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MREL DR GINREL R DMEM N & o 7=, M TILHE 43.9mm & 47.1 mm
O 2 FEARNBIMEILL T O L2380 bl oo, TR B OFEARIZA T
VIO ABO bl HETE TR TOERIZEWTHE FOEENAED L
i, UEXY, 27 &b, MEIFaEmE 45 mm LU E TR, MEiZak& 50 mm
IETREIMNMRETH L LHEESND, LL, Gl T/ O b DIE ERVME
B8 & 5720, T DOESIIMAMN O LES7Z0 OESNETDLT N THDL EEX
b,
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B2 YYIFBEYPERERAIILIZ—ORHE

PO AETERICEB T, EINCHE W TEROMARICEEL RIFTE
RNThLrBRENENLEEHMAOBEIZOVWTHRTLIZENEETHLD, £
DTz DITIXRBESN A OB & A RBAZ D W THEFEH DO E BENICHAE 21T
IMEND DL, FHENAEOREIZIZIT T 7 by NREICLDHIE, A
TR DEKRIEREND DD, FEINYNA KA ER S DR EMR A 3 HREE
(B[ H 1965) LHEWHHF T TIX, ZHbDHIEICKDFENEDERIIITE
OB EbEETDHEEZILNLD,

T T, NAMICIER LSRRI, HBEIT 2 RENEELHESEDL 2L
kv RiESEDOERELERADLZE L L, TROE L E =— VEIBIN Ny 7
EMELE LI P ooBESOEREHOANT a7 2 — (L TFabL 7 — g
T) EBRLT,

L7 H =% AT RARWEIR I B\ CTHREEZ 1T o 72 fE 58, i@ CEHM 7
BN EDE=FY VTR ARTHDLZ ENRHLMN LR ST,

MHELVAE

REAR

AL X —OREHFIIERFEETHOZ HHX, FajiXo 2 #fimge Lk
(Fig. 14) , WX & b EITEE A L BB NEAEL, YV 2o Lo TnD,
BHBEO®RESDEIZOWTIE, &M TH 5= Y 7 U E Haliotis discus
hannai IZ8WT, A¥ 7 Hik (xR 1989), AU I —Ax A MK OK
PEJT RAL XK PERF JEFT 1994), 7 27 U vk (JEH 5 2006) 72 &2 Hwnwiza b
72— X DBENEORENRAL LN TVWEN, W FTHOa L s ¥—%H
WERAEFEMTEN VYV ZOMBEIET UV EHICHKHKR L THEIRTVEE X
bNDZEMD, a7 4 —OMNEERTICFERICEDMEROHR DR %
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i<l DEERMLETHDLEEZ N, £I2T, a7 ¥ —0OMEHTIE,
B E 2 AT 2HIROEAE =— VBN Y 7 (A A58 R R R P
) 2RV, WISy 7 LEOY A X%, HE 24 mm, £ 21 mm, & & 2.5 mm,
JEX 180 um T, KHEEITIN 02m2TH D, BINAy 71 TH 60T HK 2 M
B2 EARMEIC CMmE e E 25 2%, O 92cem, R 80cm, —7
=745 mmORY =FLrflxy b (BHR==748) 2200 EcERDL
Wk o car s #—L L7 (Fig. 15),

AL/ Z—OFRER X ORI OEHIE, 2 KA 1994 4 7 A 12 H b [FH
F1LH1BETICA4FE, AAHXA 19446 H O HLRF 1L A 1HET
DEETH-T, REHMIT2 BATHZRZAERZE LR, BIRQEDZEIZL
DLW IR A 13~41 B, F AKX A 23~35 HOME L /o7, i\ FIEITE
B (Fig. 16-A X A 7)) L L, KiE4m DIENS 2 L7 X —O T34 30 cm
Ficstb BB X9, av s X —0oWNEIC/INEORET (%1 4009) & AR
THOhEHHEL,

AL Z—OFRE, BUIUIAF 2 —FEKRKIZEVITo, B L= r X
—IIHEHOBEICHEE L T BB, T v BICARTRLIF-o, 20
H?D S HIZ 100 | ARKFEICANTZAKEKTTLIHTOLIRS THEH 2 FIBE L,
100 um O v b THEE L72%, REEZN 5% F L~ Y VIR CHEE L, B

T HEH ORI R BB T T1T o

ALY —~OMBEERNBICLSAMVEOEE

AL A —~TOHERREOWMERZELEIELLD (LHK) &, EL
Hobo (BARKX) & OBk E £ Lz, WERIZHIN S Y 7 &k LK
R DY A3 g K OB TH 2 W E L&, sid o7k & Rfkica v #
—ZERR L, BAELEHMMERHIIBERIEELELELOTHY, Y PR
HRITELS BAICAMNSBE Th o7, AR XIIHSEOBIN Ny 7 22D F
FHEHH L,
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REGFTIZANE O 2 X O TN EA KIS, 10m O T, REGiEITET
X (Fig. 16-B X A7) L L7z, AKBESmoOMAITTRE (BE 4 m) 12, KE
10moHsIE EE GRE 1m) BLXOTE (REIm) a7 ¥ —% 1%7
ORE LT, 2L 7 X —0E, FINIEMH ENrBITo7, BT 2 X & $
199548 H2HH8H 1ITHRBEIUWIHAH26H/,H 10 A 11 H?D 2 [FFEfE L
7o, AR & RO HIETUE LIk, DY fHZR L,

JLELIX & WA X OMH DM EBOABEEZOREICIT, t REZHW, A&
KU 5% & L7, fEHFICIX Microsoft L% Excel & v 7=,

HREEE

REHER

Z X O o HERER R 4 Table 112, A AaHiX o4 ¥ = #: H B EGE
R % Table 2 (2”7,

ZHEMXIZTETORITHENRES N, 7L, dREBICRESNT-HA
R EIBICHE X THEPRENWED, BENERKRO LD TIE R, BEH
BERERICEVEZ LTFONTHEME L LD THD LHBi sz, RE 1
HE Y OREBTHLELIEIANRBEL, TORBKRLAITIET LTV o7z, fF
AR & B DTS 2 L RES O EBIL 8~10 A TE DOV —
JIX8HThoTmHEEINT,

RATHIX L 3, 4 BB CHEAZREI N, 2k, SHAIFKRIZEY 2L
7B —=NK LTz, 10 HUBEOT — X IXRELTWDHR, 1, 2EH THAER
BNzl HE LAY ORERS L OHHE OBREMK R ENLHET 5 &,
BN EDMNEIL8~9 ATELHMKX EFERKIZCS ANEY —2 Thol LHES
i,

ALV E—~OMBEBENEICLIALEORNML
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2ol X, A X O B e H O BREE S A Table 3 12T, HEH OBREH
X, R 1 BEIRO R AHX 10 m B, ZH#X 10 m TlE, B2 BKko%
HHIX 5m T CEAHX O FRLEX LD Z Roled, ZOEITENTH
STc, RITERIEDR D 2ol b0, MBS L TILATAHE o f #(Z
HHEEEZZIRBDOONBP TN, ZEAEOLE, WX TEABX I H4E
<, Ao 3F1 &< & ZOREHITAIX N ELB X DY 3.4 5%
W&o 7z, ZOBEBIZLLT O X 9128 2 b iz, 75 VBN 58 2 3% i %)
ADOFEICKETHEBICONTIL, =Y 7 U ETIREESE O KN 5 EE
Lo THREINDZENMBN TS (KHE B 1991; A - 4 1992),
PHFZIZONTH, FEAEEDORERIZEE W CEBRICERM T 21T > 72 2134
AOFMEERNM ET L2 ERRBMICAON TS (MEFS 1991), Lo
T, MEMPEX BRIV X —OREEICHEREREOEIR, LS
KA NGEELEN ST DMEDEN Do EHER ST, £7, =&
AMER DI LTha L7 Z— EORIERMENEL, R E D70 5%
BivE L7 mREME & B 2 bz,

BREHDOZ D> T-RABR IBKOLHX O 10m Egoa vy ¥ —THohiz
HEEHIZHOWT, TORBEMLE Fig. 17 1279, mMix & & QL H X 7 8 L F X
(e~ TR R D BB 23 % h o T, A XK AL R X & M AL B X oD B AR H 1S
ENECIR oD, HBEBRYICAHE LZHOEENBE CENP2TDTH
HEeYrEnsn, ZORKE L TIEIRENPOHIBERMAARE L Z &I1C
FOEOAHEOa Ly Z—REOEHRENSLIEX KL TEYRBUGFTH-
AL ZE X BN D,

ARATEIEAR O D O CTHILHEOFEOLEBIZE W THEEIIHRFBE CE R
Molzb DD, a7 X —OREHE VB NG EIZIETOEREAR E O/ E

CEDODRBEET ST FRHEAOMNEROREICH RN TH D AR & W
EHER I N,

RRWIAZ BT 2V P ORESEFREFILD 20D, 8 CTZ O HBLEE
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TR <, BRRTH 21.0 f#/m3 (1L HE - B4 1995), 6.8 ff/m® (Fuili 1994) T
L, TOROPEES, M THIRBIZITLDENKRE L, BilFESNAO HBLH
Mz EREMICRTICES TRV, TNEHALNCT 22O ITHAEE N, 4
a2 TELROEMTL2MLERND LD, BLEMIZIIREL SV, FilES4E % E
BEERILT D HIBCEBARD D, ZOR, a7 % —|2 X 58REETILERIE
MEDEEZRTRREZ AGICEVHT LTI, a7 2 —ICHET LY
R T DI EBREERY, ZORKE, 2L 7 ¥ —I12fH3E L7cH B3
MEDHBEDOMHARIEIE L RDEBIAOND, TDD, aL 7 X —DK
ERFHCHEL T EZ 2SI/ 5 2 LI L0, BilESAE O AW 040 5% O He
EENBNTO ZENTEDLEBZOND, LELZEDEE, 2L 7 2 —0kK
BT FENEDOERRGERB LI OZO®%OAGFESRIEEZMZ L, o, WRICLD
RaE), MKOREIMZEILHEORE L SHELRSOZ ENERIND,

KRB CIER LIz L7 2 —1%, HREICHEWN A Ay 728 L2 TIhnb
DRBERMEEMIZ L TWDEBZZ6ND5, Thbb, BII Y 71 3&E I E
ILTWD O THEEWMBEOEENRBI L 2D T2, FilESN £ DM ESH A
DEEELOAG E N o TR LEVH LT WEEBZ LN D, £ LT, BEEDIT
LD SDICHEMERNM ET 20 THEDOMEBENRBIND EHEIND, 2O
il b ZDa L s Z—%, U TR EERL, Wik &2 LIk
ODHLO LKL THRIENENUEOERELZAL TWVDHLEEZEXLND,

-RETHDL (27 Z—1% v HEE 300(9)

cFHEBENPRKE Y (27X =140 XEHEK 4 m?)

AR DD (B+HORERLEEEZE D)

- MOBFE MRV (L7 ZF—1f8% 0 133 1)

- VEHLJT VA DS 1

INODEMNEMATZHRIN Sy 7 2Bt Lica vy 2 —I2 X biESE
OFEIEIT, =0 X 5T IEY A O 53 A % BE DK <, T30 W1 23 B FE A
IZE o TIFHEFITHEDRFETHY, RO NTTAEEE D b7 ilEsh 4 o i EL,

19



S HEE O FEEICET 2 ERNEEICE S I, AR ORI &K D
EEZOND, £, YT TR, IO T VR EDOMOEEEAY
RFHENEBEENMIUNEOREICHL FDICICHENRARERTHDLI EEZOND,
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E3H BFRHYLEOHBHA LI MM

YHFOMAEEZBAT L5720 0RED B E LT, EINNLEREICED
WA THEL R ENEOELITET 572D OFHEZIT - 7o, AIH TH %
Llcab 4 —=—B8X077 7 brxry bl TRESEZREL, Kl -
WAR DB SR & Db AKTEORME FRHICE T 28 RRMALED &
EBIT, MBS T 2 KON AEDSAFEZA LI LT,

MBEERUVAE

HEROME

T by BRI a Ly X —IC X HMAE, BRSO E T
%X TEME L7 (Fig. 18), ZH#iXKin FiTisa L ABNEAT L5
WThY, YPGB LR TS, ZHHXOE R & B IO &
OHg IR S AN TH 2 —~RORET A > (AIH: 7142 A, %A
T4 B) BRI, T4 AMEDEREITRFMA S KE 20 m £ THEAH 2
ot &, DLRRI3 AR 2 IS IR I E T 5, B84 #1238 1T 2 AT /NS Tid e A
£ ¥ ¥ % Jania adhaerens, t U t 3 Collarina pilulifera, 7 % =/ &
Marginisporum aberrans 72 & @ % > I B #F # 5~ 7 ¥ 2~ X Dictyopteris
prolifera 2 o7 I V7R omwmEmMIELE L, KREMWEETIZA YT
Sargassum hemiphyllum, = L & ~ S. siliquastrum, ¥ 7% & 2 S. ringgoldianum,
J aX U E 7 S. macrocarpum 72 E DR VAU T RHBEENMELS LTS, T
Ay BANEOEEIZEEL L TEEHFTH Y, AT/ EREE CIEr 228
WERESME LS L, KAEEE CIIA 24U IR MBS 1 £ Ecklonia kurome
BEELTWD, £, A4 BIESAMBICET 270714 A XD RRME
BHICEF T 5,

T FFRy BRI A ICB T A KRELIOm R ERER S L,
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a7 2 —f{ETSE T A DOKES, 10, 20, 3I0mftiixERE LT, 74~

ADKESmMATETRE LY Yoz Fv TRl & 2 e L7z,

TSV PRy KD HBEDRE

T bRy MIEXDBEIT 199546 H 1 H~11H 7 HOR, Ko
HEBRWTHBAERLEZ, 7727 by MEEBERX TS 27 b x v b
(D& 46cm, #— =227 100um) ZHEH L7, ZHMXIZTEBIT 2 ERKOH
#& (W HE 1996a) b F o RESHEITEICERBENOHFEBTREINL TV S,
IOk, BT LIREIX1I~2 mgLs L, EREESISK 30 m o FHEEO K
T EEITo 7, RMEGMIZRC LAKEF @I, LHEERITAEA T 1mE,
WM 13K Lkt THEE L, BEDWITHN S%OF MRV~ o TEER, H
LICERBEMBE TR LT, Y= EOREILH R - CTHRZOERN 270~
290 um OHFPHTH L Z &, HATHA 7 v R < 2 & B X OJR % m o FE
FEOBERR D D 2 L (h 1983) 72 & TIT o7z,

FEMBE R ORET — 2 & LT, KIREERIZCOWTHE L, KiRIZT 7
Y7 by PORMEERIKIZAEROREAKRZHE L, ZOYEEE H v
7o WIRT — ZITIILHI G KRB OB IIRF O G RHTIKIL L, FBH KK &
2mlEZKR LA EABR L THWE, PO Uy —hAEDOHEBLEL 1~3
HETOEIICHKRT 2 EEZ2 6N TWD (FII 1965) Z &b, =0
WA D HEBLE KR, HIREDREFREZBRE LI,

FRBAE OFRAEIZIL Gl 2 vy, B FEIRE Lok & FEkE Lz, 1995
F£E5A~10HHETOM, BH 1~2BIOBE TEAZ X F 2 — N FKICE D B
1, w60 mm Ll O ERIC S THEMES 10 8Kz BE/E 4 IcHhiE LT Gl
ZRDT,
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ALY E—IC&B YT INORENEOHBRPE LI UVULAEHORAE

AL =LK HRER, V= oRESEOHB I B L ORIES A O 5
WOHTE 2 HIgE L TERM L,

HBRHADOHAE =L ¥ —132MK (Fig. 16-B ¥ A7) L Lz, #HEE MR
Fa b7 2 —DRRREICLDMEAZ T2, RO LB T A
YA D2 KIBICER T, FESOKFEIZIOM E 5 m T, AKE 10 mHETiE
B (EE1m) ETFB (EEImM) O©2 71, KESmHETIZITRE (&
A m) ORICaL Iy F—%#H218d ORE LI, oA HHRIEX 1995 4£ 6 H
12A~11H 6 ADMT, ZoMK2EMILIca Ly ¥ —0ORE L BN A #
DR L7, 728, KELIOmHAIZ8 A 29 HEE L2 L7 ¥ —IZ O\ Tt
KUITEOEITE 2o T,

PWEBORAE L7 X —FHEBHORAE L FEICLEAX (Fig. 16-B # o
7)) kL, KEMCHEELZ (Fig.19), 714 A, B®DOKES5, 10, 20, 30m
DK A ERE Lz, AKESMHMAITEE (FE1m) & TE BE 4m)
AL —FENEN LaxiE Lo, KE 10, 20, 30 mH# Ak BE (RE 1
~2m), HJE (OKHE 10 m H ST EEEE 5 m, K 20 m #XERE 10 m, KEE
30mMMAIIIEE I0mB L 20m), BELOTFE (BENS EHIC1~2m)
AL A —HENEN LaRiE L7, #AYMIT 19954 6 /] 12 H~10 H 30
BOM<T, ZOMKSEMILICaL 7 ¥ —0%EEBINE 4B IRL T,
7B, TAYBOKESMBEIRIOMDOESRIZOVTIEERBHELL, a2
IR =R DOMENNECH O THRPTCHELPILE L, £, 714~
A DTERD—EFRIZHOW T, FRSCMIMO MR EICE Y a2 V7 2 — DR
MREFLIZIRELSBHLEZZOXRME 272,

a7 X —OFEEE, A ERABICRY T Loy MORBEEREEE L CHE
fbe=— VBB Sy 7 & 20 FEDTZbOTH L, HEMOPFEED 2L 7 &
—ZIE, RS E D EEZ AR T T2 O IC R E T D ELATIC B R KA TR 2 8 [H
OB EOMMBEA M5 ST HMAEETo7, LML, SAROFHE
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DALy =TI EETEOFEEMEM L,

a7 2 —OREB X OEIEZREIT, HAMICTITA T 2 —"EKIZTELDITo
hy, WIRREBIZ L VB AR TERVWGAIdMm B zs & L TiTo 72, |
WLlLleab s 2 =38R CTTEICHREZHBEL, 100 pm O3 v bk THEE L
Tett, BREEHN SN ALY VR CHEE Lz, Y HE OB, 3HEITE

RS T T1T - 72,
#HR

1SA=NDRI %]

WELTEV V=0 Gl OFEHMEOHER % Fig. 20 1IZ/x3, GIIZMETIZ 7 A 4
B2 87, MECIX7A19BIC8l Y~V &Rz, D%, 8 A 4 BICHME L
b L, Mk 62, HEIX 67 &xo7z, LI 9 A F THEIE 70 BL L, #EIE 60 LA
FOBVIEEMERF Lo, 10 A 11 BIC I MERE & & 2 L, % Ol 13 M4 < 1% 35,
HETIX AL L 7x o T2, Gl OFHEITHEICHESERSLCLEH WVEEZ R LD, 0
WD B & B IFIERBEOBE M AR L, 7T H%BY~8 HETY & 9 A% ¥~10
A R0 2 A LTz,

T30 bRy MK BY VT IOFHNEORES I UYPENRESH

TAVA BOERIZBWT, 7707 hovxy ML WVgRESh Y
DRY Ty —hAR, KEKRBROHEBEIL L0 2m Bl EOF R & O HEBRHLIC
SV T Fig. 21 12",

VPP ORENEZTTA A BEHE8ALIHIEIRESINTE, 714
AT, wilESAEIT8 AL 9 HICESRES T, 1 RMY 720 REKIT
OHMNB8HXIWZWHEHEmAH Y, 9 H 25 AT ITIHA R+ o ik KME 22 1 % &
L7z, 74 B TlE, BilEhAIL 8 ARiEIcZ<wESH, 1MLV &
LT 1I~9 M ThH-o72, 9 HIZ 8 A XY bREINTZEEITHA L=, F

24



A ATRREZLE LT 25 HORELIL, RS2 7THEEEmMEEZRL
oo YT ORENEDORYORELER (6 H 30 A) OFimAKIRIE 21.7 °C,
“oORER (10 A 26 H) OFHAKIRIZ21.1°CTH T, T2, T = OFilE
WMEPRESNTZHD S D, REKILOKEMEIZ8H 25 HD 29.5°CTH » 7=,

FKmAKRIZ 7 A THE 9 A TACHEAIB TREREESZRLZ, AIEEZ 7
H23H~28 D5 HMT42°CEH L7z, %&FIXT9H 15 H~21 Ao 6 AT
47°CTHE L%, 9 H 21 H~25 HD 4 AT 3.2°CEH L7z,

KR, WIROBREZE Y ORENEOHBE ORKREZHBRFT L L 25,
9 HDOKIBOEEIIZH S 2R3 Ic A bz, 9 4 15 H~24 DR 72K
HAE®ZED 25 BT 4 A THRENEORRIELZTLKL, 74 B TH%
< DIRFENENRE ST, —F, Kb B ERENADHBL & OFERIZONT
X, OA LI BOARRESm 24micxfL, BAO 12 HICET A AT1HMY
20 T, 742 B T1HRMEYZY 5MEHBRHEZ OBRFEHEDRE S
2o LinL, AREEORKMELZEE L 9 A 17 BICX, ST 23l -E
OHBULA B2 h o Tz,

T bRy MR DBENEORERI D, L EHHX O 1995 40D
P ZOEINHIL 6 A FTAI~10 A TAI DM T, KR 21 °CLL Lo /KR A #ik
FOTREMICEIINLZS O LY S,

ALYV —ICL DR BDEOHBEHADORAE

AL 7 X —TCHRELETVHAEKOHRE % Fig. 22 1237, KIE 10m O #
JE (RE 1mAHir) ik, 6 A 12 H~7THA4HORBFEELZa L7 ¥ — TRl
280 pym O EEZLOY FZOREN L EERESI N, LrL, TOHKTA
4H~18 HB X7 HI8H~8H 2 HOMKE L2 L ¥ —CHHITHAE
SN ole, 8H2H~1THOMRELZa L7 ¥ —TET71HEKRES L,
COERICBITDOEREELTLEE LI, Z0%, WEKIL8H 17 H~29 HDH

RELZalL 72 —THAD LR, 9H 13A~25 AOMEELILa L 7 ¥ —
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THOMEML,10 A 11 H~24 HOMRE Lza Ly 2 —F T L TERES
iz, —J, KE1OmOTE (FEImfHir) TiX8H2H~17H, 9 A 13
H~25 HBEXO9H 25 H~10 A 11 HOM&E@E L2l 7 ¥4 —CHHF D
HNRREINTED, FOREHIT 1~4 BEE Do oT,

KES MmO TR (RE 4 mfHir) TiE, 7H18H~8H 2HORMEELT

R

AL A —THPOTCHFZOMABREI N8 H2A~17 HOMGEEL -
LA —TIE 2 ERESH, KIEL0m OEELEFAKICZOESICBT 5K
Kz Lz, 0%, REHII8 A ITA~29 BDOMFEBE L2 LT ¥ —
TR LN, 8 A 29 AUMEE L-aL 74 —CHOEML, 10 A 11 A~
24 HOMHE Liza Ly ¥ —F T L TREI N,

KIELOM OESD —MIZRMMAH DM, aL s —TRESNTZF Y
BEOEMMRLZOBRBME O, ZHMXOYFoZiENEDHBEHIX 7
HAHLER~10 H TAHDOMT, ZOE—27I1X8 HRiL 9 HKETH- 2,

ALV I —ICLDMEOREEREL T T 7 F Xy MCEDRENED
BEFBRBIOGHE, FEXSELTELLE, a7 ¥ —THARZIRE
SNz 8 ARER L9 A% L, Bl AN BN ZRESN TR CTH
b, ZoWMMIZGloEmLM o, BLEDOZ Enb, ZHHMEXOIF
DEIE—271X8 ARTYE 9 A% D 2B TH > 7=,

ALYV E—ICL2FHPEDIBDORE

TFAVA BIZEREBLIEaLVZ X —TCRELY T HE O E DA % Fig.
23127 Y, AV A, BV oEITERLI YV RENLHEMETSE
SEESNLIMERMRH T, FFlZ, THI8H~8H 22 HOMFRELIL= LY
F =TI, REARENECEYFHEORELNZ RO2BADBH - T,
T, KEWRIENRVIZHONT, T4V ADEBICHE L2 L7 X — T
SNV FPZOMAKEZR 74> LT+ 2 &, WM EAF) OFRN

ZWiEE (TH18H~8H 2 HoME&E L-aLv 7 Z—) &M (FFT) M
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ZWEE (8H 2 H~9H 25 HOMBERBELI-aL 7 ¥ —) B"HV, KiEEK
e L7~ fE A X8 D v o 7,

EE

FENEOHBELEENS LUV KE, KEEOBER
FLHEHORPRETIE, AHEBEOBEEKBEBSHOBEGRN S YV = 13RKBEKIE
21~23 °CTH b A L, 1990 £ X 912 B F D /K b F 28 883 70 4 0 pE R Y]
X 7~8 HOKIR EFHE 9~10 HOKIETREHICHOPN D Z L RHEREINT
Wb, SEIOTZ 7 hrxy MCEX2HETYH, HilESAENEEKIR 21 °C
IEoREICHBE LI s, EREBFEOY Y = opEIN T KL
21 °CLLETITh 2 b0 EEXDOND, £ LT, 1995 FDEF b KIE LEFHR
I Th oo Z L h, FEINE I 8 AR KR LA E 9 A% L0
KR TREMICO PN DEHEIND,
MAESHBEORB M ZFETI2REZERICEL, =V 77 (xR
1989, 1994, 2000, 2001; /K FEJT AL XK FERF 72 AT 1996; Miyake et al. 2011;
B 2012) 2T U®, B2 7 U E (HF S 1986; /e 5 2009; JH 5

2013) <° h = 7 > Haliotis diversicolor (Onisuka et al. 2007, 2008, 2010) T#Hf
ZEATOI, FHEDNAOHBITITE AT O KIRZBHCMIRAEMR L, FFIZ

