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VAMOREIREATRCHET LI R CREVWEZE LGRS, Thbb, 1) YA
HEME 2w ICBBEOERY LTS L, BESELORTERL (B4%, iy
) REE), RS ToEfREEESTWIS I E, 2) MY A PCREM LD LIKE
HHBTFET 20300 AEREEOCRE+ 2> o -7 2 "timing device” & L THEEL TWw 3
Tr, 3) KERENC M2 v 2 PRRRYHRCR T ABNESEVL LD BN « BT
PHEEERBAROEIN IV OREVLEFEZIONEIE, 4) HLOVAMIES (BEEERD
BRELCLLOEELSNTWEOT, (HERO gene recombination #8282 L, R - L TEH%
heterozygotic R RL, BitH 2R WET2BFER L T2 L, BHiFetLl 3,
DEICY A PHERBEACH L TBENEH > TO3EESERERCEvC bbb e ¥, Th
6®f§2%ﬂ:0b>f®ﬁ{$ﬁ{]tﬁ§ﬁﬁ&iﬂj& {, Anderson 2 & % v A MER-RHEICHT 2 —EOR
RLUFGEOREDER L LD TH D, ULTBLHRRERR, fMERECHT 222 0%F
FHENCHO M T2 2 e 2BRNE LT, BEOREEERCDVTO VA PR - BIFEYA 2
MORRERER EBAORFTHED T B,

(1} fEkobis

FAHOREMBLBU S TV A ORF - BROBE% AR U0 Prakash (1967) BRET
Hotr, FOE Anderson £ Wall (1978), Anderson & Morel (1979), Anderson (1980 iz k1 ©
KEza—-A Y73y FHAOEROBERL DIFE ﬁﬂﬁb 7: Gonyaulgx lamarensis & U
Gonyaulax excavata 0¥ A b DFEM 2 BEFERMITHN, MELLY A MRS CRERKEEL,
£ ol NEME, BEREG, ABREMCOVWTERET >, 2O/RKBLFE L REYF EOBFRE:
Rw#ZL, =2—A 73 FRAOEORBRED, YA LORFCL->THEIRIILEE
BAIICER S i L e,

Anderson & (1982) i3 = 2 —A > 5 » FHIAOEERO 2P L D BEROY V7 ¥ 7 %4T
vy, FOHESI#MEOH A DnT G lamarensis DY AP ERWEL, YA MDERI LS
A OBuNETHSL I &, 35X VA POBMERERBRE (BELTHIHELR W
L7z Tyler & (1982) i3, Chasapeake & THEHERMETHK T 2 Gyrodinium uncatenum O A

PRI OV T BAERERE L T WA, TR L B L G uncatenum DRI EBERNER

B ER/T 200, AT Lo TERSRE VALY, MESEELRET2ERSBTIOA
Ehfféﬂé ab)ﬁo

(2) ¥R PR - BFRR

Dl TREERCFERECHT A LOBREAL L BT AT 0z, &
BOFRFHFEERIIDWTOVA MR BFV A 2 VOWRLERAZ L THAOVNHFTHED T E T,
BHERIBIE L IMIFE L AEBTRBELHKRE 2 F R L 7 Soippsiella trochoidea (Syn.



HNEE
Peridinium trochoidenm) 02 A VERE2HET 2 B EE L EBRW TR L -,

FRE,EECEL TR, 255°CTYA MERFERN 0% L85 & <, 10~15COER TH 10~15%
EEVWYRAMEBRELSRT, YA MBRCET2EEOMBIEM N T AR L IEECEMLL
BBEATT I LR ICET 2, BECBELT, 0 x U ETHRADY A PERELTRL, BERTT
HE YA MEIBEESATY, BEDL &5 LFEBK, BECBEWTY YA MERICRIZTHRIIE
BT 220 b EBLAHRERL T d,

VA MERICET 2REEBEOMBCHEL TR, BACREBELRML: WM BT 2 >~
PO —VHBRKICHERT YA MEEESE o7, £ WM ESHLICTERE, ) VBR, /2490
REMICEINL TH VA MERICEBEER VY, V5 I 0FMTy A MERFREL 2o/,
W LY VEBIEORSEME /2 BN (NO,—N, PO—P, /245N, E¥I08
BN TRy A TEBEFEREL (B kotk, ki, MROMERZ, 3 bo—LiEK (£
K WCEEART R, WERML, EY v, (/2 A5 LOEMOBEELET, U EBEINTHLG
&, WBE ) vBEORSENR UL /2N TREL(BMERIEZ %, TOZLENE
ALk vEBETFTeh o efmansd, YA MEREEEECRIZTEERBEOUE:
BETHhIE, YAMERRESR, VronthahRSREB s> 2CHREn, SREE
RV ANBERREETS I, FRECHLTESY § YRHEHNCEHNTWS Z xddbirolz, ME
DRSS, KEO YA MERE, MIRARREELASTbALVLY, XAERETHTV ) &%
TERSNB L TEE L

FIERE TEERSE L T 3 BiEEE Protogonyaulax tamarensis X P. catenella ® ¥ A b FEE
KB ASZHES SR LV A VORFRLBEN T2 2 L Lo THANBERARDRABTOR
SR EERL T, YA P ORBRERC o TEITL .

FDER P, tamarensis W3 ¥ A P REFCELUOWEHESTD SN, 1980ES Ao LLAET
i, 10 AR —FENICE RT3 800, o A idEEL L 120 BEOC v A F ORTHERE
LAb0iR0~3EELED TR, Bic 7 Ak 1 AELEFEML ko, LL, 1270
LB BRREEHNEL LD, 2035 1 ~4BciREA 0 KL LD v R b i SHFIEHEH
iz, THIZRUT, P catenells DFEFCREHELTD 5 NT, 6 5057 @FEERD LR
H5~20 EFEEFEEEL T,

HERICE W VA P REE L ANEETE, BREEF»SHEICHT T P famarensis H34]
FiZ 12 P catenella R AE L TWa, 20K BT 7 b BEOHBBERELZELLLP
tamarensis W LTIk, ¥ 2 ORFHROFHHIHBHEB LA CMELTWRLEZLND, T
ThH 1B EOREBNOIAHIVIE6AKYRA N R 27 P tgmarensis 13 10~11 ARE T
BFu FICHPEEMREL, 202 TE T 181 E 1 B of  KRFLED, ZORFLL P
lamarensis BREEL T2 Ans 7S v o rrhu@bohndtEionsd,

Fo vy b LTRIEBK 9~10 BB 5 P cafenells i P. tamarensis DX 5% A b

— 10—



WROBE - B

BHFLTI7 00 b YHBEORBHOHEEZN TR AR T, 6 BERVWTER 10~20%0 13 ¥
Y EFREERL T, 6 BT STRORIFLRLRLLY, F0% 3 » AMEEOLSMI
BEINT, FEHBEEASLTwWE L LT 2 2N TE 2, LS4 ERT 2L, P
catenella DRFKIRLE Y1 7043, YA MOKIRC X DHHI R TR0 TR 5 BRI
ST RERT (KR OFHNEESCLVEEHEs AT L BbR s,

4.2.2  BEREER

FRARRIAD SR L TR, FEEEEORBMREMEL v ATEE I o5,
LicHio TRERSESIRD 52 REERZIEHAMCERL TEELE AL Tu L BHENEEL
TVRBRRTTHY, COREEEET LI LNEELREETHD, 20D REEEEOEO
EFBPESEG  MEEENE*HS 2T 2 LRIB, REEOBBTE - SERE - HSEE L
BeFms 2 B EMOBBEEE & OERNZEELHS M T 2 MEOBHFENEN S LETH 2,
—HFREERT 5 BEOPTHCEE THAWERER, FUNTTERAEERE LY, ¥
BREGTICDERERBAD LA R, LOBE~NOYENERER £TVWEB204% 6 F,
KEECEANTBCRITUEMCAEME BT E 3TEEERH D, 20 I L HHEREC
EECER ATV, 0L 3 RBEEBHETOD ORMIEEE LRI T 5 2 LAY RET
H5,

FRAFRTRBEFNBCHETE T 5 REEEHE TH 5 Heterosigma  akashiwo ¥ Chattonella
antigua XHENRC LT, FlE»r dBEM I REEFE*RTTE2HMEEER2E 0T, M
FHEETL, $-BRODBEENBERTAREL ) AENERE A 7o LarfnT
HEINEZORERT L RS OEONHE - EROHERBRRESER S 1,

(1) MAWEARBR CEBESIC B2 Heterosigma ¥ Chattonelln OB L RERRD
TEERUVZOMEES

Helerosigma B3 BHMOABC LS HET 29, S CERBICIIE H akashiwo = H. inlandica
DIEHFET B 2T, Lel, ZhsOBOBENRESERM R, Ths 2
RICHEELVENEANED S oo, B—HEL ah H akashiwo OEEICHE—3 1
72o Tl WX ADDERFERVT 4 — R T —D -2 & 8 Olisthodiscus luteus L RIEESI LT
o REIREE R Carter 10 X BEEHD O. luteus L I HEMICHS 2B R - THY, wih
b H akashiwo EEJES B RELDEEZONTWS, RASPHEBETHER L O, lutens &
BB RE D £72, H akashiwo LRIZX N2 L DTHY, ERTRT T H akashiwo DI
RIFTESNTWw 3, H akashiwo FEFERRIIAEE CRABCAES LTV 5, 1973~1980
EFTOEFEALLB0, KEBT H akashiwo OFRBOFENHBEEORIBIC6ATHS, 1978
EQRKRBENHETD H. akashiwo 13 6 BRI FE L TR, 20~30 HER TR RE B

— 11—



EilE#

B U, 8 BLIRW H akashiwo & ¥ETE Skeletonema costatum O FEDHEEIC BB L 2R E
LTwi:Zk, RiUf H gkashiwo 3HESPETLL L EWCHET LI EPERETORRES OH
HFick Y, Bopwani, BRAREBTO H akashiwo DEBE S ARBMICESH L, AP
HECERLERREBCERT 39— valahizant, 7, K5 (1982, R3E4e)
i, H. akashiwo READFEEL T3 AKED Y Fu—BKE L, H akashiwo 2HEREHMEL
TAGPEEER{To L 22, FeHEMZ LD, ZOBEOEEMNELIEMLE-Ztns, KES
TIOBOEWEFHRL T2l FE Fe THE I L ETRBRL TS,

HE BERCARELHREEEEL, B \~FORBEIEL S 75T Chattonella ZIXHRE S
T L. antigua, C. maving, C. sp. O 3EIER s T3 (J{ - FIE, 1983), F2 HitiiER T
D, BLHEEY ACEMEE, —F, C.spREETHD, HEREHsnTwrunk 21EE
LY ELIREREBETIILELILNA TS, 1972E~1983ETHXEITOR R LD & C
antiguna DFREIT, 1972, 1977, 1978, 1979, 1982 £ D EH X C. marina O TR 1977, 1982 B 1F 1983
FOERREL, WThOEMABOARER X156 LTwa, C.sptBbh bR 1979 £
D6HR~THAVIDIKBRES LTSS, BHANORBILEZ 52 h o7z, H akashiwo & [FHk
WREBEICBY 2 C oantiqua DEESA L BRPNCEH L, BETREBCERRER ERT 5
ZEeMRESN TS (X5, 1979), F-9hERETIZ (KKS, 1982), BE#SOHAE
bo—nHEAKE L, C antiqua OEREEE UTER, U cBLTO AGP BB AT 7088, b
NOFEEHEHFMLTLDHE Y C antiqua DFEEBE L arotzZ s, EF-V A0
MESHRE S Lo T2 EEERTB s,

ZDEINESETHLNTE T Heterosigma B & Chattonells BOBO FETHLREEE, i
DEBINLY, RERERBCET IWRRRBC B 24WRBOESR, KE - E0Z0HEL
EMRFORBRVRERBEOHESTLTH o2, C antigua U H. akaskiwo 20\ i 518
MERMHEAEL, Thos2 e < BERFLrurR 2 THNEENBERE L > THMET 20043,
TR ERINTWS LT LERREC -2,

(2) MEMEEEIC LD H akashiwo & C. antiqua O REEGHE O AT

AEFRER b Lo T RERNTLRMBEALOBELEET 2 0 i BAREO A TRFHCS
FA2REBFEOHMESBEARAELE#EEHI VO TH S, —HFHEREERTRERCEELTW1 2
RAFEp—D—DEEW N, ABNCHEBSn&ESRESh 20, FEEEOBBRRF I
TaRANERIGE IHCFET2 M TE S,

MR T CRERAOMERE BT 28 BREL LT, EEIREEEFANE2h3, T
Tbhb, 1) BECHOIH (strain) BBEHCEfL2 70— Tha Ik, 2) BETH2Z 2
£, 3) RAPR-ED L Tw 28RS EAVEIE, O3ETHE, ZhoilRL TR, B8
REEBEOSIET B L TRLADLOTHY, ChoeDIZDOHREOD—DTH R

— 12—
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WROBELER

RTREREDH B ERIIEI,

diffsEcid, KRB LD H gkashiwo %, BEMI D C aontiqgua 2 TEE-EELT, Thod
WE 7 o—VIERELAHTL, SAOMEREFERELJBET 2 D0ERE L TO ALY,
5IE ASP- 7 553 - HIgXh O BRFERRTA L 7o 2 L 23R U (%5, 1982, Hhfte, 1982), Zhoed
BERGERUATEMEEEE LT, H akashiwo & C. antiqgua OBEAFERENEHHRIT S 1z,

1)  H. gkashiwo OYERRM
H. akashiwo OWRICBET 2 & EEEHEE, BUBEL 0 SBEL 22588 (Twasaki et al,
1968), HEAYFrE L D AL 73tk (Iwasaki & Sasada, 1969), RtF Naragansett #& & 0 578
L 7:3%#%ek (Tomas, 1978, 1980) %{fi- TiThbh {5, I I TR, BRFABARE LD S8
B s i ERGOREICRIZTAE, B2, BE, pH OFE L XBRERUSHEREETHEAS
i, AR U7 BIEE & Tomas 238 L U THWEBILEE, A4 %, Naragansett K CtBahTw
ZER L R L LTRIRBTO H akeshiwo OEEFOEEMNRBA N, TOBR, KE
BEED, BUEESFO N TualiSke b, BT L > TRAESREER, 8% VY, £Y
Fr B RUBRTHAIEMHEEL, L2, FHEL TR, ChsOKEBZIEW>2»DEH
B EMER S L, KEBRIE LY, REAY, L oH 47T, EREERRUEHE) v 28T
Ehpol, TOERE, ARGIESBESRLESE) o HMER SN T2 BET TAME
THRIERTHRL TS D EHE Sk, Bk ERVE pH %, BRURESMETHD, A
BEY v RFIET 2208 TE:, 20X 5MER2 L 2RIUBOBECFESRERTIIXOREE
OREVERIIAGNZ HOTHD, BRESCIIBRKOKBHRANBIUGOAEEIET 2 Y
D rHEH s N, AYFREREE pH M, RESHT, BRECEREVTY »A2FRATE, 247
Y, BV IV L EENE L EEa i, 2o X OB SEERE pH T, CODOF W
RS TAMART b O L% 2 bRz, Naragansett BROME 3 KB 81X CABIL T
BY, LEt, REMMETERE) CEFATE b, MEOZ 0, H akashiwo A
BR8P L ZHETELTED, BXEBNCRL >LHRIERRT I EMHAhE
%ot 1978 FICKIEB Tt H. gkashiwo ORI 6 H#1A~10 A g c ) 30~40 B ORI
T5EChi:» THEELD, FOHBOAKRIE 20~27.5°C, 5213 13~33%, pHi2 8.2~8.8 T
HY, 2B H akashiwe VERL TV AREOREEIZ, 0.04~1 lymin'#flicH o0, 2
NSOHRME L EHROBMESE T A - Lt kD, s 0&FI AR Naragansett fREED
W EEREMETHD, FRBANCEAT ORISR TRMEL bR o Tz, Bu
pH i BB b DB A S ¥ 3 &G Tk s Z e g ol E20M
MTofEBEERE DIN) R » (DIP) 0F 2B EE R4 U~U M £ 0.6~1.0u M TH -
foot, TRSOEEKEHOEFL ) Vit 2 AR/ NEER (£41.44pmol » cell™' & 95
fmolecell™)) Offic 2B a 2 &, KBEBIZid DIN ic2wn T 11~14 #M/1.44 pmol+cell™' =

— 13—




EIEE

#7.6~9,7x10cells « mI"' O MELEEE T, DIP 22w TiE, 0.6~1.0kM/95fmol » cell"' =#7
6.0~10.5x 10%cells* ml ' OHFEE T H. akashiwo » M3 % 3 & DIN, DIP #EL TWw
L EHHEALT, 2D e DIN, DIP @ ¥ 5 648 H, akashiwo O KR OBBEOHREF &
BaTwanEWTs i3 Tarokd, Yamochi & (1982) 2k 2% &, KRBT Fedd
H. akashiwo O KIEMOMBEOFIBETF L E-TwE I ERRBEINATEY, KIRBTO A
akashiwo OENEFTET 21043, N, POak ¥, FeicBL Ty H akashiwo OBRO EREZ
RN NIBEE: T o OREE TOBEL AL LEND S Z e HERINTL, FMRTRHES
NAETROEEL Z LY, H akashivo O BRER I FECR L 2 SRFOREFEL» S
BaTWRENIZENEOOIENATHE, COT LR, SETOHBEREHCLE LI
EMOEEBEL—RFEO 7 o~ EFORIPERCRME A TELRA» O REHIET S b
DTH 5.

2)  C. antiqua OYEFERFME & FEIE O

C. antiqgua ORI ER (1071) KL o> T—HBEINTWEH, TORETIRMMEICRIE
TERERFONES - EHMESROEMEOA THEL TWw 200, HWEEBEHRT LOERN
REEEE TRICIEET 2T Ao, T2 TR, BEEL ) SRR L C antigua DE
B O T AR OISR & RS E i TR, By, BE, pH RUREROZR
FBEEEECENRL, 8ohMR L ABORMoRAE T 5 ERNEEERORESIE LB
Hant, BB THRARERT 2ED 77 7 FrRIERE b Tw 38, C antigua
OIBS, BIE MR R TREREE 22.5~2°CTH >R AOMAHEE 2 1 TRER 25°C LRV,
¥ 722 FCTEIFL RS R TEM 7T > 7 b i3 Hud, B~ CTRIFEMERT b DIRY
v (Iwasaki, 1979), 202 & L KIBEFWEETO C. antique O #1525~ COXRBRTHRLEL
TWaZ ks, MOBEY 77 P EMREL Tw 2 EROEH T, 25~28°COKEY, C
antiqua 57 DEREEAUBERETAEFO -2 TH S I edml e/, £/ C antiqua i
H A 26~41 %, pH 7.6~8.3, BE 0.04 lymin' L TRAEDMEL R 2 2 ALY, &
EE#E D5y, pH, Mok RTREEIZSR 2 30~33%0, 8.1~8.3, 0.04~ 1 lymin OWEMIZH > 7z, &
DB C. antigua DML > TERXRFRFBFCHE Z Lh o, C antiqgua ODWELEET
HAFELIXEZ W\, C antiquag ENEE LU THEE, 7rE=v s BRURFERFATE I LN
TELM, T/ (FVYy, FIZy, FAYIVE) RABTAIERTERPoT, VY
BrLTRAN ) vBLAARATE R ol 3 AMBEREE LT e, E5 I VHELTRY
53y B,DABERHICHETE 2. Z0& I C antiqgua DEFEEREONRUP, Fe,
E4 3y B SEELEFL LTHEMATA I EMEELZ:, BOlmMEEERE - mtaME 0Nl
Z» 5N, P, Fe, Bicwhs 2 B/ IENSE (minimum cell quota) #RIHb Stz Zhid
NiZEL 7 11.4 pmol-cell*, P T 1.0 molscell™', Fe T#J 0.09 pmol-cell™, 43> B,T8.1X



WEOBE - BR

107 7pmol-cell' TH o 12, —FEEBEREKPORBEN, A1) V8, Fe, ¥ 32 B,®
WA IR AL 1~ 7 4M, 0.1~0.5 M, #70.04~0.2 uM, BT 1.5~7T4pM TH 5, T
bbb, ZHeo@BESIGT 2 13 minimum cell quota TET 2 &, BE#HCGESENIED
VT 1~ 7 ¢M/11.4 pmol.cell*=#] 90~600 cells-mI' DEFBE T C. antigue £ 3
BEOEBENSEELTWS EHET s o enTE L, B Y VERIC DWW TH 100~500
cell'ml™!, FeiZ 2w TH 400~3,000 cells*mi~!, EF 2 > B, D w7 H 2,000~10,000 cells+
mi OEFBE T C antiqua 22 2BEOF N ) v Fe RUESY 2 ¥ BuEELTYL
BT I LM TES, CHOOEEHET 2 L, BESCFONCEET 2 BIRENEUP
i3, Fe RUFES 2 v B, P0wBO C antigua LS €2 2 L 83 CE L WIEE CHE
LTWwaZ ¥ LTz, $4bb, NXiZPH C antigua- DREHDEBEF L 2D B I LR
¥ (AN _

RN OAR LY, FEEOBIREBLE IV 7 b I EERE-»TWAILDE, B
WMOBAF W, CTHI LR, BY75 27+ 0ES, B, 8202 LCHECERT
D5, RRTIE C antigua 35, T DWW £ > THELRREETHS NO;-N & PO-P 2 nit
e B L THERIA [/Vftl)% b, T S EET TR s, FORER, C antigua
D NO;-N EUFPO,-P BIREE G 21840 0 ~20 oM, 0~10 xM O T, Michaelis-Menten
RS B oN, BETCOHBRELY Y v EBESER BN T TOHEDOZR
FREBERFWRTHD, FRANER (K) b, DTHORBFRCOLTHHEHFCIVELAY
HEEIF 2O ELHBLL, ~BCHRGTTCORERIRRGF TSI 2RI DL RE
Ly BEAETOESPEETOMED 6% A2 i gnTHS (Rivkin & Swift, 1982) &\»
bhitwa Zeh s, C antigng OREEBIERIMOED T » 7 b itk R HIT LT
FEEPI G wEELOND, 3, KMEBRROWEY 72 b ERBECETSH S, i
AEREEMOEY 77 v 7 i~ a BETH 7, 2O kiR, KEEOBIAENC B
W C. antigua BB ERTE>T0E I EE2RLTEY, CORTATEL TEME: OB
BB EFa4®, C antique WBE L2 CRMOBTEERL T ER S LWV L oiR
=¥ (A

(3) HEEEERRTO H. akashiwo DIEFED B JFHIEAR
%ﬁﬁ%mﬁ%f%y7b7@%%%&@%?@&<ﬁﬁﬁ®i%§ﬁﬁﬁt“5ﬁ?ﬁ&dﬁ
SRz, CORHEEL RO, AR L VBEENBECRH LR HHREE L 2T
SRNCEBIRL TEEFAZEAL TO L BESERELTVWARTTHY, BulMOBBRET =% -
TWARBER IAL T, PREQCBRLUEHET I 0 Tash w2 BRT 2 L8,
Hi, ThbL, REROMBTE, HEE  #EEE @R T o BEROEEERE - OF
BEZRFEEY 20T 2 EOBNENRFSLEL 22, JOBRE, BOREETIEEC
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BGOEE

BELTOIARRDMICHEE L 2 RBESEBR S NEWMORRAILEE 2 2 TR ICRITRE

(transient state) o H 2 BB ER T, FRIE - BMEE L OFEBN G FRICIBET 2 -
LB THRETH L, Ldi-T, MEOENFWEN #IERICT) D3, HEOFREF

AABBICEHM TS, EEIRE (steady state) B TZIRPLELah D,
EGRERrEAY v MY, FREOHREL - MEETT) 2 L TEARC BT 2 XBEOERNZ
EEz (turnover) L, HORBEYORE 21T) 2 L THRATE Z » Tw 3R (predation)
217 (emigration) I X 2K EBBEL CROEFRE LT 2 2 L8 TE LB THOBIR
fLan-HAROBERMKERZ THE L2 b, FLELSLHE, Rl - ohlRERERGRE
THLLEERBARITS 2 e MTE, FAFhOTERETORIRERE - HFEE e L
T, #OMOEEEEF ERNCERLT 2 2 ESTEELRBR TH D, YEAF v PRSI T Y
7 OMMOBIIGER S A TLSE, By EaNT, BEHOBE T 2 MO ENSH O
EEOEBFNEESARE AN TE TV 3, BEER A v P ROERNRE R HIRAEE
DB FEHBET LR > TWE Ik, BNRESCESSR TS I &, HERR T~ TrBEH
2fT->Twdz ke, BFERshzzhidLs 4, HBrhozEEoREtic kD, ZOEBNT
PEREEFMIc B TRE - TL 2,

AT, ANEBTAMATER T 2EER Helerosigma akashiwe ZHE L L EFEEERO
Resr L, ThikiEEoEIENERnzsh,

1) 4 EAFy MPEBRREIK L - TOFEER

FEAYy VEREER TR ROEHEA MRV RS, SRy FREEERT o TH
ERESNEEEEToTwE I L2 B0 ET, FOVAT LRSI E S, LT, &
B2 LI CHEEREELETAFEMEAYV BT, ML OREEBTT A 2T
AHRTHILEIEHZE, LnL, BEANLEROMERZEALE, EREL2EO LD AT
LB LS, BERE R, BEAWENRLLABRCHEEI THLLICERTW LRI TR
ML b2 BENEEL S CHBER LA AOEA~LHROBER, XVHEOHRKRET L
o THEKMWICHEET2EEZ 0N TWARET, FoBEOMREE T ORMNERT 2 1,
EEEOBN AR L BREEROEE (INBEHFOBHS) 1 EEEEOMECLIZLbRTWV S,
HRIE 7,000 1x FTOMRMEEE L AMEHEOBINE & T 5 &, H akashiwe BEFMHEDOR1/2
T (1.4X10%cells*ml™'/ 3 X 10°cells*ml™?), FEEANE S, EREABFLAEAohR o2, Z
DL IR HFENR L LI H akashiwo TiF, TATORRETTEESHEEF L2620
E3i, BARBEREOSEGEORNLLZ OHEE (<1 X10%cellsml) 2525 LS fkEs
niz,

.



FROERE L BR

2) EE:E

H. akashiwo Z#EE LTV vEBEIRT TOBEIER LT L 2ORBER D2V THIT S,
T, U vEBEOATEME LT PO,-P %5~ 6 4M i LAfEIE ASP- 7 St R R L, 81
DIBMIEEBICANTA — b 7 U= FEERTO, BT —5— 8> 7 (HIIY{ 2228 T
I ) IV F - TEAFLTERE VY —XFEONRI LI IR T S, HEEY) VI -T
i, EOEECNCE D) v —NOWREZEET S L) ClfishTwea, 72, BHlTERES
LIEFL ) S —ONH TEBEECEENRE R T A0 BARTILEN S S 1D,
MRS TREBEOT 7oy a—F 4 Y I EHL b L ik A (stirvingbar} T CRAL TR S
25, B TR RBAERE > XA TE H akashiwo 3EEAYRBLZA R
Bo LizhoT, ZZTIRINH,SO LA T4 7 45— (0.45up DEVET 7 408 —X
BEER) »BULEEES BT LR L 2T BART> T, OB BARLYSE
LETE0ICL, BEREV) RT3 08Bnb2,

FIRIC BN E A & Y, 12 BRI 12 BEREHOBREY 4 7 4, BEIEZRERET
7,000 1x, R 20COFRMET T 3 BMBERE 21T, HEEICHEL TWwa L 2B L - L TE
IGRER % 1T o 7ro H. akashiwo 13, KRB THE L BE T TR Yy FEERT 1.4X10°ells/ml %
TR T T e BHBHLTED, 5~6 pMICERE L - EIFRFEE PO,-P O fHERE TR
KAMFTHEEE 249 7.5% 104ells/ml £ TLAFEL 2o, BPTHSFRATF 22 2 tidhwn
LEZENBD,

3) U HIBRTEGEEC LS H akashiwo OO B2 BT

i E s o7, BRE (D) 0.05~0.4d ' OEATEL ERRELMILL, 84T
R (N), 4 PO,-PBE (S), #iA PO,~PBE (S0), iKW PO-PEERE KDL, %
DFER, D=0.2d LD L 25T S EOEFERAZL L DML T, EALT TR S ORED
BN R#r 220 S - D OBEGREBRRTAZLITAETH 1. 5L 5 D=0.05d"'D L Z
2T SO swing back BEHNE I - T, TOEIE, SOEBREETIZOAECHBES L
NSEDOBERERTAILITEROS, LHER, B vy 7 U 70X Michaelis
~Menten O % A L 7z Monod O,

_ S
D=Dm 575

(D FEHE  Dm . B KHEMEE K, | half saturation constant, D =Dm/ 2 &7 % S QDBE)
DEE~CHEEEHETH -2,

£72D L QOMFIKOVTIR, D& SEOBMETRTHETH >4 D=0.2d" T TOR
HIER BB 2D, 70 8FIE Droop O




WIS

TRTIEHNTE,

EELTPREE 20T LiE, Monod DRC LT Droop DRI LT o, #0ORIBHELRE
HEBZESHWTWEDOTiERL, HLETLHONLT -V 2EBL LIEBNELOTHSE L
VAT ETHD,

BEERIIESWIEEOBHENEN S L SN BEER IR LIV D S
T, Bl VHBERTOER L D HBOBNENRE 2R THENE W, REET, RLEER
Z kit Monod 2% Droop O A FHANC Y TR D um, K., KAEZRDEEET B2 & T4 L
T, BREREFORBC L DRENIMBFOHMENSE*BHT2 I tzdd L0 5,

(4)  Heterosigma akashiwo ¥ Chattonelle antigua 0 5 BREBE & 7 O£ RAER

WEEXORREEREA T T LR OMRBCL-THREZNTEY, BLALOEBE, &
ERSOBEE L L TRICNT 2 RE, 7 2bbElnbiFsn T3, L L, Eppley 5 (1968)
DS WOMO AR Y > 7 THE L - RERE Gonvanlax polyedra & Cachonig niei DEEBE T
i, XOEFLEIOLEAE THAAOBEBNHETE SN Lo EMONENZ tORETV TN
AEEEERBL T3,

i, FEFORTEEBBIEL 3BEHA~OEHEHERL TV 204257, XBRKEA
RTBEBTL OB LERYEBRT 2 2T 5 LA, XeMzT3 L8 E¢
BADLEEATIZENTELZBENEEL T, BEROBEHORECEE 2 EH %
LOZEMNFRINTVLS, LL, ~REBEEECRIEEBHIAPERBICERETEAL
BITT 2/ —vhpThd, LEOIIGEBNERSHL S 3 PR ESET CHREERD
AAOAREENE I B THw200BITa N LENS S, .

