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Fig. 1  Changes in annual catch in weight of fisheries, catch in weight of coastal
fisheries, and annual production in aquaculture in Shimane Prefecture.
A catch in weight of fisheries
B: catch in weight of coastal fisheries
C: production in aquaculture
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Fig. 3 Changes in ratio between annual catch in weight of coastal fisheries and

production in aquaculture.
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Fig. 4 Changes in ratio of production in aquaculture per catch in weight of
coastal fisheries at each fisheries area in Shimane Prefecture.
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Fig. 5 Changes in annual production in aquaculture in Shimane Prefecture.
A: production of Buri, Japanese amberjack, Seriola quinqueradiata, Hirame, Bastard halibut,
Paralichthys olivaceus, Wakame, Sea mustard, Undaria pinnatifida.
B: production of Iwagaki, Iwagaki oyster, Crassostrea nippona, Itaya-gai, Bay scallop, Pecten
albicans, Hiougi-gai, Noble scallop, Chlamys nobilis, Hotate-gai, Japanese scallop,
Patinopecten yessoensis.
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Fig. 6 Changes in annual production in aquaculture in Shimane Prefecture.

M: total production
A production of hanging culture of bivalves
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Table 1

source was reference 14)

Bt ¥

Changes in annual production of bay scallop Pecten albicans by fisheries in Japan. (Data

Year pro;3§c‘ion Chiba Kanagawa Mie Oita Ishikawa Kyoto Tottori Shimane__\;irgii Fukuoka Saga Kagoshima

® Pref Pref Pref  Pref Pref. Pref  Pref Pref Prof Pref  Pref Pref

19566 2653 2653

1957 19908 146 32 552 14208

1958 13758 348 29.3 13.4 45 6 8.5 12389

1959 1593 1 4.2 86 68.1

1960 80 3.3 7.7 69

1961 398 15.7 0.1 24

1962 351 25 8.6 1 05

1963 534 52.8 06

1964 599 599

1965 21021 2478 853 17690

1966 20858 12876 397 63800 785

1967 26139 26017 82 40

1968 1161 730 431

1969 737 319 418

1970 495 29 74 392

1971 261 261

1972 279 279

1973 365 365

1974 215 215

1975 2260 79 2181

1976 814 575 239

1977 888 888

1978 143 103 40

1979 188 186 2

1980 36 36

1981 29 29

1982 30 30

1983 53 53

1984 38 38

1985 13 13

1986 62 62

1987 1 1

1988 5 5

1989 4 4

1990 44 44

1991 5 5

1992 0 0

1893
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Fig. 7 Changes in annual production of bay scallop Pecten albicans.
@: number of collected seeds in the previous year
Bars: number of production in aquaculture
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Fig. 8 Annual change of number of artificial seed production of Iwagaki oyster
Crassostrea nippona and bay scallop Pecten albicans.
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B1E A4VAABREORBRECET HHE

A B AT, RNETITIVO TR
BERELUEREE LRSI TITONS D, 4
ZX AN TEREEP AL TBE Th o7z, BRE
TIIFREORBRE DR TH D Z EBmhoTcZ
EMD, 199 ENLRIEMREL 2D, RARE
W2 Ko TEIEAHER ORHE TV TE T, LA L,
1983 FLIEIT R BEAWNTEE Uie 2 L v b,
AREEREOBEFEICLY, BRECATESAEN
RAbnEY, KEONTEEEEICH--> T,
(1) HEZEETA-DOBEOHRIEEIZL AR
HHRIPEAR OB%, Q) AENEZFEDDHIZOOF
WEGVEDRERIREBHATORSE, BRERFPET
H5ERBINT, i, B LI RKAREEEE A
BENTIEM S DT D OEINFHB L EEE R END
TENH Y, BYMAAEIT-7"Y,

RETIL, 2D bA &Y TABEOMRRMMEEIZ
DN T OFEMEER E B ~D,

THEBEOATERINTRE, SR, By, el vo
TeBREERIC K o TREREEBA ST, AIEENT,
ZIDOBREIER & AKOPERER & OFEMERIC
LoTHRBRTELENTND, 1 ZYHABOHTE
WZDWTIE, AT & BREEER & DD AL
DN ENDOH DN ZYH A LTI
ZESI TV,

TIT, ETABBNCHSEFIREiEY ST 7 b
VDD LG RBEEICE LA RN S B
T, BEICEREOWEY 770 N oBEE L, EE
RN ZRIE LTz, £ LC, bR RYbE
Eom EZEERY, BRICERS U CRERRE
B LT, F72, KEREN L 2B EORRRES
HENZ, /KiBZBHUKIEL Y TP CHREFAEL, &K
RREBE LTz,

1 A3V AARKEICETA8ENTSV I by
DEB I CREEBKERE, HLE RERES
DER

AETIL, A Z Y HARBEORRAL HROER L
OB & OBURZBIET ABOEBIN MR E T 572
W, BTy N AR EXTHREORBEORE
AHE LT ERABEL, HTOMREE,

1.1 MEBLUAEE
111 #EBE LENBES L URESNE

ERRIZHWRER, PR 8. dom (8.3 ~8.7
cm), ERIREIEHIBER 27.3g (25.5~29.9g), #X
HREREH L EE A Tg (4.4~5.1g) OEETHY,
—EDOERIIIFA—DOREAZ VW, BRIZ—ED
EERZBAT 5 | BERNCHEFRICET Lo EiERED:
HENICHEAL, & 100um LLEORIF 2 RE L2
KCEE LIz, ENENOESRBLAOR 2 B BIZE
0. 4um LA DRI F 2 TRE LTV THE LT,

ERLEY TS 7 hrOERIY, BERED
Chaetoceros gracilis( LLF Chaetoceros & W),
N NEBIERD Paviova lutheri ( LLF Paviova & B&
), T3 ) FIEEO Tetraselmis tetrathele (LL
F Tetraselmis & B §), EER S BEA O
Nannochloropsis oculata (LLF Nannochloropsis &
B89 O 4 FEHE T, Provasoli O ES EEig 2 VML
TI9~24CHOEIRETLDO=ZAT7 7 Az
TEEHEEE L, HEEERN O BRI AT
i)k ees T NS LAY

FEBRIT 1993 48 7 ~ 8 AITITV, EBT o/KIRIT
21 ~23CThoT,

1.1.2 BKREDAIE

TAGHE ORIEE, BEEFEEY2AVUToF
ECIT-72, $72dbh, 20L MAIEREKIEIZ, BE
TS (B AJEAKM, P-81A) XY 0.4mPl L
DRITFEERE LMK E 20 LIEAL, =7 — -+ R
R TEEONTER LT, & 2 ~RREOMEY
ZEYBRWEREZ 1 ERIRE LT 30 4L ERE
L, BEIEL Y7, 1 EOFEBRITIZ6 ~ 8K
AV, 2ki#EE 1/E LT, SAPEHEEIZ 2 BK
ZHEAL, BRETHEEHEE L 3~ 4 BRFEICRRE L
7o ED%, BELIEM TS 7 bR L,
WA AN LT —Ici i L, RELE
EERHEEY, TRERICLIVEDNS, BELHEY
THLURIOREZ EmEE L, &IXMEIL, Bricelj
& Shumway 212 X B4 & ¥ HA BLOMIEDIEAHE
CEERHEEDBRESEII L THRE L, &2 0
W75 b OWTERIE L AR R,
Chaetoceros 73 7.4 X 107, 14.8 X 10°, 22.2 X 10,
29. 6% 10° g/ml, Paviova 7% 3.5 X 10°, 7.0 X 107,
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10.5 X 10°,  14.0 X 10®, 46.6 X 10®, 93.2 X 10°,
186. 4 X 10°g/ml, Nannochloropsis 7 1.0 X 107,
2.0 X 10%, 4.0 X 107, 8.0 X 10° g/ml, Tetraselmis
33.0X 10%, 66.0X10°, 99.0X 10¥, 165.0X 10" g/ml
Tholed, EEOCHEBHEEIIREREICSL
T Chaetoceros 7% — 13.1 ~ 37.2 %, Pavlova i®
— 20.4 ~ 37.1 % ,Nannochloropsis 7% — 20.0 ~
60. 0% , Tetraselmis 73— 25.8 ~ 10. 3% DEZEMN 4

U7 7238, Paviova O EEEEHEE 2% 5 L=k
oY H 1K ONTIE, EBRKTHRESNIT
NTWBDORONST=DT, T—F LR LT,

7T NORERR, BEERE, Thund
30 4372 U 1 BRI IS A K 2 BB U TR L 72,
BB L 72 KFEKIE, 5% DIREIZ 2D X 5 PiEkv
~ U VEERELTCEEL, FE5~ 10nl O
FHREICAILT 3 BEIELE L7k, 538 100 ~ 200
FE DB STHEMEE T T Utermohl ¥ 1T L W EHK L 7=,
72k, ERFOEYMT T R OBEFRIZR DD

L Lz,

TEAGREE (F:1/ ER / B 13, K&FES™1ThE-
THEMH L, 77205, Y777 b OB
RO EIE

F=V (InCo—1InCee) /(N « t)

ZIZT, VIIEBKMOKOEE, NiZFOHIZ
A L= ofEiEE, Coldid Uics x -4~
T NUDRE, Culdt BB OWEM TS
FNoDRETH A,

T, BAME (10 o EK/H) 11,

I=V(CoCer)/(N- 1)) - W

ZIT, W T o b LRG0 D
BEETHD,

FULEEL, BREEE (D i, UTTR~R55
ECHRIEMEREMEY T 77 N OB EE
FELTRDT,

1.1.3 JHIEEDAIE

MEROBENL, HREDICE > 7, EOEIUL,
TEAGEEERIET. 3 ~ b BRI E 2 /KR & L,
HEHESNTED S b, ALDIEE LW T T
7 NUHREEZDND LDIZBoT, HEERDVE
ThoEERIZOWTIE, BOERR - FEOE
iE L, PRt S e mABRA Yy M TEIR L,
X, HOL 450°CT 3 BRIV TR A %
W T g v E— (L URTHL AP T VT 4 e F—)
RlzEE, Bk, BE G%O7T U E=T Lk—A

A FTCBRE) % 60CTEEIZZRDETHEL, &
BEEZRIE L, IRWT, 450°C T 3 KefEfE =,
PR D EEE L W AEMEL R,

BERLE LI T 7 B AToOWTh, Hifask
R, EEK T L Bml &, H AU 450°C
T3EEMENTHEEM RN =T v b~ GF/CT7 4
b Z— FIZ 20cuHG BLTF OJE /) TiE, BN L, #
L ERICE B E BE RO,

HkE ) 1%, KUKV RDT,

A%) = F-E) / (Q-E) -F) X 100
ZT,

F =R ORS ZBRW-EREER /AT 02

B = EDRSZRWICRIRER / ROSFRESR

1.2 #8
.21 fEflE LB TS0 boDEEELS &
VERYEE

FERLE Lot T 07 P U OHBEERB IV
HHEME B % Table I-1-1 ISR ¥, 4EEOAH
B7I 7 b OEERIE, 500 X 10°~6.59
X 10°%/10" iR O <, /b oo
I Nannochloropsis T®H YV, &b %o =i
Tetraselmis ThoTc, AW E E1L64.2 ~86.5
%T, Fb7phro X Chaetoceros THY, #x
Y2 Do T F8 T Nannochloropsis Toh -1, HHEY
BT, 4.33 X 10° ~ 5.04 X 10°g/10" {EMLOHEFE T,
B b A 72Dy o T FEIT Nannochloropsis TH Y, &b
3o T-F81T Tetraselmis Toh -7,

1.2.2 fEHERE L B/KEEDORMR

BERHREE & I8 AR E D BAfR % Fig I-1-1 127”7,
Chaetoceros ClZ, BHEHEEN 6.6 X 10° ~ 36.0 X
10%/ml OFIPEC, MEAKEE L, 9.8~ 58.9L/ &
/BETH Y, FEHREA 19.3 X 107g/ml ORI
bHE Do T, Paviova TiX, EEEMHEEN 4.3 X 107
~ 170.3 X 107g/ml O#EFH T, JWAEEIL, 6.7~
3L/ M8/ BECTH Y, FEHEEEL 13.6 X 107°g/ml
DEFIZ b & D> 77, Nannochloropsis Tix, EEE}
TEEEN 1.2 X 10° ~ 12.8 X 107%/ml OEE T, &
KB, 4.9~21L0L/ @/ BFCTh Y, EHEHEREN
12.8 X 10%g/ml DB E b & D> T2, Tetraselmis
TIE, BEBMEEA 31.2 X 10° ~ 181.9 X 10%g/ml
OEFAT, IWAEEL, 5.5~ 46.5L/ 8 /B THY,
SEEHEREEDS 49.2 X 10%g/m]l OFFZE L EN- T2,
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VLED X5z, MR ISAPRHEAEAS 19.3 X 107
~49.2 X 10°g/ml OFPATEL 72D Z LA B
L0, FERHREMNZNLLT, Ei3EnU Lok
ECIHMEL e AEmMBARENT, Fo, BERFEET
1%, Chaetoceros D3 Ex b <, T Tetraselmis,
Pavlova ONET, Nannochloropsis i bAED > 7=,

