ISSN 1881-5200
Mar.2022

ERFRKERNtE/F—WMAKRS
145







AR IFOK EERA T o 2 — g s
14 5
2022 £ 3 H

H &

I X

SRR R B iEM B H A ORI B3 09T
..................................................................... ﬁfﬁ?ﬁ =

REMOY~ F Y IEPED2018~2019F-(2 2K LT BRORFESA: D g
seeeeeeeeeeeenn e R oy BRI - JRORT - A il BRI - fEIF

& #

B TN TUWEREEEN~D 7 U v DRI R
................................................... SERRALDE « FhEF S - A

SR IR I 1 2 BEIE LT 6b 3R D SERE AR AT — BRIk o> |55 WT ik FH 0D 551 —
................................................... FERE - WNIEE -

7V kY ARBIEC L DR EOAEIRTAEARER O
....................................................................... ﬁﬁ %

20205EDILD NI R 5 T 2 DO FEINIR L
......................................... RO« FFMELPL - PR - 2| &

= oW

/NEITEB TSR 2 7 DAL BRI
............................................................. #Fqg&% . *‘%#ﬁ&

K%*E%kg‘é' ....................................................................

{m%ﬁ*%ﬁgﬁjw;}l}\ﬁi .............................................................

139

149

157

165

171

177

183






SRERRICHETLIEHEEEERED
IBEEICET SR

B X
2 I - LR LR R PR PP PP PP PP PP PR 1
FIE Y IOMERERICET IHE
R BB EEDNHR - o e 7
FoH BMYEIFEERATIOLIAZ—ORIRE - i 16
% 3 Eﬁ ;iiﬁfﬂid)ﬁiﬁ,ﬁﬂ &ﬁ\#ﬁ#ﬁ"fll‘i ........................................................ 22
BAE BIEEFEEHEATREE - e 31
%Sﬁﬁ 0~1 ﬁﬁﬁd)*ﬂﬁﬂﬁiﬁ&%ﬁ%{b ...................................................... M
FIHE ADHAXFOAIEBEERNONEICEAT 0K
FI1EH FEBEN 100k REKEZRAWAERPEDRKEERE - 50
';"f:_:"‘ 1 IE %ﬁﬁitgﬁ ........................................................................ 50
HEOIE BAEEHEDMIRST c - v e 61
BI3E F—rEOR- AL FSUVRADBIMIEITEIREREREE v 78
FTo2E LU — FEHOBIIERIENEIEEISMBARE v rrrr it i 102
BIVE BEEE (JBER) o e 120
- - 124
1)z h ) SRR L 125

VAR IR AT 5.






BRI iR 14 1~ 1375 (202243 )

b

HIE

2ET 10 FBRICEWEREREATHEBRIET
%, #90, i, BERIASER X OEREEE R K oih
FRIFEDNERATH Y, Ot EERITIRAEORE
EHBDOKI 55% V% H6d D T LS - o ik E
Wh X2 HDEEREEL R >TNDS, LnL, H
1E, BRRONEAE CIIEmEEICrE ) s
DM AR L, = D 20 FEM TrEZEE R TH
2,800 A5 1,400 ANIZHRL, DEFREICIZIA
FEEOEH LAESENDIRNICH D, DD,
AR CIAER LA B DT IR D & T D
T L EHMIT, $BEE OB UL & — 2 OFffnR
725 8T K 2 sk 2 e R OB A 53 E
SINCFEE STV 5.

—7, EARBEORFR TN RBEL, 7
T AR AT T O RANEEREE DR S,
TN LT %YV Turbo (Batillus) sazae H.
Fukuda, 2017 °7" U B 472 & 25 & 3 D%
BIFENSRTEEN TS, £, BiEGEES
FHGER O SRR T Y 7 AR EL, H
AWEOLZEOZFHR A< 2 & DO TE Dhf#E/m 5
HE&FIH LA U H ¥ Crassostrea nippona % 1% U
W ETHEIEENE Fh, BDRWEE LTI
e L THEEARAREZH-TWS, ZNHDOES
PED E K EEW) % IR G: & T D BRI ZE O R
VEREDTRERBIEEL, i W IHRE <
HHBRELE LTZINAN LA HIBETLHDH Z
LD, FBlER 2RI 5 LT, Zhooif
EOEMNEERGEE - T D EEZILND.

Z 2T, AW TIEENZENORFECTEEL
BT H D aEE B EO b A U X Ext
BRI, TNENNIEZ D B SSCRE ORI
WTRRZIT) 2 & & LTz,

AHEMEER TH LT =D BREIZEIT S
2017 EOAFERT, 421 b CTRERAEFE RO
6.9% (EEHSERFIERITHE SAD) &, HAUE
TICIEAE 2 2o L A RICIR T B2 M & 72
STWNWD. 20, REOVHF i, hox
BRI G CH DT U B, V=3,
~ L B LT FOEERITZE L T£<,
BT 3 AR O EEIE  (BARRIRIERE > A T A
2015-2017 &) THERT 5 &, 2R (FZEHIR
HEEATE) (2D LFNIGITAEER TR 75% (418
hy) , AEPEAKETRISI% QfEST2HAM)

]

|

700 (Fig. 1) , WIRAEZRRT R OEER
FTHHEWVWZD.

SEOV =04 FER (Fig.2) A5 &, 1998
D 12,556 b & B — 7 ([CHEdE & 220, BT
SEMITE— 7 REDOKIE0r D 5~6 T~ A a4
BLTWD. IBRFICBNTY, EEEOE—
7 (1988 4F-: 1,377 b ) I T&EE R D H DD,
FALARR T AR E & RIS & 72 0, TR
B 7 D 3~4 E|D 4~5 7 b AT EHER LT
WHIRINZ 5D (Fig. 2,3) . Ak o sillidE
FRFEDFE LR BT KD, BA-FHEAL TEPRA R X
KEETHHELEEZLNTEY, WEREICBW
THIBERED 1984 4ED 174 h oD 1988 H0D
1,377 S E TAEMTHI S MFIZEEIM L=, 2h
VR AR > S 1983 AEFE A D AR
HETH2HDOTHDLZ ERMEEIN TS, VF
72, VHAE T RPERB O ST N, $E~1+
FHAL TP o 2508 RO BIRE I 22 %
KIET b S TG, 9

AEPEREDMERIZH 5 P = EJRIZ DN T,
SHROLEOHANERIND EZATHDLID, &
RO W TP ICRWCEER T
e CTHAEEENED L TDHZ En (Fig
3), ZOFEFAEEODITH LD )NNT B
WAL, BERIBZEO W CIIARIE O EEfRZEORR
IR E LRI TRREMERH D LN 2D,

29 LIEEROBME~OX K & LT,
TCIET U A &[RRI AR B O TE R %
TN XV FHEFEE DI ML D2 E A S hE X
AU, 2016 A= CTIXATEEM GRAEGHS, AR <0
AR Ca)IR, T, Rk, B, &
I UL)  DBERIFIRIC BBV NTHERTRI 300 5 1E O FfE
DMVEPE S, SRR STV 5. 0L L,
EBARED X 9 72805 b2 LV O ER A Fl
AT K> THER S8 BT I3 S 5 O Ff 23 L 3
L% 2 LGB 10 L EH DT U E
e T 5 L, OB E O HE T
DOENEIIRER TH D EHEEIND.

LMo T, BRIECBW TSRV EF A
LEWNCHERE - FIRT 5720121, EREENC X
HREINRIVEL TS EEZBND. BIE,
AR CITIR O EFEHI RN W T, JRfEEs (1
PA X (FER25cm LAT) O8] 5, 6 H) %



RE L CEFEEEZ X > T DA, BIROMED 23
HEGEL TV D Z 2D IS OEHETFERL T T
A5 THY, K0 ARLERE AT 2 e
HZEMWEB LS TWD., FHCEHEEFH DK E
WY TlE, BIRORERBIIS U AT

FZEMBF LWEEZLNDD, ITHEOTUE
H & BT D EARREREA AR AN Z LS, EEIRD
DEBIZEDYHIAEROERN/AE L, BT
DIHE L T2 ZIABEOEENERE OMFHFREETH
7.

—F, AEE KA TH DA U XL, 1992 4
(AR IR N 2 ENC S BR C N TR A pE D FE AL
W LTz 2 L #3208, FRlGeER = ERE Lz
YEIRIZ B\ TR OB % 31083 2, 3%
FEAYE R U7, 2017 SED BARIEDOZEFEA U H %D
AEPEMRERI 103 T E, AESFEIL2E3I T3 AN
M (Fig.4) ThV, BIRRITEEGEOEFEE
Lo TG (BRI ST /KPE R Rr, ATKPES
BHTERD . EFETIE, &< hbiThbivTniey
T AR R A PER, %L bIC kR, A UTXx
LRI OWFRARA A RET o bEEREE L
THAEST BT\ D, BAREE OFFEORINC
PRV, 1996 420> b I L E AR kBRI o 7 —I23
WC AN TS OBEFENFIMA S, BUE, A48tk
ENERFKERBLIG S e v 2 — (LUF
HEE & — L) 12T RS O
oy & 72 DAER 100 R EOREE NAEFE S, R
NOFFEEE TS TWD (Fig. 5) GREsfA
kv 2 —ER .

L LITEETIE, A U A 2L DI
> CTHEIERMES OFENIER LooH D = L oft
e A2 HAE Lz v T — REHEED
Bz 72 B0 f1A DB ST 2 E D, ik
VB —TTIEREE O L0 SRR K& EEPETE
v TNV — NS O T I ERE R 8D
BANBHR N R L 72> T 5.

Z ZTCTAMZEIZBWT, Y= CIEERE RIS
WBE7RPEINS HHEE O34 F TOMAREEIZRY
DOLUHAEREDIRIA %, A U X TIXRIEDZE
{LIZR < Z EDTE W N LR S AR T
L E T D 2 L AR E LT T O
- e EiTo7z.

HH T OXIALREICEET SR
BIES 1 Hi T, BIRICEBT 2 opE
P2 52N T D 72O E T o 7. WEIR

e 2 A

1k

W CIXpEINIM R O EOEGEDT-DITE < 0 D
B SETHEIHRNC I T 5,6 H OEBIIAH T
HIVTWDA, O LD R, FERIF OFRAFE]
0, BRNORIBENFE~OB XY R L
DEEMND, BUTOEBIAOREDOZLEEZI S
MDZTHHENRD L EEZ DI, £2T, BR
BN REOY Y OAFERAERE (GD , Rk
AIREAE B X QWA OFRAE &2 F20i L, AR
PO OWTRRGEEE T o 72, T DOFER,
EAREIZ T 2B TOEEMIM OB EIL, FEEO
FEOFEA & —F LW Z 2B SN L.

PUES 2 {iCl, VYV oimEhAsERANT
a7 H— (LUFalL s Z—LiEd) OBZER
Frie. ORISR B H O E BRI d
WTC, SN ED B ESCHEE OB KR L L 02
RNHEETHHAMNTIL 7 X —5ERL, B
BRI LV AIT o7, FOREE, MRkl
= VRIS Ry 7 ke Liza v ¥ —%
HWE=gE I EIC LY, o OElEdEDR)=R
M7 BRENAETH D Z L &R LTz,

I 3 f#i I, FHCHmANZ LW oo
TR EOBREA MR 572012, BRFHRIC
BWCT I 7 by hBXOREO= L #
— % W TS AEO MBI, Az >V Tl
BTEIToT-. OFORERE, A MO KIRAE
(L3 = OEME T 2 FFE T 2 — D DBRIEE
KThHodZ L, PRV —HoO7RilEs
AFERE X0 b HE b REATIR > TOfid
DR SH D EEHLMNI LT,

DI, PUEF4FH T, PP ZOBFERGEL
THEAKEEIEEIZER L, BRI OEHA
PRIEFERAZ 30V N CBJEE % O = #E B 2850
WZEEE L, M H OE KRR L OB R ER
DOFFERFEICOWTIER Lz, D2 0REE, EK
B OMEE O AIKEE, HFEERER L OV OJFEE
KB HHNT L=,

foe < HBIESS S ficl, RFEERERICBWTY
PETOFEREZRD 1% E E TOHM A2 XF5IHE
RO EREE 2 i L, T DOUIHIRE & BEE (b E
HE L. PZORE, I =of 1 Rz
HIRERC, FWEBFEOFEFRLRFICHEDKE & 4
IR A A B K BEEE R AN~ E B A IR 35 2
EERALMNI LT, F£2, BEFFEOEFIS, A
HiA KRN OM R 2 EBICHET 5 Z &1
X0, RO T OIMAEDO RN TE 5]
BEMEZ R LT=.
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A DAFXFDANIEHEERMOBEICET MR

FEIIEER 1 8 1 THTIL, EFEOA U8
F O > TEMATE R OFFENJILRK LoD
bV, TOMYOUEHE TH o —T
IR0 L ERY 7T B AR PEE AR O RS B L0 iR
Lo TS Z Lk, FEID 100 kI DRK
T2 UToA U 7 OB AE DA PE % 3k
HNZERA Tz, P2 ORGSR, KA 2R L2
B AEFETET S, RO/ NRKE 2 L7z
SRR ERE L & FRRICAT B WIS AE DA PEN T
XL AHEM AR LT

fe < BBINESS 1 #i%h 2 I, RAKE 24 H
U 7ol A DR B RE T 1% £ 0 ZER) TR
M2 FIEE T 572012, ARG SR oW
That L7z, 22 ofbR, wIseEEl, D RYED
IR FE S L OVKEE R 2 70 & OB 70 AR SR %
R L, B4 CTHAICEEE LT ER 2 VTR
BEOMEYNAEZIK T X N TEHEIICAEETE S
ZEEWLMMTL, B H BT DERD
HREITNED /S 77 THOAREIEE LTHE L
TWAHZ EAERLT.

S I, HINES 1% 3 HTIE, HEgoT
THFRMMED & < EAZERRICh 5
Chaetoceros calcitrans (LA T V3 v T 2 A LT
DEINTIT 5 KRELZELEFR D FREMEZ B 5002
T5Z LA EMICBEAEFEICE L TWVWD
Chaetoceros neogracile (LLTRA 77— 1L L%
T) LT Az LIk VM At T o2 )

ZORER, THE CRIMEENSNE L T
Ty b7 AL, AR T i e
MARF T Z 2 —UIRRL DHAR S DH H DD,

BN COREN IR ER N+ e TH D Z & AV
BHL7-. $£7-, EZ0OEmBMNCEELY VW CH;
BB AAR T S/ DR HEIL, mIRMPEME
BNV T UREF U, EIRTERE
Isochrysis sp. (Tahiti Isolate) (UL N4 & L B&T)
RRA T T =V DREERHRAITH D Z L
BN LT

B, BAMERLIEANLY N T AW
THKEE AUFX, YR THA Anadara
kagoshimensis) OFEEAPERBREZITV, BIMGE
L7y b7 o AXERRZERDFEETH S
Z AR LTz,

BIES 2 {iClE, #FHFtr&—IlchB 0 THE
TR EN T > TV — R HOFTE a8 & B
THZEEHME LT, BIRRORESRZRAIEL
TEEBREZITY, EOFNERLIEHMEICDONT
S - MR R AT o 7. 20F OFER, AN E <,
MV LR REZR AR Y 7 v L iR v v
I — FHOBREROMEICE L TRY, BiE
ZRORMENZ MR OMHI &GN D Z &, B
FROFARITARH) (FY) CThDH Z &7 ERYE
DfENRE @O D T ENHIA Lz, P e
TIEZN D DFEN RS ARG PED Z LI L
0, TERORZ TR L RIEOMENEEH
THI LR L. S5, FHBOBREST,
KEHOELD LV HEEOMEDENELS 2D L
M, IR LOMEHICL VKT A NI
VTN — ROERERREE R D L R LT,

T OWFFERCR & TS, BBIVETIE, AR
REWIELIZET, P - A ULV ST
M 2 B OHARTEIC B L CR 2R B IRE BT
B A PERANZ DWW CORE 2T 72,
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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 YUY IOWHERICEYT SHE

551 8 R & EDRH

BRI W T IR (2 R ET 55 H
Thb. 20D, H ML ROMEEFEHANCE
WT S, 6 HOMSER X OEERR 2.5 cm LA F OjffE)n
FIRENTEY, Z0 5 LEAMOREITEEINHAR
HORBEOREDT-O LRI TWA. LL,
EARR O = D PEINHIC B9 2 sE 7 sl S 1 T <
ZORPN A TH - T=.