GEERE TR, H. akashiwo A EEEBERT\, 20 12 BRHEIBH 12 RERAEEHE (08 & 00 508
200 00 {8 TR 050 00~11: 00 U HIREA#EEITS C LB MIcE R (S, 1982)
9, FEWTIEH IR I —ERBNTO H. akashiwo B C. antiqgua DEREEBE) N5~
OEHEE - R MWEH R EE T H A THERESER (NO-N) &4+ Y v 8 (PO,-P) D EEORERE
T Mg R TRANL Lok, H akashiwo &£ C. anfigua OB BEEBRES NS OHBO
HEEORZ R FRENmB I,

12 RERSEAHA 12 SSREIms SR OB IAT (08 & 00 ko, 20: 00 i) Ti, WL L, APERE
ERRERCERL, FOLTOBEIIEERT D E2BCAETL TUThhic, J089 — i
KRB CEES L H akashiwo O EREMOBRERFORAELD Ay — e L —H#L T
n, FHACBLTH ARAREBEATOATHA L E: S, LHEERETC3rNLES,
i GBS A 2V TF O LA BEBE Y - b ETRAL sy - OEERHE R L,




WROBE - &5

H. gkashiwo GBI B 3 NOy-N X id PO,-POEBIEXE AP O £ o &241~100%,
43~100% ThH o770 £7:C. anbiqua WHEWTH 2N S ORFEHEOBEREFZEM B L TidiE
Y AVER ot T E C ontigua FTER 02 D 00~08 1 00 i it E AT T Lt e
Eftat, chonBrESERed 2BE0ERNE Y v oBAEETRELIFREYT S F
s, 1982) Z k6, H akashiwo X TF Cantigua @ NO,-N, PO,-P O{BE I3RS &4 THERE
BrYBEL20rnw b BHO LN >, H akashiwo BV C antique ¥ b B OFE L F 15k
TECHRBEBRT 20, —RCERBEXEEL -BHORBERERRBrZLL, EBTEET
Hd, TOLIRBEET TIN50, ATEARTHTH2MREESZ L EFCERL T
KA EITO, RHRSEBESBECH 2 ERICERL THEELBNTE 1SR, Fh
BTERVHEHERELEAT A OBEEEBNCEFI IR BT LD B AR,

(5) &HIHEBLEER (v 7000 2 BEEER

FBRERBERO L HOTERE L TRERLIVKRBLTZ20HESAVWS T ER, i
bh 1) MR ETOEAAEOL I CERERNTHERE L L 77 A 3280 T, HEHLLR
BRFTFCHEE 2 o A EREOHEEZ R 2T st S, dose-respone OEFEERD L 2 kit &
DERBICEETI AE L, i) HETOBHZTY, BERF-RERB L oBEEE R0 2 HiEw
B3, EEHHNLESTHD, BROEBFHLHERALOCRVERNLGETHSH, &K
HEEICEMLINTWE R, FORREFOEEBERLUIRSOERKLHWT L 2 L AWET
B9, FOFEOACKFELLBNMIRBOTERALDE, —AEFERH I LEOREHE
W (K-SR 2RAKBCEATEY, ROEBRMHNLEHEZIMA T, BB TOHAOEE2XD
IR REOET £ HA TV B, ERRWELEELTS 2Lk 0, M2 IERETES
hiHBA2HBTHRELD, %@iﬁ%ﬁﬁ_l iZED, KO ERSRRMELRIT OB 8L EN
T d 4, HECE, EEORDELEED S 75 TRIEEL ¥ hx L EESS FEL Th 3,
COMERFRT LS, BEOHERHA L0 LTS 7ua X A2 OFIHEER
SEROERIEL T TE, ¥4 703 XA (microcosm) & “MEr 12 ~4EWESL 5
AESREE Y, AYRROEBEUCEEAY— AL ABRELES &) aHHEESET CEREL, B
A - FBEER  AYEBEON» DD S A BIREEIERR” L3 0LHTES, L
oo THEREORERUHREBFRCBL, RAKFCRETITBH L, BACRETIEN
HEENORUFHEROLOE TEHEEERTH D,
HBHRUVERERMOLWTFhD T4 703 X AC - > T HREANLZMER, ToHEERRC
BoNTRENEEOMNRL TEWREERLELNE S piih b, RBHKIMGEIC L), B
BTORSEEsBELIESOR 7 — V2B L THBERA L Z e80T H 50, SVNERC
B TREESTOEE- AR AW EEOT CHRAR2 ZLETARTH L Lido
THIEARC L 2 HLEN S 0B/ SRR R UERA y — VN TEBR2BHRI LI I LI

— 19—



HAEF

FHRETH D, VERE L AMEAROTME > RFCHES RS L O LBEBEIEFEE L2V,

L Lz HMERBE->TwHIIL T, RN 3HEILYE - (tEHRENTO
RERIAY « PRIMEE) © AR L OEEMEL R A LBEO T TRACERS ¥, MELEH
1T Tk, ERMrERENGROBEYEN T LTHBCERLEI oNnd, TOEKRTEE
KAHONZYRLEARERFEENLEFETESH > T BRI EL I LHTE, oM ER

KEDBESKEMBOEFNEN L BRI I RN > ENEBH A 203 XLDR
BELETH -7, '

PIZEFFERE LT O LTHEESROEETH LY, BERO L TEEBEIM G,
RE~OYENEREAOA O, WM LELEBEECEANBERBC TR T A b8 TS5 L
FIFF, RERETO CHELZEXBADERLTH ZEHTE, 202 LA HMEERCcEELE
WERDELEIOND, BT 2L 51, BRYVBERLLEFARBRH A 703 X4, 20L&
RHRMAREBBODTEEL B SO A BEROEEBHEICE T MM, EREORHAELR
B EIREBREERER T2 L0TES “BREFV" ORTCHETI LY TS, S5KER
BEEToE22, FEHIZL Z2HEEO uptake ¥ TREWEM T2 - & STTHECMEERS E L
TOFRGEZHEL, EREERE LTORA « MELTHRICT2ENERRv A 7 ua X4, &
BHRCEERMBEHEO TV DL BbR A,

1) ~A470axsA0EE

BHFISS 3 ARSER LA A 7 0 AL RUROEE Y A7 L8 E B wREROMEEE
FEETHD, HEEACEREFREOL L TCORPRETRBELELZ L8 TE S, EREBOBK
FRILICET. AbV—98 7 CEES M BRIEEEC TREENRNSh, 20RERN
YTTEZD0RE7 ALY —RERAL THEEBCR D, HEBEFAGHTE S 2 m, AL
mERITHY), NERIFAIA VI 5BLTE2 . BEEL 7 A A —OBoBREIRT 7
o BYLCHNET 7ora—F4 v IOBERAWTHY, BEEEACH 2, BT 52 Lok
Vv, MEOHOBMIRY IRy s A2, €RE—TIERL Tuiy, BEE, 28
BRUBADBEZ 4NV —, 7407~ r EEERORERIFEFHIC0MEBLZLE LS
(UG, 0.5kg/em OEBCT) A2 kw2 /> FHEHWTRAAT S, 342/
O, BEERNTSOKERSEEZRS Ty Y ATHKEN S, BRENOKEST
B, EREARcRY MR s Zoov ey v M BERES R AEBEUS I LTSRS,
EBrEFOREEOCRBMEIRYISCT, BELBEMBOREC L 2HEESHTETH 3,
EEENOREEEE, M 2oarCa—F -0 y—rrAFodIv—THllsans
FosoF—it LD HBMCThNE, BERR, Eo0RLR2BreT 70 Fa—7RELT,
EESRERTY V> Ians, Bko—HRrR757varavss—iFioh, dEE
B, pH, %5, BE, 7007 4 VEOHFICES D, 757y a>aL s —icki b i
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FROBE L EH

o &
)

o

H1 #ik<wAf27uaXh

O EREIoHERESS 254207 @ Mr»X @ b—F-—

@ Abv—¥syrr 10 BL O #zrmR @ FHAkLY

3 FwrnwR (Xe) @D Yo TSR @D oy d—4Y
@ ¥EEY 2001 @ HEE @ B (754
® BRREEE @ pHEt @ HE Ak

©® BER @ s & ZTEHFERUEADR
@ FrsvIvTRHERSR @ BRIEEE @ wAmA

® B @ X7%H

O ERHEEER @ Cv¥rvtb

Yo7, g, MREEROAESEESTCFERENS,

2) =42 0aXAROEEHEER UMY
BEREERC L > T TEELC £, BEENORESTEOREAEC—TEEEENT



WIES
Rl hiEhkeRv, SCRRELLBERBEPR T 20K0, 242702 XANTORE
HEME e EEL T LERH L, ARBREREOAQZ2=20MI LY v 4 v FTRA, 7
NENKREFES N ASRL TEBEBENORERT - EERBOER 1T, BFHRBOGE
CBFE, R RS2/ 70 7L IRBBOERNER S LI, ABHENEH THF%
Totze TORE, REFFRELTAC, 734 VORFEES 1°CEUMBETY, HEMHNO
BIEREIRE Coh s I LRI /o, CORREENMEEIZIZ-BL D, BEHPROS
HEEELLEE2 003, &6 CHMOBRERESH S B RELLE, L FEORTRE
e L bEL S, EEOHWBERB» oM - LHOFEALLEC L 2 HEMN K THER
SEDLIEWHETH S, COBFREFEREIL1°CTH S,

BEEEED M EES R ATXKBERRREE (2 kw, xenon lamp) & & 5, KBS
WD ER R ERRL T2, BRERNTOREFAORESME, 77 vBRED4
BABLARZ MR I VA A I~ INFHAT I NTE, BREFALOORERDT S
EMTE D,

BN O R 460—600 nm DERBER TR EOHRORERD F RIZIFy, HORE
BETREL, BROHEERECHIDRBENXDH 1/5Th 2,

3) w4 raaXLAHTD Heterosigma akashiwo DISHE Yy AR EREH

Helerosigma akashiwo OFEE 70— HE2R 0 TEBEERE CHAEESHO EB 2T 7,
11@f/2 %Ry, 8F 202 1°C, 12 12 RMOUES AR (FE 80 wEm2s™) i@ T T il%
L, MRERELH 1.0x1W0°cels/ml ICE L s DR BREINEAIDL D EFMCERE AR,
RN OFTHAEE % #7 100 cells/m] & L7,

Rt —RRRG L TR ATV, MEERESHT 1.0x 100 cells/m! WEL 2 & EXm i
AZIED, HPICRERE (B 21+ 1°C, THE 19+ 1°C) 2Lz, EhTO 3BT —
NF =Ry —TA-TIE =R THIRE - MEamOFE2iT-7, BE1~7EH TOLEH
HER0Ad ' el RFLZERELNA, KEEBRICEWTL, ABE~OHEET BT 2 5EEK
BOBRLEMOBRR G, MEHEBEG 0> §Bichd TimL, - oS3
7B, MEOERL 6 ~18 oA EnL, BHBBIIZ—ETH>7, HE—D N DD
B EE R EIL, B ER—ETH2 8, FHEPCEZCHI T2 5bh 3, RO
HHZRERBTRBHTTok. XEHT IO BDY > P THIIRBAOLREML SN,
IOEERKEDNIVLONEN, BEHHCRREBOMBEENLE (B0, FAMCEEORELY
OHEMT s, EBTREMMEOXECHIROEESBE YD, 0~ SERIh T TEESEMNES
WHEBITT S, SOOI &L, H agkashiwo 3G ABERBTAE LT LEA Y, BErEET
MESEA LB VEBCTRT S L v ) A2 BEBEOHE U HEEREAE hic o 1,
DEORREIHBEHTHAZ A TW2RBOSE (K6, 1982) waARLTED, BEERC



HEmEE - Ea
BUIRBERTORBOEHZHBLL T3 I LBHETEL,
FEBRTOBEROEH 2~/ 70 A ANCERS L2 LZLD, EEE - L TOERE
BROBERIIMI LS X D,

4.2.3 BHBEE

FHRFIE—y L{BHESREEC L 2BANSEOHMNREBLE I L8 TE L4, Z20H
SRESEFOHTEELERC—2: LTERIBESD 4, Ryther (1955) R MEEEHIC L 258
DRERTIES < DBAER DAY —VOFIICE > TERS Ry F X VBAah3 -
EEHREL TS, AEAFEERIAINECHEEER S TIRQ IBBIcRRshdE
MAY —AORERBLEHE- EEEECEELRE2RZ T, ¥ m~F+km Lt w2 2 RB
HEOWE L LT, N - AEMETOR - Eor 22 8ER I VB2 BEFRIEYH D,
B s PR REAEEOECABC S TEREARRIIN L THFS T 2 BB BERRR L
TS L, FEEEEEERBRREYE - WER L OERIESINEF 4 743040
YEZeRG, JOREWEBRRIEECERTSE - B OB - BEEENE, BEh L 2 BEERRE
v, EEAAEN, BEERC L IESFEREMS I X vl dic A U AR, HAa0RE L DB
ENBHNTHB, 2L TEERC L, £UKE - EF0EZESY, BEILFLCLS
BRI vESmEN, ACHEENCREERLIRTITCIETH L,

COWNBREDHEBENE A EOHKTRZE U THB AN SN REEEOMEDO B
HEsEEL, FOERNEO “AEE” LwIRESREPHET D, TLTEATOHME X 77
THEELEEIONBREECRBIC L > THREFAN S, CORERERMIEE - BEMRL v
FREBEOER L - T(EELRREY L 6T,

CREDNESVEEAY —VOBGTEERZ LD ELTI Y Z a7 —EEE &5 1 m~100
mBEONFR/OGFESAI SN T3, ZHEABLDZESWKN TS & EZROFAE & FETIE
streak #FED , KE 7T 7 Py R ERERSNINAREL - TE, 8 HIKEF N 5D streak
ORMICIIREBESESH D, TE»S OBERSEET S, 0L LHENRBIAERER RS
NA2TUUROERBEELREEZELTEEZ6NTWS, UEOZDDOTMAr — L DIiEdi,
S BITA T VOIS BRI AT 255, LA REN, REYE, LMD
RACEFEBSLTBY, 20BFRREREELF O LBRESRTED (Whitford, 1960
Whitford & Schumacher, 1964 : Mclntire, 1966 : Garis, 1976), % 723¢&H, WIRCBIET 298
DEFENAOEXICERMSEELRIZT I LATBEN TS (Kemp & Mitsch, 1979),

IDEIRE0OMBOEE Ay — L ORESREEEOREE - £RARCEE - MENCES
L, BrE=Rof AREERSN 8- T, BEBC L2 B0BEREORRIGH-HEEL
5z T3,

DEDESEirT 2200, $FEBRICSVWTH ES - BEZOBRBEAFLEIHLESE

— 93—



EIEE
BSROBHESLETH . FERIRC S LTS ORI 2 EBEHES O BA BRI o U &
TR O BifcBr s, UTRZFOBMELR~3,

(1) NBEEHEBES
FHFIFEOEBBEEE L LOTREL, BXOoBEEL* R BEERAOERERLTS 2
ERERNCLbOTHD, SOXEARMREFBETZ LR LN 77 2 7RBRROKEER S LT
AL LTEY, EEKHARNE (#1853 2RELE2 L 0NANLREE 2 -T2
JERHEEINW,

INET, MEFKEL T, PEIERBRBOEFNEORBE RS LT, B2OKHE
R7Fa7BEREELLOCNL, MEBERTICEL T, &k, ES0BRKEOHEICEH
TET 27:%, Rayleigh Benard B3t OME £ 4l U THHBBERE T 4 A ¥ P g »Ophaf
ERLPTbhbhTwkdot, ULHE-T, ¥RJZ 2 TR T 528887 Reynolds b 2 it
Rayleigh 825 2 BE/ a3 2EBCHBER, Lard, HRICLZELSEE T2 20 HKE,
By, REOHEDO L WEHSE#ETH D, LehoTF1 AP a Y OREWCYLY, RLEE
LD I0RTHL, PledHle— FOELRCE 3, ZORKTHIL S 0 2 R 2 HEME
i2 Phillips (1966) DRICHHC XL, BROAFER 7 - L BEEHED 1/3 DR THR
Fh, THOOBRPKETREREVIZEFFENRE (20, EflnLoT sy, HEHR
HRELRY, BEHEOLOO ALY —2E{HBLTRLicks, BEYIav—vay
KL, 54— bVaIEOKER &z, XHOBEGHE & FEFOKTELHE (0.011ys™)
BEZRES, 1~2 cmes ' OFHESNEETE, IOHIE, v—F—F v 5 S0
Ric & DEHHIRIEE LB TH 2, Lord, TOFE S ~3SCOMBATREHET 2- 0w BY 5680
(AR ES 10%kcal-h™!, HEH A 78.2 kcal h™ ) BEBIEF LA L E — L ¥ ¥ — ;S DK
HRRRUCEAOHGENOBENCH S, 0 k)RR T, BEIIK 2107 & D I NEER
BRE4.5m, B0.5m, W 0.7Tm 2 TONEDOAKE L, AEEETESES 1.5m, §1.5m,
B2 13mCOREDAEE Lz, ZTOMEICE, FRFABKEGE (51 »min?, 58) »
BAHARES (20 1 -min~', 4B 2HERLTWw 3, 37, ABREROKEICE, ARAE (EHR
Fy B20.5m, EH-5~5 ms', BiEOEME 2 %L, BRERER sSEL, K& -#HED
BREREFEIEY 5 A8 % b0,

37z, WEBESo—ie, FTERO double-wedge iEHHI* REL, ROR v R EBHED -
FEEBEER L 2B — T abb 7>/ 2 7THBR—OEBRMNBFO BN IHL 72,

PP & A BB O BRI, BERE£To2754 v 28BLT, BERLHF L TR
BrRET 2, EEREOW SR UEERE: OBRTBEL R T4, HEHE L TIREKE 20
mm F) 2B, £, Bz, V—*f—-t:"—b.(:ct%iﬁﬂﬁi’éfﬁt&b, 19mm EG#H 5 2 %
R, BIETOMBEEE, AFTHLANACRH[MAF AR B0mmE) ¥ER3 itk h:E



HRAOB\E L BR

M2 AWBEERERERE

@ WEBH (HHEYZ22) KEo7Tmx@EosmxEs4m O RFE (@R

@ s (HEEYSA) kElImxi@lsmxEE1sm @ BRET

@ BEEBEER @ B

@ HAHAD (478 @ o—+—%

& HAkHAD (5 B FAERE

® HEokERy o @ HEE EfE 18

O ki @ BEILVEY 40

NEER 7T A L) @® BEAF—s 240

@ WHBEHEZZ1 -#(2) ® BE7y

@ BWxE @ s—Uwy FU— (HEE
RT3,

70, BREHOLEBRETo2L 25, SBRMAOBEC L S £ 46 n 5 FERED BT
ID, V=¥—FyZ5—HREHFOE—2 (632nm) OFBEAEE KT L Zot, BT
SUS 304 DESHT, FECEMIMET o, TN LAMERR e BRI 4 0 G o
Baesy — NI v BERBHTI—F 14 v 7 51T0, BREEGLY,

RERERGELNATEE» o0, REHTF2, 2EKOHESRAFLAETHE, —Did,
KBERE L TOWER (F#ll, @8, K& B3 04 v 7V 7RTHD, IhA6DERE~



g3
A70arEa—2EEUT ADEROBMAT — 7B WAL, FFRFOEER A7 4
BOTA7 34 YUBEET-TV5, b5 2, RNEFEOERES L2 29ER (ARBOE
o, BE, SUH, REERE, K, EAREER SEROBREER) 0T -—BRANTHY,
INsnERR, ROABRRCERCENY - TITREHCHEAL Twa, FTL THo
SR HAIT A I L L EBETH B,

BLE, FZOLFRUEEL2EHE L, BEORBES IR, RELEHEETVICX D
WEXBAICTON 2550, ERICIABNE R ETELTLL FZTONT IEr 7,
Lizdio?, ARER R BT 2ZBRNEHSRLINTLIREENS  H D, FRBHERY
B 7 A7 bR BODBERICHEL T, §th, WESOMEEE, SFHBROMERLTI LEL
HLEELLRD,

(2) BERBRRORE

HEE T Y~ & 9w, BURRBRRIIERE, FIIRAD, NB—AEERCEToBEERD
BARECIVELOREEET 5, ABHEREE LRV T, AECERL LRBOBRTHNE
HERhZ I LIV B OBBEINZ T - FORNOERNBIT 21T o2, 20X 2 2BRIKE,
AHi, HESKELBMEREZLDOLOREBLCLL, ERELTHREO L Lo, NBE S
HENABECERUCE IS LDTH Y, BHsniABKRSARCHEdsh, 2REHI LD
AR B WA SBRKIRAT 2720, RBEAEOMOKORAC—2>DERTHS &
Eiohs, KERTE, AEREEEH0C—EICRS, WEBEESOKECREL 2GR LE
C, #HE2To%, TOER, LETAE»SABICRAL, FTETHBLHSARICHNE T 28E
BERWESEE S 0, KESHE L ABELZ 2N EFR A BRMEIELL 16 7 —A0EEBEE{TL, /317
A—F —il 3T SEHROMBLN, KFEE R, Phillips (1966) AL#O MBI DV TIELE %
RELT, RN ET -7, SERSNLTESME EFEAOMAIR, COBUEEIHTLIL
BRRTET, Thbb, FEEREESNE b 1/3REO~FRTHREL, BED S O
K1/3BEDORFETERFET 2, COZ Lo, MEOREEU R, BOoR3ALELILE
i, UspM DR TRBans, COREREEEW T, XEFERRE2ERTT 2 &, SHESE
FHOREE LT, 7797 AVA SNVK Re (Sh\HL %y ) WEHEND, REBRORKRE
5t flow rate (—HAOPERSWE) 13, 227 OERT T A —F — 10 & - T~ HE
Bh, BBEEAXTHES I Ldbiol, 2O ks, BEWEC X 2ABEOKkDEuL, KEH
FE, BHEMERL, HEMEERFAY -V WNSWIECEETHL I L alElah g, EED
WEI BV, HROAEOFESEETLLD, aVA N LEBHOHE LR T INE
ph LA, BOWES, AMEREELY sBLBECE, BEIoBESRITs0EELISN
%o

25k, COE-FOEBREMELAHEY I 2L -¥a YT, BEAS—LOKRIEL, £

x



FEOBE L EE
BRESOFHELRE . CORETTAN, REZXRTHEOREO L L, BHE, A8, ES0
BEABEARELLDTHS, £, FEFTEENBR IAHENHROSEE TV LEIONEH
BTz, EsEse (convective adjustment) W kBN A —F FA XY a BTk, ZOHEE
WHESHT, BonBEY a2 -y ORI, EBRERELCHET I Eotbirol,
DI EDHEEMER, :‘nif', T4 = FERAC - THBenFT—212, BYRPIERE
FAEEEEL, BBNTHL L L 20ENHBADT —-F b+ 3 TR o120, BiEEF LD
BENLBRIEFEVFEL S o LOCHLSEOKRICL D, RBEHROAZ A5 21 ¥—
AV HBYTHIIELBEY S 2L —y 3 VOBER - A —F—DEMELTTHATH B Z L
oot l b Thbd, FRHRRETTLORL Ry —AKBE2Yizr—va YEREORE
Wkot, BB BP2WENAH = X 2DHE, FHEsRC 22, J0I LEUTOERCR
Fand, Pz, Sturm (1976) DL L EBEGLLRR X 2 HEDHE 70 7 7 1 VEEDS,
CERERLIEE LoD, BEEETVCBWT, BETEENRD AT A—FF
f¥—vavilD, HEMEO—REAL, DI L, Pl ELERRCBLTIE, BEF
BEEC L ONARESEGHOBE 7 7 A VOBRECEELBRE R L 5 TWEIEETTHO
Thd,
WEOBERBEMROMBEKL DLTE, ENEE (7ro/x70) LHEEE (Froo0vx7
V) QEBLLH, BMIILTEILBLLDOTREL, Zhssbifins 4 TORBPECO
T, MEBECHEKTFNLEREEHIRETHRLEILIONS, BT —FOERBRCH &S, S
OBE5 Y3 € — FOEBNBERETS FPETH 2. TORENE O, FAPITRT 56 ks
MG an2BE (ZAF v V—F—F) &, EHLBOEHPEOERCINEC S, “HEH
{double diffusive €—F) OREBETH S,

(3) Zr a7 RN BREEEOER

BARIDGHECKEVWERSEABNCHEALXAE - BEET I YR, RE@t2
suspension MAE K4 & £ % 2 (Hutchinson, 1967 ; Smayda, 1970), T /@ T2 B O0EE
L THEKZEN TR 2w e, FBrRECEESHEXE - EBEO22HY
Huht, HEMES - BOBBR U patch ORE L DSABBC L > TEERHBE £ 5, 7
FAERICE, LELETLROSZ 7 » vty 738l S 1, Ryther (1955) 42 & D e &
HHREEEOSROBEESBH S R, ZONRBR Langmuir BRI LT, KB LR
MoTwd B E &ZIZTFI7E streak 23ED, 75 v 7 b BER AW BRNABELR ST
Vh,EHIZENSD streak DI EBESH D, TR» S OBHRHHFLT . %E¥ Langmuir
EREOREBEFEREHACERN OV TEB I ATW AL b 2ebs T, BBERTollED
HEERO 0, 2O - SEREELRIET 2 eMNTER Mmoo, MEFeAMICLD 7 - L
OHEERcE T ERNH AN, TobbEC L 38Ey 7 — L iC X 5 Stokes i &« DFHE

L



BIER

Y (CL 1# %, Craik & Leibovich, 1976) &, BiZ X 5k¥ 3 7 — & Stokes i & OFHAIER
(CL 2 383, Craik, 1977 : Leibovich, 1977) * 020 EHSEEEI AT WS, JOTO0OMER
OEITEEBE LA SN TS (Faller, 1978 ; Faller & Caponi, 1978 ; Faller & Cartwright, 1983)
#5, BEETH B Langmuir BRIO EBOEESTIRLRETH S,

FE AR RESEETE S BBAAN RSV ——Fy 77 —FMEE T, RROIC
Langmuir fEER 2 B8 2 ¥, MR ETS & L M alEEIC i 5 fo, JBIRAGY 12 PO BT R B2k
B % /vy, double-wedge D& R EMBE A TS ZREH2ERL, ATHc s THEL
Fro- PRAEM S e lEETo 4, TRV —AROAETT 2 ZRNHERTCIR L,
FOLEEOETERUFRCELRsE, BRFEOEEMr A ¥, BRET 2 REBERM
Oy —REFHEIL, 2OME, () BOARS52 088, HELH IRz ERERSREELTL,
i) BOAOBESHEFEIEL ALY OREWEEL S, OIS KEAXBREYEMTS 274
&, CL 1 BRsnFPET 2B TLRR, SieTHR eIy - it3—#NCIRETEY, &L
2 CL 2 F#maFRTARAY7—MADEIECTTRREPELDZ LV INNF =TI EH
HHL 72, L UBAKEARER AN TWAZItE e v 77— OMEFRKE» T, CL 1
BUCL 2HHTELSN TV AHEFALHBCHE TS Z L3RR THD, AELFAFCE
ATBEZBEAIErBEbN S, 251 Langmuir BREESEEHIICL 02 0FRENREES S
-, SEREES 2L ERNCEBESEILENS L LEDbNS,

LLE@ &5 w BiAEIC L 3 Langmuir FRERED 1 BERBESHIIE>TERDOITH S
B3, BEIFEEEERD Sy FEER CEREE c RIZTEEC o0 T, Stommel(1949)
BER{T-> T b, 2 ORI EREEECIEEL, & 5EEHMNIC diffuser (2 & D Langmuir
BRE A B, EXkESE H ckashiwo D Sy FHEHEORBRWBET 2iTo, WEBEH
akashiwo & F VU A —Fr4 18y > s (L=60cm, H=30cm, B=23 cm) WTEFHMEEL,
SRR I 51 T, diffuser 20 5 ORHEROBAC L D MEHTERRL, £ ORH/ Y - %
HEL 720 T ORER H. akashiwo 13 Langmuir ERFRO TR EMT 2 (RE, INRR) =&
W, EHEREEE TERREXERZHDE > Tw a WERERICER Sy F 2B T2 Z LSBT
tro COERBRE, REREERC BV THEEENREC § CRICERT 2 RR & BRI HY
LTwd, ZOEREREFAVT, REEE Stomme! (1949) HA W MRMETRBIL, E7HE
WHEEEOMBOREY 2 2 v —va v Efot, COREY I 2Vv—va VIERAERERS X
CEBLTEY, FAGREEROSFEHEIRRER=Vp/ Vol koTOAREESNLI L%
BE & iz Lz,

Pbod st AR 2R OEEFOETRB IR T Langmuir TR O RS EERY - #7
B S 90 3 L £ b0, Langmuir fERFBOFEERAESFHH L FEC I VBASHhc B3 &
LTvr%,
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4.2.4 EHRERZEKIC L2 HEWREN

BEORYEHEcAFZIAIBROBTRBCRES I, HEDEOAGNOMASZORE IS &
naerkbi, BREOEENY, MMELOZTEAE, REE, MAFNIAIL3ESBE~OBED
BEEZZoBEREIc b REINE I L85y, SEORME AR, 85, tHE, *BET0S
SR BEAZU AL, Ths0ERPEENCHE T 2BHBE, EPEBEcL-T
HELEELERO—D WAL, BEOKESZFEL T3 ERE LT, B, BERH, W
i, EORFNOVIHFRANCEEINLMREBT LI LN TED, INoRRBEREE T2
BAHRBBBEEL 52 ARBFEAROPTE PR ERD LY, HBRESERL 40 ST
21T o7, | -

SRaEEAES, EHEARARREANCHS2TY, HEFRCEILLHE U, V E2E
ey ARESRTOES - HBEABAERD L, COERAEAENEMRELRLBLIRAT
223 HBREZEL AL TEEHEAT k. 22 TREREREORTLRBED H 5 weighted
residual methods & Al TEEH 2{To %, 2EREBEAHEC L2 ZAERC LA AE 2T,
DT T ETERE OB RBETOER S s,

Wy B—WEEENE L DBERELL, COBEREHFLLTM, S, K, 0,04 BRBO#EEES
A A=S0BELTIAMOY S av—va v ET- L 1EBRETOMMOHEM L EREGE
Fh—BERLI, 2HETRCES L REORNSRCET S M, S, K, O. 8RS OB
BHOHEERZFAESA<BELTWA I dbhofr, S5ICHED T —A27 PVEED
B EiTo s, ¥AEHEC I HABfLO A AF - REIRARIATeA 2 by
3, —AFNS 2ERS LD ERAEFAERCEAEEBICB THEHEHREEAE L n B A
NEF—V_AERLTHE, INIBELZOREAEFOETEARUCEERL D b RWEFHERA 7 —n
OFEEYIar— L TLELIEZERALTVWS, COXIREETAVRTERE 4RMNEDRE
HEE>BWYHZIZIZERL TV 2 L 8ERTE,

IOBBERHEE TV ERBRNBTOBYRBIMCER T 254, MIORBEC X VA < 1B
D2 HEsER SN, BRENKERKEECHL KRBT 2 OB~ R ABR 2 BRMA T v 7
LB I n s, v Ay 2 I VMBERERRRL LI ELABE, TOREER
THIOME R ITo R T NEERC S OFTERMAEL, ERIFHEATMEERS, 20D
f2o C ORBUEBTR| OB L L7 ICCG (Incomplete Cholesky Conjugate Gradient) &0 H
2707z, TRHDLLENU—RABRRNAX=0 2B BE, REITFHARIVAF—DBICE-T
LDLYzsMgEa a3 (Z 2T L EZA{7%), LTI transpose, D ik MATH), 2 v A F—5
BERTTUL{RTT, bodUolRb s M EABEREEINC Y n e L TaRERT Tu <,
IDLIBRFRIVAF—SHEFAEE L THWT, BEELBER T2 AN ICCCET
53, COFEEE—ILH, EOR—SHBEI M, S, K, 0.0 4 8umS 52, Sk 1036
DHEBEEEWTYIab—vark{Tofk, 0L BAREHECIICCC b E ik
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() 2 1T Gauss ?ﬁf?ﬁ, Gauss-Seidel ¥, Conjugate Gradient &) i s U THEE ST AR 28
WTXDIEHHBHLL, JOFER L VEBNRICRERHEERLS (FET 2MHEER VT,
MRS BECER L 2R S YR BN T s AREHERTREI L > T,

4.3 FEEYHOEREERICRET TR

BRI B U A REHANCCERECRSOFEREZE L U TRITENCIE COD AW s T
%5, FERRE COD CIHMETE 3T MMM HEH LI N 20 TRHRSNEZE > Tk,
AR ESEHO L EEREBRESOHKROYE L REEMOEE L 0BFBER L
b THELCEEERET 20805 5, KPR TREAT > ZA 00 TRERERRE B
L-BEEEAHIET S & & b, REEEI L2 REBTERESN (AGP) 0iE#HEmLT 5
By, AU X AAHIEKROFMS CHEREL L CoBRE WS »IT 5. 2 lERhOBRERE
FEEIT, SEEMERC X A REREOTMET T E 1,

FREREOMESR BV, filAN ATP 20 EELIR, 1 BOERCRAETAEL» 20 —ET
O, COEEMEE biomass HEECHEATE S CLBBERE R TS, JITH, HlEE-RE
EOEFEEHES ATP OiEEMC > TRE 2N .