1.2.3 fERRE LEREE - OBFR

BEBHEREE & R & DR % Fig I-1-2 1RT,
BREENL, Chaetoceros TIXT.0 X 107 ~59.6 X
10™g/ i / B%, Paviova T 1% 5.8 X 10 ~ 138.0 X
10™g/ {@ / ¥, Nannochloropsis T 1% 0.8 X 107 ~
16.7 X 107g/ (& / B, Tetraselmis TI% 15.7 X 107
~203.1 X 107/ 18 /B TdH YV, Nannochloropsis %
BB LT 358 OB REREP R IR o7,

WTILOREEFEE TS, EEHRE OHEINIZHE > T
BREEREIEL R2EABH 72D, FEEHREN
50 X 107g/ml LRI/ 2 &, HE DMK L
e HAEMD B > T,

1.2. 4 SEELEBE L HIER L ORER

BEBI R E LR & O BR % Fig I-1-3 1278
¥, Chaetoceros ¥ 5 L7-550OELEL, 5B
BEEEA19.3 X 10%g/ml £ TIEB0% U ETH o=
78, 32.6 X 10%g/ml TIE8.1% & ABITIET L,
Paviova &5 U726 OELERT, fERHEEN
17.8 X 10%g/ml &£ TI1£ 83.0 ~ 94. 1% D#FHTH -
7=, FRLLETIHET Uz, Nannochloropsis %%
B LI=5BAOMERIL, EEEHREA 6.4 X 10°g/ml
FTIE83.2~89.8%DFHTH - 7h, ThllE
TIHE T Ui, Tetraselmis ##5 L7-546 OH/L
L, AERHEEE2Y 1031 X 10%/ml £ TIX 711~
84. 8% DEEFH TH - 7208, FNLL ETIHET L7,

PLED X 512, Chaetoceros w5 UT-355121%,
HEEENZ OMOFEFEIZ TR, o220l
FHEE CHLERE LETTL2ZEBHLNE
7poie, EOMOFEETHARERRE OEINIHE-> T
EAERITE T L7, FOE|E1T Chaetoceros 1 F
T3 2otz

1.2.5 SERLRE L RMEERE & OBRFR

BHBHREE & LR & OBfR % Fig I-1-4 1Z7R
T, mUWEEEDHER SN AEHEE O IZR
1T ARUEIEEE Y, Chaetoceros Tr 24.1 ~ 201.0 X
10%g/ 18l / B, Paviova TI% 46.3 ~ 247.7 X 107g/

{8 / B, Nannochloropsis T 1% 6.0 ~ 23.3 X 107
g/ 18 / B, Tetraselmis T 101.7 ~ 720.2 X 107
g/ {8 / FREDHFH ThH -7,

BT EEEASHER SN D EEERE E OBz BIT 5
EU LRI, AERHEE OEINCE > TEL o 7ads,
Nannochloropsis 35 b ¥ <, Chaetoceros ¥ L ¥
Paviova DMZIEFHECE TH Y, Tetraselmis N
LNz,

72k, FULEREOIEE, BV LRSS I
% BEHR E O & COEEHRE I DWW T DOfEIZR -
BRI, ENLLEOSEENRE TIE, fEEMEERS
NDRNTREIC XV ShAD 50T, /2R
EEENHEETERNEEZONTZDTHD,

1.3 EE

A ZX A OWAGEE, HbE, BIOENLERE
%, BELUEEER I NREIC L > TER
7o T7206, fHELE U T Chaetoceros &5 L
TEGANTIE, RO B AR L 0 R < A A
HHN, HERTRHIERS, EHEEOEIMZ
W, BEZEVCREAD Uis, Paviova ¥ E LU TmHEEI
1%, JEAKSEEE Chaetoceros W RV TH D -7, F
7o, WeEIERbE S, EEHEE O X 5 1Hk
ROEFITECTH o7, Tetraselmis 5L
=5, IBOKEREE 1L Paviova (ZIRWVTEEL, H
{b. 3R ¥y Chaetoceros L V) B> o Tz, HEEHEE D8
N & B HEEROIK T Paviova & RIEEEL)T
& o 7-, Nannochloropsis Z#¥45 L7=8BE1201%, &
AGREIT 4B R GES, HLERIL Tetraselnis &
Paviova DR OIETH o728, DRRWEERHRE T
HIEENMET T 2@ H o7, £2, EVIEEE
DIHERF SN D ERERE B ORI 1T D R DY LR
BEVL, Pavilova b Chaetoceros DMZIZEAERE TH
0, Tetraselmis IZFNHDFK 2fEOMETHE HEL,
Nannochloropsis 1XFILH DI 10 45D 1 DIET,
HiENS T,

TEKERENEERL ST 7 OB IUEIZLY
Blool—RE LT ERTZ 7 hroReEad,
A B XA DETRIFTEDRTFORE S L DG
MWEZBND, RETHAEPETHRLRET
EARFOREEE, 5~ TmBRFLEIHTNES
P, REBRIZAWERE TS 7 P okE &3,
Nannochloropsis ISHERREEAY 2. 9um & & &/ NI,
Pavlova (GRRERH 5. 2um), Chaetoceros (HHjAE
B4 6.51m), Tetraselmis (HEMEEEH) 13.3um) o



FARIRIREIZR

NEIZ KBS L T2, TE-C, BETHELREFTES
FEFAIT Tetraselmis DA TH Y, RFFIEORHIE
V> Nannochloropsis TIZJE BB B N W 72 0,
Nannochloropsis % %5 U7z & & OIE/KEE A3 fE
%&“%—Lbfzc‘: XLV ES ol tBEZIOND, ET,
TR IR T, RFDERMIIEREE B
% U B Chaetoceros & Paviova C, Chaetoceros M
057 28 YR K E DS BRME R A3 B o 7228, Ward et
al. ® % Placopecten megellanicus DIEKER L
ONEA{L R DR O Chaetoceros muelleri OAGHT
EYMTEELEREL TR, KERIZHWFERE
D Chaetoceros gracilis &, FIECEIEY % 5k
MLl bEZ NS,

Palmer * %, Argopecten irradians concentricus

DOPEAEEM 2 X 10°g wet wt. /ml Z#Ex AADEE
ETIHES holcZ b 2@WEL, ZOEIEREL
LTI POC L & LTHMEVWE B Z B D
ZEMD, BATOABOREREERLE LT, &
BREDEEEHT & 218EH, THILEE I OE O FIREEE
TR LD, A ZY A bRBRICEWEEEHRE LY
IRWEEBRREICHEIS L TN A EEZ BLD,

Flo, RERTIE, EBRCRS UAERRREX
B O CORRE LT EERHEE I U TR %ﬁljﬁ%
<, F—RERXE 2 AERE L-ERNE 2o T,
S BITAFERRTE NI MERZE S K E Do
7o Palmer® i%, ANFEBR & [FIEE2 J71E T Argopecten
irradians concentricus DIE/KBREZHIE L, EEE
DO EEEEHBENREMEND 5 ~ 25% DEENA
Uz &, BLOWKEEIIERENRKE o722
EERWE L, 1EoC, WAKEEICE L TXVEE
DEVMEEEHI121T, ARICEEEHRE ZFHAITE 5
EEEZ AV, F—EECOWTRE U TEEERRE &
TEKIEEDBRERIET HIEREEBR Y BT LEDRH
HEEZLNA,

WEAEERIZ OV T, Peirson®™ JE, “C CHEEL7-8
WO T 77 bra VT, 2m’/L OEETE
WEH, 63 10m’ %25 % T Argopecten irradians
concentricus ff 5 O WAL R & |l E L 72 /& R,
Chlorella autotrophica #3&5 L7=3E& DOELEMN
17.4% TH oL, 78.1~89.9% Th -7z &
WE L, AERCHESNWZMEDL, HEFENE
5%, EEOKRIIKRETH LD, HIEFRIX
Chaetoceros w5 LUT-35E12, 52.6 ~ 69. 3% &K
D072, fOFERE T Peirson™ & ITIEFRERME
DNEIE S 7z,

iF 2 TR R OERTE

BT DA 17

RETHAFETIE, HIEERITAERHRE O Rk
W, BATHEERTWARY, KERTY, Rk
foﬁfﬁ%ﬁi‘ﬁﬁgéﬂf:o F 7, Chaetoceros 5 1L
TeBAITIE, AREHRE D LR J#Q(%{Ka«—d)ﬁ?i»
%Liﬂotﬁx ARELZERETERE LICHEIT
M@@ﬁﬁ%&fﬁﬁ@%ﬁﬁ%bﬁokzkﬁ
b, #EEOHIEEO—HEE, L
THILERERE L VIR EH SN2 FREER S 5,

HEEORRKL, LTLLEOREORT L 1HE
B9, FNET TIREEEIOMEILHEr & e &
NTWA? Langdon & Waldock ® 1%, Crassostrea
gigas MEEORREIZIE, o 3SARfAFfRHIEED 5 b,
20:5 n-3°22:6 N3 BMETH D L|E LTV D,
o> T, BOREPCHRRNTIT, BEESTHILROR

TR, R M oDRBIBEOR S bE
BTANERHDEEZLND,

L1, VHEEPED L WVRE OEFERRE T%
FEEERL 7 o N RFERICEATEETL, 447
A DGR BET DNEND D, Fiz, £V
FEEMIEDEVES 7T 7 N B IRFETHLED
HHEEZBND,

2 HREHEMEICIIBREOHABENER

B HOREE NABIICHIET 258, £ ORI
WL THWDEEH7=01Z, 1ECIHEERFEES 2 0
BHECOHIERERE L, LhL, EEROFEK
T L EOREDORE BT, £y T
AR OMREIRHET T X 2 E &R TnEY, 22
TAEITHE, 1HOERCTHRYEREN SV LH
T XINTNEIZ, Tetraselmis tetrathele (LAF
Tetraselmis & W&-3"), Chaetoceros gracilis(LLF
Chaetoceros & W& ¢ ), Pavlova lutheri (LI F
Paviova &W&T ) O 3TEEL R, iR L3577
YU N OBRIEERBIET 5700, BB
O OFBYERENZITRERE 0D KO RRETYS
Z 7 Nk BE UTRE OA TR KR O B
DD AT ET B F TRE ZITV, BREWREL & IR
B, B0 ) a—F U EFEDEE
LT,