—J7, oL OR, REERE Y TCE, Y=o
PEINHAIZ 6~10 A CTZOREINILT7,8 A &L &SN Tn 5.
F7o, BWNOPRIEEETE b, =0tk % 7,
SAICBIET 222 NELTEY, KREDOEA
I TH 5 5,6 HIZFEROFEIIH & Hip s = & 3HE
g23n5.

Z ZCAHEITI, 1990 406 3R], ERIRRF
DOV DR L FEIIHADR I Z T, BRIRICE
T B EEEHL NI L.

MHEFVAE

PEARIT BARRIN R O AIRSM O Ba7e 5 R (1),
BRI S GHAB) , P (BRHD) o 3 HIXKMAH AT L
7= (Fig. 6) . BEHIXKIIRE Y, RIS & PaEHIX
E7e & (R2e&) Tl X 7-7%8 60~80 mm (3
HHIX DO—EZFR<) OHFIFAD b D ZX5UZ, 1990
F, 1991 FFRB KOV 1992 4F (A 2 FR<) D 4
AMG 10 2o THIZ 1~2 [BIOME THRA 21T
STz 1A 720 OFEAROIEEIIAHIX & 30~40
fEfA L Lz,

FEANIARRIREE TRBRIG I EMR S, ke, RfE
B, I EEZNEL, 10%K/L~ U i ClE
LT $or ABICKTEL T 70% % ) — VIERTRH
TRRAT LT, D%, MEES 10 B2 HEVEZ I Hh
L, BHEDFENC LN~ T, AEREE s
1/3 OEALCUIWT L, WrimfEHic b 5 R O
FEEIA D 6 A5 FE44 (Gonad Index : GI & 597)
R L.

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

51T, 1990 FEDFEAIZ HSUNTIE, B Wi
INSFIRIHESTRT 7 0 VU R EERIL, ~~
Fxo Uy e o CoEY AR, RO

FEEBE LTz, IR O R XL T 0 5 Bt 2
W37,

13 (IRJHBRET)
EAAE 8 pm.

] (FeafHy) - IPEEH) - ~~ hd ) TR
e, FHMIEELT 10~40 pm.

I GRERI) : EROBRIAE Y, MlRELIT
40~80 pm.

IVHE] (OPEEERE) : ARAREICONEE S ERE L, IR
XY —ECHEND. SRR CilsER
1% 120~200 pm.

VH] (52 ) I FZERIE CEE LB RRIE 180 pm.

HED AEFETIE O RGN IR D 71K SO hE N, i
JFURIE, ERERINE, REHERE, RToo%E L, R
G EIR 5D Do mfdERZ2 BRiC XY
10% HAL CHIE L7-.

LU D REENE D4y K B AR DB S5k B
b &I, HECIIVIOIFHIELS AR C A
FINZHE T2 & D% RGER &CHIE Uiz, [RIBRICHE
TIHERHARR 25 0 DT ORISR 50%
VL ED b O % Rk & HE L.

F77, 1990 FTHERHIX THAE L7570 60~80
mm OEEARIZOWT,  EFEOWmE sy H & IiHHIE 2
SYEEL, IR0 (B LEZOVY) 23U
7o BEARITAR S BRSO MAEZ I L, FHANZ
1 BEARIZD Z PR 100 8 & L, 30 pm KD H D
WEEHI L 72 0h o 72,

S BT, 1990 I HEBHIX CHAE L 72 7% % 60 mm
KGO /INLDOBEZDONT, I TH D 6 H DFEA
30 fE A Z VTR & G B X OSARkOpkEE DR
tR% b LAY R N OHEE H 1T 72

LR B A OATEAE TR

USRS

HBFORBREOEAZEL (1990 F)

(1) %= 60~80 mm

MEDRRRAE SHIXE 4 HIIIIVEIOIFHIE S
TR TH 722 (Fig. 7-1) , 5 HLAREVEIOIRHII
DEDDEIENEIINL, 6 AH~T7 AR AR
IV OB THERE L7z (Fig. 7-2,3) . T D4, 7
A ~8 A% V HIO IR OFIE 23R 4 12T
DI B &L i, IVHILLF OO IIAEAE0 B, T2
(g 72 B LIRds L ORAEE HICH 2 IR o ElS



DEEIN U7, B LINIONE G L, M & s
A7 WRER L (Fig. 74) .

VIO IFHINE D 5D D EIEG1E 8 A FANTHKRIK L 72
ST, 9 HIZ)T TAIZ=O L, AFEEIIV
HOIFHIIRCHen L= (Fig. 7-5) . =L C, 10 HiZ
IEVEIOIAIIRITIE & A ETER L, R kich D
FRAFIN & LA N OB WIRfila < H s b/ (Fig.
7-6) . 7 A% ~8 A% -0V O IR O IME
v, B, BRI S CHAE T, FEETHIK T D
LN THoT-.

HORBRE KHX LD 4 3T TITEFOR
FRAS TR B A, AFERRRR 2RI D D F OlEfg R
X 10~30%FEE CTH -7 (Fig. 7-7) . 5 HLIKZ D
FIEFEM L, 6 A% ~7 ARPEICIT & TOREART
TIRELERAY 50% L0 & 720, BB TR T CFe L
T ZO%ETOmBLRITEIL, B, RS
HXIE 8 H#L S, P 7 H#% 212 10~20%
FTHA L. L, 9 ARSI 0F0om
FELLIRAS 50% LA L F TR L, AFESITRS 7 C el
L7, Z0% 10 I HXIFE A EHEEL, ZOH
FEHEERIT 0~10% L 720, JRHEE & A B 5D ZEBA
BB SNT. £2, 6 A% ~9 AICATEROK
TEENH D NOEZEL, BEE 25T DN
#lezsnr- (Fig. 7-8) . Z OBEAGITRE RS
mmmméhk%%%%ﬁ%@&éﬁéh Dk

HEFRI I ARFEER O — 7> S R A 2 7S
B S e, *@@iﬁ%ﬂE@6H%#~7H%
Pl b L BIE SN, TOHBEIGIISREFEAD

40~60%TH VY, ZOHROKBAEHEHR ThH o722

LEIRLT.

Fig. 8-a, b, ¢ [ZAEFEARMkG DBIE )0 B HIE L1245
HIXIZ I 2 B AR O HBLENS OB 2~ T, &
X Lt 6 ARY~7 ARitE 9 AD 2 [BIIEME
oL, MEREDNMEIZIRRR L7-.

(2) 3= 60 mm K

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

Fig. 8-d (ZAEFFHHAR R DB B HIE L 7o RRE
ROHBIEIGOHERE 2773, ARG D,
Lkﬂﬁiﬁ%&%ﬂﬁz@%ﬁmmmuimﬁ

TIXFEEROM 2~ L, MEREDSFIFA L7225, 6 H
%#@ﬂ%t 7 #OVHIOIIFEIE IS X O 7Dl
SAEENT L VBEE CH 72, £, OB OR
FOmEELERIE, 7% 60 mm UL EOREL Y & E M
MRH Y, FKT80%DEIRGLBIZ I NI,

e 2 A

1k

Gl DZ%E1E

(1) 1990 &

Fig. 8-a, b, ¢ {Z 1990 FFO K- HIX D7 60 mm L
DOFED Gl OHIE & SRR OHER 273, &M
X & HMEREDNIFIERIFIL, GI OY#fiEi 6 HA~7 H
AP mEZ R L2, 2 OfEISMEREZE U BED
HIXC 75.5, 72.8, [k EHIX T 77.0, 68.5, Vit
XTlxe Hl2764 ThoT-. TOHGLITED L, 8
A %A I RE & 658 40 Jiftk & 727223, 9 A
XSO L, B TMEREZ 712 UG I X
T53.1, 550, BRIEHIX T41.7, 41.3, WX T
652, 67.0 L7po7-. Z OHENMERILTEE X CHE
0, BEHX CiZbThThotz. FHIRE D
GI DZEBE A AT O EME (R D BB R D2
BEhfEm & k< s L2as, PEEHX Tl GI o)
O E— 7 1 3EER OB v —7 L0 T
=R/ RSy

Fig. 8-d (Z7% 5 60 mm Aiti DFED GI DF-EJfE & 4
FERLRR OHERS 2o, GI OZSEE 6] TMERED S I I TR
L7225, (AKX DR 60 mm LA EORE L ik %
& BRI GLITEL, ZDOE—Z I IRHECTH -
72 GI DN e & 2p > 7= D3RS 6 H g,
HES 5 A WA CEIEA 4399, 48.8 Th-o7-.

(2) 1991 &
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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 (x 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 III. Bar = 100 um (x 100)
7. Testis collected in April. Arrow (C) indicates a spermatid. Arrow (D) indicates a sperm. Bar = 100 pum (% 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).

a b
100 100
80 80
60 60
40 40 Male

20 20
— 0 0
O 100 100
80 30

60 60 Female
40 40
20 20
0 0
Month

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).

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 +lIl; 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; M = West Shimane.
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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 kY) 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.



28 (i N

25
Line A
20
15
=
E 10
: I}
g O | _I l| III Ll I_ . L0l
=
Gy
° 25
g 20 F Line B
Z
15
S ‘g
- 35
g 2
= =
5
v v v v 0«
Jun Jul Aug Sep Oct Nov
1995
Month

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. 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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BEE, TN E COBRBHROHERL D 8~9 HITHE
LB Chr B2 LN, F7, 1,400~2,000 um
OFPIZ WA IR U2 REE, Tk ToOREBM
RO D T AICEIR LT TH D LB LND.

10 A 11 B OFBRESHEAIZIS VT 400~500 pum D
FICHBL Lo RE 28— FEEL, 2 L7 24—k
BUWTI9 H 13~26 HEED 2 L7 ¥ —"T 300 um A
HOMEZRMOmNHERNZ S BEINTZZ L0 D
9 H THIOFERECTH Y, ZOKL 7 A B L Rk
AT DR E B ER -T2 LB iV,
400 um ARJEOPERRDEARIZONWTIE, 27 X —i
TIZBWT9OH20H~10H 11 HEEED 2 LT X —
THEEDNEBRESNZZ L5 10 A EAICHEIE LT
HLOTHD EHESND. T2, ThE TOREH
FROHER 2> 5, 1,300~1,800 pm [ ZIHHFAGIC HEL L7~
FEL S HIZHEELIZAETH Y, 2,300~2,400 um D
PRI L7 8RL 7 AICEELEZbDOTH D &5
bbb,

1 A 22 H OREHARRIZ IV CTHER 23 1,000~3,300
um O SV EEFR L WHger L AR VS FE CHIBEL L 7223,
ZABHIE10 H 11 B OfE# & o Hlg i 7~10
HOEEIZHRT 2K TH D LHEEEND.

BEERDOREEELETODER

EIEESOHAFOBFEICRE L, TRETHLT YV
EFR TV O OREFHIRHY, =T UET
IR E A D B 5 E % D2 186~192 flH/m? D
BRIETHEL, TD% 8~12 HT10~18% % TAMM
[ZIFE L7 2 E NG ST 5. S5 RIOFEIC
B EROBRHROBHNG, Y=L T7UE
FH & [ARRIC T LA D D AWICIFE L TV b &
EZHND. HENLELNDERICOVTIL, B
1% ORI 2 BRI T D EENRET 5 2 LW
R EIZ LV RERANATER LT/l eER S 5 2 &
Mo, HEEOETOEREZ VT L IEMEEICKBT 5
HOTIEFZRV. UL, Kl H OBESHERIC B
TEREDE— R D 1~2 BN SWFETIZSEZR DT
— FRNRHoT=Z D, FHBROBEAMITRAE R X
0/ LETOIELE DEREE HHFREIL TV D &0
25, LIeno T, A H OFROBRESKAL D
BAERNHIWT 5 &, BEEZO =HH OB
1%260~290 um T % 728 300 um A ORERETD

WEOTERN TV 720 B DD, 300 pm LA T/
YA REEZDOENRLZVMEHNCH D Z LD, HIE
HINZ EWFEDORREE IR E <, ZOREED ER I IHE
HOFRTCIZE DD THD EH#igsnb. ZL T,
A H OEEBEE DS 8~10 A1 120~136 fH/m? & H F
0B IR o T DI, HEEDOEEIC X 2HHIA
EHEIC L DR E L CW 72 ThD EE X
bivs.

HEEH ORFEERIL, =7 U B DT & KN ERE
L2 X OCEERBIC LD DB X HND D, Ak
B SN BALIET 7 04 B oM 5o
B DA T A REE R RE L, BEiAKED DR
L7k, R T2e2a o204, L
ATHA DHEANRL L BIEINTZZ DY, 2
LOMDOEBEICLDWRENH T EZEZXLND. W
P ORERMIZOWVTIE, AL ORFH% OB
BDLENFHA IR 45, RROFEOMIZE F
FHERH =N E SN TS, B FFHICHONT
ITHHEZ ST TR S 70N 2 EN DR EOR
TR TH DD, RE A LIZERITITE A EH
LN T2 D = X 2 REFEIT D20
STZEEZBND.

MEDER EBERICES L UVKFEE DR

T = OFESLE r H 200 LR CORE R
B, BERONS S, DLIg « A DORE D H
% A 12 2K 50 cm LLEOFEIFH O A E
FPRBEERETENIZ I TERAE 0.74 mm OHEH %
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39~650 fEl/m? DFEETERE L, HH 1L 11 HITKE
4 m LI O] T OF Hifa R EERETE NIV TR
Ikt 1.7 mm OFEH % 22~177 8/m? DR E THE
ELTWD. KFEICBIT S 10 HOY P mofdg
BRI (4% 0.63 mm, 94~177 ffl/m?) & Fried
5HE, TOBEIINEDS XKL, L - aiEs
FEREEDE E W2 D, WD OFIEIT 1982 FI25E
SN b D THh Y, = ORI EERE T
D AR DI AE D HERR SN L1 ZIFE
LI, ZOROHEEOIMAREIZED >
DEEZBND.

2o O & AR OFRAER RIS HEmT 2 DI,
WP S A EIAIKERERIZB N T o 0 5% A
BWEETRESN TWDETHD. AHIAIKERE
% &Y oHFOBMRIZEA L TN S T, A
IRIEERES TIIZ OWER R BLIRIERZ: &) 2
DIEDOEFEEAM L, AHIAPKEBROPEHMEE X
Wb 0D, HEEOFRNREEENCH DA EEEREN
ELBWEREICH D Z EDHEESIERO—KIZ 72~
TWD EHEER LT, —F, F 0%, Wil T
DR EEC BT 2 = OBl B D, H
HiGIRBED AT DREKIT, BEENERA~OIIRDE
BRI, M DMEZEET D DICHEE D RUEE
MThHDEER L. &6, ALY rasRof
WAL, RO T U CHERESEDEE, 2

1k

REZ B RICHIR T D 2 & TSOCME £ KN 55y
WENHERWEDY T 0T AL N7 OB,
EREZESHETDH O ENHLMNE - TEY,
HEIA KRS & I = ilfEsh A 2kt LTI S 00
SWERD & B ATREMEIZHE ETE 2. Lk Z &%
BETDE, AR —BRCHmT A
JREEFERNL, AROYHIAETE Lo CERER&E %
B LTCWDAEEMER S D EE X HND.

8 H 24 HOKGERIOMAETIL, 1~8m DOFKEHE
HWCEANRESNT-Z 80D, PP oREITLT
AR CTEIE L TS EHEESN D, KIE
VI EBENE - 7-D1F, FifiOFHEICE
WCH VORI AN T < TIRERBICRF-> T
i DN D T2 2 LMD, HVIKGEHNT L TlE
WEDBENRE -T2 ThHEEZ NS, 1
H 22 HORREOFRAE TI3A BT KEE T 7
<, W 6m, 8m DIEVVKIERTELL poT=y,
ZOJFRK E U TIAZOPRIR ORI L HHEH O
FEORBENEZ LMD bDOD, FEEEB DN
DHER DI E T2, A%, = HEE O AERE
ZHOMNCT 5720103, HEEOREERFE DB
T, FEAYGE L TORHEIAKEDBFER LU
FEAR R O ZFEIRI B C R EF AW OFRER & OFE %
ML L TITHY ZEDREBETHDL EEZLND.
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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)

depth (m) 1993

1996

28-Jun  19-Jul  4-Aug 24-Aug 14-Sep 11-Oct 22-Jan
<1 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
. Density (ind. /nf)
Samplig 7595 1996
deph(m) e ym 19Tl 4-Aug  24Aug  14Sep  11-0ct  22-Jan
Live shell
<1 312 4
1~2 0 96 176 120 112 94 0
3~4 0 32 96 120 128 177 0
6 104 32
8 56 16
Dead shell
<1 38 0
1~2 0 32 96 88 16 14 0
3~4 0 16 38 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 wm. 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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FB5EH 0~ REOMNHRREEELL
AR IIA R 1T B 3 DI AR 2 fiRIH 4 %
TZOOFED—BE L LT, 1991~1995 4E £ TD 5 4E
IS T O~1 i HOEM R REL T L,
TOYMIRRE EBEE(LEH G L. &b,
BONT-WEREREAY S L ICTHAROECHEL
BB TR ETT- 7.