W RF 72 EOWPIRIC K D RBRBREINITONL Z LR RESINL TV D,
AWFRIZEBNT, BENEORELP R KRMEEZ R L 9 A 25 HITIE, HEHI
DR KRB E ORIER B DT, iz, R TO Y =0 EIIITH
DBEIZBWT, EATOREKIEOE (2 HTH2°CO L) & DHENE
KIBEEBOREGREFMINATHD (MHDH 1964), Zh b0 &b, A M
DRI AL, Y = ORE 7 2 EEAICHEET 2 - 0REER
ThdLWzxd, ZOKR, FEHNEORELTT S IFERMBAOT D Gl R
IHFALUBRAMIZIETL TS Z NG, ZOWMBICEFTHREIINNS > 7=
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EEZOND, —J7, 7V K THE ST E R O 8RO RAR O EIN~OE
BRI RS IR IE TIERO SR o7 b DD, £ 2 EEIT K D KiE 72
BERHBONIZZ &G, EIR~OMBEHNRBEENboT e HEIND,

FEHED DT

EITREORLRZ2a L7 ¥ —THEORERZIKT 256, EBTEREICX
STHRENREZY KBICETF LEaL 7 ¥ —CIXRERBICE MEERR
EOBBRENES, AR ERICBRET IEENEZOND, LL,
HBLHORMAE Ta Ly Z —I|ZHANTERR EOMMBEEN +oI2 8 E L, Bk
BEABIGFICLEEBRAZEA L0 CHLHEORERIITE LIV EEBNE
LLZWHIRER - TWD R0, WPz Oy —HORIESENERE X
DHENORBETEZSBRESN TS Z D (IUHE 1996a), 2L 7 ¥ —I(C
LOMHORERDOZHFIMNEROMADERROZR LY X O Ol
HWEDHBEICAKRT 20 THLILENZD, LEEN->T, ¥ FZORY Dy —
WoOFREDEZX, PENPORBETEICR> Tomd 2 MR H5LEEZ2605,
WEPEE B ORWESN EDONESMHICHONTIE, =V 7 U EIZONTOHEN
HDH, 24 BHOEFHREICLV Y TV LORENEDOARELSHZHEL -
i e, FWEHAEITEIC 6 mURIZZHBELL, HHMDA 3 mKICHBELI L
(B - BHE 1979), £/, =V 7 U EOFREESHAEITMNHM TIZAKE 15 m~%
AT, R TIERZ DMK < & 72 5K 3~6 m J& {12534 3 5 )
NHY, =7V ELICEEINT Tegula )& (27 8 4 1 Chlorostoma lischkei,
a2 K J1 7 777 Omphalius rusticus) DOFWELSNENT Y 7T U B DFEDE L
T2, WEBTIEAKRE 10 m~FKEMTIZ, B TIEERRE 1 m RIS
Fid DA NGRS LTV 5 (Sasaki and Shepherd 1995), 26D Z &b
YW OGN LD 5 ORRAL, OS5, FUOSMAE b2y T U EX
Dix Tegula DA ETEIL TWAD Z ERRBIFL, T4 DA DEWVIE

HMEBMEICL 2D THLATREMEN BN D,

28



AARMIZR T 2o 1RO HE A& BSGFTIC W T, @A (N
i 0 1982) 35 KL OVKIE 1~4m (1L H 1996a) 72 EDOE WK TORE N H 5,
R TH LN R L TOFF T OREL A ORBE T~ O 53A B LA O
REBR Z2ATENCER T2 02, KEOBENZ X 52ZBHHNR 0RO NIEAHT
B DD, Lk AR OHEH O & R < T ORI A O Sy i OE R S —F L7z
e, P OBFEIBE L FEYE O SR L OB RIE S D
REloiz,
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A BEBREEVDHBE

P ZOMAKHEZBEAT 27200 ED—BRELT, a7 ¥ —BLO0NE
KHBEIZLD2EREROHMAEOEGHRBRELZFEK L, KEOEFEKBEL IO
EIKEH%OBFEBEEZH S LT,

MHELVAE

HEROME

A OREIL, BR¥EEPREICAES S A A)H# X THEHE L7z (Fig.
24), FAJHLIXUR FEld AN ICE L, A E AR NVBAET 28 THY,
T DM &> T WD, A RO RN E T 28T 278 O 5 A
AT D AR Z AR S U, B2 5 Az mid T—RKOFHET 1 &2 &
F7e & T A AHEDEE T M 5 KEE 8~10m F TIL VL Z2MiR o &
R X, TNURBITIEAR o TWDH & 7 14 A28 2P IX
THELTHHE O TEROME (U TAHAIKEL T 2) BNy FIRICHE
W uEFRK L, %O ki 7 <% Phyllospadix japonica, 7 7 @ / U Colpomenia
sinuosa, ~7 ¥\ X7 EO/NYEEESS S 7 % E S, nigrifolium, 4 Y €7, Y
~XE 7 S.patens, YT XE7, JaXxIUxErs R ElOREFU TR LW
70 ADRMMBEDEENHLOND, TNEZKEFEZLOBERTHRDL L, K
O~AmMHE I AEYY X, VIR, Jh A=) ThEOHHAKEL X
A VEIZD, KES~TmmEr7a A, Y FEIZN, KE8mIUEIL/ =
XVEIRZENENELEFEE oTWD, HET A UFHEOBWMIL, ~NTF
7% 77 A4 Cantharidus callichrous, ¥ 7 # 31 Phasianella solida, £ X 3 7 <
7 77 A4 Ergalatax contractus, A X % 4 Mitrella bicincta, ¥ %4 Anachis
misera misera, 7 k=1 4 A Euplica scripta 72 EDO/NROEH S B2 A

Calliostoma unicum, > X W W A Z, A a > X 7275 Omphalius
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pfeifferi carpenter, 7 < 7 X % 4 Astraea haematraga, %=, L A > 4 A Thais
bronni 72 X ORI OA&H T L OV 7 > = Hemicentrotus pulcherrimus, & Z 4

% 7 = Heliocidaris crassispina 72 & DO 7 =JHOELEN A LN D,

MEDRE
Y EEMHEE ORET, FEINHIERTO 19954 6 A/ D 1996 /£ 1 A £ TXA
Fo— NEAKICED EM L7 (Table 4), #EME XY F=OENHTH D 7
~10 A% EREKIC, 1y AICLEREOE G Tirole, PV = HOREL T &
XA T A AR O RS A IR B 2 8 E L 7o, A Hi A KR U & i
ok, 1) &8 b, 3%E 10 mm Ko = H B RS RIR TR S5 HE D
MWL, 2) W= o B ORERS (NS5 1982; [ - A% 1987, 1988)
WhnZ &, 3) EERMNARENLRANFG THL LR EDHBIZE ST,
PR AT O KTERITKIE2mM EKIEAmD 2L Lz, KIED LER%Z 2m
EL7ZDE, TRUUETIIEROEBICLIVZE L ERENEETH Y, KE
DFRZA4m & L7zDE, TN EHETIERBROIC/NOF P nNd F 0 B4
NN LR EOHBIZEoTc, Zofth, 8 HE 1 AITITHREAKEDH M % 41
KLU, KEIm, 6mBIOSmIZBWTHEREL LN Lz, AHAKEEE
TRASEZDO L 2L AR, EH G2 TX R0 MIAELITRE L, 32
x32cm (0.1 m?) DOFFHZEHANTLAKERHFYZD 0.25~05m? BE L=,
HEHOBRIRIZZ2T =V 77 0 v 72 H0TgEHKE AW (Fig. 25), =
DEFERIIALR, BRER, BELXL 700k, BEYOFEE L R\ BT %R
FRICITOME Lo TV D, AMKIZOE 30 mm Ol =—LEFICZT —H
YO ANE EHFHIZATTEHELZEOTHY , RERITIR) =F Loy
(B £ 400 mm, & & 470 mm) M L7, REROBE G WL 7~10 H1Z
I£180um, 1 AZiIE500um b0 EFH L, REM Ty FRGETEL, ®
NI E o T R THRERDEE LR 20213 5 BT, RIED LI
1~2kg DS OFEA fF 1 THBE LI, B[ ¥ 7 ITITE KO D EZH Wi,
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REVIRERIIANT EEEREICRELRY, KK CHEERE%R, 10% 0
FPEFR L~ U TEEL, T0% DT ¥ J —VIRIRT CRIF LTI, 20%, %
Wi 3BRE (4, 2, 1mm) OHAGOEHZHWTHEE L THBE Lz, 2mm L
FOHADOEIZE RO T, BRICK > THHF=HfH 2RI L7,
2mmoOoHEAEZEBELELDIE, 2 CEAEBEMETCENLEZ, L mmoOEA
ZwiE LRI W T, 2Eb LTI &2 RELTL, FEEZO T
T D REITIRZE DO RN 260~290 um O#HFH TH L Z &, FHEOBE OEH N Z
v RIS 2 LB KRB R I OB A OB (Ak 1983) b D Z Ly
TiTolc, LEDOFIETEN L2 P/ EOZELFHM LI, S 512, UL
OB ERIZE®RE 2 L, AR EFERICERBELZFHIL, BB GO fE
EEE LT,

ALY A —ICL PR BEHNEDHRAE

FENAEO MBS L OB EZ E R L, FEHEEOHBL L OBRE
THHMT, EF2HTHRB L 74— CLoiEdzHEE LT, =27 ¥ —
OFEMBIL L& L, kL E PR (Fig.26) & Lz, REESITHE
TAATEDOKES mHMADORE 4 mICR T, a7 72 —ORME L RBILL
AF 2= NFAKRBELOMH ENBITo 72, FHEMMIT 1995 426 H 20 H~10 A
24 HT, ZOMKW2BEMILiIcalL 74—k EERIRE®REY KL, B
Lica b 72— 3PKkP CTEICHAZHBEL, 100 um x> F TlEm L 72
%, FRiEE 5% AL~ Y VIR CEE Lz, Yo EHO®Y, LI RE
WEE T TIT o 72, P = O FEIXATR & R Sk 5 1 oo fl 5 A O AR 72 &0
Bz X » CTir» 7=,

R

i

EH#E
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VYT 0 HOERB IO ROREKE D &L ORERE % Table 512, F
)5k % Table 6 (2737, KiE2m EKEAm OFREICHS VT, £HIL6 A 28
HOFE CTIHBRESN PSR, T~10 HOFE CIxERRESRE, 20
18 A 4 HIZIZ/AKEE 2m < 176 f@l/m?, 10 A 11 HIZIX/KEE 4 m T 177 fH/m? &
R mWEE CREISN T R B AR L FRKIC 7~10 H O & CaRIHE
ENEDN, TOEEZERBLVRSRLBEVVEERLEZ, T0%, 1A 22 HOH
HETITAEH, R bICTOREBE IR VEL o2, AHOVEHHEITT
AU L 722y, ZOEEITHESHTH - 1=,

AH, HBROBREBELZKE2 mEKELI m THRT L L, AH, L
HIZEDOREFEEILT, S ATIEHAKE2Z mMOFEFRKELImEY HEL, 9, 10
AIXWIZAKEA mMOEFRKE2 mED bEWHEA A H -7, £70, BEKE
DOFIFHAZILRK L7 8H 24 HOHETIX, AFHOMBIEEIL, KEIN KIS
FEE W A A B H, FRICAKE Lm TiX 312 fE/m? & F8 4 I o K6 % R
L7, 1A 22 HOMAETIE, 8H 24 B L IXWICAER, SEBRORELEEIX, K
R OVH R TITER S, KE6m, 8m TEWEHR Z 7~ L7,

KE2, 4m (1 H 22 AIIHEOREED DR ->T-DOTKEEM bEH D)
THRESNET T ORMEICOWT, 1m2 Y20 ICHE L= 0 HBR
BEEE Sy AL O HER & Fig. 27 2R T,

AHIZSOWTIE, THI19H, 8 24 HB X100 H 11 HOFREICE W T
WAL E 400~500 um DO RERRICE— KRB SH7=, 8 H 4 H DA Tl 800~
900 um OERICE—FBHY, TOREINLHTHIOHOE—FICHXKRT D
EHIBrs vz, 1H 22 BT, HEE T EE 900~3,300 pm o i P 12 M e A9 12
Hoitz, TOMOEHOREZEEIZIT AL 8 AT CamL, 8~10 A
12 120~ 136 ffl /m? D % £ & #ekr L 721, 1 A 121X 18 fl/m? £ TR Lz,
FEIZOWN T, FEBEICB W TARLFERICE— R LT, £ DMK
FARDE—RFEY 1~2BHR/NSWHIZThD2MEMICH -7, Z DM DI
DREBEITAROMEM L LR, 7 AnD 8 AT/ T 80~92 f#l/m?

33



FCHIMUL7Z%, 9 AIC 24 f8/m2 £ T L7z, 10 A I H O 83 fH/m? &
WL, 2ot 1 A2iX 6 f#E/m? £ TCRBEICED Lz,

BRAE SN TR O BB S ALK 7 Fig. 28 1283, B DR E S L5 K
B & DR 260 pm 2> 5 R EE 2,100 um £ CTOFPHIZ B - 7=, LRI TR EE R L
DRERBETIFEAEE N SN, —HICELDBE SN (Fig. 29), £ D

BB TR BIRD 24% TH - 7= (Fig. 28),

ALY E—ICKYREESh-Y Y IHE

a LI X —OREWE LoV o ARERE Fig. 30 I2R”T, v
MEHIZ 6 H20 A~7 A3 AFBELLaL 7 ¥ —TRHREINLI TN, 7
H3~18HICHBLEZaL 74 —05 9026 H~10H 11 H@@ELZ=aL
Z—F CHfEL THRESINT, ZOR, 7H 3~18HLBXLVI9 A 13~26 HIZ
RE LAl s X —TEEZL OV AP RE I N,

EE

&K iBfE

6 H28 HOBFEMHHOFHETHA N REENT, 2L 7 —HFHAETH 6 H
20 H~7TH3HBREDa L7 Z—THAENPREISN P22 &0, 3T
OHEDERILZTHIAUKRICHE T HE SN D,

7 H 19 H OBBEMEIZBIT D 400~500 pm OFEHK O T — FEIX, L7 X
—WEICBNT 7T H3~18 HEBEDaL 7 % —T 300 um BL O HEHNZL < #7
L3Nl D, TARAEELEETHY, ZORMICIIEREDO KX 72
BEENRb-oTZEEBEZOLND,

8 H 4 HOBRBMMTIE, 7TH 19 HDE— FEEICH KT 2 LM S5 700
~800 um DO FEDOMIZ, 500 um K DFERIZ E & EFoTmBERBREI NN, Z
DHIFTEOREENDLTATAURICERELEZETHLIEEZADND,
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8 H 24 H ORREHARL TIX, 400~500 um OFEHFEOE— NI, 2L & —
HAEIZBWTBH2~ITHRERED AL 7 X —TORNE L FommOM HNERE
SN, A E~FHIZERLEETHLEEZ X LND, £72, 1,100
~1,400 um ORERRIZH D/ S B, TR E TOBRRMEOHERE»S 7 H 19
BOE— FEEICHEKT 2 TEEAELS, ZOMOBREICEIVBENMETLED
DEZEZXLND,

9H 14 H OB TIX, K&AET— FHIXAONZR o7, 1,200 pm £
i OFERE CHEAE L CHRESI T, ThECORBMKOHEE NS 8~9 A
CHEELEEHTHDL EEZDND, 72, 1,400~2,000 um O &i BH |2 W ot 19 12
RESNERL, TRETOBRBHBROHEBNS THICEELEH THL LB
bbb,

10 H 11 A O MK Tik, 400~500 um OB O K & 72E— FEEIE, 2L
72 —fHEICBWT 9 H 13~26 HEREDO 2 L 7 X — T 300 pm A O {35 %
B LENHEARNESBESNEZZ LS, OATHOEERETHY, Z0OK
7THEAEFABICHBHBBEOREREEND T2 EZBND, 400 um K
il OFEHR DO MKIZDONTIE, a7 7 —F&EICHBWNT I H 26 A~10 H 11 A
HEOIL X —THAENREINTZZ L6 10 A FAIICEELTELDTH
LlHEEIND, Fo, TNETOHRBEMEOHERE S, 1,300~1,800 um (T
HEIZHHBIL 8 HIZEELEHETH Y, 2,300~2,400 um O & o # 4K1%
THIZEELEZE D TODLEEZDBND,

1 H 22 H OB T, 1,000~3,300 um O Ji V& P 12 W e A 12 AR 25 B
THRESNER, 2N 51T 10 A 11 H ORI & 0D 7~10 A O 55 K
WCHRT KB THD EHEIN D,

BEERODBEBREETDER

HEBEZOMHAOBWAEICEL, TKHME THLT7T UV EEHIZOWTIZWNL D00
FAEBFEFNHY, =TV TUVETIERARAEANO HFEES OHIF42 186~192 {#
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Im2DOEECTREL, TDH% 8~12 H T 10~18% F TRIWITHAE L 72 Z & 34
& T2 (Sasaki and Shepherd 1995), A EIOFE IR T 54 H O RREM
FROBERNG, 3P b 7 U EEHE FRICEREEZ? S SMICHEEL TV B
DEZZHND, BN OIFH N DERIC OV TIE, JECHORHRE A R
THMEEPIRET S ERCWRLEICLDIAEXIN~DFI DA RENE % B JE
THLLHEDOETCOEERZLT L ERICKIRT 2O TIERNWEEZEZ LN
L0, FREHOBRBHBICBWWTAERDE— 1D 1~2 B/ I WAETIZE
BROE—RBHoT2Z b, EROBBEMBITHAER XV D LETOET D%
EHLIBERKMLTNDE VWL D, LER- T, £ill& H OO B
MDOHRMAEMNICHE T 5L, EERBEZOT YV M B OREIX 260~290 um TH
% 7z 8 300 pm A i O BE kT O O RELIL D20 D @, 300 um LA kT
NI A RNEEZDHB L VHINICH D Z &0 b, FIEYHNIE & HOE O R JE 1%
RKEL, TOREOTHREIMHEHOETICLZ2bDTHDL EHEREIND, ZHD
AR L 8~10 A% 120~136 fl/m2 & & F 0 BN oizDix, HEHO
HEEIZEDHBAMALETICLDBRERBW L TV led Th 2 &S
Do

MER DJFEERNL, =Y 7 U BT LA (2000) 23464 L7z & 5 ICEEAR 2
ICEDETELEEZZOND N, FEHICBEINTHFZLIET 7 X TA R ORNENS
Hoffi (hi# 1984) = 7=t s "L, AHAKE»DOHEIL 2
Bz, R T 223704, LAV ATAOHMANEIBEINTE
ZEMmBYL, CNODOHEDREFEICLIIBHEAb-TLEZOND, THPTOR
FRIZOWTIE, NLHE OREE OB (ERXS 1986; )1l 1989) L=EN
AR (R 1989; S 1991) 56, MO OfIZ b 7SN = FH
HESNTVD, 8 FTHIZOWTEMRBEZTTREPES W ENLRE
EOAMIIAHATHLD, RESHB LIEERITIZEAERES N LoD
EMOLHI =L AREFI Vo EEZZOND,
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NWEDERLAHARES S VKEEDOERK

VHFTOFEEE AZRBLERRACOFEFHICIT, BRONY S

(1982), [l - A (1988) O#HE N H 5, AiHEIE 12 A IZ/KEE 50 cm LAk
O [ A7 O A Hi A K BERE T N IZ B W TR A 0.74 mm O HEH &2 39~650
Im2 DFRECEAE L, %AIEL 1L AICAKE 4m LUK O T 4 O F 84 IR i %
NIZBWTELHE 1.7 mm OHEE & 22~177 {H#/m? (2~16 {#/¥) O E T
WELTWVWS, KFEICBT S 10 A0S F = oREFE (FLH%E 0.63mm
T 94~177 fEl/m?) LT 2 &, TOEEIINGH (1982) L VK<, Lk -
FUE (1988) LIZIEFBOME VWX D, WD (1982) DAL 1982 4F (25
fiEN/TbDTHY, Z ORI T ¥ = o 5l 4 8k RE O 38 4D i
RENTREH L IZITEALDL 2L (AH 1989) b, ZOREOHEE O A &I
ol bDEZZLND,

IR OFHAE L AR ORARRICHIET 5 01%, Wb A8 A KR IC
BONTY V2O 0EEANGWEETRESNLTWVWD R TH D, A Hi A KR
EY VP HAFOBEMRICE L TIX, WS (1982) 13AHi A KR TIXZz oW
B RTER (BB 22 L) oA DKE AR L, A& KB Ko 8B
EIXIEWN L O, HEO N 2R TH DA BFHERMEAE LS VEREICHD 2
EN, MEBERO —RIZRo TWD EHES L, #HiHF (1988) L4 T 2
LEWITRH LEIC BT 2 V= HEH OBEGI b, AHAIKBED AT 5 HE%IT
HEENT~OWIROEEZBRB L, BN EKEEET 5 OICHAEORWZERT
HHEBRERLTWD, &5, ALY ITEROMEEAKEIL, EREOT U
VIR A D R, ZEHE & m R ICFEE L (Morse and Morse 1984; Shepherd and
Turner 1985; McShane and Smith 1988), MEHifAJKE D W S LD EHRYE
VIREAZUPT ZHOEREREELRIFET S (Taniguchi et al. 1994) =
ERWABLMNERS>TEY, AHEIAKEIZS YT ZED AT LTI NDFE
SIER N & 2 AfRMEIE G ETE RV, LD Z L2 RET 2 L, AEEIZIAL<
— W A T 2 A A K R REVE 1, ARRE O I AR TE s oo CER B A A E A R
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LELTWDAEERb D EEZHND,

8 H 24 HOKER OFHAETIL, 1~8m DOEKEKEH TCAEENPREREINT-ZZ &
NE, PO EIXHBA S W KIEF CTEIE L TWD EHEE SN D, KER
BOEERELENZ o0, BIfiOFEICE T, V= oRilEdh 4 N
L CIEHEREICH THMATHMEANB D o722 &b, HWVKIERIZ EFES
EOBEENEmP ol ThbdEEZXZOLND, 1 H 22 HORKOMAE TITA
HIZEWAKER TH 2, #Hi26em, 8m OEWVWKERTEZL o, Z0
JRR & L TIEAZTORROEBICLIMEOBRESCBIINZEZ LN DO,
PAERBLN DT OB EZ H722vw, 5%, Yo/ E oM AEE LS
IS B IE, HE B ORFEEBRE OB T, A% E L TOREAK
RAAER X OEMAROFTEHOEHCORELEYOBREZR & O A 2 ki L

HDI
TITHIZLNEETHLLEERADLND,
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F5f 0~1THEOUHRREEFEZLZL

BIRERBEICBTZ2 YV OMABELER T 27200 ED R L LT,
1991~1995 F £ TO 4 FEMICIE > T O~1 A O EMM R MEZ E L, +V
TOHIKREEEEEER LN LI, SHIC, HFohllA&E/RREE b &I
N & DO EETHZ 2R FIEIC O W TRE 21T - 72,

MHELVAE

PAAIXATE & AR, BREE PRI ET S X cER L, hak
PEOHIINL BT HEFRT ¥ T 78 O W 5 OWE TR O R 2 S RN m g TR
DA T A &= (Fig. 24),

VY o HEHOREL, 19914 5 A5 1995 4 10 H £ TAF 2 — N FKIC
L0 E L, AEHEEIIRROEBLZITLIAFER L, 1~2 » AT 1
BIREEOEAETHoTz, BELHELTETA UHIEOKIE2~4m OHHIA
IR BEREVRE 2 38 U7, A A K EEREVE 6 & OVFl A /K % o0 388 BRI Al il &[R4
ThoTz,

HEH OBRE T BT AT A IR Z & BT 2 7R X o 7o, A KB H B
21X 1991 X B~T7 2 v, FEEL-AHAKELZDOEEFHFNITH Y b
(BEA 180 um) ICANTRELE, LML, ZOFHEFKRROEZELZZITR
TLIFEDENTHoTZDT, 1992 FOEP L LAEIHI & REO=T —1 7 MC
KWl (B k) AR L, AHiARKERFEICBT 2WERTIX, &
HIUBEO D 2% 2l ), TE LMV EIELITEE L, B Fricor) THRE
LEbDERAGLTLIRABE L, LT, BRREORESFFEOEVWGE L
FhiL, FHIHE (32 x32cm, 50 x50 cm) & H W T o FEfEwEfE 2 sk Lz,

1990 fEFEAEREIT R ABED 5 A 205, 1991 4F, 1992 EF AT R AFE D 11
H7 6, 1993 4, 1994 fFER AT AT DO 7T AN ORELB M LT, 1994 F
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FAERII T BRI L 2EHE 28 L, #HOF RIS\ T X0
HEITo 1=, £72, 1991 4F & 1992 25 W TIE, ¥ fEH 0L BBFTRK
EAERTE D X3 IZ DWW T O BEREE R 215 5 72012, A i A KBRS A BT
DYV ORELAMAKBEORE L FRFFICFE LI, BA LY 34T
M EICRBIRY, FEE2RELEZE, BORALEEAMICKE L,

AN DOHBELICREMITIR T EFEREICFHFLIFHY, WK TEEERE, 55
WRIT D%, 10% DOF AL~ Y U TREE, 7T0% DT ¥ ) — VIR TR L
oo WHZHEE OREILZRLE 2mm UL EOFEKITHIR T, ZIvARRO@EKRITHE
REMBE TR L TiTo 7, HEERER OV VP OFREITA1E & REC, RO
RN 260~290 um OFPH TH D Z & FBROH NEN 7 v RICEL 2 &,
BLOREZRREOEBE A OBENH D Z L 72 & TIT o 7o, BERER O M il (41X
ek & e L, AHERRICKRE S ZEM LM, HkoBEOFEEZBE L
7=