2.1 MEBLUAE

Tetraselmis, Chaetoceros, Pavlova ZHEIRIZ#E
T OANE R 1 AKFET D, B3 KK E BAR R AKERLAT
BRI N—TITEDERENICREL, T
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FLE I Tetraselmis X, Chaetoceros X, Pavlova
K& Uz, BRIZBRIRERE SO BAREKERI&
Vo H — BRI OB ORI b TETERIN
7ofE{R% 199449 A 8 HIZHBRG E TR L T&E
WL, BERREOMNEYERE L%, EBRICH
L7e, EBRICER LaKT, BiElEkts s
WZHR ImOEGEH— 1) vV« 74 0H— (GREE
TR CURIE L 7ok R AV 2, KR 1000
BB KAEIC 100L EAK L, FRIZZT —« X h—
Va2 LERRE L CHERBEONICBTEIND L)
BREFHE L2, KIEAEIERAHIZLIVIT-
oo 1 BEKIZOWTHEHE 10 fE A% 100L KAEIZIX
KL, TEHRZ (TACMINA CORP., N-FEEDER) (Z k&
Y Tetraselmis, Chaetoceros, Pavlova % %I F1,
HITER D B ZEHE 2> & R E 23 1,400 ~ 1,600 X
10%/ 8l /BE L 70D CHEESNBBETH S 33 X
10 "% -+ dry wt. /ml (500 cells/ml), 18.6 X 10 °g -
dry wt./ml (2,500 cells/ml), 14.0 X 10 °g - dry
wt. /ml (6,000 cells/ml) & LT, INWAIH TN
BEPFEKREZIZEEERAT D LHEIND, 30
SEICHRE LT, REOMREEEEELS 1. 18
DR RD DR E R 27.3g D 1T% D 4. 7¢g
LIEST DL, BE 1 EH 0 OmBEERIIT LT
1 BICHE LR 75 v 7 b oiRE R, *
NEN2.9%, 1.1%, 1.2%Ths, #KiZ, 0,
Al H 2> K& AL CEREM & 7 CHEATCRE LT
WIZKFBIZ B AR AN 2 TiTo T, 7el, fERlo#
HE#KIE, KBS LR, B&ELHED TS
2 b, Provasoli @ ES EEEA BN L T 19 ~
ACOEIRETEL D7 I AaxHVWTEREEE L,
SIEHETEHEI R & R ENC A > 7o/l 2 vz,
FABEHAMIL, 199449 A9 BNH 12 H9HETOD
BLE3rAME Uiz, BEOEEENRI Y BT
DHER SN AT 72 BICER D B s, #Hi
PRGBS, AR OB 5B LT Lo 7,
2B, RO DERIH UIEE ER— O/ HEE
> DEEVERICEE U7 B B 2 KERTE v 7 — e
ZN—7C9 A 16 B & 12 A 28 BIZ 10 {EK$ 8]
EL, HETXE L,
FERIZHWI- R EITIRRGE % 1 2L R TN
SNz, Whwd 1EEZ RV, EBRBRRRROF
WEkE & YL E R, Tetraselmis X T 8. 5cm(7. 2
~ 8.8cm) & 74.2g(60.0 ~ 82.6g), Chaetoceros |X
T 8.2em(8.1 ~ 8.7cm) & 72.3g(61.7 ~ 88.1g),
Paviova X ¢ 8. 0cm(7.5 ~ 8. 6cm) & 68.7g(55.2

~ 88.5g), MEHFETFTRX T8 2cm (7.8 ~9.2cm) &
69.8g (63.9 ~85.2g) T o7z,

FREAERIEI T, HErmIEAICHEILL, RIRTHIEL
Too HIBTEYEL UCiL, TR AEERITEER
THEER, SRR O KB 203 72, [REH | AFEE T,
R EIIEORBIN &, BRITEE~ALEE, IF
BlZbThcEa~ Bl b, S8 LEE
DO LD, TEEE) BRITAaA, JIRIE
BTHY, AFEREITIER L TR HIELE IR
LV, THHE) AR IO TiRET 5,
L7,

SEAEIL, BTS2 braRRE L3RI
DOWT19944E9 A 9H, 10 A2H, 12A9RIZ
7V, 9A9 B & 10 A 20 BIZIIBEL / FRIZL
V0. lmm BN ET, 2EELXBEFRIFITLD 0.1g
A E CRIE L7z#, AFFRR OB 2 &3
ZpE, ARICKVHE L, £, 12H9H
IZI3E, 2EEZIPROFETHEL, A A TR
DOEEE B LT-t, MIEHER, BHEE,
ATEREEAEFRICLY 0. 1g BT E THIEL,
FREABPE A NIRIC K DV HE LTz, B2, 9H 16
A&i12 A28 BICiITEFET L CWEREEZ 10
B0, 3SR EFEREARFETHEL, BYPETXE
L7,

BB, BB o v b EERE L 3 KON
TIL12 A 9 HOERK T, WBHETEIZONT
i3 12 A 28 H OREK T HIZEEBRE OHFE DI
BB L OEKEZ — 80°CTHEHRT L, INEF OIS
Mg B L OMEIAERMER & B /Y a—4F &
Z, MEEAN B ARGBREMRERSICERFE L THE
L7, MEMfEE &R J ONEAEBEAROBIEIZ T X 7 o
<~ "NTZ 7T, Y a—FrEOREILY EX—
BEIZEVIToT

2.2 #E

2.2.1 KRB

FEEREAR R OB KBEOHERE % Fig I-2-1 1R L
7o EBRZBIMALZ9 AND 10 AFAE TIE23°C
BThHoTR, TNLBEKEMETL, 10 A T4
~ 11 AFAEIZINTTI9~21C L2, 12 AH5H
WZANTTIZ 1T ~ 20°C ORI CTEBI L-, £7-, W
FETROBENER SN TV RIRETE /2 BETD
BREIKERIE v &7 —$IRREEE DOKIE 10m D7k
BIE, EBRBEBIFIOZ21.TCTH o720, DIETF
ML, 10 A BAICIZENOEBKIE & RO



BARIIDEIZR

93CH & o, O 11 A FE TR,
FOBENOEBKEB LY 2 ~ SCTEVIKIR THR
L7,

2.2.2 BEHOMEEKE

FEORIERES Table -2-1 1R LT, fEE%
BE5 L 3XTHE, #HHEORE, £E8IT0A9
HOEBREFGIFE 12 A9 BOERK TR TIZE A
EEbbRnol, £72, 12 A9 B0 3 KO#EIEK
#ERE, BNEE, AEREEOYHENE LV
EIMOREZRIToT, TORER, TNFNOHIE
HBRIZBWT 3 ROMICEERENTRD bhigino
7o (LIRFE,p > 0.01), REEITK L THREES,
HHEEE SHEEEE0S5D2E61E, TN
28.7~3L2%, 17%, 14~ 15%Th-o7, LIL,
12 A 28 HIZHIE LIiBEFETRTIE, BRIV
2EEN 9 A 16 BIZHTHLNNZEML Tz,
Flo, REEIK L TEEALO G D 2 EE TR
HEN36.8%%, RIEEEN 25 %z b, fHkz
BE L 3REVEIERED -T2, FREEED
HODEIETT 16% & ERX L IZITFEHETH -7z,

B X DR IEDHER & Table [-2-1 1R LT,
9 A 9 HOEBRBIEETIE, TN TOROBAEDA
FHELITZB T, HEHEHIBI D DR R CTh -
oo 10 A 20 BIZIZRRANRES, AR B O 2
Pavlova X T 12%, Chaetoceros X T 40%% 57~
B3, Tetraselmis K CIZREEIDMEMERD 86% & &
HLZ B LTWe, 12 A9 BIZIE, Paviova X,
Chaetoceros X L ONVEF E T X TIX T~ TOfEAE
PRI TH o 7278, Tetraselmis K CIIEE D
B A DOMIZ B & HEE S AR 20% HE L
7

AFRIRITBANAKI 40 B B 10 A 20 BIZIX Paviova
X T 80%, Chaetoceros X T 100%, Tetraselmis |X
T170%, 37 ABROEBRKTREOIZHA 9 BIZIZX
Paviova X T 60 %, Chaetoceros X T 70 %,
Tetraselmis X 50% C, Tetraselmis X3 D 2
KIZHEARTRORMEN o 7, IIEROEER RS LU
A% Table 1-2-2 127" L7z, MEMFEEOE A &L
Paviova X723 2,000mg/100g & &b 7ahvotons, #+
DD 3 X1 2,600 ~ 2,800mg/100g & 1FIX [EHE 72
fECHoTz, JEFEEER D 5 BIFEERICLET &
S35 C20:5 n3 D& H BlA I Chaetoceros X 13
15.9%&Embm<, FOMD2KIT14.5~14.7%
ThoT23, WHETXTIT12.5% LK b RD-o

VB AR ORI RS A HF5E 19

7o. JREROERIL, EFETX IR 2BET
HoTen, FEEHEER TIIT N THSIEWEAT
B,

BEHoZ7Y) ao—rrail BPETROREN
1,100mg/100g THAHDIZH LT, ANAKRERXD 3
X T, Pavlova X 73 200mg/100g & & & b 72 <,
Tetraselmis X725 220mg/100g, Chaetoceros [ZH3 240
mg/100g TH Y MEFETREORE LV —#idleho
7o

2.3 EE

FEEHR X CTOREORE, SEEIXERBAHE
BTIREALEDLLT, ERETROMETES,
HiFHEE, AEREEOWVHEIZIT 3 XOMTER
REERIR ST b 6T, RBEOEITES
W i Tetraselmis [X 25 Paviova 35 & UF Chaetoceros
KEVEATWDEMPEE SN, Fiz, EPE
TROBADFABRIIT XTI TH Y, HKIR-
R LT BRI S vie o 7208, Tetraselmis
XCIERR - o U7z & HEE S A D 20% H
FLTRY, HRARMEIEPETRIVEATHND
EmRHER SN, ZDREE LT, Tetraselmis
DER LG DVERNC A H O LT ATEE
M, AW Tetraselmis KOBE OEFERI b
2RIV &nh, ERHRGEDMLD 2 X
E0ERY, AERYEBIENEMLUEZ & TRt
DMEAT LIZFIREMEDS B 2 b b,

B FEEICB U, Tetraselmis M oOfE)
TT T N AR TEL OREBEHECRIEER S
FNTVWDZEBRAMLNTRYY, ZhiERBEh
T Tetraselmis KOFE OIRRIZE N D HElEEE
HEMLO 3 RIZHA_RTED SO TRV EE
Z bbb, F£7-, Tetraselmis 13 C20:5 n-3 DEE
DD 2FEE VDRV EENTNBY DD, JiE
DIERFEERALD 5 H €20:5 n-3 O EEEIAITIEF
ETREZET 4R EBIREEETH o7 Marty et
al. Wz LT, Pecten maximus VX, C20:5 n-3 %
BIRAGIZINERIZER D AL EME L TWADT, 1%
YA BRI C20:5 n-3 ZRIRAVICELV IAAT
WahEkEZLND,

RIZEERI O EEIZBE L TiE, AERTIIEE
DEEFCIZHE S R EBDORBIIIT O >0 T,
FERELTABEMLO 2R LY RR0EL- 72
Tetraselmis XOEHE 1 {EKH 72 0 OFHEYERE
DIEENBEM L, L, Tetraselmis KO



20 Bhoky

Hidfho 2 KL FlER, BESRD LT, AJHRE
BEbo 2 KEIZFRERTh oo, FHmER
EOHEMPEECHRANRIE LT 8T/ NSV EHE
EIND, ZDZ b, RERAEETIE-ERE
L, FHEYEREOENTIEZ2 < Tetraselnis O
BERICEBZ b DEZEZDND,

F72, ERKTEEOATRREL letraselnis KD
50% L EBHIEL, WUNTPaviova K, Chaetoceros
KDIETH o7z, Frias et al.® 13, BSEEBERIC
BT o~ A FOREMEEERP OBEILIT, KE~D
ANEZ R EDNBRRAY R U IRERTH S
EHELTWVD, REBRIZEBWTHIZIEE B /ER
ZEAT->TEY, TOFEWNIREZRA STk L
TWAEEIERE SN &, BRELEEERERTS
THWEONNT R TH o2 tnh, ~ ¥ &[F
B, ERPOEFEII N N IR ERFERTH D
EEZDBIND,

R, fHBEERE LS ROBEEHERLT, #
rREE T X OB E T SERHIRM T SN EEDRRY &
, MEHEECHEEEG IRLV K& hotz,
ZOREIT, BERAES U K TR OB &
BRE SNIZDIZR LT, 1T X TIIZARATE
A Y BB T A Z ENFREThH o272 L H
EShbd, LoL, RAOETESWET NFBv
SARN 12 AORRTIEHBETFETR L VEALTH
B o7=Z Lns, A1 Tetraselmis % Wil
& LT, MofERE DIREHR GRS EOTEIZL
O, AZYHTARBEOREMBELHD Z ENTED
FIREMEDR B D EFEZ BiLD,

3 MBEKRIZLKDIHADEER

TR E OAFEEHNIEARIN LB BRI HE S
TWDR, KRR EOREERIC L > THRERE
BEZTD , AREEENI 2N D DBREER & AR
EREER & O EMERICL > THRET S, /b
b, HHEOLEHREICE LR, BHEE A
HBRBESMDE 2 D URERRORKE & BB TE
& BAse T 5™ |

NTREEAEOREE LTERTA A 2 YA 1
N ELOPEINECEAIT 12 A D B4E 1 H & HERrE <,
BRGMH T CRE LICBEZERT 25 8ITIIAT
TR AEERENRE OGN, EERELAETE R
REMENS DD, 2T, TEXHETEHEEIOANTHER
AEBERAT O T DR B O EMEEIZ X 0 IRFRE

)