MRELUVHE

FRATIXRTER & RERIZ BAR e B R I A& 92 fr
A CHESE L, RAEEOIINET LTV 78
DV OO T S RN AT C—AROFHAE
TA T (Fig. 24) .

P H OEREEIL, 1991 455 A D5 1995 4F 10
AFETAF 22— \PKIZK Y FEfE L7z, JHEHEET
WIRD B EZ T HAFEER &, 1~2 7 A2 1 [A]
BEDEIG ThHoT-. BRESFTE LTUIT A fHE
DIKGE 2~4 m DA A KBRS 28 L=, A
FIRBERETE F KL O /KR OB E B (X AED & FIER
ThHo7-.

HE B OBE IR I AR A KR = L T 5 5
BIZ X o7 AIREOHRBEZIL 1991 3 B~T %
FN, SHIBE L 7o B HIAIKEEZ E O F FFIIR Y b
(HA 180 pm) IZANTEREL. LL, 20k
TR OEE L Z TR0 IR TH - T2D T,
1992 FEDRF M S FIHE & [FAERO =7 — 1 7 MM X
DB (B B ICEE L. AEIA KRR
BT HEREETIE, RIS & [RIERIC 22350 C5hE
L, &7 incod CTRELTZLOERA LT RE
EL7=. LT, iR EOBESRMOENGAELL
SME, JifEHE (32x32cm, 50x50cm) ZHWTE
DOF|BEFFE A 7ok L7z,

1990 FFFEAEREII AT HFD S H) D, 1991 4F, 1992
FEFRRARITIRAED 11 A0S, 1993 4, 1994 3¢
AERHIRAEFD T A OEREZ LG LT, 1994 4258
AR TEC L DR AH L, HEE O]
IZ DWW T L WIS 21T 7. F£72, 1991 4F
& 1992 T HOW T, = HEH 04 B ATORAE
FERREDO R FZONWT ORISR 215572012, H
HiA KB M A BT 2 = OBEZ HHi 4K
PEREEIN OB L RIRFICSE i L=, BA LYY
ITETIR RIZRBIR Y, B alllE Liciz, fBOvs
RLUTESANC R L.

SEED D FIEE U2 BEM A8 T L ER=EICR bR
D, YOKTEIEIES, 550 NTD%, 10%0 5
<) UTHEEL, 70%DTH ) — VIR TR
17 L7z, YV Hf B ORIEITAS 2 mm L EOfE K
IZAEIRT, A ORI AR Chgi L T
ITolz. AEEEZOVFTOREXATH & [FERIZ,
JEFRDERED 260~290 ym OHFIPHCTH D Z &, Jnk
DEOFAZ » RIS 2 &, BRI ORZERm O
FEEA OBERNRSH D = L 7e ETIT o 7. #RIKERO M
UMIEARITSERR & A7 L, EE ERERICRE S &5
Lizfth, HkoBEOFREBIL L.

T HEEH O HRITU WL GEAR) i sES
LR, RS &EBICREITHE L Y bt GRkE) Jm
~OMIEFANHEKRT D2 Enn, BREOFHHEML
L, BEEFENIFIERCE IR 3.5mm &
BRIZENLARN ISR 2 E LA Tds & Lz,

R

FERBEOR D & LRI

1992 A HifA K EERIEN CRE SN
HEH 3 KO EiA KB CRABLIC K W IRES N
7-75% 0 40 mm A OV ok (£2) MRS
fiZ Fig. 31 1Z~7. AR TIE, & 15~35 mm
FEEE O /N R 3G i A K BERETE AN DR O,
HBIOT =R R ETEBREN. 4, 7, 9A
DOFRAETIL, AEAKEEREN, SV CHEL L 7o &RE
ITHIERICH Y, 1991 F384EH (07%) & 1990 4755
AR (1) OFREEIAMICK Sy Sz, UL,
11 AOFRATIE, 1991 F54H (1) & 1990 4F
FAER (2% OBEEHIPEITERE L 7o 7o OFEREED
ROIAHMETH -T2, 2D b, YYP=fHER
DOEE 1 EICONTUIZDORE ZOENTLY,
ERRRED BENFTRETH D Z LAV RS LT,

0 EDRE

AR ORERZ IS, SE LTV o/ EZ, 4
L7=2E4ED 11 HEToOHMIZ O W TZE DR (1R)
FELRRD D SRR 0B L CEEE L 7= (Table 7-1~
5) .

Table 7-1~5 J U &4EMkEE 2S5 & (Fig. 32),
TER L oRE (1) OPHITLERLLS, Zh
ERAZEICHD L, TOR®E (B I 11 A 04
~27mm, 12 7 1.1~3.8mm, *3 / 1.3~4.4mm,
4 4 1.7~8.6mm,5 A 23~52mm, 6 A 2.6~10.4 mm,
7 H 35~99mm, 8 H 40~133mm, 9 H 4.7~15.5
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mm, 10 H 8.0~13.5mm, 11 H 82~163mm & 72>
7. Fiz, BAEFE 1 ANLBEOEFE TOHAD
RITFECITH D, EELBSMAREL R L
7o YOI 1, 3HOFEDS 6 A T
~10 A MA) EHEE S, ARIZEDFETIEIDH# D 8
ATRZEEELT DL, GHEHIAKBEEEENO T
DO 1 mRHZI 1T 5 0 7am i, #42 4~14 mm
OFPAICH Y, Z DX 8~10 mm FEE TH-7-.

0 B DIREEE
FAE~BREDOEFEOREEEITONT, BUEGLek
D& D 1994 Ffkft x5 & (Fig. 33) , #HIX8 A
MHEEE &, T OBEEIL17.3/m? 1Ko 7273,
9 HIZITAPLIZHIN L T 186.7 ffl/m? & FeimfiEiz s L
7o. Lo L, £0#%, BUEEEITEMIIED L, 11
A1E 72.0 f#/m?, %3 A1 127 E/m? &g o7=. o
R OWT Y, BAEFEOBR~KFTE TORE
BT 1994 FERREE & FIEFRE OBV EI AR L, B
ZRZIE 5~25 fE/m? - 7= b DA, FKFITIE 0~3.8
lE/m? F£ TR L= (Table 7-1~4) .

EHORE (%)

1994 FEREEDFERL T DN, B (BR) BFESAR
FHR A Fig. 34 IRT. BEE ST AER D KE 313,
P 1 mm ARG OMER T~ 72, JERITliE e &
DORZBEITIEE A EBEI N0 -T2, Al
& RRRIZBRO—ERIZ ZRFLE D RO B, £ OEIATT
ek EIRD 31% T - 7. AEIAIKEET OEED )
DITV PR L L HIT 7 X A BRoRRMIER
ThHLVAVHA L AT U T 7 OHAEBBRESN
TWHZENnD, PFHENRENONPLRELZ
7= ATREPE SRR ST,

BE

EREEE () fHREH

BR « SR OIXY oo N TR AEPE I BV TN
B OHEE DMEARINCBFEST 2 2 &5, 9~10 A
DOIKERARE T IO AEFEMELS , EHIFAREN
BAERRRED TR 72> TND EHEER LTV A, L
L, AIENCRT 2HEEOEIR &2 D% OEFRIBIED
BAfRDN D, FKEFEAERE S B/ E L RERIC A & 5%
0, MABEE LTHEIITHD LHEE SRS, LR
7T, Fig. 2 IZBWTH Y =oke (1) #BHN A
WEEH & LT, REEEOEEEIZL DL H

1k

L0, HEFIOEIER T LONRKENEE X
HiLD.

MR

TP OYHREICE L, RERMEROBRERE %
b LRI ST BNE D7 <, A o Y
& TR OWE ONH L2 THD. ZOHRT
Tifi 1 mERF O 2 B 5 TV 6 A ZEHETHRI 10
mm, [LIF - AP DX 8 A FAIEMETH 12 mm &
EL TS, 8 A FTAIT8~10mm & 72 - 7= AGH#
FERE ZNOOFELZHKT S L, EHLLEVVES
Wz 5. L, sEOEEIXBHEEE Lk %
HEICHEESNfETH Y, AEiAKEFICERT
2/ NEEIR D BIE LI X0 SFER OISR 72
AREMENE 2 BILD. ZHUTHK L TTEDEIE, A
FHAL &[RRI B A KRR N OER ORI ERL R &
HEILLTWVD Z & DA R & O iT Y
Thbd. TEORENBR L IEWER L LT,
KE & B ARMEOKIRSEA:DZEN IR LTV 5 AIRE
MREZ NS, E2, AFAEICBOTHERIL, 3
AR DA ZS) BB ORZOR/KIBH O RITE L
<HRETHoTN, BFELBEOKIERD EFHLEHIC
SURITAE L2 2 &0, Bk ORI,
AIRIZTR < AT D B AR = D F5 72
ERLTWBH EWNWRD.

FEZLEERBOBIE

AR L OARFHERE RS, AFEOPEIIHIR O 6
H TFRI~10 H NAIZIZAEE & BHRENFIRFE T35
7= OV HE EL DB B2 13 E A i MIE TR L 7278
BT 50, BENKT U TH -2 HH O NE
725 L, 1994 FARFED 0 5% B OBRER EZAIZ b A
LD X HIT, TOAEBEEITZMIZED LT
HLDOEEZBND. T LT, 1994 FREREDIEH D%
() MR TR L7z & 38 0 HHFEDOREE 1373%EE 1 mm
Al CRACRE <, BHREER & LTI ORFE
ORI B [7] CHHIA K BEREENICAE R T 57 7 %
HAROREMERIC LA BEDNEZI LND.

0 7% 2 O = 0 4 B B ORI 72 2Kz D
T, AEAKERIEONINTISIT DR OBERE
DD, BEENTER L T2 0 mE DS, i 1
FRELHTDND 2 WA TR~ RG22 5
ZERMERI STV S, ORI IZIBWV T 1992 4F
O BARFEA T, 10~30 mm O/ NERKI A S K
BEVE L0 A EIAIKERERAN OB EOBRRSONE
TELBESNTZZ R0, 11 HIZBIT 2 AH iR
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WAMZ BT D =HEH O o i G, AHifa
PR R OMERIE, AR > TRAERED S
A TH AR~ LRI A ER LTS b
DEBEZOBND.
AHIAIKERTENNA~OBEIER & LT, B
& L TOMERZERORNEREBSEEIC LD b On
Ez b, P HEEIINE & BRI D
IR~ PR L, %S 8~10 mm DY =
N LR O Gt OIBBRHA (2 3\ Tz OHE R
DN T > T HERT 7 A Ulva australis O
1B KIS HOR L= 0 &0 BEA K EE LKk T
B LT2 b DORE 72 L PHRRENTND. 2D
Z DD HEE OFEIA KRS~ OBENS, HEH
DRRITLE O BEFE OISR DORRHL N BIfR L C
WD EHEEREIND. LN -o T, HHIGIKEREET
OY W =HHDOEEAL FIZOWNWT, HEHDOZ B35k
i 10 mm PL IR T2 BRI, SECIC K20
FEDOMUZHE R DA HiA KB IE SN~ ORI L 5%
ERTHAEENTVDIHEDOLEEZLND. 2D E
X RIRFC 2R OB FiA IR EEREE N O Y = 130
B A XNff > TWDA[REMD B 5 2 & R4 %
HDOTHD. ZDw, T FZOYHIRECF 2
HONZLE D T 256, EIMOR SRR
DFERRN OGS FIH DR S & & HITFE DRI
L0 ETAONENHDL EEZILND.

OMBEREET=_42") VT DATHEN

EARVLZ T 2 W = OIS ERI L 3~5 s =
KTHY, ™RAEGINCBT DIMABEDERE{LITE
FEHROGFKELRET 2 L TEROD L EEX
b5, B2, 3HICBW TV OREN ED T &
fRlizav 7 2 —PEHTHHZ L E2RLED, BE
B DEEE | mm F CIZAM 7 HE B OWEEN A 5
N5 Z enb, FENAERSERER OHTFOE &
RN S MAEE TRIT 2 Z L0 TH D &

W2 D, LER-ST, KREQEBHEMZBRE, WAL
NEIFEF > T-HEE MO BEPE CERBRELTT O HH
FORBEREWEEZOLND. ZNETHTF D0
REOHAN Do T-D1%, BFFHEORRTH
%k 10 mm Al OB AR D ZhZRI 7o B 15D
MoT=Z EN—RIZH D EEZLNDD, KFa
OAHEIAIKEREEICBW T T —U 7 &R W
HEIETH O 0 AN LEMICRESIND Z &
DRHBA L=, L7 C, AHiAIKEEREENOHER
DEENDZDHOIMAEEZ THT5HZ LiddHiE
EREETH D LB ZHND.
HEIAIRKARREIRIZB WY 0 s HORE RS
=X Y ST AR E LTCE, UUTOHENS
FAEBEOERIGHEE T T 200/ EY THD &
EZb5.

- FAEFEORZIL, FEIMRY () ICHEkT
% /NEUE RS PIER CHIBI ATEE 727354 2 mm LI BTk
ELTWS

- RABEORZITIE, EIRH (EZ) [cHkT
D RAMER A B A KAGHEENICE £ > TV D

« FIRITHEILAS LB ORS00 C R 72 BRAE A3 PT BE
THD

Z L CEOHESFTE LT, AREDL S ICh
B K BRI DN B ORI » IRICIZAR &
NTWAEHZRET D Z LN, TERFENE
GHTHDHENWI R TEETHLEEZLND. T,
EIEMCTY Yo AENa L 7 A —CEBR LS
A CE<EESNIZZ LD, YYPITHIRO
BN ORI D Setiakds L OWMEMETE A8 CHE(T
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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

™N 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.) (ind.) (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 = 1.2 21.7 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

N NQ+ NQ- AQ Density ~ 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 - - 1.51 2.63 1.13

1994

Jan - - - - - - - -

Feb = = = = = = = =

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 5.0 493 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

TN NQ+ NQ- AQ Density MDH MaxDH  MmDH
(nd.) (nd.) (ind.) (M)  (nd/d)  (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 - 15 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 15 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 (L] =

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 (L1 = 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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23,24 H, 7H 11 B) TiE, 2.4~2.6 x 10° lf/m/
FCHESE L7 IChESE U7, Bt SR s 2 i
TR, 6 DR TIE, BEMMG 5~6 H
H T 5~6x 10 flfE/m/ F CHIFHT D[R A F D
NT=DIZX LT, 7 HDOEZETIE, 3 x 10°H1/m/
ZRE B THEIT 2 EIRIZA LIV D> T2,

63



64 e 2 A

6 kI KA Z= WA T T — L O (RH
DHHTHI, 12, 13, 18, 27 H, 8 A 4 HBH4A
DOHLOEERL) IR 2/MIREE 3 HBENEY
i) oL, BRI (6 A TH~7 A 1A,
7 H FA)~8 A bA)) T Fig. 43 \T~d. BRBRIIR
H, XA 77— VIXRELIEREEZRL, 2216
BlOEEED 95 15 [F] (94%) 13 B &3 2 s
JEE 2 % 106 HBf/ml (23 L7 2 x 100 Hif/ml |28
L7emrolo 1E (K5 E -7 H 12 B) T3,
1.4 x 10° ffid/m/ & THIFH L 7= 1% I2hESE L7,