PP HEE O H BTN G FmIcHiE 22, e L bITKEIC
LD bREGRE) F~OMESENE KT S ZEnD, HosbRIEALIX
L RENIZIER CRE S22 54 3.5 mm 2512 F VELRTL &R 2 2 L LU

2

Tk E e L,

HR

ERBORS ELERBA
1992 FICHAEIAIKEHEN TRESN TV o Bl L OAEi A KB

SATHBIC KV BRE SN wkE 40 mm KO o (R HES M
R & Fig. 31 127”9, HHHMA TIX, & 15~35 mm 25 o /N 14 23 A i £

METEVEAN DB O, BRBION V=R ETELSBRLEINT, 4, 7, 9 H
DA TIE, FHIAKEBREEEN, A THE L-SHITHEER CH Y, 1991 4F
FEAHE (0%) & 1990 A3 4AH (1 5%) OEMBEIIHMICK S S, L,
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11 Aof&TIE, 1991 AR (1) & 1990 34 H (2 ) ke i PH
TEKE L2 O FERHEOR IR TH -T2, 2O D, ¥FHEHD
0 & 1ll PV TIHZEDOREZIDEWVIZLY, FHRBODEENFETH D Z
EMIRE NI,

ORREDORE

AR OfE R Z IS, RELEP YV o/MEZ, BELLBEFEDO 11 A ToH
oW T2 oFkm (R) M D& FMHMBEIC /M L T L7z (Table 7-1
~5),

Table 7-1~5 X 0 K EMJMEE 2R AT 5 L (Fig.32), HER Z L oakm (£8)
OFFAITILRINLS, ThEA T LICHD L, ZO%m (£8) #PHIX 11 A 0.4
~2.7mm, 12 4 1.1~3.8mm, ¥ 3 4 1.3~4.4mm, 4 4 1.7~86mm, 5 A 2.3
~52mm, 6 H 2.6~104 mm, 7 H 3.5~99 mm, 8 H 4.0~13.3 mm, 9 A 4.7
~155mm, 10 H 8.0~13.5mm, 11 A 8.2~16.3mm & 72~ 7=, £/, FRELF
11 AL BEORFETOHADOKRRE TR TH DN, BEFLBEDE K
ErxrLl, Y oEIMIZE 1, 3EoMENLD 6 H TAI~10 H TA & H#
S, (RICZOEIRMO T O 8 A FTUxIkMEL 32 &, A48 A KB %EN
DY PO 1K EFICR T 5 FEHNRsmE, R 4~14 mm ofEHICH Y,
ZDOVENT 8~10mm EEETH > 7=,

OXEOEREEE

BE~FEFOREEEIZOWVWT, RERLEDO H D 1994 FiliF 2~ 5 & (Fig.
33), HEEHIZ 8 HDERESN, TDOHEEIT 17.3 fH/m? LK -722%, 9 HIZ
TR L T 186.7 E/m2 L EE A R LTI, L L, 20Ok, REKE
XA L, 11 HiZ 72.0 fH/m?2, 33 HiX 12.7 f@/m2 & 72 o 7=, o F ik
BN ThH, REFEBE~KEE CORESEEIL 1994 FEHRAE L IZIERED
AEm AR L, BEFEICIE 5~25 fim2db o7 b D, KFEITIE 0~3.8 fil/m?
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ETHT L7z (Table 7-1~4),

REOZRES (%) #HK

1994 FAREE DT DWW T, k| () BHESMAMKZ Fig. 34 127, £
L INTIEFHDKEBIIE, BB Lmm RiGOEKTH o7, FEHITITMER L
DREREEITIZEAEBEINR D o T2, (il & RO — I 2 LR
MWEO LI, TOFEGIIEHEBED 31% Th o7, AHAIKET OREY D
LIV VP zHME L LT VX TARORNEBEERTOHLI LA A LE A
AU VOMALRES N TVWAZ D, YV HARZTLLNLAELZ
FTmRMERNH D,

B

BEEHERS (F) HRER

Bk - 250 (1988a) (U oo N T A PEIZ I W T/ o HE H 23R K R
WICHAFEST 52 L0 b, 9~10 H O TR AR LA o A% Pk, ZH%E
AR BERFEO EERIZR > T D EHEL TS, LL, HIfIZE T 5
HOEFEELEZOHDERBEOREABRL S, KFFEARE S EFRAER L RKIZAE
Y, MABELTAMTLL EHEESND, LR ->T, Fig. 32 IZBW
THHFzo@dm (B @HEAEVEB E L TE, REHREOHEEKEIZLD D
b o, EEBHOZICERTLIEONRREVWEEZILND,

MHRE

PP DM ENZE L, RIRMEIROBRER R 2 LI Sz flizd e <,
SR MO o s (BR - &I 1988a) & TEERMIE O M (Ll - A 1988)
MHHETTHD, ZOPFTH LEROFEE®EEERLIL 6 AKETH 10
mm, E - AT 8 A FTRHEETK 12 mm EHEEL TS, 8 H FAT 8~
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100mm &R o ARHERREL I NDbDEZEHEKT L, EbbbmMEL N L
5, L, REOHBAITERRE L ZHEKZEICHEShZBETHY, A
FIREEF I AR T /0 EEEO R LICE 0, FIHER O F IR -> TWiw
REMEMN B X HILD, Zhicxt LT, TEOMIIAMA & R H HiA K HE %
NOMEEORERMEEZEICLTVDLZ D, KAEKELEDOLBKIIZY TH
D, TEORENBMR IV EHWEEH & LT, KFEFEEBAREOKBSRMEDZE
DR L TWDATEEREB XN D, £, AFMEICH W TEER OH HITIK
KEH THOLIAEZNOLEFOREITIELIEETHY, EFLUBEOKIED L5
ELEBICRHITHE LI Z &0, Ui oOI P HO R ITKIRIZE &
BrE 25 AAREBRY P ORE (T 1962; KD 1986) /R L TW5H &

W25,
BEZXILEELERGSOER

A K OOARFEM L O, RKFEOEINME O 6 H TH~10 H THICITE
JEE & JRE 7S [ B HEAT 9 2 72 OIS FE H o0 2 BE (X LR A O I CHE I L 2 Y O HE
B4 o0, BEIMETLTHERHEAOMBNIES 25 L, 1994 £k D 0
i HOMEFEEENHMIZOEALND X DI, TOABEEIZEBIZHEAD L T
bOLEZOND, £LT, 1994 FEHRBEOFEH OB (£) M TrRLEZE

D, JBCFE O R T AR L mm R THEICRE <, FIER 7% D B FIE
DARPL S, WHREZER O —DITIXF CAHAKBEEENICERT 2T 7 %04
Froragts Icl28% (NE 1984) BB X LT,

0k HOW ¥ = DL BEEORBENLEIZONTIX, R L& R R
Lin <, AEIAIREBEHEEONIMNCB T 2MHOREBEDO LB, BEENT
ARLTWEOAEDN, M L BRI D 2520 T T, BN ~EELGIT 2%
AH T EWEHmIN TS (U - A 1988), AFAEIZIH W TH 1992 F£ 0D
A AL FH A T, 10~30 mm /N R R 134 i A KEERE T K0 b A A KR
NOEBEEORBAUSLHE TELSBES LI LR, 11 AICBT 2 HEHAIKEN
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BT L2 MEDOSAOLB S, HEAKEREE T ORE L, KR
o TREMEEN LR AICHESAIKERESN~ERBEZERL TS bD L
Exbhd,

AE AR BEHENA~OBBHER E L L, Bs e L ToOwHEMNZEMO R
R RMEICL D2 bORZ XN DL, NLHEBEAEICE W T o f HIdkRE
EFEICHT A BB /N~ 2 iR L, S 8~10mm O ¥ = A THf
ORI OBHRAICS T, MREOHEORENT v 7T 74
# Ulva australis @ # 5K i L7z & O X 0 A #i A K i /K38 ¢kl L
bDODHNRELE->TWieZ & (RS 1987) 22 H, AHIAKEBERFEII~OB
L, HEORERICHES BEEOHMOREMEOEHBEAEME L TV D EHEI N
D, LEER-T, AHARKBEHETOYFIHEAOBEEMXFTIZHONT, HERO®

% < ik 10 mm LL B R 2 R, ETIC X 2 BFEOMIZH B o
AEIAIREREN~OBECLIBERTAEENLTEY, 202 LITRKIC
H LU O B 8 A JREERETE N O W = (3 /N o TR - TV 2 aTREE 2 &
HILERBTDLLEDOTHD, 20D, TP DY ESERZ IO 2
LEDS LT 256, EINMORSICERT 2FEMNOBR&GHRFADOILS & &I

DAL+ IR ETOILERLDLEZEZOND,

ORXERKEEE=FY U/ DREN

BIRIBICEBT 2P OB ERIT 3~5 A ERTHY (LHE-%H 1997)
FAEMPIZB T 2MARDEZBCITHEFEHROERKEZERET 5 L TER
LleEEZOND, H2, 3BV THYzoREHNEDOERIMICA LS
F=—NAENTHDLI LR LEN, BEEEN LML LImm £ TIZRMARHER
DWFEN A BN D Z L b, 771l S A W08 [ IE % O HEAF O E SR 2> & 130
AEZ THT 52 ECCHETHDLEVx D, LEERo T, KERBHEN A
WE,MABNZFTEE>T2HAMOBRE CERRELT I IR LV EENS
WEWZXDH, IRNETHFZOO0OBMEOMAN VoD, HIEFEDR
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RTohDm 10 mm Kl OFEAROE Y REETEN Lo Z LR —RIZH
LEEZLNLD, KHETITAHAKBRERICEWTZ Y=V 7 F2 0
RETETH T O OEANLENICRESND ZENHMA L, LR - T,
AHRARBEBHENOHADOBELNLZOHOMAREREZ THIT 52 L IXAHE
HY, BRIZH L THIBREEEEZFFOWAEMENEZE X DD,
FHEHIAIKBBEENICBN T 0 mADORERZE=F U 7T 2 KH
ELTIE, UTOHBENL, BAEABEORFICHELZE M T 200/ HEY TH D
EEZLND,

- FEOREE I (BKFR) kT 2 /N RE R S PO AR TR AT RE 22k B 2 mm Bl E

HEELTWD

- PESRATH (B Z) [CHRT 2 REEEDNEH AOIKBEHEERNICEE>T0D

- BRI LA CHBIM R REN AR TH D
ZLCZORELTE L UL, ARED L D ICHEGIKEREE D A8 Lo
WHICNy FRIZCEK SN TWLISE2RET LI LD, EENRRENES
ThHhoHEVWIRTEETHDLIEZZADbND, £72, HI3H T = iRilEL En
AL —THBRIVBAOMTEZIRESNTZZ LD, VP OHEAFIT, K
RomBE (BT 5 1986) < o 5 bl 36 L OVl P95 A f (Sasaki and
Shepherd 1995) THEFOBENZ W T U L H L RO EBBEHEN H 5 LRg
ENDZENG, RN LRFED DI, HAFNLEMIZERET 2Kk (HE
HY) #BETHILEHRUTHY, ZOBEFHICOVWTHEHLAIZLTW
ARETHHEEZLND,
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FNME ATAXONIRBREEEICEHT TR

B1E FESNI100 KIRBEKBZAVHERANEORELEE

$1mE FRHAR

HEDA T T FRIEEEREOHEIMf > TERIBEAEEOTRENILR LSO
L2 EMmb, MEAEOBRBICIT IV ZEN RS OMENARDENATED,
S DOICIT AR ORER D R AN (6~7 ARIN) OME N £ 5K
Wihsd, HEE VY —ICBT 24U TXBENEOEEIL, 6K 5 1K
O /NRIKFER) 50 i 2 AW TIT o T D (BLFRERDFFIEEFT) A, 1EO
NEDOWNEBIZIIRY DB H D Z ERNMEDEBRNRARALETHDL R END,
AU HXORIIAAHEZR 6~10 A O AR I 72 v a2 43 o TR w4
PEAFERM L TWDHRIIZH Y, EAEENIICIIT 2 KREREAENBIERLR
el TWn5,

—J7, #WEICHEE O ®ENEZ HIZ 50~100 kI B O KBKHE 2 H v CF
WESh 4 & B B9 D SIS, /3B A Mactra chinensis (A 5 1988) °7 7 4
4 Anadara broughtonii ([ « & 1994) THREBEMICEHE I, Z0H>H 7T
AATA T, hAEDERR, R & bIERO /WK 2 Wi EpE T ik % ERl
HfERER T ENMEIN TS,

Z T, KETIE, Bt ¥ — TR & 72> TV D RO RBKKE
(100kl) ZHAWTA IHXREFEMMHEDEFEZRBRMWICHKATZ, 612, H
WOHEPEHIEAERICK D AL, ShAEME TIT R FHRERE - BoKEXE
1T 070 WHLEH 728 BR 5 15 2 Bt L 7,

MHELVAE
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FEHEORBTEN

NAEDOEFTRBRIIZHEED O D HGENSMHEHHEETOHME L,
IAEOERBARKEIITESORBAAZ 27U — FEAR 100 kI KFE (10 x 5 x
RS 2m, KEIZEEREOIRMR DT LD 70~80 kl D &iPH CTZA®Ey) 2 H L7z,
B AKIZITDAEMEKRKE lyum DO — ) v VKT 4 VX —TAHBELELD%
Ay, KEHE Ui, HERO/NRIKIEZ AW APE L WATL TIT S 2 & 2 M
ELTFXEOBBEEXD 2O B FHHREMRE X OHBAKITITORNI & &
LT FBRKOBEPLICITABMOEICEE L= —R P RIZEF LT
— A= NHEDOBRIZE VATV, BT KR P - VEEET L L) ICBEREE
AL T2,

FBEKOKEDE=HY 7L LT, AKEPFRTICEOTKIRE, pH B I
FRABYOREHEBWUE L RAEBYOHBIZIZT 7 v 7 A —E ¥ —)Lif
HREFEBEZ Vv, o7 FEEETICEESEO R LT,

MAEDEE - REOE=F YV 7%, KO 4O 4 &7, FRO 2 EHFTO
A6 AT O = T — B EEAT T2 B 4 4L 50 ml 90 F 300 ml O E K & 5 H R
L TITodlz, SIEDEBERELBE L, FEKEFERL %, Iz 2T
BOMAZME LI, £z, HHRERZUTOHERIZI VKD,

AR RS (%) = (L2-L1) /L1- 100

L1 [ EafH O FEHE®E (mm), L2134 HOFEH®HRE (mm) 2739,

BN EEOBREES

AR R 1T B AN B 28 128 L 72 T & % B H Chaetoceros neogracile (L F %
F 77—V EWET) &N NEEFE Isochrysis sp. (Tahiti Isolate) (LA F ¥ b F
EWET) o 2 Foft, HRES (P Fy—, VT v 7 ih) OHEEHE
Chaetoceros calcitrans (L F ALy h T v 2 LHET) OF 3MA2 W, #HEES
oD 2o0RBX Z7% 77 (Fig. 35), # b F O ok IE [E 7 HF 78 B % 1k
NIKPERFTE « 20E B I BT S8 FT TKEEAEMBEERMRAFAFE] ITXL Y AF
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LiebD%, x4 77 —voxkidfFEEtr2—MRaGob0xz A0, Win
bR —THEELEbDOZEMN L,

TR O K BB ITBIMCHE L2 KR CTiTV, Z b FIX 5001 FHAY
=R A MKWz, 2477 — LT 15kl fATF FRP K (3.9x3.9x £
1m) M LZ, e FII5 AREOE®ETH 3 x 108/Ma/ml, 42772
— LT 7 B OB TR 2 x 108 H L /ml o0 {25 S IS HETE L 72 b D A AR AT L
oo MO AHEIL, e F TEHEANOEIREDOSI 77 A aTHEELED
DuEFTEICHER LN, 2477 — L TIXENOHEEED 51 77 23 T
BLTLbDZ—HEHNO 5001 KEIZHEZMENTIZLR LD 2 uHE & LT
M3 251k L BAEER D 15kl A K& 5~7kl) Ok EIC XD k%D
ALz,

WIN$ 2 RBHIAIIE, Z b FIEH R O AEEE#R (KwW21, 5 —5lid)
, XX T 7 — VIR OEBROMIC T A BRER (FVINVTF v —, &
LU T E) 2, BONETERK LIS IR EER2 0.3 ml, 7

MR 029 & L2, 724,500 BHIA Y I — R %A FARIZoOWTIE,
RGO HNIT (7TH8H) ETOMBIIENICLIA—"—T0n—5F
FOHEASRESREZONILZBMIC Lz MAMARREYROGEH > — N THE
VW, RIEICE-> Ty —FOMMAEMEL =,

1 EBHER

BINCIIEE Y —0HEICB W CE FHELTCWDIEEEENDA
UHXBE AN, 20134 6 A 25 HIZHE 8 fE & - i 20 & (&7 & GIBHIE T
7o Z 500 1 AR U U —Rx A FARMICIRE L, BFMEICFE LELE be
a7 4 T HAEEREILL TEEE, fEKEICIE LT,

MHIEEEHZ E V> T v A2 AW, EHHFE 100um b X e F20FH L,
120 um PIBRIC R A 7 T v — VIR 2 I 25 Z & & LT (Fig. 35), fHE R

X, HMBEzBEMGE T A UTRDNAEDRBEIERERIEGIRDLH I L
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(A - WA 2013) 726, " RETH DL X b F LERBEOFHHIMNE<

MOBREEL Ll it ¥ —THR L 2HICHOWTL, K#H 2B E L (1
&5 1995), *EEIEM O EF WM E TOREO b DO EFE L7,

WM EIXEYINE L E &2, BHICHMEOR S HRERD Z & &
Hz b L THREREZRE L, MERBITHAEEICICC THMEL, 1 HIZ 1~2
FAT o TR R O P E TR AEBHORE L FRIC T v 7 A —8 o ¥ — )1
i BR G BAR 2 e, e, BB WK T O M A 0L E Z HIIZ (EERES 2000),
fAl BRI ¥ — 0 RS KFE (5001) TH;# L 7= Nannochloropsis oculata

(LN Fr 7 7ma v RAEHT) % 05~1 x 104HIa/ml O R E % HEFF3 5
K OIZ1H I~2REIEBFKRICEML I,

il BB da R DIV AE O INE R L, ek HiE (1.5~2.0 EE/mI) DKIH5
~1/3 L 72% 0.7~08 fA{K/mI IZFE L, bw a7+ 7 PEOEE KM ~DIL

BRI 2 dE L,

2 [ B & BR

10 H BB & RERIC, 2013 457 A 12 HIZKE 6 18 {4 - 10 8 &5 5 BIBH L T
7o % KG9 % 500 1 R Y I — AR kA FRKIEICIAE L, ¥FE#ZICE ELE be
a7 3 T AR RN L CEMHLE, BB AKMICINAE LT,

MBIEEEHZ XX e T2 Vv, EH3®E 120 um LI XA 7 7 v — L iTiR A
A2 DZ &L L (Fig. 35), EEEIRANT, B2 X FOEEEZR 572012
TR THL N T AEHEHET, AREEO 2HMOLEN T2 L &
L, SOICEBEEBFEEOBFERALZK Do ICmMEO O M2/ < § 58 E
E LT, MR EDOIRE, REEOWEHTIERL IO/ 7en v 20RM&E
R EOERPBREAESRFIFX IR ARBREFEEE L,

RE AR
EELTDENERICRE TE o0 E) 0 HERT L2220, 1 RIAR
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RO ENDEDO =2 AW CHRERBREZT>72, 7H 16 B (fHB4A 16 H
H) 24K 1,500 L {EK % 500 | O TEARY 1 —HR 1A FAKRE 24 FEITINEE L,
MR DITIE L FRIS, &F2T TAFEE -8k d 18,480 AT HE H 2 114
X7, EEHIME RO I IE L FERIC, EWNTHZER % L7 Pavlova lutheri (LA
To87 m N EREd), Isochrysis galbana (LA FH /L NG LHET) BLOH D
ANy hZ oA (MR ERL) /L7, KENAEND 10 BH#EO 7 H 26
(CHEE S FICBAT L, 930 HICHRERICBIT MR DA ZRE LI,

R
1 [2] B & B&

WR O FE T, BRI PII SRR E T ERETH oD, MEKENT
Wz mRABYOREEZHWIC, ME I HBICA—7=2770um O % v k
EANTY A 7+ X0 HAELZEIL L TKERZ (&K 21T7-o7,

il B oK KO E 15 B B LA pH (£ 4 LURT o #ll E B I S v T
TR EMBORRGICEVENRERCTH D LB Sh) OB % Fig.36
2R, fBERTEOFE KR 22~23 °CHETHR L7222, BRWAT & 2oz
FBEI3HHBE (THBH)ICI1CUL EERL, ZD%I%24~25°CHETHB L,
BB KD pH X, KEHLZ 24T 5 EATOME 15 H HI1X 7.8 Th o 7203, KAE#
ZHIX 821 LR L, ZOBIIHUE T LI,

BHENEOBELLIOEZOBEENOHTE LI AKE S ABHFEYME) O
B4 Fig. 37127, flE 1 HHODMYHYEDOEE L 0.8LE/MI THY, K4
DREHEEDOHMENTH »7=, TO%, FHENEOEEITIZFLEL T 0.7~
0.8 ffl/ml fHiL & L7=2%, fHF 10 B H LA IZE 2B L, ME#Z I
1% 0.5~0.6 fEl/ml fHir 2R Uiz, ShAEDAEKFILHE 9 HE £ TIEL90%LL E
DEVEZ MR L7722, fE 10 B BURIIES IS Em & b, fHE 14
HHIZX 80% #, B TEATIZIE 70% M & TR T Lz,

FENEDOFEFEL I OHMKESR (3 ABEIVYHE) OHEB 4 Fig. 38
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T, SERCEOSNEORETREE T, AMERERIT 3~4% T2 HERB L
ey, BE 13 HHUBIIRENRIFE Y, AMKERIT 8~15% 2 HERE L
72,

B KT 2T DAY O HBLEEOHR % Fig. 3912”7, fE2H
HECIHBEKPICRABY AR SN2, fE 3 B BHLUKEIZAHIZ
ZOBENEML, FMES5 B BICEH 1< 100 FEEmM ERk&EEEZRLE, £O
%, BEITIETL, 102~103ff{&/ml O A4 — X —TH#HB L=, Kili%z%o 2
HRERAESMPNIEE A EHBE LR L2000, kil % 3 AR (AF
18 HH) URBICHO®ZOHEENHM L, 102~10fE{&/ml O 4 — % — THB L
7=

B KA R OEEHREE OB E (FREE, BB L OEO&FE) % Fig. 40 1
Y, FRAR P TS B AT 00 SEME, S AR B3 AR B L 72 B R O R I K s B FE
BEANTETHD FMELHALPLOIALY N ADOKEEEBLEN, E
SHACEEENBHEE Lo/ ®, fFE 3,4 BEOKEEZ R IE LT,
Z D%, fE S5 HHLUREITYIZREE &SN L 2o oo DGR A B L,
filH 13 HH CEHEE 136 um) E CHEfE L7z, fH 6 HH (CFHEE 93 pm)
MHIT X e FOMEEBRBL, 6EF 18 H B CEHFRE 234 um) £ TRk L 7=,
flE 12 BH CE¥EE 118um) o427 7 — L OB HB L, R
BT E TRl Lo, Z2d, KR XICHE o TEREESHIMER & o772,
fE 17 H BB 2 —Raic ik U7e, SRBRI M b o 45 DR O i £ B 1,
ANV RT AR, BT, xAFT T —LRK% 4651, 3.2kl, 7.4kl T, B
MRS, I TR, FeF, XA T T — R4 23 x 1012 4L, 8
x 102 A0, 1.1 x 108°Mifa72 > 7=, 8F 11 H B DA O R o f f5% BE 1, 1
ROFEIZBITHMEHEELVELS, ZOMEITKER: E% (FE 15 HH)
(ZHe K 4.6 x 10°Mifid/ml & 720, FERDTFTIED R Y A X2 5 #6815 B DK
3fECThotz, B, Fr/rzuun T AOREMEIZ 3541 Tho iz,

fHE 19 AANPLIRAEZETO2NAENHB SN, FHF 21 HBICEOHBE RN
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UM% LRV REEME om0 ERBREZK T L, BIEKD 50% % ¥ A
T4 TEIN L THAEDEH -G ziTo L 24, MBRRERBICE T 25K
(CEy + MEAERF) 1% 320 £33 um T, BEAEEE L O D B A S A5
A (BRETE) £ TOAKEIZL, ALK 3,500 FE, 63.1% & H#HEE S
72

2 B BB

MBI IC R 1T D D BHEOINAEREIE, 1 AR FREDO 0.7~0.8
EARmMIBREICERET D TFTETCH-T, LL, BINCHER LM E O A5
OIREBEN T2 &6, INEICHBEN H 2 556 O £ O ¥ W BE O 7] REME
ERAEL, Pra T THEZMIBOREBE LV S FAEKMICZEL, D
G AEORELRBICFABEREELFEST L L L, £z, 1EHBERABR L
FIARIZ, FBEKMNTHEZZRAEABHORELBMICEHE 7 A BIZKIEREZ
(&HK) Z21T-72,

B MM T OKEL X O pH OB % Fig. 36 [Z/”7, i H KIEIT 24~26°C
BCHR LI, pH KB 21T o7 B 7T HH XTI 836 780k T
BMITIK T LD, KEEXRIZSHMBOMELEL CTHB L,

BENEOBEEBIOEENLHEE L-AKE (3 BB EHHE) OHB %
Fig. 37 (1279, fABE 1 HE O DWMSAEDBEE T 22 #/ml TH Y, kD ik
BT D EEBEHBE (1.5~2.0 fH/ml) L0 mWETH -7, BRI
BELTWEITEARICE D D MHGMAOEIEITALNLT, TOH%OERIRNR
bRIFICHBE LI Lns, IEREORFEIIITLT, VWEEDOEEMEE
EITHZ L L, 20%, BlESAEOBEZFABTARORB L & HITES)
2 L, EZLICIT 12~14E/m T2 HR Li-, ShEOEREIIME
4 HBEAFMEE T 95% L EomWEZHER L 72hy, £ O% 138500 2D i 1)
LY, WEZYITIE T0%R1#% & 7o T,

