 - 7=, 35k 1-B
DHAEDREITEEIIFEER TH Y, HERESR
X 1~6% T ZHeRs L7,

fAB B D REIL TR B - 72 H £ TOEBE K
fhoF > ) 7 an Y AOBREOHER % Fig.
44-g |29, B 1-A, 1-B & b2, FBEREN
HIFRHEE Th o722 EROPEZ IR LK
WP B IMANCALE L T2 2 & TYPIOAEELL
FlicERHENRZL, fE 1 HEIZEMLIZF >
Jun 7Y ANETE 2 B B LRI KN TR
HARHEIH L, fEKBREE7e-7-. MBS HE
WZITT v 7 ma o AOMKE T, 3B 1-A
23 3.4 x 104 flifa/ml, 3Bk 1-B 23 3.9 x 10% Hifa/m/
Ll o, O ORE RO F AKAEE
FHEIZERT LA EOEEEIE, 3R 1-A
2% 468 pmol/m*/s, A% 1-B 7% 442 pmol/m*/s TH
D, ZAUIHRNIALE S 2 KO 4 (FOETH
o7z

fABEBGEN D REBILTHEZ »72 B £ TOMHE
KA OEPERSE ORI (FREH, Wil L0z
AFHME) % Fig. 45 (R, FREHE T ITHAEERTO S
HME, FAEE TG EE LRt oIS &t
BHENETHDH. RBR1-A TIIEE 1 HELD
Z e FOMEEERMG L, fE 3 HEIIIKENT
HEFHREBEL, FREFEN TE L TV R Rl
bElpoti-OiatEE i L7, Bk 1-B Tl
B 1 HENS ALY b T v ADOKEEZBIAL,
filH 2 B BLARRIIAKFENTOL Y N T v AR KE
[ZHEBE L, FREFENTE L QWA R & 7
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ST DG 2~4 HEOKEEERIE L. fE 7
HEH Oz #%2BH) bIREHESHEMLZT-
OIREEZ F ik L7z,

FHER 2

fA B M OB KIE, FENEDOEE, 0
BEENOHEE LT-AFRE G BBEIEYE) B X
ORI A O S % R O HER % Fig. 44-a, b, ¢, d |2
NI

fAB AR, RERHAM 28 U CGRER 2-A, Bk
2-C £ HIZ22~24°CHETH -T2, &HF 4~7 H
BIZOWTIE, #88R 2-A 23R 2-C LY 0.3~0.7°C
<R LT

B YUY OFFEN A DL, R 2-A, Bk
2-C Ebiz 24 fE{kml GRER2-C X1, 2 HEDY
BiE) &, BB LCRERE LD OOEWETH
ST, FD%, RER2-A TIE, TRENEDOBREN
filE A ORBE E b L, fME6 HRICIX
1.6 E{f/ml & 720, ZhL%E, fAE10 HHET
1.5~1.6 fif&/ml A% E L CTHER Lz, flE
11 HBIZIETEOEAD LC LI EERmL & 720, %
LIRS, fAB% TS T 0.9~1.1 B /ml £F3T
W L., B 2-C TIX, &EF S B BIZ—KY
2 L1 EA/mI EIRWEEZ R L2 00, HE 10
H H £ TORMEAITBR 2-A S IZIEFEETH -
7. TO#%IE, BB 2-A L&V 1.2~1.7 i /m/
% 2@ U CHEB LT-.
FENAEOERFIL, HF 10 B H £ T3
2-A, 3B 2-C & H1Z 100~60% D% TIIT RIS
DAz~ L=, fE 11 3 B LAY, R Bk 2-C
23 60% HI-D EVMEZHERF L7-DIckT L, 3R
2-A 1T 40% 5 & aklR 2-C L 0 RWMEAHERE L=,
AN EO VYR ERL, fE 2 B B £ Cidalik
2-A, BR2-C &L HIZIFREETH 728, flFE 3
HHELRRIE, Bk 2-A O 5 0RER 2-C L 0 0o0m
VMETHER L, fAE 8 H BIZHE DZEITK 26 um
LicRE o7, TORKIL, WHEOFHERE D=
TR %ITHEE Y, 8F 17 B BIQIRER U & 72
7.

fil B 7K P & e 2 R A O BB S O
PED HBREREOHER % Fig. 44-¢, £ IR T. 5.
BR 2-A TiX, fAE 4 B B S JFAEED MR SN,
ZDOHEBB X 0.6~4.7 x 10> {E A /m/ O#EPH THE
B LUz JRABMORELZ B E T K2 %,
fAEWMPIZ 2B EFES, 11 HE) Ehale.
FBR 2-A O BRI, JFUEBMW D 720 KA

BAEZTES A1~12%) , FAESWRZIK
R AERNE (1~5%) AR H -7, Bk

2-B THBR 2-A L FRIERIZEE 4 B B2 5 JFUEH)
MIDHER S, T OHBUEEIL 1.9~2.5 x 103 @k
/ml OFEFHTHERS LTz, FAEMWOREZ B &
T HKNEREZ &, R 2-A LIRIREIC 2 [R50 L7
2, W BHRER2-A kv 1 B (@56, 12

HH) TiTo7-. #&BR2-C ® AMRERIL, R
2-A L FRRIZIRAEEN N D 72 B BRGSO AAE
BRzEZIIELS (11~14%) , JFRAEBM)DII S K
FRR 2 RN IARY (3~4%) & -~ 7-.

fRBE KM DT ) 7 aa 7y ADBREOHE
% Fig. 44-g (RT . iBR2-A DF > /) s ry
A DHIIE L, 0.9~8.4 x 10° #iE/m/ O T
Hol-. RER2-CDF > 7 aa s 20N
X, fE 3 H B 1.6 x 10*Mla/ml & Eholz
PIAMZE 1.6~7.2 x 10> Hif/ml O T - 7=

B AR OEEEHE OB L (FREH, IR X
ZEDOAFE) % Fig. 46 (R, 3Bk 2-A T,
filE 1 BEOL X e FOMEZEGL, HE 11
HE CE#E 170 um) £ TRk L72. B 7 H
H CEYRE 126 um) 22D x 477 o — 1L 0fG
EEZBRAA L, FRBRICT £ Tk L7z, KR %
OEE 12~14 H BIX, FEKEN TR AT T2 —
LS KB HGE LEREES N U720, fhif4E —
ReElc il L=, 3Bk 2- A OB &A1
BIOMKEET R, # e FN 33k, *4 7T —
U3 3.4kl C, ¥R EEAIREN T, % B T3 9.7 x 1012
i, RA 7T —12394x 102 M TH - 7.
BB FG B FE I X RN HER D 1 L 0 & < HE
BL, TOMIIKERZATH FEE 10 HEH) 10k
K 4.6 x 10*ff/ml & 720, GEROFIEDONED
YA R DIGEHEE DK 3.8 Th o 7e.
AIRHEPEICE U721, 4,200 ) (Bl v
LR A7 £ OBEANE B LR CTEBEOR
RO 15 SR THE, fEAEoT L— 3
VB IOGCHOAE - FEICR L BEBRMRITONT
VRO AEPEIZ IS DRIy OERRFIRETH 5
T DREN LIRSS, BRI H WK KOs
FAGEARIZOW T E DR EE 7 7= 5 )
Th-oT-.

Wbk 2-C T, B 1 HELD LY TR
DOFGERZBAGE L7223, 8 2 A BICEREIEN TE
L CWRetEEL L o722, fF 2,3 HE
DFEEZ IR LTz, BV T ADGERI, fil
B8 HHE CEMEE 117um) £ Tk L. fiE
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4 HE (CF#RE 9l um) 2HId¥ B FOMEEE
Bt L, BE 15 HEH (FE%EkE 238 um) % Tk
feL7z. fHE 9 HH (CEEE 132 im) 226 IiExR
F 7T = VORI ERMG L, BRI T E Tk
L7e. 3Bk 2-C ORI O & BB Of k&
X, IV RTUAR, BeF, AT TF—LR
%2501, 47kl, 3.6kI T, MHEFHIIOEIL, v
VRIUR, BT, XA T T—LREK K25 X
102 HR, 1.3 x 10" #lfE, 8.8 x 1012 Hlifu CTH -~ 7=.
BB OAG B 1 T 2 RICHE R D 7R L 0 @& <
BL, ZOMEIIEHEE 15 H BIZHK 4.2 Ji#HlE/m]
L7200, WEROFEOHEDRY A KB D46
EIBEDOKI 23 5 TH 7=, EPEHEREICE L=/
#iE, 4900 [ GHEGETER 2-A L[FER) T
HY, BN RT U AOEANEHIX 108,000 1T
HoT-.

AER 2-A TiX, B 16 BANLSIREZATD
FPAEERTOSHAEDPHER S, FE 17 H BIZZEOH
BN 1% E 700, B & 7o -2 oA E
BRAICT L=, Bk BICBIT 2385 (FY + 1=
Y25 1%, 278+29 um (Fig. 44-d) T, VA 7
F v E W@ O AEOREMER (Fig. 48)
SHEE L 7B AR s X OND BISh A b o A7k R
1%, EIEIUR 8,200 T EIAK, 47.5% & HEE S,
BRO EREERE < BRI AEMGESENE L
7=.