FHER 1

R WM R OSBRI, TFENEORE, 0
BEENOHEE LI-ARSE G HBEREAME) B X
OIS O HJ5% = OHER & Fig. 44-a, b, ¢, d 12
N
fABEKIRIE, FRBR 1-A 13 22~23°CH, Bk 1-B
1% 21~23°CH CTHERE L 7=,

fAE 1 B HORENEOBIE L, B 1-A 13 1.0
fE{&/ml T, FHEjL7=3%EEEOFFHNTH -7
25, AR 1-B X 1.2 fEAR/mI &, FHEi U7 s e
FYOEmWMETHoT-. D, RABR1-A T
WL, BF 3 B H £ CIXRESAEDBEITLE
LC09~1.0 fE{&/ml I z=H#R L7-23, &F 4
HEIZ0.71 fEl{A/ml £ T L, BfEES HHIC
TSSO KEIL TIZ LV ZOBEET 0.02 {E {4 /m]
FORELWD LIz, 20k, HAEDOERERHRS
T, BT D RIABNEN - T- Z L DEE 7
HEICRBRAZFIEL7-. fE4HE @EHFSHE
AR IR SN D o TSI D I s o T2 T2 DR
FHH) OTFIEN A DRI, 90.8 um Th -
72. RBR1-BI2HOWTIE, ffE 4 HH £ Tl
WAEDEEITFEZE LT L1~1.2 (B /ml A3
EHERE L7203, BE S H B 0.97 f@fA&/ml &g
Er L 720, WBR1-A & FREOLAEDKEL T A
FREN-7-0, FRICA—7=22 50 pm DX
v FEHWTYA 7 x 2k vsh/EE2Thu L
TKFERR Z 21T o 7=, KR Z1%1E, fFE 6~10
H B & CIIRENEOBEEIXITTLE L TO0.7~
0.8 fE{A/ml (T ZHER U728, fE 11 B BICH
ADOKEILTIZEY 0.14 fE{A/ml £ TR
L7z, 20, hEDOE ERHELNT, [IETS
FIAFNEEIN S T2 Z LG, fiE 12 H BIZiER %
iU, fE 11 HE (BF 12 H BixsENE
DY TN DI T T2 ORFHAD)  DFFlES)
EOTEFEE, 1043 um TH - 7=

1k

FRBBAGEN O KREIL T3 > 72 H £ TOEHFK
o a2 VilE T B JRAEENM) O HBUEE ¥ L O%hA 0 |
MR EROHER % Fig. 44-¢, 17, B 1-A T
1%, 8F 2 B B SIRAEBM OGRS, D%
FEIX, A5 3~4 B HIX02~2.5 x 10 fi{&/m/ TH
ST, FENEOKREL T RO -T-HE S HE
WA LT 2.5 < 10MEfA/ml & 720, &
BT RbEVMEZ R LTZ. £ 0L &, fAE
AIZITFEEM O KRB DEEREFEN 6 x 10% 4
fe/ml DEEETBIER SN, B 1-A OfE 4 H
HEToOHMBBRERZL 5~9%fhra2H#HBg L.
Wk 1-B CTiL, filE 3 B B S FEATIM D MRS
M, K2 Z21T-725 HH £ T 1.6~9.4x10*{#
Rml OFPHTHERE L=, KiEEx %3 A8 (fF
B8 HH) NOHOEABYOEENEML, fd
B 10 A B £ T 3.1~5 x 10> fE{&/ml DOFiPH THER
L72D, ShAEDOKEIL TR H - T-fHF 11 A BIZ&
PIZHEM LT 1.1 x 10° & /ml & 72> 7=, 35k 1-B
DHAEDREITEEIFER TH Y, HERESR
X 1~6% T ZHeRs L7,

fABEBAGED D REBIL TR B - 72 H £ TOEBE K
DT ) 7 an 7y AOEEOHER % Fig.
44-g |29, B 1-A, 1-B & b2, fBERE,N
HIFRBLE Th o722 ERHEZ IR LK
WP B IMANCALE L T2 2 & TYPIOAEELL
FlicERHENRZL, fE 1 HBIZEMLIZ T
sun 7Y ANETE 2 B B LRI KAEN TR
HARHIH L, fEKBRE L 7e-7-. MBS HE
WX T v 7 a7 AOMKE T, 3R 1-A
23 3.4 x 104 flifa/ml, 3Bk 1-B 23 3.9 x 10% Hifa/m/
Ll Ipode. O ORE RO F KAEE
FHEIZBT DR AEEOEEIE, 3R 1-A
23 468 pmol/m%/s, Rk 1-B 7% 442 pmol/m*/s TH
D, ZAUIWRNZALE S 2 KO 4 (5 OETH
o7z

fABEBGEN D RBILTFHEZ 572 H £ TOHE
A OEPEREE ORI (FREH, Wik L0z
AFHE) % Fig. 45 (7. FREHE T ITHAERT O 5=
HME, FAETE TG EE LRl oI &t
BHENETHDH. RABR1-A TIIEE 1 HED
H e FOMEEERMG L, fE 3 HEIIIKENT
HEFHREBEL, FREFEN TE L WA Rl
ookt A Ik L=, 3Bk 1-B Tl
B 1 HENS ALY b T v ADOMKEEZBIAL,
fil B 2 B BLARRIIAKFENTOL Y N T v AR KE
[ZHEBE L, FREFETE L QWA R b 7
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ST fH 2~4 H HOfGEEZ H Ik Lz, filH 7
HHE OKEEA%2 HE) BIEREENEMLIZ
OFGETA PR L7z,

FHER 2

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

fA B KIRNE, FRBRIN 28 U Gl 2-A, Bk
2-C £ HIZ22~24°CETH -T2, &HF 4~7 H
BIZOWTIE, #8R 2-A 23R 2-C L Y 0.3~0.7°C
LR LT

B YUY OFFEN DL, R 2-A, Bk
2-C Ebiz 24 fE{kml GRER2-C X1, 2 HHEDY
BiE) &, BB LERERE L OOEWVETH
ST=. FD%, RER2-A TIE, TRENEDOBREN
filE A ORBE E b L, fME6 ARICIX
1.6 E{f/ml & 720, ZhL%E, fAE10 HHET
1.5~1.6 filf&/ml LA ZE L CHER Lz, fE
11 HBIZIETEOEAD LC LI EEmL & 720, %
HLIRE, BRI T 0.9~1.1 fEA/ml it
W L., RBR2-C TIE, &EF S B BIZ—KY
2 L1 EA/mI EIRWEEZ R L= 00, fHE 10
H H £ TOREAITBR 2-A & IZIEFEETH -
7. TOH%IE, RBR2-A L& 1.2~1.7 fE/m/
% 22E L CHEB LT-.
FENAEOERFIL, HE 10 B H £ Tl3sR
2-A, 3B 2-C & H1Z 100~60% OFiFH TIIT R
O\ AR LAY, fE 11 B BT, 35k 2-C
23 60% H-D EVMEZHERF L7=DIckt L, 3R
2-A 1T 40% 5 & akBR 2-C L 0 RWMEAHER L=,
TSN EO VYR RL, fE 2 B B £ Cidalik
2-A, #BR2-C & BIZIFREETH 723, flFE 3
H B LIRIE, Bk 2-A O F0RER 2-C L 0 0o0m
VMETHER L, fAE 8 H BIZHE DZEITK 26 um
LR ETeoT-. TORKIE, WHEOFHLRE D=
TR %ITHEE Y, 8F 17 B BIQIRER U & 72
>7=.

fil B 7K P & ale T 2 R AE M) O BB S O
PED HBREREOHER % Fig. 44-, £ IR T. 5.
BR 2-A TiX, fAF 4 B BB JFAEED MR SN,
ZDOHBBEIX 0.6~4.7 x 10> {E A /ml O#EPH THE
B LUz JRABMORELZ B E T K2 %,
fABEMMPIc 2| EES, 11 HE) EhilLie.
FRBR 2-A O HRERIE, JFUEEMW D 720 KA

BAEZTES A1~12%) , FAESWZIK
R AERNIE (1~5%) AR H o7, R

2-B THRBR 2-A & FIERIZEE 4 B B2 5 JFU/ESH)
IR S, T OHBUEIL 1.9~2.5 x 103
/ml OFEFHTHERS LTz, FAEMOREZ B &
T HKNEREZ &, R 2-A LIEIREIC 2 [R50 L7
2, W bHRER2-A kv 1 BEh (@56, 12

HH) TiTo7-. #&BR2-C ® AMERIL, R
2-A & [RERIZIFAEBM A D 72\ i B BRAARE KA
BRzEZRIIELS (11~14%) , JFREBMDII S K
FRR 2 ERNIAR (3~4%) & - 7-.

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

B AR OEEEHE OB L (FREH, IR X
OZEDOAFE) % Fig. 46 (R, 3Bk 2-A T,
filE 1 HEOL X e FOMEZEGL, HE 11
HE (CEY#E 170 um) £ Cil#kE L7z, fFH 7 H
H CEYRE 126 um) 22D x 477 v — 1L 0OfG
EEZBRAA L, FRBRICT £ ke L7z, KR %
DOEE 12~14 H BIX, FE KN TR AT T2 —
LS KEIZHGE LR ES N L720, fhif4E —
Bl L7z, 38R 2- A ORI h o &EE
BrOMKGET R, # e F N33k, *A4 7T —
U3 3.4kl C, ¥R EHAIIREN T, % B T3 9.7 x 1012
i, 1A 7T —L2394x 102/ TH-T-.
BB AR B FE I X RN IER D 1 L 0 & < HE
BL, TOMII/KERZATH (FEE 10 HE) 10k
K 4.6 x 10*ff/ml & 720, GEROFIEDONED
YA R DAGEHEE DK 3.8 Th o 7e.
BRI EE U728 1T, 4,200 13 (5 W
LR A7 £ OBEANE B LR CTEBEOR
RO 15 FETHE, MEMEoT L—y g
VB LOSTHEOARE - BEIBR D ESRMRITONT
IR DAFEICIIT 2 RF 5 DD ATRE Td 5
T ORHREN BRI, BRI UK ES KOS
FAKTEKICOW TR AR #2272 D FF B T)
ThoT-.

ARER2-C T, E1IHEMNO LY R T A
OFGERZBAGA L7223, 8 2 A BICEREIEN TE
L CWHREEELL EE o722, B 23 HH
DFSEEZ T IE LT, DSy N T AR, fil
B8 HHA CEMEE 117um) £ THEE L7, 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 um) 226 IExR
F 7T = VO ERMG L, BRI T E Tk
L7e. 3Bk 2-C ORI O & BB OfR Gl &
X, IV RTUAR, BeF, A TTF—LR
%2501, 47kl, 3.6kI T, MHHEFHIIOEIL, L
VRIUR, BT, XA T T =L REKL2S X
102 HR, 1.3 x 10" #lfE, 8.8 x 1012 flifu CTH - 7=.
BB OFR B 1 T 2 RICHE R D IR L 0 @& < HE
BL, ZOMEIIEHEE 15 H BIZHK 4.2 Ji#HlE/ml
L7200, WEROFEOHEDRY A XZBT D46
EIBEDOKI 235 ThHo7=. BPEHEEICE L=/
#iE, 4,900 [ GHEHETER 2-A L[FER) T
HY, BN hT U AOEAEHIX 108,000 1T
HoT-.

AER 2-A TiX, B 16 BANSIREZATD
FAEERTOSHAEDPHER S, FE 17 HBIZZEOH
BN 1% E 700, B & 7o -2 DA E
BRAICT LTz, Bk BICBIT 2%E (P + 1=
Yef25) 1%, 278+29 um (Fig. 44-d) T, VA~
F v E W@ EOREMER (Fig. 48)
SHEE L7 E AR X OND BISh A b o A Fk R
1%, EEIUR 8,200 JTEIAR, 47.5% & HEE S,
BWO EREERE RIS AEMGEHENE L
7-.

AR 2-C TIE, ABR2-A L FBEICETE 16 H B
POIREEZE T DMEERIONAED R S, fi
B 17 HAICZEOHBEEN 9% 720, PR &
ol bERBR AL T L=, BBRR&BIcE
DR E (Y £ EWFZE) 1%, 273 £36 um  (Fig.
44-d) T, YA T x 2 EROTERIOSEDRE
FER (Fig. 48) M OHEE L7-Eissks LoD Al
BEND DAL, TN 1 E 2,300 J71#E
i, 73.1% L HEE S, B 2-A L RIS
FiEE K& < BRI (EIOAERD S LT,

il B e f& B 320 L=t A 7 4 v & 2@l
ONEOTRETIE, WX E HIZEENS T
2T T L R BN DT, Z DA
B, BB 2-A 1% 112 fEA/ml, 75k 2-C 1% 1.69
fEA/mI & HEE ST, Wb IRBIZ= T —H
MEBAT CRE LIghEDE=2 U v 7iZRiT
HHEEME GREBR 2-A 13 1.07 fE{A/mi, -8B 2-C 1%
135 fE{A&/ml) XV EVWMETH -7 (Fig. 48) .

FER 3

1k

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

B AKIRIE, FRBR 3-A 28 24~27°CH, Bk 3-D
73 24~28°CH CHERL L T-.

A5 1 B B OGN AEDOBIEL, 2.2 (8 /ml T,
FHE L7 EBEE LY OEWVMETH 72, D
%, RIENEOBEITRCNIIET L, a7
STFEE 7 B BIZIE L7 EE/ml & 7otz stk
OfE 8 B B OFIESNEDEEIL, Bk 3-A , R
BR3-D & HiC 0.8 flfk/ml & 7 ~7-. =Dk, Ak
3-A OV AEDOEFE I AME & 720, 0.5~0.6
A/l (a2 Uiz, —J7, 3Bk 3-D DLl
WA DB 1358 3-A L RERICID L7223, £
BEXLVESCHTHY, FFEER T T07
~0.8 fE{A/mI - 2 HeRE L 7.

NV EDEFRRIL, %17 7-fE 7 HH
IZIE 86% & 7e o 7. itk oA 8 H B UREITH
BR3-A DETE R TN T60%RI% E TIKF L2
DIZHF L, BB 3-D IXEHAEZ L TH 70%LL Lo
UM AR LT

TR A DR RT, it s BE (A5 12
HH) ETiEBr3-A, RBR3-D & LIZIEFRRT
bolzm, ke HE (BE 13 HE) LRI
BR3-D OS5 RER3-A LV E< Ry, fAF 15 H
BICH#E DT S5 um LRk e o7z,

il B 7K & vl 2 JRAE B O B FE S KO
A& AR EROHER % Fig. 44-e, fIRT. 5
FE%1Y, Bk 3-A ClIXoE% 3 HE (@EE 10 H
H) 725, #BR3-D Cl3nfik2 BHE EE9H
H) 2 OFEAB MRS, Z 0O MBI
REBX LY, DMt sSEE @EI12BH) £TH
1 x 10*EA/ml Bt £ THIIN L=, JdeEm &
7pote. BRERESRIL, BB 1, 2 L RRRICRAS)
ML I MREBRGRER T <, JFRAEEM O HBL
EEBITERL BB B -T2, itk o B R
FERY, RBR3-A, 3-D & bICFEAIYR DN
BHEMIEEVME (13~15%) Z/R L7220, JFAE)
WDSEIMER & Ze > 7o otlit%4 HE BB 11 HE)
DBITE % ETIR T L, ZOHITMENE 2 K& <
EEL, RNEELRDMBANRH T

fBEKEDF > ) 7 a7y ADEEOHB &
Fig. 44-g (Z~9. F v/ 7 ua 7o AOMMaEE
%, BE 3 H B 24 x 108/ml & RIS
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MoTDS, Pl IR 3-A, 3Bk 3-D &£ H120.6
~5.6 x 10° #ifi/ml OFIPH T - 7=

B KFE R OEFERESEOEE (FREH, Ak X
OZDAEFHE) % Fig. 47 (87, B 1 BHHMD
2T O, B 6 B (CEY%E 114 um)
WHRAT T — VO EBIMA LT, o,
At F O A RER 3-A TIIEE9 AR (CFk
£ 152 um) T T L7=DIicxt L, 7k 3-D Tlifid
BF12 HA CFE3%E217um) £ Tk L2, F
7o, WRBRX & HICRBRBGE LR O 4 HE (EE
8~11 HH) X347 T 2 — L OFRET D HENEH
Ml & potolodh, KatEE2—RrIZHPIE L2y, e
< 2 B (FAHE 12~13 H B) 1T RN R E
WD LT T- it EZ KIBIZIEL, Z D%
FREFEIDIS U Chafl B A e L7z,

Bk 3-A ORI O R ORI &I,
A FMN11kl, AT T —LN45k T, B4
AIAIELI, Z B F N33 x 1024010, 247 T
— LA 12x 105 TH 72 (OIS 1~
7 H BIZEBROKEEED 12 & LTEE) . bk
3-D OB R OSEERL ORFGE R, # b F
MN1Tkl, AT T —LWR 32k T, MHAETHII
Bix, # e T M50 x102H/E, 14277 —Ln
82 x 102l CTh -7 (R 3-A & [FERIZ R
OFGEEEAFIE) . EERIOBEIE LI, Bk 3-A,
3-D & HICEEMICIERDITIEL v EmHEE L,
ZOMEIIEEE 13 B BISHRK TR 7 x 10* #lid/m]
LY, PEROITFEOHNEDFRIY A XIZEBIT 54
BB DR 47 5 Th o 7=, EERIOAFEICE LT
B, HBR3-A 284,700 [, 3Bk 3-D 23,600
MThotz GHREIEITRER 2 L[FER) .