RN EOVFERER LOHHKESR (3 HBEFHE) OHBE % Fig. 38
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R T, ShAEORREIZ LRI HRER & R0 TR AE %2 O IERICHERE L, fil
BA4HHECTCOAMMESRIEL, LEHRABRD 2~3 5L 725 9~10% i & HE
L7, 0%, fE 5 HAUBRIIEREN S LICRF L2, BBKRERIT 11
~14% % HR LT,

M BEKY EZZEST DRSO HBLEEOHS % Fig. 39 1277, 1 HHK
BREFBRICEHE 2 AL CIIMABAKFTICHEEBMNER SN R0, HE
SHHAUBRICZOmENEML, KEEALZIT-72HE7HHET1.2~1.6 x
103 E R /ml OEFECHER Lic, 2%, 1EIHRBR L FRICKEFR2%D 2 H
FHXRAEB A HBL L o 7oy, K276 48H (WE 11 HHE) DR
IO OBEENREML T, 102@E/ml o4 — % —CTHB Lz, 18 HRER &
b2 &, RABY O B E XA ERAITERVE CHER LT,

il B KA P O R B OB L (R, iR KO 0 &EHE) % Fig. 40 12
AT, MELHANOGZ e FOKMEZRAMGL, HEF 9 A H (CFHEE 183 um)
FCAkFE L7, BE 2 HH DR EIIZ o703, fF 3 B BRI &N
WALz, fME 6 HA (CEHERE 124 ym) 2632477 — LV O =5
ML, R T E TR L7z, Jeds, 1EIH R & RIS AR 2 27k
EAMINER & e oo, fE 10 A BIXMAEE 2 —RAIc P ik Lz, B
MO ORGEEEIT, Y F N 45K, F4 77—V R T7.4K T, #&
fo MR EX, Z e F A 1.0x 108/, x4 27 7 — L8 1.1 x 108 fla/z -
oo RO MG BT I 2RISR D FIEX D BB L, £ O[Tk x
TH (FH 6 HA) IZkK44x10°MIE/ml & 720, FERDOTIEDRY A X
B OMEBEEDORN S/ ThHoT, B, T/ 7un7 vy ZOMRKINEIZ
5521 T - 7=,

fE I3 HENOIRAZETI2HENERSN, HE 14 B BICZOHBEERN
55% L7 VIRE M E oo ERRAEK T L, fABEKD 25% % ¥ A
7 TEUL L THAEOFH -5 B 21T oL T A, BRI x5

(CEHy + EAEFE) 1% 314 £ 58 um T, BMEAEKE L O D R A4 b A5
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A (BREEW) £ TOAEKZRIL, ALK 1E 2,200 HE, 79.5% & H#E
ST,

D RS AN SO EBNE (FREEY) £ ToNEDAKRRIL, 1 1 HKER,
2 HRER & HITERD FIEICBIT 51MH (36% : E 2FEMOVHE) % EFH
LR Lo T,

FH AR
FENEOREH~OMETIBRHFICHBE LT, 9 H 30 HOBREXRITBIT S

HEOMEBZRE LR, HMOEEL-Z L TWAHE M (s 1
M7= 0 HH 10 ALL BAHE) OBESIX 5% &R0, RO & —0E|
& (66% : WE2FEMOEHE) L bEmWETH - 7=,

EE

THEBEOME AEICB T A RENEOFEBTICB VT, ARIORBRO X5 7%
RIESDKKE 2 A5 FH D72 < RERICITMRREE L@ 2 T2
T 05~1 Kkl /WK ZMEH L CTENWNICERT 2 FIEN R THD, 4
WBoREtr 2=l ThH, MR LI "7 e, I FTE2FERKE L
fERIZ AW T, BANT LKl OFEHARY I —RxA AR ZH N THEOERTE
BAToTWD, IR Z WD AU v b & LTI, #kSERBRO R OE
HERES T Lo, KEENONEDORENBE LGN LILHDH, 417
AExONEDOFEETIE, LIBLIZEFEADOKETFICL D EALNDHEDIRBRIS
MEZDZEND, ECAERKRNOIERIITHEDY T 7 EHDLET
KENONAEDSAIREZBET L2 ENEELE 2L, —J, AE0O X5 RK
BRI 2 W25 81%, KENONAESHOBERTE RN\, hAEDEMR
IRAEFRRMOEENNE L 25 FENBEIND,

LrL, SEORBRICEBENTHAEDY TV U b HEE Lz AkRX, &
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IR 2B L CRELS LT HZ NS, RBKTHELOEKR L AR
TR A 7+ KB THEE LIEARROZEIL, 2HO0REBRE D 1
EIRTBICE E o7z, LR T, S EORER TIEARNICE T D ShED 4R
FIEB— IR SN2, AT 7V B HEE LI AEERRITIFIESE
AL TWELDEEZ LN, SHEORENSRBRYIMN 28 U CRAIFICHRE
Nl R TbDOTHDLENR D,

RO FEZBNTA U TFHAEOHEKIR L SD 25~26°CTHEF L7z
A, fF 156~17 HH CIRADZHEBELT 25, ZhiESEOoRRICBITLMRAED
HE A 2T 5L, 1HEERR (19 B H) 13008 <, 2 AERR (13 A
B) BRPRWHREE Lok, 1HERRICCBENZHB & LTiX, B
KB W THEKESEKE LY 2~3°CEKHER L, EROKIREE Dk
LI ENEELZLDOESZSZIOND,

UbozZ nb, SEORBRICBIT2HEOATE - kEiX, BHHZEC
TRIFICHB L, RO HELERSEL LIEZENU EORERETRLEZLD L H
ZHIND T, HEMRERBROHEAKEZITOR WM 2B AL TEE L,
SHICHERDFELY bRPEWHEEE TRBREITo72 2 HMARRIZEW
T, K 80%DEWAERKRRNEOLNEZZ LI TEATHY, BonNEHLS
BRI, YR XA —DEED 1 — XU BICBILlT A2 ThoT=, T h
LOMERIT, TAHATAOEBEF (FR - SFR 1994) L REERIS, AU TFICE
WTHRBOKMEZH WG EEP A THLAREZTT DO TH Y, B
DREIGENDATRE L R D ATEOAEPEMIH (6~7 H) BV T L7 AERES
ETHDHAREN IR I,

SEORBCTCHW-BZREE 28 (e F, 2477 v —1) 1%, BIREE
I L7 TH Y, 6~7 HITBIT 2 BADOKRMAKE L - REREITIZEE
JEFHICHERS LT, 20956, SERCEICHWEY B FIE, SRMEICER, K
BIEBICBT2HEREESE LI ONCEIR TS (B - %I 1993), =
DI, AFEORAEE TIEIFEFICHAMEOmWAE L ShTnd (THERK
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FERFIEE > 4 — 2004) 23, —JF CAMD AN F Lk LT, EPA X° DHA
DEFEERPDRORBEMPS D ZEXMBENRORLREN LD SLER
OZBENEOEE L L TIEAEY &S (N 2012), A VX LD~
77 % Crassostrea gigas ShAE O EFRBRICEWNT, ¥ e F 2K L EOKE
N HEOMYEEEE LT BRNMICHONR TV D Iy N T A EFRE L
TbDEVE-sT-LEDHREL H D (Helmand Laing 1987), Z D 7=, 118 H
BRCIE AN NI U A EHIMEERLE Ly, Z e F 2wk & L CTHMCTH
W 2 BIHRBRIZEBWT S, ShEDAFKR - REIZ1IEIERBREFEKLETRIGTH
ST ATV HTFHEDRENIBEZIZILD ETHIREBEERDAATHY, 1 U FTF
OHEICE e F 2R E L TCHWEREARELBENZ &0, 5 E DR R
ICOWTRERDOENORIAETHZEIIRNETH LN, ¥ e FBA U H XL
EOPBIEERE L THBICHERHTEL2ARBERH L LR RN, £,
fBEBRLICHNEX A7 T — VI, R OCHIAOBRESMETRE L CHETE
HETHY (AN 2012), £< O B OEE LTHEM S, & W EFEHE
MRDHNTWD (#ES 1995 THERKEME L ¥ — 2004), SE DK
BRICEWTS, RMEEOHMT 268G % EICEENRBERERN/ATETH Y, Bl
WMEE L o oA B RBICB W COMAEDKE - AZ I M ERE JEFICHS L,
Lo T, AT HXHNAEDEE %R OEE & L T o AR F] L E 1965 (1<
mWeEEILND,

— 0, ARIORBRIZE W THEDORE « AR ICHBITED > 72 i, 67
[Eh DR ORGEERIIE RO FIE LB L TRV Z VR E R o7, ZOJR
KB RKFOREBYOEBIZLS2b0THY, 1EHRAR, 2FEHERRLE
HEHE 3 HHURICFEABD SN L, MERERCIRM L)y ) 7
VARLH e TFICREBYORAEZHERL THNDZ b, EICHEH KO A
DB KN TABICHM L b0 B2 0N, RAEBHO L 135 E
CEHEEBATOIENLZORER AOEEIIREL, &5, hAEDOEEE
BEMRT D-DICHEEEELE LA, BEOHBEOHM (FTE - X
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B 1957) X HoMELAEL S, AKENTHEMEL ZEAEYOREICILAEE
M U 7o KA 2 Nl b WV R HiEToh 5, KiE# x 1% 3~4 H CIRABY
DEHOBEEL, ORI IBRELMHFETCEANEEZLND, LER-
T, K2 AT 95 E1E, MBEKOKESCEE OB ER EDEFIEE2R
BHICHIWT L, ROIEMREAA IV T TEBTNETHLELEEZLND,
B, SEORBRICB VTR 2 21795 B pH X, 1 BEHRBR (F 15
HE), 2E AR (ME7HH) LHIC78METHY, Z OMEITAEDHATF
BORMIEKFETENDDD TEo & TME] (SiE 1998; & 2006; KH - T
g 2011) 1B HHKBEMHFEOME 7.1~76 LV b mWETH -7, AL —
KMETHERO LN KENRRDZEZEZOND OO, KEEA OS2
BEThHDpHOMEICHERERERLZONT, hEORELRIFCTHo7zZ &
O, KEH 2 BEROFERKOKEICHETE 7o b DRI D, HERD
FETIE PRI EBRKEIT> TCWD D pHOENMBEIC R D Z LT EN
2, AEIO XS ICRMEERK CFEET 255 1E, KEOE=XV 72BN
T, KEE/AOHKETHD pHRT v E=TREHOMEIT /R AL 0 LY E2H
TTELSZIERRELRDIEBEZDLONLD,

HHHIIR LN D S OO, KAKEZ FA W CTHKMICA U 94 % EH S
DB, 6~7 AOARBEORE S EENMICI T DM EH A DK EAEEICHE
LiehEThsreBZzonlz, LT, REEFIEITIAEONAEHICLER
B IZENTHY, HO 8B BAERICI D LB ASICAEETE D 2 L
B, RERONRKKE 2 T AE G EE AT L CTITY) ZERHRETH Y, it
KD FEDOHTER R EERME U TAREEFIELZBEAT HZ LT, W AEEDY
OMBIZBIT D RELEEENMFTELIbDOLHERIND,
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%2W MEEHEORH

AT O T ek ¢, KEUKME (100kl) #HWieA U B X igilishad o K&4E
FENARETH D LB RSN &G, KIETIXZOFRM - B % R
THELLEBIT, KVLENTHRNRFIEL T D00, VI OREESK
EHIMH B KON AEDINEBER EDERNREETRMNE2EZATRBRK 2R E
L, TNHDOEVWHNEDORESRERICEZDEBIZOVWTHRF L, £z,
T, B 2 — I L TAERER®GEY 20ob b v 7y — REH O
AEEZ RIS, REBRTAEELZMNERNEEZHWT, RO RBKEZ Wi
M R E B A2 1T\, TOEEOAREMEIC OV TH I TR L 7=,

MREIUVAE

FHHEDOREEH

AW E LM IT TR L RIS ToLRMtE Lz, ShAE0RERBRIX
SHERAO D BN AENSMEMSAEHBLE TOMME & Lz, Ao E KM
IEBSN DR E a7 ) — FRATE 100kl KM (10x5x PEE 2m, KiE
TEEEF O RIMIZ LY 70~80 Kl DOFPH TEBE) # M, KR HoKEL S
¥ 5 KK (4 KRS B E TR -BUS, 1LKBIEBIBICALE T D) AEA L
oo FBAKICIEIWABUEKEZ lum DI — ) v P74 VX —TAHBLED
D&M, IEAKREHRE Lz, EROFIELWITLTIT)> 22 BEL T, FE
DR FEIEN D20, HEMNRERERLS X KITIThblnwZ &b Lz, fME
KOBEHICIE 4 BOKICEHE L2k —A L FRICEFLEZZ T — A b—
UIMBDERIZEVITY, Ao —20x2 7 — U 7 N RICI Y fEEFK
WKEFMICD o< VEEET D X )@ EZRHE LI,

FHERKOKEDE=Z ) 7B PNEDOBRE -KEOE=2T 72OV
THETEEFEEE L, K, pH, RAEDHYORLS L OEFENEOH EZE %
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BAHRNE Lz, 2o, AiHEE FRKICEFKMEE L2 2 B 5 E&ICo0 T

HCEFREEOREZIT -7,

BN EEDOBELES

AWML EHREOREBRED THABREFABEORMEE L), B oK E
HER T AT 2B AKMEIT R o7, ¥ FTIX, THaBRTIX 5001 %9
WY I—ARRA bR Z AN, EHEOMEHEIZIECTED KD 1kl O
FKAEICAEE Lz, 3427 7 v — L TiE, TiatB TIx 15 kl A% FRP Ki# (3.9
x3.9x S 1m) ZHWED, WIERhROM L4 HIIZKEDEWY 6 kl AT
FRP KHf (1x10x ¥R X 0.6m) ICEE L7, &AM OR: B AIEOKEIL,
BERFFOKICE A2 A== =23 27012, REICI T THIE I
800 I~1kl, #%#&1%5~6kl O#PATHIEL /-,

ETBLMEH O TRRIZ, # b F, XA T T — 1 (ERMER) & b [E LA 526
FEVENIKEEWT L « BOR B VA R IEAT JE AT (K EEAE MBI B IR RAFF ) IT XD
AFLELOZH W, IKBERICK T D cMoERE kL, e F Tk, =
NOEIREDOSI 77 AaTHERLILELOEZMEHNT 5 H1EE BAERED Lk K
BOMAMES LD FEEHAL, 3477 —1L T, BENOEIEEDS |
7T AATHERELEZLOZ - BREHNO 5001 KB ZMkNTIRKLEZS D%
TRE L CHAT S HEEBARED 6 kl KIEOMAMEICE D HEEIH
LCAiT o7z, BERBAAAIRE O U O PR FEIE, WAl & H 49 2~3 x 10° Ml fa/ml
OHEIFEZBLZEL, ¥ FIIMN5HBOHEETK Ix10ME/mMI, x4 7> —
VIZR 6 HOE:# CTH 2 x 108 fa/ml OB EICHEM L7-b O 2B L 7o,

F, PHABRICEWNT, e FITMEHESLZ X250 52 Mk & ko &
AMB BN Enb, TOPIEGR (BRA - & L 1996) & LT, #HH%
A1 AMIIARROKRZHWTHRFORBAZIS U TR Lok 1/2~4/5 % 7%
ST L, SEEZFHE L, S5, e F T, RKEMERBEREATH SN
HEFIZIE, FRNCEERAOZM R EH~VFE=— /v — h TAM L%z BV,
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F—n"—=Tu—%jlk LT,

BEHRICETIERROEKTE

TFHABRICENT, BATRKEEELAIERZ E TR AFEOY MR & LT
FEHCEOABERRBINTZ D, TOHBMELHERT L7201, T
AR TH W R RS A (Fig.4l) Oz FARE T 5 R AT -7, #
BB TH x4 27 7 — LV OKEHHEIE, TR SR UM CEHBRE
120 um THEGELE) & L, ¥R OfE - MMM A2 L2 2o 3 >0
Et%%1 (B, C, D) L olk##1T-7- (Fig. 41),

AFHHIEEHZ 7 e F 2 WS EERINTH Y, THRBRIZI W T RAF 225
RBBGONTERINTH LD, A TIIERERIEREOMBFILEZND -2DIZ, F b F
ERXF T TV EOMRAMBAZEIREL, FETFOKEKTIZ, AT HF
NEMEBICB T HAXA 77— v OERBEY A X 120 pm (27# - £ 2005)
EAEDOBREME EOBRBZRNDL, £ETOHEN120um L EERY, X4 T F
L OB FRE L 72 5B R 180 um Eifk & LT,

BIZ-MHEDOHER EEIZE W THHER & LT RIIZHWL, fill s
LTEGICANFERARRIINY FT 22 WL RINTHY, A LFREKED
BBIZk Y, FEEEOREER TIXEAEE 180 um £ & L7,

CIXfEEl DY A4 X (RS 1995; MK 2012) W E L, MREN/ NI WVE
ENDANY R T U AEMBARE LTHN, EREALLRENVWE SN
b F % 100 um fHEPORET 28 RMNTH Y, A LFERICTHRARICE WD
TRERBEENEGEONZRIITHSL, IHIC C T, ZHKHOHEDEE R
FHZBWT, hAEDORESEZR RO M L2 BIIZREM O B 7e 2 HE 58 O B
BEAZREGLTCHRET I ZERHERIA TV Z D (RS 1995), N
FMgEo e FLEROXA 7TV -1V EOMAMMEEZE RS A LV 3 HEE
ERCREL, b FOREKT 2 FHRE 240 um (i & L7z,

DA EEEHC 7 B F 2V, FHkR 240 pm £1iE £ THEEF S 2 68 R 5
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Thh, xA 77— EeOfmliM4 C LRFOHABIZLY, ROICKRE
L72bDThD,

AERBRIL, RS A LD ESRS B~D @O —o L ZFRFIZHET S
Jike, B3 GREBR 1~3) FEiE L7,

AER 1

B 1L TIE, fFERSI A, B (B 1-A, B 1-B) 2HWVWT, e F DA
HERE LTORDEICOWVWTHALY T v AL DB E R AT, S0 IR
eI, Y —0WmEICBWTETHETE L WIS AEH O
HZERWiz, 2014 4 6 H 25 A, i 10 AR « i 19 IR S GIBTE TH 728
F LN T2k, ZHIEZ K 205K R Y I —R KA bARICIA L, &
%I E Ll bhe a7 70ELE, YA 752805001 RY B —
RAEA FPARREICBEL, =7 Lb—2a T LAED DK 250ml | owh K
A, SEEKEICINE L,

MEOHURNABEEZRF T2 2BME LT, KB 1-A, 1-BOfE
BAAEIRF O D WA O E L, fERkDJFE (K 1.5 EAE/ml) X0y 1 E
BimlCEEL, REROFHELY @ 2 i /ml % E Lz 2 oF U
RH A DEEFRRICONTHERT D ZEE L, 2L DOHAEDEE DG
X, b a7 T HEDERTEKESDINERFITIT > T2,

Fo, DEZINET 2B KM OBRIRICH 7= o Tk, f[lE OIS AL E T
DKL, SAE DO IRLHKT HHROEBANRL D AHE AR R Y BIR %
FoHRETHDLN, THABRO 1EEHRBRICTHWT, 20°CHE 7T ¥ O KW IKIR 2
MFE L7 2 I LKV EDOREMER L CREMENELS kol &b, i
BHIMOEMELEX 57012, Ak 1-A, 1-B L HICHFNENZ G F KRN
EV (R E Y 1°CREE B 5 A BRSNS AL E 3 2 KAl 2 IR L 7=, Lo

L, #IZ, MWEENFER LB X 55 RilEsh 4 03 6 B K o K 2 K &Ik
HER (KEWLT) DAELREZ b, ZLBLRIZAMUICALE T 2 K FE O F4
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ICHENFE A B L CHNBEOBREZ2 X - /-,

B 7 —THBELEER 2 BlonTld, RRBMZ2EEL (WES
1995), XA NS EFH WM E TCOREDO L O EH{ LT, HEHEORE
Zd T o TUE, hAEB LI ORATHY OB R LKA KIC K D KMENTOREE O
WMoy DN o A2 ERITHIE L, ShAEDIMKREBE 2670w &, Wi
FREFMZIZ LV KN TERAMLEY LT TRV LICEE LT, i
BiL, BTH OWEEE L Y H OEEEOBRE LI, FRASY O E K #H 2
NODHBEREEZMBL, BRICEHHEINOOIREKRLS Z X BRIZHKE LT,
FEEE RO B 221X, AEDOREEMICIE U T, Gk —D ko FiEo ¥
7 fa BH S 0.5~2 x 10*MBAa/ml O FEPAN & L7z, S EHEIHUTAS B & I2I5 U
THBEL, 1 HIZ1~2ET > 7o, FREE O EITITZRAEBY ORIE & FERIC
Ty Au—Br ¥ — VKR EBEEH N SHERBKPTOMEEDOREE H
I (FEfE H 2000), A KICHKEEE L Z—TC®ELEST v/ Zner v X%
0.5~1x 10*Mifld/ml DL ZAMEFFT 2 L9121 A 1~2BIRML7Z,

A ER 2

W 2 T, PHARICEWTRAR MG LM CTHEMALZEERS A, C
(GRABR 2-A, &R 2-C) ([ZoWT, FRFICHECEMNFEZHNTZOREAMELE A
HPEIC DWW T Z4T 572, 2014 4 7 A 3 HIC, M 10 fE{k - #f 40 B{A DS
BlZBINEZEA L, BERBLXOT /) 7 rue P 20RMNR EORAKRE 72 fH
BARMFRBLEFAMBE L, fidoRB 1 L oo DI, MERBREO
DRGADINEEET, HEROFELDEW 2AE/mIICEEL, AR 1 EH
FRIC b e 37 4 7 A O R EKIE~OIUE RIS HEE L2 %L, f#E K82
B 2-A, 2-C & HICE BB O NMNICALE 3 2 K %2R L7,

HE& 3
AER 3 TlX, EERIRYI A, D (B 3-A, R 3-D) 2T, b FDiE
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YRR R SV THE L7,

2014 4F 7 A 18 HIZ, Mt 10 {8k - M 22 EAD DG Z N2 HE M L, e
BIOFr 7 7ma T 20RMNREOER R EEFRMITRER 1, 2 & R
& L7, BEBRIAIED D IS A DI B EIL, 3Bk 2 L REICIERD HiE (K
L5 EM/m) XV @mw 2 @ E/mIICEREL, hr a7 7 HEDEEKE~D
IS R\ B 2 i U7, S B KA IX R B MO WHNC AT E T 5 1K 2 2R L,
7 BREAE 24T o 72T 2 KIEIZ /3 il L C Ll e BR & B4R L 72,

HERNEDEEBESLUVURRBAICETAEEKREDET

BB CAEERIRE L T4 EFEHDELBIZ O TR, WRDEPETIED N v I
Ty T EVNIBEND, B —DRERDITIEIZB T D8 1 B4 KX
PR 22 70 450 25 B8 £ %, #9 3,000 5 i {& (0.6 fE f&/ml x 1 kI x 50 /K#4) % H £F
fEE L TRE L, B2, 3 TlE, MEREBICHEBTKRKEND 6 HiAD LE,
g, FREOF 18 @BV T, £50ml F2fBEKE A 7+ THRAKL,
BONTIRFENEOFEEENOERE K& B IZBT 5 IESNEOEFRR %

E LT,

UL —FIREERER

A OEF R TH V2 100 kI KFEIZHBNWT, v 7y — ROAEFEMNF]
B2 EI DR T 22 2B, R 3 THEELRMNEMSED —E %2 Hn
TEEAREIT o 72, R 3-D THE L7 A& S E D 5 B 5,000 )7 #K %,
8 3 H (His 16 H) (2 100 kI A& 1 # (P /KHlE, /K& 70kl ITILAE L7z,
MEEMICEIERZERE I XFEBRREZHA Y, 1mmA vy a2DFry FTEHEDLHWD
T2, KEL THELZRELED O (HEBEERN 25 kg) Z A& DOIE
AT HICER S AR S mIc ) — 12 b Ko C#Afi L7z, 8 H 7 HE ClTih/KkERL
L, BFEBELEXA 77— L& 2x104Ma/m L EOREZHRFT 25 XD
(2, 1 A 2~3 [EKPR T TEERELZ, EEMICH2 280945 DN
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ENFERINTZ8 A 8 AL, Wi AKMOKMNEZ TF (K& 30K, BT
% 100 Kl K (K& 70 kI) ZFEE L TH A 7 4 0 & 0 #gENICH KT 5 i
KEBICETL Lic, RETAKMOWKFIZ LA 1~2HEREL L, x4 7TV
— L DOREN 2~5 x 10* M fd/ml Z AR 2 X 512, #R/KITD 100 kI AKAHE (2R
MTs2x4 77 —vOoBZHEEMNE L, REbn2ro 18 HE O 8 A 20
B, EAKEOHKIIZ15mm Ay v adry MagRE L THAKL, 5
EMICHHE LEHEZR2TEIR L2, B LZEHARN Y =125 X5+
IR L7tic, 5g&x 7 e LTHRERL, EERBEMEBE T CASEHALR
L TCHEEECIVBRHEEEEZRD S & L HIT, 100 EE O H H o gm 2 J &
L7z, 70, 4Oz =FA—20xx7—VJ 7 hEXICX Y, BEKENTREAE
L7 AKRTICE VM EEMBBE L0, BH LK ERICS MRS L
oo TRNHDOHEHRIZOWTIE, @BEO~T Z MW T THEEL TRIE & AR