ABR 2-C TIE, HBR2-A L FBEICETE 16 H B
POIREEZE T DMEERIONAED R S, fi
B 17 HAICZEOHBEEN 9% 720, PR &
ol ERBRAEKT L=, BBRR&BIcE
DR E (Y + EWERZE) 1%, 273 £36 um  (Fig.
44-d) T, YA T x 2 EROTERIOSEDRE
FER (Fig. 48) MOHEE L7-Eissks LoD Al
BEND DAL, TENH 1 E 2,300 J71#E
I, 73.1% ELHEE S, B 2-A L FERIZS IO
HiEZ K& < ERIZAEMSESN GO,

il B e f& B FE0E L=t A 7+ v &2 2@l
DONEOFRETIE, WX E HIZEENS T
2T T L R BN D NTZ. Z D4
B, BB 2-A 1% 112 fEA/ml, 78k 2-C 1 1.69
fEA/mI & HEE ST, WITRLBIRBIZ= T —H
EBAT CRE LIShEDE=2 U v 7iZR1T
HHEEME GREBR 2-A 13 1.07 fE{A/mi, -8B 2-C 1%
1.35 fE{fA&/ml) LV EVMETH -7 (Fig. 48) .

HER 3

1k

fAE WM R OB KIR, FESHEDOBRE, 0
BEENOHEE LT-A5E G BBEEYE) B X
ORI A OS5k = OHER % Fig. 44-a, b, ¢, d IC
R

B AKIRIE, RBR 3-A 28 24~27°CH, Bk 3-D
73 24~28°CHTHERL L 7=,

A5 1 B BHOMERENAEDOBREL, 2.2 (8 /ml T,
FHE LR ERE L OCEWMETH 72, 0D
%, RIENEOBEITRCNIIET L, a7
STE 7 B BIZE L7 E@ikml &g o7 soklitk
OfE 8 B B OFlESNEDEEIL, Bk 3-A , R’
BR3-D & HIC 0.8 fEiA/mI & 72 o7, =Dk, R
3-A OV A D FE I T ME & 720, 0.5~0.6
A/l (TR L. —J7, Bk 3-D Ol
A DR FE IR 3-A L RERIZED L2, 20
BREXLVESCHTHY, FFER T T07
~0.8 fEA/mI T 2 HERE L7,

TP EDEFRRIL, il IT-7-fAE 7 H B
IZIE 86% & 7e o7z, itk oA 8 H B LUEITH
BR3-A DETE R TNIT T60%RI% £ TIKF L7
DIZHF L, BB 3-D IXEHAEZ L TH 70%LL Lo
VM A AR LT

TR A DR RT, it s BE (A5 12
HH) ETIiEBr3-A, RBR3-D & LIZIEFRRT
boToM, itk e HE (FAF 13 HH) LI
BR3-D O RER3-A LV E< Y, fAF 15 H
BICH#E DT S5 um Lk e o7z,

il B 7K & vl 2 JRAE B O B FE RS KO
HAEO AR EROHER % Fig. 44-e, fIRT. 5y
FE%1Y, Bk 3-A CIXoE% 3 HE (@EE 10 H
H) 725, #BR3-D Cldntik2 HE EE9H
H) 2 OFEABYS MRS, Z 0O MBI
REBXEY, DS EE @EI12BH) £TH
1 x 10*EA/ml Bt £ THIIN L 7=, e eEm &
7pote. BRERESRIL, BB 1, 2 L RRRICRAS)
ML I MRAEBRMRER T <, JFRAEEM O HBL
EEBITEL B ER B -T2, itk BRI
FERY, RBR3-A, 3-D & bICFEAIYR DN
FAREEVE (13~15%) 22 L7=n, JFAES)
WIDSEIMER & 72 o7 tlit%4 HE B 11 HE)
DBI3E % ETIR T L, ZOHITMENE 2 K& <
EEL, RNEELRDMANRH T

fABEKEDF > ) 7 ana T ADEEOHB %
Fig. 44-g (Z~9. F v/ 7 ua 7o AOMMaEE
%, BE 3 H B 2.4 x 1008/ml & BRI
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Mo TS, Rl IR 3-A, 3Bk 3-D &£ H120.6
~5.6 x 10° #ifi/ml OFIPH T - 7=

A B KFE R OEFERESEOEE (FREH, Ak X
OZDAFHE) % Fig. 47 (7. B 1 HHMD
ZeFOKEE, fE6 HE (CFE%%E 114 pm)
MORA T T — VU OFRERZ B LT, i,
At F O A RER 3-A TIIEE9 AR (CFk
£ 152 um) T T L7=Dizxt L, &8k 3-D Tlifid
BF12 HA CFE%%E217um) £ TR L2, *
7o, WRBRX & HICRBRBGELR O 4 HE @E
8~11 HH) X347 T 2 — L OFRET D HENEH
Ml & potalzdh, KatEE2—RprIZHPIE L7ens, e
< 2 B (FAHE 12~13 H B) 1T RN R E
<P LT T- G EZ KIBIZIENL, Z D%
FRETEICIS U CHafH B A e L7z,

B 3-A OFRBHM OB ORI R,
A FMN11kl, AT T —LN45k1 T, B4
SIS, Z & FAN33 x 102401, 247 T
— LA 12x 103 TH 72 (ORERTOFRE 1~
7 H BIZEBROKEEED 12 & LTEE) . bk
3-D OB R OSEERL ORFGE RIL, # b F
MN1Tkl, AT T —LR 32k T, MHAETHI
Bix, # e T M50 x102H/E, 14277 —Ln
82 x 102l CTh -7 (R 3-A & [FERIZ o HERT
OFGEHEAFIE) . EERIORBEIE LI, Bk 3-A,
3-D & HICEERMICIERDITEL v EmHEE L,
ZOMEIEEE 13 B BIZHRK TR 7 x 10* flifE/m/
R0, PEROIFTEOHNEDFRIY A XIZBIT 54
BB DR 47 5 Th o 7=, EERIOAFEICE LT
BT, BR3-A 234,700 [, #R&BR 3-D 7% 3,600
MThotz GHREIEITRER 2 L[FER) .

AER3-A T, fF 15 BELLIRSEEZAT S
FAEERIOSHAEDPHER S, FE 17 HBIZZEOH
BN 21% & 700, B & 7o 7272 D E
BrRafsT Uiz, Bk RIcBIT otk (CFY +
PERERFZS) 1%, 268+49 um (Fig. 44-d) T, VA
7 & v & AW @RI O AE DR (Fig. 48)
D HHEE LT E RS L ONDBSh A0 B D AE5%
X, FNEIH 5,500 T ER, 70.1% & HEE S,
UHO BIEE RIS ESERN G T,

B 3-D Tl BBR3-A LY 1 HRWEE 14

HEPOIREZ AT DAEERMONENHR S,

RBR3-A LV 2 HRWEE 15 H BIZEDOHELR
2327% & 700, BEE & e o T D E bR 2
T L. BRERHICRIT 55E (B + 4=
YefR7%) 1%, 292+40um (Fig.44-d) T, ¥4~

+ v & RO BRIOMAEDORERER (Fig. 48) »

HHETE L 7= E AR L OND RSh A b o AR
%, NIV 6,000 JTEER, 77.2% & HEE S,
R 3-A & FRREIC S0 AiE A2 K& < ERlD A5
S EHNE LT,

B A& B ICER i L=V A 7 4 v &2 iz Ehl
DHAEOEETIE, B2 & EERICHRBRX L
2, BRSNS FREIZENT TEL R DEEDR AL
7o, Z DN AE I, 70k 3-A 1% 0.75 fE{&/m/,
#B& 2-D 1% 0.83 fE{A/ml LHEE S, Wb
Br2 CIRERIZ, [RBEIZ 7 — R A TR
HELFYEDT=2Y 7B T AHEEM G
2-A 1% 0.58 fE{A/mI, #BR 2-C 1% 0.67 fE{A/m]) X
DEVMETH -7 (Fig. 48) .

DU — FEEERER

AR HIZB W T, KR OMNEEMICATE L
ToHERITA 190 TR & HEE <4, FRBRBHARKEC
WA LTSRS A ER T 31T 3.8%, wmr (OF
%) + FEUERZE) 1324 +0.65mm Tholz. Ki#
TN BB U7-HER I3 73 TR & HEE &
, ZOikE CFE¥) + BFERA) 13 3.9+0.98 mm
EEEMATE LTEHER L KB Ch o7, 7
B, MKEEEHA~OHEOIEITIZEA EHR LN
moi-.

BE

PERDAPETTIED N 7 T TIRHIORES A H
W FEhtE U 7= AR BR Tl fER 9 2 KA E-0omlBR
EIECHIIRA B D 2 Eonh, AEDRE « £
REREEEF 25 LB 2 LNDEEISEITK -
7oA BRIX 2 3 E L T8 WISh AR D R & AR E 2 3 A
7. BPEHZITRAMNERR T L 0 LR S 2B
ARETHIX T XA T T o—vaE MW,
FEELE L THWEZ B F O il A FIRICHET 21T
7.