4.3.1 AGP & & % /REIEEEERES O TR

FEOIEREL LT AGP DRIEER2BLT 2 L & bic, ZOFEERVELOREENC
L BEARVERTFAD AGP 2 HE L, BEOBRBLEEL BT T ROFRBEDEHE TR
2T HBOFHEFEORIIEXBIEL %,

AGP (Alga)l Growth Potential : S84 BB 13, AP ER: L ERECREOEE
21T\, ZOWEED STERKOEFEEOBEN 2L L —HOLYRE (Bioassay) TH 5,
LiehioT, BEEENFRELLFHR THLbbEXRELEFMT2b0L LTERsR L FE
THBHENZ D, AGPRIE, HAMNCE 1971 | TTE A B R 3 (Algal Assay
Procedure Bottle Test : AAP) IZBEU TR &N T3, AAP BOERIL, /vy FHBERICTRE
THRKFOERE 7 « V8 —FHENGBSEETRE L EKIC, BELCHERAEER (LAY
HE—FE) SEELT, POMEELTEENCLOAZLIAICHY, BADHTRE, HHRBEED
B|E, WEECEME, EERG B, HHEARCSWTELOBESS SRS HAEN - B8R
7k AGP 7, BEREOSIRRBEOAT, BHCIRYTELXERRORE, HHEEYEO
WE, RERGEROTHE, AAPRORRHEREHIERCLH>TWwWIEFL 5,

HwAO AGP ORIEER, B & { O s T nah, XD AGP 0RIEEEL TI11iE
rAEBIFR 2SR TV, Licdi> T AGP ORIEE B LTI, B REE wbh 2 RfEE
3D Chationella, Helerosigma %0 X L, & 57 Skeletonema 'L TRHEMA 1z, HFHEH
i, ERORES, BAHOR, BREE AL BE SBWHAFTH 5, Chattonella,
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Heterosigma, Skeletonema i3, WFh i DHEELBEBHEE2ELTCWAL®D, Zhe 3#ED
FEEMICH LT, 2RFhO AGP HIE&HIZ DV THRE 212 7, Z 0% 300 ml i 100ml ©
EREML, chieREEEHEL, 4,000 1x,20C, BERRT AL L, BREEODRY AGP
FEEERIT A I EMNTE,

IO LFEEHCT, BER, LBB, KBS AKD AGP iR~ AGP itk
DAB|AKIC OB TERT 5 LR, 28kic NO,;-N %1 mg/l, PO,-P % 0.1lmg/ | #EL &
BX5EmML, FIMEREORTT T, ZOKREBESEOEK 54 F 11 HER) O AGP i,
Chattonelles O¥E, 6.8X10%cell/ml, Heterosigma T 5.5%10¢cell/ml 2 RL - 2 £ b, BESH
DA FRBMEYOMFICHEFT IBL T3 e n¥BELE, FEBDEAK 4FIEFR ©
AGP i Chattonella T 1.8 10cell/ml 27 L, PEHMIC L 0 5.8 X 10%cell/ml 2R L7, 72K
Yoo A (544 12 AW @ AGP X, Chatfonella T 1.1x10Pcell/ml, P I T 4.1X10%ell/
ml, 7- Heterosigma T3 1.1X10cell/ml, P#EI03.6X 10%ell/ml E8A LT, Bl &
5, BESOEKI, LEE, REOBACHAZIMIHREEYMEHELYT VI L, 58
B, KEOEARCLLY »AebOBTEGENS &, »iDOROREEDEESTIEE L &
B L7,

WoT, FEREORELEED—2TH 2 EEFKORMENEELRE T OHE OB ETL,
ALHRE 0SB OHARREMNT 2 2 e L 2RBEMERV2Hk0 AGP HIEE E#RIILL, 2
DFHEE RO TERT T AL 2 FABAORIEM L 5 AGP 2RE LI RATKD AGP &
FREE ORI L VB RL o EAT LY, 2 130~160mg/ | 0BEOETH >, —F
2 WALEEAD AGP 13 30~100mg/ 1 THY, 2 WAz L2 AGP DIEF it 20~7T%TH o7z, 2
PHLBEARD AGP 3 30mg/ 1 AL w3 2 b, 2R @ RMEYHERY 2 K EEw
TR E SRR L LTSRS IR T VLA 2 ERNEES R, -8 TAE R 2 kil
#wkiz, /%, Vv, & VX I UEHRNLCRBEYICL D AGP 2HIEL MR, BREHI 0
VrDEMz LD AGP BEL LB R 2BKHED 5N, AGP e ¥ 2FlBHEIER,) T
HZZENHBAL Y, $RHERFY VEFFEANALEKE S TR Chattonells DIFEHIFE
WHIENA, TR 2RAEAE 1 RHENT A LELVWHEEAE NS I E0 S, 2RAEK
213 Chattonelle DHIFLZ LE L EHEEMEN R IR T A I ENRRENTL, O s,
BEORFRELB LT 22010, KUBETL AL 2RABTETH2THD, IROESLE
THDEELbRT,

ST, CAETHE LA 3EMAOZOMOFRBESEAWS, Thbb R TRET S
FEEYC L 5 AGP 2 HIET 2 Z e BN BTH 2 ), shAEikdicdAMEY 2 RERM
¥5 N, PUADHERTFEEL TWE ZE» s Ins0WEOREE KD 5 OBRELBEERD
WRE e, ARFSETHEII L7 AGP IR AEE L bD L33,
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4.3.2 REGENEHRECLLTME

EHs (1979) 13, AAPHRE I AGPHEBEOERE L LT, BEEBRELLWHBA, #I
KERKCHEL TAGP 2RO I FETHIBEHEICL 2 AGP BB, AGPY£#EEL, 1)
A L EEESE SR 2 0, HERE LD b ERR AGP 2RT 2k, 2)ME
COWEEMFERALERBLL AGP BB oRA 2L, 3EEROFBKOBHOBLHAR2HHEIT 2
PR E o TIBHESHERERE RO enTEs 2k, 4) Lo T, HEDAGPHELELNT
AGPMERB BRRIGEVIRETAGP £ IZ T2 L w3 FEBb 22 L 2 FRL T3, 212,
Cain & Trainner (1973) k., SRR TEARBEORA, HERBEELTWE I LHFHL T, &
KROEEBE (transferred assay) TbH 2 BMHTFHECET { AGP fiEik, ABCHEREEL, %
EHOZ L wAEBO AGP P REEBEZOD L WEAR D AGP & flE & 2541k, X
DESMECE T AGP &0 b TEHEAHIE « HBETS 2N TE2 2 EBBESATETVS
(Cain & Trainner, 1973 ; Cain et g/, 197%), & b HBRIGEWRETHEAD AGP 2 XD 50
o, BAMEIEREORCEENL L THRE T -1,

250 ml DFNHEREE LM, BEEBNOBRKSIHTANEDL 2 LS TR 7 TEBEWN
WEACERR L T, ARERBRENERN THEAL, FIEEK Whatman GF/C Filter T3 il
LicbpEBO, BkFREET 2 BENZHEEL €, chl-¢ &, fHlaAEEO 2T, it
¥ AGP i chl-o Bz L D FHE 21T -7, ZOBR, RBEERNO 2> Fo—nBke b, KE
HERFENUESRHEL I AGP RE (2> T2,

ERcHE L -RATCOESHEIE, Skeletonema costatum TH 108, HREEIREIZ0.723 £ F
{, o@EE L OAFERBICNL I ERLTWS, SHIENLTERTHE, avbtu—n7T
SREMERIT0.031 L ELLETL, BEALE S costatum TED SR T Wiz, T EHEORME
S. costatum OBINCED, Lizd->Tay b 0— R TEBSIEREIL TR IETLTVE,
KEDBHRBEHEBEEREFET 242 2 L 3RCREIN TV A (BEHS, 1979), #H53HK
Faybo—-nBkE TRABOEERBECE O TILEMUL Tha i b s FEBILEER
BEOHTELLETLTWAILREHTNEILTHD, TN ERBERINCLSE
TREREL I 2B HL, ZORBTOEE (202 1°C) 3 KEMEOAME 3 20°C) &R
MUBECRESNRTVLAD, HES (1979 OBEICH D L 5 AR X 3 BREEEROE L
RoogaBEI Ny, L5, EBROEELOME zoREERORE L EvWEEL L
5,

BEDX 3, RERREFREBRINETT 10 A2 HCHALEBATOATOATWI T E
o, EERER,M YN TESESINERRIZ LS AGP OHERTETH 2 X Ebh i,
¥ 7, SEEAIEEICEAL Tk, FEEVALVOMEID L ABEOSHRUNERIES LT
3&3kBEbNS,
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4.3.3 HRMEERIC L 2 FHE

S EOBEIGEL-LOBNHEL, ~EOAMHEELBRL Tw b, Licho TRESRE
BTN RERE (member) kEAE# (individual) #EET 2, W T 2 RERGOELR
VB L O (KB, H&kE), LN L0 (REEH, BE, R4F L) r &2 0 (K
B, RitEmoBALY) vEzo0n3, BXELHGLZO—OT, AHLEENTOER - U
Vi PORBEROMMNE WS REFEOERMCL->TH B 77 7 bRz YO
(species) kEERIELEELT, JITRERWEBTHRAZ W BREOHEL BAEHOMGREL
shannon OFH > ¥ —5BuL SREERC L > TRIL, BERETOEERBCOTEN 2R
72 SHIEE 7O SRR OB BT B 58 Skeletonema costatum DIETEERE XL RELB
BT EAMEIL A, 2SSl ER (TP 70.08mg/ 1) »5B0 (TP T0.01mg/1) &
B> TETFLTVEY, BLEBREBEOBWERL D LB km BOITHLS TEREERS
PIEBEBIRERER->TWS, IOHRK>LTEMFEHER, REFOWENEZ sh, SHRRH
ENBREATHS,

BLE ORI MY L ORBICE T AR ICBY 2 D THEH, BEOSERHRO LD BN
OBRBTHRERL T2 I L0TE, BRETOSEMEER - BEs s, HENESICHEEAD
EREMESTHET 2 - 0 TE B, MEEMEERE BESHEEER L oBFR L TRN 2N, %
B s WS S0 A THNEBRSHMEERIESEYER ERVWERSE s h, MROFHS L
W3IBS sBRETOMETCTAERABEERB R bbbl

4.3. 4 FEEEOHMARED ATP i< £ % 5l

ATP il BB 2 BATH ARG THEE-HBSWTE ), RESHRNFELEENE
DELECEFOAERNEAT 5, BREBC B TERRR L ATP 0k (C/ATP) #—EL
T3 2k (Holm-Hansen, 1970 ; Paerl & Williams, 1976) 1o hTHE D, 251, Paerl 5
(1976) 1% chl-a/ATP Q5% OWOREB TR —ETHDH I L &iRL, InoDEEREFEEL
T biomass DHEFEEEHEL £ 5 L H: AT,

IITHEKAATP BOEE 2 HIE L, M s SR LoMEAS®RHN L, ATP OERE%E
BRL 2,

Heterosigma akashiwo J UF Prorcentrum triestinum %iRE 20°C, WRE 4,000~5,000 1x, 12FF
PAHES R AR & hEEE 24T, ATP photometer #BVTHIEL 2z, 2 X D EBDWTEEZO
BRI BT, N ATP BoEECE, 1 BOERKAET IE»%2Y) ~ETHD, TOE
H1E% biomass T HHTE 2 2 L RESs iz, —HMERA ATP #13 1 Sz BV TREZR
RIZE L %R L ee 2t BN 13 BRtE A &ML, 15~17 BREIC B R AR T, £ Ok 20 KOS
HC A ERESBOL, FOBRBATKES Y, SEEHASHUFRYTH, HELASNLZO
ATP BORINL RE =% L OBMARE® S h, ATP BMNBAMEYRT 15~17FHHE BRI R
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B> TIERIEER 21T, ) VEERIES ATP 24 L Tk 2B a4 85
LTW3 eBbhd, —ARBHTREOND SEEL > ATP BOB  3MRARCHEES2 0
EBDLNZ L LOERE, ol EN ATP B3l EmiEgoE i TEHLTE D, BER
HOERIRIEOER BB HBEE 2 55018, ATP Z20EED 5 BB L2 RAT S &
EHARETH S L HIEEL 7o S ATP OFEM S s BB T 2 X o W BEER A Tk
Bl 2OMREN AT ROFE EHEBER L OBELERT 2 0EH N H 2,

4.4 FHBMEF—2ORELBFCHTLIL AT AR

FREHEROMECEL T2 FLEL I LRAHMBEBRICEUA 74—V P F—VOIRETH 2
SEREIETLEV, Lo, FEREC»2D ST - RARES THMIThR Y, EMNK
SREQEND YD, BRFREHIIC DOV TRREEDED D 2o BHERT O 499E £ O
BELLELBAS Rk of, MEATHECHEBIZL 20 T— b 2oy FERIICE AR
DAEEERN - EEMICERET 2 2 L XEFETRASATW D, FEREDERWHHIZER
H @ chl-a OB 430 nm KT 680 nm (T30 K RA2RE L, F OEBER SRR 2L &
JELTWS, LaLads, BEOBES S IIESE, 3537y NED > DRZBD
BEPAROBE, KADREE FOBERIZI D )2 — by vy FEMCL 2 FREREO T RIZ
BLILUHMBRERER TVRY,

FFEEF -~ BWCit, BERERE B THBEE 2 1 REEE Heterosigma akashiwo
DAXRFARZ bAREEL, VE— b2V Y Y PR 2AEEEOEEO TS LB L1,
ASEHEBER ISV THREEL o RBEEN YL F ALY MLVERT - RUHEBER TOKE
F—% %% &iZ chl-a RUKBO MR OEBIHEE 2R 472,

4.4.1 FRPEEDOARNE L KE
TREEEOERNTHE LT chle AV ST a2, BEBC >LTELTULEELRL
Ttrof, AR B TR EBRENIC BV THEE % S W KRB Heterosigma akashiwo %
ALTZOFHEHFEOAE £1T\>, H akashiwo OERSIBE R R ORI X 4 KA
RZ P NOERPS Y E— b2y PR LA FRHEHHOTERE FELEOREICT 3 W EEE 0
R ETo>7, COBRRBEMEOSVREEROSARS A <7 M LHEEE, 400~510, 660~670
nm FiE CHREMESOMEE &£ AOMEARL, EHEEOE L EE T 400~800 nm FERIT B W T
EOHERERL I,
utw;imﬁﬁgmmﬁwioﬁ%X&ﬁbw%ﬁﬁiﬁézain,E%x&yrwﬁﬁm_
LU FEBEOERR U EREOHEEOREENTER SN, SRIBEFERKREL Y & chlqa
ErORE*ERT20ENH L, SO NERETORRLERBO 7 1 -V FICHAT 202
BAHDEBEFEWMEDS SSOAT FARED, KA, KETOWELORE L EOEBHRSLET
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H5o

4.4.2 TEEEEHIKC X % chla X BOERWEH

FEBFE DA OLRMIERICE, 2OERSTH 2 HEHFO chl-a L EREAT 5 2 L BEWT
HLH, HROERHAF - K AE TCORHPARK L 2BENIEINTED, SuEETO
chlg BEMEVLE ELT LAMEARRRIB T LAV, KFRTE, BB B 5:ERE
BT — & RUREEA T — 5 OEEENTC X0, chle RUKERO IO EEZHHEE %84 12,

TAF AR PAAF Y FICL D EE 2001t X DRUBBTOERT -5 OWELTH. M
Zop s k2@ — OUERRERL T, BRTKE, BYE, chiq, SSOKERERHBL (B
W40 FAEHE) o

TheKEF—F L NFARS PAESRTOREEOBE VA OB T, FEEIE
BEFVEBR LY, CORRREAREF v v 2011 (BFRN) EXELHEBERLE, S2K
chl-a BIEEIZ# DA~ 2 PRI (440 pm BV 670 gm) CHET2F v AN 2RUTD I 5,
FrrAA2 RGBS RT I EEE L, LALAXNSRERMORIHFCHETSF v ¥
FTERVAEANE TS o, BT chl-a DBEMSERICHEL TEL, 2 REIRPK
HRECOBEZC LI VRERESET T2 24 E2ohs, LELENSThSERED chl-
ABEETH-THRNBE BT 2OHESMREFRT 2 I enTER,

5. eEh0BIE: SROMRER

FEAMAEOB&E, BRCBLTREETAFAEHSORERRARUEEARORERRZHS
PET LI richot, SERCHLEIARC L > THEOHLVWHRBEO LD L L b, R
B R HEL TV D OETFE, FRAESEIENL, B2 OWARETE s NIRRT
SWTHNETEHCHE L, I TRFASORRE*EE A MROBSHLER L, SBO
PEBEIC DO TUTIRRT, '

FERE IR EEERC L 2BOMEIREBTHE 2, TOMGRELTHRCT 2HREERGE
TIEMPETHL, BEEESTIRCEERERC I 2 RBESHNERREINTED, IOIL
@6$%mﬁ%wﬁmr@ﬁ%ﬁﬁuiﬁ%ﬁmrm%%%%bte

FREMEES b7 o THRENLEERE (Chattonella antiqgua, Heterosigma akashiwo) 018
BRIz T BUERT (B, £, BE, pH, FEE) ORESEBRBCIVHOs LR 0T,
DT ERPRL EVEEEEOMEMICN T A LERFEFH IR EEZ SN, LL D
OEREHESEOH TRIBEDEEREC LA RERAROFP LTI CER T4 TH L, HUBEER
DEMEFEBEOMMEICHEL T/h3WwI ks, BEERTES WLEERIT THEERIC
L2 FHEREFRLEL G, AR TORRERER VOt EBYRARGSELCRO &
WEREEMA SR LTHua06 £ THERAIC R 2 L kRS 24, C. antiqua DRFREIGHE
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BittoBElc R L TE-TE 0, RFRERIGEEO#10 L - T b C antiqua DFEGEFHIL
/v zouEEL 2, .

EF0HERr B TREBRIEHRERIZLL, TBEBEISEETHILI Ly, HEERTT
BREEBRELE CFERORERTIIEBRGF TER IS RELZI LW I L 2B U2 TH
EROABHBLELREL L, LALEER BRI OBE LI AL TH 2 BEORE Y
Bzfrl©y, EEEWOBORVEEEOSERC L2 M RELHAT 2 - 003 EiE
SRR S, RS OREEBEN - REET L 0L X D MR T 50
RHRE L THRR< A4 7o a X s ant, el Raen KAESREBTHY, ¥IHTE
&, BENET-30THYIFANHORESERCHES AN, JOBERE 7 VCERLHE
RARERMENRCE S,

FHEEROETFELTE VAL SEBRLU TREBEL TH 2BRLEET 24, YA rBR - 5%
1% Scrippsiella trochoidea B U} Protogonyanlax temarensis, P. catenella W50 TS Mz L1z,
WHES OIS LT E D 20 2 FEMR C antigua B U H. akashiwo =2 T L ERT 2 0.8
HO, HCEBRLELHR 2 AEEERC L TOMEER, ¥ A MEE, KR, 23EBO—8L
AR ORANEEL Bbn 3,

RS c YRS s OB L VR A ERIEA 2 2 WSHER, RN W
EEENRERERC L 2ERELTS J k0w s, JOFERBENRBLEEE
OREBFEHME L OHEEFERAC LAERABRELELMICT S L L b, SHETBROBEARI DV
T HERNER 21T, BROEDLUEAR L ORSNEF2RA T, NEBEEREREEY 7
AW ERRROMER, FEEREITHICR 3, 20 EMEAORESERMO £TF vy ¥
wERG, FHREOFERCHEO o0 L D ERAMLEETEELE L TO AGP O, &6
BREMEEIC & 2R & 1T, HSERCORTRETER CHEERE L ToRAMOR %
fFotze SEIIVEL ORBBEAOFHEEITY, TORERL L ORET 20BN S,

ARERERIOEREL BRI AREFRC L > TFRTH S, B FRERA OB H 2
AR T 52—ty 2 IC L 5 EHAIRTTY, FOUREELREEL, 2BRITOBEY
mMEEE2LELIE, TREFCHEIVEEENTHHTESZ LI LEREO S 2 HMHARNLE
Lix s,

B bwwafe & 5 R FBRHPRICS T RFAR VE SRRSO BRI » > TLERAIX
L Ebh s ERARHRICES A EC 2, FOBRIELEC TUTRFRT &5 nFRmRE s i
LT:D

1) RA—H#EEFEEC YT ZOEEARE, YA MEK, KR, A RBEebh2-8L7:

EFBEHOnI TS,
2) B—REREEEORF, S, HEHEEMNOBeRUVEEE—BRTRE—BEERED
HEEEOBT~ORM%1T5,
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6) HEESEEVLLREREERROBN
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Red Tides of Heterosigma'akashiwo Hada and Chaitonella antiqua (Hada)
Ono in the Osaka Bay and the Harima-nada,
the Seto Inland Sea, Japan

WD (8- RS

Makoto M. WATANABE'® and Yasuo NAKAMURA!

g 5

FIRE AT N AR R B ER - 817 3 Heferosigma & Chationella DR ORE
KL TGO FMABR R L LD LD TH S,

Helevosigma B 1%, 4% T H akashiwo ¥ H. inlandica PHEEL Twi, Tho O
OBEMNSHAERFNIWLER, s 2BCEEELHENERMD SRR
i, BEl—He &0 H akashive OBEEH—shiz (F-FH, 1983), 7, $A»0
ERPERVT7 4 — N FT—F— D Olisthodiscus lutens LEIE SN T AHRFEE
BEI Carter i & 2HIED O, lufens £ G HBRHACHL R E24ETHD, bTHD
H. akashiwo tRTSNERELOTHILEL 6N T3 (R T, 1983). KRB
B 2 H akashivo OFBREBEREL, HLAYOEE, TORABROEZLCENRS
Akashd,

BERC BT 3 Chattonelle Vi, C. antiqua, C. maring, C.sp ® JEMBHERE SN T
WA (E T, 1983), Hi2REEHEE TR Y, BEviillfatf A TR NG, —F,
C.sp HHETHD, HREMaNTVEhSBAL LELIREEETHDI EE L
SN Twd, C antigua DFREIE 1972, 1977, 1978, 1979, 1982, 1983 £ HiZ, C. maring
OFRERE 1977, 1982, 1B EOHEKEREL, BMAHOXRBEE 5L T3, C s
L2 EBbRAFER 199D 6 B~ T AU ERs R T2, BHAROET
BEEZ S hd o, '

Abstract
This review dealt with the taxonomy of Heterosigma and Chatlonells and with the

1. ENASWER KELEEES T305 REENAGMSHENNEFIN16FL
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe~
machi, Tsukuba, Ibaraki 305, Japan.
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results obtained from field observations on these red tides in the Osaka Bay and the
Harima-nada, the Seto Inland Sea.

Hetevosigma akashiwo and H. inlandica, which were regarded as independent species
from each other by Hada, were morphologically similar to each other and were treated
under the name of H. akashiwo Hada (Hara and Chihara, 1983). The strains and the red
tide flagellates named as Ofisthodiscus futeus by some physiologists and field workers
were different from O. [lufexs originally desctibed by Carter and identified as H.
akashitwe. The red tides of H. akashiwo were an annual event in the Osaka Bay for 1972
-1980. In most cases, the first occurrence of this red tide in the Osaka Bay was at June.

Three species, Chatfonella antiqua, C. maring and C. sp., were recognized in
Chattonellz from the Harima-nada and the other japanese coasts. The former two
species had tear-shaped cells but were different in cell size from each other. The latter
one was characterized with the spherica! cells. The red tides of C. antigua were
observed in the summer at 1972, 1977, 1978, 1979, and 1982 1983 and those of C. marina
at 1977, 1982 and 1983. These red tides killed a large number of farm fish and caused
great economic damage to the fisheries, The red tides of C. sp. were observed only
during late June to early July at 1979, but did not kill any of farm fishes.

1. Lotz

BHAEC B 2 REORE DL, AEcBEY 2B M, 1976 EiE, 1976 1 &1k, 1976)
THRAN TV LI CHEBEATCAS N, FRIK LD EEREBARIIORTE 34 (731 ) 1HE
OFRUBRECEKNFELL L3N TwD, BETHR, TERLEI2ENRETEI »TED,
BT DI TEEMHE, KBH e 2 2HEAE - HEAE TR, 1960 EREB¥EL O RESEFET S
L3R 0, WIIERCE-> THABRESR, SR, BEREL CREAC AR -1
(HPH, 1976), < ORIIE, 1960 ER L VBT > EEREOHC L 2 LEIMLLRER2 LD
FHEAMOEHM: LTRELLHOTHA I LEERRa ORI RLE I,

BENBETY, BrBBEEr ARBOAERVEEOHBIREL S, KERBERIILIZELD
COD < 1 ppm R U<20mg/g #HICHEALTWARETH 2, ARG THBLIELVEFRN
AHE - BELOFRNOBERRETL, EXOHRTHEL R > TR I RBMICOVWTSET
Ben MEFNARRTHESH I D WIDHR £ £ », SHOWROFAMLHET 5,

2. ABE > BEEROFY

B 1 KRS - BERD 1973~1980 £ 2 TORAORPHBIREATLI- 5O THH48, btk
FEREH LML TARERBOI L LA >TWw S,

B, KRBTREL LRET, WEARRUCHEREEORVWAYIEL, 77 1 N8 Chattonelln
E, Heterosigma 1B, 19¥EE 38 Gymnodinium &, Noctiluca 18, Provocentrum &, TE#& Skeletonema
BB T2ETHLEINT S (KER, 1982), # 112 1973 £~1980 & & TIORBA L 1BE




PF A ARG & B85 5 Heterosigma akashiwo Hada & Chattonella aniiqua (Hada) Ono O

YMT1[273[s[s5]6]718e 0]l
73 o —

74 |°° "_..___J_GO'; T sem

75 ———

76 -

77 ———— = s
R T
e |== o = .
g0 | e =—— — o=

1 1973—1980FEGHR TORRE & IRES I RE L - 78

Fig.1 Red tides in the Osaka Bay and the Harima-nada for 1973-1980
White : Osaka Bay, Black : Harima-nada, Y ; year, M : Month (after The Japanese
Fisheries Agency).

#£ 1 1973— 19804 T D KR & SBEE# I 8 2 FELERR

Table 1 The occurrence of red tides in the Osaka Bay and the Harimanada for

1973-1980
Osaka Bay () Harimanada (H) O+H
\ T . .
Mone* Multi** Total =—F— Mono Multi Total =+ Mono Multi  Tetal
Genus Mop  vMw Ty OTHT ooy vMw) m OYHT Moy Mw (D)
(%) ) (%)
Chattonella 9 2 11 28.9 16 11 27 71.1 25 13 33
?é[/o) or Mu/T 81.8 18.2 59.3  40.7 65.8 3.2
a
Heterosigma 5 26 31 35.2 35 22 57 64.8 40 48 88
(I\é[/c; or Mu/T 16.1 83.9 .6l.4  38.6 45.4 54.6
(v
Gymnodinium 4 33 37 46.8 24 18 42 53.2 28 51 79
I\é[/o or Mu/T 10.8 89.2 57.1 42.9 359 64.6
(56)
Noctiluca 103 27 130 51.0 105 20 125 49.0 208 47 255
Mo or MwW/T 79.2 20.8 8.0 16.0 Bl1.6 18.4
(%a)
Prorocentrum 15 52 67 78.8 7 11 18 21.2 22 63 85
Mo or Mu/T 22.4 77.5 38.9 61.1 25.9 4.1
%)
Skeletonema 136 197 333 87.4 20 28 48 12.6 156 225 381
l\él/o or Mu/T 40.8 59.2 41.7 58.3 40.9  59.1
(%)

* Monospecies red tides, * * Multispecies red tides.



LI R E 3]

BTOhe 6 BORHOREFKETR L, RIVESHD L 512, Chattonella ]o V¥ Noctiluca
ARG B S L CHIET 2BE 0% L, 2T L T, Heterosigma b Skeletonema #8384
FRXEESFEE L THE T 258039 % L 20, B Gymnodinium £ Prorocentrum
MEEESTREDBEN S, LHL, TORREESC LY R, Heferosigma & Gymnodinium
O BERCHET 2B EMEREOBRE RS, i, Ihs 6 BRSO HEFIZEEE
TR ->TED, Provocentrum & Skelelonema FENIARE TH {, Chattonella = Heterosigma
R EEE TE Yy, Gymnodinium & Noctiluca FRE T TREEICITIZHZ I HEL TWE , AREB
I OREEIFF BRI 2EHETH S5, Rk, TR, MENFOEE 5 21
TWERREEB L Skeletonema & Provocentrum FRIMNRRNZ DL L2 ->Tw 3 (KL, 1980), %
S LIRS, FoCECHNTRRES LR RV OKRRE - EREZ S o
BEHEC W EELONLD, BRCETENF 2 0P LT 2 R KEENBATHY,
NI L DHERIARE - REB L RBER R AMRBRERNEZL LS LT RALELZLNE,

LBLI L S KRREB DRI Skeletonema & Provocentrum DR TEHE T oh o9, WR
HREANT W SKREEIR Hetevosipma TH D (Yamochi et zl, 1982), “oBHR L Ti,
Heterosigma FEIARET 2 L RERENE 2 RUTHOBRESERT2 I 5 0H LA
F6RCEI2 I, RABEOFHE*ENETAMETEORARLVLLEELRE, ZhicH
L T Skeletonema 2 0W T, FOREHEERR S -t Bbn 2 RERSEN VLI, BF
OFRETHZ L, RUZONFEHEAEBEC - TEETHsD TR R ER - T, ABHD
EEARO TSI L0 BEFReWRE=—-A LB LEVWOTHAE I, LidL, Prorocentrum i
BizowTid, ERTIOBORBREC L 2BREFRENEETWI I s, HRHRELT
E2RERoRFHTHL LR 5, R KRE T Chattonella TREHHERT 2 L Hl5 4 ¥t
EMNEILH, BT 5 2 KOBOFRPOMRIBEHETHRAINITTOATED, AEBTO
HERHBERAOBBC L 2T 5,

BEEOTRENL Chattonells & Helerosigma TRETHE 0 5 W% 3, BiZ Chattonella FREIOF
ERBEWENTFOBREFZEIL, BEMECREANSITREEZ 2205, IROENR
Chattonella TREOREBRBORY, FERUVHRCESR TV,

3. K& Heterosigma #8

Heterosigma O . Heterosigma OSHRWIAL TIEE TR (1983 X bHLMEBEIRT
VB, FiUC X Bk, Heterosigma BiZ PRI & DET a7 BTHEOME B 5E 2 VERO 3%
BEDOEWE XD Heterosigma inlandica (FEH, =HRAEMB) & H ckashiwo (FEM, BFE
WEILEE) O2ENEHsATHE, UL, Z02E2EITIRECHLMHORERED
B SELHED 3T, 12O type culture strain 2 UFEMBR CBFEMESRV
TERHDNFHE ENEMEEEBELLBR, o PECESEETZRWET LTS

—qq—
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Gt bELTWE, DUEOERY S, H inlandica ¥ H. akashiwe WIF—M: 2 h, DRE
BOE R H gkashiwo ORI —S hiz, BiZ, Heterosigma F3FGEO LN Olisthodiscus
B 5%, TMEDER, Helerosigma pHMBOMMET, HEROBREL b b, HEBE~BBAY
ELTHEELRNSK DL, Obsthodiscus I RFOMINT, WROEREEL S, HE~M%
HROFELTHEALIRKCHEE2L 2L L IA0H5, 208, FHBIREAS »ICEL -
HOTHADC LS, & OFRE LD Heterosigma akashiwo VI Olisthodiscus luteus
rEFALVTEE N, SEFORRECHBFECET 2 HE 1 O uonws E L THRECBB LY
B, Ihe0tTRTE H gkashiwo - E£Z TV L 2B LTWE (B - FE,
1983), $ T FFAKREALFv—TL 2 vavRUSF YT I oV ALFr—k vy —12 O
luteus LRIFESWEEI R TW AR T Y H akashivo THHT b BEENRT WD, O. luteus
ERIE S R0 £ BENTT I Tomas 12 & 2 A& B R U Cattolico & TR HAIFREFICL 2
DNA :E@{ficB+ 2 —EOH5e (cf. Watanabe & Nakamura, 1984a) #5245, wihd
Heterosigma b 38 TH Y, R4 nPREHRE (Mori ef al, 1982 ; Watanabe et al,
1982 a, b . Yamochi et al,, 1982) TR L% (O lulews EBMTF2) W (B 2), BHo»
2 H. akashiwo EEIE &N D Thotz, TOBEMOT, WHTEELTHE L,

BED L 3w, BEET H akashiwo, H inlandica, H. sp., O. luteus, O. sp. L LENTHRED
RERDLOR TG H akashiwo LEEEND O TH Y, HEA T Heterosigma Biz H.
akashiwo D—B—BTHLrahTwna,

KERZE T H. akashiwo FEORERR | KEEIZ BT 5 H akashiwo DFRED 1973~1980 &
i TOREERREM 3R T . 1973 20T, H. akashiwo DFRBEOREIHE LD 6 A
A ETHULLIRREREZ 2T W5, IIECANTORER 7T EIHOACBOIATVE, X
R T4 H akashiwo QFFRESE L LOR VUYETHD, FIFO LI 6 B
Provocentrum & DEEFEOBTREL TLREK, 7 HWid Noctituca E OREFE, 8 i
Skeletonema & DRETFE, 9 B XA HYRE, 10 B Noctiluca &L OREFRE L 6 Avla~10
H#FE T H akashiwo DFMBEE SN, /1978 FED H, akashiwo FEO BB KRB S]]
WTOYDOT (Yamochi et «l, 1982), 6 B@VRICHEEL TLER, 20~30 Bk THLIN
2R L, 8 AL H. akashiwo DI L Skeletonema costatum OFREDHEC BN 2%
BOELTWiZ b, RU H akashiwo DFFREIEAVETERICH H0FCEZ S 2 L3RS
AhTwai,

Yamochi & (1982) 13, KEREBGINET H gkashiwo OBEMAHE R CESH T2 2 58
Hiizl, HRRREBCEMUAMREBCERT 28y - v 2BHonic L, 3D LI K

(Watanabe ef al, 1984b), Z#idFic H. akashiwo OREBEBMICE I LOTHIEELS
L5, 7 Yamochi & {1982) Q& ic LS, H. ckashiwo OFRENREL TwdlKkE |
ARk E U, &7 H ekashiwo #HEEHE LT AGP BB 2{Tok 25, N, P, RU'E ¥
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Fig.3 The red tides of Helerosigma akashiwo in the Osaka Bay for 1973-1980

Y : year, M ; month. (after The Japanese Fisheries Agency).

2y BLOEMTIE 2 v b u— B E BT E O R NAEE & N o D WA L, Fe @D
TIHEEREL MU . 20 6, KRKET H akashiwe DIFHELEHIBEL TWIETFE
FeThardprEaEnTwa (Yamochi ef al, 1982),

4, BERIC B 5 Chattonella ¥

Chattonella BODE | BIED Chattonella OEFHFDH TR S0, 1969 iAW
BLEBEwHELCERREY Hada (1974) 25, 2 P AVEOFRERFE L U T Hemieutreplia
antiqua L BF TR I Ltk E D, T0H, REF (1975 B H ontigna FRCTHE 2 LT 3
Hornellia maring L TBREAZEML Tw2 2 e 2WEL, TRURBENETRIOEOEDE K
WA D TFTLEEA TV, ANEFS (1979) 1k, Hollande et Enjument (1956) i & U Hornellia marina
V& Chattonells subsalsa 6] — T H 2 Z e BPWME SN T3 A% L& 2, Hornellia B 13
Chattonella B0 & 7 = A THES¥ B Chattonella L $R_RETHDZ L 3FB/H 228, “Hady
TrEOISHERSEEL TV ADEERL LT, FHOBAE L TEET 2L 2REL T4,
Lo L, —F Tt Hada # Hemicutreptia antigua & L0 72 EMOEFHVE 28+ 28
Hnire 8, H antigua \& Chatfonells BTOFRILEBTH L 2L &0 C antiqua E3BTRET
B, 2HIOBMCh-0ZRSILRUF7aFHF b2l s i FVAVETRELS
74 P BECIETARELOTHL L ER—HOmMYEL Y EREN, Ono & Takano(1980)
2, TOFRICHE o T Hemieutreptia antiqua L 58 ST W19 % Chatfonella antiqua (Hada)
Ono OFMEEHETHAIERRELL, £/, MHLORIAEZ ST LD, JOEOEY %
SRR YT SEEEE, Yy PATY EERTRETHEILIERIN TS (H - TE,
1983),

FIFEED Chaltonella BOAEIGE » THE (1982, 1983) i v FEMcE oo, A ED
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Chattonellz 125551 T, 50~130 um OMRY 4 XD Chattonelle antigua (K 4), F U { fHEfE T
30~~50umD R F 4 XD C. maring{Subrahmanya) Hara et Chihara{[ 5), Bk Chattonella sp.