R L, BmOBGODLRWEEORE 2 E LT,

LR

BHAICETHEEHIESE

1LklAkfEZH W2 e FoREE (RUMOHD 6 H 26 AKGDO H D EER)
R DMREE (3 ABEEYME) oHBE, HEERME (6 AA, 6 H
A, 7H B4R, 7T AHTFA) IZ Fig. 42 1279, REBRHMTICBNT, b F
TIFIELE L EEZRL, 22500 EDH>H 220 (88%) FEELET S
AR 2 RS 3 x 108 A /ml (2 L7z, 3 x 10°HHAa/mI ICBIE Lo 7z 3 (5%
#HMGH 6 H 23, 24 H, 7H 11 H) TIE, 2.4~26 x 10°Mfa/ml £ CTHFH
L7EBRICRZE L 72, BB RITE RN TOLRRY, 6 HOETIE, HE
BA4h 5~6 H H C5~6 x 10°Mifla/ml & CTHIH T AR B HALNTZDITx LT,
7THORERETIE, 3x105MMa/ml 2 K& <BXTHMET2BRIZALNR S
77

6 kl kKX H W34 77—z (RBOHA 7 H 1, 12, 13, 18,
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27 H, 8 H4 HBMBO L O EERL) TR A MIAEE (3 BB FHHE) oH
Ba, tEFMN (6 H MU~7H kA, 7H TH~8A EA)) IZ Fig. 43 127"
T, RBRYIMAICBNC, X477V —VEBRELLEEEAE2RL, 216 HO
B D5 B 151 (94%) ITHE L T 2MAEE 2 x 108 Hifa/m 22 L7z, 2x
100 /mliC B L e r» 7 11| (R5&PBAMHE -7 4 12 H) TIX, 1.4 x 10°

HERE/ml % THIGE L 722 ISR SE L 7,

AER 1

FEWR P OME AR, FENEOBE, TOBENOHETE LKL (3
HEE L) X ORED A D3R OHER 2 Fig. 44-a, b, ¢, d IZ R~ T,
B K, B 1-A 1% 22~23°CH, Bk 1-B 1% 21~23°CH THR L -,
fE 1 HEORENAEOREEIX, R 1-A X 1.0 H{E&/ml <, FHEL7ZRE
BEOHENTH > 72, R 1-B T 1.2 HAE/ml &, FFELAEREEE LY
RLREWETH -T2, TD%, R 1-AlZHOoWTIE, fE 3 HA £ TIImE
A OB EILEE LT 0.9~1.0 fE{A&/mI fxZ#H L2, fAE 4 HEBICO0.71
f\ A /ml £ TR L, BEES B BICIINAEDKEL FICX Y ZDHEEIX 0.02
fERIml ETRELWA LI, 20K, HEOFELERALNT, RIET L RIA
BN P o2 Z O HAE T HRICRBRAERIE L, fFE 40 H (HES5HA
LB Xl Sh A D B o T OVE D D Te o o T2 O R FHH]) O Rl A O F %k K
%, 90.8um ThH o7, REBR1-BICHOWTIE, fEF 4 BB £ TIEBENEDE
BEIXIFIELE LT LA1~1.2 fER/ml (i 2 #ER L7228, fE 5 H HIZ 0.97 fE{K
Iml & & 720, B 1-A LRIKOGEDREIL TR TFREINTTZD,
FAWA—T=27 50 um OFy hZHWTYH A 7 4 12 K0 A% 2 TH
WL CRERZ 217>/, KIEEZ#%IE, flE 6~10 A B £ CIIXBESEDE
EIZZELEL T 0.7~0.8 fEk/ml fHix 4R Lizay, fF 11 A RICHED
REWL FIZED 0.14 fHER/ml £ TEBICHAD Lic, TD%, hEDFE ERHR S
N, BIET 2 RALNENP -6, B 12 HBICHKBRE PIELE,
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filE 11 HE (fE 12 B BIZmiES A0V v T BN Do oo ARG
DV E SN A DY R, 1043 um ThH - 7z,

FBERBNORBIL TR LA ETO, MEKTZFET S HEEBDOH
BREEBIOMAED BREROHRE % Fig. 44-e, fIZRT, 3B 1-A TiE,
fE 2 AL A NHRIN, TOBEIX, fdF 3~4 A HIX 0.2~2.5 x
103 ER/ml Toh 72Dy, RENEOREBIL TR H-7/HEF 5 A BITIZAWIC
AL C 2.5 x 104 fR/ml & 7e 0, 2T RkbEWEEZRLEZ, ¥ 20k
&, BB AT A Y O i1 KRB O BB 6 x 102 M /ml o 55 L THLE S
iz, B 1-A OfE 4 HE X TOHMBRERIL, 5~9%MiEaH#B L7,
AR 1-BTIL, B 3AENSFEABY KRS, KR xiT>725HH
F T 1.6~9.4x10* fE{A/ml OFIH THER L7, KEEA®%3AHE (WEF 8 HH)
2O FHNRAEEYOBENEML, &F 10 H H £ T 3.1~5 x 10° f@{&/ml i
PHCHERS L=y, WAEDKEIWL TR H-7-ME 11 HEBICAWIZHEMML T 1.1 x
105 fE (& /ml & 72 o7, B 1-B OHEOREIT2ENICHEE CTCH Y, HMK
RRIT1I~6%MiT 2 H#B LT,

BB RBEL FAHoTZAETO, MEAMFOF ) 7007 R
D EOHR & Fig. 44-g 1273, B 1-A, 1-B & b2, fE B D IE R
ETHhHoTL I ERHELNE LKA T OBAMICT/LEL T2 & T
BUOBELL EICEFHENRZL , AFLBBRCRM LTy, Z7aa 7y 2R
flH 2 HHUBICKENCTRBICARBIML, ME KR RE Lo, fHE 5

HEIZIX Ty 7aa v 2o/Milas i, Rk 1-A 2 3.4 x 104 M a/ml, 7

k=1

B 1-B A% 3.9 x 104l fia/ml & & < 72 o7z, T O W O KO F K E b AF
IR ANRBEFHEEO LML, BB 1-A A 468 pmol/m?/s, RBR 1-B A
442 ymol/m?/s TH V, ZHITHMITALE T L KEDOK 4 FDOETH - 72,
BB D REWL THNEZ 572 H £ TofE KM o Bk O % B (5%
B, #5EEd L OVE O A EHE) & Fig. 45 (TR, FEAHE X, #5 A AT o 52 I,
FRER A L, ME LB oRMRE bR IATETH L, AR 1-A T
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FFHELHEPO X e TFOMRBEAMGL, FME 3 HHICITKENTY & F 2
L, BREENTEL CWIHREREUL Lot OfE 2 H 1k Lz, R
1-BTiE, MiE1LHENO ALY T AOKMEEBL, fE 2 B BRI
KENTAHINY FT AP RKEICHIAL, FREEN TEL TWIZHERM L e
roleie, BB 2~4BHOREEEFIELE, MBET7THH OKEREX% 2 H
H) LEEENBEMLZ-DBEZ PRI L7,

A ER 2

FEWR P OME AR, FENEORE, ZOEENOHIE Lo AEKE (3
BB EBHE) 35X ORES 4 03 E O#B % Fig. 44-a, b, ¢, d I 7T,
fil B KIE X, BRI 28 U TR 2-A, 3B 2-C & H 12 22~24°CHETH -
7=y, fE A~T HEIZOWTE, Bk 2-A 233k 2-C kv 0.3~0.7°C < #E
B LT,

fAE YW OGN OFE L, R 2-A, AR 2-C & 11T 2.4 f@{E/ml GRER
2-C X 1, 2 HEDO¥HME) &, R LEREBEEL VLR WETH - 72,
Z D%, R 2-A TiX, BENEOEENEERROREE & HIZHA L,
flE 6 HHIZIE 1.6 MEMAE/mM &y, ZALIK, fE 10 HH £ T 1.5~1.6 i
Im i zZE L CHB LSOO, WME 11 B BT/ 0EA LT 11 fEE/ml
L, ZNLIKE, FE%R IS T 0.9~1 1 ER/mI AT A HER L, AR
2-C TiX, fE 5 A BIC—IFMIC 1.1 f{R/ml EIRWEZ R LEZb OO, EH
10 HE £ ToOWADERIZRR 2-A LIFERFETH =, TOHKIT, R 2-A
E U@ 1.2~17 fE{R/ml (22 E L THR LT,

FEHAEOAEKFIL, ME 10 A B E TR 2-A, B 2-C L HiZ 100~
60% O TIEIZRBEOME A 2 R L7722, fME 11 B B LR L, 3Bk 2-C 2 60%
AiEOmWELHER Licolzkt L, R 2-A 1T 40%H & ik 2-C LV KW A
R LT,

FEAE O VR EE, ME 2 A H £ IR 2-A, R 2-C & IR
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Tholh, fE 3 HHIUKEE, B 2-ADOHBRR 2-C L@ W ET
HBEL, fiE 8 HEICHEDZEITN 26 um L KER o7, ZO%IE, WHE
DVE R EOZETRAICHED, 8F 17 A BIZIXIFERCMEE ko7,

BEKFZZETLRABYOHBABEEL LOSNAED ARKEROHE &
Fig. 44-e, f IC"¥, B 2-A T, fBF 4 HHE L ORATMRHER SN, 20O
HUBLE FE 1 0.6~4.7 x 103 fE K /ml OFH THER L7, JRAEB M OREL B &
TOKME R, MEMMFSIC 2H (HF S5 11 HH) FEhLz, KR 2-A
O HAMRRERT, RAEBML DRV FRZEZITES < (11~12%), JRAEH
W3 2 WK IR Z ELATIEAR VY (1~5%) fHm 26 - 72, R 2-B TH B 2-A
EFRARICETE 4 BRSO EABY LR S, TOHBEEIT 1.9~25 x 10°
R Iml OFFE CHE L, A OREZ BN & T 5 KER 2 %2, {5k 2-A
ERARIC 2B FEm L7, WihbE R 2-A XY 1HENR (BWF 6, 12HH)
TiTo7=, B 2-C © BMRERIL, R 2-A EFKICTRAEBY R D 720 fi
BRSO R 2 H& T E < (11~14%), JFAEBY MR % 0 KRR 2 8 571
Ry (3~4%) WM 2R dH -7,

fERKER DO ) 7 an T ADOEEOHER % Fig. 44-9 (2T, R 2-A
DODFvrvuaa T AOMBEEIL, 0.9~8.4 x 103Hia/ml OHHE TH > -,
R 2-CoF v/ r7mn v 2A0MEEIE, fF 3 0 HIZ 1.6 x 10*# ja/ml
E@mmo T UANME 1.6~7.2 x 103 #id/ml O &EFHTH - 7=,

il B A P OB RN O B (GREE, fREER L OE o &FHE) % Fig. 46 12
R, R 2-ATIE, AELHEOX e TOKEEMKL, fF 1L HE (OF
Pk 170 um) TRk L=, fE 7 B H CEHEHRE 126 um) o347
TU—LVOKEEHBL, REBKETETHE LT, KEFBX%ZOEE 12~14
HEIX, SBEKEANTRAE 77— VR REICHME LEAEERNEIN LD, &
A —HFRIC P I Lz, B 2- A ORBRYIE O KR ORGEE &1L, ¥ b
FN33kl, XA T — LM 34Kl T, WREEMEEIET, ¥t T 9.7 x 102

Mg, *A7 73—V 9.4 x 102 H#ilaTh -7, B EIT 2RI
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RO FELVELHEBL, ToMITAKERZATE (MF 10 HE) 1K K 4.6
x 104 ffd/ml & 7220, TERkDFEDORY A XNZHB T DMEEEOK 3.8 5 Th
ST, BIRHEREICE LZREIL, 4,200 (BRIEKICHVDRER - ZEA 2
EFOBMABRNERTEBORERD L5 ERTHE, MEAMOZT L— 3
VB IO EOAEE-ERICER D BELRMIC O TERE RO EEIZE T 2 R E S
DHEFANTHETH D 2D FHE D DR, 558 ICH W 2K B X OV H K iE K
COWTIHRERHBNER7ZDF EET) Tholo,

R 2-C T, ABELAEDDL I NV N T U ADOKMERB LN, fMEF 2

HICHRHENTEL CWEREE LR o720, fE 2,3 HHOKE %
Hi L7z, AT MT U AOKEE, ME 8 HE (K%K 117 um) £ THk
Lz, fiE 4 HE CEHZ%E 91 um) 22034 e FORBEEEBL, T
15 HH (CE¥%E 238um) £ Tk L 72, B 9 HH (CEHHE 132 um)
BIExA 77— Lol ERE L, RBRE T E Tk L7z, R 2-C oR
BRIARI O B TR ORRETRIL, WALV P TR, FeTF, XA T T — LN
% %501, 4.7kl, 3.6kl T, #feFMai, »r 70X, FeF, XA
7T v— LN 225 x 102k, 1.3x 10841, 8.8 x 10Vl CTdH »7-, £
BtoMGEEEIT2ERMICEko FELvELSHEE L, TofIZfMEE 15 B B
BeRK 4.2 TMkaIml L7220, BEROFIEORY A XIZB T 2/ HEEOK 2.3
BCThotz, BERHEEICE L-REIE, 49001 (BHE 5B IZRER 2-A & [AER)
Thv, ANy 7200 AN#E ML 108,000 HTH - 7,

B 2-A TIE, ME 16 HEANDGIREZ AT 2B ERTONENHERRB S,
fE 17 HEIZZDOMBLEN 11% & 720, BEEH & e o 727z O 5§l & &
T L, RERBIZBT8E (B + ¥ FEZE) 13, 278 +29 uym (Fig. 44-d)
T, A 72T O EDORER K (Fig. 48) 72 HH#EE L - B EK
BB LODMGNENLOAEFERIT, THAEK 8,200 I EIK, 47.5% & #HEE =
n, YYoBEEEZRKEL LESMERDELENE LT,

B 2-C TlE, MR 2-A LFERICEH T 16 A AN SRS Z AT 2 FER O
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WAENHER SN, WME 17T HEICEOHBLEN 9% L7220, HHEM Lo
OB RBRZET L, RBREEKAICBT28E (CFY + EERE) X,
273 +36 um (Fig.44-d ) T, VA4 7 x> ZHAWi=@RloshE o RER R (Fig.
48) N OH#EE Lo RERE B LD MO AN OAFERRIL, ThENMN 1LE
2,300 HEAR, 73.1% LH#EE S, AR 2-A LRERICHU IO BEE A K& < kE
DA E N ERDG DT,

FBERKBICER LY A 7+ 2 H0TER OSNAEORSE TIX, MaBRX
EBIZEENS TBIZAT TEL ROIMEMD B LI, & OYH A% KT,
B 2-A 1 112 ER/ml, Bk 2-C ik 1.69 E&K/ml L H#iE S, WP bIEAE
=7 —HEBEHEREMETRE LN EDE=F Y 7 I2BIT 2 HEE GRR
2-A 1% 1.07 fE & /ml, 3Bk 2-C X 1.35 fE{&/ml) LV & WETH - 7= (Fig. 48),

A ER 3

EWHE P OME AR, FENEORE, ZOEENOHIE Lo EFKE (3
H&E)EHE) X OFENAEDOVL#%EOHRE % Fig. 44-a, b, ¢, d ITRT,

il B AKIEIE, UBR 3-A 2N 24~27°CH, R 3-D 7% 24~28°CH CTHER L 7z,

fWHE 1 HEORENEDEEILX, 2.2 #E{E/m T, TR LEZREBEE IR
RLEWMETH -T2, TO®%, BIENEOEEITESHIEKTFTL, ME21T7- 72
FE 7 HBICE LT EE/mI & 7otz %O E 8 B HOWREESN A O K E
i, WUk 3-A, B 3-D &b 08 MR/l Loz, D%, Bk 3-ADFE
WS A= 0 B XD L A2 0, 0.5~0.6 EA/mI R HER L, — 5,
BR 3-D DVRlEL A DB EILRER 3-A L FRERICHEAD Lz, TOREITLVE
LNTHY, HABFHRFLITHT T0.7~0.8 fHAE/mI iz HB LT,

FUENAEDAETRRIT, FHEEIToE8E 7 HEIZIX 86% LR oTo, il
OfiHE 8 HHLIF TR 3-A BB R FITHIT T 60%HIEETE T LZDIZ
L, WBR3-DIIMBERZRYTH 70%LL L@ Wl & fERE L7z,

R A OFE R, aMl% 5 AE (8MEF 12 HH) £ TR 3-A, R/
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BR3-D & bIFIERETH o2, il 6 HE (8F 13 HH) LIREITRER 3-
DOHFPRBEI-ALVEL<A2Y, fE 15 HHICHEDOZEITH S5 um & KK E
Aol

WBEKFEZRZETDIRABYOHBEEBLIXONEDOAMKEROHERE &
Fig. 44-e, fIZ/”T, Hflit%IE, B 3-A TIxHoM%3IAHE (BME10HH) 2
b, R 3-D TlEsM®% 2 A (BF 9 HH) "oJRABYIHREIN, £
OB EIIWMARX E S, SM%5HHE (FF 12 HH) £ TH 1 x 104 fE{E
Iml Bi#6 & CHEINL 72%, WA E -7, BREIRERIT, R 1, 2 LA
RICRAEEBM B DR WEBRBEZ TS, RAEBYOHBE L L HITKS 2D
BN d -7, oMit%ko B BKESRE, B 3-A 3-D&bicAEBY N DA
WECH BHE @ WE (13~15%) &2 L722S, JRAEB S EEINME [ & 72 o 72 55 1
%4HH (MELUBEH) DBEHRPETIKTL, TOHRIFMENIH 2 KREE
L, NEEERLIBEMDH o7,

HEKEOF v ) ran v AOEEOHBE % Fig. 44-g 127" T, T 7
mu Y AOMEE KL, fE 3 HBIC2.4x104HHE/ml & —REIZE Do T2
DS,y R A% 1T R R 3-A, Bk 3-D & B 12 0.6~5.6 x 103 Ml iE/ml O EIPH TH o 7=,

i B O EE OB E (G, BB X OZOEEME) % Fig. 471
T, HELHENPOZETFOKEEZ, E 6 HE CEHEE 114 um) 726
XA T —VOEERMG L, oME%, b FOKE LR 3-A TIIMH
BHIOHH (CE¥EE 152um) TR T LZox L, Bk 3-D T3 E 12 A A

(CE¥)a & 217 pm) F THERE L7z, F7o, MARABRKX E b ICHBRAKERZ O 4
HRE] (B 8~11 HEB) x4 77— LVOEREENEIERE -T2,
fofE &2 —REAQIC R IE U722y, fe< 2 HIE (BE 12~13 A H) 1300 ICFREE & 2
RELEAD Lol ®s RIGICHEML, £ 0®RIIFMEREICIEL THRE=EL
LT,

B 3-A OB P O KB ORI EIX, ¥ F N L1k, x4 T

— LA A5 KT, AT, ¥ e T8 33 x 102 M, kAT Ty — L
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N 12x 108 TH o2 (DHATOET 1~7 A BT EEOKEED 1/2 & L
TEHE), Bk 3-D oRBREIM P oA ORGE R, b F 2N L7 kI, *
F7 T =N 3.2kl T, BEEEMEEIE, ¥t F 51 x 102Ma, x4
7 v — L3 8.2 x 1024 i T o 7o (BUBR 3-A & [F AR I 43 # AiT D 45 i & 2 4 1E) .
AERE OO F5 B 5 B2 1, BAUBR 3-A,3-D & b ICBREMICHERD HFIEL v m<H#HEB L,
ZOMILEEE 13 H BICHR K TR 7 x 104H8a/ml & 720, kD FEDRD A
RIZBITHBEEEDORN ATETh ST RO AEFEIZE L& 1T, 5k 3-A
2% 4,700 [, Bk 3-D 2% 3,600 I Toh o7 (FHEFIEITHER 2 & FE).

B 3-A TiE, fFE 15 A A ORAZ AT 24555 BEATO A DR S 1,
fH 17 HBEICZOMBIEN 21% &2 0, REEH & 7o 772D F B 4 %
TLE ABE&EBICBIT o8& (CEY £ E%FEZE) X, 268 + 49 um (Fig. 44-d)
T, A4 7 ZRHOWTZREIOSAEOHRER K (Fig. 48) 22 bHEE L 72 K
BB LD WSAEN S DAEFKRIX, FNZHK 5,500 5EME, 70.1% & HE S
v, BHOHELZ ERISAERDELNEL N,

B 3D T, ABR3AZVIHBEVWEE LAHENORAEZAET HMEE
RTONAENFER S, R 3-A XV 2 BRWHETE 15 HHICZ O HBLER 27%
ERY, REEM E R oD BERBREET Lc, MBEKBICBIT 58K

(CE¥) £ BEUERZ) 1%, 292 +40 um (Fig. 44-d) T, A 7+ 2 HWiZ)E
B ONAEDRERR (Fig. 48) o HEE LICREAEERLS X0 D MhAEro 0
AFRRIL, ZNE K 6,000 HEAK, 77.2% & HEE S, RBR 3-A L RIERICY
Mo BIEZ K& < EEDFEBHDELPE LT,

FERMEAICEBLEF A 7+ 20V EH ONAEDORE TIE, R 2
ERERICHABRX E HI2, FENAL TEICHMITTEZL R2EmRAA LN, £
DBy A L, R 3-A 1% 0.75 fE A /mI, FXBR 2-D (3 0.83 fE{A/ml & HEE
E, WERbLRER 2 LIRS, MBICT 7 —HEPRE R CHRE LA
DE=Z Y 7B T A HEM GRER 2-A 1% 0.58 il {&/ml, B 2-C (X 0.67
fEf&/ml) LV &mWETH -7 (Fig. 48),
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UL — FRERER

BRI BICB T, T O 3% A3 L= B8 190 5 K & e
S, RERB AR ICULA L SRS R DR R 3.8%, wk (CEH + 4
Yl #) 12 2.420.65mm Th o 7o, KR EZEAME L H HILK 73 51
(R S, Zomd (P8 + MEUERF%E) 13 3.9+0.98mm &35 £
HELEMELO KM CThH -7, ks, KWBER~OHEOHEITIZEAL L LD

nipinoiz,

EE

WERDEFETLEDO Ny 7T v TG OS2 B #IC FE i L 72 AR T,
9 2 KSR BREEICHIRRIH D Z b, hEDOKRE - ARICKE ¥
BLEEZDEZZONDHBRMICK TR B AZHRE L THE#MOAED K
EAEZR AT, NI, BAMEEBICL VRN RZICAEENATRERTH DX
EFEexA 7T =LV ERG, IR L LTHWE X b T O 2 IR ICHK
A aAiT o T,

ZeFOUPEE L L TOEMEICOWTHRFT 2720103 Lzl 1
T, MBENHICEELTEOAEDOREBL TICEIVBERITIEON R 0T, 4V
HXONEDRE-ERICBHREEE X 2MEELY NANITHEET 5 ik
LT, Ty rmu Tl 2A0ER EEZWRBEKRKSNRINT 2 HERANTH 2D
N, TO—FHTEMT L7 /7707 AOREN 10°Mia/ml L &EWiEEe
T, hEOEBHENG T OND Z EICEVHEOEERBAT L EnHRE SN
TWwWad (S 2000), = LT, 4 %% A Pecten albicans & H W\ 7= BRI ¥
WT, Ty zun v AEREBKIC 10°HE/MI UL EORE CTHEMT 5 &5
EOBRBEBENRELSBWMOT 00, HEOKRE - ARICHEELZ KITT
WX, 0.5~1x 104 Mifla/ml R E L T DH L I TWD (BF 2015), Z
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DZENDL, R 1I-A BT H20EOKRELTIX, fENHICHES L2/
B RIS & VAR O EEE AL DI A D 3~4 x 10° fIfa/ml O % FE £

FZLLKBB Ly 7ueun v A0 EBEZTEAEEROD EB DN
Do R L-BIZOWTIE, FAfRICT v/ 7 ma v 2A0BERELS ot b D
O, fHESARICHEDOREL TREE RN o72, LirL, #BE1-B DIAED
HRIEERIZSEE 3 HHURKRICHER 1-A CRBRICE LW TR ALNTEZ &
W, ZOR, T rman Y AW X DN DREENEL TV
borEZLN, WICEFS HAICKEEAZTORP>T%E1E, 1-A LH
BICHAEDKREIETRRAE L ATREELS S 2 vz, Bk 1-B 1%, K& xIC
IO Fr /) 7un 7 AL OREERMIESNAZILICLVETFT, 8H
BIZh U CHMMRERN —FRICEE LZEEZLNRD D, TO%ITHBKRE
ERFMEFTL, fE 1L HEBICHERKREICIE T LEZ, ZORKIZDWTIE
RATELLIN, T/ 7ma 7 v AL HMERFEORENEZE - TN LR
MRO AN T AOBEMBERIC L2 KREBET SR (A7 - ¥ 2013) 7
EMEBEAOND, LEDRRNSG, 4%I1F, MBEKPICBTL S/ 7
CADKEWM A LT A0, BRI ST 7 h o REE Th DA
YR L WERBRARECKERAERICEBNTE T/ Z7ra 7Y XD
MBI DEET L2UERD D, flE KON SN T, il E O
S DK CIXENEEZED Z L THRMOKEERBEORMELE T 52 L0
AETHY, BATORBIZE W CREEKMN CEIENEEO B RN 25,
B EOEKBICHADICHEL TWVWAZENDORESERTILEZIENL D
O, SHBITHEYRHBICOVTRFTILELRH S I,

o0

AR 2 TIE, TRABRICB W THEN L8RS A, CIZHOWT, [FLCERIN
Pz TSRz A7, TOMER, WX THE RISV TEE KRS
ENAELCTZ &0, KWNIZB T 28O 8BRS RAEBMIC L SRS
DTFTHMPKETH D 7-OICFKREER EOFARENRBRXHTRES KR -
D, EERINOENPDEDOKE - AKBRICE X D EBIZOVTHE
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THLZEIEWETH -2, LarL, MaBRIX &b Tl & RERICER D L
ICB T HMHE (40% : i E IHEDOFEHME) & LREILEZRENGEON, HIEL Lz
% W 5h A % 3,000 HEEDAEEIT Y Z ENATRE L e o 72,