RHME CEARTESTOMLERD D,
2EICRNT, BRICAEREZ ATHICRE TS

CICEVATERDOME L FENRID I L 2L
I EDD, ELIZKEOHIEEIT) ZLic LB
BOSBMEEDTREM M LT,

PR« ZRIO I K AUE 8 A ISR Th - 7Bk
DAFERITZ ORENZEL L, 10 BIZidiEE
DHREB L ooy, FOROWKEIL21CE
Tholt b|ELTWD, Ei, 28 TIIAKED
23T 6 21T~ LT U 7= BRI BB B 23 A
TWeZ Edh, AEOATERMEISHEL AT
DKL 21 ~ 23 COMICIFEL, ZDOKIBH %
B L2V AN S E R OGRD, #
ZC, AR ERROBEE, FRESRK
BHNIET S ITCHIEOKIETEHETE L, REVRR
BB LT,

2B, 2EOERIIBONT, iR EEOESREE
BD1.2~2.9%HE L L Z AERHRFOME
DFBO N2 oTc 2 &, WP THOBEIIER
HAR B S NCEREDRD b Z &b, B
DEEEHEE LV BHREORGNEYE ThHD L& X,
ARBR T, fPEHR 556 2 8 B ORE ingE
ED A% E L, BEEEEE% Tetraselmis tetrathele
L, Paviova lutheri E7-ITIFIZRHE A EIAEA
D Isochrysis galbana & L, IBEH&E L7,

31 #MEELUAE

BRI EAR BRI 2R EARTEF HHIE D AKBE 7 ~
8m TETH I A EAE 1997 49 A 30 BIZH
BB Re U CER L, EREEOMEYEBREL
Totk, EBICH L, 0ATEAD1L AIBEE
To 49 HHFE 10 EE % KR 16.7 ~ 17.9°CD{E
BEEANOEBGERE 100L AR Y =F L o kisic
WAL, BB CTdh B Tetraselmis tetrathele &,
Paviova lutheri ¥ 7= 1% Isochrysis galbana % #§
FHEERZHF133.0 X 10°% « dry wt. /ml (500
cells/ml) , 4.66 X 107%g -« dry wt. /ml (2000
cells/ml) 72D X HRAELIEHE, EERCT%2H
W30 ISR G LT-, BMBRREEATTREREE
1. 1 EHT-VHKE 100 D 2% REThH -7,
W75 7 b, Provasoli O ES BSR4 FIES
WML T19~24COERETS LO=F75 A
ERVCEEEEE L, SHEUEESR O EEIIC
AT HIRaZHEEE U7, #UKITIER L, X5I12E
AVl DG — ) o T T 4B — GHPEERL
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&) TG L7k 2 B & RIAEOKEICAL,
THIREICERE L CARBEKR L IFIFRE/KRIC L
%, BEHEZANEZDZ LIZL VT, fEEO
5 EHKIIRB 2R EBRITo 7o, 2B, BB
TG NoDOBRGREITHBERTO. 168/ H /@&
HEIN, BEOBRIELGREE A AIE O EREER
DHEREEREED 17% L RET 5 & REFRITH
L7= B H O IAEREEEEX 3.8g £ A DT, 1
AREE | iR dH 70 OREEHR 556138 B
BEEON 4% L7807,
MEIZERBIMARTO 10 A 1 Bz, EBRICHLE
BEEEFT, fEEORE & LTI E
EOH%Z 10 EFEERL, BE, 25, YEHEE,
BEMEE, 4AEREEZHET S & RIRNCATERD
FREVEEPED HIRBI SR 21T -7, 72, 11 A 18 BIZ
IEEBIE TR OERAE L2 B & B ieicikk L
TETHE L TCWE—#H#OR 10 EEIZ2NT,
EERBHLANS & FRRZRE L B AT oo, BEREE
FREHANTO0. lm B F T, 2EELEFRFT
0. 1g AT E TRIE L7ctk, AR TE»OHIEEHE
IVEEL, KESEFLZANTLBEL-BAR
WEECHAHER, ANER AMEEEZETX
FECO. 1g B CHIE L7e, EREMVERENL, #)IE
HEEICATAAMEERORETHM L, £,
AETEEE O BB BRI - BRI ISRE, AR T
HIE LTz, 7038, BHMEOKIROREBIESL LT,
EIREOKERITE v & — &S L — 7R A R <
A 10 BRZRIE LT 5, FEICK 15km BENLTZ AT
TR BITEZOKE 12n DAIEE AT,

3.2 4R

HIBDOEA % Fig 1-3-112~7, BHUKIEIL, 10
A 2ICHETH o720, THIZIZ20°CEIZET
L, 11 AIZIZ19°CETHR L., —75, [BIR=ED
AKIRIE 16. 7 ~ 17. 9°C ORI Rz, BI/KIE &L IX
2.7~5.3COENRH-T-,

BEOBELER, MRAEORIERR%L Table
I-3-1 2R, 10 A 1 HOEBRBIAEFORE O
TRIL 7. 6em, FHEE R B8, 3g, FHEHER
i1 22.6g, Y EREEEILT. 4¢, THATEREET
2.3g ThHY, REEREHIL10.0 T, BREERILIT
NCOBERKEMTH o7z, 11 A 18 HOEERK
TETIL, {EEATRKOELEELS. lon, EHE
BT 69. 1g, FHMAEERIL 24.7¢ TH Y ER
BRAARE & 0 o0 k& o 7os, EHEAEERITG6. 1g

LN E ot Fin, EWEFERE R 2. 5,
YR EETERNT 10.1 ThH Y, EERBIBEELIFE
A EBD B0 7o, BREABEPEIS AR b A,
— BB RS RN A DIEMRDS 5 (A & FEBRBRAARIZ b
_RTEATWE, ks, EFRPIZKIENT 3 EORE
DY, BB ST,

—J7, EPETXOFEEHEILS Ocn, FHLE
3 66. 4g, FIIAE E &I 24. 6g, FHEFEE
1£6.5g THY, IHIRFABXELITEAEEN R
Too F7o, VPHAMBERIT 2 8, FHREER
it 12.1 &, HREABTR LY OROREhoTz,
FEOATERBEEOIHENE LN E I DORES
TotrbZ A, AEREIRDLN G- U
FE, p>0.01), AREABEREIZACEID 8 K, —HT
TEORE LIS B DERD 2 [EIRTh -7z,

728, MiE (Fisher OIEFEIEFRBE) TIHHEE
RENRDD LTV R0, BEAFTXIZE
WTEBRE T £ TIORIN, BoE UTeBiEoEE 0
50% &, VEHEE T X CHUIN, Bk Lo EiR OIS &
0 ZUVMEMD R O AL, FEERIR BRI ISR S
Nipinotz,

3.3 EE

T« I LU, A 2 YA OB D
PESNEAIY 1 A TR~ 5 A FachidTcehy, 7, 8
IR USRI T L, NENdsEa 72l
THDHRAIE 72505, 9~ 10 AP IR
Ja-CON AN FIET DIERE & D, F72, 11
A6 12 AICIEREERRRUTOROE D R &
BT EPRESNTWD, ZDOLXIIZ, AKX
BTEBEIIZERAIZRN»Y, TAV DA ZY A
Argopecten irradians D¥fr, EFEBEIAITEYE
NHLTHERBINTONZE, KR 20CL iz k
35 5~6 AICEBRBETFbERET 2, 372bb,
B TR BT 5 B/ NREIRE L 200C TH 0 2,
WIEH D Hix 20°CLL E CHREEFE TIEE HICE
BTROMEE B0, FALLT ORE TIIAE LR
WESINTWD, A ZXHTAZDNTHET AV A
B A L AR AR SSEDORENFET 5 &
Zbb, ThbbEN - FHP I XL 8 Alek
BEITH o TR OAETERILE DB ERICEL L,
10 AIZITERa s bR & 72 o 7oy, £ DFED
KRBT 2ICEThoTn tWELTNDE, F, 2
B CUIIzKIREMN 23°Co D 21°C~ &R T L7 BT RR
REEEDEA TV &k, AREOAETEFRIE
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FEL AT DKIERIL 21 ~ 23°CORICEFEEL,
OB ZEE LW E MBS et &
Zbivd,

REBRCIE, ZORMEZ R CROE UATEERA AL
EH Lo BEEZBEY, 10 ABKER17CT
HEZETol & T A, BAIEY, X bIZAERHERE
RPHEERE L RSB BHOGRRATEED 1%
ETAHIET, ANLEBERENKAOETRA &
BORVEERB L ORAER L, ~TXOHED
RFRBAER L EERIC, BREMEEODIZIE, 1HEA
HEERD T2 0 ORERIO BB E EOFIA D 2% TIER
BT HDOTERNINEBZLILTEY, $£/z, 27
DOEERLTZ 7 N o BRAEHRE LG OHBRE 2
ATEMROBBBENBBE SN L HELTND
Y, Fh, ARBRCIMEREFATRICEWTERKT
ECITHOR, Bk LT BEROEIAED 50 % &, P
e NXTHIN, Hok LR 0EIE X 20 Em s
Aoz &ab, [HRAEROEE TN
EATHAEADBH o7z, L, HON, HgidoK
BRI E DN R U 2L »ThlERE I S
AREtEL B 0, KIRHAECRRHE 512 & 2 R
HEZRIZR BTz,

4 FEH

A BT A ORI X D RIEINE B & L
T, A ZYHABEOKRE BRI OB B LR L O
AR BIET HBROEBO LA REZE 570, HY
TT Y N AT R 5 2 T GE O R OIEKEE &
LR A RIE LT,

A ZY I A DEEARRE, EEIL, &5 U7k
R I OREIC L > TR o7, Thebb, 5k
& U T Chaetoceros & %5 UT- 356120, EAKEE
VAR L D EVMER R B A, T ERITR BIKC,
BEBHEE OB R, BEEIZEY LT, Paviova
S5 LUESEAEIICE, JEAGEE X Chaetoceros IZ
WNTHE»- T, FT, HbREELEL, HE
REOHEMI X DEIEROERTIIESHTH-
7oo Tetraselmis % #5- UT=356120%, JEAGEREX

Paviova \ZIRWNT#H <, TH{LZE Y Chaetoceros £V
BT, EERHREOHEMIC X 2 HEROETIE
Paviova & [EFRIZFECHNCoH o 7=, Nannochloropsis
ERE LESEICE, WKEEIT4EPRDES,
WALE1T Tetraselnis & Paviova OHFEOETH -
723, IR OEERHEE TV LRME T 9 2 m A3
Hotz, £, EUVECEIHER SN AEEERRE D
FHTORKOEULEELL, Paviova & Chaetoceros
PIFIERERETH Y, Tetraselmis $EHH DK
2{EDETHR b IE L, Mannochloropsis IXFH 6D
110530 1 DIET, mbEN-7,

2L, WEEROBKL LTLLEOMROR
BT, T TR OMMEIT BT T E
RNEESNTWAEP Z &b, FHLEEMEIERRR
L7 BIEE T Chaetoceros, Paviova, Tetraselmis
DIBOTZ 0 b EERIEATHEEL, 44
YA DRI A LTz,

FOFER, NBWICEERZRE LA KIZBT
LHZEEORE, 2EEBIIEBRBBIIZETIZEALY
BB BEIN R o7, iz, ERETROK
EERE, BHEEE, AEEEEOFHEIZIEIK
DOETHEERE X o7, UL, BRELZ
X B EEAERPENE Tetraselmis X7 Paviova X8 L
Chaetoceros XL V) ORHEA TV AEMAEN R b,
Fie, BEBEKREZHET L LB 2 Y HA
HORBMEERRET LI L 2 A, lEHMNG 1T C
HIE CEFE 21T D Z LI L VIR OBH R R ENE
0, &bz, ®ETDH 1 RS OfEREEZRR
DOEAKETEEREE D 4% L, fEEHEE A EH
FEETHILICEVERENICBITABEORER
KIROTETEE L ZEFERE THZENTET,

PEDZ 0D, T TR REE0LERES
1 Y720 B RORBREMERD 4%&KE5 L, &
HORAEFEP R KR 1TCRIE THRET
HZ LT, hETEEZABDRVEER, BEVE
IRTZENHOMNIRY . A Z YA ORERMEES
ITOEMR L 72 A NLEE OLEINHRA Lz, 5%,
KIRSP B FREH LT 5 Z & CEANREER DR
PIREHIN AR TEHZZ2 61D,
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Table I-1-1

Dry weight and weight of organic matter of algae.