HER3-A T, fF 15 BELLIRSEEZAT S
FAEERTOSHAEDPHER S, FE 17 H BIZZEOH
BN 21% & 700, B & /e o 7272 DA E
BRafsT Uiz, Bk RIcRBIT o3tk (CFY +
PERERZS) 1%, 268+49 um (Fig. 44-d) T, VA
7 & v &AW @RION A DREERER (Fig. 48)
D HHEE LT E RS L ONDBSh A0 B D A4E5%
X, FNEIH 5,500 FHER, 70.1% & HEE S,
BRID BEEE BRI DA S BT,

ABR 3-D Tl RBR3-A LY 1 HRWEE 14

HEPOIREZ AT DAEERMONENHR S,

B 3-A LV 2 HRWEF 15 B BIZZOHBIR
MB27% &7 0, BRE Y & 7o T T O E AR A
BT L. B RICBIT2%8E (B + 12
YR 7%) 1%, 292+40um (Fig.44-d) T, %4~

+ v E AW BRI O EOTRERR (Fig. 48) >

HHEE LB A5 X OND AL A0 b D AT R
I, FREIUR 6,000 SEME, 77.2% &HEE S,
RER 3-A L RIREIC S0 A %2 k& < BRI DA
S EHDNE LT,

BB BICEM L2V A 7+ &2 VT Esl
DHEOTETIE, 3B 2 & FRRICHRBRX & b
2, BB FRIZHT TEL R DA LI
7o, Z DN ABE I, 70k 3-A 1% 0.75 fE{4/ml,
FREBR 2-D 13 0.83 fH{A/mI LHEE SN, Wbk
Br2 CIRERIZ, [RBIC 7 — R 1 T
HEULFEDT=2Y 7B T AHEEM (R
2-A 1% 0.58 fE{A/mil, 7Bk 2-C 1% 0.67 fE{A/ml) X
DEVMETH -7 (Fig. 48) .

DU — FEEERER

AR BB T, KR OMNEEMIATE L
ToHERITAY 190 TR & HEE <4, FRBRBHARKEC
WA LT SBT3 D8R 31T 3.8%, wmr (OF
¥) + FEUERZE) 1324 +0.65mm Tholz. K
TN BT U7-HER I3 73 TR & HEE &
L, EOiE (%) + BFERA) 13 3.9+0.98 mm
ETEREMATE LR LD KB Ch o7, 7
B, KEEEHA~OHEOIEITIZEA EHR LN
moi-.

BE

PERDAPEITTIED /N 7 T TIRHIORES A H
W FEhtE U 7= AR BR Clk, BER 9 2 KA E-omlbh
BIECHIIRA S D Z Lo, AEDRE « £
REREEEF 25 LB 2 HNDEEISEITK -
7oA BRIX 2 3 E L A8 WIgh AR D R & AR E 2 3 A
7. BPEHZITRAMNEER T L 0 LR S (e
ARETHDIHX T XA T T —LEHY, F1H
fERLE L THWEZ B F O il A FIRICHET 21T
7.

2t FOYMELE L L TOAEMEC O\ THiE
T D70 E M L=k 1 T, et

67

LTS AEDREL FIZ X W FRIIE Lo Tz,

A U HXONEDOE « HFRICBIF e By 5 %
DA NS 2 kL LT, T/
7 a7y ADRHE B & B K~ 5 05k
DENTHDLN, TO—HFTHRMT 55/ 7n
07 ADPRPEN 10° Hifld/ml & mWIEATE, S
OFEEERT B D Z L2 L0 ShAEDBRE N
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THZLENRESINTWS, PELT, /XY
A Pecten albicans &= I\ =3 ERIZFBNT, Fv
7 a a7 A & ERE K 100HI/ml BL EoJEE T
W% & HEDFHEREENRKE WL THZ &
D, AEDRRE « EFRICH 28 % KT IRINE
JEIE, 0.5~1 x 10*Hf/ml 234 THH & ST
W5, Wz Enb, Rk 1-AIZBT59ED
REL T, SBEPIHENHE Lm0 B SHEIC X
O B O IEBEFE 21X D IR D 3~4 x 1044l
fa/ml DFEEF CELIBE LT /) Zaa
VADBELEZ T AREERH D EB LD,
RER1-BIZHOWTIE, [FfkicTF> /7oA
DEENREL IpoTeb 0D, FE S HBIZHED
KEIL TN E 2o 7=. LavL, Bk 1-B 0%
A0 BREIERIIEATE 3 B B LSRR 1-A L[
FRICELWVE TR LNTZZ L b, Zor,
v/ 7an 7 AORGRIC X D EDREREN
AL TWEbDEEZLN, IZEE S BHHIZK
MR EATORD ST HA1E, 1-A RIS A
DOREILTHA LT AREENE 2 bz, 3Rk
1-B 1Y, ARz ICED Y/ Z7an7 v Rk
HREMHENFEHEIN-Z LIk VEEE 7,8 A
(Z2MT T H BRSNS —FEICmfE Lz &2 D
NHM, EORITZAMKEEPFMETL, 8E
11 B BIZEHAENREIZIET Lz, ZOREIZON
TIEHARHATH LD, Fr/r7uarL A5
ERLEDEENE > T2 &Rl ALy b
TV ADQHME R X 2 KESEEG 7 g
265, LEDORERNS, 5%, SEKFIZ
BIIH T raa s 20 RKREREZ T 5
=02, BT 75 7 h o DBRETH DR
AEBN DD 72 RE BRARIRFCAAE R 2 B 123 W)
T v/ 77 AORMEICHSEET D
VENH L. FAEKEONEICONTIE, FAEH
DOIMANNLE 2 AR CIRE A2 ED 2 & TN
BIOKFE & RREOSRME T2 Z EMARETH Y,
BUTOIRRBIZ IV TR KRN CREBHE O B 2R
HETEDI A2 B, FEEH R OB A ZNZHERE L TV
HZEMLRELLEET HLETIHNEOD, 5
BITHEG BRI OV TR T 20 ERH A ).
AR 2 TIE, BPEEO PHRBRICIBWTER L
EIERAT A, CIlZOWT, [A UERIPEEZ VW CLE
WA HT. ZORE, MRBRX CRBERTHEICE
WTHEBKIRIZENELTZZ &0, AKENIZEBT
ZEED BAREEIN A L DR O T
BB T D 5 7= DITFREH R e & OB

1k

BRIXFEICRELS B2 e, fEERRSIDZE
DHVEDORE « AFGRFLICE 2 5 B OWTHE
BT LIIREECH-T-. LavL, MakBaX &
R & [FRRICIER D FIEIC BT 21E (40% : i
EIEOVEIE) & ERIAARENIG O, B

& U= SIS A% 3,000 HIEIRDAFEZTTH =
EMRA[RETH T2,

ABR 3 T, Z b T OmYRaEE TR S
WTHRT LT, B 3-A IZB W TH B F D%
T L7fE 9 B HEBEDREIZ DWW T HIRREE
BOWR TIHLT 5 &, 85 12 B BURBICHER
3-A PMEL Ze MDA B, FRCEE 14 HER
LOV16 HEIZIEANT E~A T ADORRER L 72
% 89 BB IR R RARIR D A O T, ZORFDRK
FASmn 2 L, Bk 3-D X 0 A5 sh Ao HIR
TI1H, Y2 BB RofERE T
—J7, AFEETIE, B 3-A OF 11 HBIZE
FEDPRDINTr B, F DN ORI 72 A 5%
BOAELTEELLLLOEEZONS. #BR
3-A BV TR REROIKR T NA LN EE
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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 (e), 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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SARITRR L FREE L7z, 201845 H 14 A
& BEEIN RS (AT r—, U
Ty 7 (KR ) 4 CTHBIRE LT b D% Tl
L, A—F—IC XD MR 225 s
#%3HH GH16H) LIFE3~5 HREET6 HH
(5H20H) , 10HE (5H24H), 14HHB (5
H28H), 19HH (6 H2H), 23HH (6H6
H) BLU27HHE (6 H10 H) Dt 7EDES};
BERBREZITo7-. 7ok, & 1BIHE 7RIEIX
FENOD 5177 A3 THFEE:SR (LU LK)
L7zoefb i L, miflikdh (CARfiiREmgES) &
D Z T > 72, B & b 2~3 x 10° Hifid/ml
OFEFECHAM L, EARMICEFINET S £ T

BT,

BiZHMaBEEZREL LEAILY FSURDES
HEEOTHE

2017 4£ 9 HE KOV 2018 4= 5~8 AT, KEEHIM
YA —ITBWTERE L2 1001, 50017 KA H
W B TORMERZRIGIT, BEMEE (L0
THESELKT) 2L LIy R TR
DMl ZAT o 72, BEEREL, KESNE 2 —
BT D A EORER EE CRINEEDO AT T
U a ke U TRl 2 AT D BRD B L O
JaBEE L LU, ERAM OIS U T 100 [ KR
T3 x 1008I/ml , 500 [ /KAE TIE2 x 100 HfE/m]
LEDT.

EFHZITADR OB EAMNE AR O A O, —
ME AUHx, YR THA) OFFEREBRICE
WCHREERICES R LA b Nz, vy ho v
21392 A (100 I A& 64 [F], 500 [ A 28 [A])

1k

AT T =11 109 [\] (100 1 K4 62 [F], 5001
KA 47 ) OREEFEERER V. 2 LT, i
K OEM UToiEns & B EICRET HETIZ
2L AU HOWT, BESIE Z LIS oy
Xy LW 2 (100 1 KFE1X 5~6 H, 7
~8 HB LT'9 A ? 3 Hif#], 500 1 KAEi% 5~6 H,
7~8 H o 2 iR (28R L, WREOREEA i L
7=,
EERCE (%) =
R [AIEL < 100
728, “HABEOKEEAAMIZ OV TIE, o
DHRNERD b O (BNEE, BAMEEBIY
M) ANEIEL722S, AIEEE £ CORERMS R
IIIRE =N - L SN2 E b
— G E Uiz, STRELIAN O AR 72 B 51T,
AR DA RIS L ZIF R CThH - 72
MFEDOAEZIZOWVTIE, 2T Fisher D 1E
TEffERRE ATV, BAEEEIZRET HE TICHE
L7k BTt EZITo 2. AEAKEINT
N 5%E Lz, 70k, fENTIZIX Fisher O IEfERE
KIRTETIE R (Version 3.6.3) Zf\, r BRETIX
Microsoft -8 Excel % Fiv /=,

B B Lo m /&

BOMEBEALY CSORERWIHRE (174
*, YILRDHA) OFFERNEDEEAER

BAMER LY T A A T A E RS D
AEERBR A, A U AR132017 47 H 9~23 HIZ,
PIVIR T H A X FEE6 H 17~30 BIS/KERT&
A —IZRBWTHER L. NI L HREO #
b F AR 95 %51 (Fig. 41-A) &L, F
Kk 120 um LIBRIZ 3 A7 T > — L Db 0 |
Ny b T AafaE LTz (Fig. 49) .

FEARW 2B ST L Rk E L7223, R
CTEIBHE K OMEEDORZE L BT T-fE
K~DF v ) 7oL ZA0EMIL, fEEHEEED
BINEDT=DI AT T

ZOMDEBRIILLTO LY & L.
DFBIIZHET B O D BN ENSHESED
HELETOMR & L, BNiEHIZH T FRP H
MR KRE 2 W TIT o 7. B AMOREL, A«
UHXEIKIDOLDE 1 KK EERER1) , ¥
VAR HAINEB K Db D% 2 K (EERER 2-1,
2-2) HV, ERIFEIR I D RS A AN LT, fid
BT AiEMEAKE 1um OH— KV v o7 o
NE—THBL, A U HXRIIHREFICEDEE,
PILIR 7 T A VIAGEAK T 2/3 WK £ TFRIR LTl
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RAL7. BEAZRBKIIITOTIEKEREE L,
i & b AF KN OJFAEM) HIEFT D BT KFE R
% (4~5 HIZ 1 RO, #kHPAFH 2 E) Z217
o7, FEKOEPIIIPRICET Lz T —A

F—2 1N ORI L VT T2,

FREHENY, AT H ORETE LY A O RO R
H 2T, FABYOEECAKERZ 050 B
IR EEMREL, BHICHENHLRERDS Z LA
HZZIZIRE LT-. FREEE D H 22130 E O iR B
WIS U, A E RERICHEE v 2 — DRk T7
TEDINHR 72 AR 0.5~2 x 10* HIE/mI 4Gl
W& L7z, FaEFRBUIAREE RIS UCREEL, 1
HIZ 1~2 [EfT-7-.

WEDEE « EOE=4% 1 7%, Kigo
ReD =T — R B I BB K Z 4 A 50
m/ 5 3 [a] (G 150 ml) O HERE L TERE A
FHER L2, 30 fEIROSEDBE 2 HIE L.

LS

ME EFICEITRBMEEHER

1007 KiEZAL-EERER GBR 1) 100/
KRl CIHE L 7= 5 [ OFRERIZ 31T 2 Baait F o
% Table 8-1 12, /KL (10K, 15K |, Mok
L OWAKED A % D% Fig. 50a,b 12, HL b
TURAERF T T =L DKKFEDY A X (s
B ) OJFABM O HBUEEED 3 A BB
% Fig. 50 ¢, d |2, EERHBROEEE & e Ehiintk
D4 3 HBEREEOHER % Fig. S0e, fITRT.
728, KR LT OWTIRmEAE O AR OfEIXIE
FEECTHST=DOTHILY FT v ZADKFEEDED
Hoar LTz (BUFIEER) .

8 H 23 HIZBAME L= 1 [aH 0B GABR 1-1)
TIE, WS HICERERBAAD O AR HE5H L 7.
AN T ADMRAE L L iea B OB E )
DEEEIE, TN 5.19 x 10°Fli/ml, 4.85 x
10" fifC, * A7 72— X EIEET 122%,
BETI3.6%IEWMEEZ /R LT-. 558 17 HHEICR A
77— L ORI THIKIAED 10~15 um DIR#EE
FENAHELL, 18 H BITHT T 5 x 104 fE{A/ml &
BT £ THIN L7272 iR 2 ik L7,

9 A 10 HICBAME L= 2 A H ok GABR 1-2)
TIE, WS HICERBREAA) D HEE L7278, #RER
BRAATEL 47> 53R 1 [B1 8 & [RIAE O HEE B A3
WL, I RRIKIIALY F T AT4x 10
BRI, A2 53— 1C 1 x 105 E{f/ml D#E

FTHEM Lo E P Liz. Iy T
A DRSS B & AR OB BN O i m i,
NI 3.66 x 10°Hf/ml, 3.37 x 10" i T4
77—V XA, %BE L BIT 13%RERME
RLT-.