(E6) (EHEvvy b2V HEENL, BRIy v b AT, C antigua % C. maring DERFE
ELPEERrEIonTHN, FRERE( AL - HBENBEEELTEY, HRidE s
TR LEEr B2 REHETHL :E2 0TS (- TR, 1983),

BB T O Chattonella @O RERR | BEZIC 81 5 Chattonella FEED 1972~1983 12 H
FTORERKER 7 ICT T, Chattonella REBBVICRELL EREEA TV A DR, 197248
T, TH16~21H, 8 A1~9E, 8F 1721 HrERA IEich > TEORENFHES L
Twbd, COFSOHREE C antiqua 125 2 60T, BE 1,000 cellseml ' OERECEL, BE
TF 1,48 FRERL, HERBR TOMMEELL (R, 1978 ) JREFESR, 1980, £ 0%k
4 M Chattonela FEHFEEL 2 L OW|MEI LV, 197TFICTABE~8 22 B
F24 4 ZHMEE 30~40 um O Chattonella, b % C. maring OFREHFHEL, B 8H 1L ~2
AT 5 x10%cellssml~' OB CELLS, BENATFORBEIHEFORI oTmy, B8 28
H~9 8 6 Biciid, Mgt 4 XoXR& W C. antigua 3L L, BEHIZ 8 H 30 BT 3160
cells» mI'DEEIEL, WENCFR3B2 AREIEL, HESE I I0EHCRAL WL,
1978 ; AREE TR NERCE R REES, 1978). 1978w b b, Chattonella WO & O LS
BOLOHEDL I LEERIRRUD, Chattonelle DHBTZLHE S HEB L b TITbAT
v UhEFS, 1979), Fhic X d &, HBO Chatlonellz i3 6 B23HCHEL, THI12BEEHET
BET e TaRy, 7E 13H»O#ERO Chattonells, C. antigua DHBRE N, TH
I7~8H2 Hieh R EHELLIESHMESNTH 2, BEZ 7 H 25~28 AT, #REES
050 cells* ml"'ic @ L7, B8R 6E~8 AR H v AEOARHBFEL, BBHEsA1LE
T, HEHEEER 7,000cells s mI"MZE L7 G5H, 1979), 2O 2B b5 C antigua DFRET,
BEACFIR 2 FBREEL, SESERYIEMCRAN, 1979F kb &, 5 18 HICIERK
WD Chattonella I L, Fi2 6 H 21 Bick 3 L 453&F 0 Chattonella, C. antiqua SR L T =
T3, RED Chationello 12 % OMEEML, 6 H28~7TH 0 HE »OREREL 257z, 727
B 16 B D C antigua 238503 T, 7F 25~30 B FRERE L ot — o ABEBL
&, 8HB~ B IHURMRE: 20, BHEHIZREIE 14,500 cellsemI"HZZE L /2o YD
0D Chattonelle FETRER ~FOBFII VY, 2, 3H0 C antigua T2 LY, &
BARFH LM TRAEEL, HELBEINIEMCRAY REFEFAEREREEER,
1980), # @k, 1980, 1981 £ & 2 E[ Chattonella DFFREIFRE L 2dh 729, 1982 F 25 LS5
AP ERIED Chattoneila BB A S0, Vo 2H XNt 2 5ERk G oo/, TOHTAH
B OB s 50, TH8~8 B2 Hichd THREVAE L & o/, JORMOFRE L
B L 1z Chattonella I HIEZH 4 X 53 30~50 gm /N2 <, C maring tRAES NI, ZO&K, C
marina OFFITHEL, 8 H 18~24 Bl o) C. antiqua DFFHTEL T 5 Bz, 1983 FiZ
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5L 7 H 10 AED» S 8O Chattonella 38 2 13 C o, 7 F 18~24 H iz id THEIRE
Bot. HEEEEL -3 C. omaring THotz, BE, HTCIRTESR TR WS, § AFEIC
i3 C. antiqua FEDYEAE LT (K5, T(E), 1982 R U 1983 FORMIC & 2 Bl < F OB
BREZHIAREN2TETSD, HERERELK S EORUH IE/TICRA TV S CREF
FE R IR, 1983a, bl
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Fig.7 The red tides of Chattonellz in the Harima-nada for 1972-1983
Black : C. antigua red tides, Stripe : C. marina red tides, White : C. sp. red tides
{spherical shaped Chationellz), White arrow : occurrence of C. sp. Black arrow :
occurrence of tear-shaped Chattonella, Y : year, M : month (after Murakami, 1978,
The Japanese Fisheries Agency, 1978, 1979, 1980 and The Fisheries Office of Seto
Inland Sea, 1582, 1983a, b).

20k 91 Chattonella FREINREET 5 LT, Bl <~ FOREEIENEZ Y, AEECBEN
HITBAE 2 2728, Chattonella FECFELEBBOERE, SEENOBEREUVHEEROMRECE
T AR ST e nFEAOEEHEL L2,

5. S#NBREA

Bea NFEOR SRR T A, HECHEBRL IR s R Bk, FEBRESG
Thit, HOIBRTENFIREC L L FFREET ABENE S TR THENI I ETHS,
W Chattonella & Heterosigma HFREREIC 2 2 RBBIRL ER>THED, BLOBEDKRIEHES
Lo TEERCoWENRIERET S LS, REAROAELRELr 25,
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Fig.2
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Fig. 4

Heterosigma akashiwo DB.H
TEHOCRR EAR
Photograph of Heterosigma akashiwo taken by F. Kasai

Chattonella antiqua D'EE
Photograph of Chattonella antiqua
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Fig.5

Chattonelle marina DB E
Photograph of Chattonella marina

Fig.6

Chattonella sp. (B> +v +37) OEH
[RBERA L GRECK - £41) ot

Photograph of Chattonella sp. (spherical shaped Chattonella)
taken by Dr. Hara, Tsukuba University.
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IR ETOREBHERIFAEESFEC L TiTbA, K, E4Z0yELt2NEFORER Y
FEEBRBEOCHERDGTH oz, Chattonella antiquf;, C. marina RO H. akashiwo 3wz %
EFUREEERL, The 20 i {BERFL LI 2 EMNERVEMGRE L > THMT 200,
IOMVHALTRIEBZZT— 956 2T RWIERUZTOT~ 7 2B 5 EWNAET
HBHMEIZL TR ERERTL, .

hSRECREN L I, Baid C antiqua, H. akashiwo OEBBRM2HREM L CRET 5
FOORREELTOATEMOBTHEIIL - (Nakamura ef al, 1982 Mori ef al, 1982),
EPEDHBIC DT, H akashiwo ¥ C. antigua W2 W T OHIMEET CO—FOMEBRIASD
BrRERFLOENEENBELEET 2 I L2ENLLTTORTE Y, SBRTELT—¥
LEABERUHARBR TR N7 — 5 L OMER AT 5 2 Lit k- T, BRARIZBY S
NOoQEOBEZIEL IS T340 TH5, JOBOWENFIMIEEEERICEL TEER
o TREwEEL NS,

3
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FAEEE Heterosigma akashiwo Hada 0¥
1. BEICRIEFTHKE EH, RBE, pHogE:

Growth Characteristics of a Red Tide Flagellate, Heterosigma akashiwo Hada
1. The Effects of Temperature, Salinity, Light Intensity and pH on Growth

BT (R RS

Makoto M. WATANABE! and Yasuo NAKAMURA!

E 5

KEEB R L CHE L - Heterosigma abashiwe % 3 70~y NATHBEL TE
EERELE, 2ORE, 4, BE, pHoH T 28EEEAR~, AREIAKE
15~25°C, #1539 ~30 %o, FBE 0.03 ly-min LI ET, £ FA~ 47 pH @H(7.3~8.4)
TARTTREAOHMEETR Lz, AHETHS L% - KREO RS - H akashiwo
Dftotk, MUtk (Iwasaki ef al, 1968), F 7 Ak (Iwasaki & Sasada, 1969),
Naragansett # (Tomas, 1978, 1980) THI S AT v 2 RN & HEeiaat L, Zhe ok
Mu@s e AENEROEBMERSH L s, KRBT H. akashiwo F¥nTHELE
T 5 6 BEA~10 BYAO#KO AR REII AN, Naragansett 88, A7 Btk
WRICFE T o 2, RIUES KM T 2 clkEAD pH R E 0L Er o7z,

Abstract

Helerosigma «kashiwo Hada {Raphidophyceae), which causes heavy red tides in
Osaka Bay, the Seto Inland Sea, Japan, was obtained in axenic clonal culture by
micropipette washings. The effects of temperature, salinity, light intensity and pH on
growth of this strain were examined under defined culture conditions. Maximum
growth was obtained at temperatures of 15-25°C, salinities of 9-30%, and light
intensities above 0.034 ly min, and throughout the pH range examined (7.3-8.4).

These characteristics were compared with those of the other strains of H. akashiwo,
the Fukuyama strain (Iwasaki et al., 1968), the Gokasho strain (Iwasaki & Sasada,

* AWM, Watanabe, MM, Y. Nakamura, S. Yamochi and S. Mori (1982) « X D, Jpn. ]. Phycol. 30
() p. 219~ ICRHRENFBNDO—HEE LD LDTH B,
Parts of this paper were appeared in Jpn.J. Phycol 1982, 30 (4) p. 279-288 by Watanabe, M.M., Y.
Nakamura, S. Yamochi and 5. Mori.

1. EVAERER AYIEREN 7305 FRBREESEEE/ I 165 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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1969) and the Naragansett strain {Tomas, 1978, 1980), and the physiological differences
observed among these strains were ecologically discussed. The physico-chemical
conditions of the sea water in Osaka Bay during early June to early Octorber, when H.
akashiwo red tide occurrs, were favorable to the Osaka strain, the Naragansett strain
and the Gokasho strain. The pH of the sea water, however, was too high to allow
growth of Fukuyama strain to bloom dimension. t

1. Loz

Heterosigma akashiwo DBFEZET 2 £BEWIIRE Iwasaki 5 (1968) L D RILFE»SD
BT (Hl i Entomosigma sp.k UT, i H akashiwo = &{tiF & i), Iwasaki & Sasada

(1969) = & D Hr & o O TH tnlandica L B{TT & hk), LT Tomas (1978 a, b, 1979,
1980)iz & ¥ Rhode Island iZ % % Naragansett B & OB T (Olisthodiscus luteus LA eR
) fThiTnd, &7, Cattolico FRAEBOEEHRT (0. luteus LTI oRTWE), TOE
ik, DNAWCHT 2 £ B2, BRERENFRL2BENDHICT>Tw s (Cattolico eof al, 1976,
Cattolico, 1978 ; Aldrich & Cattolico, 1981 ; Ersland & Cattolico, 1981 ; Ersland ef al., 1981,
Aldrich et 2!, 1982), Watanabe and Nakamura (1984) 2 bE23h T W2 X 32, H akashino
EEOEGEERD CAHASERIERNICEILL Twizs, FE TR (1983) kpEEA, bl
WEEIR LT H akashive LHLENAREMTHLLZELSN T, LoL, ThODOK
BHEMCEV oL OEBENZRAPERINTEY, TOLBNEROBNSLE-SR L,

BERAEAWEE & 0 GBERSE U H akashiwo DETEFE, B A ENETHEHEEE NS
THESN TS (Mori ef al, 1982), ZOWETRE, HWMBIAZTRENFORESTLEINT
WHN, REORBETO—EOXRBEHET CoNRZOOEERNEON L EWIBRICEEES
TH0, BEORET TE6 13 MEE, RARMEICOVTORERELREARTLRL, B
L % BT & O 12 SRR & N 5 WEFHE DR 21T 5 B OB REOEICH > 0
Z B,

ARETIE, HENEAREL DB 128 L7 H ghashiwo GER 7 o— > HOETEE, &
KR RizTyRLENETORE, T4bb kR, #Ha, BE, pH 0EEEBEs» L, §i
AL EE%E & Tomas 23818 e L TR WL RILE, 7 Fitk, Naragansett SR TR o W BER D
ERr AL, FOEBENEREYFHU 3, AR, KEBETCORBOREERCERE, E2, B
B, pHHYOLILMEEL TL 2RI T 2,

2. ¥ HE

HECME L AEOSEE (OHE-D 1, #FAERAEBS) I EORERE X b 28, BEa
N-LOTHDH, FORMEUREAEM Y L TFERsA-ET ASP- 7 550 ik aisR (Mori
et al, 1982) KTEENT Wb,

—52 —




FREGEERR Heterosigma  gkashiwo HadaSRERE 1. KB RIE T8, 4. BE, pHoRE

HEE T, S00ml =Y 7 A TR 200 ml 02, A — b2 v —7EE#E(120°C, 20 min)
W2 500~1,000 cells»ml~' D BE TAK R BB L, BECRIZTEE, 57, BE, pHOoBEE2H
foo SEHLC I ALEAEE R AV, 12 BERIAHA 12 pERRE I (8 100 &M, 20: 00 M@ OUINGEY
4 2T T TOEBRNThONRI,

HREORIED | ml O Sedwick-Rafter BioH 7 o7 4 v 7 F v v i—%Fo TiThi i ki
5 1 00~11: 00 il E R0 (cf. Watanabe ef al, 1984), BB EOF L 13 :
00 Bl fThh, HBMELL V8 HE$TRER, 20RIIB I WHEOMEMCEYTZET
1 5 NI, AR BERE 5 NN A D, HESRE 51 3 AR S (k) R TR
PEo-TRD SN,

InN=1aN, + &t

ERT N EvEEREEE, N3 HEofREBETH S,
TRTOEBRCHE®E L STP £ (Provasoli et al,, 1957) ZHWLTiThir,

I.E B .

BEOHR 004 lyminT OREEET T, BE 10~30COHE TOARO AR K UF L
TOMBEBE (BEEEE) kv snl, TOERERLICRT, BohTXTOEET
FHRITAREL, MEEER I5~2CTRELRL (£=0.64d7"), 10°CRU CTRBEBUEANL

e
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o ~
g E
* 0.6 {3 @
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1 BB 3 H akashiwo ORFEFM

Fig.1 Growth of H. akashiwo at different temperatures
O: Growth rate  &: Cell concentration
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7o F7z, RACHERIEE 15~200CTREEE2TL (3 X10%cells-ml™Y), #h & W BECETRUE
FMOB/NL T, BEHEEBMECHKE, HEEE TH IR (£=0.2~0.64d"), FRMRHRE
T 12 6% (0.25~ 3 X 10¢ells*ml™). TH -7z,

BAOMR BE 20+ 1°C, BE 0.04 lymin~ ' O &M4FT, 9 ~41 %D 7285 H T D A kR KFEH
trke i EAHBRE ORI EREM - 2 o L BE ASP- 7 B0 E & i 5 154, Nall, MgSO, -
7H,0, KCI R CaCl 2 H,0 2 Zh o DHAER TROAZEME S Z L TiThhiz, B2
EBRERERT, MHEERAXONL TR TOELEETRE SN, 9~30%0OESHETRAOR
TEHE (k=0.64d"") RUMBBE (3 x10°%cellssml ") MBSz, 30 %l E0ES T
B, BRI S L,

0.8 4
T =
) E
;0.6 -3;:
5 %
2 =
§0.t.~ Jz =
S'OZ 1 ;
[ 3
%‘ (&)
£ 9 0

1 W - i 1
0 10 20 30 40 50

Salinity ( *he

2 ESCNT 5 H akashiwo ORERESN:

Fig.2 Growth of H. akashiwo at different salinities
(: Growth rate  A: Cell concentration

BENHR : BE 20+ 1°COEET, 0~0.08ly-min- D EERH CABORMNS KD & .
FERTEBEBEB LS oL ZAT I A20BEREROHAEBRTEEY, XIERLIDSHT
i, MEOREIAX 7 + L5 —~TiTw, HEEBNOKNEEZEFE (Bio-spherical
Instruments, Inc., San Diego, U.S.A. model QSL-100, 400—700nm 2 F L TrH) AV TH
FELT, M3 2 DERERT, BRI 0.022 lyemin ' AL TEE S, 0.034 lyemin™'BLETHRA
OBRHE R CHIMBE (84, 0.65d' KU 3 x10%¢ells»ml-) 2B 5NTZ,

pH R 1 BIE 20+ 1°C, BE 0.04 ly-min 'O EHET RO BT+ pH OBEMNF~
sitz, pHT7.3~8 4 DEH CEEBDTOpH iz iE & A ¥ k-7 (0.03pH LAPD 28,
pH 8.5 D E Tkt A o h, ERPTOpHEL L K E» Tz, B THRERTERALL
BT pHT. 3~ 4 DEE TERLERMFONZ I LAHALLOT, 20HBETOHEROA
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Fig.3 Growth of H. akashiwo at different light intensities
O: Growth rate  A:Cell concentration
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Fig. 4 Growth of H. gkashiwe at different pH
O: Growth rate A Cell concentration

ZR4WR LI, Ch o @ pH HETIETHES, BEHREBE: v 58T, £40.63d, 3 x
10Pcellssmi-! LB} o B, AEEG T CORRELETL 2,

4. % 2

FRIOR L& D&, REBRCHERL AKBE S & © Heterosigma akashiwo DREFEME (KRR
B, L, LESETHEY, COoRBRS{oFRBBEERCHEIL TAa 5N D (Iwasaki,
1979) AV BABEME L2 TR TEE R34y min ' ETHo 28, = OEE Dunaliella

fertiolecta @ 0.15 lymin™', Amphidinium carteri © 0.1y min~*f F Skeletonema costatum 0
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0.075 ly-min~* (Jitts of al., 1964} & Fr{Evs, 20 Z &3, FHRO & 3 288 % & - 72 H. akashiwo
RIEEEODBOEROEET TTOAMEBRLIDIEETHRLTIWA LA, FhKkIIHE
el pH7.3~8 4 QHEO T AT TRROBELR R LI, ~RCBAXIEEEEIBVTD
pHEMHSIFLE L, EETR 7.8~8.4 0tifcdh 2, 20 pH ERFHOBRROBEYS5 > 2
HTHD, Lo TARAC B THAGOBIHA pH C L0 HEEE I T2 ERREL W,
HpRL 7z &9, EMBEENHETCNT 2 H akashiwo DM E W DL TOWHRIR, Btk
(Iwasaki ef al, 1968), A7 Fitk (Iwasaki & Sasada, 1969), Naragansett ¥ (Tomas, 1978,
1980) TftbhTwnd, AEEEZEDTING 480EMESR 1 1I2R T, B, E7FEKTH,
B, BRI LT, Naragansett #Ci pH BB L T ORIPER S £ 2T~ BTz 1, &l
ENTLAEME LSBT 2B Y T ARME Naragansett Bi2EE LSEUL TE D, LB,
LA THD, BEANEES£20.034ly-min~!, 0.028 ly'min 't BEGHEO BT LHE
Vi, FRCHLT, BIUHEOBEOZEBEpH 2 7.5 LEL»0HL, BEHIEDSD 27 %Ly, £7-
E7FEOEEOEM pH 2 8.5~9.0 &<, EFEEN T W~ %L ENZhLl LOBSTY
(30% 3% T) BLWiHEEARLTWAE DT (cf Iwasaki and Sasada 1968), t:L 2LESMEDL O
EWz 3, KEMN B CUTRRAMK (11 8) ~¥F L WCE w2 2BEER L, KEH,
Naragansett FRIZ¥HE{LEMRAFIC X VIBENEGESNEZ LR N EZ SN TRVWEL D%
Loy rBbid s, BUMKIAEESEpH O, Ay ArtkidE pH O -, Bon&it
TTeAEMETRTRE2b o T3 EBbnd,

#* 1 4 tkOEBAFHE

Table 1. Physiological characteristics of 4 strains

Strains Fukuyama Strain  Gokasho strain Naragansett strain Osaka strain
Characteristics {Iwasaki et al. {Iwasaki and Sasada (Tomas 1978, 1980)
1968) 1969)

Temperature -
{Optimum) not examined not examined 15-25°C 15-25°C
Salinity
{Optimum) 27 %o 10-14 %o 10-40 %o 9-31 %0
Light intensity
(Optimum) not examined not examined 0.028 ly min~"® 0.034 ly min™*
pH (Optimum) 7.5 8.5-9.0 not examined 7.3-8.4

a: optimum as photosynthetic activity.

1978 F£io, KEE Tk H. akashiwo 7R85 6 H¥a 55 10 RE)AIC 1) 30~40 BOMB T 5 [

Wbt o TEE L (BFF ef al, 1979, 6 H#)A)~10 AfA & TOKEE 20~27.5°C, #H5iE
13~33 %0, pH 1389 8.2~8.8 DIETEIL, B H akashiwo BHEFL T 3 FE (Watanabe ef

al, 1984) DFEL 0.04~ 1 lymin'OBHCH -7z, TN O DRMIRIRTHOMI I Bilin &
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F¥w BB Heterosigma akashiwo HadaD MR 1. B R T A8, 85, BE, pHORR

THdLvzd, $LHEGNTORHEL I hsDEF LB+ 2B T3, Naragansett £,
TEROAMRESE - B TEEE L BET 5, L L, B0 pH c EBEM % & DBILBROBE FHEH
IS ORET TSR MERS B EELLNE,

L3, WELHNATOAEEZRE, 6 BUME~10 R4 2 TOREBOBEIT H
akashiwo DT L » TRIFRERBEH o b v 3, LivL, ZORET 5 Bk aAERHO
F4 - HBEOARBEMRYNEFOATHBE T2 I LR TEZYL, £HFS (1979 L3k, H
akashiwo FEXEIPENT A HMCREL TV LRESN T2, BRROESEL
DIREAERBEARACEIVEZ 20, BEEOELOAZ S FRBREAROR(LLTL TV,
IDIERERTIE, BEEL LTOESBEIABRSOEEIE > TERR LD TH T L
b, PLAREEORENEBNEEZI LN, KRB TO H. akashiwo DEER, B ToOFE
RRBEEHAZL E LI, BETCEWT H akashiwo DY FEE L O TR EENHEERZRD
BAFAECTEVHESLI ST THE I,

O

FFROZBTH, REEKERBRZORTENRR L RRBRTHREROHRRK (SRHHEIEK - B
FH) DBATTITbif, FMEBNORFLFUL TR0 MERUVEFROETIERL
THSE*Bh - n=ERFEEREEHE R B#ME LT,

LI

Aldrich, J. and R.A. Cattolico (1981} : Isolation and characterization of chloroplast DNA from the
marine chromophyte, Ofisthodiscus futeus . Electron microscopic visualization of isomeric
molecular forms. Plant Physiol., 68, 641-647.

Aldrich, J., S. Gelvin and R.A. Cattolico (1982) : Extranuclear DNA of a marine chromophytic alga.
Plant Physiol., 69, 1189-1195.

Cattolico, R.A. (1978) : Variation in plastid number. Plant Physiol., 62, 558-562.

Cattolico, R.A., ].C. Boothroyd and S.P. Gibbs (1976} : Synchronous growth and plastid replication in the
naturally wall-less alga Olisthodiscus luteus. Plant Physiol,, 57, 497-503.

Ersland, D.R. and R.A. Cattolico (1981) : Nuclear deoxyribonuceic acid characterization of the marine
chromophyte Olisthodiscus luteus. Biochemistry, 20, 6886-6893.

Ersland, D.R,, J. Aldrich and R.A. Cattolico (1981) : Kinetic complexity, homogeneity, and copy number
of chloroplast DNA from the marine alga Olisthodiscus Iutens. Plant Physiol,, 68, 1468-1473.

FORE] - FROCHE (1983) @ 77« FE, AEv =27 AV, REMEFEST], 56-70,

Iwasaki, H. {1979 : Physiological ecology of red tide flagellates. J» Biochemistry and Physiclogy of
Protozoa. Academic Press, New York, 357-397.

Iwasaki, H,, T. Fujivama and E. Yamashita (1968) : Studies on the red tide dinoflagellates-]. On
Entomosigma sp. appeared in coastal area of Fukuyama. J. Fac. Fish. Anim, Husl. Hiroshima Univ,,




A & PHER

7, 259-267. (in Japanese with English abstract)

Iwasaki, H. and K. Sasada (196%) : Studies on the red tide flagellates-11. On Heterosigma inlandica
appeared in Gokasho Bay, Shima Peninsula. Bull. Jpn, Soc. Sci. Fish., 35, 943-947. (in Japanese with
English abstract)

Jitts, H.R., C.D. McAllister, K. Stephens and J.D.H. Strickiand (1964) : The cell division rate of some
marine phytoplankters as a function of light and temperature, J. Fish. Res. Bd. Canada, 21, 139-157.

Mori, 5., Y. Nakamura, M.M. Watanabe, S. Yamochi and M. Watanabe {1982) : The effect of various
environmental factors on the growth yield of red tide algae. II. Olisthodiscus {uteus. Res, Rep. Natl.
Inst. Environ. Stud., 30, 71-86. (in Japanese with English abstract)

Provasoli, L., J.J. MacLauglin and M.R. Droop (1957) : The development of artificial media for marine
algae. Arch. Microbiol. 25., 392-428.

Tomas, C.R. (1978) : Olisthodiscus luteus (Crysophyceae) 1. Effects of salinity and temperature on
growth, motility and survival. J. Phycol., 14, 309-313.

Tomas, C.R. (1980) : Olisthodiscus [uteus (Crysophyceae) IV, Effects of light intensity and temperature
on photosynshesis, and cellular composition. J. Phycol., 16, 149-156.

Watanabe, M.-M. and Y. Nakamura (1984) : Red tides of Heferosigma akashiwo Hada and Chattonella
antigug (Hada) Ono (Raphidophyceae) in the Seto Inland Sea, Japan. Res.Rep. Natl. Inst. Environ.
Stud., 63, (in Japanese with English abstract)

Watanabe, MM., Y. Nakamura and K. Kohata (1984) : Diurnal vertical migration of a red tide
flagellate, Heterosigma akashiwo Hada, with special reference to the ecological role. Res. Rep. Natl
Inst. Environ. Stud., 63 (in Japanese with English abstract)

Watanabe, M.M., Y. Nakamura, S. Mori and S. Yamochi {1982) : Effects of physico-chemical factors
and nutrients on the growth of Heterosigma akashiwo Hada from Osaka Bay, Japan. Jpn, J. Phycol,,
30, 279-288.

S H£-wiffEzem A (1979 FEERHCR MY T 2 P rER L OB DT, B
I3 EEAETRABTRESE, KET, 115-132,



EUNEWRFHERAES F635 (R—65—84)
Res. Rep. Natl. Inst. Environ. Stud,, Jpn., No.63 , 1984

n—3
R EE Heterosigma akashiwo Hada RIS
2. REHOFA"

Growth Characteristics of a Red Tide Flagellate, Heterosigma akashiwo Hada
2 . The Utilization of Nutrients*

iE fF s RS

Makoto M. WATANABE! and Yasuo NAKAMURA!

g 5

Heterosigma akoshiwo OFBEREZ REEL2 G > CHBHEET R~ L HEO D
CEFRE L TEWBEER, 7o 7BEFRWAV LAY, EBEORR
RS R, Ty o TEERIrRAAIRT, 2T s BE < FIE RS
fr. AEROEE S RIGHEA I 0.29~1.6 pmol-cell '+d'TH v, T oMlgR=RE/N
EHERR 144 pmolecell ' TH o R L LT RA N BB AR s R HBE R
BRI 8 ~120 fmolscell-ted ThH ¥, - HBAESNEHFTRIT 95 fmolcell ' T
Bt B, T Iy BuRAEROWMECDETH ok B THS H EZ - T REHED
ROREERME & K akashiwo Db OYE, L (Qwasaki e al, 1968), T 7 Fiik (fwasaki &
Sasada, 1969), Naragansett £ (Tomas, 1979) OS2 B L 7 & 2 A, H. akashiwo
Al ey SHOABARMCRLSBI DD 2 EHEAL Y,

Abstract

The utilization of nutrients of K. gkashiwe was examined in pure cultures, using the
Osaka strain. Nitrate and ammonium served as good nitrogen sources. Urea was not
so well utilized as nitrate and ammonium, and the amino acids examined were not
utilized at all. The minimum cell quota of nitrogen and the nitrate uptake rate were 1.
44 pmol-cell™* and 0.29-1.6 pmol=cell=!+d™', respectively. As a phosphorus source, only
orthophosphate was utilized. The minimum cell quota of phophorus and the phosphate
uptake rate were 95 fmol-cell™' and 8-120 fmol-cell~'+d"!, respectively. Iron and

* A/, Watanabe, MM, Y. Nakamura, S. Mori and S. Yamochi {1982) 2 £ 9, Jpn, J. Phycol, 30
(4) p. 279288 W BRFR S NEHLO-HEF LB LOTH D,
Parts of paper were appeared in Jpn, J. Phycol. 1982, 30 (4),. 279-288 by Watanabe, M.M.,, Y. Nakamura,
S. Yamochi and S. Mori.

1. EirAEPRE AEEBREE T 305 REBHNERS TR 16 % 2 -
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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vitamin B,, were essential for growth, These characteristics were compared with those
of the other strains of M. akashiwo, the Fukuyama strain (Iwasaki et al., 1968), the
Gokasho strain (Iwasaki & Sasada, 1969) and the Naragansett strain (Tomas, 1979).
The alga called "H, gkashitwo™ is composed of at least three physiologically and
ecologically different races.