B 3 TIE, e F oMU RGEK THRIC O W THRF Lz, B 3-A 2
BWTHETOREEKTLEGE 9 HEUBOKEIZOWTHMBEERD
HBE KT 2L, fFE 12 A B EARIZHE 3-A BMMELS R ol A N &~ b4, 4F
B LAREBLOLIHBZIEANT LA T RAORER LD X5 RBE
BREEERN AN, ZOROKRRIERNZEL, B 3-D X0 A8
AOHBLITLIH, REEM T2 B ROMR LT, —J, HEETIE,
B 3-A OfE 11 H BHIZEE DR N AL, £ O DM E O R &1 732 A 5%
FOELLTEELZLOLEEXOND, B 3-A CBVWTRAMAKREERD
KFRALNTE 14,16 B HRLHAEOHEENK T LAMHE 1L HHIZBWT
BRI T ZICHoT 0, TNOLOHERICEBARNENEE L LIIE X
WKL, Z e TFOMEBERBICKR T LEEENEED —2 L LTEX LRI,

TZT, ERINCEL T TPHABRB L OARER 2, 30#REZRET D,
MR E LCo X b F Ol CTik, RBREMATO K& TIX, (L% 5
B RIZRBMNITES, MO KE S EOR0KATH D720 SMUEE O A HL
AIEREE S RN e (AW 2012) X e F 2R LY TXHEDORE
MWANY NT UV ALZRE LD LD E > L oHE (Helm and Laing 1987)
RENG, MIWERE L THWESAOMAEDOKRE - AFROREXRERICS
ZOEBNRRINTZ, L L, PIHEERHC ¥ b 5 & Bl CH W 8RR 4 A,
D DEEEMESLCYMELICINLS b T U 2 EHWTEEE RV C L DN E,
REFEFRICBWTHX e FEZHMEERHCHAWD Z S IEZARETHY, ¥ T L X
F T —VvEMENT LRI THEMNNED REAFEN AR TH L & H
Wrsivic, 2k, RGO A NVY b T RAZHOWTIE, ENIEDO AV v 3
FFCE ok, WARMAEMTHY, FABY OEEIZ X0 RERDEETIE
LVREENZL RDOIMEMAICH D2 AREETFRICBONTHEAT 2561, =
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AMNDEAEZRBLST AV Yy IRBZOND, LER ST, EMDED NNy 7
Ty FIREIOREGE A B R T HEF RSB W L, B0 K& N A EE TAEE =
ZFPENFEFOHEARELTEY, filkdDO ALY~ T 2 AT DOV T
B ZERICBOL2O0RZRETHAD, £/, FeF XA 7T — L LD
B2t HEic O N TIE, MBR3DERNLL, e F A7 v —1v &
WWIE O RER, WEDOKE - ARICHEB LEETREENTREINLTZLOD, §f
MHIHE OB WRTEO 2 B HRBRSOARHEOR 2-A BL VO 3-AITBWT, itk
DFHEE ERIDARELHEORERHFBONTWVWDL I Loy, Ny 7T v
KHOBEICBVWTREREELZG 220 TIEENEHAKENS, X ETFD
HE) 2 AGEE MM B K ORI &I oW TIE, 4%, RBREHZERTZORER
AFRICKIFET R EZER L LT, RO RIICL DT AV v b (B8
DG - FMEEEEOHMN) L OHRREVWDO P TRET RETHA I,

WA, BRSSO BRI OV THRAT 5, Kl 2 Ic>0TiE, §i
WCHEMLIZEBVEMBEKFCHMT 2RAEBVWORELZHNET2HDOT
HY, BEGEERAWICHE L BT, KbERMLITE (R, B %%
RIRETHDL, WROAEEFIED NNy 7T v 7, DF Y AREIATHIC A FE %
ITH5Z2 L&A ETHBIEM T, BHEEXEODHENELEBETLILENDY,
JRABY OBEIC L VREENEINT 27 AU v MEdH Db OO, S
KR A CTHAEEIT) ZENEETH D, BIE, KR AEEICLE R RFRIX
3 WEM (Ao BE 2 Kefl, ¥ - F S50 % 30%) T, HhhiE—ATH
FICHIE PR TH D, SRIOREBR TIT o7 5~7 HIZ 1O KM 2 DM E

(1 AEFEMMPIC 1~2 1) ThHhIFEERICHEITES, Ny 77 v 7ic+
SRBEDONEMNNENELNTNDZ EnD, B A THERY 2R TH D
LEZLND, —F, RBR2, 3BV THABDYO KB L EEER X4
ODHMMEEROMEE A D &, BMEMES LITAEE2% 3~4 HENGIR
LEE DBOEAENBIRKE AL DM EDREROETRERI N TN D,
NWEDOKRE - EREEBET D5 00F, HEDVORELWERT 572012 3
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~4 AR TR ZITO 2R RBIRNTH Y, MBEKTIZE T DML
DHEHREIIZ L > T, REIEZ\EBCE LRI EIND, %I, HHER
MAEBRMNEXER O FHEZEE L LT, KO EMN R FIEIZO D THRE
TRETHLHEBZZADND,

WS EDOBU R INAEBIE IOV T, YHICHE LR RS A O
(B 1-A LB 2-A) TTEhrocboD, FABRIZIHWT D B4
DA E HE 0.8 fE K /ml (5 L TAH &S A& 3,500 HERZ AR LI &%,
AR 312\ T DA 2.2 HKIml O BEHE CTHELBBL, TOKIC
257 EI L TERE O KK THE A B4 A % 5,000~6,000 5 EKAEFETE 2D &
o, DRGAONEERE T LEEM BELVITEREE 7 —I2B8 1T 5 1[FH
DERE LB EWDELE R TEL2bDEEXLND, 27200, 2
EIMBEOWERDAEEL Y GWINAEBETHLEWEERERFELNATWVDLOT,
SHEICBEN S o T2 a0 DM O R MO FROFEAIH A T, M 1~2 f#
Kiml OFFHTIRAE L T EMERZWEEZOND, LT, IENEHKRD
NAEBOE=F) U 7IZOWVWTIHE, KRBT 2T A 7 2 W@ il
LICEVHEELESAEEE L 2T —HEEHREMIOE=42) 7 THEL
T AEBEN 4KMED S H 3K T2~3HIRER -T2 D, ZTOHTE
FEEBHRATOLER DL EEXOND KEHOREB KRN CTEBEI N
B BE O ERTE T A OAR VS DWW TR, JER O /NRKFE 2 W72 APEIZ B W T
HAEORBEN BRI KHE CTHMNEMIC2 D EhAEDN KM O EAMIITICHEE DM
MABDOOENDZ D, SREIGFEBKOBEEDEE TWVWELD LHEIND,
REAOBHRED FBICBTL2MERBELEE=F2) V7 OHEEZHET D &,
BERRELS B2 IAMOBEDOET LELNICETHATIZ D, AT
BYIWCHENAESGAECEBRITOE =421 v 7 HFE ik EEAMAr oA
ELNERCTET, KR Eo A zB/ M 2GRERNEZOND, 2
L, BATONAEDE =421 7 FIEZEETH 0 455 5 LLRT O ) A4 % B o 1
BIZITE L TWD LD 0T, 5%I1E, 4 BT > 72 8 Bl 5 AR B oK
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(TIERKEMILE & — 2004) 2 EDHFEHIY AR 6, KAEKMEIC
BUFL2EURE=HX ) TOHEZOWTRIATRETHDLIEEZL LN D,

DEEHOY TNy — ROEFEIZONTIHE, BN TIERANICEB W THUER; &
SHTEEZ AW THEHE~HT | BIRO/NRKE 280 L TENMIZIT Y
ER— KA TH 208 (INEE 2002; #oAK 2013), AlE, BN CHE L -MHE %
MAWTRAAKEZEMA L THBEIZIT D FIETHO R AEETE 52 & HR
ST, I, REMICY IV — REelmkETHEMET IR IXOE
PENILRL, ZOFBEBEEV >odH 52 (JRA 2015; = H 2019), AR
e —llB T, YAy — REEICHTHIRANEBHMESEOEEN
ExEEDBEMICH D, KM TH LD EIMD AT, BURTIEAN Y 7
Ty TR UNCEFTRICRER DL LD, EOEMAIAEE L TRE KR
ERHWE U IV = REFEDOEBANZONWTHRHAT 2R8MITHLE V5.4
B OB T, MSEEM2BE L CTEEAHBONICEL LoD fkEg e 20
BT, A %ITHEO ZEE FMECHREARFICOVWTHET ILERS S,
ARG RO, KK 2 WD CTHBIICA VT X A2 &S 2 TIEI
BT LA - K - BBEEEREOEANREERENH LN LR, RAEE
FEFWERDFEDO NNy 77 v T LTHAT LI ERTHoAleThd e
ZHND, LT, EROFIEZTHEICAT O 8 F KD HAKS EH RO EEMN
EEROEEEOKN 7T HZ 5D 5 (Al - H4& 2013) oiZx L, KAEEGIEZ
AFBREKPCIERBIIAETE IO THY, SHI2, BABERBIZIZE =X
FMEEIO REHRBICK D AE T X FOREREBE GG TE B8N AEET
HETHDE VXD, 200D, FilfE & — Tk 2016 FELIE O AEEICE W T,
WROFED NNy 77 v 7 LTAREETENPIRY AbiL, & BIZ—E 04 pE
B TUERESR D FIEICE A TARAEEGTENBEMPICE S L TWVWD, 5%I1F
AFERBAEBERTCEORENEZ o ICHRB L, &L E &2 L~ ET,
KAEFEFTEZRBOIZEAT LI LIV A T TIFEEDORELEL L WK
a A AEPERTI OERHGFTE D,
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FIE F—rEOR-ALIVIFSIVRDENZETEIRERERSE

ATEICEWT, BAMERBICHE L CTWOIHEBEORA 77— L T MM
DAEFO 2HERBIMCBVWTHRLZHMN L THBEMICKESEEL, 2%
KK B T 24 VWX ORESEORBN R EEICHET I Licky,
MHEMNDELZR A NTREBICEET DI ENAREE R o7, EHIZZ ORE
ZH LT, RWEORKE KA TH LV LA T T A Anadara kagoshimensis
CBWTYH, Zhb 2 DRI EME 2 HWvic N T AEERRIZENT,
KaANCRELEZBEEENTEDLZERERINLTND (BN - fEx K
2017, 2018),

— 5, x AT TV ERBOANY R T URAE, XA T T U= XD B
B A X2 E0HETHEE L TOMEINSSFEMETEY (FED
1995; HiE~ VU > 7 v 7 (¥K) & 2003; MK 2012), % EERLH (A
~ U7y 7 (Bk) & 2003) MM CNE S 2004) 2 F 72 805 23 1 iR
S, ZLoOMEEAEEKECHERHINL TS, YROKEE % — 0 RN
IZBT D 1Kl O/NBIKEEH WA UV TXFOREAETSH, BEHKEE LA
TRRELEALTILVY NV AOHKREBZHWLENTWDS (AR5 2012;
FJR M 2013) £, VLR T A A TIiE, MEHENIT O M A (BN 2016)
ICBWT DRGNS HEE E TOEBHTE AR W2 EMAICER ST,
L2s L, M I B 585 78 AR 0 (I B 28 AR 8 9 2 i A 7 4 B8 0 BB 2 e
RAFFTZIRWRERZITE o THAMEMEN S WKE, 2xd KEICHW LS EIZX
AR NPRELSRDIEDBRBTH oI,

[FARIZ, AT O RBUKEZ NI A U TR HAEDEEIZBNTE, AEa X
FEARLS A D 72DICIE, BAMC B T RS BN 2 LV 2V FH TR EMN 7
bDOLETHULEND D,

ZZTCARETIE, BHEHMEEO &SI LY BT RO WNWT BRIV E 2R,
ZDEEELEMMEIZOWVWTEM AT o 7o, B TITEAEERICHE L TV D3
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FT T EINY NT AR AT oM, RO R EK D 2D,
ANy T AT ESTREICH WD FIESCEEMOX R E LTl
AWTREHEKBZEBT 28 HECOVWTHLRH L, &5, B4 THE®
LIcANy b7 2A2l0WEE BB (A UTx, SARTITA) OfFEHY
AOEERBREZTV, EEAEICBIT2ZOEAMEICONTHEE L,

MHELVAE

ME BFICHETLIENEERR (HR 1~3)

By & B2 b5 F (2017 4 8 A FHI~10 A Lf)) 8 L V& (2018
ESAPA~6 A TA) ICBWT, LY F TV RAERF T T —LOEEER
Boa iR UENRE L7, BRI & 100 | (£ 60 cm x €S 45 cm) O
BEAMBIRY B — KRR A b (LLF 1001 K EM9) 2 ERE LR (R
BR 1-1~5), X HICHEZFITIE, FES500 1 (E& 105cm x X 75 cm) D%
MR Y B —AR KA bR (BLF 500 | KA & 8% 97) 35 L OV & 5 kI (B £8 3,000
cmx X 80cm) O FRP B RIKFE (LLF 5kl KM LIgET) 20 THWE
(GABR 2-1~3, B 3), RBBAMKKEOKEX, BRICK DA —"—7 81—
1D 7= 100 | K4 o> 18 H#B (K& 90 1) BA4b L, 1001, 5001, 5kl A4
TEZNEH 801, 4001, 4KIIZFEE Lz, HERABREEELZHITIE, KEX
BARBOKERN > 2 — @i RT & (DL RKERT Yy ¥ — L i5T) BN o
FEM (GO Tm ORI CEME LN, BEELUFRIIFREMICEE LD,
HKELHEFURETITEDICL Y B PG H RER 2 872 o 72 (B
10 BEE T, HANIAR IS RELIE B E SR D),

FERBTEIAVY RN T U RAEXA T T —LOKMZ% 1 MEEHL, 100 |
& 500 | DKFEIZIEMAERL O XL » b (110 cm x 110 cm x & & 15¢m) % 8w
Too KO E CIZHREFICENELEBNL ) RITERFIZHEL, HEOHM
DIRANZ BT 25 72 DI AKFE OB Z + 022800 1o 8= K ITIT K EE N & &~
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2 — MR O HARK L TR ABMLULIEEKEZ lum O — ) v P77 4 L ¥
—TAMEAEATV, 10 ppm OREFIEHE T U 7 AT 16 R DL R E L% 2T
AT MY T ATHMLEZbOEMEH L, @RIV T oK F g s il
BELEZT =2 bP=ICE0T0, KIERNTE BB PSS DERT D X 91
WA A 1001, 500 1 A CIZZNZTNA 515, K81 L, HhER
BRAIZH W ok, A4 7 7 > — VIR E LU ZE B 38 i N K EWT T - 205 HAs 1
EIAEFERT [KPEEAMBIRERRAFEE] PO AF LEmRMMEKREL, DLy
T AFH RS (P rFr—, VT v (BR) RO LOZ W
oo WTENBEANDO S 77 A2 THH 12 Brf o 8 # <K 107 fifa/ml LL EiC
VRO S T B 0 b E W O BEREICH b0 cE L THW,

RO TIE 1~3 x 105 MM /ml O E TR L TR 2 BA L2, W
JePHE OB xR (ARA - 5% | 1996) & LT, #M#%K 1 AMIIAR"OK%E
AWTHHORBACIE CTARE L oK) 1/2~4/5 8-> CTH#EX L, &AL H
BLTIEANIZOT AR EEH S L ITERMICET D E THEELIT
ST, EEAKICHEMT 28 BHBEICIE, TTROREEZIR (KW21, 2 —HE)
BIOTrABERE (ST vy—, BV 75 2w, RABRBEMG
REDOIRMEBITREE K LIS 720 Fi& 2 03ml, &N 029 &L, TOHRERE
FEDEMIZIS U ClR&E%Z 1~2 BLHEM TR L 72,

RO E =Y 7L L CHIREE &Rtk & 2 A Feek Lz, Mg E o
RN h =~ M ERFHHER 2 AW T, 5 Z 3EF D IR L TEDFEHE S
Ml mE 2R M Lz, 2k, Mlan 2@ LcboiX 2k LTIy L
7o — 07, MR 3ERHU LD L O, EHEHOMBABIRICES LTS LD
BEOMIE ORI A M L TP & I DM >V TR, ZH&H
WA S EEERBE B DV I R E 23K U &R L, B SR S B RS L2, K

51>

MR KT 10 BRICEHI L2 B KA Dk B E 2 U CEH LT,
BRBAKODKEE=FY L 7LLT, 1I0BBLO1HDOY L TRLKIENE

IR AMEMICH D 15 ANV T 4 A4 7 OKIEKE S (LF330, WTW) %
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WTHAKMEDKIE « My (psu) ZHRE LT, £, BELZALEICT HENRN
D=2 ThIHIEEARTOREEORAEY GRfa b 1989; THERKENI &
VA= 2004) IZOWT, 1 HLIEMFOHFETE=LY I Lz, RASHY
OEHEICIE, HBRBEICE LT 7y 7 2Ar—FBr ¥ — L REBLO b — <R MK
FREBEEZHW, FHRNEY VR EEETICHEA T 1~2 BTV, MR 10
um K3l (LR ET) &2l E (WP KRB EIT) o0 CTEEH%E
ek L7c, REOFEAEBMIZONTIE, fERRECHEOMREMEZHEEL, T
JF - FHEF (1997) B X OVKK (2013) 2B KENITHE L,

B &EICoWTIE, A 10 BRI AV F 0 X A4 7 ORERH (TM209M,
TENMARS) 5 X OVt & 73 (3415F, SPECTRUM TECHNOLOGIES) % W T
BEKMOE LORELEFREEOREZIT- /2, 0k, W t& 5t
O KPEE A 2,000 umol/m?/s TH Y, BERIFIZIZZ OEZE X 772D E
e & 72 o 7= 3 i gk E1X 2,000 umol/m?/s & L7z,

FKEICE M L7 100 1 ko 2 B H 0B (R 1-2) 2B\ T, AAOE
WIZ XD RMEATPHIESALZOT, @imH (9 A 17 H) ORi#% 1 BIZ&KED
rtHEEBEEROZH~LFE=—)Ly— F THIICHE-> TEEBAKD A —/N—
7 —%fhik L7,

AR TOREREICOWTIE, FAKMEOR 2 DKEDEE N OHEIE LT,
KRB HIXRGTTRILH A RLE ORI ORER A > & (AMeDAS) IZ81F %

Ea Mz (LT oER SRR .

BREHICETI2EXARERAVEENEERR

FREHER ZENOSI 77 A TERELEZAVV NI VA, X5 T T —L
BIOXbeTO3MEMN T, EXRFEONREEET 27200 T 1Y 7o 85 %
BhA 2017427 A 31 A5 8 H 8 RIC/KER iy ¥ —IH W\ THEML 7=,
BN I 2 R AR ITIE 100 | KA &2 IV, FEARHY 72 85 88 S A 1A & (A

BRE Uiz, EXRFITBEMOENRR 50%DH 0% 1AM, MEEH O i
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BRo TR 72 1.5 mm OWE Y A v — L EOLH O Mm% kRN R THER L,
A 2.5m OMETEE L7, EXEORMESAICHEZ LiIczn i 1K
2R CTREZIT -, ISR O N ZE A 10 Fpl2 & L 72 M, 10
REFs L OY 15 IR ICHEL R O WAL TR K O KIR, BERS KO F & EOH
EEATo T, WEFIEFRIR E Rk E Lz, 28, &&E - HIEKIRICHOWTIE,
REGTTILH G KRB EORILTHTORERA >~ (AMeDAS) I[ZH 1T 2% H
7o (AFREE), £72, 8 A 7 AUBIIERAOETICHE I MAN RIS
EN D EERE L,

SREFEER (FRER 4, 5) NI K HKE EFMEISIREEFET D200
BERBLY, BEHTHDH 201847 H8H (B9HICHNIIT) »b 8 A 14
HE COMBICER/RLZ, ZoOMIZ, 100 | K2 H -85 & R 5% 50 G
Bk 4-1~5), 500 | KA 2 A7z sl 4 3 | (ARBR 5-1~3) FEhi L 7=,

TLREIZIETENDOSI 7T AaATEELEIANVS NI VA, XFT T —1L D
2 A v, EARMZREREMITMER ERMEE L, mfES LTWnWIFhrof
WEBEMS L IFERMICEST 2 ETHREITo 72, 78, 100 | KMo 3 [E
H (GABr 4-3) L 5001 Kfid 2 H (FRABR 5-2) ORBRTIE, WL LRPT
THABHEOBEENCHER Lo E R AT RBRE K T L,

HECFIT TS HE 75% (ENES0% DL O% 2 ERTHEH) obox H
W oo BRI ATR & RARICH IR A HEY v —IZEE L, RS S IcTE
HREE L L BRI Im A oRBRZBB L2 % D7 H 10 HICRE L,
AR P LA ICER A A LR B TR B AT o2, AN @R L7z
TH29HEWBEBY A v —2fi W LI SHER R L7 8 A 13 BTt & &
H42B L7,

THRBZAVEALV NS VRADENEERER

B2 KM 203 100 | KA 2 v, R 7o 55 2 S 13 miak & [RlRk & L 72,2018
FES5H 4RI E - BESETRS (P rvFr—, vV 7 v 7 ()
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ZACTHHMARAF LT bDZLHEE L, A= —IC K2 HBRERFHMESEIC
L% I HHE (5H 16 H) Uk 3~5 A C6RAHE (5 H20H), 10 HE (5
H?24H), 14BH (5H28H), 19HH (6A2H), 23HH (6 H6H) B
FO27HH (6 H10RH) Ot 7THORBRNEERREZITo72, 70k, & 1E
HETEIBIZENOSI 77 AaTHREER (LTFHBELKT) Lo il
AL, Mk (LFHREKT) Lok ziTo7, HElBrEH 2~3 x 10°
AORL/ml O CHERE L, EAMICEFHICET L2 E THEEZITo T,

BEEMBEEZRLLLEZALY PSSV RADENEE DT

2017 £ 9 H B L0 2018 4 5~8 AiC, KEHFiz ¥ —cB W THEEL -
1001, 5001 K#EZH W72 TORIERAZ GRS, BEMEEE (LT HE
BELKT) 2L LIS N T ZADOF M AT o2, BEBE L, KE
Bt 2 =282 HEOHEBEAET, BAKBEORST VT v — L 2 i
ELTHEZMRGT 2O ZOMAEE L L, fHKEOREIZ/K L T 100
| ZKHFECix 3 x 105 M@ /ml , 500 | KA Tix 2 x 10% Ml fa/ml & & o 7=,
EFHTIEATIR O % BAMERRBR O KoM, “HE (A UF*x, YL Ao
1) OEERBICEVTHEHICER LA LME, ALy b7 A0E 92
[7] (100 | K ## 64 [A1, 500 | KM 28 [1]), XA 277 — L% 109 [ (100 | KFl
62 b, 500 | KAl 47 [|]) oOFEMEHREHWEZ, 2L T, RAZHWTEEL
EEREL AEEEICHETAECICELAEEERRICOWT, BEH L 20
S ORI Xy LI Z & (100 1 KM IX5~6 A, 7~8 HB L9 AD 3
Hifd, 500 | KM 5~6H, 7~8 Ao 2 ) ICHEEL, MifEoOR R % g
L7,

ERR (%) = BEFEICELLEENLK /| 25 E K x 100

¥, “HEBEOKRBAKMEIZONTIE, TEOBER R L0 (BENE
#, BAEEBIOHERM) PREELZY, BEEEE COBEMK/REITITRE
mENEN T LRI NTZ E bR —OHEF L Lo, mfE U DR AKRB 2R
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B b, R oFBRAEZERR EIFERETH -T2,

WA OF B ZIZOW T, FERFEIX Fisher O EfEfEEMREZITV, BIER
JEIWZEIET D ETICELALEEARIT t REEXITTo72, AEAKEZINT NS
5%& L1z, 723, FENTICIE Fisher © IEMEMEE M E TIX R (Version 3.6.3) %

H Uy, t KE TiE Microsoft 5 Excel 2 7~

BABEANI IS VRZRAVEZRE (A79AF%, YILKRIHA) OFEH
£ D E ERER

BHAEEEIN T A WA ESEDEERRE, AU XT
2017 2 7 H 9~23 HIZ, VAR U H A IXFE4F 6 H 17~30 HIZKEEiT& v ¥
—IZRBWTEM Lz, NI & b ETHEO Z & F 2 ek & 4 % %5 (Fig.
41-A) &L, FE¥EE 120um RICX A 77— L oRDVICH VY R T
A Zfa 4 5 R R A& L7z (Fig. 49) .