2 b FOYMETE L L TOAEBEIC OV THET
T A E N U7 1 T, fEoEcsss

67

LTS EDREL FIZ X W FRIIE LR o7z,

A U AXONEDOE « HFRICBIF e B% 5 %
DA AW 27k LT, T/
7 a7y ADRFE B E B K~ 5 05k
DENTHDLN, TO—HTHRMT 55/ 7n
0 7 ADPRPEN 10° Hifld/ml & mWIEATE, Sk
OFEEERIT B D Z L2 K0 ShAEDBRE N
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THZLENREIN TS, PELT, /XY
A Pecten albicans % A\ T-RERIZBWT, ST/
7 a a7 R & ERE K 100H/ml BL EojEE T
W% & HEDFHEREENRKE WL THZ &
D, WAEDRRE « EFRICH 28 % KT IRINE
JEIE, 0.5~1 x 10*Hf/ml 234 TH5H & &N T
W5, Wz Enb, R 1-AIZBT559ED
REL T, SBEPIHENHE Lm0 BSEIZ X
0 B O IEBEFE 21X D TR D 3~4 x 1044
fa/ml DFEEF CELIBE LT /) Zaa
VADBELEZ T AREER S D EBZ LS.
B 1-BIZHOWTIE, [fkicFT> /77 R
DOEENEL ol bOD, ffF S HHIZHAED
KEIL TN E 2o 7=. LavL, Bk 1-B 0%
0 HREIERIIEE 3 B B LRRICRER 1-A LR
FRICELWE TR LN Enb, Zor,
v/ 7an 7 AORERIC X B EDREREN
AT TWEboEEZLN, RIZEHETE S B BITK
WX EATOR TG, 1-A RIS A
DORELTHA LT AREENE 2 bz, 3Rk
1-B 1Y, ARz ICED >/ Z7an7 v Rick
HREMHENFEHEIN-Z LIk VEE 7,8 A
(22N T HBRRERAS I Lz e E 2D
NHM, EORITZAMKEEPFMETL, 8E
11 B BIZEHAENREIZIET Lz, ZOREIZON
TIEHARHTH LN, T/ r7uarFL A5
ERLEDEENE > T2 &Rl ALy b
TV ADBME I X D KREBEICHR I EnE
265, LEDORRNS, 5%, SEKFIZ
BIIAH I rvaa s A0 REREZ T 5
=02, BT 75 7 h o DiRETH DR
B DD 72\ ERE BRARIRFCAAE R 2 A& 123 W)
T v/ 77 AORMEICHSEET D
VENRDD. fABEKMEONEICONTIE, B
DOIMANALE 2 A CIRE A2 ED 2 & TN
BIOKFE & RREDOSRME T2 Z EMARETH Y,
BUTOIRRBIZ I TR KRN CREBHE O B 2R
HETEDI A2 B, FAEH R OB A ZNZHERE L T
HZEMOLRELLAEET HLETIHNEOD, 5
BITHEG BRI OV TR T 20 ERH A ).
AR 2 TIE, BPEEO PHRBRICIB W TER L
EIERST A, CIlZOWT, [A UERIPEEZ VW CLE
WA HT. ZORE, MRBRX CRBRTHEICE
WTHEBKIRIZENECTZZ &0, AKFENIZEBT
ZERED BARBEIN O A L DR DO T
HIRKEET D B 7= DITFREH R e & OBAHSIFE

1k

BRIXEICRELS B o722 e, fRERSRSIDZE
DHVEDORE « AFGEFLUCE 2 5 B OWTHE
BT LIIREECH-T-. LavL, MakBrX &
R & [FRRICIER D TIEICB T 21E (40% : i
EIEOVEIE) & ERIAARENIG O, B

& U= SIS A% 3,000 HIEIRDAFEEZTTH =
ERA[RETH T2,

AR 3 T, Z e T OmYREE TR S
WTHRT LT, B 3-A IZB W TH B F O %
T L7fE 9 B HEBEDOREIZ DWW T HIRREE
BOWR T T 5 &, 85 12 B BURICHER
3-A PMEL Ze MDA B, FRCEE 14 HER
LOV16 HEIZIEANT E~A T ADORRER L 72
% 89 BB TR RARIE DR A BT, ZORFDRK
FASmn 2 L, Bk 3-D X 0 A5 Hsh Ao HIR
TI1H, Y2 BB AR E T
—J7, AFEETIE, R 3-A O&F 11 HBIZE
FEDPRD NI B, F DFENTE ORI 72 A 5%
BOAELTEELLLLOEEZONS. #BR
3-A BV TR REROIKR T RA LN EE
14, 16 H BRHAEDOEEME T L72EE 11 HE
ICBWTERHEITFDIChoT=2 b, Zhb
DERITEEIRENEE L= L1355 212, #
b F O & BT Lo BB ml it D —>
ELTEZLNT.

Z 2T, EHEBRINCE L CRITEO Tm iR X
OARHER 2, 3 OFERZRIET 5. PIHIgEELE LT
DH e FOFHEOWTIE, BRERFERRTO R TI,
BREEER 7 B B SR ik <, Mlgokx Xt
KRR TH B 70 SMUEHR O K HGEIITS
FHSNRNT LK e F AR LT~ D et
DIRENINY N TV AEREE LD XS -
7oL O B Enh, PIERELE L THWS
BONEDE « AR BELLTEMHICE 2 D
BB SINT. Lo, WIHEEEHCZ e F 2 H
MMTHWZETEFRS A, D O E k50w HAETE
\ZAN BT A HWTZERERRSI C & o kg
5, AAEHFRITBWTH b F 2N v
HZEIMEETHY, XeFxA T —1 %
9 5 BPEER YT E ISV E D KREAEN TE
HZENRENT. Bk, RO NT
ZNZOWTIE, BIHEDO AV v I AIRFCE D
1, BEAHAGAEL, FABOREIZ LY ek
DAFESTE X U AGEREN S < 72 DM H DAL
FEHFRICBWCTHERT 254681, fil=2X ok
FE2HLT AV v BB ZOND. LEEN-T,
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B AED Sy 77 FIRH OREEIZ BT,
BAND R EIER N ATRE CTAFE S X R MRV Z & F
OFERMELTEY, flmOAILy FT7 v RIZ
DWW TR BERIZE D D OMMZETH A 9.
£72, FeF LA T To—1 Lo e
Iz TIE, RBR3 OfERND, ZeFbxA
77— L OO OREDR, HEDOKE -
AFRICBIR L mTRErE VR Sut=. L, Bf
IR O WETTED 2 [7] B R BR-CATH OB 2-A
BLO3-AIZBWT, kD FiE%E BRI D AR
RFEEDOHENELN TS Z &b, hEDA
v 7T PRI ORI BT RE B A 5.2
HHDOTITmN TSNS, ¥ e FOmEuIRG
AHHAR IS L OYGEE ROV T, A%, BRI
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Fig. 41. Feeding regimen for the Iwagaki oyster larva in each experimental trial.
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Fig. 43. Daily 3-day moving average cell density of Chaetoceros neogracile in the 6-k/ tank.
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Fig. 44. Water temperature in the rearing tanks (a), larval density (b), 3-day moving average of the larval survival rate
(c), mean shell length (d), protozoan density in the tanks (¢), larval growth rate (f) and cell density of Nannochloropsis
oculata in the tanks (g) during seed production of Iwagaki oyster. All parameters were measured daily.

[0 = Feeding regimen A; 4 = Feeding regimen B; @ = Feeding regimen C; B = Feeding regimen D. Arrows in (b)
and (e) indicate replacement of water in the tanks. Vertical bars on shell length values indicate SD. * = No data.
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Fig. 45. Daily cell density of the microalgal diets (L1 = Isochrysis sp. (Tahiti Isolate); Bl = Chaetoceros calcitrans) in
the rearing tanks of Trial 1.

A, Residual microalgal density before feeding; B, Supplemented microalgal density; C, Total microalgal density
available (A+B); |=replacement of water in the tanks.
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~8 HB LT'9 A d 3 Hif#, 500 7 KAEi% 5~6 H,
7~8 Ao 2 iR (28R L, WREOREEA i L
7=,
EERCE (%) =
R AIEL < 100
728, “HAEOKEEAAMIZOWTIE, o
DHRNERD L0 (BNEE, BAMEEBIY
M) ANEIEL722S, BIEEE £ CORHEM R
WIIRE =N - L SN2 EbHE
— DG E Uiz, STRELIAN O AR 72 B 501,
AR DA RIS LI ZIF R CTH - 72
MFEDOAEZIZOWVWTIE, 2T Fisher D 1E
TEffERRE ATV, BAEEEIZRET HE TICHE
L7k BTt EZITo 2. AEAKEINT
N 5%E Lz, 708, fENTIZIX Fisher O IEfERE
KIRETIE R (Version 3.6.3) Z#f\, + BRETIX
Microsoft -8 Excel % Fiv /=,

FARR B Lo m /&

BOMEBALY CSUORERWEIHRE (4174
X, YILRDHA) OFFERNEDEESAER

BAMER LY T A A WA E RS D
AERBR A, A U AR132017 47 H 9~23 HIZ,
PIVIR T H A X FEE6 H 17~30 BIS/KER &~
2 —IZRBWTCER L. NI S HREO Z
b F AR 95 5%51 (Fig. 41-A) &L, F
Bk 120 um LIBRIZ X A7 T > — L Db 0 |
Ny b T ARG LTz (Fig. 49) .

FEARW 2B SRR L FEkE L7223, R
TEIBHEK P OMEEDORZE L BT T-fE
K~DF ) 7aa L ZAOEME, fEEHEEED
BINDT=DI AT o7

ZOMDE BRI TO LY & L. i
DOFBIIZHEZ B O D BN ENSHESED
HELETOYR & L, BNiEHIZH T FRP H
MR KK 2 W TIT o 7. fBEAMOREL, A«
UHFIIIKOLDE 1AM FERER 1D , W
IVART ALK Db D% 2 KMl (EERER 2-1,
2-2) HV, ERIFEIR I D RS A AN L. fidl
BT AEMEAKE 1um O — Y v o7 o
NE—THBL, AU HFIIHREFICEDEE,
P ILIR 7 T A VIAGEAK T 2/3 WK £ TFRIR LTl
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L7z BRIk TOT I KERE L, W
it & & BB KN OJFAEBM) DS HETE S 2 BT AKAE L
z (4~5 BHIZ 1 RO, #RHAFEE 2 E) Z217
o7z, FEKOEPIZITPRICET Lz T — A

=2 1EN S DEKIC L VITo 7.

FRENELY, ATH OFREIE &Y B OFRETEORR
S &N, A O EKERZ 025 O HER
REERMZEL, BRICERN O HREERL L&
HZIZIE LTz, #GEEEO B Z3EDOR R B
W2 UC, R & RRRIC LS | v 2 —DEkD 5
TEDINHR 72 0.5~2 x 10* HIE/mI O 4G
WE Lz, AGEEEEBUIAGEE RIS U Tl L, 1
HIZ I~2EfT-7-.