9 H 20 BIZBALA L7 3 [mIH 0B GRBA 1-3)
T, By b7 AIESEBIRRE R R 7
BTN ST-bDD, FORIIRAF T T —
UL RBRICE % 6 H B & CIIEFICHEE L=, =
D, WL HIZEET~8 HHD 4mm (7 HH
33mm, 8 HH 11 mm) DO ICHITENROR
B L7, B 11 B BIZIE 59 mm OFERIZ XY
KENNSTIETHEMLIZZ b, F——7
1 —ZBh1ET 5 T2 DI KNG 151 T OB
L7z (Fig. 50 f ™ 10 A 3 HLUABEOfEIL, BEFEL 7=
151 b THIE) . 20, B4 16 H BIZH
N30mm B2 HERNAH Y, A—/—T7a—)0
TRl N0 E2PIE L7z, Iy v TR
ORI L A OB S O EEE, <
N2 3.75 x 100 #ifi/ml, 4.11 x 10" fa <, =*
* 7T — L XV RIE T 28.4%, #%#FHT30.1%IK
VM Z R LT,

728, 1, 2 [BIH ORBRCTRAE L7 KL OREE
WHHDOIEPF DS HGE L Cdh - TR B O
HBEAHBIHEM TH D EE 2 N2, Wt
BIAT ARNC N EMELTZE 25, 3HE DR
B CILIREBEA DRI LA LR T,

5 H 11 BIZBAtA L7 4 [BIH 0 ER GRIER 1-4)
TIE, MW E B ISR D O IRFHIC A L 7.
BRI1TABIZAOLY N7 ANEFIRREIZEL
7o L7 oRBR A T L, I R TR
ORI L L A OB O EEE, <
N2 6.23 x 10 HifE/ml, 5.67 x 10" {fL TR A2
73—V X VRETETS55%, %ETI1L0%KMEE
RUTZ. ZORE, vy b7 v AOMIBEEE L 100
[ KHFECIEHE L 7=5BR 1231 Dl (6.66 x 10°
MifR/ml) Zieek L7z, £77, x4 77 —L DK
FClIEEEE 6 H B/ N O FU A B 0O %5 5 A3 N
L, K538 13 HH ETEVME (eKIE 6.60 x 10°
/ml) D3RE L7 2 BB A b= 2
EDNRERITH o 72,

6 713 BIZBAMA L7 5 [RlH 0B GRBA 1-5)
T, WIfE & b I FRBRBA AR S BT B L7228,
RS HALUKKICR A/ T v — LIt LT L
VT U ADETEN K E < B DN F BT,
B 15~16 HHIZ99mm (15 HH 47mm, 16 H

81
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H 52 mm) OFERNH 0 KEN 1151 FTHMNL,
BHLERNO TR TA— =T n =Rl Sz
oA I Uiz, By b T RO
JE &R OB BN O AR, FhEh
5.41 x 10° fif/ml, 4.45 x 10" i Cx A7 T o —
L LV R T 39.8%, #%H T 31L.6%MMVMELZ L
72, ZOWF, AT T — L OMEREIL 1001
KRl CEHE U 7= RBRIC B T D EefE (9.60 x 10°
Hif/ml) ZiegkLiz. £7-, DL b T RADK
FECIIRE R AR 40 um O KL OFEE H
HENHBLL, ZOBEITRKT 2.0 x 10ME{A/m]
ThoT-.

500 I K#EZEZ AL -IEEHER GABR2) 500/
JRAECEENE L7z 3 [BIORERIZIS T D586 o
% Table 8-2 12, /Kl (10§, 15K |, Mok
L OPEKED H % Offi% Fig. 51-A(a, b)IZ, L
KTV RAERFT T —LDOF KDY A X5
(/NVRL ) o [ A B ) D B FE % Fig. S1-Ac,
AT, EPERHIRRE B & AR S D4 3 H % H)
SEEMEOHERS % Fig. 51-A(e, HITRT .

58 11 BICBRtE L72 1 [BIH oBr GRBR 2-1)
TIE, WS S ERERBIAA) D NERRIZHEGE L7223,
K242 7 H H D 40 mm D R LA | R0 B FE A M i
L, 5558 17 H BISERIRREIZE L7 & LR
BRats T Uiz, vy N7 2 AOHBEEE &
faBOBENFE DR EE, 21 3.79 x 10°
Fl/ml, 1.64 x 102 fila TrA 77— L L VI
FHT23%, HBETI3%EWEE R L.

5 H 28 HICEAAE L7= 2 Bl H oiBr (GRBR 2-2)
TUX, mifEE HERBRBAA DI L, K5aE
20 HBIZHN Y b T U ANEFIRREBIZE LT &
MM L CRBR AT L=, vy b7 v 2O
R X OB OBEN R OREEIE, i
ZIU5.61 x 10°HifR/ml, 2.37 x 102 Hila T A7
— L XY R T 203%, %% T 18.3%IKV ME%
LTz, ZORE, mFEO R IR L S $12 500
[ KM CHESE LT-RBR BT A REiE (s B
TR 1 6.04 x 100 H/ml, AT T —1 1783
x 100 #f/ml) ZFdkL7-. F£7-, Wi/AKREChEE
BHNCHIINAE DS 15 pm DO RIID 75 3/ FEkEN
BRTT 2.0 x 10MEA/mI HEL L7223, FRBRI& T
IR S e o 7.

6 A 12 HICBARE L7= 3 [EH okBR GRBR 2-3)
TUE, Wi & b IZERBRBE AR O NEFRICHE5E L 7273,
TNV N T AT 8 HBUMIC R A7 T v—
L bRl U CHESHMN S DM D3 A BTz, B 14

1k

H B DBRIRE RO R ANERE L 72 72 D i B
DDA B, R E IR A > 7= &l
LCEE 1T HRICGRBREZK T L. IV h T
A DRSS & AR OB BN O fm i,
NI 3.51 x 108 HiiE/ml, 1.34 x 102 {ifju T4
77—V LR, %BE L HIT 23%FRERY VE
R Uiz, 72, BT bT U ADOKETRAER
HIC AR DS 15~20 pum D K e B D e K
T 2.0 x 10MEA/mI HEBL L7223, BRI TIRRIZIX
R SN2 oz,

SkikiExEAVIEERER GRBR3)  SkiKHE
THME L7 RBRIZI T DR AE RO % Table
8-212, AR (10Ff, 158 , HOB X UMKE
® H % OfEi% Fig. 51-B(a, b)iZ, B/ b T AL
AT T — L DEIKFEDH A ZRI (N, KA)
DJFAEEN O B L % Fig. 51-B(c, d)lZ, BHEHH
s & KRRk 045 3 B BB EXMEOHER
% Fig. 51-B(e, DI .

BRI 5 H 28 HIZBHRA L, mifE & & aRBREAAG )
DIZITNGHICHGE L, 5588 20 R EIC LY R T v~
ADFEPEINC A - T2 &I U CRBRZ#& T L7,
TN N T A ORI L AR S O E) )
DEEAEIL, ZHEH 2.58 x 10°HH/m7, 1.1 x 10"
Mg T4 77— L X VEIETI1.0%, %ET
82%IEVMEZ R LTz, £7-, WM CRAE N
HEL L7228, /M O (kB ) & BICHIE
BEEIRWETH T

100 [~5 ki 7Kkt & F 7= 25 3R BROFE B & #edh 4
L&, Y N T ADEFETIINTIORERT
HIXIFNECHERS L, 15 BRI ORE Tl
HEJE 2~6 x 100 Flife/ml FREE O 7efEE CTO
AN BTN, 747 T — 1 & DT,
B KIEME S #ERE L 7= 5 A OFRBRLIAMIAKIED
B < 7R DT SRR R iatk T A T v—
LIRS DA HER S Nz, £z, FRBRD
REEg ML, BMEBIERRC BT ALY N T
VANAEA T T o— L X0 laY A ANRKRELHE
LINDZENEL, HBEAEOBEBIZIBN TS
BEKDEONI Y F T ZADHFNRLVELS B
HEBNBEE ST, 100 [KFED 1[5 H 0#RER G
BR1-1) 0853 11 B BT 72ilifED 50 ffao
Ml (BREER) OWETIE, Iy T
ADFFIEET 1 BFRRERE W (WL h T
Z6.7um, AT T —L58um) I & EMERL
7o, JFUAEEMWIZ OV T, IO B 3R
ARENSHEL- b0, BEOREE & izt
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DB FI 2B H - T-. /INEOJF AT
1%, ARICEB W THELT 2 R OSNTIZRED
WHHE & BICRRDHEMN A ONTZZ LD D,
HBFEDERS L TV D TR VR STz, RO
JFEAEMIE, 100 1K 1013 & 2 [ 3 0Bk GR
BR1-1, 2) CHIBLLIREEREZBRLS &, i
HEZ 1T U0 &I 2R E N RS BT
fHmRH -7, 72720, FOHBIT @t H D
TEE LIRS, W HHEIC KX 2 Be KIF
ERaRa = 7Y

BREHICHITHEARERAV-EI/MEERAR

Flieatsg KT o - RARKIE & BEK
B % Fig. 52(a)lZ, 10 BRI 1T D UEEO M & 4+
MOKE (A7 T — L OAMTRE) OE L
DORFE &St 7B % Fig. 52(b)i2, 10 FE& 15
BFIC BT 58 /KIR & Fig. 52(c) IR

E - AR E N1 30.7~37.7°C, 26.6
~323°COHIPHTHERS L7=. 555 7, S HAIZIXF
L FE TR B o 7272 DIZKIRNME T L7223,
LIS D HIIRE R 0k6E L, FFIZH57E 4~6 H H
D8 A 4~6 HIZITHEKIR T 36~37°CH H i
L, 5 BICITRICHICRBT 2 4o/l s -2 %
H DA 37.7°C a2 itk L7-.

RERIIM R ORREE L Y8 T AU,
L TIEZh2h 14,300~90,000 1x, 250~2,000 (I
FRAE) pmol/m?s, HENEEH VD TIXZI L 14,300
~40,000 Ix, 250~1,300 umol/m%s THERE L7-. MR
FE & A EE OREME ) O FHE ST
1% 45~53%D#FIFHTH U, ELFEOBIE 50% & 1%
ERBEETH-T-.

BRI TR o> 10 Byt KON 15 F 0B /KR,
WA | ClIZE 2 264~33.5°C, 31.8~
40.7°C, HEStHEDH D TIXENZEI 26.0~32.3°C,
30.2~35.8°CO®H CTHERS L=, #EOFMEIC &
HESFKDOKIRZET, 10 BT 0.9°C (0.1~
1.8°C) & EMNTH 7273, 15 BTl 5.1°C (3.5
~6.1°C) &720, T LV KE EFHEZRKE L
fl T 7.

Fig. 53 (IZRBWIH P o427 77— (a)
IV RT A (b)), XeF () OEPEHaE
FE (A) BXO%EREHaZk (B) @ 3 ARBEIEY
EOHERZ "3, BRI, x4/ 73—
HESEHHE L OFRBRX CHHIIH L7223, Y ERH Y
DOFERX D IF OHIEN BIFZHERE LT, x4 27T
>— L OB H ORI E & fiatioBE)

SEHMEE, MR L TE T 2.83 x 100 Hlf
/ml, 2.89 x 10" A, #EHFEH D TENEI 338 %
108 MifE/ml, 3.43 x 10" Mifd CH 7=, I kT
> A DB L OFERIX ClIdEEE 2 B B IS
BEMET U CEBITHIE LT, EEH Y O
PRER X CIINERA 72 B8 A Dtz vy b7 v
A OaliioiE H ORI s K OSMaz o E)
SEHENE, F 0 2.83 x 100 Hf/ml, 2.86 x 10"
MiaCThH o7z, ¥ FOBENFE L ORBRIX Tl
JKIEAY 40°CH & E/KIR & 72 o728 H 4 B LARIZHE
fsg R RE KT L722Y, kD » oRBRX
TIINER AR B DTz, & & T OB A
ORFREE E F I OSRARIRZ DO BB - Tl e
L CTENEI1.26 x 108 Hif8/ml, 1.10 x 10 Flja,
WENFEDH D TENEI 523 x 100 Hfi/ml, 5.26 x
10" Mifa T H - 7=

PLEDOFERN G, BEMICB O TEREIZLY
AR _EF SR ZH S, WI R OFE S HEFE)
NEETDHZ L EHER L.

EIEAER GRER4, 5) AV ETURERA
7'Z 32— 1@ 100 [ KFE & 500 [ KRS OFER O EL
Z N2 Table 9-1, Table 9-2 (2774, FABRIAM
RO & 100 7 7KFE & 500 7 KFEOKIE (10
F, 15 1) % Fig. 54@a)l2, #L> h TR ERF
7'Z — L@ 100 [ /KFE & 500 1 KRS O AR FE D
3 HRBEVFEMEZ ZILE 40 Fig. 54(b), Fig. 54(c)lC
IRT. 7RB, BEEAKAEOKIBIZOWTIE, ERED
KEDOEIXIFERETH 1D TH AT T —L
DOKFEDED R L, RIS IR SR
L7 OB =K OMEEZ R L=,

7 H 9 HOMERBITLARE, FERSIEE A EHEL
R X T, e Adim 30°CLL EOEE A2 36 H,
35°CLAEDOMEZERMA 13 B (8 A 1 BTty
OB 2 /K H D 37.8°CAECHk) & odku7n
B Ik L, BREBRHIRT 37 BRI ORERIRDY
YIEIE 33.9°CTdh o 7=,

7 A 10 A LA R OKIERE, 1001 7K
FEIZ 10 EA3 26~32°CHs (%) 29.4°C) , 15 FEN
29~34°CH (F¥J32.1°C) , 5001 AHEIL 10 BES
26~31°CH (1) 28.6°C) , 15 W§As 25~34°CH
(*F#)30.7°C) THERS LT-.

100 1 KAEIZ 31T 55kl GRABR 4-1~5) TIL, &
Ly T AT TORER THFE L7223, T OH
fR B IR A7 T — L L0 RS HERB LT-.
HINY NTUAERFT T —1 D 1~5 [BDFk
SR OAMILE B OB L O mfEl, EZanks
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% 5~10 H H T222~4.23 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 kT AL
XA T T—1 L0 18.1~34.9% (¥ 28.6%)
BVMEEZ R L7 GRBRZ il L7= 3 [B1H OFRRER I
8 H H Offi Cilifl 4 Lbig) .

500 [ AKAEIZ 1T Dkl GRBR 5-1~3) TIL, &
v b T ATATORER THIS L7223, 100 17K
i L Rk 2 OflE L IT R A7 T v — L LV K
SHERE L=, VY R TUVALERATT—LD
1~3 [RIDFRER O E OB V-2 O fe @i,
TNENEFE 6~7 H B T 1.61~2.27 x 10° #if/m/
() 1.84 x 10° flifE/ml) , 1.90~2.98 x 10° i
/m il CE¥)2.51 x 10°Fi/mD) \ZEL, DLy b
VAIAA T T =1L L0 143~45.0% (Y
24.9%) {KVMEZ R LT,

728, [RIFFHAC 306G L7z 100 1 KMo 5 [EIH GR
R 4-5) & 5001 KA 3 [A1H ORBR GRER 5-3)
D8 A 13 BT, EEHE 245 U 72 3Dl L
72 b7 7 K 0D E OB VREE TR AT o
7203, BREIZNT TS N T v ADRBEEE D
BRI, oL ke - &IEK
AL BIZ30CLLEOERICER LIZZ 0
TS & OB EME R i T,

mRMERAW=AILY F S O RDEMEEHER

BRI O R 2 OBKEB IO LY FT v
A DRI D 3 HRBEIREEMEOHER % Fig. 5512
R RO Y T oA B AWTZRER T, 5
A 20 HizBAh L= &% 6 H H ORBRICIWTHE
BN IR BB AN H o 7203, BRI X
% AlfRsE B O — R 7S 2 R < LRI ToR
BRIOIR CLE LT85 2R U, i FE OB 8T
B DL 4.22~8.95 x 106 #fa/ml 12 LT-.

—J5, ENO 5177 A3 THA L= oKD
R LHIREZE L7725 H 16 HE 6 10 HBHMA
OFERTIE, WL bEERRBAR S HEREE T
TR & BRI IR O 2 7R L7228, Bk
AEORGE & & HITHIRD R I~ CTHEE DS
L DI Ao Lz, BB SR D g
ORBENEIMEIX, 5 A 16 BE 6 A 10 HEAtADOR
B & b TS ESER ISR LT 25% 2R il & 7R

L7z,

BIREMRBEETZEEL LE-DILY FS U ADESN
b= OB i

1k

AR 2 TG Lo vy b o R L x4
77— @ 100 [ AKHE & 500 [ AKAE OEEEAE R %
Z 1 Table 10-1, Table 10-2 (277,

100 [ KFECIX, 5~6 A & 9 AiITmifE L HE5E
NEEL, AR (3 x 100H/ml) DOERRIT
90%LL EDEVMEE R LT BEERI D 7~8 Aidh
N T AT HEEER IS LW SRR (3
KEE) DL, I 842% & XA T T v —
U (1 KH8) @ 96.2% 25t L TRORIEL 2o 72d
W OMICE BEEZITE) N >T-. WLV T AT
FEB T I Lo 72 3 KHEE, WP b R
4~5 1 H CHEMEEE D 6~9E2H7-5 1.80~2.71
x 106 #ifR/ml £ CHEE L7=1%21 28 L, #%H CTfh
LTz, —F, HEEEICRETHETICELE
SE RO TIE, S~6 A& 9 ATy T
VAMNENENS6H, S8HE, AT T—L
DZENENS50 BICH L TEL BEE L (P<
0.05) . 7~8 HORIPEHREBUI I N> N T AN
6.5 HETHIML, x4 7 F7—1L D54 HIZKL
T11HZ BHEEZZELE (P<0.05) .