AWM BERMIIATE L R E L2, ATE TR BT OMEEOLE
EHWCATo B R~OF > 7von 7T ZAOHEME, tHEHEEOE Lo
eI TR o T,

ZOMDOEABERMEIILUTOLERY &Lz, HEDOFBEIXZHEEHO D #lL)
ENDAAEMMEOHBEE COBME L, BNMHIZIH VT FRP B[R K
EHWTITo 72, FBEKBOREIT, AV FXIE3KIOLDE 1K (FEF
R D), PARTTAIT5K OboE 2 KHE (FBEREK 2-1, 2-2) Ao, &
GBI HIC D RS AELZINE L, MEKEIWAEEKE 1lum O — Y v UK
TANE—TAHABL, A UVTXFEHRETICZEOEE, VLR T T A XKIEK
T2/3MWARETHRLTHEM Lz, HEMRBEKIZITOTILAKERL L, W
EHEBRKNOIRAETY BT DATICKE#R 2 (4~5 HIZ 1 EIOHE, #
a2 M) 217o72, MBEKOEHLICFTPRICEFLEZZ T —ZX =1
o omxicEVIiTo e,

TR fE R, AT A OFGEEE L X A O RO BLREZ RIS, AR O ESK
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Wz b0 AR EEBEL CETEE N B DRI D 2 & & HRICIRE
L7, BAE RO HZIXMAEDOREBERIZIE U T, AiE L AEICkEE 2 —0
PSR D FFIED LR R A AE B 0.5~2 x 104 M fa/ml OFPHA & Lz, (EEE
BITABEE RIS U Tl L, 1 BiIZ 1~2 [\ T o 7=,

HWEOEE -REOE=4 V7%, KiOF RO =T —HFHPMEE L)
SEEAKZ 4 50ml o 3[E (FF 150ml) O fF AR L TEAEREZ &KL -
%, 30K ONEDRE ZRE LI,

BR

ME EFITEBT2ENEEHER

1001 KEZRWEERR (RBR 1) 1001 K CTEE L7 5 B ORERIZ
B DR EEROBE 4 Table 8-112, KA (10 B, 15KF), M4y KL OFEK
BEOHXOfE% Fig. 50a, biZ, DL R T U REXAF T T —LDOKKMED
P X N, R o RAEY O HBUEE O 3 A BE - EYE % Fig.50c,d
(Z, EHRR B s B SRR S O & 3 H BB EE O HER % Fig. 50 e, f 1278
T, 8B, KRLESICOWTIEMBEO KM OMITIZIERETH>T-D TH IV
VT ADKMOMED B LT (LT R,

8 H23 HICHAA L7z 10 H 0B (BB 1-1) Tix, mifE L & IZBRBH LA
OIEFRHICHEE LTc, WV BT v A ORI E B &ML E o % 8 5 O 5 & E
X, T4 5.19 x 10° #Hfa/ml, 4.85 x 101 fifl T, x4/ 7 v — 1L kv aiH
T 12.2%, #%HET13.6% KR WEEZRL7Z, B 1T HRICRAA 77— L DK
RIS 10~15 um OB HE B EEA B L, 18 H BHIZ 23T T 5 x 10* fE (&
Iml OEEETHMLEZZORBRE P IEL -,

9H 10 HIZBA&A L7z 2 B H o (BB 1-2) TIiX, mifE & & 2B 462
DHFE L 720y, SBRBHBEZ N OCRER 1L H RO MEEERBENHB L, 5

FEIOHHIZIZIAINVY R T U ATA4 x 100K Iml, 4277 —1LT1x 105§

86



BIml OBEETHEMLEZoRBETIELE, IV NT7 2 AOMIEEE &
M e 2 D B B S 0 B AR 1L, F A 4L 3.66 x 106 5 M /ml, 3.37 x 10
TR A 7T — L XVATHE, hELbIC 13%RERWELZ R LI,

9 H 20 HICBRAA L7 3 H OB (B 1-3) TiE, B v b7 v AT #
PRIAE BRI N R BERTAD b0, Z0®%ITF A7 T — L LR
ICH578 6 B H £ CIXIEFRICHM L7z, T 0tk, ML bICHE 7~8 HHD 44
mm (7 HH 33 mm, 8 HH 11 mm) DM OBICHENCCEN L-, K&
1L HBEIZIE59mMm OFRICE Y AKES 151 ETHEMLEZZ END, F—3—
Tua—%IET 5Ol KREEKNDS 15 1 T OBEFE L7 (Fig. 50 f» 10 A 3
HURBOEIX, BEFELE 51BN THE), 0k, H#E 16 HBICHDY
30mMmEMAABERNDY, A— =T —NTHlcsNZORBREZHIEL T,
AN NT v ADORBAEE LR O BB O K&, FiLER 375
x 10° 7 M /ml, 4.11 x 101 ML C, A7 7> — L X D {i#H T 28.4%, #%#E
T 30.1% KWl & R LTz,

¥, 1, 2 BIHORERTHA L2 KB o i i E 55 o 38 £ TR 25 0 05 12 &
LThomREFOHEAFABIMEM ThL B2 N, RBRA FHHGT
LZEINCZINZWMELEZEZA, 3SHIEORB CIEHEREOBEATA LN LD -
7=

5H 11 HIZBAB L7 4 BB o GUBR 1-4) TiX, mifE L & IZHRBRBH LA
SIEFICHE L=, BE 1T HBHICHOAY N T U ANREFIRIBIZE LT & W
L7=DRBRAK T Lz, WS b T v 2O B LM a5 o B B F 2% o &
B, T2 6.23 x 108 M ia/ml, 5.67 x 101 il Txr 427 7 v — L X VA
HT 55%, h&ET LO%IKRWMEEZ R LI, ZOKF, WLy 72 2OMIEE
FEIE 100 | KAE T Lo RBRICH T D& & MHE (6.66 x 108 fifa/ml) % Foék L
Too £lo, 2477 — L OKME TR 6 A HIS/NOJR AT 0% B 3
U, #5548 13 HEB £ TEWVE (B KM 6.60 x 10° flll fA/ml) 23 ke L 7= % (36K
VI DHBENALNT-Z ENBERTH -T2,
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6 H 13 HIZBAf L7 5 | H o (3B 1-5) TIiX, mifE & & 125 5 )
SIEFHICHAE L 7=, 5% 8 HHUMBIC R A/ I —LIcHBELThHALY T
VADHIEN K E L L DM A HGT, K55E 15~16 H HIZ 99 mm (15 H H
47mm, 16 HH 52mm) OBREAH D AKEN 151 FTHML, BALEHRO
THTA—RN—To—RTPHlSnEZEORREPIELE ALY T 2D
M P & e il B o BB Ol m X, £ € 5.41 x 108l id/ml, 4.45
x 10 e CTHx A7 T — L XV ATE T39.8%, % #FH T3L6%MMWEE = LT,
ZORE, AT T U — L ORI 100 | AR THEE L -RBICBIT 2 RE
fil (9.60 x 108 fa/ml) ZFigk L7z, F£7z, BT T v ADOKME TIIHEEE®%
HICERZH 40 um O KA OME RN HHA L, T OHEE LR KT 2.0 x 104
EE/Iml TdH - 7=,

500 | kK#EZAWEERER (R 2) 500 | KM CTHEME L7 3 EORERIC
B HEEMROBE % Table 8-2 (2, /K (10 Bf, 15 KF), My X OFEK
BOH %2 OE% Fig. 51-A(a, b)IZ, HAY P T RAERA T T2 — L DK KK
DY A ZF N, KAL) O R ABYY O HBLUE FE & Fig. 51-A(c, d)IZ, fEEHM
e % B & R R i B o0 45 3 H BB S EE DO HERE & Fig. 51-A(e, f)IZ R T,

5H 11 HIZB& L7 1 E o B GABR 2-1) TIix, mifEe B E» O

NEFHICHEEE U725, £23% 7 HH O 40 mm OERUBEIZOOMBE N =R L, &

M 8 B & el e B o BB E S O R & E X, £ 3.79 x 10° i ld/ml, 1.64
x 102 TR A7 T — L X VREIHET23%, %FTL3I%KENEZ R LT,
5H 28 HIZBH#A L7c 2B H o (BB 2-2) TiX, mifE & B GNL
JEFTIZH L, HE 20 HEBIC ALY N T UV AR EFIREEICE L7 &CH#r L,
RBRAEKT LIz, WV y b7 0 2AOMREE B X UM O BB YO K&
fElx, i 5.61x 108HIfE/ml, 2.37 x 102 Hifa Cx 427 7 v — 1L X VRIH
T 20.3%, $%ET 183% MM WEZ /R Uiz, Z OK, [fFE 0o f i Ml B g &

H1Z 500 | KFECHEM L-RBRICBITA2EEME (AL h7 A 1 6.04 x 108
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Mia/ml, x4 77— :7.83 x 10°Md/ml) ZFtékL7-, £7, M/AKMET
e % WM 2N 15 um D RELD 75 2 7 W 2 i KT 2.0 x 10% 8 & /ml
HBL L 722y, B TRICITR I N2 T,

6 H 12 HIZBA4A L7 3 H o (3B 2-3) TIix, mifE & & IR BB 42
SIEFRICHEAE L=, ALy h T v AERE S HAUKICRX A7 7 v — LIl
WL CTHIIE NS DM A iz, K3 14 B B DR ITE RN K2 fkfe L 7=
T D DR B DR A B, WS IEPEMIC A o 72 & Hlkr L Ci & 17
HEHICRBREZK T L. Ay b T ADOMKEE L IE OB 15 o &Kk
B, £ Zh 3.51 x 10 A/ml, 1.34 x 102 i Cx A2 T v — L X v #j
F, BEEHIC BURERWNMEEZ R LT, 70, DAY N T U ADO KM TE
% WM 2% 15~20 um @ KA o fig i BB 28 B K C 2.0 x 10* fE{A/m] H B
L7en, BB TRICIEERE IR o T,

S5kiKEZRAW-BEHR (ABR3) Skl K TEMLZABRICK T S5
EARER O % Table 8-2 12, /KiE (10 B, 15HF), %

o

B IXORKEDR £

B

DOl % Fig. 51-B(a, b)IZ, WAL P T U R EXFT T T —LDOEHEAEOY A X
Bl UNEL R o RS o HELE K & Fig. 51-B(c, d)IZ, AHRRH D A L
ARl D45 3 H BB EYE O #ER & Fig. 51-B(e, HIT R T,

AL 5 H 28 HIZBRAA L, MifE & & BB O IZITNAFICIEH L, K&
20 HEHICAH VY T AR A>T L, Bae&T L, v
v hT U ADOMIEE LSRR OBE Y OK&EEIZ, £ 2.58 x 10°
MR /ml, 1.1 x 108 MR CTx A7 T — L XD AEIET11.0%, %% T 8.2%1K
VMEZ R LTc, F7, MARMTRASYNS B L2, MR, KRB (k% 2 58)
EBICHEBLEEITIRWETH - 72,

100 I~5 Kkl KfEZ WA RO R EZRIET 2L, IV b T U ADEEE
TIEWTNORBRTHIZITIEFICHRE L, 15 H AL OB & Cim Ml ia s g 2
~6 x 10°flifa/ml FREE D E AP B E TOWMBHFE NN, x4 7T — L

EDHHTIE, BEAKEMMESHER L5 HORBRLUAMIKIEDR®mLS R DHI1ELE
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B LRI TX A7 7 v — L ICeRL AN ER SN, £, &
REBROBERGHICIT, PEREBEBICBVWTILY N ITVAREKE T T — L
EOMY A XD RESBEINDZENZLEEARBEOBHRIZBWNTHE
BRKOOPN ANV N T U ADOHTNREIVES LI 2BRP/BILZ I 7z, 100 1K
o 1mEoRR (R 1-1) OR#E 11 B BIC1T > 2 WO 50 5l i o> #i i £
(RRELEAR)OMETIZ, ALY R T 2D L NRELMHET 1 ERERE W (D
NV NTUABT um, AT T —1 58 um) ZEEMRLE, FRAEBYIC
DOWNWTIE, N OFRABMITRHERAMEPOHBA L OO, HEOKZRBE &b
WCZDOBFEITME T T2 mICH -7, MDA YL, FRRICE N THE
TOEKDOHEERER BB L &L B ICRRDIBHR A LNTZZ LD, HE
FPREEL TWDHAEEN RSN, REOFA®H:YIL, 100 | KFEFo 1EH
&2 HoRE AR 1-1, 2) THIE LMW ERELZRS &, iEDLEE
IO LT OHMENERE LICHBE T 2R o7, 2720, 2O HBIX

WHED S DO THEE GRS, WTFNOHIEICKREREEL LTI Z LITE)L-
7=

REHICET2EARBEZAVEENEERAR

FlimAER RKBRPMToKE - HIEKIE & BAKE%Z Fig. 52(a)i2, 10 BFlZE

HENFONM &MU OKIE (AT 7 — L OKFETHRE) OB Lo RE
EETHREE A Fig. 52(b)I2, 10 Bf & 15 Bf2 B 1T 2 & KR % Fig. 52(c)iZ
ZNCRR

@ RIERKIRIZZE N TR 30.7~37.7°C, 26.6~32.3°CO#iH CTHRE L 7=,
&7, SHEHICHELESTEBMENH T TEDICKIENIEK T L2, £l
S HIZHE RS HkfE L, #Fichi® 4~6 HE® 8 A 4~6 HIZIEkmKIE T 36
~37°CENER L, 5 HICIIRILHICR T 2 40 B8 L2 % B Ok e KR
37.7°C% Fidk L 7=,

REBRMHEPORE LR TREE T, EXEREL TIXIZNZN 14,300~
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90,000 Ix, 250~2,000 ( -[RfE) umol/m?/s, HEHHH V TiIXZNETh 14,300
~40,000 Ix, 250~1,300 umol/m?/s THR L 7=, FREE & ot & 1 3 B o J & il
2B EHRE SR IE 45~53% O HIFH TH U, L OB 50% & IXIXH
BRETH- T,

BRI o> 10 Fids KO8 15 BF D RE KR IE, O HE L Tl e h £ h 26.4
~33.5°C, 31.8~40.7°C, #EXHH Y TIFThLh 26.0~32.3°C, 30.2~35.8°C
DO CTHER L7, OO A EIC X 2 #KOKILET, 10 B TIEEE 0.9°C

(0.1~1.8°C) L{EMNTH o7z, 15 K TILFH 5.1°C (3.5~6.1°C) & 721,
W E VAR B E2RE Il &,

Fig. 53 IcRBIMtro x4+ 77 v —1 (a), BV FF7 & (b), b F
(c) DEFEHMIEE (A) B X OWHREEEH#aE (B) @ 3 HBE FHEOHES
T, RBHIME, x4 7T —VIZENEELORBRX THHEE LY,
WHFEDH D ORBRX O OB BIFICHR L, 3B B oM in 5 B &
fadk OB B L, #EYEFE L TE A E A 2.83 x 108 M f/ml, 2.89 x 10
fa, #EXHEHY TENER 3.38 x 108 fd/ml, 3.43 x 10" Ml T -7, WL
VT UADOENHELORBRX TIXEE 2 HAICHBREENMET L% 3

BIZRESE L7222y, & 0 OB X CTIXNAFE 2l FE A A 6 4y, R A& B
O R ds KONk i B o B E - B L, £ E 4 2.83 x 108 M /ml, 2.86
x 10N Mila Ch o7z, ¥ b F OBEEM L ORE X TIXAKIED 40°CH & &KIR
Lol 8 HARURBICHMRBENRESKETLERN, EXHEH Y ORBRX T
VRNE R 72 B 58 28 2 & A, BRI K& B o0 M 7 B do X OV A i 2 oD B 8 A 48 iU
R L TENF A 1.26 x 100 M1 ja/ml, 1.10 x 101 #ijE, WX HEH Y TTH
Z3 5.23 x 108 #H A /ml, 5.26 x 101} Th > 7=,

UEORERNG, BMEHICE W TEFEIC L0 KR LA 25 RIS S
WT O G HIHN RN LT 52 AR L,

RSB (BB 4 5) ANV ETUREXFTT—L D 100 | Kl L
500 | KF o R BR O A Z 1 Table 9-1, Table 9-2 (273, BRI

91



BE AR & 100 1 KA & 500 1 KA o kiR (10 B, 15 Bf) % Fig. 54(a)lz, v
VT URERAFT T — 1@ 100 | AKFE L 500 | KAE DM O 3 HEE)
A & % L H Fig. 54(b), Fig. 54(c)ICR"d, 728, EEEKMEOKIEIZSW
T, MEOKEOMEIZIZEIRKL TCHSTLOTRA T T — L DOKEDED I
AL, BB FICRE LMo EB K OME R LTz,
7HOROHERBTLRE, BEMIEEACEIERE T, kmKIE 30°CL
FOEERAMN36 A, 35°CLLEOMEZ AN 13 A (8 A 1 AIXMRITH O X4 #
B E 2% B O 37.8°CEHFLER) LM E I Ak L, RERIIH 37 A O
B 8RR O B E L 33.9°CTH - 7=,

7 H 10 H LI O & 5% KR o KR IE, 100 | KR T 10 B 2% 26~32°CH (-
¥)29.4°C), 15 W¢7A% 29~34°CH (¥ 32.1°C), 500 | /KA i% 10 K¢ A% 26~31°C
H (OF¥ 28.6°C), 15 A 25~34°CH (F¥ 30.7°C) THERE L 7=,

100 | KM I2dk 1 2B (GRABR 4-1~5) TiX, IA¥ b7 22 TORR
THH LN, TOMBEEIMAx A 77—V EVKRSHEB L, By
N7V RERXRF T T — L@ 1~5 [ OFRER O M E OB B 5 O &,
FINENR;# 5~10 H H T 2.22~4.23 x 10 i fd/m1 (*F#) 3.58 x 108 #if@/ml),
2.96~6.39 x 10° fifa/ml (*F¥) 5.17 x 108 fifia/ml) O #iPHICEL, HAv b T
YAFARA T T =1 LD 18.1~34.9% () 28.6%) IKWMEEZ R L7 (BUBR
ZHWr L7 3B HORBRIL 8 HH OfE CTlifE % k),

500 | KA IZ 1) 2B (ARABR 5-1~3) TiX, ¥ b7 A FL2TORRK
THIGE L7223y, 100 | KA ERIERICZ OMIREE IR A7 7 v — L X0 K< H#
BlLiz, VY R T REXAT T =10 1~3 [0l 0RO M EE E OB
EH O, ENENEE 6~7 HH T 1.61~2.27 x 10° Hifa/ml (*F#) 1.84
x 108 HH M /ml), 1.90~2.98 x 108 i fim/m | (3£ 2.51 x 108 fifi/ml) 2@ L,
N N T UARERA T T =1 LD 14.3~45.0% (F 24.9%) [KWEZEZ R L
77

7, KIS IEM L7z 1001 KMo 5 B (RABR 4-5) & 500 | KA 3 [a]
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Ho#RER (B 5-3) » 8 H 13 Bici, A A28 LR BE L -
TFITNICE D ENHEOBEVKRETEZEZITo2R, BRHICNHNTTILVY R TV
ADMIBEOZ2M BBV NEEINTZ, 20X &K&E - KIEKEN E LI

B0OCLL Lo ER/ L2 & bt EiliE L oFdEEN b,

THRBEZAVEZALS SV ROERNEERER

B TOBR X OERKEBLOI LY b T AOMBEKE O 3 HBEF
BIMEDOHEB % Fig. 55 1277, filROAINLVY b T o2& A=k i, 54
20 HICBAMA L7=8&% 6 A H O BRIC B W TH = W) 1 — BEI 72 55 28 K50 23
ol BRI L D2MEEEDO - RERZRS LIZIERTORBRE KT
ZE LT Z2 R U, #5200 B ) - 3 o f e 1T 4.22~8.95 x 106l fd/ml
WZELE, —FH, BENOSI 77 AaTHEELE CEEBRORE R & HRKE L
L725H 16 A& 6H 10 ABBORBRTIE, Wb EMKZSARREE
TIEHR EERBIZIZIEIFALOMEMZ R L2, R A RORKZE L & HITHRA
BRICH R THA NS MM 2R Lo, B 2 B0 5 Ml % E o B 8
HEIE,5 H 16 HE 6 H 10 HE#HORER & iR EE & ITxH L T 25% &2 &
BRWEZR LT,

BEEMREEZEELLEZALD FSVRAOBRNEEDQFM

HESELZRICEF LIV P T REXA T T —1 D 100 | Ki# &
500 | Kl D 55 3 &5 R & £ 71 7L Table 10-1, Table 10-2 (2777,

100 | AKFETI%, 5~6 H & 9 HITMfE L TRV LEL, HAEHEE (3 x 108
M /ml) O EFIT 90% L Eo@mWEE R Lz, BEMO 7~8 XLy
N7 ATHEEREIZELRWERKME (3KE) ML, EREIL 84.2%
EXR AT T =1 (LARE) D 96.2%ICk L TRORIEL oo 722y, W& DB
HFEETE) S, IV FT VATREREEIZELR -7 3 KX, WT

NHE;#RA4A~5HEH CRERED6~9%E|2H7-5 1.80~2.71 x 108 id/ml £ T
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WL L7212 L, BB CHE L, —F, REHEEICHET DL ETICEL
TR REIE, 5~6 AL 9 HIEI ALY R T U ARENEN 56 H, 58 H L&,
AFT T —LDOENEN 50 BICKHLTEWELRLZ (P < 0.05), 7~8
AORVHBEIIAINS NT AN 65 HETHWML, X477 —L D 5.4
HICHLTILIHEmWEZ L (P<0.05),

500 | K Cik, 5~6 AIZA VY R TR, XA T T —L L LICHEEE
(2.0 x 105 fid/ml) 1Z&E L7e WK X L KT >D AT, FEKFEIT 90% % 8
ROBWEZ R L, BEHO 7~8 A1 100 | KiELFREICI LS BT R
THIRBEICE LR W R (4K 2RNEINL, ZERRIZT765% L1477
F =L (2KHE) D 943%IZx L TIERVWMEZ /R L2, WA OMICHEZIT
Birolc, WINPT UATEEARAME 2o 4 KX, WTFILLEEE 4~5
HHTCHREEED 8~9ETHI=D 1.52~1.90 x 10° M AL/ml £ CTHIFH L 7= 12
W L, BA THESE Lo, — 07, BAREEICRIET 5 £ TICHE L EH A K,
5~6 HIZI VY FT7 U ANRB8H, XA 77 —LRBT7THEMEOHICHRE
ZETEED o T8, T~8 HIiX 100 | KA &L FERIC I VS M T 20 6.2 H & A

773 —L®D51AMLTLILIAGWMEZ L (P<0.05),

BABEANLNI IS VRZRAVEZRE (A90F%, YILKRIHA) OFEH
MEDEERR

AU F LY NIRRT T A ORI A O F R % Table 11 127777,

AT H XTI, BN A OUWEEE N KERNE Y ¥ — 281 DR 72 I
KNEE (2.0 f/m) X &EWE (2.6 E{E&/ml) Lo, ZOFE EME LT
ol FEMBE, HEORSRBPHEGEAZZIEFICHEZ L, fFMEF 14 H A
(Hih 14) ICIRR A AT HHEMMERER SN, fE 156 HA (H# 15)
IZZDOMEBLEDN 32.3% LR VR HEM Lo OMBERBREKT L, &
& RICHR T 2 FES AT 390 KT, Bk (B + EHERAE) 13307 +
26 um, D BIG/EN D OAEFERIL 48.6% & #HEE S LT,
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PR ATATY, FENAEOINEEE P EFRR 2-1, 2-2 & b KFEHIM
T H B HIERERN REEE (3.0 H/m) XV EWE (2 3.6 A
Kiml, 4.1 K/ml ) oo, TOEEMEELIT-oT-, FERKE, 1V
HHEFERIC 2 KFEE bOAEDORE 2B G EAZIZIEF ICHB L, #HF 12
BH (Al 12) CREZFT2HEHSENHRR SN, 0%, fF 14 A
H (B#E 14) ISEXAEHNAE O HBE RN FHEE R 2-1 TIX 37.9%, fE AR
2-2 TIE129% L7220, BRWEM & Rolc oD BERRAK T Lz, fEHRR
2-1 LFERR 2-2 ORKBICBIT 2 RENAERITENLZNR 700 7 4&K,
1,050 7 & T, sk & (%) + BEEERZ) X £ £ 238 £ 30 um, 209 + 25 um
DG AN DAFKRRITENEN 38.9%, 51.2% & o7z,

B

FLF—hrEEXBTH, 247 T — VIR TCREREENARETH D &
SND—FT, IV NIV ATITEAEEDPIRECEARERBICBROND & X
nTwnsd (RS 1995 HiE~ Y 7 > 7 () 5 2003; MKW 2012), L
VERIUVAORBRAEBRBIZOWWTIL, AN TIEAA AT 7 X —%FH LA
B T TITONTIEEORE N WL DA b5 (Banerjee et al. 2011; Lai et
al. 2012), — HFEWNTIX, AHAZHAITITE A EEL, THEO T Y U Ruditapes
philippinarum (ILIF 2016) LR o A4 (CFJF - 4 A 2019) o i L g
ICBWTHREEZFER L ZEROOMANRERNDDLDOHTH D,

Al BNy b7 ADRIERO MOV T 1001 225 5kl £ TO/N
B~ KRR 2 D THERHC KO RE IR EDRR L EZMEDO T TRA
FIU—LVEDERELR L, TOMRE, WL FT R, BREY LS
ZAONTEKE, EFICITFRA T T2 — L X0 R E RN o &l 28 K
KBRLMBEARH ST bDODORERFEBEAFGIELS, XA T T v — L LITIER%E
CREMRIEEN TEDL 2R L 7, BB FHFOBRLVEENTYH,
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FREICHBEOREMEN R A7 7 — L EVIELS R 0D, Ly b T v
ADOREHEENAIBTHDZ & E2MHRA LI,

RBRYIRICB T E2 DLy T v 2ADHE L & KER O BRIV TIE, BEK
RO&KESMBEEANY NT U ADKRMMEDORHNOLLTO®YFHHAT L2 &
MTEDH, T72bb, 5 AFEMO 1001 K& D 4= H & 5001 KD 1[EH DR
BRICB T 2NV R T U AT, 347 7 — L EZIE RO AR TRIE L
AR FE D e B ITIERIFRE & 2R o 7o, ZAUIE, e KIRONYEHE N v
N7 ADWEIEEOIR TN MEE D 25°CHHr ([N 2012) T E-7c2, £
DN BHFICHBE Lo bD B 2 5% (Fig. 50 OB 1-4 B X O Fig.51
ORBR2-1 D% a, e, f), ZHicxtl, 8 H%RF~9 A L6 AoRBRRIZE
FAEINY NTURE, XA T T U=V XDBEBENE Y, MR EO R EE T
XF 7T =L XD EHT2HBEMRNMELZ R LTz, 2L, &&EKIRDYYE
ERHEEEOMR TN E D 25°Ch i x THIERM & b 30°CHHar ([N
2012) ICE LI Z L REELLbOEEZEZ BN S (Fig. 50 &R 1-1, 2, 3,
538 X Fig.hl ik 2-2, 3D a, e, f), LT, BEHBMcBIFDL LY
FZUAOMBEEOKRSMEIZSHICKTL, X477 —L X0 FEHT 3
FIRERWEZ R Le, Zhid, #EREIC X0 R KIE O LA %2 Kigiz il
LD, FEKBOFEHMITANLY N T AOBIEBRR L S D 30°CE 1
~2°C kAl 7= Z & CH§IE N HIHl Sz b o L S D (Fig. 54),