WEDEE « KREOT=4% 1 71X, Kiioh
DT — R S B K2 &R 50
m/ 35 3 [A] (G 150 ml) O HERE L TRERE A
AL, 30 EIROSNAEDREZRIE L.

LS

ME, BB T BMEERHER

1007 KigEZRAL-IEEHER GUBR 1D 100/
KFECIHE L7 5 [ OFRERIZ IS 1T 2 Beaft B o
Fi% Table 8-1 12, /KR (10 Kf, 15Fp) , Hok
L OWAKED H % D% Fig. 50a,b 12, B b
TURERF T T =L DKKFEDY A X (s
AR oFAEMW O HEREED 3 A BEIEY
% Fig. 50 ¢, d |2, GBI FE & M AR Au g
D4 3 HBEREEOHER % Fig. 506, fITRT.
7238, KR E X OW TR O KRS OfEIXIF
FEEBETHST-DOTHILY N T v ADKFEDIED
ALz (BAFEER) .

8 H 23 HICHItA L7 | [BIE R (A 1-1)
TIE, WS HICERERBAA D O AR HE5H L 7.
AN T ADRRAE L L ieHla B DR E )
DOFcEEIE, ZNZ2H5.19 x 106 HifE/ml, 4.85 x
10" /i C, *A 7T —L X VEIFHET122%,
%“FT13.6% IRV MEZ /R LT, 554 17 B BIC R A
77— L ORI THIKIAEDS 10~15 um DR
FOESHBLL, 18 H BTN T 5 x 104EA/ml D
BT £ THIN L7272 iR 2 ik L7,

9 A 10 HICBAMA L= 2 A H ok GABR 1-2)
TIE, WS HICERBREAA) D HE L7278, #ER
BRAREL 2 B akBR 1 (81 B & [RER O ERE A
WL, I RRIKIII LY F T AT4x 10
ER/mI, A2 53— 1LC 1 x 105 E{A/mI D#EpE

FTHEML o E P Lz. Iy T
A D FE & AR OB O e m il
I 3.66 x 10°Hf/ml, 3.37 x 10" i T A4
77—V ROAEEE, %BE L BIT 13%RERME
LTz

9 A 20 BIZBALA L7 3 [BIH 0B (GREBA 1-3)
T, Wy b T AR BAE R 7
BER TR SO0, FORIIXF T T —
UL RBRICE % 6 H B & CIIERFICHEE L=, =
D%, ML HITEEET~8 HHD 4 mm (7 HH
33mm, 8 A H 11 mm) DOFERRNOEITHITENOR
B L7, B 11 B BIZIE 59 mm OFERIZ XY
KEN ST ETHEMLIZZ b, F——7
0 —Z 1k 5 72 OIS BRGNS 15 1§ OB
L7z (Fig. 50 f ™ 10 H 3 LRI, BEFELT-
151 b IMATHIE) . 20, B4 16 H BIZH
N30mm B2 HERNRH Y, A—/—7a—»
TRl SN0 E2 L L7z, Iy v TR
ORI L L IR OB BN S O EEE, <
N2 3.75 x 100 Hif/ml, 4.11 x 10" fa <, =+
* 7T — L XV REIE T 28.4%, #%#FH T 30.1%IK
VM Z R LT,

728, 1, 2 [BIH ORBRCTRAE L7 KL OTRIEE
FEEA DR AEPE LA E L C o o AR BEE O
HBEABIHEM TH D EEZ N2, s
BIAT AN N EMELTZE A, 3 HHE DR
B CIXRBEO R AT A SR -T2,

5H 11 BICBRRE L7 4 [H B 0B GABR 1-4)
T, WifE S S IZEERB LG O NEFRIZHEGE L7z,
R 1T BRBIZAONY N T U ADNEFIRBIZEL
T EHE LB AT Lz, Iy TR
O L L IR OB O EEE, <
NZH 623 x 10 HifE/ml, 5.67 x 10" {fL TR A2
7 — VL X VRETETS55%, %ETI1L0%KMEE
RUTZ. ZORE, vy b7 v AOMIBEE L 100
1 KA CIEhE L 7= BR 31T Dl (6.66 x 10°
MifR/ml) Zieek L7z, £7-, 3477 —L DK
FE-CI3REEE 6 B BT/ N DJFUAEENY) O % 23 N
L, K538 13 HH ETEVME (eKIE 6.60 x 10°
/mi) H3ERGE L 72123 2 BN A bz 2
EDNRERITH o 72,

6 713 BIZBALA LT 5 [RIH 0B GRER 1-5)
TUE, WifE & HIZFRERBAAE) O EFRIZ 58 L 7223,
RS HHELKKICR A/ T o — LI LT L
VT U ADEFEN K E < B DN I BT,
B 15~16 HHI1C99mm (15 HH 47mm, 16 H

81



82 e 2 AR

H 52 mm) DR 0 KEA 1157 £ THNL,
BHLERNO TR TA— =T n—n TPl Sz
oA I Lz, By b T v ADME
JE &R OB BN O AR, FhEh
5.41 x 10%Mif/ml, 4.45x 10" i T A7 T2 —
L LV R T 39.8%, #%H T31L.6%MMVMELZ R L
7o, ZOW, AT T — L ORI 100/
KRl CENE L 7= RBRIC B T D Bl (9.60 x 10°
Hif/ml) ZiegkLiz. £7-, WL bT7 U RADK
FECIIRE R BN R 40 um O KA OHEE H
AN HEL L, £ OB IR AT 2.0 x 104 {£/m/
ThoT-.

500 7 K#EZEZRAL-IEEHER GABR2) 500/
JRAECEENE L7z 3 [BIORERIZIS T D RGO
P4 Table 8-2 12, /KL (10§, 158 |, Mok
K OPEKED H % Offi% Fig. 51-Aa, b)iZ, L
NIRRT T T — L DE KDY A R
(/NVRL A o SR A B D B FE % Fig. S1-A(c,
ADIT, EPERHIRRE B & AR S D4 3 H % H)
SEEMEOHERS % Fig. 51-A(e, HIZRT .

58 11 BICBRtE L72 1 [BIH ofBr GRBR 2-1)
TIE, WS S EREREAA) D NERRIZHEGE L7223,
K248 7 H H D 40 mm O R LA | R0 A M i
L, 5578 17 H BISEHIRREIZE L7 &I L TR
BRat& T Uiz, vy N7 2 A &k
NaBOBEN R OfmfEl, 24 3.79 x 10°
Fl/ml, 1.64 x 102 fila TrA 77— L L VI
FHT23%, BETI3WEWEE R L.

5 H 28 HICEAAE L7= 2 [mIH oiBr (GREBR 2-2)
TUE, wmifEE HEBRBAA DT L, K5aE
20 HBIZHN Y b T U ANEFIRREBIZE LT &
MM L CRBR AT L=, vy 7 v 2O
B R L ORIl OB I EE O REfElE, Fih
ZIU5.61 x 108 HifR/ml, 2.37 x 102 Hila T A7
— L XY R T203%, %% T 18.3%IKV ME%
LTz, ZORE, WFEO R IaEs I L H12 500
[ KM CHESE LT-RBR BT A REiE (s B
T A 6.04 x 100/ifR/ml, %A T —1 :7.83
x 100 #f/ml) ZFek L7=. £7-, Wi/KREChEE
BHNTHIIRAE DS 15 pm O RIID 75 3/ BEkEN
BRT 2.0 x 104 EA/mI HEL L7223, RBRI& T
IR S e o 7.

6 A 12 HICBARE L7= 3 [ H oikBr  GRBR 2-3)
TIE, WiFE & & IZFERBRAAED O NEFHIZHEEH L 7223,
Ty N T AT 8 HBUMIC R A7 T v—
L bRl U CHESHMN S DM 23 BTz, B 14

1k

H B DRI E RO R ANERE L 72 72 D i B
DD RAH B, R E IR A > 7= &l
LCEE 1T HRIGRBREZK T L. IV h T
A DOHRAEE E & AR OB - O feim i,
ZNZEH 3.51 x 108 HHiE/ml, 1.34 x 102 {ifu T4
77—V LR, %BE L HIT 23%FRERY VE
R LIz, 72, BT bT U ADOKECTRAER
HIC AR DS 15~20 pm D K e B D e K
T 2.0 x 10MEA/mI HEBL L7223, BRI TIRFIZIX
e SN2 oz,

SkikKiExEAVIEERER GRBR3)  Sk/KHY
THHE L7 RBRIZ I T DR ARG RO % Table
8-21Z, /KR (10 Hf, 15K , HiOoB X OMKE
® H % OfEi% Fig. 51-B(a, b)iZ, BT b T AL
AT T — L DEIKFEDH AR5 (N, KA)
DR AEEN) D HEBLE FE % Fig. 51-B(c, T, ERELH
e & e ERIa sk 045 3 B BB EXMEOHER
% Fig. 51-B(e, DI .