Weight of organic

. Dry weight Ash free dry
Species name 4 . matter
(g/10%cells)  wt/dry wt ratio(%) (g/10%ells)

Paviova lutheri 2.33%x107 86.3 2.01 %107’
Chaetoceros gracilis 7.44 %107 64.2 4.77%107
Tetraselmis tetrathele 6.59x107° 76.5 5.04%x107°
Nannochloropsis oculata 5.00%10°® 86.5 4.33%x10°

e o]

- Ot Chaetoceros gracilis

E 501 @®: Paviova lutheri

"; I\ Tetraselmis tetrathele

:t-é L A: Nannochloropsis oculata
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Fig. I-1-1

concentration(x108g dry wt-ml™)

Relationship between algal concentration(X 108 g-dry weight/ml) and
filtering rate(X 1/ind./h) for bay scallop Pecten albicans (mean dry weight=4.7g/ind.).

23



24 Pt
a
200{
oy °
P23

N

S °

£
o 7 100
T 2 . i
- 0 4

c
“ v
2 =
- T
1) A
o % © O: Chaetoceros gracilis
o oF P
- el . ®: Paviova lutheri

o
o of A\ Tetraselmis tetrathele
s &
A: Nannochloropsis oculata
34\: a
&
J
0 & ' 1(;0 200

Algal concentration(x10®g dry wt-ml)

Fig.I-1-2  Relationship between algal concentration(X 108 g-dry weight/ml) and
ingestion rate(X 104 g/ind./h) for bay scallop Pecten albicans (mean dry
weight=4.7g/ind.).
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E’ % * ¢ A: Nannochloropsis oculata
- 0 é
]
Y a
® o ° 4
c R ®
0 50
- o
0
)
)
A
0
1 i i |
¢ 100 200

Algal concentration(x10®g dry wt ml)

Fig.I-1-3  Relationship between algal concentration(X 108 g-dry weight/ml) and
digestion rate(%) for bay scallop Pecten albicans (mean dry weight=4.7g/ind.).
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O: Chaetoceros gracilis
s @®: Paviova lutheri
I\ Tetraselmis tetrathele
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A: Nannochloropsis oculata

Assimilation rate
x10-85g.indiv.-"-hr-1)
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100 200
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Fig.I-1-4  Relationship between algal concentration(X 108 g-dry weight/ml) and assimilation
rate(X 10 g/ind./h) for bay scallop Pecten albicans (mean dry weight=4.7g/ind.).
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Table I-2-1

2

Changes of shell length, total weight, tissue weight, adductor muscle weight,

gonad weight, gonad condition and survival number of bay scallop Pecten albicans
reared with 3 different species of microalgae.

Dat Shell T Adductor
ate © Total weight Ssus muscle  Gonad weight . Survival
Food measur length () weight weight (@) Gonad condition number
ed  (om) g &) o ©
Paviova lutheri9/9 801042 687+867 ﬁrgg‘c:me stage 10
Immature stage
10/20 82+046 7081839 88% 8
Growth stage 12%
+ + +
12/9 831046 6831965 (2;1‘32%)4,89 ?1';%)0'28 (31'3;,0‘)1 40 Mature stage 100% 6
Chactoceros o g go+009 7234866 Immature stage 10
gracilis 100%
Immature stage
10/20 84%039 7631936 B80% 10
Growth stage 40%
£ I £
12/0 831083 75411044 (222936@433 (31‘%9;)‘ 0o (31'24;)-0‘87 Mature stage 100% 7
Tetraselmis Immature stage
tetrathele 9/9 8514135 7421764 100% 10
Immature stage
10/20 831020 7421764 14% 7
Growth stage 86%
Mature stage 80%
204+534 34+£137 317+158
12/9 824026 7111337 Spawning stage 5
(287%)  (17%) (15%) 0%
Control 9/16 82+042 698+6.10 g‘“gg‘;t“re stage -
(Hanging-
¥ + +
oulture) 12/28 92059 92241732 939835 851285 511246 Mature stage 100% -

(36.7%)  (25%) (15%)
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Table I-2-2  Contents and composition of fatty acid in ovary of bay scallop Pecten albicans
reared with 3 different species of microalgae.

Ovary of shells  Ovary of shells  Ovary of shells

rearing with rearing with rearing with Ovar}/ of shells by
Paviova lutheri Tetraselmnis Chaetoceros hanging culture
tetrathele gracifis

Fatty acid(mg/100g) 2000 2800 2700 2600
Composition of fatty
acid(%)
Ci12:0 04 0.2 0.3 0.3
Cid4:0 25 14 15 29
Cl4:1 0.1 0.1 0.1 0.1
C15:0 05 0.6 05 0.7
Cl16:0 16.4 178 205 17.9
C16:1 6.1 47 14 5
C17:0 12 1.3 1 1.3
C17:1 04 0.2 0.2 05
Cl18:0iso 25 24 25 23
C18:0 6.6 6 6.4 52
Ci18:1n-9 4 8.5 29 3.9
Ci8:1n-7 5.6 36 44 34
Cl18:2n-6 1.3 2.2 1.1 1.8
C18:3n-3 1 33 05 22
C18:4n-3 2.9 2.4 1.2 6.3
C20:0 0.6 0.6 04 0.6
C20:1 n-11 04 04 0.3 06
C20:1n-9 1.1 1.7 0.7 1.1
C20:2n-6 05 05 03 0.7
C20:3n-6 04 04 0.3 04
C20:3n-3 0.1 02
C20:4n-6 25 3 3 1.6
C20:4 n-3 0.3 04 0.2 08
C20:5n-3 14.7 145 15.9 12.5
C21:5n-3 05 0.7 04 1
C22:5n-3 03 04 0.2 08
C22:6n-3 18.2 12.8 125 16.2

Others 9 98 8.7 97
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Table I-3-1

Temperature(°C)

Sk 8
225
22
215 S \ =
205 \/"
20 \\
19.5 \V/ —/\\/
19
185
18 T T T r r T v 3 1
Fig.I-3-1  Changes in water temperature measured on 12 m depth at

Etomo, Matsue.

Changes of shell length, total weight, tissue weight, adductor muscle weight,
gonad weight, maturity index, and gonad condition of bay scallop Pecten albicans reared
with two different temperatures.

Shell Adductor | Gonad
Rearing length | Total weight| Tissue muscle weight | Maturity
Date sampled |temperature| (cm) (g) weight (g)weight (g)| (g) index |Gonad condition
Natural
1997/10/1 temp. 7.61£0.45 |58.3+9.44 [22.6%3.40 [7.4£1.30 [2.3%+0.70 |10.022.75 |Growth stage 100%
Constant Mature stage 50%
1997/11/18 temp. 8.1%:0.37 [69.1£8.77 [24.7+5.14 [6.11.51 |2.5£1.08 [10.1£2.51 |Spawning stage 50%
Natural Mature stage 80%
1997/11/18 temp. 8.0£0.50 |66.4+12.38 [24.65.60 |6.561£2.20 [2.8220.98 |12.1%3.70 [Spawninig stage20%
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OEIIFABEAERED 0. 1%BRETH T, 7P,
TR CIIEB/KOFEHIC L AR OE R EZH 5 7-
O, BRI FEOEERZ BN LTz, kKR,
Bak% 2 BEITS HEICLE, ¥BITW, -8
AKFEEABIEL, WIRTBE TE28EDUED
AR LT, SHEOBRROIEZ RO =541
A LTzshAE %Y1 7 4 TR Bz,

7R, EOFREFEEL, FEAEOBKE R
Dk%E 100ml BK L, ZOHIZEEN DS
P45 LICEVHE L, $7-, ZEIL, HEE
EEAFHA LTt O ED 5 6 30 iK% HE/ER I
E LT, BEEEOREIET LB 1E, BEOWEX
2~ 3 BEIC 1 ETY, MEHEFREITE R 5 ER
DEFNK, FBEAE~EAT DERIOMEK, kK
RIZBT AERBERIOEAKAK, BLY, FAKRIZ

BIFTAFEEREED 3 HREOBKBEAIZONTIT>
7o 512, HBEBRBS 13 BB E TCOmMBOMHE
BB LTLH | [EHEEREEZ T,

2.1.2 HEMHERAE

WEEATE O 4 BiEds L ONEHANZ 13 ZoBel1-2216E 3¢
% A=Y, SRENS L L E 2 80T
KE KO AIZIRE 7 7 40im A v ¥ 2 fF& ¢
~y hERW, SHEEZEFRWEUKAKE L UEEE
FERRITEE 2 22y & AV CTEEE A ORER
BIZERRL, ZhEREERE Li-, ZOREHER
ZARTEIEK Oml 1B Il ZNER ST LR AT 9,
10 FEAFRYEIC L0 M 7RI AR Lz,

EAEBORMEILEBEFEOAREE 0.1nl % 1
BYBEIZ DX SHD ZoBell-2216F EARESHIICEREE L
T, 200CCT7 HfEEEEL, BBk Lan=—%%
WL, FoFHMEERH L CFU/ml (Colony
Forming Unit /ml) & L TRH7=2,

Tz, ano—fRE, e =520 ~
200 fE B U 72 & A IREL B O SEARBEE LD 2 o = —
, R E PN - FHIL, Bpdan=—
TEOESREEH L Can=—flaklt (%) L
TR,

213 BEMBEOHER BE RESLURBEMHARK
DEIE

WFCEHIEE O BEEIT ZoBell-2216F YAt Bz B
BUbLizan=—%28ETAH 2 L2 L0177, &
DT B HERROREE T L OMRIFIL ZoBel1-2216E 15
JEEEMA IV, JEREERIE 2 » AIZ 1 EfTo 72,
BRI B BB L L2 Toan=—n5 b
op = — A R ST 50 kA SE L, T
FHERR AT, TEKOFEY 2 —H%ZE L, Fig
I-2-2 \ZAR LTz 1 R RERRUC LS E B E
2TV, B OESREAEH LR (%)
L LTk,

[EEREE 1 EERIRIERICIE, 7T LAY
B, EEIMERER Oxidation-Fermenntation (0-F)
R, HEIEER MR, DNA R ER, FRMEER,
A% X —PREBRE L ORI OR 8 1HE
AT - 759 KB AW IR E R D —
BR%& ZoBell-2216E FIHEIEEHIIZAEE L, 20°C, 2~
7T HRIEERT S Z L IZ X BT BOEE I o B
N EDIRREOFEHERE R L Vs, £3BRiCEk
T AEMED, REBREREY= 27 AP IR R Sh
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e FEI e T2, 728, HEOHER L OMEROH
EIL, EEMEREREFCIT o 72,

2.1.4 ZHRERBOEY

BIE U2 BMAD D, TR R LEREEZED
L, & D), @ IKEVWEHREREDO12THD
Shannon index Z K& 7=%,

N s

f=n nl Ing!l+ « +« nsl )JVZE.an .......... (1)
# = lim L~ Spihpi . .