1. @FLaic

HigkiZ & 0 (Watanabe & Nakamura, 1984), SFRNBEARBS)#TO H. akashiwe OFRE
R OYRBLERE (KE, B, BE, pH) &, H akashiwo ORI AREETH - 12
ZEMHBRUL, LrL, H akashiwo OFREIZFEVBICENRET CHRE - HEOBES{
BOEVEL TR ZL»s, IheDRFLo0ATHRERERERELR TS LR TER L,
DUAABOTHORE - HEOBRBICIRBED 2LV BB FRENTE D, BEHETD
REEOBEOM & AER URHERT T H akashiwo OWIFE & 3B E L OMERER® &6
RPN T 2 LBEMSEIRTERS U,

H. akashiwo O£ HEFRIFE, BCEUSE (Iwasaki ef al, 1968), H ¥ Fitk (Iwasaki &
Sasada, 1969), Naragansett £k (Tomas, 1979) TREhTw3, AIETHERsNTH2 H
akashiwo DREEEEH T, Th5OEMCERNEE b7 5 TYERAFHEEC B W TERYY
WWEELZERMSASNTWVWS (Watanabe & Nakamura, 1984),

AHETIE, H akashiwo DIEM E REIE L OEMNEEEEEFRE#BIRT 2 -0 O RN
Reds txHME L, RREORBEFARBOREZHOKOZh LB L 22 mIcT
%o

2. MEEHE

ERIHE L - Hakashiwo DX (OHE— 1) RUMEMOMBRIZEER (Mori ef al., 1982)
DeBHVTHD, REANBEBNFICEUT, SHRBEHEORB+HRICTTIE{ELS €,
SEMZ 0 M @ EDTA THL— k&N, ZOBE, EDTADBERSBEEOLS LI b
5F—ETH5,HEHKIZ 1I8X200mm OROFBRET WmlfEsh, A — b7V —7THES L
fro WEHFEHELBROLEBERPTHIO MU 1~ 2 BRFHIEE S 78505 100~200 cells
ml ' OBETEERBETCEES AL, MRELOLERBEOSBE T TORMEZ, AR/ 4
A ToVIERE B A TEES S BMEORIRBE R ME TS I it Lo TR A,
WEiE (NO;-N) RO »EE (PO-P) oMiBNE/ NEERRUCEREEET 2 ER T
i, S00mlDZ=EA7 7 A2 200ml O N-FHIRE#M (NO,-N 387 50 pM) % 72 12 P-HIRS
(PO-P##15 xM) 202, A—F 7 L —7HBERCINRZIXEPRERE 28 %
100~200 cellssml' DBRETHBEL /-, HEOFIEEH 13 00~14 1 00200 THRENICTDL
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i, ML L A NO-N 7203 PO,-P BEHSHIE S Wz, HIMEOHIEIR Sedwick-Rafter
BAw YT 4y 7F vy i—(1 ml) #HOLTFG, S NO-N #7-it PO,-P BED Sz L
TRBE % GF/C7 4 V¥ —T 38U, D NO-N 4@ PO, PEF 2 =0vd— b7+
FAY— A IERACTHEL:, BZ TONE L@ P OMINSERRTRICL DR R T,

q=SfA‘,tS (1)

(DT g 3% t TONZ R POMENSER, NEER  TOMIEE, SR cofE
NO,-N 7012 PO,-P B, #L TS BNz EZ2PRBETCTRIV DN 3,

S5=8+N,* ¢ ' (2)

2)F T So i IR (NO.-N %7013 PO,-P)BE, NIIVHIIERE, £L T mRNEZRZIZP
OFRENR/ISEE (minimum cell quota) T, #¥E NO,-N 2721 PO,-P s 2 L9, W
DRI A D RECHIREE (V) o8 ohzr 2t 1R E2REIV TFREEL A KD AN B,

G :ﬁ (3)

NO;-N 27242 PO,-P O BEGHE (V) &
__dS '
L r 4)

TR ENGE, I T—dS/dt iFETO NO,-N £ PO,-PBREOB/INEETH S,
T&tmi%%&i 20°C, B fasr et s BT 12 BeREEHY 12 BRREHEHA, 0.04 ly min ' DBEETF T
T, HEEEIL STP 28t (Provasoli ef al., 1957) #*HwTiThhi,

3. R

ER (N) RO SEEERL LT, HBBER (NO:-N) RU7 vy 7HEEX (NH,-N)
L LA sh, BAMAREE45X10°cellr-ml ' 1 mM B E D NO-NE U 1 mM @
NH,-N Tfohi(H1), HHESE 2 mM O NH,-N TEFASh08, HiEO NO,-N T
BRaotahot, FREBERELTRSE (C0BES, BRI VRT7T 7402 —T28HE SN
72y RUA3EO7: /8 (FSVyy, DL=735=, L—-20% 3 >8) OfASFAsRH,
PR b ORREOATH- 2, L, RFER NO;-N, NH-N B BHRAcfEsh
Tull, ,

fMiEOMAE IS NO;-N OREGEE o4&, MlkNaFROECR iR/ SHRERD
% %ERIX 57.4 uM @ NaNOQ,# Al N-#liREHE - T8 BEich e NiThbh (R 2), H#
DNO;-NHESHBICRIFEA L { kot HNBER THEHZ THEL, RRARAREE 4 X
10¢cellsml—* ThH -7, 3HL D NOHBEANR/NEERIZ 1.4 pmolecell KD & 5, BRI
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1 H akashiwo OWHEIZ RiZTERFEOE
Fig. 1  The effect of nitrogen sources on the growth yield of H. akashiwo
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Fig. 2 Changes of ambient nitrate concentration in medium (@), cell
concentration (O), Va: nitrate uptake rate (&} and cell quota of nitrogen
(&)



B EFE Heterosigma  akashiwe  Hadaigaaestt 2. EREOHA

¢,ﬂﬁﬁﬁﬁiuLMNZRpmMTﬂ”&UNOwaﬁﬂﬁEMOl%ﬂﬁpmMTw”dJ
OHEATELL, O FhL LIESERCEEL Ty  dHBREEBEEZFL L,

) (P) BofA: PHELT, 7)xoy B (8-Na,CH (OH),PO,-5 H.O) b A v b ) >
B (NaH,PO, -2 H,O) R~ hiz FEOBMEEZA v b U B (PO,-P) % P & L:FD
LAEE AN, BAEREBEIZ 30 4M L Lo PO,-PREZ NIFFRENL (H3),

Celi conc. (cellsiml)
~
T

1 ]

80 100

%0 50
[Fe?] o

3 H ckashiwo O¥ERR RT3 POP Oo%hR

Fig. 3  The effect of phosphate on the growth yield of H. gkashiwo

SRR S PO,-P OBEGHE r MIBASEROE LR VRN SERERD 2 HR
it 5 uM @ NaH,PO, » 2 H,0 % A7 P-HlREH % fioT W HMc b D Tbhl (B
1), HED PO-P IR 6 BERIZEA Y Aok, MRBEE 8 HE X THML, RFHiRRa
i1 5.8%10%ellsml ' TH 57z, 3RL D POMBASNEEEE 95 fmolrcell™' & R® oD, &
P HRIN 2 B2 95~220 fmolecell™?, PO,-P BEGHE X 8 ~115 fmol-cell ' -d O EH TE (b
L, WFRLHIFESERCEEL Tws 1 ~3ABREREZ T L,

BESRE  MBELEOERER, Fe, Mn, Co, Zn iz DWTHE~RRE, ZaA50 I3 5, Fe DEKRM
DAEHREES I, 10~20 uM OEE THAHMIEERE 4 X10°cells-ml-'HFs e (K5,

Ea IV By VEOEREIR, Y3y Bl EF 3 VBHES, (Provasoli, 1963) #{# -
Tiibhi, FOREREES 1Y B0 AKROMEIILETHY, ©F 1 VRE S L5 HER
HEizashimroiz (H6),
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Fig. 4 Changes of ambient phosphate concentration in medium (@), cell
concentration (O), V,: phosphate uptake rate (A), and cell quota of
phosphorus (A}
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Lcellstml}

© 53 added
* 5y free

el Tone.

o o 1 10 100 1000
[vitamin By] (ngs1)

6 H akashiwo OWHECRIZTES I OHME
Fig. 6 The effect of vitamins on growth vield of H. akashiwo

4. % B

BRCTRLI LS, RFENE, PHELEREOLORNALL, ARERRCHEL TRE
FOBELTHEHALLEEET, 7 /BRE[FATIIENTERD o1, &2, HORK
WMHEERES 7)) YEE2FATLZ L SREIN TV B (Mahoney & McLauglin, 1977 ;
Iwasaki, 1979), ARRFAL 2ol lLds, TAB) 72 A7 75 —CERE bRV LR
:?531%5:, FEHEONEPOMBARNEHRIZS41.44 pmol-cell™' & 95 fmol-cell”' TH L, 2D
i15.2 LEEAENS, CON: PHEMMOEYN 75> 7 b o ic @i A 5h 518 (Strickland ef
al, 1969, Rhee & Gotham, 1981) kw2 2, LA BHONT L POMBENESERERTENS
OBEREE SRR EWERETLEY, SX0BBERVL T OHEAERCHEELTWE
FICEONT, 0L ns, SRNAHE L BIGEE N - THECBET 5 2 LTRSS,
ZOEBEAGREE, N-Xd P-4 TEFESZTERANLTHSL I, _

EHEANTRE LT EREREY, PH: L TESEY »£20HL, £7N, PrMET 2@
NENEEE (gn) PHBEL I b s, BAD g T H akashiwo FENFET 3 6 ~10 BOAR
BOTFHM L EHESER (DIN) - 3E8EY > (DIP) 0BE (S) 28570 (Y=S /g.®
KAEXBT 2L kY, NERPOED & 4% H, ckashiwo DRFEOBIRET & 4 5 2§ T
BILNTE D, ZORBERCTT, E0/A80 ¥ HERT HoHBRT L anansH, £
2#HLEON, POUTasnBBRT Lo T2 0¥ T2 2L TER Y,

BRICRELEI S, EROBBCWEN, POaAL ST, Fe, £ 3 v B RTH >z,
Yamochi & (1983) #'KIRE T H. akashiwo OFBAFLE L T v 3 BHROBAT H. akashiwo %
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# 1 SRRV v cl8T % Helerosigma akashiwo OBENR/ISH R (gu),
FEBTOEAKNDER -V VBE (S) RS/t
Table 1 Minimum cell quota (gn) of Heferosigma akashiwo, ambient

concentration of nitrogen and phosphorus ($) in Osaka Bay and S/ g

nutrients dm S Y'=5/4n
“ (pmolscell ) (M) (X 10%¢cells*mi-1)

N 1.44 11—14 7.6—9.7

P 0.095 0.6—1.0° 6.0—10.5

a. Concentration of total dissolved inorganic nitrogen {(NH,*+
NO,"+NOQ,") after Joh et al. (1978).

b. Concentration of total dissolved inorganic phosphorus after Joh et
al, (1978).

o7 AGPRE ATz L &, T b a—MEAAON, PERIZES I > B, DEMTIXEED
RELASNB P oT2DWHL, FeQlMTIEELVEMEENRSEES L, COZ LR H
akashiwo DEFEHBHE L 2> TV OE Fe THE I L 2TBL TS, S, N, PrHAR
W, Fe V% 3 v BLBEORRBTORMNLRER VAEDOIEHEL Fe RUFES 2 ¥ B, D
RARMEERESH K TALERH S,

RAxshlMEERO > 5, Fe, Mn, Zn IREOHECLATH L Lvub T3 (O
Kelley, 1974), xER Zn 22 Mn RZRETHBRADEHEELT L. LiL, ChoDEE
SR L TRV B ASP— 7 0 F 28 TH D NaCl, MgS0,- 7 H:0 0 ERIcHE
RS HEELTVE, B EARRIOBEL TV 2L Mo, ZnBTHOMETLI LD E
Hbhi,

H. akashiwo DHKBFHATEEE, Btk (Iwasaki et al, 1968), H 7 Atk (lwasaki &
Sasada, 1969), Naragansett ££ (Tomas, 1979) THE<ERTW S, Kikr & o ¢ RO G
FIARELR 2 R T, RIURIER TR pH %, EERVBESMH 2200 TH 54 (Iwasaki ef
al, 1968 : cf. Watanabe & Nakamura, 1984), #BEFRAPETH S Vea) LEEFHTE
ZETAK, ThbbABRERLZ, 0L 5 2 EUBRO MR ITEL BBk OREDOK
ELERICASNEHOTHY, BNFL L 3EKOREARAIBIUBOAMB I 2< EL
SN T (Iwasaki ef al., 1968), 27 Ayl E pH &, ESMEQ L O TH 34 (Iwasaki &
Sasada, 1969 :cf. Watanabe & Nakamura, 1984), H#uEL®, H8EY v 27BTsE, 27t
B,, L4+ purine, pyrimidine RO E P 3 Vi A VMESELCBEs LB LW S HEOEE %
boTwad, COBMKLVAYFREEpH T COD DBWEREBR TREMET T O L E 2L
5N Tuvd, Naragansett B & KERiEE, #hnod@BU TH LR, EESM (Watanabe &
Nakamura, 1984) iz, FEEFHBETLHECRIULEEEL>TH D, NOMBNER
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NEBRIZE224.00 pgeNecell 'K 1F 20,16 pg+N-cell ' LIEBOEET L, PLE#EDLDL
PHETER YV, IO ERAKE b RBRESHK, BEE) 8+ Sh T 2 REBTTXE
T2 LERBLTVLES,

* 2 4oL ERE

Table 2 Physiological characteristics of 4 strains

Strains
Characteristics

Fukuyama strain
(Iwasakr ef al.
1968}

NO,-N and NH,-N.

Gokasho strain
(Iwasakl and Sasapa
1969)

NO,-N and NH-N.

Naragansett strain Osaka strain
{Tomas 1978,

1979, 1680)

Utilization of

N-sources

(Urea was utilized.)

{Urea, uric acid,
asparagine and
arginine were

NO;-N and NH,~N.
(Minimum cell quota
of N: 2400 pg'N-
cell™!)

NO,-N and NH,-N.
(Urea was utilized.)

{(Minimum cell quota
of N: 2016 pg'N-

utilized.) cell )
Utilization of PO,-P and PO,~P and PO.-P only. PO,~P only.
P-sources glycerophosphate. glycerophosphate. (Alkaline
(Adenylic acid and phosphatase activity
guanylic acid were was not detected.)
utilized.)
Utilization of B B2 not examined Bz
vitamins {A little growth (A great growth
enhancement by enhancement by
vitamin mix 5;) purine and

pyrimidine.)

HRRCHELET 2 EREEOBRIEE —RHOBETO 7 v — v EBETE 2 ERFORET
BHTHZ 720, LKL > TEEOAF TLEEEGR DL L LBELEFIEEREENER
BLichidnennI EXERENLTW S (Gallagaher, 1980), H. akashiwo @ 4 ¥RDE % Ll
LD 5, H ckashiwo OBREFMEERHOBETFERNTHI EL N, TOROEESR
i —BEIC L REORETFEM S (niche) 2BS5 L, FERBC L3 LER2AS, L
L, ThodBRoBEORSRErEdiz boTLaRL, ShESEOEENRER LT,
W+ 2orT, JVEROHIEBRENAR»Beoh s LEbILS,

E

FMEOETE, KBERKERFHEORFLEFER L FRRTREGROREE (MR- B
FH) CBATTirohl, ZREH ORREFAL T LR OLEERUFIRORTIINL
THIE 2> L ZEAFSINEHERICE BHRL £,
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II—4
FMEPER Heterosigma akashiwo Hada ® BAEEBE,
— R T DEROERICOVT

Diurnal Vertical Migration of a Red Tide Flagellate, Heterosigma akashiwo
Hada, with Special Reference to the Ecological Role*

WA R BRERES - RBHH

Makoto M. WATANABE!, Yasuo NAKAMURA® and Kunio KOHATA"

E B

WP TR AN L R R 2 FER T 5 Helerosigma akashiwo 7 B W
BE - EEERE(NO,-N), #0 + U YE (PO, P)ENOERE L MREE T TREL
oo 12 BERRA A 12 RERAES A O PARS AT 7, H. akashiwe WHP B B WM ER
#EL, TOLTOBSRBERT Y BAREICAITL TiThbl, L L, HBsEEn
HFA~R a0, ol AN T oo st AU EERE 2 R L 2B D 1E
BAERL-s 2 Thote, H akashive OB H1F % NOy-N, 74t PO-P ©ER
FEERHTOFNOEL4~100%, 43~10%TH /. ZOMEBEE - HEEFECH 2
BEME E B B E L, Lo THEED NO,-N, PO, -P OB IR &4 CHREZEE
LS50 nEni s,

H. akashiwo W BERENERBLREBEE*BECECEBOME ARBENCBEIL 5
ZEES LKz NO,-N, PO,-P #BHL 3 2803, Bk i 2 K@D EEEORE
WRkELBHERETLOTH S ISR,

Abstract .

Diurnal vertical migration and diel periodicity of nitrate and phosphate uptakes in
Heterosigma akashiwo, which forms heavy red tides during the periods, when the
thermal stratification is striking, was observed in laboratory cultures. This species
concentrated at the surface in the light and at the bottom at the dark under the 12 : 12

* KW, Watanabe, MM, Y. Nakamura and K. Kohata (198332 £ 0, Jpn. ]. Phycol. 31 (3) p. 161-166
RBHINLBLO—WEZEDRLOTHE,
Parts of this paper were appeared in Jpn. J. Phycol.1983, 31 {3) p. 161.166 by Watanabe, M.M.,, Y.
Nakamura and K. Kohata. ‘

L. EAHEFER AEISERSENR 7300 RERAETSHMELTIIN16E 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-riachi,
Tsukuba, Ibaraki 305, Japan.
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L./D cycle. The timing of descent and ascent did not coincide exactly with the onset or
end of the light phases. When the culture was transferred to under the continuous
darkness, about the half of cells migrated with a similar pattern to that in the light-
dark cycle and the other half concentrated at the bottom all day. Dark uptake by H.
akashiwo was 41-100% NO37 and 43-100% POI- of that in the light. Nitrate and
phosphate uptakes were less affected by light conditions in this species than in coastal
diatoms. The combination of diurnal vertical migration and the ability to take up
nitrate and phosphate at night probably gives the species double ecological advantages
over the coastal diatoms in the thermally stratified waters. The migratory ascent at
daytime maintains this species in the euphotic zone and the descent at night makes
sufficient nutrients available to this species from the nutrient-rich bottom water.

1. 3w .

P AHEARE T O Heterosigma akashiwe 7R KRERAREVLIRHCRET S, 4B
REFEE T L, REBRKIE - LFBBCELT 2, TOLIRELRZ~IHOLT PR
HBRITEC208ETH 2, CORELELEFEOT I RAHERE (£=0.65, Watanabe &
Nakamura, 1984a) #2i3 THEAT S 2 L3 TE LK,

FBPERSHAEEREETD L@ EFE(HEEINTED (Hasle, 1950, 1954; Eppley ef al.
1968; Blasco, 1978; Stalker & Bruno, 1980; Heaney & Eppley, 1981; Kamykowsky, 1981;
Cullen & Horrigan, 1981), ¥ ¥ oM HPRBAERT 2 2 LA I CRELL ML
LEETOERBE ELHMEE T :EZRTWD (Iwasaki, 1979, 72, Gonvaulax
palyedra BEERIME L L b CRMICKRBELBRT 28202 s, FEBBHIRENC
BWT G polyedra BERI I 5o THLOEAE2ERL T {ABKERZHRHE 2R LT
2rERENTV:S (Eppley & Harrison, 1975; Harrison, 1976),

H. akashiwo WHL Tid, FHBECE W THFENEHEF - KEREB~ L EEBBET> T
WBERZE, ) UyEEBENSEETLITOATVWAI L2 EEBHAREHCE T 5 H
akashiwo DEEBFOEHEL CRABERICEELRFE2EL L T3 I AFEIATVS
(Watanabe ef al.,, 1982), L2 L, BifRE CREERH L OHE S s FE SN FHERNOBA
Ty v OACRON, DOERNIEBHINTHL ARV I LBSEOBEL L TES W HET
Hoiz,

AHLvit, VERSTOMESSEEL, RBEEH I EBHBBEREVEREHETTH
akashiwo 5w EEBE L ) VEBERUCHEBRERIEEOLLAAEL, BREEBE O EENE
HiZDWTRHBT 2,

2. MBrHE
EEICER LR, KRB & 0 A8E#E L7 H akashiwo O JE TR (OHE-1) T, %7 —




HHHELE Heterosigma akashiwo Hada o HREEBE——F € DEBRERCI DL T
& OFE I PRISE T U2 (Mori ef al, 1982), EE T T < TEE 22.5+ 1°CT{ v, XA
BRI LD EAL DG SR, BEE .04 lymin  ORET TTbM,

HEEEHBS . FRCEH:NLEHRZEE /o, RER cn OFEREOF 7 AE T, 7 OEHE
EEEREAASHVEISIBE T Lonh Y EbI T w5, 55 U, 500ml @ /254
(Guillard & Ryther 1962) #SA - 1 1D=F7 5 A% 2fli4+— 7 L --7EHE (120°C, 20
min) U, %240 H. akashimo % HAEL 12 5TE9THT 12 BUIREHR (8 1 00 2508, 20 1 00 )
CHEERAT TASE LT -7, MFBELSH 1 X10%cell-ml-"iZ#E L7 & & (TR T ORI
B Tw3), 2EOEEEA7I A 2056501 | OSRERS | BORESERAERER
Bans, BEnREIIREHEO S5 (00T, IRMBELLE HHKAZ8 10055 1~6
Bk 2wRE, T8 BEBO 3L 702y bR FL, RBORRERI ALK
AR 2 mlERLL, SNBCERLSBOBE*BERPCHLICMAZ I LI VBEEROR
BRET 20675, HBu 3 BRSO oA, 2 BRI 12 REREHRE 12 REREEE A O RERE & 4 7
TiThbh, JHEREGRET CIThil:, HREBEOFHIZERE /4 vy 2 MR ER %
ERLTIT>7,

THEE (NO,-N) B U 1) B (PO,-P) 0IBER [ (HF & R BRI B IE ASP-T 88T, =
R PRRE 1T L 72 (Mori ef al,, 1982), NO,-N EEEE Tt NaNO % 100 4M & L7 N
-HIR D%, PO,-P BIEER T NaH,PO,-2H,0 # 10 uM & U7: P-$IRE % B 1z, B4
DM T H. akashiwo DHIBIBEE S 2 X 10cells*mI"WE L7z & & CoHERa), sk
EEERIL, HEBERUAKD NO,-N £ 73 PO,-PEBELHIEL -, BIEAEOEME
Watanabe & Nakamura (1984b)ic ¥ °7-, AEERIT 12 RRRIEE 12 BESHOBEEEY 4 2 LT T
Thhiz,

3.8 R

BRAZE®E . ARl X 50, LRI S AME G o0, B0 2 B 12 BRRE8EHA 12 BFRS
OB 4 7V TFTfTbh, JABCSLTERBEHOSFET CiIThiti. 1K IOER%E
TLtze H gkashiwo 1 12 FRREEAHD 12 BERRE IO WRE 04 2 AT TH, 2HEE S APREEIC,
HERREBCEBL L HPTORBC B T2 B AHBRBER 1 X10cellsml-' Th - 1223, HHIC
25 RBOMBRZEEFEL DAY LLERE, ERTIRRHRBER 2.5X10°cells ml iz b 5%
Lize BARUTHE~OBEREIZIHRAT 0 2 2 B5 L 2—R L TS5 6 ¥, KAET 28 TR
~OBER USSR T R LI ANOBESHER S A, FRERE 3 BB IEREHORE
o, SETHECHEL TOABATRERC o2 0 OSSR - THwo 8, FHuC
Bl RE~ERL (B0, 26 LTRBLEB A RVERT B2/, LL
20 00 LA IR v _ T OMBESER~BE - £/ L7z, ZOBRIR, H¥HROBRSEEY 1 7T
EECEEBBETY, BOR—HFEBCERL TR I LERL TS,
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1 14 17 2
I 0 L

' 1st

S
F 1 - 2nd

1 7

] 3rd

1 BHREEEIT R UEESREET T 0 Heferosigma akashiwo O 0 HEEEE)
Fig. 1  Diurnal vertical migration of Heferosigma akashiwo under a light-dark

cycle and under a continuous darkness
s : surface, b : bottom

NO,-N & PO,-P OIEH : [ 2~3 Lk k542, H akashiwo DMISFEIES & 00~11: 00
EHTTRID, VRSB U THARD NO,-N 21 PO,-PBEE#IF L L (E 2
~3), BBIR CEEATO NO,-N £ PO,-P OBEGER (V)1 FIC & 03ke & hi,

—_d5
V= dt/N

ZZT—dS/dt EHEURMTONAED NO;-N £ PO-PRBEORY T, N IEEBETH
Lo, LR TRO LM HHREEETO VERRICRIATWwE, FO/R, AERBEETY
BT & NOs-N, PO,-P 28U T2 2 2 L8¥HE Uiz, BEHITO NOy-N #7243 PO, -P HEHGH
B2 BEEO %00 11~100%, 43~100%TH -7,

4, # &
HRACBY2EEROBREMIRLFL Y FNSOBEBRSMCE TR TS, BT
YO OBMBTEREC Lo T LBESBY S (cf. Sournia, 1974), ZO7H, BRATRES
BORTEEBRO Y — > FERCIET 5 - L SEETH 2 BEHE L, SHEHOMBEERT
DEBIZ LD, H akashiwo ZXOBEH 4 20 ) ALGUTEBEBE 2T Z L 88 am E
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= 1 BHEER UFEEHEW 4313 B Heterosigma akashiwo O NO,-N (V)% PO,-P
(V) o> BEHGH BE

Table 1 Uptake rates of nitrate (V) and phosphate (1))} of Heterosigma
akashiwo at the light (L) and dark (D)

Va ¥,
Speci h D >
pecies s Lor (fmol-cell-'+h™'} (fmol-cell'-h-1)
H. akashiwo 0800-1100 L 59 4.7
1100-1400 L 54 4.2
1400-1700 L 24 2.0
1700-2000 L 24 2.0
2000-2300 D 24 2.0
2300-0200 D 24 2.0
0200-0500 D 52 3.1
0500-0800 D 39 2.8
4 r70
T
E
O 60
= 3
: =
: S
X 2 150 o
=z
W , 40
8 14 20 2 8 14
Time (hr)

2 HAREEEAT TO Helerosigma akashiwe OIS E O WA UFH#E NQ,-N
BEOED
Fig. 2  Increase of cell concentration of Heterosigma akashiws and decrease of

ambient NO,-N concentration under a light-dark cycle
O cell concentration @ ambient NO,-N concentration

oll, AEBRTRONLERRE, HHEEB~LBBLERT 2 L) /¥ — 1, Yamochi
5 (1982) BARBENET H. akashivo O BREMAOEEAFOHEAELERE L HERE &<
—HLTwd, ZOIrE, ZOL20FEERERORESMBOERELRECEAMOBEERS
MO THRIEEFRRLT VS,
H, akashiwo @ b5 £ 723 FH~OBENIIEAEEY D 1 2 BAic 2T L TiTbhiys, RO I L
J
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E —
34 6 =
= 2
o
b S
% i
Vz_i 5 w
z

14 [4

| E— S,

8 14 20 2 8 14
Time (hr)
3 EREEREIT T@ Heterosipma akashiwo ORI E OREMAL U4 PO,-P
BEOHS
Fig. 3  Increase of cell concentration of Heterosigma akashiwo and decrease of

ambient P’O,-P moncentration under a light-dark cycle
O cell concentration @ ambient PO,-P concentration

FERCWL D DOBEERETHE SN T 5 (Eppley et al, 1968 ; Heaney & Furnass, 1980 ;
Kamykowski, 1981 ; Cullen & Holligan,1981), Cachnia niei e U Ceratium hirundinells Ti3 %
NPT A 7 VT LEGEB T KBS h L & TH, BBV A 2 AT CRLLEEBH O/
F—vEBRLEIEDS, Y= T4 72 ) XANIASREEHOHBRESECESL Ty
B LaREANnT 5 (Eppley ef al, 1968 Heaney & Furnass, 1980), L#L, H. akashiwo
PHEGERTICB S R ROMBESHEE Y1 2V FERBROBEBSE Y — v 2R LI
T, BYVBERBCERL 22 Thotz, LTBERRLAHELEBCERL: X 208
M3 Ao rOEEFEROZRSH I D EHEASNEL, ZTAVATHL»RSEORETSH
5,

4o, BEBETTEOR-HERIE, PESETHSE L2 b0 (Watanabe of al., 1982) ki
TFRE-TWDS, FHBWETORERER, ARNERE2»E->TEHEREL, H akashiwo £FO
Sy FOENPNES A5 VI FETH 1N, BEREOBOEREOBE L RO R
Lot NARIRRLCZ, BREOEHSORESARHOEETERCHECE a7 0w
Bt LoBRL b7, SEFHI N FER, H akashivo OSFOERREEHT I r OB WL
R LRI TR SN TED, £ IERE H akashivo DEEBBO 5 — 2 #BELTLS b O
EWwia,

— R EERFHMIE 2 OBCEERESTEL, RBUETRERREESERCEEL T3
EETHEL T (Holms e al, 1967 ; #lH, 1975}, 20 Z &3 H. akashiwo SFEOHEL H
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THEsEES, 1979, 20X ahfETE, HAEEBRSREERE_EofRxr 51 5L 2
nNTwa, $bbh, HPORFOERIZTNLXFABEIR- T2 L, RUEBHMOBERE~
DERE I 2EREDEEEEKkDICHEIY S 2L %% (Holms ef al, 1967 ; Eppley
et al, 1968 : Eppley & Harrison, 1975 ; Harrison, 1976), O RBAERE T % 258 dEY 7
FY 2 b DELALSEARIVBECEEEZL-TWAIE»GEZ L L, BY2RBERTRZO
BENE L RLER L EATFERE I 0EFRIBBL tnidy, BEEAERT LI ENER
BYcHR Lo e 2 508, BEHLSHMCKBRRABRTELI LI 0L D, H
akashiwo DS, MEWRTORBRT L CTHBEE 2 N 7003 PO TORBEE X, Al
D FNDBR4~100%, 43~100%THotz, TREFAL T, EROHREFATOXRMD NO;-N &
NH,-N OfBGEB AP0+ 0o 1/5~1/10 TH B EnmE3hTWw5 (Eppley & Harrison,
1975), X SR KEE T H akashiwo ¥ U LTS SMHH T & 2 % Skelelonema  costatum
(Yamochi ef al., 1982) E7EMITIE Brhk o NO,-N OSERAEL < HiET 3 = & (Eppley ef
al, 1971) RUPO,-P O®MEERIE L A YA E&RE VI (Watanabe of af, 1982) #3E X
hTwa, Uhoztvs, H akashiwo ON 73 POBBIIERO #Fh & LR THERF TS
BYRELZZRIRWEWwEL, Z0ZE 00, N-37-3 P-RHIBETH2REBOEEL LEHR TR,
H. akashiwo O THREESEPERE L 2 2 -ABERAEHOIXCHAFS FL O L BATR
3,

Yamochi & (1982) iw k5 &, KEETO H. akashiwoe FEOEZW O EE AR Fe-FIRAE
TholtdnTui FeBOMBERL EBCEBCHFEL TWR Mo TS I
D5 RS, 1974), SBAKEETO H akashiwo DEIE: ERWIEE T 5 - 023, REOEE L
Fe B r 0BG ERNCEBRT20EXNH5 5,
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Effects of Temperature, Salinity, Light Intensity and pH on the Growth of
Chattonella antiqua*

PRS- ED F

Yasuo NAKAMURA! and Makoto M. WATANABE!

g =)

WRFHNBTEERMEBRT 2 7 7 1 N8 Chattonella antiqua ORI RITTRE,
5y, BE, pHOSR:2WE 7 o— P H2 AW TN L, 2EER 25°C, #5254
%o, B 0.041ly » min ' LI TRAOMI AR L, pH Ao RiZTRHER
7683 DWEHTHBEE TR, BFRNBRBT274 ALV AEERLOLED
5, C. antigua FEEHC @ ARDFERE~O LRNEELREO 2RI LTHE I L
PRBEhic,

Abstract

Chattonella antiqua (Raphidophyceae), which causes heavy red tides in the Seto
Inland Sea, Japan, was placed in axenic clonal culture by micropipette washing. The
effects of temperature, salinity, light intensity and pH on growth were monitored.
Maximum growth occurred at 25°C, at salinities between 25 and 41 %, under light
intensities above 0.04 ly » min~'. The pH effect was not significant in the pH range
from 7.6 to 8.3. Comparisons of our results with those from fieid observations suggest
that the development of the C. antigua red tide is strongly temperature dependent,

1. Lwiz
FE (BEEOREREM| X -7T, BESUORIRETHDL, LIt TEOREREL
BHoehicL Tk, FEEOME+BERTFOENR: L TEEL TS LN ETHE

* K3t ]. Oceanogr. Soc. Jpn £ 30#% 35 (1983) pll0-114 RSN LAEL Db DT
Ha,
This paper was appeared in J. Oceanogr. Soc. Jpn. 1983, 3%3), 110-114 by Nakamura, Y. & M, M.
Watanabe.

1. EAEWRA AELEEREE T 305 REFREEGHEENF) 16952
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Tharaki 305, Japan.
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(Iwasaki, 1979),

FRECBWTR, BRNBTRBZERT 2 5 7 4 FE Chattonella antiqua O FEREEE, B
BRI RIZTRE, £, BE, opHOBMELENL, C antiqua FREREC 2D 5 IO RS
REOUBITOWTEET 2,

ik, AEOBEMEENEG, S (1971) RORs (1982) wk - TBL —#EkEah T3,
LoaLiss, CheDHEgR, HHECRETRERTOMRLIHER W X - TO A5 L BMHHE
B ko TRTEL T, g7, o (1982) oRGox s8R, BREE%HOMALT
IBOEBERORIICH o, LiztioT, —HEBRETOBRLRVERVUEDONEM, D
Bit, FREOEROFEFEAL TR Ew,

2. B HBcHELOWT

1978 £ 8 A, MFAEBEE LD C antigua DHBBEEKEFEL, ThiEv {70y M ES
BirvEEso— >t (Ho-1) L7,

s, FlooBRUCATEKHBEGFER L, i, A -7 Vv—7HEET-
2 (F&1),

= 1 HIZMOHR

Table 1 Composition of H-medium*

distilled water 970 ml
NaCl 25 g
MgSO, « TH,0 9 g
KCl 0.7 g
CaCl, » 2H,0 0.3 g
NaNO, 25.5 mg
NaH,PO, * 2ZH,0 2.3 mg
N-metals** 30 ml
vitamin B, 0.2 pg
thiamine 0.5 mg
biotin 1 ug
TRIS 1 g
NTA 70 mg
Na,5i0, * 9H,0 10 mg
pH‘lt S . 0

* Salinity of this medium is 30.2 %..

* % 1000 ml of N-metals contains : Na,EDTA » 2H,0 1 g, H;BQ, 1.14 g, FeCl, * 6H,0 63 mg,
CoS0, » TH,0 0.94 mg, ZnS0, + TH,0 12 mg, MnCl; * 4H,0 32 mg, CuS0, - 5H.0 0.17 mg,
Na,MoO, + 2H;0 0.2 mg.

+ « + pH of the medium is adjusted by addition of HCL




Chattonella antigua®¥F B2 TEE, B, BE, pHood

BT, 500 ml O E &S 1,000mI =A7 7 A2 2B L7, HERER-H 2 C. antiqgua
% 50—100 cellssmIT'OBETH 22 &, 12:12LD 44 ZAF (08: 00 &7, 20: 00 L) T
BET-, EhoBE AT EFE (QSL-100, Bio-spherical Instruments ) = THlE %
fTotz0 C. antiqug DWFEIE, 1 ml O EMEEF EFEMBET THEL CHE L, §HidE 2
EBIOHEETIR2AC 1R, ThllE, SEHETRERIBR1IBOFETIT >, &5,
C. antigua ORI 020005 08 00 2 THHAMICHE & 5 - (Watanabe ef al,
1983 : ohff « &5, 1984), > 7V I RUBEIZ 13: 00205 15 00 29T 272,

PRI B 2 EEE (¢) &, KAORDBREZIVFHELL !