BRI 5 H 28 HIZBHRA L, mifl & & aRBRERAAG )
DIZITNGFICHGE L, 5538 20 R RIC LY R T v
ADFEPEINC A - T2 &I U CRBRZ #& T L7z,
TNV BT o AORIRNE EE &R OB B
DEEAEIL, ZEH 2.58 x 10°H1/m7, 1.1 x 10"
Mg T4 77— L X VREIETI1.0%, %ET
82%IEVMEZ R LTz, £72, WA CRAEM N
HEL L7225, /ML O (kB ) & BICHIE
BEEIIRWETH T

100 [~5 ki 7KkHti & FV 7= 25 3R BROFE B & Hedh 4
L&, Y N T ADEFETIINTORERT
HIXIFNEFCHERS L, 15 BRI ORE Tl
HEJE 2~6 x 100 Flife/ml FREE O FE W 7efEE To
AN BN, 247 T — 1L & DT,
B KIEAME S #ERE L 7= 5 A OFRBRLAMIAKIEDS
B < 7R DI SRR R Iiatk T AT T v—
LIRS, DA MR S L2, F£72, &illRo
REEBMICIE, BMSBIERHI BT ALY N T
VANAEA T T o— L X0 lEY A AR KRELH
BEINDZ ENEL, BEAKEORBIZENTY
BEKDEON TN F T ZADHFNRLVELS B
HEBNBEE ST, 100 [KFED 1[5 H 0#RRER G
BR1-1) 0853 11 B B AT 72ilifED 50 ffao
MRt (BREER) OWETIE, ALy hTv
ADFFNET 1 BRRERE VN (WL h T
Z6.7um, AT T —1L58um) I & EMERL
7o, JFAEEMWIZ OV T, IO B TR
ARENSHE LI b 00, BEOREE & izt
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DOEEIIK T 2B H - T-. /INEOJF AT
1%, BRICEB W THELT 2 R OSNTIZRED
WHEE & BICRRDHEMN A ONTZZ LD,
HBFEDER L TV D TR VR STz, KA
JFEAEMIE, 100 7KK 11013 & 2 [0 3 0B GR
BR1-1, 2) CHIBLLREEREZBRL &, i
HEEZ 1T U0 &I 2 HREE N RS BT
R -7, 72720, ToOHBIT—@toLo
TEE LIRS, Wb KX 2B KIF
T2 LT T

BREHICHITHEARERAV-EIMEERAR

FliEstsr AT o - RAREKIE & K
B % Fig. 52(a)lZ, 10 BRI 1T D UEEO M & 4+
MOKE (A7 T —LOAMTRE) OE L
DORRFE & e 7L % Fig. 52(b)i2, 10 FE& 15
BFICRIT 2 5 /KIR & Fig. 52(c) IR

B BAREIRIZZ I E 1 30.7~37.7°C, 26.6
~323°COFPATHR L=, Be& 7, 8 HHIZIXE
L FE SRR B o 7272 DIZKIRNME T L7,
LIS D HIIRE R 25k6E L, FFIZH5HE 4~6 H H
D 8 A 4~6 HIZITH IR T 36~37°CH H i
L, 5 BICIFRICHICRT 2 4B s 2 %
H Ol imAdE 37.7°CEiidk L7-.

RERII R ORREE L Y8 T AU S,
L TlZZFN2h 14,300~90,000 1x, 250~2,000 (I
FRAE) pmol/m?s, #HENEEH VD TILZIZEI 14,300
~40,000 Ix, 250~1,300 umol/m*s CTHERE L7-. MR
FE & AU EE OREME ) O FHE SR
1% 45~53%D#FIFHTH U, ELFEOHIE 50% & 1%
ERBEETH-T-.

BRI 0 10 BRI KON 15 BEORERRKIRIL,
WA | ClIE 2 264~33.5°C, 31.8~
40.7°C, HEStHEDH D TIXENZEI 26.0~32.3°C,
30.2~35.8°CO®IH CTHERS L=, O FMEIC &
HESFKDOKIRZET, 10 BTl 0.9°C (0.1~
1.8°C) & EMNTIH 7273, 15 BTl 5.1°C (3.5
~6.1°C) &£720, HHIT LV KE EFREZRKE L
T 7.

Fig. 53 (IZRWIH P ox A7 77— (a)
IV KT A (b)), ZeF () OFFEHEIE
FE (A) BXO%EREH sk (B) @ 3 HEEIEY
EOHERZ "3, RIS, x4 77—
HESEHHE L OFRBRX CHHIIH L7223, B ERH D
DOFERX D IF OYIEN BIFZHERE LT, x4 277
>— L OB H ORI E & et o)

B, MR L TE T 2.83 x 100 Hif
/ml, 2.89 x 10" A, #EHFEH O TENEI 338 %
108 MifE/ml, 3.43 x 10" Mifd CH-7=. I kT
> A DB L OFERIX T3k 2 B B IS/
BEMET U CEBISHIE LT, EEH Y O
PRER X CIINEFA 72 B8l A Dtz vy T v
A DOFERIAE B OFBIREE ks L OSSR Ilask o8
SEHENE, F - 2.83 x 100 HIf/m/, 2.86 x 10!
MiaCTH o7z, ¥ b FOENFE L ORBRIX Tl
JKIEAY 40°CH & E/KIR & 72 o728 H 4 B LABIZHE
Mg R R E ART L7228, #hd » oRBRX
TITNER 2B A BTz, & & T ORI H
DORFREE FE F I ORARIRZ O BB - Tl e
L CTENEI1.26 x 108 Hf8/ml, 1.10 x 10 Fljia,
WENFEDH D TENEI 523 x 100 Hf/ml, 5.26 x
10" Hifa CTH - 7=

PLEDOFERN G, BEMICB O TEREIZLY
AR _EF DRI ZH S, WI Lo FE S HEFES)
NEETDHZ L EMER L.

SEREEAER (GAB&4, 5) AT bhTrRERA
7 F 32— L@ 100 [ /KFE & 500 1 A DOFRER O
Z N2 Table 9-1, Table 9-2 (2773, FABRIAM]
RO & 100 7 7KFE & 500 7 KA ORI (10
I, 15 1) % Fig. 54@a)2, #/L> h TR ERF
7'Z 2 — L@ 100 [ KFE & 500 1 AKFE O AR FE D
3 HRBEFAMEZ ZILE 40 Fig. 54(b), Fig. 54(c)lc
RY. 7R, BEEKAEOKIBIZOWTIE, mRED
KEDOEIXIFERETH 1D TH AT T — L
DOKFEDED IR L, SRR LIS T 5% &
LB =KD AR L=,

7 A 9 HOMRBIT LR, FERAIEE A EHEL
R X T, e AR 30°CLL EOEE A2 36 H,
35°CLAEDOMEZEAMA 13 B (8 A 1 BTy
OB 2 3/ H D 37.8°CAEChHk) & atdki7n
2 Ik L, BREBRHIRT 37 H R ORmERIROF
YIEIE 33.9°CTdh o 7=,

7 A 10 B LBEOA R OKIERE, 1007 7K
FEIZ 10 EA3 26~32°CHs (1) 29.4°C) , 15 FE
29~34°CH (F¥J32.1°C) , 500 7 AHEIL 10 BES
26~31°CH (1) 28.6°C) , 15 WiAs 25~34°CH
(‘) 30.7°C) THERB LT-.

100 7 KAEIZ 31T 55kl GRABR 4-1~5) TIL, &
Ly T AT TORER THFE L7223, T OHM
M B I AR A7 T — L L0 RS HERB LT-.
HNY NTUAERFT T —1 D 1~5 ROk
Br oM OBEN S OKE L, T
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% 5~10 H H T2.22~4.23 x 10° #ifa/ml (CF-44) 3.58
x 100 #fi/ml) , 2.96~6.39 x 10° #lfi/m/ (¥ 5.17
x 10 Hl/ml) OFPHIZEL, Iy hT AL
XA T T—1L L0 18.1~349% (FH28.6%)
BVMEZ R L7 GRERA Hlr L7 3 [81 B ORBRIX
8 H H Offi Cilifl 4 L) .

500 [ AKAEIZ 1T Dkl GRIBR 5-1~3) TIL, &
Vv N T ATATORER CTHIS L7223, 100 77K
i L RRRICZ OB TR A7 T o — L LV K
SHERE L=, VY R TUVAERAT T —LD
1~3 [l OFRER O HIIEE B OB E Y O i imfEiE,
TNFENEFE 6~7 H B T 1.61~2.27 x 10° #ifi/m/
(-] 1.84 x 10° flifE/ml) , 1.90~2.98 x 10° i
/m il CFE¥)2.51 x 10°Hi/m) \ZEL, DLy b
VAIAA T T =L L0 143~45.0% (Y
24.9%) {KVMEZ R LT,

7e R, [RIFHAIC S0 L7= 100 / KFEo 5 [EIH GR
R 4-5) & 5001 KA 3 [A1H ORBR GRER 5-3)
D 8 A 13 BT, EEEHE 245 U7 3D MR L
72 b T 7 M L0 OB VIREE TR 21T -
7203, BRIZNT TS N T v ADRBEEE D
BN SN, ok ke - &IEK
AL BIZ30CLLEOERICER L2 0
TS & OB EME R LT,

mRMERAW=AILY bSO RDEMEEHER

BRI RO R 2 OBKEB IO LY FT v
A DRI D 3 HRBEIREEMEOHER % Fig. 5512
R RO T oA RAWZRER T, 5
A 20 HizBAh L= &% 6 H H ORBRICIVTHE
BN AN Do 723, FERIZ X
% Al B O — R 7S 2 R < L IRIERToR
BRIOIR CLE LT85 2~ L, i E OB 8T
B Dl 4.22~8.95 x 106 Hla/ml 12 L T-.