_1V->oo N = —ap P , hi= p]/v .......... (2)

ZZT I EFER- hrE—

N D B LT RERRE
S LB
ni D1 BICHEI B
q : Shannon index
2.2 #ER
2.2.1 $hESRE

Fig 11-2-3 [Zi A DR E LB E DR &5
T, BENAEDOBEES, KR TR L O
WAEDER 21T ERKE SHEETIZEA
EEAEA 2 <K L0~ L2 A /ml OEME THER
L7=DIZHt L, TR TIEEAB D HEECH 2
DRR LI, FEREE 4 HE LRI 0.6 EIK
/ml DRV METHER L7,

Fiz, WAKHREHE L TIEKRTIE, MEHEE
WL THICHEDOHRENRESBREDRE D7, Ik
KFRDOAEL, FBHMEE 7 B BICIRER 20,
13 H BIZIIAR 0% PN ERERICEL, FHHREIX
218 £ 24.9um TH oD L, Fi/KFZTIL9 H
BIZIIEE A EOBENR DA THY, I3HET
HERTEH & DI O AENRIEL, EREIL 148
+ 30.5um ThHoTo, t BRIEDFER, 6% DKETH
BZENS Y ILKROYEDHRERRE DT,

2.2.2 HIEMEOENEE

Table I1-2-11Z4&¥E/K - BB KF OLMETER
L OMERERL AR, BB - S HEK ORI
B2 FIHISRIZBA LT, S4BT RICER L
T B RTOHKFKR DA 10°CFU/ml TH Y, D
fOHEAKITAET 10'CFU/ml Thoto, E7-, KUK
OB, FEHRERTOFE K TIL Moraxella
s, BATHERIOM /K TIL Pseudomonas 3 LY

Vibrio MBS U, 1E/KRIMER L7 fFHERTOH:
JKF/KCIL Moraxella BMEET B HD & 7o, it
IR L=k FK ¢, EAERT (1A 19 )
It Moraxella HMES L0 L, 2 HE (1 A 20 H)
\ZiX Vibrio %%, 3B E (1 A 21 B) Zi% Vibrio
B IO Alteromonas HME ST 2 B E 72 -T2,
wIZ, Fig II-2-4 \ZEE I FIZI1T HE8E KT
DEE ORISR 2T, FAERMAEOMEMRD
EIETH DM, KR T LI ICHBERFTOLEREK
IIEAGRE JOVEAKR & bERAERIZIE L2 X
10°CFU/ml TH Y, KR TIIEFAERBHZ 11 BE
I, FARR T 12 B BICENREH 10°CFU/ml 12 L,
FOBIIMEE B 10° ~ 10°CFU/ml TEBILTEY,
WHIFEL L EESERE R~ LT,

—%, Fig [I-2-5ZRT L 9 IZEFROHMEM
AiE, B RICHRREN R OB A%
S5HBETOMIZBNT, ALMNCRRLEE
HZ—r kR Lz, £, SFEEHREELT, Fik
BT, IbAKREHELTCERBOEARENKEL
TEL7Z, T72bb, AR TIIFEERIAERLD
LA EETORBOLEIZLIHILIZRELE
B L7, £, fEHLES BEBLUEBETHE, KR
IX Vibrio, Pseudomonas, Moraxella, Cytophaga,
Flavobacterium DR —TE & 72 AL TEMDEV VK
RETHR Lozt L, KR TIEFEE BEOR
We L BICBAEORFRREROEME & i
Moraxella D3:ME 5§ HZERMED R, BHIREMIC
IRT HE-FE %R LTz,

oL, BRIIOSHRERBEELL, TOK
b HBZROMEAEOEB 2R LIoRER, Fis
[1-2-6 IR &L D IZ IR D LERERR R O ENF
IEFEEHMEB L UNEL, BERORENENSE
Mol DIZX L, KR OSIREFRE O L BEITE
BHIMZE L TRE L, BHROREMEMEN ST,

2.3 EE

THENEOFEBTAREDRRE LT, KFHED
2 - BRI omEN L, b,
B KT OREREBOEEER LZHRETS &,
FrE OMBEMEOEILIZIER L7emEIIaT bh s,
%E Tl Vibrio DEEZ T Lo E D EEIRIC
%< T RN Aeromonas %%, Pseudomonas T
ENE SN TNEY,

LinL, ZHhbDRITEE OFEEKTIHFET D
HEEOERE TH Y, EHEIREDN RIFAEITH
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\Z Vibrio =2 Pseudomonas % & ¥ - ZFE DAY %
JEIEEA L, HEEPCRARICDH 2o OMERF
FELTVD ZENERSNTNDEY, #-T, FR
BB T AMECFENLT LR &7
FERNZR BRI EIEALNTH D, —JF, HELE
WK CIL, REAEE L7k & SREEE O
BOPELHRNCET S LS WRED, ErEEMNE
BOREOMBENEIIN L CORWRBREIZRBWT
bIEOERICENEL D LV I RELHHY, =
NHDOREEZRET DL, FEEOHERICKTHE
FEEOE LR REREBEEEZRZ LTS, Thb
b, FEKFICRIT 52 OMEOEE Tk,
HIEASROE & PNEEDAFRCREICE R
FRIETHDLHERIND,

AN TS, #KFEOENCLY, HE
BUEE DEE K OEAEBEBOEENITZR N6
N oTob 00, MEMERET 2 BHROZE)
HEREL BApotz, T7hbb, SHEOERERR UL
EBRRETHoTIKR T, FENHCEEDO S
BARPRELSEBLTRY, MEBEZEKRTBM
FROZEEVEDS A DAETRR L UONERICK & R8s
B2 AHERDO—D>ThD I EWRBINT,

B, MAKRONEDEEBLOBENRTRRET
HoTFEIZIE, BKORAZ L 2PHEHA KX
DERLTWAHREE L H D, LnLRRb, Hik
ZTIEESHTZY 0.3~ 0. 4L OFE0D> 728K
TholzDlzxt L, KR TIEHBEKIZHZ>T—
B CE 845 B 72 W K 10L OB CAs vk &
ToTEY, #KIZLDZYHEHA b RTEITE
BErHEZHERTHD EITEZ DR,

RO EAKPHEOBMKEELEETS
&, TR TIHEFEEFH» LB HT TBRSED
RETREZRERRE DI & & H1Z, Moraxella DFHME:
595 B BARICIGR Lizoiext L, $hiE0LERE
BILIUOBRENRBIF TH - IEKR TITEHRDED T,
ENFIE—E L R DEEEOBEVBERIHER S
7= LML, Moraxella ME% & HIZHFEEL TV
ZEnD, ZOBRPHEICEBEOERZEL 5 X TV
D EFEZ LN, KR TIIERORIS2D
DZEBHMBEEIER SN T2 E0h, FEME
HOFELPRT 2 REEBENE X, TORE,
BIAFRNEOAKRB LU EIZ 2B o7 b D L
BIns,

BB, KR TIHEBRAR S A B, fFEARE
BLOFBE KO L EDRR 1T 7208, 0D

A OMARET JOMEMRTIEE A B L
Moto, ZOREE, REIZHWEEKIE, 1 BEE
KL= D THoT=DT, FBEKMANICLE LM
BEFAIZIEER SN T2 L, BIUOIAEZOH
EEEORTHBIEIN N2 0D, EHE
TSRO LSRN TR E DM EE) HETE L 7
Mol=Z LizkaEEZLND,

—77, MEENEOERE LTI L, MER
EEHER T DIEEAIZ M A ShEIC & > CONERS
FRERITE N TVRNY 2, BT DR RIS
BERvs IVED, BRLEEEATHDD,
BEE LT E ORISR ER & a0 D B L&
ZHNTNE™, LEERoT, %E L/KhMEHE
DRI, SAEIZ L o TN BT REDIRRE
EEEZ D LR, BoefER e Tz L
WZhbrEEZLND,

AR, ShARIZ & > CHISREMEREZRAT L 2
LIZXY, BIREEREESRD RENREINT
BRI Z N B OWE T, MBS E DR &
LTHYDTHD EHEINTEY, ghECERE
Bz BRI D AEE ORI DV TIEE R &
NTWRNWZ &b, —BHICREEEEME ST 5
TEAEEABET D Z &M, M9 LY B REFEERR
e b EIIRO T, KPP OMERMEZ 24k L,
LEMEDEVIREBICHRS Z L8, “HESE LGS
TAHEORLEERER THEEEZLND,

3 Nannochloropsis sp. MEBE IKA~ADBMA L
HORECERICRIFTEE

2 BT~ L DS, PKEETE 13 sh A O
EORDHPELLS, RRLE,->T, ZO—RI,
TR E TIIE BT OMEROEERIE LT
LiihnEBEZLN, EHELTIXZ OFEBEERNT
D%, BAFEHOEHEAEE TS KIED ) ©
EHOIZHANLNTWDEEERARED
Nannochloropsis sp. WWIEB U, FOERKDO HFE
ZEEKICHINT 5 L HERIEENRIR L, $hE
DR, EEPYETHI LERE L, LIL,
Z D J5 ¥V Nannochloropsis sp. @ 10 77 cells/ml
FEY DIEFRIR ORI & (ERR L T BRI A L ZEH
HY, FBEHG TIEMTERN IR, EED
013 Nannochloropsis sp. @ 10 J7 cells/ml % fija
TE A UAXGERBKIZEMLIZE 25, SED
FEBREPRD Lo Z E2REL, FRE L TR



36 )

U 7% Nannochloropsis sp. OFBIEBEITHY, %
EOBEEGTEEZDEHEL TS, iz,
Nannochloropsis sp. DR OEMEENL, FHET
DFFEERIZ L BRI HEICZEZRE R H D &k
SNREL LTV, BRREEOIRIMCL D
T B EIZh BR0X, Mannochloropsis sp. OFARED R
BN L DD BT L a S K5
BREVEE X B, Nannochloropsis sp. DA
FAREE CHERBEARICEINL, Zh b OISR W
EFRHHII W T 5 2 & T EEOUIN & k22205
NHELNLAHEELEZ OIS, £ I T,
Nannochloropsis sp. ORI % ShA DIEERIZEE )
B U7 EEPH CHRERIR Z L EEKICIRINL, A # Y
HANDEDOEERSLCHREOUELZXK S B TREE L
1To7

31 MEBLUAHE

ABRIE, 1997412 H 4~ 15 B % T & 1998 4
IA8~20HETO2EB IR o7, MEIZIL
Fig. I1-2-1 & k22 /K B R (500L MK
FER) =iz, f#EEKE, BREKERNE
VE MR NV — T A LD 100m A D EED B
B U=k %, W@z LY 60um UL ORI F%
Mds L1, SRHEIEE T 20im LI LRI F A2 RFE L,
SO lm DT RACT7HERY Favr oo g
B — T L7k E iz, KEEESR
400ml & L, 24 BRRHIAKE Lz,

A YA BRIZE, RIPRTE TRRRMNIHE
AT H5E TP T L Qe @Rz vy, &
B U= shAER, BEEAE= 2 7 AR L
PRI X0 B,

MAEDOEHEBICH LZEE 7 M EBEEOD
Isochrysis galbana & ¥ ¥ JH O Chaetoceros
gracilis T, Z O 2FEOHEIERRIL, BiEs
ETHHINERE TITR o700, BT ES S sEH
ZRTERISN LI EEEKE SLEO=A7 7 A2
(AR, ZHUWCIRFFRRZHEE L, =7 K72k
Do.2mALT T T 4NE—TIEEL-ER
PRI OSERICRBE SN AREICER L, BER
FEVIRIBIRENIZ LY, Isochrysis galbana 1% 20°C,
Chaetoceros gracilisd 24~ 25°CIT/RFF L=, 728,
BRFE U T a8 e o EF VI E CORED
LOEM, FEELEEMH L ITE~1 B 1 B
ANUT, F£77, W1 U7 Nannochloropsis sp. DEE
HFVEIL, Isochrysis galbana & FkE7 FETITo 77,

%

Nannochloropsis sp. I&, A % ¥ WA h4ETTH
FIZERBE L7z & 2 A, 10,000cells/ml % #8 % THS
425 &L hAEDREEEENRRESBFL LILOT,
5,000cells/ml #RANF 5 X (LLT 5,000 #8 A2 &0
X & W) & 10,000cells/ml ¥MMT 5K (BLF
10, 000 AHARASINEL & WE9), BLOERMD =2 b
/LK (T br—L X EMET) D3 KA
7o, ARFE~OEMAEIZEE E R E Lis, B
L, Nannochloropsis sp. & ¥INT 5 XL, KBz
HAEZINET AETRIZH 55> U Nannochloropsis
sp. ZATEEBRI L., $EAKEELZHBEL,
WIR CEIE CE DUAEDILBEORBEL R LT, )
EDBER O E RO T HEITE Lg% A
7 4 TED RV,

R, hAEDEREEEL, fFABEKEOBERERA T
D7k%E 100ml Bk L, FOHRIZEETNHHESEF
BIaZ Ltk vHEE L, £, BEIR, S
FEERFHE LI OSED 5 B 30 K% 1L I H
E LT, HEEEORELL B 1E, BREOHIEIX
2~4 BIZ1EfT» 72, EBFEKIEIZ17CH 6 20C
D TH T, '

3.2 #ER
3.21 1EBHE

Fig. ITI-3-1 (TS DEREREDE(LER LTz, k
027 4T E L9~ L TEE /ml DR TINA LT,
hAEDFRIEEE Y, = ho— VX TEHERG2 B
BN LA /ml &ML, 6 B BLIGIIER SRR
BEDIFIE 1/2 D 0.7 ~ 0.9 EK /ml DR THER L
7=o ~J5 Nannochloropsis WX CTIIAEIX & L #F
BREALABEIE- OB EE MK T L, 5, 000 ffaFRINX
T 12 B EIZ LOERE /ml & RARIZZ2 7228, 13
HEIZ L5 & /ml £ TEE L7, 10,000 AREIN
R THR1TY 12 B BIC 12K /ml & B & 72 o
7o, 13 H BIZ L5 R /ml & CEWE L7z,