InN =InN, + i

2L N = 0 TOMBBE (cells-ml™), Nt HEBX B 2HBBETH S,
TRTOEBREIKE2BL ERIEL TIT-7, EEFEREIE, STP 54 (Provasoli ef
al, 1957) ®2FEHAL,

I8 R

3.1 BEODR )

C. antiqua O RZTEEOTE%L, 0.04ly - min ' OBETTHELL (1), 1W0Cks
WTiE, S 20FR2HUACBEESARCELL, MRBEIRP 2RI, 15CCBWTH,

0.6 20
415 —-
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Fig. 1 Effect of temperature on the growth constant (¢, () and final cell

concentration (N, @)



ERRE T S

BRELERE . 5%h o, HERED TESHT (¢=0.104"), 54 A cHRBELN5.4X10°
cellseml-"Z 2 TEL 12,

20, 22.5, 25°CTH, BREMRBEIL 1.5%10cellsml'TH o753, BRHEIT (0) 3FEL L
L, THOBECT M 0.260"' THo72DENML, 25°CTER 0.51d U TELE, 28°C
CBEWTH C antiqua ZESZEEER L2 (0=0.404d""), HETBES 5.0 X 10%cells*ml~Yiz &
THEEESARELL, BEBEIE 2B, 3CBVLTH, 2 28%4 ALACE
B i b, diERERRH Y LT,

3.2 #EHOBMR

C. antiqua DEE RIZTTESOR % 22.5°C, 0.04ly-min" e THIEL? (H2). EBRCDH
720, HtthOEERS (NaCl, MgSO, » 7TH,0, KCl, CaCl,+2H,0) QR —Eicio7%
%, ZORBOAEE(SET, HOET2EDOBH SN T, BRERBEITE~ES0
HEEH (18—41%) T—%F (1.5X10ells*ml™?) TH oo 7z, MEHE (x) 13, 26—41 %D
VWEIEHTEAE (0.36d°Y) 2oL,

0.6 20
AY
o5 % o+ o 15 -
04 . .
E
L]
- - 410 =
: 3
o 3
- o0z} 2
2 Jos X
s z
ok 40
1 il J L ) L ]
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Salinity {%.)

2 BEosHiEEE (i, O) RUBKMITRE (N, @) wRhizses
Fig. 2 Effect of salinity on the growth constant (4, () and final cell

concentration (N, @)

3.3 REOCHR
C. antigua DERBICRIZTHEEOHR % 22.5°5CTHEL 2 (H 3), AEBR BV T, =F7 5
ZaOUEABRTEY, KHEEDOA,HEE LI, K952 0.011 ly>min'BLETA L O ST,
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Fig. 3  Effect of light intensity on the growth constant (e, O) and final cell

concentration (N, @)

RERER R R PR IS BRI, £ 171 0.040ly-min™?, 0.023lymin ' M EDBETERCEL T,

3.4 pHoHR

C. antiqua O BE+ oH O#8 %, 22.5°C, 0.04 ly-min" 4 CHT L7, pHT.6 55 8.3
DOHTIERO pH & C. antiqua DEEFED, L ALEL 2057, pH 8.4 DLETIRIBHII R
25U, pH 2 —~EXH O LRA#TH 2. C I TR pHT. 68 30EATHo N BERODA %
Y (H4), HREEE (0.36d77), REMIEERE (1.5X10%ells'ml™") &b, L3 pH EETIE
—EThoiz,

4. % B

AKEHORREEY 77> 7 F v RILEBMTH 54 (Ukeles, 1961 Jitts ef al, 1964
Tomas, 1978 : Watanabe et al., 1982), C. antigua G¥FHEIZBE I-TELWEEL3 33 (H
1) ¥4bb, FEOMBEORERE R 5°CEFEOAICBEINS, 1978 EEOWFAE TH,
A 2CI FR LA T BPRc e THEE O C antigua HEER 3N, KB 25—-28°Cicz 3
TRETE»e 8 Fhaic s TARELFBREAlsani (TS, 1979, e 74— FTOD
BifliER L, AARTHBONLEESMHEE L2 &, C antiqua FEEE I KBOBBREAD
LEPREGBFZRELLTCWB I EMERENS, C antiqua AEECHETRZVEERET T
BAMICHEEZ S, COLIREIFEREORS L-gtdTLEp RS (HEls, 1981),
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Fig. 4  Effect of pH on the growth constant (u, () and final cell concentration
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C. antigua DEFRLRRY, £BCBY 2 ARMBOUE IO TE, SEIK+ET 2HET
BB

2L AEDORBMTT 27 b R RENTH S (Iwasaki, 1979), C. anbigua b 25—41 %D IEVIE
DEBETREAOBEELRT(E2), 1978 &, C. antiqua FREFELBOBFENBOETE, 30—33 %
OEFIcH D INEFS, 1979), ZHid C antigue OB EEAGHEIZH 5,

C. antigua it 0. M lymin ' Ml ELOBETEXOEE 2T T (H3). 20O, Helerosigma
akashiwo THEG S N7z fE (0.034 ly-min 2 f, Watanabe ef af,, 1982) & @EH TH 3 25,
Dunaliella tertiolecta (>0.15ly-min™'), Amphidinium carteri (>0.101ly+min™'), Skeletonema
costabwm (>0.075ly*min™?) THEENTL{E (Jitts ef al, 1964) ib~ii/hE v, D%
D, C. antigua &, XEEECEHE T THMEETI CLNTE S,

C. antiqgua FEEV pH HFE (7.6-8.3) TRAMEMETYT (K4). EE#EFMED pH @, &
iZ8.1—-8.30HIHD (NEFS, 1979), Zhid C antigua GIFE pH BRI H 3,

DR, Aoni-mREENRETO > 5, BES C antigua FEAFE K2 BRE 2 £
LTWwa I rpmlant, LoLids, FAECE TR, IhoPB{cENEFOREEIL,
Fhengic@enis0THY, BRAFHOMARHRHELA T LI bEEL TN
R otn, HIETFOFEERY, WoBEFCI-->TREELZY LMo TwiDT
(Smayda, 1969 : Tomas, 1978), C. entiqua D R FE&BEFRHOMEER R SEER SR
ZREHEOVDEDPTES D,
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Chattonella antiqua OEMEE =R ITTHRBENHR

Effects of Nutrients on the Growth of Chattonella antiqua*

REE W

Yasuo NAKAMURA'! and Makoto M. WATANABE!

E F

Chattonella antigua ORRBE RIZTHRBEOUR LA, BEOHOREEL L
T, BEE, 7ryeovaBr b I fIRSRA, 7/ BEfIHs s, U
YEELTE, AU EBERBLSHBSRLY, YY) LBERHESR M
720 3Mfigk (1 M) 3 B0 M @ EDTA #£ET, C antigua DXIFE{EE L1288, 7>
(), a»2nb(0), EBHIDRBEEEEEL 2hot, ¥ 2 ECIE BeSWET
Holehl, EFF ¥, F7 1 BBr Shikholz, C antigua © minimum cell quota
2 F v LT 11 pmobe cell™, Y ¥ A LT 1 pmel-cell™!, 2% T~0.09 pmol*
cell”!, B T 1.lfgecell' & FNFNEEL s 411,

Abstract

Nutrient requirements of a red tide flagellate, Chatfonella antiqua, were investigated
in a laboratory culture experiment. Growth of C. antigua was supported by nitrate and
ammonium, and by urea to a limited extent, but not by glycine, alanine and glutamate.
Orthophosphate served as a good phosphorus source but glycerophosphate did not.
Fe't (1uM) fully promoted the flagellate’s growth in the presence of 80 4M of EDTA.
The addition of Mn** (0-20M), Zn®* (3-10M) and Co®* (0-0.4xM) did not show any
effect. Among three vitamins tested, only B, {6ngl-!) served as a growth factor.
Glucose, acetate and glycolate did not improve growth in the light nor did they support
growth in darkness. The minimum cell quotas for nitrogen, phosphorus, iron and B,,
were estimated to be 11 pmolscell™?, 1.0, ~0.09 and 1.1 fg-cell=*, respectively.

*  AZRIE ] Oceanogr. Soc. Jpn 3%, 39 %54 5 p151—155 WM s K- A A KED L L O TH D,
This paper was appeared in J. Oceancgr. Soc. Jpn. 1983, 39 (4}, p. 151—155 by Nakamura, Y. & M. M.
Watanabe.

1. EAEWRE AHLHBUEE T 305 TR FNE S HEET B 1652
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan. ’
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1. s

ROEE (dpaf « {0, 1983) B WT, Chattonella antiqua DR I THELFHERE T OR
WOWTHE L, C antigua FEORECHABSEELGHERL LWL 2 L 2ERALL. L
LEHNS, C antigua FIRERERET L CEZ-TEY, ABEMEMOBREEEITEL T
B rbsTRFRHORELALWELH D (BES, 1982), LizsoT, C antiqua 78
OREBELIFHT 2750, FEOBBECRITESESONRS, B77 2 » 103
MBZYZ 2L TLH LI LTOLLEND D,

BRI (1971) &, C. anliqgua DREERCRIZTHRBEBEOYRE LT, B+ 1 — KD
BMC > THEBOEHENE L {REENZ 22 R0 L TS, Linl, MR RIREER
BEOCHOERYLEREIRD s W T, RRICBWTE, C anfigua O EER I RIZ T RE
BEOUR Y LV ERNZIE,» SRR LTH L,

2. BB A EBCLOVT

C. antiqua DIEW 7 o — 28 (hiy « #3, 1984) EBRCRW/, £ L THEH (4
R, 1984) AW, HEEL T A REEOBEOA 2B S ¢ TERC# U/, 2o EDTA
BEZ, ¢RAA VBEChPbSY, B0 uM ZEini, 7VE=7, RERUT I /BO
TR E L EBE T, B Millipore HA 2#ic X > THE 2To 729, FhLUADOER TR
A — b+ Z v —7 (120°C, 20min) (S THWE L 72, C antigua 3FB L T ARBEORZ L /-
TFHEELITY, JAOMN0.2ml % 10ml OEEREM (18X200mm R ORBRE) wEEL
1zo BEEZ 22.5°C, 0.04 lysmin ! (BEAEAD), 12 B5RE—12 REMIBERE 4 2 A F 0T o 12, #
FOEE Y, RERMET, SHEEEHRL THEL L, B RIZTHREEOEZ, 14~26H
IO R 21T - - B OMIRE TR L 72, EROBERE 212 STP &ty (Provasoli ef al,
1957) 2@RAL I,

3. R

3.1 EROUR

HEER U7 % =7 6803 C antigua DERCFERBRBETH o0 (), 127 LT7 »E
v L3RI 150 oM BLETREWGIETIAE 4 U, BAHIRIBE X, MEBEHBE 0 —40uM O
WRTHRC MLz, KEL, 8FFL L THRAs L, HEE, 72w B3 8T
Tl hot, V¥, Dl-a-75=2vRUL-ZA % 2 YEBREJ[F|LELTHRESEN 1,

3.2 UronR
A0 CEBEREFER Y SR THhol, —H7Ven ) YBEY VRET RMBTIE, B
ML bH SN2 (H2), BREREBEEA VM) YEIEREN 05 M OBRTE
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1
Fig. 1

2
Fig. 2

Chatfonella anfiqua®EME = Bz FBEOHE

N { x10° cellisml™)

oif;"'. — \-._'_'-‘-1—-—-.

] 50 100 200 300
(N] (M)

Chattonella antiqgua DXEFER T2+ BREFEOHHE (16 HRIEE®)
Effects of initial concentration of nitrogen sources on final cell
concentrations of Chaftonella antiqua attained after 16 days in batch

cultures

Symbols : (O, nitrate : @, ammonium : (7, urea; and M, amino acids (glycine, alanine
and glutamate}.

N (x10° cells:mi™)

[} " " “ M FE—

[P) [ uM)

Chattonella antigue OXGFEE Rz HEOFRE (17 HRESE)
Effects of initial concentrations of phosphorus sources on final cell
concentrations of Chattonells antigua attained after 17 days in batch

cultures
Symbols : O, orthophosphate : @, glycerophosphate.



ShEES - @0 g

MBI BEINL 72,

3. HERROPR

C. antiqua QBTG Fe*OBEMC L - TELLEER ALY, 1 oM ELETR, BERSSEL
72 (#1)o Mn® (0—20 xM), Zn®* (0—10zM), Co® (0—0.4 M) OYEHIIERE L b .
PEEY Lot

Ed 1 Chattonella antiqua OBEHER LRI THELROMNE
Table 1 Effects of trace metals on growth of Chattonella antiqua®

Final cell concentrations

Metals  {uM) (X10° cellsemi-Y)
Mn®* none 8.2
1 9.0
2 6.9
) 8.2
10 7.7
20 7.9
Co®t none 9.0
0.1 8.9
0.2 8.9
0.4 8.4
Zn®t noie 7.1
1.25 7.3
2.5 8.3
5 8.1
10 3.1
Fed* none 0.6
0.5 5.0
1 15.1
2 15.0
4 14.7
8 15.5

& Growth was compared in terms of final cell concentrations attained after 16 days {Mn, Co and
Zn experiments) or after 26 days (Fe experiment).

3.4 FARIVOME B WM ETHo, B FY, FTIvRBELEREN R
(352), BB B,V EE 0 —6 ng MO TERMTHMLZ (B 3).

3.5 WEHBBODR  12HE—12 KA Y 4 7 AT COBRTIE, Va2 —X, BHgE,
70— VEERNOBMBRES sz o2 (R3), ZeBET CORBETE, JhosBEH#YY
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Chattonella antiqua®FER 12 B 12 T £ BEO R

N x10° colls-mi™')

0d ' i ;
[+] 5 10 15

[ By] {ngl™")

3 Chattonella antigua DEMERBICRIZTEF £ > B0 (14 FETEH)
Fig. 3  Effects of initial concentrations of vitamin B, on final cell

concentrations of Chatlonella antiqug attained after 14 days in batch

cultures

# 2 Chattonelle antiqua O¥HERICKIFTE Y 2 VHEOMR
Table 2 Effects of vitamins on growth of Chattonella antiqua®

Vitamins (pg+1"") Final cell concentrations
B, thiamine biotin (%10° cells ml™!)
none nene none 0.2
0.2 none none 9.4
none 500 none 0.0
none nene 1.0 0.0
0.2 500 none 9.9
0.2 none 1.0 9.3
none 500 1.0 0.1
0.2 500 1.0 4.3

¢ Growth was compared in terms of final cell concentration attained after 20 days

FELTY 14 A% ICITHBIIFER L 12,
4. % &

C. antigua DIEBRBENIWHETE VW I L RBIOERE» WL M TH B,
AEFOFRERFIEHY VB ATV EY VL LTREATE % (Iwasaki, 1979) 4%, 77U &
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il - @l {8
= 3 12 B[ —12 BREEERE Y4 2 AT, RUSE2BETRBT, Fra1—2,
e, 7'V 2 — VERIE S Chatfonella antiqua ORI RITTEHE
Table 3 Effects of glucose, acetate and glycolate on growth of Chattonella

antigua under 12 h light-12 h dark regime or in complete darkness®

Final cell concentrations

Organic compounds (X10° cells~ml-1)
(mM}
12:12LD  in darkness
Glucose none 8.7 0.0
0.25 8.1 0.0
6.5 6.4 0.0
1.0 9.0 0.0
Acetate none 9.1 0.0
0.5 10.0 0.0
Glycolate none 9.5 0.0
.25 8.4 0.0
0.5 9.3 0.0
1.0 9.3 0.0

* Growth was compared in terms of final cell concentration attained after 14 days.

o) yEBEMTTO C antigue OBEHEREO TARTH-L(H2), 2O LREBOT A UK
AT 7 —YENBED TENI EEREBLTWLAS,

i (1971) 1, FEREES SIRIL 72 C. antiqua ORFHB 5 yM ORD H2 113 16 WM D <
YH(IDOBEMcE > TELEH#EEINZ I E2REL T, RAOAVLIKETRE, 1 x2MO
HDw - THMITERESNZY, vVF> (0—20M) CLoTiREES RN (F
1),

vy v RUHNIREOHREIC L » THETARATHRTH 3 2° (O'Kelley, 1974) C. antiqua
DX, ThoDTREOFMcL-TRESNEM T, ThidBZ26 RBMFOFERST
b3 NaCl, MgS0,* 7 H,O K F#HimE: LT &g h 3R, <7 THosEEsSgERsh Ty
Ail:brEZONS,

Wik (Pt s, 1982) wHEWT, C antigua (Strain Hy- 1) OBEHAIE 7 oM LA EO#R (1D BE
TRECH-T, 1 kM TRIBLAFEENED O Z NI L2HE L, OBRELSHORER
(#1) ORVIEVE, BXS(EMRBEOECLZOTHS I, HEORRTRF L — ML
T nE(ID ARG SZES ity (EDTA=80,M) KEINL, Bhied—t 2 L —7H
BxiToteo L L, COBRETREMEN,: Fe* BN EDTA KL > TEBICF LV — MEE LWL
% (Anderson & Morel, 1978), & — b 7 L — 70 & o THOHLBENE L, BHTOBEFHRRE»
ZL{HPLTLES, —F, SEOWETEHDE, 61 CHEDTA L FL—FEaETHS
BECERIIL TWA DT, A— b7 b=7IE>THHBRL &V,
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Chattomella antiguaDIRR = Rug 4% 5 0 ghR

BACHBIERE (N) MEBIEERE (S) oMMy, ERACEMNL TwaBas,
minimum cell quota (g) #KAR L > THET S I &HTED |

Gp=(S+S)}/N (1)

2, SRTHEESRSLDORBEOREAATH S, EF, V1, # BoiXT 5 minimum
cell quota % # 4 iZ7 ¥, minimum cell quota ® N/P }id#1 11 TH-T, Thigtomm>7 >~
7 M TERBENTWSEE ERE TH 2 (Strickland %, 1969 ; Rhee & Gotham, 1980). C. antiqua
OMEERIZHN 2.4X10m* TH 3 CRIBRE) . ZOE2Bv THRERS: D O B, BERE®T
HY 5 L 20 molecules ym™ 2%, hidgEErno b G EEE (Guillard & Cassie, 1963)
%, 7 4 V& Helerosigma akashiwo (= H. inlandica ; S8 « £2 M, 1969) THRESHL T3S
HEZRRFABEDCETH 5,

*= A Chattonella antigua @O minimum cell guota {g), PP TOREEE
B (S) RV S/q
Table 4 Minimum cell quota (g,) of Chattonella antiqua, ambient concentrations

of nutrients (5) in the Seto Inland Sea and S/g,

o S Y=5/g
(pmol » cell!) (M) (cells + ml™*)
N 11 1-7* 90 —600
P 1.0 0.1-0.5° 100—500
Fe 0.07—0.1 0.04—0.2° 400—3000
Bi. 8.1x10°7 (1.5—7.4) X10-%¢  2000—10000

* Concentration of total dissolved inorganic nitrogen (NH*,+NO-,+NO=) after Endo ef al.
(1982).

b Concentration of orthophosphate after Endo ef al. (1982).

© Concentration of dissolved iron after Okaichi ef af, (1982) and Matsunaga et al. (1982).

9 Concentration of dissolved B,, after Hata and Nishijima (1982).

BEOWMEARICE 2 EMESE, A0 Y VB, BEKRY B,ORBTORE (5) 2&4
T, ¥, BISEAKE Y HET 5 minimum cell quota TRLAME (Y=5/¢) bHbE¥TRT,
Liebig OB VEZEAT 572 6 B0 ¥ 252 3 $BEHFNE TSR T 3 WRER
LEBLELSNE, Bl T B Y BN L TR BTN, O TKE(, B
BEREFRICE DI wEELSRE, —FH Y, FyVEATE VR, RICHTD Yok~
T, Wi bdvhdng, JIRELLEL LS, Y y; F oy VAR R THEF B BV TH
MERE: R PT R EERTIIERFHTD D,

WENEC B A REEREO L OREREREITIL LI, V¥, Fy Y, RNV
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Diurnal Vertical Migration of a Red Tide Flagellate, Chattonella antiqua
with Special Reference to the Ecological Role*

S e PUN

Yasuo NAKAMURA' and Makoto M. WATANARBE!
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Chattonella antigue DR AEREER » ERENERR TR~ FEREPHRBICE
MEERCREE L, RELAVER~OEBRBEROSTHIMCRT U,

C. antiqua CHEER, V) v BESROABREEMEAEL L, ZHEEMCBLTES
K oh o REES L,

C. antiqua © A AREBHEEN R 517 2 RREBWEEN LBE L T, FEIER
BHML T ETCOFERNLBERBC 2> T3 ZEREa T,

Abstract

Diurnal vertical migration of Chationella antigua was observed in laboratory
cultures. C. antiqua concentrated at the surface in the daytime and at the bottom at
night. The timing of descent and ascent did not concide exactly with the onset or end
of the light phases. Uptake of nitrate and phosphate by C. antigua was less affected by
light conditions. Diurnal vertical migration, together with the ability to take up nitrate
and phosphate at night, prebably gives C. antigua an ecological advantage over coastal
diatoms,

*  F3iE Watanabe, MM, Y. Nakamura and K. Kohata (1983) i L b Jpn, J. Phycol 31 161—166 iz %
FahAXO—REONNEED 40T H L,
Parts of this paper wer appeared in Jpn. J. Phycol 1983, 31 (3), 161—166 by Watanabe, M. M_, Y.
Nakayama and K. Kohata.
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Fig. 4  Time course of cell concentration of Chattonella antiqgua (N, ) and of

ambient phosphate concentration (S po,, @) under a 12:12 LD cycle
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Nitrate and Phosphate Uptake Kinetics of Chattonella antiqua
Grown in Light/Dark Cycles*

BRES - w8

Yasuo NAKAMURA® and Makoto M. WATANABE!
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Chattonella antiqua OWEMERC ) Y EBEEIEE 2 XERTRUBET CHEL -,
WEERCY v BEBIGEE I, #R%FR 0-20M, 0—104M O EE T Michaelis
-Menten ZHED Z L SEAS T o, BE T TOMEBER U » BIEHEEGEE LK
HTCBI2@OFNZNBREVBUTH -7, FEMEZE (K) g ThoREigic
DRTHREHCL>TELIAYHELXS oy 772 b EEREDES
o LRSI, —F C antique DWHEERER ) BRI R 3 specific maximal
uptake rate (Vone/ ) RO 73 7 YR TAIEERL T,

Abstract

Nitrate and phosphate uptake kinctics of Chattonella antiqua were examined under
light and dark conditions. The uptake kinetics of C. anfigua followed the Michaelis
-Menten equation. The maximal uptake rates (Vnax) of nitrate and phosphate in the
dark were 83 and 93 % of those in the light, respectively. The hal{-saturation constants
(K) were not significantly affected by illumination and were-comparable to those of
other phytoplankton. However, specific maximal uptake rates of C. antiqua for these
substrates were much smaller than those of other phytoplankton.

* A Nakamura, Y. and M. M. Watanabe (1983) 2 X % J. Oceanogr. Soc. Japan 39 (4), 167-170 i<
REINLATENNCEHLOTHS,
This paper was appeared in J. Oceanogr. Soc. Japan 1983, 39(4} p. 167-170 by Nakamura, Y. & M. M.
Watanabe. )
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3. BRER
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B
Fig. 1

Nitrate uptake kinetics measured in the light (O) or in darkness (@)
Solid lines were calculated from Equation 2 using the values given in Table 1,
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= 1 Chattonella antigua OFRBEBINZ A — ¥ —
Table 1 Uptake parameters of Chattonelin antiqua

Light Dark
% (pmol=cell~?) 11 11
NO.- K, (uM) 2.81+0.26 3.14+0.26 .
: Vinex (pmolecell?«h) 0.9140.03 0.78+0.02
Vi (d°1) 1.92 1.64
% (pmol-cell-!) 1.0 1.0 v
PO~ K, (M) - 1.76£0.22 2.04+0.33
' Vmax (pmolscell='+h~1) 0.14=0.01 0.13+0.01
Vi, (d) 3.36 3.12

i, FOMABIFA L CHRThESE KRB LTWI L b,
Y EBIEREREGEE (V eo) b, MichaelisMenten ¥ 4 ORI -7 (H2), K FOi3eHt
Chrbe T2 M TH2 (F1), cofidftoMB 7> 7 b ricd L TELs R HE
(0.7—2.8 uM for Fuglena gracilis, Chisholm & Stross, 1976a, b; 1.72 uM for Thalassiosira
fluvatilis, Perry, 1976; 1.9 uM for Pyrocystis noctiluca, Rivkin & Swift, 1982; 2.0—2.5 uM for
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B

Fig. 2 Phosphate uptake kinetics measured in the light {O) or in darkness (@)
Solid lines were calculated from Equation 2 using the values given in Table 1.
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Olisthodiscus tuteus, Tomas, 1979) LEBETH 5.
FBEBROBOZCET 2, AEROPRLBLTE, LEOAEES DR, VoS, &
BEhshAEANSHE, Lo Lass, KERCNT IHEAEN NS LR T T2 by (=
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Wl h, HEEBEELTOQUATHESERB L0 T, Vi P EL STl T2 Z &85, BEETH 3, Vo
BBy A ZCEEL T w50, C antigna® Ve 58 & EL8E 3 2 72 0 12 1 specific
maximum uptake rate (V =,.) 2HuEZdhEn sy, Ve BKRAKTEEENLD |

V fr?ax: V max/qﬂ (3)

I 22 gld minimum cell quota TH L, KEHKOWEYWZZ -7 b OEBECHT S Vi.E5s
—30d-'THh, U LEEHTS Ve, 50—2004'TH 5 (Eppley & Tomas, 1969; Eppley
& 1969; Eppley & Renger, 1974; Di Toro, 1980; Gotham & Rhee, 1981a, b; Terry, 1982; Rivkiﬁ &
Swift, 1982), —7H, XEREETIIBT 5 C. antiqua © V 503, HECHLT1.924d, V@&
Bt LT 3.36d ' THD (#1), C antigue DS DOFEEICHT S Ve id, L hE
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H, ) oBEBREERPRFCB T AEOELK83%, BB THY (&), FRORERIE
RO 77 7 b ricin, AL - TEEEY I vwknwi b, C antigne 30H
EEERETo CTHMFREOBT2EMCBITL 5 20T (FR-E7, 1984 ¢), WMIKBWT
LIEF I MEEE, ) EIELBERETY S 2RO, C antiqua FEOER, HRCKER
BEERELTWAARENERH 2,

Di Toro (1980) & k AISRRE T 5 BEBEORITANEY (K,) BERRA L > CERT
&5

Ke=Ku( o) @

T pmaxid, FEESHEIEEELEBL TR WL EORAMBEEE TH L. C. antiqua DIFER
BEROY CEEINT S KER&2, 0.87uM, 0.29M ThH-T (F£2) 2hid, EH, BFRN
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5RFIEME Y C antiqua DR IR L T critical R L _AZH B L WA B,
EFEEOBEGER X cell quota it ko THHER I3 LNHIoNTWS (ex. Gotham &
Rhee, 1981a, b), A5V T, FEEERERGZ, FWEVNRILLRE (¢~ ¢) OATIT
v, BEEGEEIZRIZT cellquota DEELAS LTI I LR TERb T, KB, HES I HAE,
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Table 2 Parameters used to estimate half saturation constants for growth

NO,- PO
K, (pM)® 2.98 1.90
Viax (pmolscell-*+h-1)* 0.85 0.14
4 (pmolscell-1}® 11 1.0
s (A1) 0.51 0.51
K (uM)¢ 0.87 0.29

®  Average of the light and dark values (cf. Table 1).
& After Nakamura and Watanabe {1984b).

¢ After Nakamura and Watanabe (1984a).

¢ Calculated from Equation 4.

/
ERERR A, FEGEE T 2 cell quota DFE BT TH 3,
REQWRCEOTHEZZ v 7 b yORBEC b 2%, U vEE, WIS, ) vBEDs
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BRoWTE, BAEBREBETTH S,

F
EFREITS S D ERHIE LB - S EALBEREB IR LET, £, B
NEWRFOEDESE i, WELRL, SRS arEeLe,

5l A X R

Chisholm, S.W. and R.G. Stross (1976a) : Phosphate uptake kinetics in Fuglena gracilis (Z)
{Euglenophyceae) grown on light/dark cycles. I. Synchronized batch cultures. J. Phycol, 12, 210
-217.

Chisholm, SW. and R.G. Stross (1976b} : Phosphate uptake kinetics in Ewuglena gracilis (Z)
(Euglenophyceae) grown in light/dark cycles, II. Phased PO,-limited cultures. J. Phycol., 12, 217
-222.

DiToro, D.M. (1980} : Applicability of celtular equilibrium and Monod theory to phytoplankton growth
kinetics. Ecol. Modelling, 8, 201-218, ‘

REERAR - /MUIETT S HEE (1982)  BER B 27 o2 b LR EBHOAFB LU
KECEHRMT. BRERESE - AEEECHT 5 BN, CEYBEERPEIEE (B 148),
81-92,

Eppley, R.W. and W H. Thomas (1969} : Comparison of half-saturation constants for growth and nitrate
uptake of marine phytoplankton J. Phycol, 5, 375-379.

— 108 —




Chattonella antiqua DG, ) v BERRCOLT

Eppley, RW., ].N. Rogers and J.J. McCarthy (1969) : Half-saturation constants for uptake of nitrate
and ammonium by marine phytoplankton, Limnol. Oceanogr., 14, 912-920.

Eppley, R.W. and E.H. Renger (1974) : Nitrogen assimilation of an oceanic diatom in N-limited
continuous culture. J. Phycol,, 10, 15-23.

Gotham, L]. and G-Y. Rhee (1981a) :Comparative kinetic studies of phosphate-limited growth and
phosphate uptake in phytoplankton in continuous culture. J. Phycal,, 17, 2567-265.

Gotham, 1.]. and G-Y Rhee (1981b) : Comparative kinetic studies of nitrate-limited growth and nitrate
uptake in phytoplankton in continuous culture. J. Phycol., 17, 309-314.

Lehman, ].T., D.B. Botkin and G.E. Likens (1975} : The assumptions and raticnales of a computor model
of phytoplankton population dynamics. Limnol. O_céanog‘r.. 20, 343-364.

Murphy, J. and Riley, ].P. (1962) : A modified single-solution method for the determination of phosphate

" in natural waters. Anal. Chim. Acta, 27, 31-36.

Nakamura, Y. and M. M. Watanabe (1983) : Nitrate and phosphate uptake kinetics of Chattonella
antigua grown in light / dark cycles. J. Oceanogr. Soc. Jpn, 39 (4), 167-170

RS - W {2 (1984 ) : Chattonella antigua DB RITTEE, B5, BE, pHoPR, Ex
DEWRFTRERY, 5635, 79-85.

Hrif R - 5042 (1984 b) | Chattonells antique OB RIZTRBEEOSR, ExNEWRMHRE
&, 638, 7%

chif 258 « {5048 (1984 <) | Chattonells antiqua O O R EBEEE L WA B 1 3 FBREJ/ER, B HW
SFHEEY, $638, 97-102.

Ono, C and T. Takanoc (1980} : Chatlonelle antigna (Hada) comb. nov., and its occurrence on the
Japanese coast. Bull. Tokai Reg. Fish Res. Lab., 102, 93-100.

Perry, M.]. (1976) : Phosphate utilization by oceanic diatom in phosphorus-limited chemostat culture
and in the oligotropic waters of the central North-Pacific. Limnol. Oceanogr., 21, 83-107.

Rivkin, R.B. and E. Swift (1982): Phosphate uptake by the oceanic dinoflagellate Pyrocystis noctiluca. J.
Phycol., 18, 113-120.

Rhee, G-Y. (1973) : A continuous culture study of phosphate uptake, growth rate and polyphosphate in
Scenedesmus sp. J. Phycol., 9, 495-506.

Terry, K.L. (1982) : Nitrate and phosphate uptake interactions in a marine Prymnesiophyte. J. Phycol.,
18, 79-86.

Tomas, C.R. (1979) : Olisthodiscus luteus (Chrysophyceae). 1ll. Uptake and utilization of nitrogen and
phosphorus. J. Phycol,, 15, 5-12.

Wood, E.P., F.A. Armstrong and F.A. Richards (1967) : Determination of nitrate in seawater by cadmium
-copper reduction to nitrite. J. mar. biol. Assoc. UK., 47, 23-31.

— 108 —




B AEWRRIHAHS #6353 (R—63—84)
Res. Rep. Natl, Inst. Environ. Stud., Jpn., No.63, 1984,

II—9 )
HIEERELER (Y12 03X4L) 2AVWERERERBORRT(ID)
—7 47 R AX LA TOFRBMEER Heterosigma akashiwo o) 1858

The Use of a Controlled Experimental Ecosystem (Microcosm) in Studies of
Mechanism of Red Tide Outbreaks, I1
——Growth of Heterosigma akashiwo, Red Tide Flagellate, in Microcosm

AR - BAIEE

Kunioc KOHATA' and Masataka WATANABE!

g g

FEFEROMM - EREEOMHEENE LT, HEEREORIFEEROEE « £EBH
W R (F - KR - R4 - KRB - E AL - (LFER (SRS - MEEREE)
MO IERIE - ERMES  OBEL, BB L 0BT L0 TEZERRE
HEFHEBERER (v417waXs) #RAFELL

4 703X AATRERETICT, H dkashiwo #ERL, WEHBE L @ERO
EERE LR, OR, H akashiwo i, HIH, EBTABL T LA 260, B
CRETERAREALLE, BUERBCTRT 2 s wiigRgEnRsn,

Abstract

Controlled Experimental Ecosystem (Microcosm) on land has been developed in
order to study the mechanism of growth and accumulation of red tide flageilates.