EHEMOHI N Y N T ADOEERIZO WL, MEICE T 2o MIREE %
FEHE L U7oFFM (Table 10-1,2) I2BWT, BHEEEICBEET H2E TOREEH
BRRF 77—V E0FEEHTH LRSS, BEEEIZREEL RV KNG
HoNDHREOHER D o7, LML, HEEEIZEELRWKETH 100 |
K&, 500 I KT & HBICHEEEES ETOREBIIFAE O b,
B OHINLY TV ADERTIE, XA 7T —LII0RE DO 0K % B
BT AMREELZRA 77—V R0 BIECHERET S LICLD, RFEHD
RFEENTEDLHLDEZEZDND,
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ANY NT U ADRIEENNE LB & LT, @R ER 2B ST
LAFT T =L ERRYEKE~DOMMENS D Z L (MKW 2002,2012, 2014)
NI TFIVTICEDEBEEZTLT VW E (HED 1995 BA - % 1996) 72
ENERMENTEZ, BEHOEKE~ORISICOWTIE, 40, Lk iE
BEThollb bbb, s AV TREKEO LR %2 KiFICMmE ©&
Tl EIC RV R AR E R o EEMTIIINETHNLL FT U AITRD
T, EVERMEOER WX AT T —LRF e FTHLREHEZOHIBRER & 7
STWER, B EORMIZZ N b OEHREE O E DL EICIGHATE 5 W
BHERHDLEEZIBND,

Al L FEERIC, BEHIC 5001 OFWHAKMEHNCTR AT T v — L ORI
BEIToTBEORBEN (MEDS 2004) T, HHABZEZ AV CHEEKEE
30°CUL FICFHEES 5 2 & T 2.86~3.67 x 106ffa/ml £ TOMIEMNE L LT
5, —J, ABEIOXA T T —VLORETIE, BEKEGHAT S Z L E IR
DHE LIZERBROMPPEEE TOMEMR/TOLNLTND I L2, EHREFOME
MIZEVEELrODa A FDETHEAY Y A REVWEZZOND, FEFERR T
T, AKIEO LG R EZ ER L CHEIEEROEWELEEZ Wz h, R
WAL DKBETFTOAY v FEXKBRTOTAY v hDONT o XY
Baflicfki-nlbo R I N, A%ITFEFEZzER LT, KEFMHEITELT
ToE B I AR ET DMLERD S D,

E, KR L FRICEHEIREEOBALERRBICHETLIRLERLE L THN
ORI & %, 4 (8] 0O FRBR T I3 B /R % 123 58 015 i 23 A 5 AL 7o 3R (BB 1-3,
A 2-1, 3) bV, TORKELTITESOEEHCHBEDOK T OEN
BMEINLEN, WIROBRBRRICKESSEBL-FATHR I N1 o7,
WMECHET 2 G A T AR O EF YIS HE T 5 2 & A H#ER S
NTEBY, EBEOEE CTITYKERNEYZ—0 EOFF (3% 5~6 H
MOREERM) O X I, HBEEPREHHEICASZEDRENVEHBEIND Z &0
O,IEMBREOKMEZSHABRETITF T ZETEFTOBRRIIKITAEETSH
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LEBzZzbND, £z, KBYMPICEAROBERIZEY 1 HTH 100 mm O
K2R N B - 7228 (Fig. 50 OB 1-2 D b), T ORAEMHEIZIRON T
B, SBIHWEZMBRERY — N2 AW T RICEVFIENTEDEE XD
NH, SHOICMEMOEIRR T, BXELRS ICHAMAMRERME L Lz
Sl XD, BEEEICAE D AR W T R OBE OB E &2 RKICH Ik
T&E T,

— 5, A BIORBRICEWNT AN T U7 LRBRICHERICEEZ LT T TaEt:
HOHREBMIZONTE=F I T LIERER, A OEIMIZX 28607
BRERARFEIOINVY N T A, X F 7T =L W0TRTHEE I N2> 72,100
| AfED 4 HORBRICBWCMIOFRABHYOHBABENRKE L iz
& (Fig. 50 ok 1-4 ® c) ZBr< &, MAETHEABY OB AERNICKE 0%
DENSTEDEZZBND,

72k, WAL BT 100 | @ 1, 2 [\BH ORER TIEEE % 0 e 03 1
LCikBra W L7=2Y (Fig. 50 ® Bk 1-1, 2 © d), Z OFRIEERLIA O il o
B KM CTHE UM Em 2N I ZIERFFICREAE L, K IZ X o TIEK 108 fE# 4 /ml
FCTOWIN LN, ZOMBERICEIEHBEEOBAB LU EEED
SR IR SN Ao b OO, (BRI O BT S O EE R A K
ETRRENEESINTE, 20%, BEROWMEL 2 TCOREEAEEZY £y b
THZ WK EREE - BREEIETEZ, 202 0 n, BAEEEZIT
DB EIIL, M OHRAEYORESLRANY X7 OFTERENRWNG T2 BT 5

ZENHETHLEBEZDLOND,

S OB TIE, S OMEY A X0 =F ) v T E{TbkRnolZ &
ODARBRICK T 2FFEMREEBIIAATH L2, B2 0 HEBLE CIREEZDIC
BWTCHALY N T UV ADOMBBR XA 7 72— L L0 RS WEmSBLLE S,
HIERICEM L 7-MREOHE TS Z D EN R S o, EEsEIT st
Tl RE s x2ZfbsEo2 L (TH - i 1988; &% 1988; £k 2012)
MM IR BAT —VICLV EFAFRENETHZ L (M5 1990)
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RMEBERHIN TV End, A%ITMEEZ T TRl X6k
BOUAS 2015) 2 EORAM N OERNLRET=F ) 7 2{TH>ZLITLY,
BAREERICKB T DV T v ZADOEEHMIEE IZ DWW T XD RS REAL S D &
ERboHEEBEZOND,

TRDO TN T A% nfEeE L BAAEERBR I, Mk & BREED
FARER L O LRI O R SR BICE 2 2R BIT OV THrike i 1 85 3%
AERLTHRFLELEZA, fIRGIZEREEL CEE LD LD FEELY
LB W THER LS B A H o7 (Fig. 55), L»L, e LClHT
L2 LA TRTHY, MGG 4 HE A KE LT HIRIRMAE (BRAE 2000)
ERDTELRKWIATE L Z ENHB L, RBREIES D20 D TEDRE
PHEIZOWTIEA B EDICHRTILERND D, BRICHEAT 2 cHEERF -
BEETOTLDODOENEELENAELZDRAY v MIREL, filkOREME T A
7T — L ZITHEIC 500 | KA HWTITb-gEEE Gifa s 2008; (U
M - Jefy 2017) EEERIC, AT BT RCBWWTHHRMEZ I CEE LTH
BRI T A2 E TRV ENNICERTE D2 ERRBRINT,

BB, ANV FTUAZBWTHBOTRMEZEKR LIZE 25, HEDR
EMENRREITLICL Y KELS BlozZ b, TR ORRIZE W TIEZE O
WIZOWTHANIZHDHBT L2 EDREETHL EBZOND, £, 41
AUl T A & L CHRiEiis cisshs 2V v b 3d 25—
T, NG ZRTEE L TWD®, HiCoMeE LTHEAAIELE D NRED
Fxv 74TV, HWERHAMZ T 26BN’ A I,

BANEROINY N T U AERB LA THTXEHIVR T T A DOHAED
EW A OAEFER R CIX, WfE & b E Y ICH £ 0K E 2 EHE S HE < EH
CHEB LT, ZORREBEOEEMRZERRETHET L L, KBROA U
X DATRIR 48.6% 1%, 1T TR U A% E CRUBR 4 Bl 4s L 72 i B o KBRS %
AWl xA 77 —vEHWRBR 2-A © 475% & IZIXR%E T, Hipw ¥
— DO /WK &2 W pE Rk D 71k (36% ¢ 2012, 2013 O F¥IfE) % kS Z
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EMD Y, FRICEMANRMETHL LSS, — T, YIVR U T A DERK
3 38.9%, 51.2% 1%, KEHNEy ¥ -8 bsx 477y —vEHVzik
2HEDAETKR 28~T71% (BN - £~ A& 2017, 2018) O#FPHIZH Y, 4 T A F
CRBRICERMRMETH D LW END, Licho T, RITEEIEZD 20 D
D, A THFXRLYNRTTADEMHNEDEFEIZBNT, 347 T —L &
FRRICEANE RO IN Y T VAP TEDMBERGSNEZZIOND,

AWFEIZEBNT, INVY T ADBAEETIE, X477 — L LIEIEF

BICRE LN EETHZLRTE 52 LV ML, BRSO EEIT D

(Y

LK VEEHOEELARETHDL Z L AMER L, £ LT, 1001, 5001 ®
FEHAREEZ RO L2546, KR HBERMENERICHET 2 5~6 A3 &k &M
BHETK 6 x 108/ ml £ TOMHIEN RIA LN, 5~6 HMOREE TEMLR
Ml £ CTREL CEE L ARSI RIRNE L 720 KIBEGES &b EL
WT7~8 AIZBWVWTYH, XA 77—V X0 bREMBEENCRS DL
DD, 6~7 A OBETEMAM M BEEE TOEENIFTE L LV D,
F, LEIORITTHDIRERESFEN L VELL 725 5 Kkl HiFKD FRP Kl T
H 2x 108 ffE/ml 2 BRI AREEN TEHZ L AR L, L0 KEEZRERE O A
BRERD DL ZERRBINT,

LENG, BARKEICHE L TWHEREOXR A /7y — L ENT NREEO ¥
EFD 2 MIZMAT, KVEMiEOSWESNDL NV T A RBIT
FBBIC KRESE R L, 2N ad KEKWEIZEBIT 54T T X OIREYE D EFEIZH]
A3 22 ek MEMDEDOHRNTLENREEICHFE T D &N
TXDHEWVZD, F77, HEEv L 2 —ICBTF UKD A U T X0 /NRKEE %2 A
W FBEE AEER Y VR Y A DR AEIZBWNTS, LY T U AD RIS
BEBATLHZLIEARERTHY, FFICHREBENHENT 5 EROHEEOHEFIC,
FOFAMEOm N AEZLa2 X N TREBIZEETEDAY v MIREWVWE
Eibinbd,

S%IE, SHICEAEBEOFEFZERTEOLENE L+ IR L, i/
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WEFEZTET I LTIV IV R T U ADOBENEERLIN 2 S 5 ICHESE
BLDETHENEEND,
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B2H ATDAFXFOIUITLY—FRAOEHERREREHRORAR

EIRECIIRE#ESEEZTLICA TV TXOBENEALTH Y, Y O E2 4G
TTHLIEIGEE X —ICB T, ¥ THRFEEZ AR E & (e &%
WA LM 720 E 10 mm LL EOHEE A 10 EELL EAE L TWD Z &) D3R
1) 10~20 TREE S, RADOKRIEEEICEM SN TV D, EROEIK
FIETIE, BIEEEREOWHMEERICHB W THEME TEHE I NTCZIT, HWE ]
CER AR R P BR ISR E LA U7 2 BN A L CTHfF L TV 2503, ik
BB DGR AR B 72 0 S AL OAR W ER O HBLEN & < R 2 MER & - 72,
ZZTCHEFTIE ATTXORERHOEEZREL T2 L2HMELTHEHMNRK
S RDANCTREFHENLSRA L, EHICce -7 CEELTHET2HMYIE
(H - BRI 2005) okdtE 2 v MiE (S 2008) ICBITLSOHDHD
O, ZOHFETERERPOHEE ZHPITEEICKREFRD LN, ANMEE D
WINLHOBBIC L 2B OBERRENBFETH 72, S I, RENICY
Ny —REHRKETIHMET T RAIFIOLEENRIERL, ZOFRENEF
Doodh 5 & (WA 2015 EH 2019) b, —MORNENES D SR
TR LTIy — REH OB ORWEERH Y, Z O KIS0 K
HDHENTWDHIRMICH Tz, TOXIKE LT, FFEwr 2 —T1%, 772
DRHBBEHIZEWTHVWLEN T WD Y 7 vy — KO IE R8RS
(COUPELLE, MULOT #f) @M Lz E i (BREKERTE ¥ —
2013) ZRAT- b DD, FE TR THE T <, KEY 720 OREFE
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Rl~2x4mmBEEOHE CTH o7 2RO, & I IXZHE4 0.8mm, 0.6 mm
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g (BEOEmE 05 mm) 2R TJ2ZbD0THDH, CHATOREEBIZONT
X, WmHRO A/ PP R (BEKMMTEKASHE) Z2HBICUH->TIMILEd D
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WL, BESBOLELTOMBEZNETO 2O 3 ecmIZ/ATF T LEHY 2D O
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Mefe L, 27 A% 2015422 H 12 AICEWY EIFCAREFERZH KL, =
DM OAEFRRZHEE LT,

o, B, 20HBMOREGENRLRDL (REFOHNMENER D)
A L#EEZAWC, A UTXEEENMFECHEAL BB MR (77
> A MULOT %% DETROC COUPELLES SIMPLE) 2 X % FIBfA Al fED & 5 0>
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9H 18 HOMIERFIZE T 2B/ HEZMORE DM H RN (K% 7%, C-S-

ZBR<) % Fig. 5712, FWEMHMICHE LEHBE O VLM, B EHEY Y
VR E S OV AR 2% T GE 1 44 D 155 = & Fig. 58 12 R T,

AT EHA (A-S +50%) Zig L7z/kfl 1 HkoFE & TIx, #E
O EEOL, B (47.1{8) NA K 7% (28.1 ) 12k L THK 1.7 5 & VW E
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HBBEMuERETH2HRICONTHRF Lo RE & Cix, #EOFESEKIL, B
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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
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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. 7. Photomicrographs of different histological sections from gonads of the Japanese
top shell.
1. Ovary in Phase 1V collected in April. Bar = 100 um (x 100)
2. A mature ovary in Phase V collected in June. Bar = 100 pm (% 100)
3. A mature ovary in Phase V collected in June. Bar = 100 pm (X% 200)
4. A spent ovary in Phase IV collected in August. Arrow (A) indicates the spent ovary.
Bar =100 um (x 100)
5. Amature ovary in Phase V collected in September. Bar = 100 pm (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 pm (x 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. OKki Islands area (shell height = 60 mm); c.
West Shimane area (shell height =60 mm); d. East Shimane area (shell height < 60 mm).
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Fig. 9. Seasonal changes in the gonad index (GI) of the Japanese top shells in 1991.

a. East Shimane area (shell height = 60 mm); b. Oki Islands area (shell height = 60 mm); c.
West Shimane area (shell height = 60 mm).
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Fig. 10. Seasonal changes in the gonad index of the Japanese top shells in 1992. a. East
Shimane area (shell height = 60 mm); b. Oki Islands area (shell height = 60 mm).
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Fig. 11. Frequency distributions of the oocyte diameter of the Japanese top shells in East
Shimane area in 1990.
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Fig. 12. Seasonal changes in the surface water temperature of each research area from 1990 to
1992. @ = East Shimane; A = OKki Islands; B =West Shimane.
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Fig. 13. Relationship between gonad index (GI) and shell height of the Japanese top shells
sampled in East Shimane area (shell height = 60 mm) in 1990.

@ = Mature female in Phase V; O = Immature female in Phase I-III; A = Mature male with
sperm; X = Indeterminable.
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Fig. 15. An artificial collector (60 x 30 x 25 cm) made from vinyl chloride egg containers.
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Fig. 19. A schematic diagram of the method for installing the artificial collectors.
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Fig. 20. Seasonal changes in the gonad index (GI) of the Japanese top shells in 1995.
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Gl = Gonad area / Total area of section x100.
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Fig. 21. Timing of the appearance of the larval stage of the Japanese top shell in correlation to
fluctuations in surface water temperature (in °C), and daily mean of the significant wave height
(inm) in 1995.
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Fig. 22. Seasonal changes in the number of juvenile Japanese top shells collected from artificial
collectors at the station of Line A (upper, 10 m depth; lower, 5 m depth) in 1995.
The asterisk denotes sampling date with lost collectors.
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Fig. 25. A schematic diagram of the sampling method using a suction sampler.
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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.
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Fig. 29. Dead juvenile Japanese top shells with holes sampled at 2 m depth on August 8 (A, B,
C) and at 4 m depth on September 14 (D). Scale bars =200 um. Arrows indicate the holes.
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Fig. 30. Seasonal changes in the number of juvenile Japanese top shells collected by artificial
collectors in 1995.
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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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Fig. 33. Seasonal changes in the density of the 1994 juvenile Japanese top shell cohort.
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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 (C1 = Trial 1; @ = Trial 2) during
seed production of Iwagaki oysters.
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Fig. 37. Daily larval density and survival rate of the Iwagaki oyster larva reared in tanks ((d =
Trial 1; @ = Trial 2).
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Fig. 38. Daily mean shell length and growth rate (3-day moving average) of the lwagaki oyster
larva reared in tanks (.1 = Trial 1; @ = Trial 2).

Vertical bars on shell length values indicate SD.
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Fig. 39. Daily protozoan density in the tanks (LI = 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; L1 = Isochrysis
sp. (Tahiti Isolate); I = 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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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-kl tank.
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Fig. 45. Daily cell density of the microalgal diets (1 = Isochrysis sp. (Tahiti Isolate); l =
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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Fig. 46. Daily cell density of the microalgal diets (ll = Chaetoceros calcitrans; L1 = Isochrysis

sp. (Tahiti Isolate);

= Chaetoceros neogracile) in the rearing tanks of Trial 2.

A, Residual microalgal density before feeding; B, Supplemented microalgal density; C, Total

microalgal density available (A+B); | = replacement of water tank.
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Fig. 49. Feeding regimen for Iwagaki oysters and ark shell larva under each experimental trial.
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(b), 3-day moving average of the small protozoan density (< 10 pum) density (c), large
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Fig. 55. Daily rainfall and 3-day moving average of the cell density of Chaetoceros calcitrans
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The numbers in the brackets show the days of preservation by refrigeration after production in
2018.
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Dimension : mm

Fig. 56. Plane view (Upper) and cross-sectional view (Lower) of the collector used in each
experiment.
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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 (t-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 (t-test, p < 0.05).

205



S
8 * % * =
£ 004 MM 1 M S 057
2 ] * S
= 80 LJI] ¢| M j= 04 *
£ > =R 1= m
S 60 - . > 031
2 £
S 40 - + ¢ S 02 [
“ bt ¢
© 20 - b 0.1 -
) &
= 0 = 0 . . . .
= QD ™ DN gl > N » DN gl
£ QS Qg @ S = QL QP Qe 58
g OO NN S B X sX T
2 JF JF% &% ™ Fs FS IS v
&\0 ot @\\o Nt Kv\\Q ™ \\0 \\OQ?, \\0
%0 %Q %0 %Q‘b %o‘b %C:b'

Types of Spat Collectors

Fig. 60. Mean number of spats and mean spat density [[1 = A+S + 40% (New type collector); l =
Scallop shell collector (conventional type); @ = A+S -] in Tank 4 of Experiment 2-2 on November
7, 2014. Vfertical bars indicate SD. Asterisks indicate significant differences (t-test, p < 0.05).
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Fig. 61. Seasonal changes in the mean number of spats, mean spat density, and mean spat shell

height (0 = New type collector; B = Scallop shell collector) in each experiment. Upper =
Experiment 1; Lower = Experiment 2-1; | = start of offshore breeding. Vertical bars indicate SD.

Asterisks indicate significant differences (t-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 (t-test, p <
0.05).
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Severely broken) in the spat removal work in Experiment 1 on December 9, 2014 and survival
rate( I ) of the removed spats from each collector during the offshore breeding experiment
from December 2014 to February 2015.
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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 —921 921—1019 1019 —111
Time (days) 41 26 29 13
Number of juveniles 22 7 4 3
Range of shell diameter (pm) 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 6.9 — 7.7 7.7 — 8.8 8.8 — 8.31 8.31 — 9.27 9.27 — 111
Time (days) 28 32 23 27 35
Number of juveniles 0 0 33 8 X
Range of shell diameter (um) - - 280 ~ 800 330 ~ 790

Number of juveniles / day 0 0 1.43 0.29 X

Note: ¢ = Lost collectors.
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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 (-)

Test1(8.2 — 8.17) Test 2 (9.26 — 10.11)
Tako Kataku Tako Kataku
Depth (m) Layer + - + - + - + -
5 Lower 24 11 18 14 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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Table 4. Sampling information and total surface area covered by the suction sampler

Total sampling area (m)

Sampling
depth (m) 1995 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
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Table 5. Density of age 0 Japanese top shells taken by the suction sampler

Density (ind. / m)

Sampling

depth (m) 1995 1996
28-Jun 19-Jul 4-Aug 24-Aug 14-Sep 11-Oct 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 88 0
1~2 0 32 96 88 16 14 0
3~4 0 16 88 72 32 152 0
6 136 16
8 88 16
Note: Data is available only for age 0 juveniles.
Table 6. Mean shell diameter of age 0 Japanese top shells taken by the suction sampler
Sampling Mean shell diameter £ SD (um)
depth (m) 1995 1996
28-Jun 19-Jul 4-Aug 24-Aug 14-Sep 11-Oct 22-Jan
Live shell
<1 626 + 174 1,100
1~2 - 467 +34 564 +193 656+287 669+336 622+ 353 -
3~4 - 468 £55 652176 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 610330 618 +196 -
3~4 - 392+75 421+180 536+187 460+ 140 453+ 138 -
6 556 + 202 1433 £ 513
8 538 + 191 1,850 = 624

Note: - = Not present.
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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  MinDH
(ind.) (ind.) (ind.) (m) (ind./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
guadrat 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.
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Table 7-2. Sampling data of the 1991 juvenile Japanese top shell cohorts taken by the suction
sampler

Year class 1991

TN NQ+ NQ- AQ Density MDH MaxDH  MinDH
(ind.) (ind.) (ind.) (m) (ind./nf) (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

TN NQ+ NQ- AQ Density MDH MaxDH  MinDH
(ind.) (ind.) (ind.) (m) (ind./nf) (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.
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Table 7-4. Sampling data of the 1993 juvenile Japanese top shell cohorts taken by the suction
sampler

Year class 1993

TN NQ+ NQ- AQ Density MDH MaxDH  MinDH
(ind.) (ind.) (ind.) (m) (ind./m) (mm) (mm) (mm)
1993
17-Jun 0 - 0 - - - - -
5-Aug 0 - 0 - - - - -
26-Aug 3 - 3 - - 0.38 0.40 0.36
20-Sep 19 - 19 - - 0.63 1.30 0.40
9-Oct 9 - 9 - - 0.65 1.10 0.43
16-Nov 2 - 2 - - 0.87 0.97 0.76
8-Dec 6 - 6 - - 151 2.63 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 4,93 5.80 4.00
1-Sep 3 3 - 1.0 3.0 7.53 8.40 6.70
9-Nov 0 0 - 15 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 Densty MDH  MaxDH  MinDH
(ind.) (ind.) (ind.) () (ind./m) (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 - 15 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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Table 11. Different parameters in the the trials for the mass-production of settlement-stage larva

of lwagaki oyster and ark shell using Isochrysis sp. (Tahiti Isolate) and Chaetoceros calcitrans

in 2017
lwagaki oyster Ark shell
Trial 1 (7/9~7/23) Trial 2-1 (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./ml) 2.6 3.6 4.1
Final larval density (ind./ml) 13 1.4 2.1
Mean shell length in the last day (um) 307 + 26 238 + 30 209 £ 25
Final survival rate (%) 48.6 38.9 512
Rearing days 15 14 14
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Table 12. Types of spat collector used in Experiment 1

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 - - -
C-S--R 1 3 C - - +

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 - + -
B - S- 2-1 4 B - + -
B - S+ 2-1 4 B Unknown + -
C:-S- 2-1 4 C - - -
C-+-S--R 2-1 4 (o} - - +

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 lwagaki 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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Table 15. Results of the experiments on the removal of spats in the new type collectors using an
oyster spat trashing machine in February 2015

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

Notes: Rate of removed spats ! = Number of removed spats from collectors/number of total
spats at collectors; Rate of unbroken spat 2 = Number of unbroken spats/number of removed
spats from collectors; Rate of broken collector 3 = Number of broken collectors/number of total
collectors.
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Summary

Study on resource regeneration and aquaculture of the commercially valuable

shellfish species in rocky shore of Shimane Prefecture

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 (lwagaki oyster) is one of important aquaculture species
of Shimane Prefecture, much like the top shell, and the demand for lwagaki oyster
seeds has increased with the expansion in aquaculture farms. Initiation of new
efforts to improve the value of the lwagaki 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.
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Chapter 2: Seasonal changes in the maturity of Japanese top shells were
investigated based on the gonad index (GIl), 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 Gl 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 mm, film thickness 180 pum) 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 um 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
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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 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 lwagaki oyster was performed

using a large tank (100-kl) in a semi-outdoor environment. To simplify the rearing

procedures, routine bottom cleaning and replacement of sea water were not
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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-kl 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 for the large-scale production of lwagaki 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-kl 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 lwagaki oyster was investigated in culture trials using 100-1, 500-I,
and 5-kl 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/ml in the 100-I and 500-I 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
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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 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
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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
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tank and outdoor feed cultures can be applicable to oysters other than lwagaki
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, lwagaki 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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