Fig II-3-2 IS AEDFEHZRE OB EZ R LT,
PIEDOELFRRIL, FEMB4 HBIZIE120.7 ~
120.8um T3 L HITIERBETH -2, THE
(21 5, 000 FM g ¥ 0 X C 146, 9um, 10, 000 HE B s
O T 143.8um, = > b B — L [X T 141. 4m &,
Nannochloropsis ISR D FNRKEL Ipoln, D
ML 10 A BUEGHEE, 13 HEBIZIE, 5 000
BRI X T 208um, 10, 000 #4800 X T 190. 3um,
=Y b a— VX T 170.8um &, Nannochloropsis ¥s
MEORER 2 ha—/VR%E EEY, FHEHsLE
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LW E D DREZEIT- T2 & 2 A, 5,000 MAEN
Kézaybhm—/ K, BLU10,000 HIREMNK &
ay b — AR TCEENENEERENRD b
(t #7E., p<0.01), E7=, Mannochloropsis VSIME D
¢ % R 13 5, 000 AHRRE N A3 10, 000 #H AR
WX % EEY, SEHEICEERENRD Ll (t
IRE. p<0.01),

3.2.2 2[EBHER

Fig. II-3-1 IZShEDREREOEER LT, b
074 7L L0~ L6 EE/ml OFE TINHEL
7o BHEDREEEL, =V o — LXK CRERA
8 HEIZ 0. 4K /ml &E/INEELFELZN, £
ALIAMT 0.6 ~ 1. LR /ml OFETHRL, 1[H
HRBRD L 5 e KIBRBARR N o7, —
75 Nannochloropsis WINX TILH X & & EIH AL
LN B EIMET L, 5,000 fIAFINKR L Ot
10, 000 HEFAASINE TIE 1.0 ~ 1. 6 8IS /ml THERE L
77

Fig II-3-2 ICShAEDFEE B R OHRB 2 7R LT,
NAEDEEZREL, FAERFE2 B EIZIEL119.6 ~
121.2um T3 ML HIFIFREETH o708, 4 HEU
[ Nannochloropsis WIMED Rz s r—/L XK &
VERENKE < eote, 12 H BIZIX 5, 000 FEELHRN
X CIEHkF 221, 5am, 10, 000 FAZFRANEX C 213um,
oty b — VK C 187, 8um &, Nannochloropsis ¥
MEDFNREL Y, FEHEPELDNE D N
BME#ITo7mE 24, 5000 fARME E =22 b
7—/LX, FBLU10,000 MfEEINK E = ha—
NETRENRETNEBEREPRD LN (tRE,
p<0.01) 2%, 5,000 ABAAEANK & 10, 000 AR M
R CITHERENRD bIeh o7,

3.3 EE
ZORBRTIY, EEMEZOMEROEE 28
BET, ALY TADEOEKRLREDOEEICL
Y Nannochloropsis sp. MIBBOTINENREHEE L7,
Nannochloropsis sp. @ % 5,000 FEAREIN L7z X
& 10, 000 MARESID L7 X, WML 722dolza v
b=V & B U T AEDREN R, FiRREE
MEWEEZ N2 L6, FEEKFOHBERED
FEN IR A e Z L BN 5 5ETH IR & HE
E STz, F72, 5,000 HIfEHEANX & 10, 000 #lfa
WK & Hld 2 &, Rl FE 1 10, 000 AAZ FSIN
X CRREEN D)o 1208, FEHFEEE, 5,000

HIBASINE 23 10, 000 MBI K Z E[E] - 72D T,
Nannochloropsis sp. Hii® % 5,000 ~ 10, 000cells/
ml OFFHATIHRINT 52 & T, WEOHE, £ED
BENEIFTEDL LEZBND,

4 FEO

FRBE/AKOIER, HEOREICLY, HENEHRD
AEEBI oo =—0MWERNERD Z Lo
7o TR D, FLERO. 4m TIGREIT O 4y, TD%k
SARIRE U, ABRITHBEEE R S8 FEK
i, BKEANIAEREENDROR, SAERERITE
BN LT, AR Lm TR AT - 2fEAKPO
AEBLVSZOVIRETEEL, HBlLzar=—D
MR R o7, F77, FLEE 3um TUEE L7-FE /K
ROAREEE, SAENEYINTAR lam THEE L7
FRBERKFOEREEL D Do, L im
T IR R A ZB) LT RICEE LT, €
AU L, 3um S8 TIIg 2 12 L2 % ICZE L,
RNTY an=—OWRNER -T2, —7, $hEDIL
FEITAER S 1°CFU/ml & 720, o7 oo
== NEMURIC S BIE SN ERR H o7z,
LER->T, A lmOBEEI— ) o - 7400
A — TR L=k Wb = LT, FREOEWN
HAERENTRETH B,

EbiZ, MEOBECHEL, FBEKFOMEM
DOEHEBE LT, FOREE, EDERERL LU
ENFRRTH--RTIL, FEIHICEBO SHR
DRESEBLTEY, MEMHEZERT DEMARD
TEMDPEDARR LORRICKE e 8ir 5.1
BERD—D>THD I ENREINT, Thbb,
WEDAKRB L ORENRR Th oo R TIIFAEF
A BN CTRAEO N FTRER ERE DM &
E BT, Moraxella DFHME 32 B EFHIZIX
WLEDIZR L, HEDEERBIORENEG T
& o TR CIEER OB b 72 DL E IR B AR
ENTWZ Lk, FHEMEROMELHRT S
TREISEEME X, FORBREBIFRNAEDATRR X
DRI DR o7t D EHEE E D, LTER- T,
KR OHERRR A 2R L, RENRIEIZHRESZ
L, ZHBSEEZEFE T HBROR b EELRERT
HD,

FBERKPOMERELESEDENT, EELT
Vi U A A& VT, Nannochloropsis sp. @
BRI A TREKA~EINT 5 2 LT L) BAFa IS
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EROTENTED LRE LT, ZORREEICA 10, 000cells/ml DEEFE THRINT 5 Z & TH FEIEER2ZD
THEEAEOHRE CTETHRARFEL LT, BRI/ TEA R oh o, ZOFETELE,
Nannochloropsis sp. OHNE% EEEERBE/KRK~RML AU HXDNTREEEEIZ =2 TP LTHERDY
TA Z¥HTADEDHEREREBRE LI 25, AN OGN TRV EEOZEMRBIZERL T 5,
Nannochloropsis sp. DEEEEZHMB T & 5,000 ~
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Table II-1-1 Composition of modified ZoBell’s
2216 E medium for the isolation of bacteria
from sea water used in the mass culture of
bay scallop Pecten albicans.

Peptone 5¢g
Yeast extract 1g
FeSO4-7H,0 01g

Agar 15¢g

Sea water 800 ml
Fresh water 200 ml

pH 7.6-7.8

Experiment |

/A\ Y S gV““ Y
P S N
Q/#/‘b‘l & '/'/ = A\‘\\!
o S .
., k- T
= % d

-
Q
43
1
\
\
4
A
.
\
\
()j
£>

Bacterial number { CFU/m1)
O&

0’ ./
i
/
K-S
s
;/

103 1 | i | ! 1 L | | ! ! 4
i i {1 2 3 4 5 6 7 8 9 10 11
] Days after culture
5% ©3
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Fig. II-1-1  Changes in total bacterial counts in seawater of experiment I, used in the
mass culture of bay scallop Pecten albicans. Open circles, 1 pm cartridge-filtered
seawater; open triangles, 0.4 pm ceramic-filtered U. V. irradiated seawater; solid
circles, 0.4 pm ceramic-filtered seawater; solid arrows, appearance of brown spots
or patches at the bottom of the larval tank.
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Experiment I
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Fig. 1I-1-3  Growth and larval density in tanks of experiments I and II.

Experiment I; open circles, 1 pm cartridge-filtered seawater; open
triangles, 0.4 pm ceramic-filtered U. V. irradiated seawater; solid circles,
0.4 pm ceramic-filtered seawater. Experiment II; open circles, 1 pm
cartridge-filtered seawater; solid circles, 3 pm cartridge-filtered
seawater. Circles and vertical bars for growth represent mean value and

S. D., respectively.
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Days after culture

Changes in total counts and colony compositions of bacteria isolated from;

A, 1 pm cartridge-filtered seawater, and B, 3 pm cartridge-filterd seawater of
experiment II, used in the mass culture of bay scallop Pecten albicans. Ws,

pin-head like white colonies; P & W, pale and white colonies; Y, yellow
colonies; solid arrows, appearance of brown spots or patches at the bottom of

the larval tank.

Fig. T1-1-4
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Fig. II-2-1 Schematic diagram of flowing water system.
A: storage and heating tank

B: culture tank

C: sieve

—! flow of sea water

__ Gram r photogenic =ereeeeene Photobacterium
pisie positive
[— L non-phofogenic == Vibrio
tr-— positive —salts demand fest
rmoﬁl@ _ oxidase test ‘{—-negative ......................... Aemmogas
Isolates . negative Enterobacteriaceae
i— non-motile , Cytohaga
- poSitive wwerererees Alteromonas
Gram — polar flagellum — DNA decomposition test
negative OF test L negative «--eeee Pseudomonas
— motile
' RONDOlAT TAZEIUIE veseeseerresraremmsississs sssssensssmasmasaasammisss Alcaligenes
L non-fermentative ; positive ~~~~~~~~~~~ Cytophaga

I.—pigment ——agar decomposition test

HEgAtiYE ~oeser Flavobacterium
L non-motile
L POSIEEVE <-eremseseversesnerrens Moraxella
non-pigment —— oxidase test
L 0CAHYE werveenes - Acinetobacter

Fig. 11-2-2 Scheme used for the identification of bacteria from
culture water based on the Ezura and Shimizu methods8?.
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Fig. I1-2-3  Changes of larval density and
growth in the still water system and the
flowing water system. Symbols and

8 9 10111213
o

vertical bars for growth represent mean

Cultre days value and S. D. (n=30), respectively.

Table II-2-1  Total bacterial counts and genus compositions in sea water obtained from
four different sources of initial conditions used in the mass culture of bay scallop Pecten
albicans. Stored water, seawater just before the culture; hatching water, hatching
seawater just before the culture; exchanging water, exchanging seawater on still water
system; flowing water, flowing seawater on flowing water system.

genus Stored Haching Exchanging Flowing
%) water water water water
[Jan.18) [Jan.18) [Jan.20] [Jan.19] [Jan.20] [Jan.21]
Vibrio 4 28 12 18 42 50
Pseudomonas 2 42 s 4 18 6
Moraxella 90 6 62 40 18 4
Cytophaga 2 14 6 16 10 4
Flavobacterium = - — = i o
Alcaligenes — — 2 — — —
Alteromonas o - - = = 24
Aeromonas = 6 w5 = 2 ==
Enterobacteriaceae == = = 4 o oo
Stapylococcus s S = = - =
Not detected 2 4 18 18 10 12

Total bacterial count

4 4 4 2 4 4
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106

O: flowing water system
105 @: still water system
1T : artificial selection with 100 pm net

¥ tank exchange

104

103

102

1518 SN S SO (O TR N OO T U WU TUN S I SO
Tt] 9 3 4 5 6 7%9 10 11 12 13 Fig. I1-2-4  Changes of total

bacterial counts in the still water
L system and the flowing water
Sea water stored Culture  days system.

Larvae released

[Still water system]

[J: Not detected
g [: Stapylococeus
[@]: Aeromonas
Zg [3: Enterobacteriaceae
w
2 [l : Alteromonas
S F1: Alcaligenes
0
z KN Flavobacterium
~ Z B: Cytophaga
50 ¥ % % - o
% % 4 Moraxella
// B : Pscudomonas
B Vibrio

Larvae released

0
t 1 2 3 4 5 6 7 8 9 10 11 12 13 3 Aificial selection with 100 4 m net
Sea water stored

Culture tank exchanged
Culture days

Fig. II-2-5  Changes of genus compositions in the still water system and the
flowing water system.
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9 I O: flowing water system
@: still water system
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A 1 2.3 45 6 7 8 9 101112 13

Larvae released Culture days
— Sea water stored

Fig. I1-2-6  Changes of Shannon’s index calculated from genus compositions
in the still water system and the flowing water system.

\ N A4 _/\ B

] ~@—Na5000

m ~te=Na 10000
-4 Cont

e | T T T T T T

1 2 3 4 5 6 7 8 9 10 11 12 13

Fig.II-3-1  Changes of larval

density of bay scallop Pecten

X v albicansin tanks of three
\ / \ / S different systems using the

\/ ®, ~#--Na 10000 Nannochloropsis sp. culture at
\/\/\ / —e—Cont 1. (A) and 2d,(B) experiments.