In particular, the physiological and ecological characteristics of red tide flagellates
have been investigated in detail under the temporal or spacial variations of physical
and chemical factors {such as light, temperature or salinity stra§i{icati0n. convection,
tubulence, nutrients, trace-metal, etc.).

Helerosigma akashiwo was grown in Microcosm under temperature stratification.
Cell concentration and cell volume of the species were measured. In this experiment,
following aspect was observed on mechanism of growth: H. akashiwo divided at the
bottom at dawn, and then ascended to the surface. After growing up at the surface, it
began to descend.

1. HNASFEF AHTEEBEE T 305 HHAAKSHITENE 16 % 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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AR LB EEORENTLGES, RanHelBL o> TwAHE, FMRECHEREL TR
URRERTI2D0BBER2TVE, FHRAREDLOO T FREENAARLIERFIET
bitng, ZONBIRRD 2 OOMEL S5 DEBABOEMHBLETH S, —DREEEERT
ZEREETHMESY, BEECEsMBCENMNLARRTHD, o— 2B 2B,
E@ESERC L 288 L ATBREJOYENERC LY, I ERECERT 28ETH
%, piE i, RELIERCERT 20T MOERLEE - 58, Bz gz ow
TOEBEICHT 2 EEYRECEENESOREL S, BETY, FEEHEMTI AHEERE
TEMCBECRBCEMT 2HRL I ¥/ a7 - BERETCEBCHRCERT 3 HROMEL
& (khE, 1976 7 #0H, 1976 . 1Ef 548, 1980),

WA N TR H4E T 5 Helerosigma akashiwo & Chattonella antigua OB HBE - £ H
Btk 2w TEMR RS 2 e (Nakamura & Watanabe,1983a; Nakamura & Watanabe,
1983b ; Watanabe et al., 1982), @%, COHEOWMERIEBRENCHBEYP=A7 7 22%Hn
TiTbh3, ZITHONEER2FERERBCER T BCER L 2Thids o wn0ik, R
B REE - BE - XEEOBREENATH AL TW20EL, EBRE TR -2 TEEY
ThR2[ICH 5,

FEEOE£CGOREERE®1T> (Eppley 5, 1968 ; Kamykowski & Zentara, 1977 ; Blasco,
1978 ; Heaney & Furnass, 1980 ; Staker & Bruno, 1980 ; Heaney & Eppley, 1981 ; Kamykowsky,
1981 ; Cullen & Horrigan, 1981), REZ TCOMET, BE - BE - EEBEFOREHEO I 3
PR EESEEEAE5E L HFTHLITENTEINT S (Eppley & ef al, 1968 ;
Heaney & Furnass, 1980 ; Kamykowsky, 1971 ; Cullen & Horrigan, 1981), %7, @@ 0EE
BENd, BuBesdt a2t d, RBEORR, MELrEEOHLTEHTHD, £ABNCEELR
BEErEOZ LM anTwWs (Eppley & Harrison,1975; Harrison,1976; Watanabe ef al.,
1982 ; Watanabe ef gl,1983), L L, HEX TOEEBBOMEOE  IEEBHLAET S
BRUEFPORBATEELLEFELZANTHET 2507, BFOSEHEYE*RARIEZEOTT
(Gl (o BEE AR & RIESR L 72 Bl A e

B2, ¥ - PEARFOFETC, FLTHMCEEOKRE S 2R/HBERFICOWTRY
—HIBEERLEASAO T THRELEEL, TOEHMER LTS 2 HENRERE| R
F (w4 7aaX0) 2BELE (B, 1982), =4 702X ANTIR, B EROYTER
(IEAMEE X, 100 cells/ml BT ) S8R & ¥, MERFH 2 IThE 4o 2 0ABRBELTA< R
3, iz, FAFEHEI®L I THEAYICET S stage (Chisholm, 1981) D% 3> SR DAK
»@onzs, BESTETHEVES2ERETCINZT OB b DR aly,

AT, JiE (ETS, 1982) MELLEBCEOLORREMZ, HEMEE IR E LY
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FHAREBEER (4 793 X5) PRV RERESSOEN (1D

EnGont, ARBOEEOHERS &, Z# % B\ T Heterosigma akashiwo @ﬁﬁ}ﬁ%?f@tﬁ%
TR BEHRO BERET L HARESBHOBEEHET 5,

2. ¥ B

RBEREOHE LR 1R, \LBHOEMRL Y BALLEKE, Abv-—Yyrr (B
10m', WElZZ7 A4 = 78) ciFahs, WARGEFRE (FREO.2m) TR ) > -
7 I EORBENENE NG, ABRSNIEERRIIA 777 2A0BEBR Y 7 T=Z20D7 4
¥ — (5 pm Rogard filter, 0.22 zm Milligard filter, 0.22 zm Millidisk, Millipore Co.) *&
Wik, BEECEOSND, HEEEIES 2 m, AR L m, BEEE 1T, 2OESHNLEH 0.4
MOERENE S, EEBEERN TR S A4 27 dEshTw3,

Sterilizer

Storage Mixing
Tank Tank

I
P~ é
P2 Thermo

Control bath

Bl 1 w4702 isnBEeEE

Fig. 1 Schematic view of Microcosm
P1-4; pump, CI; compressor, TM; thermometer, FC; fraction collector, PH; pH meter,
DO; DO meter, SAL; salinometer, FPM; fluorometer, TUM; turhidometer

BEEE 7 405 OO 7 7o B L RAEF 7oy a—7 4 ¥ 7OBEEXAWTH
D, EIHECH A, RET2Ze0hn, BEOHMOBARIA) Yo vreds A28, &
BR—VMER L Tk, BEE, 2RRUCEBKOBE7 L8 —, 7405 — L IERBMORRE
FEARNC 30 AERSFFH 2L Q10C, 0.5kg/cm*OEHIZT),

BEMO FACRY T sz 7 AR (EE0wm) 2ELTCEE» S 2 kwDF R/ VT v F
EFHOTERAT S, v/ 7 070K, BEHNBOKEmSEEES T2ocMy v 2T
BEnsd, BEHOA2 AR EHEENOKELE KT TORATHE L, HEkiEs 7oy
BREO 4 n B8 (Booth, 1976) L ARY b T UG A—F —2FR LI, HBEROXD T
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#12 460~600 nm DEEEF TR E O BPOABERO 2 risE v, RO EREH TIE:. X
DHBEFIECHPORBAEOKN1/6THS (H2),

RELATIVE IRRARDIANCE

A

400 500 600 700

WAVELENGTH (nm}

B 2 Fv/r7r7rABROEMERRZ A

Fig. 2 Relative spectral distribution of the xenon lamp and midday summer sun
@ midday summer sun; & spectral irradiance above the water surface; O spectral
irradiance beneath the water surface: O spectral irradiance at 60 cm under the water
surface.

AN OARSAE, BHERAMCERY ST eALZ 208 v 7y FERTRAHS 3Bem, B
&5 cm) BRI s NAE 2~6 Umin DESTHALS L THEs RS, EF L EFORE
EORBMERHISCT, RERBERBLEREEC L 20NEREVRTH 2, FPAICIBHREI
v, BOEES I iHEs cHEESAEL TRACIZEEHTE S,

BEREMPAOIZ, v 7uara—¥F—ro0v—4 A7 usIv— (R—2016, K&
B THEsNE Ty ay— (MD-20, KEEH) LV EBMCTORE (K3), Kid
i, BEMADEODREBET, 770V F 2~ I TRES L LASHEEREEH L TRHET
2, WEEE, HOORZL@PST 70V F 2T 2ELT, EERMERTYY 7Y Y730
2, BAko—-E, 7727varavyy—ZHAon, i, BHTFRE -pH-8B2- @K 7T
o7 4 VEOBECEEND, 797y arar 2L N>, ML -
BMoflEe, esticERans, '
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HERBERR (T4 70a3X56) 2RVLHAREERBORST (D

MICROCOSM

V13 @ V10 Fe

AlUE=EZE===Z===='_1 |

1
DL SP1| ([SP2

M 3 <=A7aaXANTOT—F BEEFHHE> A7 4O Flow Diagram
Fig. 3  Flow diagram of the automated system for processing data on the

microcosm

T1-5: thermosensor, S1-5; sampling inlets, V1-14; valves, P0-4; pumps, FC; fraction
collector, PH; pH meter, DO; DO meter, SAL; salinometer, TM; thermometer, I
distilled water for cleaning, W; waste water, AIU; analogue input unit, DL; data
logger, SP: sequence programers, TU; turbidometer, FL, {luorometer

3. BSmMER
KIRBTLiE TR ST 21, Heterosigma akashiwo % REEETER L2, HHLU R
H. akashiwo DIEE 7 0— 8 (Watanabe ef al., 1982) T, FHEHRZ2I1Z/A7FA2HTLI

o f/ 2 54 (Guillard & Ryther, 1962) 2w, BEE 20+ 1°C, 121 12 KMo LD MO T,
BRI 47 80 pEm-?s— O BEBAGAEIC TIT 5 700 MEATEBIE 4340 1.0X 10°%cells I B L 72 b D %, W
HENLEADL D BEMNCEEECAN, MAOTIHERE 28 1.0X10°¢ells I ic Lz, 6—18
B BAHA, 18—F 6 BRcREAD 12 : 1265R D LD AEATHEIAL 2, BN, 7105 —RU7 4
NE—h SRR TORAEE, TREY, 25y FY Y IAOT 70y ERIERACE
BAKETHE L 2o BREATE, 0.2mo V#7740 7 —T2ABBL (/25H% 1
mef e
HEZRD DD FETITo 7,
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(i) HIRAREE  ERETRIVELAEEANRSEELCRAL, —HRICLEXSHERT b,
TOEEOBE 20+ 1°CE L,

(it) BETHES  EEANOMMRMBEN 10X 10cells FIEB L L 22 (RARLED,
BRCRERBEEY, KOETESMATEETS, COLE30OBEREBT21£1°C, TH
T19+ 1°Ck L7z,

MO iEl}, Ao 7Yy 70035, £EF (No. 1), #E (No. 3), EE (No.
5)DEDTEALEREEHI 8, 0—WFy—p vy —TA-NHTRESHFOHEL & T
72o

4. RERUEE

(i) DCRARER . 2—AF—Aw 7 —TOHEAR H akashiwo OFEHRFEIH 10 gm T
#3570, 8.0~16.0 um OEWETHT 72, A L MERHHEE I 2 3 380l L ORIB 2 4 107
3, @ath, FArBoEE |OEGEER TR, AHEHE r=0.997 TH D, BERTHKE
Bhw—H%L T3,

Cell conen. 1 107cells!™

o
L

I~
L

Coulter Counter
»N ("]
L A

—
1

0 T L ¥ T L)
o 2 3 4 5
Microscope

B 4 a—Ay—nvry— e TS nc BRI B o rER
Fig. 4 Intercorrelation between cell concentrations measured by Coulter

Counter and with counting chamber under microscope

#3%0 1BE»S 7TAE £ TO H. akashiwo DWEMOMT 2 5 o 7T, HIMMEAEL, 0.4d"
LRI, ThREIEORRE (Lo, 1982) OMAETHY, ARETHT>LRALEYT
Hol-Z NN, 2, COEIEBECHE BT 2 HBBFE%0E (Watanabe of
al, 1982) L—HL, AR TREEBECBT2MEXBRLI-LEZ 5,

Mg (N cells]™) LMEOGERENL NV m* ") 2H6I1TT, MBI O
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201

r 105 celis!”
=
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IR

Time / d

5  Heterosigma akashiwo ORIF
Fig. 5  Growth of Heterosigma akashiwo

NV 1 10 %m3

Time

B 6 HREKRE (@) etk (O) oRfEl

Fig. 6  Change of cell concentration (@) and total cell volume (O)

» & BEHCH I TEML,, COMBSIERTHS - L 2RBT 5, —74, HlAOAERIL 6 ~18 ¥
OHBCEML, EHRER—ETH>7z, BHEORO 268+ MESEBRE TH-» Lllk—o%
D OFEER (V:miecell™) 2#H7RT, Ml—2 N0 0 o FHARIREERCEIIL, Bl
HEMEROTIZZ—ETH 5, ABBCERECHS LTV, 22 TBonERENIE D
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Time
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Fig. 7  Periodic change of mean cell volume (O)
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Cell concn. 7 107 celis-™

8  H. akashiwo ©OHFAEEBE)
(O): %@, (@) . FF, (X) K8

Fig. 8  Diurnal vertical migration of H. akashiwo
(Q); surface, (@); middle, and (X); bottom

2 SHEOBERIENA Y — A TORER (Watanabe eof ¢f,1982) LR IHIGL, &6, ol
e RREELEERICAND 2 2T, H akashiwo 10~ 8Bz TARL, BB &R
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Fig. 9  Changes of cell concentration and size distribution of H. akashiwo

collected at the surface at 23, 5 and 11 O’clock
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Temperature Control System for Microcosm
AR« FUEL
Kunio KOHATA!® and Masataka WATANABE!
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FEFE AR+ HAY & L CHR, SfEL A RASENHHEBARSR Bk 7
oaXs) W, FRUTOERETHERE2ITLS LS unEds s BERHEREHLC
BB, REKATHREAL, EFoHEH2EL, FHHOBR, BFETv A7 0aXsH
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Abstract

Controlled Experimental Ecosystem {Microcosm) on land has been developed in
order to study the mechanism of growth and accumulation of red tide flagellates.
Temperature control system with cooler has been equipped in order to operate this
ecosystem even below room temperature. Operation of the system was analized with
mathematical model by parameter fitting. Simulation by the use of this model indicates
that the lowest temperature of &°C is achievable at all seasons in Microcosm and the

ability of the temperature controller is sufficient for our use to examine red tide
flagellates.

1. B &

HEROERECOFREAREBEEROLDOMEFE L LT, ENHEIRIEKEBERER K
T4 7 aaXL) ERELL (s, 1982), BEHHY1.5m, WERLH InrOfREZH L
EET, R E T, FEEERO—F Heterosigma ghashiwo ww oW, 2D HEAEEREE RN
Zhi- b EBRERTEHETE, MERE: oBEMNAs o ORI - B, 1984),

—CEREORE, TOANBEMNEOITWS, MRNETHRE*BRT 2 H akashiwo T

1. EAEfen ABEBEY T 305 RERKEA GO/ 8 16 % 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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i$#) 15~25°C (Watanabe ef al,, 1982) TH 1, Chatlonella antiqua T3 25+ 2°C (Nakamura &
Watanabe, 1983) Th 2, LicdioT, BEMIsBAO-EBRCHESEOBE s McHEL L —F
BEGEHEECREZTRERZ R, 250, RARERBEROMELED 2D, BER
E, JVEHARKICAV LD LT 201, FEOSRETIEMNCHAOHEES 23 TH2 &
IRERET CHRERRATT I LELND 2,

BReA 703 XATHR, BEROMIZ=Z20 Y vy v b TaAk, FhEPNCEBESH
SNcRERL THBENORERN, AEREBEXSELTS, TEMIRUERM L OEETE
TRERUCBERBIC OV TRECRE L (s, 1982), 5F, SEgrsnRENHREH
BHEL, BRUT T RBATLAIS5C Lz, COBEHEROEASTET 2720, =7,
RERINCHRET 288 285 0k, BEBTEROEIMEL. & KD L BIECEBENEH L TR
EEIEMAAEAOE THERL I,

2. BEAE
ROYEEER LICRT, REZOORRMAMR (HMBB LIEREM), Skig, R RUz
NOERBAMETHNESh, FHLLESRIREICE TR L .

# 1 &%

Table 1 nomenclature

Ac =24 1w DR E R OGEE R
Ae =290 ik & BRSO EEAER
Aie =970 D B & 2 E B O LR
An =390 D REEA L ERENAMOEEERE
¢ =0.83kcalskg'+°C! ; ¥t DL #L
¢ =1.0 keal-kg*C : KDHEH
Go . KD SHECBET 28R (keal-h )
G AT EOEBRE» SHACERT 288 (keal-h!)
G - EKENKD S BBBEHE O EBE T 288 (keal'h™?)
O G - IREHEPTKD S PRI BB T 2 B8 (kcal-h!)
ges - ATSEHBAKCBEHT 3BE (kcalth™)
gn | iRFARARS S BB K BET 2 BB (keal-h!)
g2 ¥ Ty PO S CEBENACBE T 28R (kealsh )
gz R FEOERFEL SEANCKEET s #E (keal-h™)
G - ARSSEFNCBETSHR (kealoh )
Gm . EEENAL S BEACEEHT 288 (kcal-h)
Gny XV T SEBRERKCEET2HR (keal-h )
b TRE O
ln | BEREBRBORMACERE (O
he [ BARTREBOREALECBE C)

[2)
n
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th Yy FPADRE (C)
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O HSEEERE (C)
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U 1@k ESEOBEGRER (kcalsh?+'Clem™?)
Ue BFEAXEZ2H5EOBEERIMRE (keal-h-°C'm™)
Up HEFEKCEEENAEOREEAEE (kealtht-°C'em™2)
V. = 156kg CHKER

439 kg RSk ER

1,000kg  EPEEAKER

wy =3.900kg h? I BTMBLELINKOBRERKE

We [ WEIEMAT A ROERME (kgeh)

wes - RABCRATZHAKOEERRR (kg-h™)

wy  =2,000kg - h™ I BFAEERE

w, [ BHEESHAECHATIROERAR (kg h™)

=
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tCz
—
tba__[_‘
h]
L
B
th T

B 1 fikeA 702X AR

Fig. 1  Schematic diagram of a temperature contral system for Microcosm
B : heat exchanger, C : cooling water bath,
J : controlled water bath, M : cultivating tank of Microcosm,
Pl : pump for cooling water, P2 : pump for temperature controlled water, V :
electromagnetic valve.
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Table 2 Calculated temperature in Microcosm

In/C 1./°C tnC
0 20 4.6
1 20 5.5
0 30 5.7
1 30 6.6
0 40 6.8
1 40 7.7
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An Experimental Study on the Gravitational Circulation in the Bay
The Flow Induced by the Water Surface Cooling
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Abstract ‘

A gravitational circulation due to the water surface cooling is excited in a thermally
controlled experimental system. The system consists of the inner bay section (length:
4m, width: 0.5m) and the outer ocean section (length: 1.5m, width: 1.5m). The latter is
deeper than former by 0.6m and the water surface level is variable. This setup provides
the situation that the mouth of an inner bay with relatively small aspect ratio {H/L)
is opened to the outer ocean that has a larger heat capacity. The water surface is
cooled by introducing coocled, dehumidified air, giving negligible tangential stress on
the water surface, while thermal condition of the outer ocean section is kept constant.
As the result of measurement by a Laser Doppler Veloci-meter, a circulation that flows
from the outer ocean to the inner end of the bay through the upper layer and flows back
through the lower layer is observed.

16 cases of experiments are performed changing the cooling rate T, and the water
depth H. Vertical distribution of horizontal velocity shows similar profiles through all
the cases. And the dependence of the buoyancy b and the flowrate g on the buoyancy
flux b, and the horizontal location x is also found to confirm the similarity solution of
Phillips (1966). A characteristic value of horizontal velocity is derived as U*= 5,72 »
L' from the above solution. If we non-dimensionalize the momentum equation using
this characteristic velocity, we can define a non-dimensional number Ref (—H? -
I* o L7y, ) which is composed solely of external parameters. And the cbserved
flowrates non-dimensionalized by H + I/* is found to show a good correlation with
Ref .

Furthermore, observed flowrates are shown to locate near the solution curve of
Brocard et al. (1980}, which is based on the equilibrium temperature 7, and heat
exchange coefficient calculated from the meteorological factors, the observed upper
layer thickness %, and the assumed interfacial friction parameter f.

Through all the experiments, upper layer thickness normalized by the total depth is
relatively greater than those of profile functions derived by sturm (1976) in polynomial
forms.

Visualization of the flow field by casting dye particles reveals that the local unstable
convection not only occurs within the upper reversely stratified layer but penetrates
into the lower stably stratified layer.

These facts imply that the lower water is entrained into the upper turbulent layer
and that the water exchange between the inner bay and the outer ocean is determined
by the dimension of the bay, coaling rate and the vertical mixing process including the

entraiment mentioned above.
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SEF W EERRE, BH0FE®, ANARACKHET 2ZHEF S 0RANZBEEZH
ATBY, 20MECEEDHEC OV TRORECETFETH S, I THEARNOET
THELNHBEEREROBEEMHFCOVTOS, 4w TEAM R,

(A)RBRWETHY, ACLS 7 + 2BH L TREHE (5°~35°C) LAEE4+BRI L3, A
i+ 5 m LA, BRER Z%LUATHY, EE-NDO A L8282 Lt DEBHR2TS, &
TO—BZ (D) DHFERTHEL, ABEZEES L TRERTI. (O], WBICHERTARER
DRE VA EBREEL BT, BR1.5mX1.5mX1.3m OFERE & 5, FEIHEL(B) ik
LTwi, (B)EREE4m, I§0.5m, KBREERK0.TmOKBLOLD, FOEKENERRI
EEZD, £, BEORES Y, BRI, BE, Fior 7 ARmCED, (xy 2) EE#Erzh
FhEAE, HELCIHITE, LAECE3,

(B), (C)DEMTI, BEMHET 2754 (5°~35°C) 2ER ¢, BECHT 2HEA
FHE522%, (B)OERTE, (B)OoABRREOKRELsE=F—L, FOKBLERZFLLE
BERELT, WHBRE (8T/0z=0) R B L3l 7, (C)DERTHE, (CO)0RN
HAKED TomolZWRIZN D 8D Tome P ATomp KBRE U Tco RVBEEIEL 2 RE T, (B)OAKEII
BUOIHHIEZL, (C)OBER» SEHEOBTHREINIHELF L3, £2(B)oKER BT
BRAERBRS(DICBIIEBERLEL 2%, (B), (C)OHEHEER 19mm OH 7 ARTHE
#5, EBFIIE I 30mm BORKWAF o — iR THE:, BBAREMRENL L5l

KiE% H (em) L7z k&, BEOBROOREEL OB T0—H (cm) OSMEHEL L OZM
BTES, JOZBMICE, Fe IRARERKNSFER SN, J2CHEEL w3 ER0BNER
FADETICLY, (B)DKE»SBHRBS(D)CETNRTH L, ZORECLP, HEAD
fasns, KECHVERICIAS 25 2 L 2@l D0, BRCERETEI JLenTE S,

SRV A7 AOBRALENBEECHERT2FETHY, I CREAMRCAENLYHERONE
O TOABRANS,

AEBRRTHESNAEIMFEORER, 1 [cmes'] BRETH L5, EEHECIEEMTH
ATELZLMFE LS, MHEROBERFEF>BERAF CHERZALTL 380853,
DI ks —H—Fy 7S5 —fHE DISAHRB 5 B(55 X €7 2 5 — %%, 55N 10 B
V78—, 55N20 Ky 75 —BEB L Zv A — b5, B LDA X)) 2B, 7Y Y UE—
FTRBEAEET 7. COLED, XEROBRERERD LS TH 2, v—¥—RIEL (NEC,
GLG 5300, He-Ne —+#—, 1=633nm, 15mV) oD —#—E— 4k, D=42.5mm ORI
BTAA Y E—Aby7 bE—LHEaN, BABEE=600mmOL Y X TEEIRVDL I LT
L DREN Rz 7 U Y (PR RS ¢35, TEM O, /2= (tan~! (D/2F) kb ¢=
4.06 [deg] =D, LE#oT, Fo77—F#E#y 7 bod 250E [m-s!] © calibration
factor CiZ, C=4/2sin (8/2)% ", 8.942 [m s '/MHz] %3,
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Y= F IN—RABEB LWL o TR (0.1°CRRE) 2% > TAESHOIBEORE L #F2 T
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s, BERORE T, BEF ALRUKER G205 5 3073 2 £ OABEETEZOEEN KD &
na(E6), 1LHL, LOBOREO MR ICTT LI, XEELTEH s 55, &
ROEFEV AL THems' TH 2, Lo TAEE LS S 50cm®BW T3 i3 free
convection DARKBIZIE S, 4 . TRAL LA, COBRIEHEE L TWASEMNADL SO
OFWCETMATZ LD, EREBCE G 2HBMEVTONTWE LBETES, H6icB
BT, 1°COREBT216.5 [cmP1xCy [cal»gr'lxp [greem™2]/ (30%60) [s], ¥ %bs
0.00917 [ly-s'] OBHBICHTT 5, MehsBrrvarvi sy, SEFECHETANERS
Exbh b, 21, T,=200C, 25°C, 30°C, 35°Cizxtiin L 7=iHI iz # L #4 0.0180, 0.0115,
0.0083, 0.0046 [ly-s'] THoLrBEENE, IOE%E, KDL va v B 2BEHERD
Z#1## RUNL~4, RUN5~8, RUN9~12, RUN13~16 D7 — A 5} 2 KEAHEL L THY
2,

6. AHUBERDRE

BRE2XMWTINT 72 A-F—D35, RLYEERLOR, BEIHTHL LI A20EHEHR
T, ThH%, FEBTR, KABHOR[EKEFZRZIZRFE—L, fEKR T2 4BECELI2 L
ST T bd €, RO sensitivity 2T~ 5, o8, HEUEERERIFC BT 2 REAKAE T,
B, MECE Tone &k D ERBEVM, ZOFEINEL, LT, KREBOBO Tin=20°C,
25°C, 30°C, 35°CO & 5 DK T/, 5. 0KEBRTFEROBD T,=20°C, 25°C, 30°C, 35°CD
EEDOWHBCFELWEEE LR,

Fh, A — L BL T, H % 21.5,16.5,11.5,6.5 [cm] @ 4 BCEZ TameDELED
BRI 16 7y — A2V TERET oL BELERLIETT 572, 20350 Tunn=30[C],
H=16.5 [cm] ® % —A% BASERUN & W1f, BIFOBOBRLHZr—A LT 5,

BASERUN T x=75, 200, 325[cm]O=fSiIc 50T, ALHM » R UKBOBE S = AE
L, #h#nET-1, 2, 3IRT. 850, x=3BRBVT, Bl (X FL 7 —) HEET
L, BEEFOBENC L RAORBLTHEL 2 (K8), Ihs DR L, BArHN g
PONBEERICRAL, EESERCO - THL, TETRBICERD o AEERSCREL
TR Zenbhd,

g7z, x=325 D LBAN (z=14 [em]) RUTFEBN (2=2.5cm) D20V~ T ud y FED
SmEHEL, MO RT, i thid, #7 AEIEOERBERE, « BIZFYW—TH2, D
EOBRREB RABEE 0T wd, &8, FY7ARMCHERENLEREIFILY 2=14 [em]
KBWT3I em BB, 2=2.5 [em] wHwT4~5 [em] BETHE - Laibd b,

gl HT208, EARSNBEERCHALLZBRIIZNAEOXE (T 2HRELTV2
B, EBEHRATY CHETSHERY, WBRREHEOAR (Tn) 2TFHIIEbr3, &
fo, ABERED (x=0) T, KBEHEFACEZE—TH0 REEEL b8 v AFHE «
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1 HED7r—A

Table 1 Case of experiments

H Tams 7, b T, b, Ue q Res P

[em] [C] [Cl (%] [ys) [ems®] [em 5] em s ]
Run 1- 215 200 8.0 68  0.458 0.921 0.670 4.04 0.954  0.280
Run 2 16.5 x10”% x10”? 2.79  0.562  0.252
Run 3 11.5 155 0.273  0.201
Run 4 6.5 0.56  0.087  0.128
Run 5 2.5 2.0 8.2 70 0.825 2.078 0.877 509 1.248  0.269
Run 6 16.5 x10 "% x10”° 3.50  0.735  0.249
Run 7 11.5 2.17 0.357 0.215
Run & 6.5 0.85  0.114  0.149
Run 9 215 30.0 8.4 73 1146 3.403  1.034  7.10  1.471  0.320
Run 10 16.5 x10 "% x10”°® 4182 0.86  0.283
Run 11 11.5 2.56  0.421  0.216
Run 12 6.5 1.07  0.134  0.160
Run 13 215 3.0 8.6 7% 1.800 6.156 1.260  9.04  1.792  0.333
Run 14 16.5 x10 "% x10”? 5.50  1.056  0.264
Run 15 11.5 3.64  0.513 0.252
Run 16 6.5 1.48  0.164  0.181

HE q0EHOMD, Lid 325 [om) FHEOHNEAO xEE ELR

i, PEcsu»TRERNAENRN NSO L T, TERTRREELARETL, WEL2 om
BEQEE Y L OBRESREL TWE, 277, M8OERYT, LB TELABSRELSALNER
LTBb, FETREZERAZEAZTT. REMOBEARIRT-3 B35 v 0HET T
T AL EELRBELTVWS, 2OLE, MTOKROHBESvY 74 VE, TREBWIEER
EENEATL, EBTRERETFHE—2BERE RXB1 an (HETREESAERELZRL T
3, oz Eme, FETRE, BETTEMNRL, KERUCEHREMECRELTSY, T0OH

ERERRETHE TECBY ABERAL VS pcREL I Loiflan b,

z =T, flowrate g [cm?s™'] 2D LI WEET B,

2¢
q:fo udz =—

H

2

ndz
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Whoy7—2YWEOY 7 —Fée#H > (RARK, 1970 B - FHA, 1977) twr28Bar56R
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Nomenclature
—Alphabetical Symbois—

B characteristic buoyancy
b buoyancy
b, buoyancy flux
Ji bottom friction coefficient
fi interfacial friction coefficient
FAL)) Sturm’s distribution function of temperature
fuln) Sturm's distribution function of velocity
g gravity constant
H vertical length of the basin
H, upper layver thickness
ha humidity
h,= (H,/H) nondimensional thickness of the upper layer
kR heat exchange coefficient at the water surface
L horizontal length of the basin
P characteristic water pressure
b water pressure
Pr Prandt] number
g " flowrate
Ra Rayleigh number
Ri gradient Richardson number
Ri bulk Richardson number
Ref flux Reynolds number
S salinity
P time
T water temperature
T, air temperature
Toms ambient water temperature
T. equilibrium temperature
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af=q/HU*)
Ut(: bflfaLl.‘s)
X

¥

2

a( =h/f)
A

W = vt/ vyL?)
n{ =2/ H)
Xy

kv

Vy

vy

P

Mo

Pena

o

temperature at the inner end of the bay
heat flux.through the water surface
water surface temperature

x-ward velocity

y-ward velocity

z-ward velocity

nondimensional x-ward velocity
characteristic velocity

horizontal (along-channel) coordinate
horizontal (cross-channel) coordinate

vertical {upward) coordinate

— Greek Symbols —
ratio of the friction coefficients
heat expansion coefficient of water
ratio of horizontal viscous force to vertical one
non-dimensional vertica! coordinate
horizontal diffusivity
vertical diffusivity
horizontal viscosity
vertical viscosity
density of water
reference water density
water density at the inner end of the bay

sigma-T
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RRRCBISENHROBETT N

A Numerical Model for the Laboratory Gravitational Circulations

K& 4 fIEs

Akira HARASHIMA!® and Masataka WATANABE!

B =1

ABCB I ABEBRENOSHTE - FIZ 2w T OER(RBFESB0H 1., LKL TE
BHEALIESR) KNG L ESEOREEF L2 ERL, BEER ST, Huifl
ik, 1) Boussinesqiifl, i) rigid-lid {RE, iil) BROVE R ITHEOCETE, iv) 8
EXREOHAELIUOCHRE TS, BETEENIIINHMITE (convective adjustment)
KEBRFZA—FF4¥—va itk VREHLL, BohEBRE, MEEBOHERLE
I L e—BERL, i, KBRUKFFHOHE 707 71 Lid, WFEHHO
BEOFMEETL 2 L ddbhot, IO EdE, EBRIBLTY, BEFLEN
Hic &2 LTEBEOETERY, BE 07 rAVORECEELBRHS b - Tnd L&
Aahs,

Abstract

A finite difference numerical model based on the primitive equations for morentum,
heat and salt conservation is proposed. The external parameters correspend to those
of the experiments for the gravitational circulation (Harashima and Watanabe, ibid).
Assumptions used are i) rigid-lid approximation, ii) Boussinesq approximation, iii)
hydrostatic approximation in the vertical direction, iv) uniformity of the phenomenon
in the cross-channel direction. The local convection due to the unstable density
stratification is parameterized by the convective adjustment procedure. The results
retains good qualitative agreements with the experimental results. The vertical
profiles of temperature and horizontal velocity are found to be sensitive to the way of
parameterizing the local convection, namely, the penetrating depth of the convection.
This fact suggests that the entrainment of the lower water into the upper convective
layer has a significant role on the vertical distribution of properties.