500 [ KAETIE, 5S~6 ALy R TR, X
F 7T — e BICHERE (2.0 x 108 fifd/ml)
(23 L7RVVIKIE I | KT DDA T, I
0% %2 DEMEZ R L= BEEH O 7~8 Al
100 [ Kl & [ERRIZ V> BT 0 AT RARE S
FE L7 WOEERR KA (4 KHE) 23EANL, EERERIE
76.5% & AT T —1 (2 KFl) D 943%IZ%F L
TIRVWMEZ R L722S, W ORICH BT E) >
T2 IV N T U ATHERAR E o T2 4 KIEIE,
WL HEGE 4~5 H H CREEED 8~9 Ell2h
725 1.52~1.90 x 10® #HfE/m/ & CTHEFE L 72821208
MU, BATHIELZ. —F, BEHEICREYS
HETICE LY EE O TIE, 5~6 A3
WY N T UANSSH, XA T —LVRSTHE
W ORNCAH BT > 7278, 7~8 H1% 100/
KFE L RIERIC VY N T AN 62 A XA T T
—L®D51 XL TI11 A% A%EZE L (P
<0.05) .

BHAEEANLD CSORERWZIHE (174
x*, YILARDHA) O ERNEDEERER

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

A U T X ORI AEOWNREE L, KEHIE
VA —CBT DIFHERZE (2.0 f/mD) KD &
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ECHo7n, FEHMPICHAEDOKE 2B
I AXTNEFRIZHERE LTz,

fiE 15 HE (Him 15) ICIRAEH T D5
SEDHBER 32.83% & 70 0 BEE & 2o 7z
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Fig. 49. Feeding regimen for Iwagaki oysters and ark shell larva under each experimental trial.



89

B9 % WfgtE

-

FOWEFTH|

HEVEEZH

BT 5%

-

{

28]
[A3Ea

i

F AR

-o3e10AR FulAOW ABP-€ = % :QJION

363 I¥s
(esoydouatwmiyigod)
0 01
L6 LS
09T
(V6£~5€T)
3t
(0FE~+ST)
68T

(¥'8T~0'61)
€T

91 I
6TLS 0L9°S
91 I
659 £79
(esoydouatmiysgod)
0 70
£99 09
0€T
(£EE~56T)
I'1E
(9€E~88T)
¥t
(§8T~TLT)
81T

€1 1
8L8°C 901'%
€1 (A
vs SLE
0 0
L91 €T
0+
(§SE~FET)
I'ie
(F'T1E~061)

97
(9ET~8LT)
Tt

L L
768°¢ 69€°€
L L
61 99t

(2rep2SegourT)
a4 91

81 o
01z
(LEE~0TE)
FTE
(§TE~60T)
€87

(0°9T~607)
L'€T

L1 LT
F19°¢ 68t
1 4!
16§ 61
(2repraSegourT)
€T 90
L9 LT
07T
(T9E~L0F)
13
(¥ SE~9FT)
SIE
(60E~TFT)
1'LT

J2QUINT S[[220 [E10] TMINKET 2] W s4Ep M)
% 0T > FqUmD S22 [210} TWIWEE]Y

& SUIP 22 WIWIKEW 313 UF S4Bp AUM)

# [TSTRD,_ T 3 ST [[20. WHREIy

(ss=10)
* [TSTR2, 0T = Aysuap veozoloid 25re] Jo WMUHXETA]

= [OSTR2, 0T = Aysuap ueozojoid RWS JO WNIIKE]A]
= [TS[R2, 0T = Aysuap 20 eRm

(28uey)
(nsd) Ames Apep veaIy

(a8uey)
() 00°6 T T 2myeiadma) 2fem TRy

(a8uey)
(2.) 0001 T 2myerRdwa) J2jEm UEa]\

BJlon.IE08U ) SURLIDI )

BJlon.IE08U ) SURLIDI )

BJIOD.IB08U ) SUDLIDI )

BJloD.IB08U ) SUD.LIDI )

BJIOR.E08U ) SUD.LIDI )

(8T0T “6T/9~€1/9)
§-TreHL

(8TOT “$TS~TT/S)
-1 TeHL

(LTOT *9/0T1~0T/6)
€-TreHL

(LTOT *61/6~01/6)
T-1meuL

(LTOT "0T/6~€T/8)
-1 EHL

Q10T 03 L 10T WOIJ pa1onpuod (ue) -001) [ [BLLL Ul 2]100..302u *)) PUE SUD.LI2]DI SO.122012DY7) JO SININD JOOPINO 9} UI s1djowrered JudIdfi “1-8 d[qeL



90

Trial 1-1

Trial 1-2

e NI

Trial 1-3

Trial 1-4

Trial 1-5

2
2 40
] ~0-1000  -m-1500 ~0-10:00 -m-15:00 ~0-10:00 -m-15:00 -0-10:00 -m-15:00 ~0-1000  -m-15:00
5 4
50
£
T
2
o
5}
2
=
100
— 4 —_
Z e eeeepee f“‘““\»o««“% hererte eantieeet jM E
o g
E 20 |  =Rensl -sainy _| == Rainfal ~-salinity [ | ==Rainfal +-Saiinity L4 wmRainfall -o-Sallnty i el esny + 50 =
£ E
= 10 A b b b =
s 1 n I B 1 1 ol s
0 —F i = y L e m— T y 0
80
&~ C. neogracile -O- C. calcirans
—&— C. neogracile -0~ C. calcitrans —+— C. neogracile -0~ C. calcitrans ~+— C. neogracile -0~ C. calcirans ~+— C. neogracile ~0- C. caloitrans
60 -+ q B 4
~ 40 - ] ] :
El
o
= 20 A B B B
> c Y
28 O o
2] 0 4 NGRS, W
= R
L Q9
s
g & 6
g 3‘ —e— C. neogracile -0~ C. calcitrans —#- C. neogracile -0~ C. calcitrans —+— C. neogracile -0~ C. calcitrans —&— C. neogracile -0~ C. calcitrans —e— C. neogracile -0~ C. calcitrans
o
22 a 1 1 1 1
S X
-oiNS%
2 i i i 4
o
0 )
0 A HO00000000000000— 0000000000000 —| 1000000000008 e
s 1,000
> \'E 800 —&— C. neogracile -0~ C. calcitrans | —# C neogracile -0 C. calcitrans —+— C. neogracile ~O- C. calcitrans —+— C. neogracile ~0- C. calcitrans
&
==
)
g = 600 - b q 1 In) q
o © 00000
< © ' o
=35 400 + oo0 1 2= 1 fifminialata) 1 1 =y
S5 200 g A g o ] i o C. nogracie
-0~ C. calcitrans
~ 0 T T T B L
o 8,000
2 —a— C. neogracile -0~ C. calcitrans —e— C. neogracile -0~ C. calcitrans —e— C. neogracile -0~ C. calcitrans —&— C. neogracile ~O- C. calcitrans ~&— C. neogracile ~O- C. calcitrans
g 6,000 - q q q
E 2
w2 4,000 - ot b o b b
5 x fl Pz
° — 2,000 4 q A q q
8
2 0 — T T T T T T T R S N — L e L B e
MmO 0O 4 T ~NO O ™ v 9o o o Vv O N 1 - < N O M VW O M W O N L 0
o0 o0 o0 (=)} N a (=)} ()} a o o o —A N 1 1" 1 NN N N O W W VW W O

[\
S
—_
3
[N}
=
[
~
[\
(e}
—_—
3
[\
(e}
—_
e}
o}
S
—_
o}

Fig. 50. Water temperature ([] = At 10:00; Bl = At 15:00) (a), salinity (4) 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; H = 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 () 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 (¢)~(f) indicate C. calcitrans (1) and C. neogracile (®).
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Fig. 54. Highest air temperature (solid line (H T)), water temperature at 10:00 (4 = 100-; <> =500-) and 15:00 (Il
=100-/; [1 =500-I) (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.
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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.
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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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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 -
B - S- 1 2 B - -
B S+ 1 2 B Unknown + -
C - S- 1 3 (€ - - -
C+-S-*R 1 3 @ - S +

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 + -
A - S- 2-2 4 A - + S
B - S- 2-1 4 B - + S
B - S+ 2-1 4 B Unknown + -
C - S- 2-1 4 C - - -
Cc-S--R 2-1 4 C - - +
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 3-2 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.
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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).
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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); ll = 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. 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 (ztest, p < 0.05).
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Fig. 63. Appearance frequency of broken shells (L1 = Unbroken; B = 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 (%) g 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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Comparison of various conditions during the rapid fluctuation
for stock of Corbicula japonica in Lake Shinji from 2018 to 2019.
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(BERtOE IR LT 1%), A Al 60g (7 0. 4%)
%3 L UDIREE DY DA EKITIRY 23T,
FAERRICR DL —lca—T 1 7&EN5 %)
IZIRET- DT, fif BT ZITAAT e ERTIC R EY
L7z, “E5L 2657 1%, £5L ERBED AT

£ 1. BT TIREOBEERT

S - A i

L, 2V roRETA 245D 300g ([F2%) (2L
HDOThsh. AT D “RUF” 0L, LT
~A U 16kg DTV HITR LT, 7 U > 150g ([A]
1%), BAEHI60g ([F0.4%) z#=iRE, N TICAD
A X THIRWVVERIRICEE U (& :87.9+13. 1g,
=30), FERREE THERE L7ob0x Hu .
EN TSI, EE AL AL D 2-3 BT (90—
130g), ~A U (ML, FH5L, F5L2(%)
X1 BT (8100g), v~ 7D oFiE 1 ET
2 (#190g), KAV A A TIHESTENT 2 70EH L
IX3HEIL-EI0 & (100-150g) Z Adi7-.
HExAE ARBRIID 7 S TiREORER (B
Mo 14 RY) ICHEAL, 20204E6 A 2-3 A R
BRl) LRFE6 H9-10 H GRER2) @2 [EIZoi) T
It U7z, 7e T TUEETIL, ELAFRC 07
EADTNDD, ERRICHE S i BITXMERD “B7e
2 OUF, f8) 7 ThDH. ZOEEEMT, HIH 6
NUDEENT (AU hDO AT 7EL) 1A
TEE, ZhEEARIOREIHIAL TN, 1 b
720 350 fEDfE (BGERIFRIE 16m) % 2 855 A3
5. FEO—H ERBARE L L, BlIcAT O
WZE %, [ROBLEILT v & DITAT -T2 2SN
WHIEY OEE T2 (D). BTk, AR
A CifE SN~ 7 T IDRKE ek L.
AR LTI, REROMMEAREET 52 & &L,
AT VBIOKRMAN AL RS2 TINTIRZED
fHELE LTBEANVAAL LD EL0E D D EHE
BT D7D, v AT ERMANNAA TR T
ZakBRIR S L OSE G AL A A B 2k 95 % IRIX

ERT ER2
1ER 2R 1EH 2iEH
SHERHAR 202056 H2-38 202056 H9-10H
&h CHIIREZ 6/2 16:00 6/2 16:41 6/9 16:00 6/9 16:38
B’A T T R 6/2 16:36 6/2 17:19 6/9 16:34 6/9 17:13
B CHIIEEZ 6/3 0:33 6/2 21:26 6/10 0:19 6/9 21:02
Bn T EZ 6/3 3:39 6/3 0:02 6/10 3:15 6/9 23:53
A ORERRM  hr 8.0-11.7 4.1-7.4 7.8-11.3 3.8-7.3
KE m 139-140 140-142 141-143 138-141
EKE °C 9.9-10.3 9.8-9.9 14.7-14.9 156.2-15.2
BEIIAAN 30 30 30 15
REEZILAA A 30 30 - -
EEDIEEER A T UENE 30 30 30 30
DE D RATUESL - - 30 30
TATOESL2UE - - 30 30
RADVIUF — - 41 32
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EREL, —fHdbi-o~7F IR LT,
7 F = CPUE) Zthiik L7=.

RER2 TIE, ~A TV VBRIt 528
T, HRINTWEOEEE LTOFHMEREE S
MEIPERFTHT-0IT, ~4 UL (LB F
AL, £5L2/% I0F) OAFEEAMEE TS
BRI IS L OSEE AL A A RS T DR IRX &
FAE L, 7= CPUE Z kg L7=.

BERR HEERNAEE LIORLE. BT EE
2L DA R~ DB ERE L, 382 0%k
AR 1 K0 ORI TCHEE A T o 7. REORA
FEen) 1316 BRZBASA L, 1 B 20 0 FREE TR
T UL7= (138 350 f8 O A E 5 T 30-40 4y
). BNTHK T, 28 EO ALK Y #iofHT
TR L7, 21 B2 S 7-EN R E D5 51T
HBnZ) =BitAL, 6 FRFEE KT Lz (1 38
350 TR D5 XTI E T DRI 3 Bef) . D
1%, 2 HH QR ORI LT hAD, 1 H ORPIO
W ERBIZEI &G, 20, FokLzniz
IERERTIE, 138 H 1% 8 R ~11 BERE, 238 E 1% 4 BF
f~7 B & 720, 1EEOIEH A 2 HE XD LfFE
DOIHERF TR -7z,

TR ORE KT, B ZBHIAR & e T T HE
DOKFEETEER LT, EEO—2IKET—%a X
— (Onset #-84 HOBO U22-001) ZHx Y {3 T, &>

TH& T IR~ B 457> ZPHARKF O O JEK IR & Rk L 7.

ETBIRE  AWIETIL, 7 Th T TEE
EHIND ANV AL DED LR ERET 52 &
HHBTH DD, FEETOT = CPUE 1220
T, BB TIEAVAALL CHRRK) (2T o~
UV BLORMANVAAL DD 2 FUZEBNT, 7R 2

TIXANVAA T GHRIX) (2T D~ A 7 > DAL
B, ¥5L, £5L2MHBLUYI T 4IZBN
T, 7 I CPUE DEEET L ITHRE L. MEDE
FPEAEE I A 728 Bonferroni 15T p [HOFHE 4
175729 2T, AEAKUES%E LT Welch @ t BvE
2i{To7-.

T I/BST ANVAALDOERET X JBOER
BEON LTz, BEHIERNCRETNBA LI LD
T, AFEICH L0 LR UEMTH DA, A
BEIXR 2 2 SO TH o712 OWEmHN OhER) |
[k X ORI Z 3t TIT o 72, o 7 v ki 10%
WY R CHEE U7z i % pH2. 2 ISP L 7D b,
TR RO AT A (BERYEFFRL Prominence
UFLC HatH#s : RF-20Axs, 7T A @ i /ERT Shim-
pack AMINO-LI, FEEJFHEHE : 0. 6ml/min, R Jih
R - 350nm  #EIR - 450nm) AWz o7
VT NT e R=KRA NI T AFEREICLY, iE
BT < Wk 35 FEFE 2 E EHT LTz,

R

1BEHR SRR COKEENZ L 57 2 CPUE
#X1, 21K LT-.