—J5, ENO 5177 A3 THA LIz oKD
L HRZHE L7725 H 16 HE 6 H 10 HBALA
OFERTIE, W bEERMIAR S HEREE T
TR & BRI IR O & 7R L7228, Bk
AEORGHE & & HITHIRD R I~ CTHEE DS
oL DI Ao LTz, BRBREG TR D g
OBENEIMEIX, 5 A 16 BE 6 A 10 HEAtADOR
Bk & b TS ESER IS0 L C 25% 2R il & 7R

L7z

BIREMRBEETZEEL LE-DILY FS U ADESN
EE DT

1k

HAEmRE 2 JCEEH L2V T A e 1A
77 —1® 100 [ K & 500 [ KAEOEEEEAE R A
Z3LZ X Table 10-1, Table 10-2 (277,

100 [ KFECIX, 5~6 A & 9 AIFmMifE L bR
NEEL, AFEEREE (3 x 100H/ml) DOERRIT
90%LL EDEVMEE R LT BEERID 7~8 A1 h
N T AT HEEES T LW KRE (3
KEE) DL, #ERERIL 842% & XA T T v —
L (1 KH8) @ 96.2% 2%t L TRORIKL 2o 72d
W OMICE BEEZIZE) N >T-. WLV T AT
FEB T ICFE Lo 72 3 KHEE, WP b R
4~5 0 H CHEMEEE D 6~9E2H7-5 1.80~2.71
x 106 #ifE/ml £ CHYE L7-1%2128 L, #%H T
LTz, —F, HEEEICBETHETICELE
SE RO TIE, S~6 A& 9 ATy T
VAMNENEINS6H, S8HE, AT T—L
DZENENS50 BICK L TEL BEEE L (P<
0.05) . 7~8 HORIPEHRBUI I N> N T AN
6.5 HETHEIML, x4 7 F7—L D54 HIZKL
T11HZ BHEEZZELE (P<0.05) .

500 [ KAETIE, 5S~6 HiZAy R TR, X
F 7T — e BICHERE (2.0 x 108 fid/ml)
(ZFE L2V KEEE 1 AR T D DB T, ERRERIE
0% %2 DEMEZ R L= BEEH O 7~8 A
100 [ KFl & [ERRIZ V> BT 0 AT RARE S
FE L7 WOEERR KA (4 KFE) 23EANL, EERERIE
76.5% & 2 A7 T —1 (2 KKl D 943%IZ%F L
TIRVMEZ R LTS, W ORICA B 22T E) >
T2 Iy BT U ATERAT L oo 72 4 KBS,
W B 4~5 H H CREEED 8~9 Ell2h
722 1.52~1.90 x 10® #lfE/m/ & CTHEFE L 72821208
DU, BATHIELZ. —F, BESEICREYS
HETICE LI P B O TIE, 5~6 A3l
WY NTUANSSH, XA T —LVRS5THE
W ORNCH BT~ 7278, 7~8 H1% 100/
KFE L RERIC VY N T AN 62 AE XA T T
—L®D51 XL TIL11 A% A%EZE L (P
<0.05) .

BHMEEALD CSUORERWZIHE (1704
x*, YILARDHA) OFFERNEDEERER

A U X EVIVR T B A OFIEN A DOfEE R
% Table 11 |Z/R7.

A U T X ORI EOWNREIE L, KEHIE
IR HEEERRME (2.0 fE/m) XV EW
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ECHo7=n, FEHMPICHAEDOKRE B
I AXTNEFRIZHER LTz,

fAE 156 BHE (H# 15) ICRAZHT D15
SEDHBER 32.83% & 70 0 BEE & 2o 7z
O BRBRA KT Lz, Bk BI2B T L iRilEs)
BT 390 AT, e (CF¥%) + EEVERZE)
1%307 £26 um, D BEHAED D DAFEIRIT 48.6% &
HEE Sz,

PIVIR T H A OFFBENEDINEEEL, AU
X L ARRICE B RER 2-1, 2-2 & bKpEHTE >~
—ZBIT DIEEER RN E (3.0 ff/m) LV &
VMETH 7223, BRI A DK X 72 J80E
LI AZITIEFRICHERE L. fE 14 B H (Him
1) ITIR R 2 AT DA WIsh A= oD B3 5350k 2-1
T 37.9%, RABR2-2 TIL129% & 720, B
Lo To - ERBR A& T Lz, R 2-1,
RBR 2-2 DA BB DilEsh AT EnEn
#9700 A, 1,050 HEAT, & CEY + 1%
YR7E) 1ZFNFH 238 +30 pm, 209 +25 um
D BUhAEN D OAEFRRIZZE NI 38.9%, 51.2%
LT,

B

FALU¥F—hERRABETYH, X477 —LITRE
CRERRNAETHL L SND 5T, v
R U RATIIRAMNEE DN CENETERIZRS
NDHEENTNG. BB B L T 2D RIS
FIZOWTIE, WA TIIANA AV T 7 Z—%FH
L7-BASHIOEREE T CIThON BB OHMEN N D
DI HIG ., 1051005 ENTIEA A RIS
AL ITHEOT YV Ruditapes
philippinarum" oM LR T T A 1O OFEE A FEIC
FUNTHIHR L 248 1 L 7= B | oW i 22 1 4
NHDLDHRTHD.

STy b T 2 ZADBIMER D ATREMEIZ D
T, 1001725 5kl F TO/NE~KIKEZ T
BRI DO R E S PO R D MO TF T
AXFTT— L EDEREI LT, EOREE,
TN b T R, BRI LB 2 DTS,
BRI R AT T — L X 0 g 5ok mia s
DI EIMEL 22 DN H > T2 b DDOKE 725
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Trial 1 Isochrysis sp. (Tahiti Isolate) < >
(Iwagaki oyster)  Chaetoceros calcitrans < =
Trial 2 Isochrysis sp. (Tahiti Isolate) < >
(Ark shell) Chaetoceros calcitrans & >

1 1 1 1 1 1 1 1 1 1 1 1 1
80 100 120 140 160 180 200 220 240 260 280 300 320

Shell length (um)

Fig. 49. Feeding regimen for Iwagaki oysters and ark shell larva under each experimental trial.
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Fig. 50. Water temperature ([ = At 10:00; H = At 15:00) (a), salinity () and rainfall (
average of the small protozoan (< 10 um) density (c), large protozoan (= 10 pm) density (d), 3-day moving average of

) (b), 3-day moving

the microalgal cell density (Chaetoceros calcitrans and C. neogracile) (e), and total microalgal cells (f) in the 100-/ tank
in each trial (1-1, 1-2, 1-3, 1-4, and 1-5). All parameters were measured daily from 2017 to 2018. Symbols in (¢c)—
(f) indicate C. calcitrans (1) and C. neogracile ().
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Fig. 51. Water temperature (] = At 10:00; B = At 15:00) (a), salinity () and rainfall () (b), 3-day moving

average of the small protozoan (< 10 um) density (c), large protozoan (= 10 pum) density (d), 3-day moving average of
the microalgal (Chaetoceros calcitrans and C. neogracile) cell density (e) and total microalgal cells (f) in the 500-/ tank
in each trial 2-1, 2-2, 2-3 (A) and in the 5-k/ tank in trial 3 (B). All parameters were measured daily in 2018. Symbols
in (c)—(f) indicate C. calcitrans ((J) and C. neogracile (®).
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Fig. 52. Daily rainfall (®) and air temperature (€ = Highest; <> = Lowest) (a), daily irradiance measured in lux ((J =
Shielding—; B = Shielding+) and in photosynthetic photon flux density (PPFD) (/A = Shielding—; A = Shielding
+) at 10:00 (b) and daily water temperature at 10:00 (/A = Shielding—; A = Shielding+) and 15:00 (0 = Shielding
—; M = Shielding+) (c) in 2017.
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Fig. 54. Highest air temperature (solid line (H T)), water temperature at 10:00 (4 = 100-/; <> =500-/) and 15:00 (H
=100-/; [1 =500-/) (a) , 3-day moving average of the cell density in 100-/ (b) and in 500-/ (¢) tanks of Chaetoceros
calcitrans ([J) and C. neogracile (). All measurements were done daily in 2018.



98 e NI

1500 50
Rainfall
4 Commercial (3 Days later)
{-Cultured
—~ % Commercial (6 Days later) . - 40
~ ~—0O
g -4 Commercial (10 Days later) Ij N
> . y
— -@-Commercial (14 Days later) In <
o 1000 - . ju| Z
o <+ Commercial (19 Days later) O e
< )
= -4-Commercial (23 Days later) - 30 g
— S~
X -#Commercial (27 Days later) =
~— Lﬁ
-o-Cultured =
z &
2 - 20
0]
S 500 A
©
@)
- 10
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0
O — O — v ja) ) (@]
— N N o &S — — N
~ =~ ~ ~ O ~ ~ S~
v ) v v \O \O \O
2018

Fig. 55. Daily rainfall and 3-day moving average of the cell density of Chaetoceros calcitrans using cultured or
commercial inoculum. The numbers in the brackets show the days of preservation by refrigeration after production in
2018.



99

B9 55

-

TEVEE 2 FH OB |

BT bE

-

ARG R

(070 > d 1591-7) 2]190.4302u *7) PUR SUDAJIOIDD *7) UDIMIO] SIOUIILIP JUBDJIUSIS AJBIIPU] ©,

“UIenod Speys e yim Suumn) ‘g

‘o 1od S[90 oI ¢ JO AJISUOp B PAYOLAI SOINYND Jey) SABp JO Joqunu (IS F UBIA 4

"SaIMMo JO Iaquunu 230}/ jw 12d S[[90 UOI[[IW ¢ JO ANSUSP & PAYILAI JeY} SININD JO JIqUINU ) = ) JUSWIAIYIL 10318 ], ‘¢
"21M[ND YB3 JO (JU/S[[30 , 0 x) AJSUSP [[9D [eHIUI UBIIA ‘T

“ue) oy Jo drnyeroduia) 1oyem uesA ‘|

9~ $T~12 s 7T~61 §EE~60T)  (S8T~F0T .