Na5000: cultivation with 5000

cells/ml of Nannochloropsis sp.
culture, Na10000: cultivation

with 10000 cells/m] of

T T T T T T E 1

1 % 8 4 5 & 7 & B 46 11 1% Nannochloropsis sp. culture,

Cont: non-treatment cultivation.
Days after culture
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Fig. II-3-2  Changes of larval shell length of bay scallop Pecten albicansin
tanks of three different systems using the Nannochloropsis sp.
culture at 1st. (A) and 20d,(B) experiments. Vertical bars indicate *1
S. D.. A: cultivation with 5000 cells/ml of Nannochloropsis sp.
culture, @: cultivation with 10000 cells/ml of Nannochloropsis sp.
culture, l: non-treatment cultivation.
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Table ITII-1  List of investigation days with each object.
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Fig. ITI-3  Temporal survival ratio changes of one-year old bay scallop Pecten albicans
hanging on 5 m, 15 m, 25 m and 35 m depth.
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Table III-2  The number of spat by natural spat collection in different hanging period.

Number of spat per

Hanging period of collectors collector
1987/11/9-1987/12/15 38
1987/12/15-1988/1/12 6
1988/1/12-1988/2/16 355
1988/2/16 -1988/3/10 19
1987/11/9-1988/6/6 349
1987/12/15-1988/6/6 1,075
1988/1/12-1988/6/6 549
1988/2/16-1988/6/6 65

Table -3  Collecting numbers of natural spat at three collecting sites in Dozen Bay and
open sea area, from 1986 to 1988 (X 1,000 indiv.).
Data source was reference 91)

Year 1986 1987 1988

Dozen Bay Uragou 100V 1409 500"

Collecting site Ama 200 28" 40"
Open sea

area Minami 45" 75" 680

1) Collecting numbers( X 1,000 indiv.)



Collecting numbers of natural spat ( X 1,000 indiv.)
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Fig. III-7  Relationship between collecting numbers of natural spat and production
numbers of bay scallop Pecten albicans by hanging culture in Dozen sea area
including Uragou Bay from 1980 to 1988.
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Fig. IV-1-1  Location of the study site in Dozen Bay, the Oki Islands, where the
hanging-cultured Iwagaki oyster, Crassostrea nippona was sampled (solid circle).
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Fig. IV-1-2  Illustration of measured parts of Iwagaki oyster Crassostrea nippona shell.
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A total shell height, B: shell height, C: shell length, D: shell width, 1v: left valve, rv: right valve.
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Fig. IV-1-3  Seasonal changes in water temperature measured on 5 m depth at the
study site in Dozen Bay.
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Fig. IV-1-4  Seasonal changes in shell height(A), weight of whole body(B), and volume of whole
body(C) for hanging cultured Iwagaki oyster Crassostrea nipponain Dozen Bay.Vertical bars
indicate =1 S.D..

M: male, [J:female
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Fig. IV-1-5  Seasonal changes in lengths of four parts for hanging cultured Iwagaki oyster
Crassostrea nippona in Dozen Bay. Vertical bars indicate =1 S. D..
A shell height, [ total shell height, O: shell length, B: shell width.
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Fig.IV-1-6  Seasonal changes in weights of four parts for hanging cultured Iwagaki
oyster Crassostrea nipponain Dozen Bay. Vertical bars indicate =1 S. D..

A: weight of whole body, B: weight of right valve, A: weight of left valve, [1: soft
body weight.
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Fig. IV-1-7  Seasonal changes in volumes of three parts for hanging cultured Iwagaki
oyster Crassostrea nipponain Dozen Bay. Vertical bars indicate =1 S. D..
M: volume of whole body, A:volume of valves, [: volume of inner space.

Table IV-1-1  Regression analysis of various body parts(x) against

volume of whole body(y).

Variables Regression equations g;zf:::ii::;::

Weight of whole body(g) y=2.3979+0.7205x 0.9804
Volume of valves(cm?®) y=2.1818+1.7018x 0.9699
Weight of left valve(g) y=2.4394+15347x 0.9557
Volume of inner space(cm®) y=3.1086+2.4248x 0.9408
Weight of right valve(g) y=3.9708+2.9542x 0.9048
Soft tissue weight(g) y=1.5965+3.3568x 0.9007
Shell height(mm) log(y)=3.4196+2.7003Log(x) 0.8972
Total shell height(mm) log(y)=3.3631+2.6351Log(x) 0.8666
Shell length(mm) log(y)=2.6602+2.4407Log(x) 0.8496
Shell width(mm) log(y)=1.2126+2.0298Log(x) 0.7358
Vet obedBictar y=26.8787+41.841x 0.6729

muscle(g)
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Fig.IV-2-2  Seasonal changes in water temperature on 10 m depth at the site of Sea Farming
Division, Shimane Prefectural Fisheries Technology Center, 2.5 km distant from the site of

hanging culture (from May 1995 to July 1995) and on 5 m depth at the site of hanging
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Fig. IV-2-5  Frequency distribution of gonadal development stages of Iwagaki oysters
Crassostrea nippona at the site of hanging culture from May to December 1995.
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Fig. IV-2-6  Frequency distribution of gonadal development stages of female and
male Iwagaki oysters Crassostrea nippona at the site of hanging culture from May
to December 1995.
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nippona at the site of hanging culture from May to December 1995.
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Study for the Propagation and Aquaculture of Off-shore Bivalves in Shimane Prefecture

Summary

The present study aimed to establish the
fundamental techniques for artificial seed
production and a natural spat collection of off-
shore bivalves, i.e., the bay scallop Pecten
albicans and Iwagaki oyster Crassostrea nippona.

This study was conducted to understand the
effect of various diets and different water
temperatures on the manipulation of the gonad
development of broodstock, the establishment of
favorable bacterial flora for growth and survival
of the larvae, and the effect of cultivated
parental stock for collecting natural spats of
the bay scallop. This study also examined the
growth, characters best representing growth and
first maturation of hatchery—produced Iwagaki
oyster.

The contents are summarized below.

Changes in filtering and digestion rates of
adult bay scallop were examined by feeding
four species of microalgae, Chaetoceros
gracilis, Pavlova lutheri, Nannochloropsis
oculata, and Tetraselmis tetrathele at various
concentrations. Filtering rates ranged from
4.9 to 58.9 L/ind. /h, and were the highest for
Ch. gracilis and the lowest for Nanno. oculata
among the four species. Maximal filtering rates
were observed at algal concentrations between
19.3 to 49.2 X 107 g/ml.
ranged from 52.6 to 94.1 % within this range

Ingestion rates

of concentrations and were the highest for
P. lutheri and the lowest for Ch. gracilis.
Ingestion rate decreased with increase of algal
concentrations. Assimilation rates of organic
matter, which were estimated from filtering
rates and ingestion rates at the above algal
concentrations, ranged from 24.1 to 201.0 X 107
g/ind. /h for Ch. gracilis, 46.3 to 247.7 X 107
g/ind. /h for P lutheri, 6.0 to 23.3 X 10° g/
ind. /h for Nanno. oculata, and 101.7 to 720.2 X
10®° g/ind. /h for Tetra. tetrathele.

Two experiments were carried out to analyze
the effect of different diets and water
temperature regimes on the maturation of the
bay scallop. The first experiment was designed
to evaluate the effect of different diets on
broodstock, by providing with each of the micro-
algae, Chaetoceros, Paviova, and Tetraselmis.
In the second experiment, broodstock were kept
in water at 17 “C after spending the period of
the highest summer temperature in natural sea
water. They were provided with either Paviova or
Isochrysis and Tetraselmis every day, the amount
of which was 4 % of their dry weight. From
the first experiment it was revealed that the
broodstock group which was fed with Tetraselmis
seemed to mature faster than other groups. From
the second experiment it was shown that the
growth of the broodstock group kept at 17°C was
similar to that of those suspended in the sea,
and the former seemed to mature faster than the
latter.

Larvae of bay scallop were cultured at 20 C
in 500 L polyethylene tanks, and fed with
Paviova lutheri and Isochrysis galbana. One pm
cartridge—filtered seawater (1 pm-seawater), 3 pm
cartridge—filtered seawater (3um-seawater), 0. 4um
ceramic—filtered seawater(0.4pm —seawater), and
ultraviolet irradiated O.4pm—seawater (U.V.-
seawater) were used as the culture media. Half
of the culture waters were replaced with fresh
media at 2 days intervals. During the culture
period of scallop larvae, bacterial numbers
in the culture media increased to more than 1
X 10° CFU/ml in 3 pm-seawater, 0. 4 um—seawater
U.V.-seawater, but less than 1 X 10° CFU/ml in
1 upm—seawater. Moreover, composition of the
colonies was different in different media for
the identical culture period. Appearance of
brown spots or patches of larvae at the bottom
of the tank was observed when bacterial numbers
increased to more than 1 X 10° CFU/ml.

The growth and survival of the larvae cultured
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by two different sea water supply methods, i.e.,
a still water system and a flowing water system,
were investigated. In the flowing water system,
sea water in the 500 L larval tank flowed out
continuously in the amount of 500 L per day

The growth and survival of the larvae in the
still water system were found to be higher than
those in the flowing water system. The amount
of bacteria was almost equal in the two water
systems, but generic compositions of bacteria in
the flowing water system fluctuated more sharply
than those in the still water system. Thus, it
is inferred that the growth and survival of the
larvae are more affected by the fluctuation of
generic composition of bacteria in culture water
than by the amount of bacteria. In conclusion,
all the genera for the good larval growth and
survival have to be stable

To approach a practical method to stabilize
genera, larvae were reared in cultivation
water containing 5, 000-10, 000 cells/ml of
Nannochloropsis sp. cells, with the results of
higher rate of growth and survival compared with
the control group.

The effectiveness of making an artificial
parental stock of bay scallops was investigated
for the natural spat collection in Uragou Bay.
A total of 15,000 individual one—year old bay
scallops divided into several groups were
suspended at 5 m, 15 m 25 m and 35 m depths in
June 1987. We measured the survival ratio of each
depth group, the larval appearance at the four
stations, and the appearance of post—settlement
spat.

The 25 m depth group showed the highest
survival ratio of 80 % over all and we also
observed a small quantity of extraneous matter
till March 1988. These results suggested that a
depth from 20 m to 30 m was suitable for making
parental stock due to the small influence of high
temperature and extraneous matter.

It was clear that the ripening/spawning time
of one-year old bay scallops was related to
larval appearance/spat adhesion time. So making

an artificial parental stock of bay scallops was

estimated to increase the number of natural spat
collection in Uragou Bay. However, the numerical
relation between the number of parental stock
and production number of spat could not be
estimated.

Growth of hatchery-produced Iwagaki oyster
suspended at mean depth of 7 m at Dozen Bay
was examined over 23 months. Means of shell
height, weight of whole body, and volume of
whole body after hatching, respectively attained
52.2 mm, 25.6 g, and 19 cm’ after 12 months
and 106.2 mm, 183.9 g, and 126.9 cm’ after
23 months. The growth of Iwagaki oysters was
affected by spawning, gonad development, low
water temperature and possibly food availability
inferred from the abundance of phytoplankton.
total shell height,
shell height, shell length, shell width, weight
of whole body, soft tissue weight, weight of

Eleven shell characters

right valve, weight of left valve, volume of
valves, volume of whole body, and volume of
inner space were measured, and analysis was
carried out to determine which characters best
represent growth in whole body volume. The
results showed that weight of the whole body
and weight of the left valve were the most
representative, but suggested that shell height
was the most convenient for practical use.

The first maturation and season of hanging
cultured Iwagaki oyster were examined over 8
months in Uragou Bay. Oysters of O-year age were
collected monthly from May to December in 1995,
and shell height, soft tissue weight, gonad
index and standard histological analysis were
measured to observe the stages of gametogenic
development and spawning. From the results, it
was clear that the season for starting early
gametogenic development of oysters of O-year
age was later than that of fishery size oysters
in published reports. Most of the oysters were
mature in August, with a mean shell length
of 52 mm. It was estimated that the spawning
peak occurred between August and September,
coinciding with a decrease in water temperature

from the highest temperature, which is the same
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season for fishery size oysters.

From the results described above, both of
artificial seed production and natural spat
collection of off-shore bivalves i.e., bay

scallop Pecten albicans and Iwagaki oyster

Crassostrea nippona are demonstrated to be
possible. The problems in establishing the
fundamental method for these are also extracted
through this study.
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