B 1 o 1 #HE T, MEXO7 = CPUE X
2.2+1.5 8 (CEHEERERZ, LUTEER) Tholz
DI L, BRI~ A U TlE1.4+1.0 &, K
ANAAATIE 2.111.6 B ThH-o7-. RX L
BT 5 & KAV A A T TIIABZEITRO L7
ST (p > 0.05), ~A U TET7FH = CPUE I3F
BlIUED 272 (p=0.03). 23HTIE, BXOT
FICPUE X 1.8E1.5 B ThHoT=DITHRL, RERX

A m=30 m=30 m30 =30 =30 m=30
] 2;EH
n.s.
ER ! n.s. —
— 3 n.s.
&
5 2- [
B
®
E 1 2.1 2.2 18
e 1.4 1.5 1.4 :
0 : .
FRER X xR X HERX xtERX
E4 X bt < X B
«4 B = 1 Gl &
7 3 2 7 B3 2
< L 12 D2 L 12
i 2 * 2

L. 38R 1 1C81T 2EEB ORI O~ 7 T O—fEd 72 » ORI
R ORFIT RS RE, AN —IIEERZE, s (TREHNRAEEN RN L AR
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lI~A U Tk .51 1 B, KL AAL BT
LAEL3RETHY, *EX L OFEZEITRO L
otz (p > 0.05). ALAA BT A RITEHRZ
<, RIEROEW 1 #E OIS 087 F = CPUE 1%
ZUMER TH o7,

MR 2 o 1 HE CIERBX o7 =3 CPUE 1%
5.021.8 B THoT-DIZx L, RBXII~A U
() TIX3.0+1.3 8, £5LTIE2. 717
B, £5L 2 {FTlX 40+1.9 J&, I FTlX
L1 3B Tholz. MR LT HE, 51
2ETITABEETRO N2 -7 (p > 0.05),
FOMOEEEFCIL T F = CPUE ITA BT~ 72 (p
< 0.05). 2 #HTIE, *MXD7TJ = CPLE IZ
3.8%1.1 B ThHo=-DIzxtL, RBXII~A U
(L) CTIX1.6+1.1 2, 5L TIE1.0£0.9
B, £5L 2 f£#TI1% 0.8+0.8 &, IFTiX
LLOE1L. 0B CThoTo. KX & thigd 5 & AERELE
7= CPUE 13 A B o 7= (p < 0.05). 7233,
BT, £5L, ESL2MHETIE, AKEmICE
BERIDARMR THE-TEBY, I UFIIRETTIER
R T,

AR 1, 2 OKEB LOKIREZR LITR L. &9
A C/AKIRIZ 138-143m ORI TIZIEE DSR2 ho T2, —
77, AKiIZEER 1 T 10°Chif%, 3k 2 T 15°CHil% &
Wip o=,

T2/ ANVAALDOWET X JBOEH
BOSHRERZE 2 1TR Lz, A OER | ik
FOWEE XU U R iRbE<EER, RWTT
NX=r, TLEIUEE BETiETal y) OlEE

TEEBNE -T2, FELETOT I B THlE>
R >BOIE CERRENEL ) >T-. TV DER
BIIAHA T 27. 6mg/100g, i C 20. 2mg/100g, PNl T
45.8mg/100g Th-o7=. F7=, Het&kL LT~A
TIBLIOHEZ I FA UL OWEMT I ) BOGAHE
DIHTRER % 2 1[0 L.

B

ARFFETIL, ST THEMEECTH D AL R
A T ONRIEERE AT D720, ZHE THRIn
THERIITFBREORE N I 20 E &N T
X fe~ A TUEREHZOWT, RERIEME ChoH T
R BROUSMOGIEERGE LT-. BeEaBRiLd 7
T ZHEOHSENNT 2 [ LIEEE DR & T T
STet=®, R CORPEIOMRHCR OBLE 72 & D
KM —ITTERD -T2, F 2, — RIS TIT
IFRAE T, ARSI & D BEIRSEDKAEAEY
DB R 5.2 50, R cEnoa2Hiz 5
ZEIIREETH D, AMTEO BENF AL A A DR
BEPEL 2 a2 2 L THHT-D, BRI CcoT
= CPUE DEWIBER T, Killk - Z#H TRV A A
HEIEREL L, BEPEHC L 57 )2 CPUE &%t &
w52 E TRt EEDT.

B LTI, ~AMTUVBIOKRBANL AL IR
RN TIREDOETEE LB ALV AL LD H45
DINEIMWEMGER LT, A T E ANV AL TTD
7F A CPUE ZEER L& 25, BRI
BN 238 H TIHEZEIX R0 o 7278, i R IER T

8 - m30 m29 =29 =41 =30 ) m30 m30 m=30 m32 =15
1;EH f n.s. : 2iEH
= 61 [
g ‘{
1= -[
g 4
1L
® 5.0
E 2 4 4.0 T
# 2 3.0 27 T 3.8
0 | 1.5 1.6 1.0 | ’%‘ | 1.0 | |
HEX XX HEX *HEX
= ES ES 3 & = ES ES = &
n A A b w a0 A A v w
b L L F A b L L F 78
2 L 2 L
% {I:I ) * N {I:I ) A
Y Y
AT AT

2. 3Bk 2 (23T DEREOFEIER D~ 7 F T DO—TE I 7= 0 DR
P OBFIT R E RS, N—I TR, n.s (TR EEEN2N D L AT
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F 2. ANAAL I OWEET 2 BREAED IR R
RO N I THRHE SN -T2 &%, =" 1ITFT— NN & a2 d. BEINED "ickd~A Uy

BROWZ 7 FA UL OURET R /EAEEZIRCT 5. AR 100g &7 0 RIS, B0 E L

(F3) NoRELIETHS.

ZHE (mg/100g)

72 BE R AL S 2477 e FA77
5 A fie 7 i 5 A 7 fidi 5 A A fi
(SHEIE) (EEA) (EEA)
TUoY 27.6 20.2 45.8 6.9 24.8 20.5 42.7
29 399.0 338.4 540. 2 106. 6 216.7 180.2 235.2
FLE=ZY 115.1 72.1 167.5 1.9 71.4 1.1 178.7
TILE S U 57.3 34.4 138.4 6.5 60. 8 21.2 124.7
aq Ty 50. 5 28.0 134.7 3.4 68. 5 16.6 116.0
oy 45.5 24.8 116.7 9.1 73.4 58.8 139.8
TI=v 60. 5 43.1 102.6 17.5 7.9 91.8 145.4
Jayy 73.4 58. 2 95.0 11.4 34.7 33.6 70.2
Y 36.0 19.8 90. 8 2.6 43.0 8.0 75.0
VAT E T 38. 1 20.7 90. 2 ND 33.8 6.6 80. 1
Fovy 21.2 12.2 85. 1 2.4 36.6 6.3 62. 4
1vafsy 30. 1 14.5 80.7 2.7 34.7 10.0 57.5
AU 29.2 15.2 75.8 3.7 46.3 15.2 75.4
U 28.8 17.2 65. 7 6.6 43.1 19.1 71.0
AFA=v 32.5 19.4 63.7 2.2 27.6 9.2 51.7
AlLA=y 26. 1 14.2 61.5 4.0 36. 2 28.1 63.1
EXFOY 25. 6 13.8 45.7 607.7 41.1 404.1 88.5
AL=Fv 12.3 6.7 24.8 1.8 6.4 2.2 1.2
YRF U 10.2 8.8 12.1 ND 2.1 ND 5.3
ErEXsySY 2.5 0.6 6.5 - - - -
B-7T7=> 2.2 1.6 3.8 ND 2.0 ND 8.0
s vy 0.6 0.3 1.4 ND 32.0 8.0 57.4
-AFLERF DY 0.7 0.4 1.1 ND ND ND ND
BAFILERFO Y 0.7 0.4 1.1 1.4 3.2 1.3 1.3
B-73/4VEKHE 0.5 0.4 0.8 ND ND ND ND
RRKRIH/ —LT IV 0.0 0.0 0.1 = = - -
Y-7 =/ B 0.1 0.2 0.1 ND 2.6 0.6 1.5
a-7I/TFUEVE ND ND ND S - - -
a-7 3/ Bk ND ND ND ND 2.1 ND 1.1
V% B ND ND ND ND 23.0 7.1 14.1
Hravy ND ND ND ND ND 1.4 1.2
SREFAZY ND ND ND ND 5.4 2.1 2.5
LYY ND ND ND ND 1.7 ND ND
EroxsJoyy ND ND ND ND ND ND ND
RRAEEY > ND ND ND 1.5 8.2 1.8 21.2
& &t 1,126 786 2,052 800 1,053 965 1,804
RR100gH =Y HE1fE
gUvY 29 10 24
273/ BAEH 1,229 838 1,095

EW 1 E#BTIE~A U DI H N7 = CPIE DMK
Mol TOZ R, RERFFRNEL UL, Hie
TINTIEEETRL L Lo RV AV A A T
O~ T DIEHI MR EEEHRLTEY, i
EEOFME —ET 5. ZHITANL AL TDITEH N
T OB 2T 50T X /a2 Gk
EHEERESIND . FEEE, ANVAA T E~A TV DDilE
BET X BROSNTRE R AT 5 & (F2), AR

A T DIFE D BEINZEAEDZ. FfR 100g &
=007 I JBREHEIT, AN AL (1, 229mg/100g)
> H 7 F AU (1,095mg/100 g) >~ A 73 (838
mg/100g) DNAIZZ <, EHEFE LTI AL A A I D3 E
T, IRNTHATFATLTHY, ~A TNETN
HEDHED LT HREREDOMOIAEE —BT 5.

IRIERFRE VOGS TR T 7 = CPUE DZER
HUZ2 U I TILZ 2RV, 8BRS B kT
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3% 3. MFERI DK EAL O EE L
AV A A T OWNIRERIEE ¥ OMEM A
DEFE L2l LI OB H i HEI kK
B SN EMORNET — X DR L
7o, KT HEIE, AV AL T (F21) 1% 2021
3 H22H, ~14 7 (1=30) 1% 2018 4F 3
H 28 H, #Z 7 FA T (1230) 1% 2010 4F 4

HBSEHTH-T-.

B4 1) M BEREH (B)
RILAAA 0. 462 0.226 ® 0.312
T4 0. 849 0.151 -

hBEOFATS 0. 845 0.155 -

S BORHRENAFEIC L > TRARY, SHICHA
IROFEBURREDIENRE D> T DRRE ST O /KR D%
W L 0T X RO LESE R E D> TL
HHE LV, £i2, KAV A A B L@k,
AV AA FTTIET F = CPUE IZ# T oo 7=. Lz
NoT, BRI TWDH A XL HREWVAIL
AAATHEHRINTHEEEE LTHEHTH S Z &
Itz LvL, BN ORE SITEbETH
Wrd=2 FRIEDN D720, $i < ORI 2 A Te
AUV IHEE O RE N D S I E VR D, F
7o, W AV A A 1 OMSITEEIC LY ZEhNTI 3 5
75, 1§ 15kg AV CTIHEFLAA 3,000 MAEI#E (=
77 LNHh - 200 f/kg) Th-o7-. SRIOFHAH &
L CHEA L2 R 2L A A B0, 156 Tkg AV TIHE
FiAZx 8,316 [ (1 2" LB« 1, 188 [/kg) T
HY, X0 s T AEMITEE ANVAAL D 6 (GFEE
ThHolz. LIEEN-T, KEMANVAAL T2 A M
NHh, BT ITHEEHZITE S 2V ez 5.
ARER 2 TIE, HARIMHITHEREIE LTeA T
DT X BBIIMOAINEZ EE LTz, SR
U727 2 BRISINERENT, 7 2 /B AREEICE
SLTEbDET IV BEREAATEIVFE L.
BEPEHZDOWT AL A A HTHOT F = CPUE & Hofi
Lick 24, BEORIERR-AE W 2 8B T, %
L B 2V AL B LY BTz, EEORERF
MARWILEE T, F5L2MEDHRANLAL T &
ORNZT = CPUE DEL /2ol ZDZ LI, =
BN EL U, £5L 2ME0FREIT AL
AA T EFRBETHD ZEEREBLTWD. T
SR LTCOT Y Ok 100g -0 OEH
& (#2) 1%, AVAALH (29mg/100g) LV ~A T
> (10mg/100g) DIEH W72, ~A U OIREHE
TV Eka—T T HIET, w7 AD
WL & 9 DRI A B 2 TR E T/ U o o NcEK

HFIZRRICIE T LT R B 2 b nvd. K
PED 7Y 2 U DGR T H L Te DIXEAEA 2 s
MU THA . £, 5T 7V DRI,
BB O BRI L 1% TIERhREAMEW Z & 3 5 2

Lot —F, JUFTIHRERFMNELS 2o T
7= CPUE (3% 1.5 BIZREE Y, fEEIE LT
DA RMEFE > T2, ZHTERERZ I FIThz
72 & T, BREFHOEWLHEBOEN IR THE
RITHREET, WINL7=7 2 VBT TR, <A
TANTEENDT X /BB E O THRKPITEH LIS
Mo T-ATREMEN B 5. N2 D RERI DO EZ KL,
WEICAET AI T 352 LT, filELTO
HHMN B E D ATREMED R S LT,

AR CHIIMERHERR SINT= 7 ) v > ORI E
(5L 2% TliE, ~A T 15kg iz LTZ Y &
> % 0.3kg (2%), EAEH|Z 0.06kg (0.4%) ZERIMN
L7z, ZOWMFEOER (EEBLAKR) 12OV T
AFHECOBAFZZIHESEHET L, ~( T
16kg 231,155 14, Z U o238 173 1, BAEHID 450
MCARF LTI8MERD. F1=, THO DU
WL~ A TV NNCESLTURESDZETTHY, Mk
THURHIATR, EERMRBRY Dby (K
BRCIZ5 LN TR T L), LER-T, 7Yy
PRI UT=~A U 15kg H7=0 OE/H (1,778 M)
1%, ZIAAL I DFN (15kg H7=10 3,000 MRETH)
L 0@, WIMEELBETH D=0, KHEOE
AR E N E N LD,

ARFFEDOFERIND, THETHARITNITIEREY
Bhe L CHREDRENDHE SN E SND~A
UvTh, TI/BO—TETHL 7Y v AR
&L BIARERRICEST Z & TR E LTOR M
ZEb b, BUEEREIE L THEDRLTWD AL A A
TNE BIRWAREMER RIS iz, 7272 L, AGRBR
DOUSINIFIE TITIRERFE AR 1 B IR RE
SN2, BEFIOWIMEIZOW I B O
DS TNWD. FT2, ZOHETYA U LSDO%
i CREN I S 25 AR (] 20, /N o,
=X L) IZHIGHTE L FERERIEIH DT, £
O T TAT LT WHEFE TR L TA DL & &
A%

iz
WEERILE JF L ok fAHT RO A

IR ICES LR STV, BARIEOKPER;
itz o 2 —OWNHEIETR, SFAEetEaIZITERE
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A fact-finding result of some approaches for the recovery from withered seashore in Shimane prefecture.
—The case in Okinoshima town Kurata—

Toshiki TERADO, Masashi HORIUCHI and Tetsuya MUKAI

F—U— NORRBET AR, BRBED, RRIRENE, B, R X U T, BN, PURMGE, ThRHRCE

FL®IZ =100
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TUCH, YT, v~ aEORRERITRE % 50 .
WEFEOBEREZAFTHD. V2 LnL, FHEE— %
HOBREIR OB R BAMEMICH D, BIZIE, N ]HHH HHHH””””
WAIZIIT 57 U B OMERIE 2000 4212 38 t, R 0 ”ﬂﬂ””

592006 0D 69 t> Y A — 71T 2020 HElTIT 17 tP
DLy, 204EMT2 tIEA L (M)
BEARETR N L T B EHO 1 DL U CHBET
DRI N TS, 9 BEET & 13, B0 RES:
D EERT. Y BT ORI, v =HEAE
WXL DRE, FRREOWDICE B2 ) X (ShinE 721X
WAEF) OMIERENZB E LTHETOND. 7 2FH
DU 1L, FUHTIZ BT DBERE T OJRIK A2 HEE L,
REAE OB AE O RRIGEE) 21T > TV
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BRICBWTHEEGOFRIMR I TRy, W
TSR IRERE T R ICER D LA TV D, 21D L L,
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BEBET RO IEREAHWE T D720, IEEF OIREN %
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EHETH D, HELEOITT U O & H A HE
BEHRICED #A TV D, [FIRHC, B OMe0H)
IR L, ZTOMRE (HEOEERS, KEEMW D
PEDREG) 6 T 1 19 SWTHEIE L TV A,

FIHIX ORI (3 2) 132006 FEHETT 7 A
ORI XU THENEL L Tz, L, 2007
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Examination on the preparation of color preserved specimens of fish and shellfish by glycerin

penetration method
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Spawning state of ayu, Plecoglossus altivelis altivelis, in the Gounokawa River in 2020

Yusuke TANIGUCHI, Hiroyoshi TERAKADO, Toshiki TERADO and Go YASUHARA
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Present status of ayu Plecoglossus altivelis altivelis in the Oda and Tagi rivers

Hiroyoshi TERAKADO and Katsuya FUKUI
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