Gl 0°00T (g0 A S 0°00T e ol 4l @t o0 - Ce ) L107 “Rquardag
LOFOS LET 80F8S $0T L'ST LET

e 796 o 9T el TH8 Wl 61 e ey
RETS ¥'§T RASIE 97 L€ 687 :

Sl 856 0 1 ¥ e 0°00T i 33 OVE~E8T)  (CHVED 07 omap o1 gy
I'1F0 07T LOTF9S 17T Wk €T

e e

(28uey) 3 (28uey) STONRARLY (28uey) 3 (28uey) SUONBATID (aSuey) (=8uey)

sfepomymy  TPTAR tuuop eomy g0 -ou o] stepomymy AR ruop el g0 o iog 0051 0001
¥ 18w £ . 18w z I T
Q) I'm (D.)Im

a[lop.soa °7)

SUBGIZBI )

2]190.1302U *)) PUR SUD.4JIJIDD S0.422012p1") JO SAINND JUE) J00PINO /-0 Y} UI s1ojdwered JUAIIIT “T-01 dqeL



(S0°0 > d 959)-7) 2100.L302U ") PUR SUD.JIOIDI *7) UMD SIOUDIIIJIP JUBITUSTIS 9)BIIPU] ‘4
“UIeIND 9peys B Im Suumn) g
Jua 1od S[[90 UOI[IW 7 JO ANISUIP B PAYIBI AINI[ND JBY) SABP JO IquInU (S F UBSN 4

1k

e 2 AR

"SI JO Iaquunu €30}/ jw J12d S[[90 UOI[[IW 7 JO AJISUSP B PAYILAI Jey) SINIMNO JO JqUINU U = ) JUSWIAIYIL 10318 ], ‘¢
"2IM[ND Y. JO (JU/S[[30 .0 x) AJSUSP [[9D [eNIUI UBIIA ‘T
“uey oy Jo armjeroduwiad) 1oyem UBIA ‘|

(8~+) iy (LT~TT) o (6~5) o (0€~+1) " (0€E~TTT)  (96T~8€T) _gyq7 udny o Ay
TIF1§ 97T LSTFT9 87T 1o €87 ;

GEL i Tmt.,cm: ﬁ QEL e a@.é: o (¥ £6~6 1) w0 32~9 61) S
SOFLS 8Ll 0TF8s £81 0LT LET

(%) s (0%) o1

(28uey) £ (a8umy) suonRARID (28uey) o (28uey) suoTeARY (a8uey) (28umy)

sfepomypy TR fycwopenm] o oupior skepomumy TR ysusp R jo ouog 00T T 00:01 ¥
¥ REm] ¢ ¥ 1BPEm] 4 I I
: : QLM Qo L'
a[1ap.48081 ") SURLGIZDD ")

NNNDBkMOQR D pue suv.j1o]pd $0.40501o0Y7) JO SAIMNI UL} I00PIN0 /-0)S Y3 ul mu@w@ﬁﬁwh&m JURIHI "C-01 21qe L

100



BARELR 2B ) 2 et B 2 H B O B 220 2 B 9 5 W78 101

Table 11. Different parameters in the the trials for the mass-production of settlement-stage larva of Iwagaki oyster and
Ark shell using Isochrysis sp. (Tahiti Isolate) and Chaetoceros calcitrans in 2017

Iwagaki oyster Ark shell
Trial 1 (7/9~7/23) Trial2-1 (6/17~6/30) Trial 2-2 (6/17~6/30)

Tank volume (k/) 3.0 5.0 5.0

Water temperature (°C) 26.2~29.0 22.1~25.0 22.1~25.0
Salinity (psu) 33.7~34.1 22.7~23.5 22.7~23.5

Start larval density (ind./m/) 2.6 3.6 4.1

Final larval density (ind./m/) 1.3 1.4 2.1

Mean shell length in the last day (um) 307 £26 238 £30 209 £25

Final survival rate (%) 48.6 38.9 51.2

Rearing days 15 14 14
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Dimension : mm

Fig. 56. Plane view (Upper) and cross-sectional view (Lower) of the collector used in each experiment.



Table 12. Types of spat collector used in Experiment 1
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Collector type Experiment Tank No  Shape of collector MRSP (%) SPS Reuse
Scallop shell (Conventional collector) 1 1
A - S+50% (New type collector ) 1 1 A 50 -
BosiS- 1 2 B - -
Bas St 1 2 B Unknown + -
Con S 1 3 & - - -
C-+-S8S--R 1 3 & - = +

Notes: MRSP = Mixing rate of shell powder into a collector; SPS = Surface projection structure. A = Type A

(umbrella-shaped collector) shown in Fig. 56; B and C = Type B, C (flat collector) shown in Fig. 56; S+ = Mixing

shell powder into a collector; S- = Not mixing shell powder into a collector; R = Reusing.

Table 13. Types of spat collector used in Experiment 2

Collector type Experiment Tank No  Shape of collector MRSP (%) SPS Reuse
Scallop shell (Conventional collector) 2-1, 2-2 4
A+ S+40% (New type collector ) 2-1, 2-2 4 A 40 + -
AnoSe 2-2 4 A - + 5
B - S- 2-1 4 B - + -
BiaS. b 2-1 4 B Unknown + -
C oS 2-1 4 C - - -
G 8 R 2-1 4 8 - - +
Notes: Abbreviations are the same as in Table 12.
Table 14. Types of spat collector used in Experiment 3
Collector type Experiment Tank No  Shape of collector MRSP (%) SPS Reuse
A+ S+40% (New type collector ) 3-1 5 A 40 + -
A - S+40% (New type collector )+ R 3-1 5 A 40 + +a
A+ S+40% (New type collector ) 3-2 6 A 40 + -
A - S+40% (New type collector )+ R 32 6 A 40 + +b

Notes: + a = used in the Iwagaki oyster seed production; + b = suspended into the brackish water area of Lake

Nakaumi for about one month. Other abbreviations are the same as in Table 12.



114 e AR IR

Fig. 57. Collectors [a, A*S + 50% (New type collector); b, B*S -; ¢, B-S +; d, C*S -] in Experiment 1 on September 18,
2014.
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Fig. 58. Mean number of spats, mean spat density, and mean spat shell height in Tanks 1-3 of Experiment 1 on
September 18, 2014. Vertical bars indicate SD. Asterisks indicate significant differences (#-test, p < 0.05).



116

Mean number of spats (ind. /collector)

100
80
60
40
20

100
80
60
40
20

100

N A Y X
oS o O O

9
\ o
S
K %X
(b\\ .
%Ca
E 1
i - n
=l &
® ®
T . .
& &
¢ =1

Mean spat density (ind. /cm?)

0.5
0.4
0.3
0.2
0.1

0.5
0.4
0.3
0.2
0.1
0.0

0.5
0.4
0.3
0.2
0.1
0.0

e 2 A

T

N
%&\
K .
N od
*
]
g
Q’
*
u T
g
O

Mean spat shell height (mm)

Types of Spat Collectors

k
10 A +
5 T
S
X
& s
S Nad
15 A
0 + +
5 T
S 'cf
? 2
15 +
10 +
5 T T
& &
< 1
@

Fig. 59. Mean number of spats, mean spat density, and mean spat shell height in Tank 4 of Experiment 2-1 on
November 7, 2014. Vertical bars indicate SD. Asterisks indicate significant differences (¢-test, p < 0.05).
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Fig. 60. Mean number of spats and mean spat density [[1 = A+ S + 40% (New type collector); Bl = Scallop shell
collector (conventional type); @ = A-S -] in Tank 4 of Experiment 2-2 on November 7, 2014. Vertical bars indicate
SD. Asterisks indicate significant differences (#-test, p < 0.05).
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Fig. 61. Seasonal changes in the mean number of spats, mean spat density, and mean spat shell height (L1 = New type
collector; M = Scallop shell collector) in each experiment. Upper = Experiment 1; Lower = Experiment 2-1; | = start of
offshore breeding. Vertical bars indicate SD. Asterisks indicate significant differences (¢-test, p < 0.05).
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Fig. 62. Mean number of spats in Tank 5 of Experiment 3-1 and Tank 6 of Experiment 3-2 on October 7, 2016. Vertical
bars indicate SD. Asterisks indicate significant differences (7test, p < 0.05).
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Fig. 63. Appearance frequency of broken shells (L1 = Unbroken; Bl = Moderately broken; Bl = Severely broken) in the
spat removal work in Experiment 1 on December 9, 2014 and survival rate( ) of the removed spats from each
collector during the offshore breeding experiment from December 2014 to February 2015.
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Table 15. Results of the experiments on the removal of spats in the new type collectors using an oyster spat trashing

machine in February 2015
A+ S+50% (Expt. 1) A - S+40% (Expt. 2-1)
Mean nmber of spats (ind. /collector) 21.2 22.6
Mean spat shell height (mm) 25.0 219
Rate of removed spats (%) : 96.3 99.0
Rate of unbroken spat (%) - 97.6 96.1
Rate of broken collector (%) - 22.2 0

Notes: Rate of removed spats | = Number of removed spats from collectors/number of total spats at collectors; Rate of
unbroken spat 2 = Number of unbroken spats/number of removed spats from collectors; Rate of broken collector 3 =
Number of broken collectors/number of total collectors.
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Study on resource regeneration and aquaculture of the commercially valuable shellfish species in rocky
shore of Shimane Prefecture

Summary

Chapter 1: Turbo (Batillus) sazae H. Fukuda, 2017
(Japanese top shell) is an important fisheries species
found on the rocky shores of Shimane Prefecture, but in
recent years its fisheries production has decreased to
about 30 to 40% of the peak production. To sustainably
use and maintain Japanese top shell resources, resource
management is the most suitable approach and it is
desirable that adaptive management according to the state
of the resource generation is performed. However,
information on the early life ecology of the Japanese top
shell is lacking at present while mechanisms in the
variation in recruitment quantity, which is the basis for
resource analysis, also remains unclear. To promote
adaptive management of Japanese top shell resources, it
is therefore necessary to clarify the early life ecology of
Japanese top shells in the coastal areas of Shimane
Prefecture.

Crassostrea nippona (Iwagaki oyster) is one of
important aquaculture species of Shimane Prefecture,
much like the top shell, and the demand for Iwagaki
oyster seeds has increased with the expansion in
aquaculture farms. Initiation of new efforts to improve
the value of the Iwagaki oyster has created the need for
the Shimane Prefectural Sea-farming Center, which
supplies cultivated seeds, to develop new seed production
technologies in both single-seed and mass-seed
production for culture.

This study was carried out to elucidate the early life
ecology associated with variations in the recruitment
quantity between spawning and development into
juvenile Japanese top shell, and to solve issues in the seed
production technology for Iwagaki oyster.

Chapter 2: Seasonal changes in the maturity of
Japanese top shells were investigated based on the gonad
index (GI), gonadal histology, and egg-size distribution
using specimens collected during from April to October,
1990. Spawning in top shells was considered to occur
from late June to October, with a peak in July and August
when a marked increase in GI was observed. Based on

the analysis of the relationship between gonad maturation

and changes in water temperature, spawning in 1990 was
considered to have occurred twice: once in summer (July
and August) when water temperature is increasing, and
again in autumn (September and October) when the
water temperature is decreasing. The second spawning
event in autumn was likely triggered by the subsequent
maturation of immature oocytes after the summer
spawning event. The results also showed that males and
females reach sexual maturity at shell heights of 45 mm
and 50 mm, respectively.

Juveniles of Japanese top shells were sampled with
artificial collectors in sufficient quantities to elucidate
seasonal variations in the recruitment of juveniles. The
collectors were composed of 20 vinyl chloride egg
containers (box size of 24 x 21 x 2.5 cm, film thickness
180 um) wrapped in a polyethylene net (46 x 80 cm, 4.5
mm mesh). The collectors were more effective when the
egg containers were immersed for over 2 weeks in
running seawater prior to use, which allowed the
development of a film of micro-organisms and diatoms.
The collector developed in this study seemed to be a
simple and useful tool to collect the veliger larva of
Japanese top shells.

The occurrence and distribution of planktonic larva of
the Japanese top shell were studied by plankton net
sampling (100 pm mesh, opening 46 cm) and the
artificial collector sampling in the coastal waters of east
Shimane Prefecture during the period from June to
November, 1995. The results showed that planktonic
larva were commonly distributed in the middle and upper
layers of coastal waters. A study on the presence of
larva in relation to water temperature and mean height of
the waves showed that spawning of the Japanese top shell
is stimulated by changes in water temperature rather than
the action of waves.

The process of settlement and mortality in the early
stage of Japanese top shells were investigated by means
of continuous collection of juveniles at a coralline algal
bed in 1995. Continuous settlements of top shells in
Kataku in 1995 were observed from July to October; a
particularly large amount of settlement was observed at
the beginning of July and at the end of September, with

reference to the progress of shell-diameter composition
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and the amount of collectible planktonic larva. After
settlement, the juvenile population density of the top
shells decreased rapidly. This seems to have been caused
by predatory carnivorous snails from the Family
Muricidae. Results from the depth-specific sampling of
Japanese top shells showed that juveniles were spread
over a relatively wide depth while population density
after settlement was found to be greater at shallower
depths.

The growth and population density of juvenile
Japanese top shells were observed in coralline algal beds
from 1990 to 1995. The average shell height was 8-10
mm at the age of 1 and the growth of juveniles was slow
from winter to spring at low temperature conditions;
however, growth increased rapidly as the temperature
increased after summer. The population density then
decreased remarkably just after the settlement stage.
From these results, an effective method to estimate the
recruitment of juvenile top shells in the coralline algal
beds is to make the assessment in the next spring after
hatching.

Chapter 3: Production of settlement-stage larva of
Iwagaki oyster was performed using a large tank (100-k/)
in a semi-outdoor environment. To simplify the rearing
procedures, routine bottom cleaning and replacement of
sea water were not undertaken throughout the duration of
the larval production.

Four experimental treatments using different initial
feeding and larval density conditions were established
and the effects of these differences on the growth and
survival of planktonic larva were investigated. The
present study showed that initial feeding with Isochrysis
sp. (Tahiti Isolate) which was mass-produced at a low
cost outdoors, followed by C. neogracile, were optimal
for the mass-production of settlement-stage larva. Based
on this cost and labor-saving procedures, D-shaped larval
density in 100-k/ tanks at 1-2/ml and water replacement
in 5 to 7-day intervals were suitable for the
mass-production of settlement-stage larva.

Since the time allocated for daily larval management
procedures (e. g. cleaning and so on) was markedly
reduced and the diet used was produced outdoors in a
comparatively easy manner, the rearing methods

employed in this study are considered to be well-suited

T

for the large-scale production of Iwagaki oyster seeds in
the early part of the larval seed production season.

In addition, approximately 1.9 million spats with a
mean shell size of 2.4 mm were produced by the
single-seed method in the 100-k/ tank using the
settlement-stage larva produced in this trial.

The stability of C. calcitrans in outdoor mass
cultivation for large-scale seed production of Iwagaki
oyster was investigated in culture trials using 100-/, 500-/,
and 5-k/ outdoor tanks from spring to fall, with C.
neogracile as the control group for comparison. In
addition, the use of commercially available C. calcitrans
products as a starter culture was studied. In spring, which
is an optimal season for cultivation, the maximum
density of C. calcitrans cells reached approximately 6
million cells/m/ in the 100-/ and 500-/ tanks. Furthermore,
the results demonstrated that C. calcitrans can be stably
cultured like C. neogracile, although growth rates and
maximum cell densities were slightly inferior to that of C.
neogracile. The results also confirmed that C. calcitrans
can be efficiently cultured as a starter culture using
commercially available products. The feasibility of
culturing C. calcitrans with a light-shade curtain in
summer was also studied. The use of a light-shade curtain
to reduce the water temperature in summer was found
effective for the stable culture of feed algae, suggesting
that even heat-sensitive strains such as C. calcitrans can
be cultured during summer.

Iwagaki oyster spats were experimentally collected
using soft resin spat collectors with different shapes and
surface characteristics, and the efficiencies of different
collectors for the artificial cultivation of single-seed
Iwagaki oysters were compared. This was done by
comparing the number and growth of settled spat
between different collectors and after removing the seeds
from the collector. The survival rates of seeds produced
on different separators were then compared after rearing
them for several months. The results showed that
polypropylene, which is highly durable and can be used
repeatedly, is well suited for constructing the collectors.
Umbrella-shaped collectors with rough surfaces
(arranged in a lattice-pattern projection) promoted
settling of spats; however, the growth rates of spats on
such collectors were slightly inferior compared to that
obtained using smooth, flat collectors under the same
conditions. The rough surfaces were highly effective for
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promoting both spat settling and for preventing damage
to the shells when the spats were removed from the
collectors, increasing the spat survival. Thus, the use of
rough-surfaced umbrella-shaped spat collectors with
collection efficiencies comparable to the collectors that
are currently used for cultivating scallops will likely
increase the efficiency of single-seed oyster production.
Furthermore, the merits of using polypropylene spat
collectors are that these can be used repeatedly and reuse
greatly increased the settling of spats.

Chapter 4: For the Japanese top shell, new ecological
findings were obtained while for Iwagaki oysters,
practical technologies for stable mass-seed production
and single-seed production were developed. We made the
following proposals for the aquaculture of these two
species.

As the close season stipulated for fishing in Shimane
Prefecture’s current fishery regulations (May to June)
differ from the actual spawning season, it is thereby
necessary to change the timing of the close season.
However, as the demand for top shell increases in July
and August during the spawning season, a decision on a
new close season should be taken very carefully, with the
agreement of fishermen and with close attention to the
stock trends in the future.

Juveniles of Japanese top shell can be continuously
collected from coralline algal beds, thereby suggesting
that coralline algal beds may function as the optimum
habitat for the juvenile Japanese top shell. The most
effective way to monitor the quantity of juveniles of top
shell is to collect them in coralline algal beds during the
spring in the year following their production, after a
period of mass depletion and immediately before they
spread out beyond the coralline algal beds. This approach
is thought to be an effective way to estimate the

recruitment quantity. If the resources decrease even

further in the future, it will be important to select
management approaches that suit the future resource
quantity predicted by the recruitment level. It is necessary
to consider establishing a monitoring system for the
juvenile Japanese top shell to achieve this as well.

A technique for producing mass settlement-stage
larvae using a large-scale tank with a capacity of several
tens of tons was developed. Furthermore, low-cost
production of larva can be achieved by supplying food
that has been extensively cultivated outdoors. Thus, it
was found that C. calcitrans, which was previously
considered difficult to culture outdoors, can be cultivated
stably in the same way as C. neogracile. Furthermore, it
was judged that using a light-shade curtain to effectively
reduce high water temperatures during summer will
allow an almost stable feed culture. As it was suggested
that production technology using these large tank and
outdoor feed cultures can be applicable to oysters other
than Iwagaki oysters and other bivalvia, it is thought that
this technology can contribute to the stabilization and
cost reduction in the mass production of bivalvia
seedlings in the future.

We have developed a single seedling device made of
resin, has high larval attachment efficiency, and has an
effective structure for improving the survival rate of larva
after removal. In recent years, Iwagaki oyster aquaculture
has been expanding nationwide. To survive in the
competition with other prefectures in the future, it is
important to reduce the aquaculture costs in such a
limited offshore area, and the challenge will be to shift to
a more efficient culture method that will produce a
greater value-added product. An aquaculture system
using a single-seed is one of the effective ways around
this, and in the future, aquaculture businesses will need to
actively introduce this aquaculture system to try and
establish a labor-saving and efficient production system
for high-quality Iwagaki oysters.
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