1. EXAFEWMRA AELEEEN T 305 BRB NGNS 1682
Water and Soil Environment Division, the National Insititute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Bo WRIROE S REEEL, EBRRICE VTR, AEEETN» s ABERES 2B b 28
EfER L, BEGH L2 RANRBEREENRO _BROFAVNTRAS R, FIEEHEHE
ABETZENTES, INDKTFAT—A% |, $SEAT V2 h LTS, IDhSEHEA
MO EAEEMA & WIEE TR D D (Stern, 1975/0E, 1978), AIBIKEEO T B L T
i, EBRRCBWT S, ARXCBUAHERRCBW T, ZORESHLsLL{R2DH,
EROMEEDIHEEOATHD, ZORSFOEBAENL T v ARBTT 258 v) 38
LTidicod, IBRERSECFIORC X2 BRREER T 258, VA7 MR/ DIBDE L
B, WBEREIITAEELLND, ‘

BEDE>BREEDD ki, B, B0k, REFER, BKEOR, KFAHROES
BEOABRELATEEOAERGMT DL BT I EMTE 5,

9T aT 8T, o&T, aT

Bl T Mgy TW g T gy TRz g (2-1)
%é - Z—fw as+ ng azs) (2—2?
p=p(T.9) (2-3)
0=~ n (2-4)
e @9
St ge=0 | (2-6)

L, REBOBRETHE, BEFORES2 20O TE-DRBVWTS=0LR5, 31-8E50D
BHRiOWTRERLELTT,
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BREMEUTOL B TH S,
a) BRAER UHNERETEET
9T _
%, =0 (2-7

u=w=10 {2-8)

FHL, n 3RERCBU2ERTAOERERT,
b) AHEEEEIIEER URBEHET

T= Tamb (2_9)

u=w=70 (2-10)

c) PIBHRERAE T

wll =T, (2-1)
P —w= o (2-12)
d) HAEEAET
o~y (2 13)
-% =w=9 ' (2-14)

PSR, ®ET

T="Tams (2-15)
£t 5,

3. FEANESL

2 TR AERE, MI0L ) CHEELT S, T 0OBERSYA 2 EET TSI A
o call T A LUTRSRT 3 & 8D @ time marching system w7z,

Egdus iz — Bz U — 77 9 v Zik(leap-frog scheme) ¥ A7z, T2 b BRFEI(N -1)-
At B D EWHBEROMERE XY k=1, VK ed3eE, SERIOVT n OHY, B
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MAIN PROGRAM

Euler-backward scheme .
at the start

ne i yes
- OD(n.nEB)=lh

Leap=-frog scheme Euler-backward
+ * scheme

Forward scheme

«(TIME_INCREMENT CYCLE )

Step a) Calculation of adv. & dif, flux of T

b

Calculaticon of increment of T

¢} Calculaticn of adv, & dif. flux of &

-1

Calculaticn of increment of S

e) calculation of & from T & S

f

Calcutation of Ky, at the Rayleigh-Benard
convection regiocn
Calculation of L, at the Rayleigh-Benard
convection regicn
Convective adjustment of T,5

9
h

i) Calculation of hydrostatic pressure

j} Caleulation of increment of &
ki Re-calculation of ¢ with the barotropic

component adjustment
Calculation of i with the eq. of continuity

1

3 HEHEDYu-—K

Fig. 3 A flow diagram of the numerical calculation

Bl Zo0RRVIERET L, 2L T

DX = B (X, XN (3-1)

% HWEI & T, AHRFIMEG IORRFIOERIEL HEORRIID S 4 AR T v 7 OHE
RETETL2b0 L LTHROHREOBCAVLE O THSL, TOAF— L, HHBEICEL TP
NEETH S, LRSS IR L CRRITEEL 55, Liai>TIDZO05
IEiHEE S (forward scheme) %/, j-.;g:;bg
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B X (01 e, X1 ) o

IORF— 2k kl, HEORCEL TEAFEETH S, (1214 Roache, 1976)

PR, S BRERS S HET 25, 2RVoVEARET A0, A4 57—y 7 T—
F A % — 2 (Euler backward scheme) ¥ > 7z, 27, @B OBHBSCENTY Nelal T L Z
DAF—-LERG, ZO0RTNNOERESBR T2 2 L 2w, TOA+—-L41

KL am XY= F (0%, oo, X) o
X X (0 e XY

OIBRORTHEEIND, &8, CO=SDDAF— LR A ERIIZRE

_ n—_‘l nt1 n+ 2‘__‘.
- - - —_— 1 - ._* t
2 -
n n+l n+3
AIHHREED & P B IGS

n=1 © MOD{(n, ng) =0 MOD(n, ngg) =0
Euler-backward scheme Leap-frog scheme Euler-backward scheme

Bl 4 BEREBRSAF—LA

. Fig. 4 The time integration scheme

I wi;

T, Si, Bij, pii Mity
>~ [ —

uij
1 Wi+ 1

B 5 SBEROEES

Fig. 5 Definition points of the variables
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ERACBULEIRROKETT

BEESICOOTE, FEROTHESZES 0 LS REET 2, HUTic, BEMSY 1 2 090
BEAF v T EET,

a), OB TEAE GOELTY FADBR? 3y 7 A TFX,, LBTzHAEOBRT7 v 7 A%
TFZ,CEHET 5, TFX;@BM 759 7 ALY T 7 v 7 AOFAELT

TFX,= 0y AnTer,+ (1 2) Ty} ey L Tus (3-4)
Ax

TREND, A T,k TuOFEHERD LBOEA (weight) Th b, Ag=10F E54i A
R 5T (space forward scheme) Ay —=1/2 DFF, ZZM#IHHREST (space centered scheme) &
b, uyZz 0D &, 12<AS1BHWTLERAO T DECEA%R DA RS, ZhE b
=45 (up-current scheme) LHF, BOBHNAEELNMHT 2080853, (-4, wDEAK
b ST

TFX,‘_;:M;_;TI.‘I.-Z.F T+{ (l]—[ __;‘) | u:‘j | Ax+ XH}

Tiey— Ty
Ax

(3-5)

OBCBETES, CITAAE 1 BERAEOEMNPRESRBFICLEKEBR Y2 v 2 A TH
D, BE3IWIAKEEH 77 v 7 ATHL, BL2HERIFEG-OVOBHR7 I v 7 AORLSREL T
BOTHDH, (=) | ey | Ax STHERS 0w L ABOBTRAT 0B, ThDB, L ES
EOURBRT 7y 7 AORBRICI N “ATHEE” 501 "ATHYE 28AT I L0, 8BO
BWAELERNHT29RE2L - TWw2OTHZ, AR, 2 FADWTY

¥

R e I R R e (3-6)

EE L, BEATy PEETHEFRE VLY, BRE S ALEEIC R RAS, IEE I
ESEBEWE I ERAICHEA LR THD,
b), MERFOES AT, GADRERE®S

(TFXH— TFX,'+,'_,'+ TFZ,‘j+1 — TFZ,J
Ax

AT;= Az ) At (3-7)

INEEENS,
)R DEHE R BT, Priedrich ef al. (1972) ¥ & % 3 SEAFEI X 2 REHERC B
WTREDEHELZERLLLD

pfj: C1 + Cz‘ T,-J-"I' C?,Sfj-l_ C4 T2ﬁ+ CsS{jT[j‘l' Cs T3§j+C7S,'J'T2,'j (3_8)

RO (BFREC, Kow TR &H)

f), g), h) WERBW L 3HEH (Rayleigh-Bénard #Fi) »iEx Tv3 tH 2 o 58
T, Sy 2 7 I FORELRER v OfSb i, Fh i) bR Ea{EE b DRERENEER
o, BV, BENRCE SHRESEERT 5, 1P, w3 w, ERAIUATERT 5,
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® 1 BEE 7 M REF B (Friedrich of al., 197212k 3)
Table 1 Coefficients for the computation of the equation of state
(From Friedrich ef al., 1972)

or=(p—1) XIP=C+CT+GCSHC T+ GST +G T3+ GST?
' ¢ —7.2169-10"

+3.5187+10°%
+3.7207-10-%

G +4.9762-10°°
G +8.0560-10""
C.  —7.5911-10°°
G —3.0063-107°
G
G

FRRIC, @il DWW T, w Odb D ICHERBTERE v, 2AV 5, 1L vl uyo & u,@
PG TERSND,

I s OBRIEIZHFRAM (convective adjustment) L EEIEH, FEALENH % subgrid %R
LTI A=Y 54 AT 5B FETHE, 280, HENRSEE WL LB 25N HE
B B Keips ves DRESKOOTRERESSH D, CHoDRECHEL Tk 4 kB THEEOH
BHES L L THRT 2,

) FEoKBENEHRe 2R, BEMADETI, 7L, JITHWS puid, BEREIZTS
WD Ty SodtEENIbDTHS,

i-1
P85 (3, oty ous) (3-9)
=1

D x HEORED 5, BERS (baroclinic component) KHRIET 2ENZ SENBHEENS,
B OKRERE w0 a %, UTOG-12)THET 5, 7L, w,il G,OAEBLTERSND
&, T, S;OEAHBEOETHLEYRRLS,

Auy; 1 it e g,
=g, { (g 2 () 2}

ot 1
+E‘%[{ ‘Eu;é_&l -Ax-(lH—?)"'VH}(ui—lj_uij)

+{ | %’iz@'l | «Axe (A-H_%—) +UH}(Mi+lj_uij)]

oty e Wi o 1t W
b () (Mot ) — (tak ) (Wiagh it )

+Alzz[{ | T/Ui—l.j+12+ Wi | ~Aze (lv—%) +th.j+1} (uwﬂ_“ﬁ)
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EBRCBYLEIEHOREET

.|_{ | Himai T i w'- I ‘Az (lv-_) +UV.;}(“::— “fi)}:l

_B -1, -
L (3-10)

BEEZhEh, KEEHE AEHEEEERZMIC L ATHEEEY &), HEBHHE #E
BEE (ATHERRCHREASHNREL2ED) RFENGEOEERIOEARRTH S, 12,
HMEZESE 2R THRERERE L,

k) FiR7 v 7 CHEShZEAOBERIRE MR 0 TRV, rigid-lid DEEO S &
TiE, EHC3EOIEERS (barotropic component) 23, w, DEEBESRY, 52 507 80EH
DB U (FEBICBTIR0) LFLT2I50BRTTHZ, LdoT, TiHBEER
FTROAEFE A, RO LS RWERBT I L s Y, HOME w, 25HET 3

Jmax(i} i
Hu 2 ﬂu jmax(z)-bz

1200, /max (iR HEREMBIBIAHNEFAD Ay 2 TH 5B,
l) J:%E.@ M.‘jﬂ’%, Jﬁﬁ@l@?ﬂ%ﬁ@%ﬁ}ﬁﬁ?

wy=0

Wy wu-l+ (ﬂu— — ti1jmn) (3-11)

&Y w,; KD, ¥4 7 VERT EHE D,

4, B{EREEF

PEDFTAT) XL, TTLEREDOL L2y —ADKHEER 51T, AWl i3 A —% —DfH
ER2KETT, L, H, TAZKBHEA BT 2ERD S 5, BASERUN A2y — 2 0BT 5
TEMD 5 IHHEBEICIPEL T b, B, TREROMECH, BUTO X 2fEE b 50l
Y, Nv 770 P OMERMYE, HERE vy, o HSTFRERBERERD 0.01[cm>s '] &
L, KR -IE R vy 2y OfEEE, EEEROT A~ MEEEEBL T 1.0[em?s™ e LTz, &
7o, SR B A REMTEER v, i vy, ke ED B 1 F—FKE WL 0.1[cm?s™!]
LS iRz, AFES (1980) 13, EBs R kBEEoy 7L, VFy—FY 8 R
L ENE R - BRR RO B EERIICRD o, L TR M- 10 BE ORI ER iz tE~
THERE/ (F A —F —-HENb~6 BRI LFREL TS, LESBSTRIZERLE wkU
wDHER rough TR H AR LULBHETHLEELOND,
WHRAFEORECXIEBENH L2720 207y —ARBWITEFNFNER > HBEICEE, 5
ALATy P Ll EBEED, BHERSET o7, RUNL W T3 R a8 K
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R #-@UE®

# 2 S A—FIH

Table. 2 Parameter values

L 400 [em]

H 16.5 [em]
AX 25 {em]
Az 1.65 fem]
Ay 0.5 [s]

K =y 1.00 fem?s1]
Xy =vy 0.01 [szs_‘]
X = v 0.1 [em?s]
T 0.0117 Oy 7]
Tams 30 [C}
A=Ay 1.0

BHUEHMY L, Thbb, T OBNELRICEL T pue >ousDBIC 1 % I BEBZ, w2
BIL T pry T PPy tpsD L B nE il B2, ST EEBERINNBOLEED
RUNL OER*H6 o F 7. BHOER Y & b CHNBEEROKRIOFH SR, I0LOFKEI2
FEAZ SEC & 0 FRETHERBESTOBRAPHEAL, MERBEMET 5, Ri2# 2500 BRE CE
HIGEL, COK, DENCRENISEEBNENESIREEZ>TvE, i, AEEEE,
HREAMBLEBERA TR AR THHERS D, BBCRBOYERBSA50E, KERW
BRASTRLE 5, HRLIKRIZREKEERE DD TREEE» THARRETN i L
T, HERERORT - ERTHERZZY, BUBBRLZNERL 10 <, NEHBETOR
LA TEIRERTERBSAONE, IN6DREE, FRREATEERERE Lvn—
WERT, M6 0 TFHir, v=325cm}icEF3us TORETT? 74 M EFRT, FAFCERE
# A BASERUN ORMBI B 28E 707 7 A VbERLE, R EhiE, LB RENE
B EDHS) OE s, RUNl OBERECs W THERCI > THoELIDONEVI 28b
B, $LEOBHEOHEMEZHTHELD S hR D KEn, 27, AEEEBOEEREEBERIE
WAREL D bEV,

sl T, RUN2 Tk, AR esE kB csn T, REOFEHERER» 5, BMTO
B o TEDAEEE TEOREREET 2, 0-4—F—0OHEX LTk, REOFEVEOR
Bzt 2 XTI AINF—k, POEEETORERBROKCETCLELRRT ¥y
IHAAF—ELL KB ELIEELLAIENENTHZ L ELS5N S, RUNL LEERIC Z 048
BT, v, xr DIRD DI v, WA, RUN2 @, FHEBEE 3000 B2k 2 KE & FiREK
BOAEEETCRT, 2OY —VIREWRNICIE RUNI ORER EEZFRRTH 548, LEOE S
pisin, BROUBNEL 25, #hEFu7 v 4 VOER, S, O —2ADE I PEBRRIC
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6
Fig. 6

EBRCBY 3 HEANRORMET 7

£

o ' osa | 1.0 base 7% 1.0
TEMPERATURE L
3000.

N
0.0 0.50 1.00 1,50 200 2,84

HRZ.¥ (CH/SEC) 2 ®
.0 00 (X

i : ol

F%ET 3000 ¥z 5 RUNL &R
Results of RUN1 at #=3000 (s). Distribution of the temperature (the

contour interval is 0.1 deg.) and the streamline (the contour interval is
165 cm?s™'). Vertical distribution of T (=) and # (<5-) in the

nuinerical results and those of the experiments by Harashima and

Watanabe, 1984 (--+-, - @)
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FE 4 #E0ES

N
S0 tse LW L 2.0 1E . %08 850 40 488 4.0
L Gba Low 1Bl T o nM L %, RPN Vil
4 Q&___\ﬁ
ag0 | oo 1o 0 2.0 | 288 o | A wm . ew | B
TEMPERATURE H
3000.
M
s wa L um o uw 3W LM 1 am 4s nw
] 3

i SO
———— T T T T T T T T T
9.00 n.80 1.00 1.58 .00 1.8 3.m 130 4,00 4.530 s.a0
"STREAM FUNCTIGN [
3000.
TEMP (DEG) &+ X
E‘L Z;l 0 z’.n ?II 19 N a.lL n.50 j!.ll N !j-:L I’ n N .t N !JI. £
HRZ.V (CM/SEC) 3 ®
1.08 ‘-1 1.0 .80 =-0.40 9.00 a4 0.0 1.20 .. z.0
1 § N L 1 L I il B - ] L. A L L. L o — |
3 4 .
= ‘\‘
A"
F J;
2 £
L 1
PN
L] e
L !
4
e v
54 4
=3 /
.| 8= ¥
1
5, 2 ‘l
57 |/
& -
5
8 L)
. »
z 1
Ls »
o
K
Fe -
— ¥

7 RUN2 O#HR
Fig. 7.. Results of RUN2 expressed in the same way as in Fig. 6

BUsHIEELE 0BEES LW EBLN L, -

RUNZ2 B3 2 {mESBRORER, TEBOKE, EBAETMAZIRIIELERETHS, £
B st 2 REA0RZEHETRABEESASNIDERETS om AATHSDIIHL, HHhic
FaaRbi LT, W10 om OFEEE T, BEAZENRIC L 3ENNEN>TH3E Zeribh
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3 (EBRRSA, H82H), Colty»s b HMANErEEEEE0A 2T, TOTFTHE T
REIDEVIRERIFELZ O THEEELZOND,

ZOIDODOEEFEERGIL, MBI L ZEFSBO rough BV cESCLOTH D, WE
BOBREETY 7DD RARI AN —EFAMPBEL I LRV IETHR L, Lnly
25, 2@ roughe BEES 0 LRE D), i), iil), WM IEETHTOTH L BERNERC X 28T
fEicEER T 2ERESBO R L, c s HREMNTEHFIBO 0 -4 — ¥ - DBROBHIIZA
WEELI53 VI EETTBLOTH B RED, i), WL HMAMICL B35 2554
Y—vavig, BEORBCED2EINBOBEET ) v 7 BnT LELERVSRE DT
HY, ThEFERLT7ur 7 2 v 7O L HFEBEOEMESHAZFIATAE L,

%7:, RUN2 OEERNEBEFER BN L OBEES LW I Emsid, 203 BRBCELT
EEAOADEITMASHE 787 7 A VORECEETHL L ARSI LD, HUOKEHA
D BREY 7 —) LHEER ST A—F—DZ20BRE L EE 2 V7R, ERicB
SVHOACKERREERLLTBY, MHEER - BEEROGRACLD COMBE B €
WLLENHEEELSNE,

AR EBLC, 7077 MEROMBI 21T -7, FEAETERERORILER, BR—EE
BloEgoLET,

Nomenclature

-Alphabetical Symbols-

b buoyancy femes?]

b, buoyancy flux [em?sm3]

I specific heat of water [calegr!]

g gravity constant ’ ' [emes?]

H depth of the basin _ [em]

L length of the basin [cm]

P pressure ' [dynescm~2]
Ri gradient Richardson number

s sa-linity [9%a]

¢ time [s]

T water temperature [°C]

T, initial water temperature | [°C] "
Toams ambient water temperature [°C]
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T upward heat flux at the water surface - {lys™1]

u, discharged mass flux [em?+s-1]

u x-ward velocity [em e« s71]

v ¥-ward velocity [em « 57']

w z-ward velocity [em +s7'] “
x horizontal coordinate (along-channel) [cm]

y horizontal coordinate (cross-channel) [em] ®
z vertical coordinate (upward) [em]

Ax horizontal mesh size [em]

Az Verticai mesh size . [em]

At time step [sec]

-Greek symbols-

Xy horizontal diffusivity (cm? + s~1]
xv vertical diffusivity [em? « s71]
Vi horizontal viscosity [em? « s71]
vy vertical viscosity [cm? » 571]
P density of water [grecm™?]
o reference density (grecm™?]
P deviation density (grecm?]
or sigma-T
BB x B
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BN A ERREHRES HE3 8 (R—63—384)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.63, 1984

II1—13
Langmuir {187 > £ 40884
An Experimental Investigation of Langmuir Circulations
HOEE - [E &
Masataka WATANABE' and Akira HARASHIMA!
z =}

BAdE % AV T double-wedge it & 3 3T EBic k 2> 7 — £ OHEER &+ E8
CRCRRITL, AAMRES7 TR (Langmuir circulation) #WER « HEIL 7,
EBRRERICL 18R ROBERCI->THESNLINEY T —dv/ds &, B & 2
Stokes i = DHEMER) o FRENIWTLAER, FOTHRIE V3 14F -2 ISR
¥, LA CL 2 B3N Garrett B3 (Ko7 —dv/dy k Stokes it = OIEIER)
BTET LZEX drift current OBV TTREAELD I NF -V iTifn T kit
¥EE 17,

Abstract

By using a wave generator of double-wedge type in a wind wave tank, a coherent
structure of Langmuir circulation, which was generated under non-linear interaction
between wind stress and cross-waves, has been analysed.

Our experimental results did not agree with CL 1 theory, which was based on the
assumption of non-linear interaction between vertical shear dv/dz and the Stokes drift.

However, experimental results suggested the existance of down-welling at maximum
drift currents, which was ?&edicted by CL 2 theory.

1. BLwiz

BECHORBCREYHEYPEEEHS T CRCERT 2 et psBllan Tty s,
Langmuir (1938) 1, ## & O streaks R EO FAWC FTeds & DHHEE L - TERs A&
RTHDLEWMELR, 20L& 3 2AEHE (Langmuir circuialtion) BRERHECHEECBY 3RE
BABCRE, EARFOURRURETOR - WHRECKE tREEELLTuE L ELoh

1 ESTAEHAR KELEBRET T 305 HMRAKESHKENE] 16 % 2
Water and Soil Environment Division, the National Institute for Envirenmental Studies, Y atabe-machi,
Tsukuba, Ibaraki 305, Japan. ‘
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L, ks DBEHEE B4 T 2 L Langmuir circulation 3T O L 5 o ERM Mg Ho L
#z5h3 (Leibovich, 1983), ¥hbb i) M3 m/s b L 2L ETHESD S 5CEAD
FREEATHREEASFERENE, ) RESHCIOMRBRIVBRCERTRET A5 0R
%, i) % streaks ORERESBE S 0 2 fS15EE% 85, iv) streaks I RBIGRE &7

B, TOTFTRTHRENELET S, v) TEHIZEI2Y =y bHBTED, BHOMN 1% XER
HWERORAATRED 1/3~1/40fEEH D, vi) HRBIEEHHTHD, TRADT
BEFAWLOREOHELT LD, THOBHABRASCOBEEB/LZOTHY, FHTIIF
BEiC L 2 BH8HNC £ > Tvw b, Langmuir TERMORENBRATH D 2MRED -0, EE
HLREHANIRSETH S,

3% Craik-Leibovich 2 ¥ i L 2 Win Lt ORBEREICE T (CHEREREBLEH 2 AT 5,
FOEBE 2 OOEEEE 2 T3, Craik & Leibovich (1976} 3@ BRI L - TEL W A8
27— LG Stokes i &£ DHEER S Langmuir ERFOREBE CH2 L Twas (CL 18
#)o —7 Craik (1977), Leibovich (1977 b) &k 3 7 — & Stokes #i £ DFHEIEM % Langmuir
BREOFBEMBLEZ Tws (CL 28H), 2hsOERORIED O ENEENTTHH T
%1 (Faller A.J., 1978; Faller A. J. & Caponi E. A, 1978; Faller A. J. & Cartwright R. W, 1983,
7kEF, 1983) MHFHTH DL wEAIBEETH Y, FRPEIETC L BARAHAETo T 5,
Z D7 ® Langmuir EREOREREL T HIRIELE S 7 — 7 BTSN TR RETH 2,

AR B TRHBRAAEEACTREBRAK LS Y7 - OHEFA2RESE, V—H¥F—Fy
75— PRI X B ACE S EF A O S 2 5l R 1TV, Langmuir TERROREERRITL
1o

2. XREiR

FEE TR EARAKEE SRS 5m, B0.5m, FB20.1Tm THE(E1), BREERERICLY
FEL, AmEEE 2 %N, RE-EE L bHHTETH 2, EiEEE N Faller (1978, 1983)
AT b D A L double-wedge DIBHEE T, HEF I frequency ¢ TET T2 X915 T
VW, RENOBESHYIEL-0, KEBORCIZHEES b - ERAEM S CEE LT 2,
IR E D —FADAETT 2B EEFICHER Lz, 2BREEOETHARRAL TS 2, HEd
ABAMLSEH, R BREE, FsE DISAHB LDASS BI(55 X 7 2 7 —H¥H, 55N 10
By 79—, 55N20Fy 77 —AHEK AT v A=) 2AWT Y vyE—RTHALE, 20
LDA REAMOFHT, AT - $H 2 RAeEFABEHAIL, 7o/ E5EANOERRAR L
mm/s TH 5D,

3. ERER
Double-wedge OEHBC L W BRENS-EEDO vy FRAOSHER 2 1R T, BELLHHE
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BHHAERSNLTYE 2 Litbh s, wave parameter & L0, BB a= 1 cm, A T=2 z/w=
0.42s, HRL=2 2/k=32cm, k=B, BB =2Thsd, HOETHAN x@WERETS
fy 0 4k, sinf=nx/kD (2 ZTD=7kBB) OBRLD 65400845,

FPHERE w 2HATE L LV RCEATEORFE CONMBE LR, Thabb
i) BROA0EBE, i) BEOADBS, i) BL3RTEOBEC DLW IESRECELLE, A
FTHI3 m COBMASAESICEWT 2 A HEMEHZE 2TV 2T OYEERD 7, FHUAKET 8.5
cm KEEDES) Ty AAOKREREMME, i) ROADES, $HELFICHITFS0.2cm/
sDEFHHB—HEHELL (H3), i) BFOAOBSRETFILLHEREZI ALY oL
h, WENC L AEHMEER L k> T3 (E4), i) AL SRTELERCS 2 BE, Z=14.5
cm, Z=8.5cm, Z=5.0cm TD y AROHEREAAEE S IR, JhiC k3 L ABPLOR
DEZHTHOHE TR, 26CHROETREG LARSEEL TwE, T LTHAIATED
F DEERBERFEZAONT, DLANERLETAEEMNBRRZDOXE LHRBEMTSER S
NTWaEIEMbH»3, BEOERRIREAK L drift current I L D TEICEWEERSEBEL TS
B, Z®7:® counter-current £& -T2 5,

—HEEOBE T drift current i3 LT & & counter-current Tiddz ¢, —ARKHN TV 5,
IDH I OFER R UHREEHERA L FCLIVATR-SERE R, BEMI DT LICL
720 B 6 WCHEME 3 m/s QEFOARBHE (y=250mm) TOHERESFETT, JOESLDA D
V—H—E— LB ARAEFEoTWwA L, KEFT7 mm & DL B0 TARTFREEZT-
7ro FRFETD drift current Viid Wu (1975) 25RDRA AW 3 & (w0 =ZERMO ¥ 7 — 5

Depth= 150 |
mm

00 1o
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Fig.6 Vertical distribution of horizontal velocity (wind only)
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)
Vil t4* a1 =10.53 (1

Vs=9cm/s k541613,
Kéarman-Prandt! fiEA 2 RET 2426 &

Vi—v_ 2
—u;——2.51n(zo)+8.5 _ (2)

LT ur =kl y T —HE, 20=roughness length, B 6 DRET —2 & TR/IAREI &
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DR z.2RKDdH L, ZHEN u*=5 mm/s, »=4.5mm &0, Wu (1975) BV E&
22m, W 1.5m, HFE 1.55m DARBETE S L7 drift current *FEOERNESNLTWE, BT
WZAKE T 7 mm TO drift current @ AFID A% 7 T REOBEIC L D ABRPRICEATES b
LbEmTY oMM ERSL 300 ERS, RBEIOES, BED y ARASHRIBE—HTH-
fzo X D7 drift current & 3RTTE & 2 HE R 2=0mm BT A HBEKRE w DY FALS
MEREAILA (H8), ZhXDABIROE (y=250mm) 2B\ T TN, BEIOETLER
fit, BBV THERES YL ->Twa,

Faller (1978, 1983) {i[#%D double-wedge 1= L 2BHE L RO & 7 — i L 2 HEMFE = ZE&H I
FREL, BRE7o— b EERCRALLRE N — Y O8E»s, HO X 22 TLER, S0k 2
STTER L IMENRNBRINS ELTEY, CL 1 BERA>TFTIEELEHLTW A,
Ba OREBRERITMENROFE 2T L0, 208E1I CL 1 4485K L, Faller (1978, 1983)
OEBRPBIELOOLERE->TH 3,

Myer (1971) ¥ Lake George WE T 7o — MZHAIBABBEL, HENENH, 58, BE,
JEE « 2 EEL, BEER &Ab¥ T Langmuir BEBROBRI21T-7, ZOEEESORA
WIESRBIOPRBTEZ D, BRO volume transport 2342 2 % & 7 2 T streaks (3% b b ERF
DIORER) BRET S 2BHL: (M), COBRIFAUEETCORBER X > T LTS
nTW5, Myer (1971) OEHFERIE CL 1 B K U Faller (1978, 1983) OEBER L FEL T
Wb,
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Fig. 9  Frequency distribution of wave heights (Myer, G. E., 1971)
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TImLBETRAE7 —3HEIEETSATLE D, —F drift current BEFFORFLTLR
WET 2 m Tdrift current KESME, BET ZHENTE OB >V TREZ{T> 7,

—193—




EOTE-Re %

e o 10 20 30 40 50
o fem)
—_ =]
n
~
g
o]
et Qo
-~ 10 o o =3
r
)
[w]
) [o]
w
>
2 20 o
=
prd O
o
~
o o
(o)
I
= 3p

14 ATFHFED y ZxT 2940
Fig. 14 Cross-channel distribution of horizontal velocity (wind only, fetch=23m,

wind is obstructed at the center of the wind-tunnel)

s1.10 08

o0 [¢]
w 10
E
v
> ° 5
: [o] Q o o O
S ° 0

O o o}
- 0
w 10 20° 30 w©° 750
lem)

- [o]
=z
(]
b
=
&
> ~10 1 ° o
&}
-

15 $ERED vy XY 5597
Fig. 15 Cross-channel distribution of vertical velocity {wind+wave, fetch=3m,

wind is obstructed at the center of the wind-tunnel)

10, 11 BFUE 12, E13w -+ FhEIC L5 drift current {(z=150mm TEHH#R) @ y FASHE
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TEY, 2OC—7DUBEMIEL THE TERBEELEL TWa,

AT drift current A EFIET L0000, ARV REES 12cm 0B % L 0kEELE T
REL T, MEAREAF TV TEYL, KHCRV ZF L O 0—%RD D, REHELZ Y
FARMERRCLSE3C LT, 20X 2SETR (H#3 m/h) OA%WHa drift current

(z=155mm THA) © y AR, B 3RTES{FS ¢ HERHE (=145 mm THHE) O
yAARFE7 v F2 mOETHEL: (€14, ©15), BRARPROBEOREIC LY, KEH
RTO drift current BBANER D, MEGON 7 ABEIGELHSCREOE—s #F2 L5 %
drift current DRMHBEEENTNE, 2D L 5% drift current & 3 RICHLBEE L 2HBETE
drift current D E— 7 G L M EOTERRAREL, ABPRICITRERRASAT, b
LA2ERRBE S - T3, #L TEBEOEFECE LHEREAHOEACEEL TW2, Z08%
BREMI CTEBRESH S 2 oNFLHEERRSERENTVE Z bbb,

B EDE 5 drift current @ y FRAIDHOE~7 Dk 2 A THERAHNEL, CL 1 Bk
ZHETLEAES, B TTFRME IS TLHER LW EEEL 2,

Langmuir IRHKELCBERAE IS D b TED, Scott & (1969) DOFI B 5 BHElIC
F2y, 3m/sDLETEEL, 4~8 m/sDBEFTR LB TW2, BRAFZRE K
B AKEOBNZCE->TREEH—-IE3m/STH2EEZLNEZ, MIGICEAT 3 mOETO
HEEDRL R (y=25cm, 2=8.5cm) TOHETREHROBME ST 2EFEERT, L VHE
e EE I LTSI TH D, BE 3 m/s L P8V T Langmuir ERE2RET 2k
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Fig. 16 Downwelling velocity at the center of the channel vs

wind speed
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EIEFE--FB 4

Db BHERA B TERE L cn/sUTORFESHEIT 2 2 LIZTAETH D, 2O HE
3 m/s IFTREBHATTE TS KL 2 LBbh 2,

4. # %
CLI1EHREAOCHFMINL T DFAMIEET2ECT L > THERS LS Stokes it Uik, B
@@%m;of¢6n5%@v7%gt@ﬁﬁﬁ%%%szac
BFEAERNCER I crosswave DHEEEF > vyl zrehd

(Leibovich, 1977,

$=72ack e*cos [(ksind) y] cos [{(kcosf) x—at] (3

— Y
Blmbied 3, BEL: x BRICHL TRIFETE y=0, 5, ¥ T, y=§, %’«Cgﬁ

Wi d X9 7% standing wave £ %, (3)F & D Stokes drift i
U= 2 oatkcosfe™ 1 +cos?eos [(2k sing) y] | (4)

TH5i6h, v+ 0, %, Y 7 max, y=§, 372'(‘ min & 72 3 534 23D, vortex force/mass f, =
Y

v, ) ke sz Y, Stokes dritt U0 y HEOBHI AT y=0, 30 ¥ T
max, y=%, lzl—y? min ¥ 7%, 2O vortex force BACEF B O 2448 torque 2B L, B
EfThERE T AMERMERE LR EE LS (CL 1 ER),

TR LT CL 2 #35 (Craik, 1977 ; Leibovich, 1977) K iF Garrett 3% (Garrett, 1976)

& Stokesﬁkm$V7@t®$ﬁﬁf?ﬁi #EZ T3, JOHBE, 70 LB R RETEES

ROLER RS, *qzygyﬁﬁﬁ@ﬁ%—tbﬂﬁfkf‘% %, vortex force/mass DAFERLS f, = Lg%gj
BREK U DECEWTE Y, MARBK UnaxOE I FAD - TIE & 1, EERE L DR ED
BTTRRE %3,

LEnERr ERERFHELTALEY, 40 ERIZ L NE SR Langmuir [ERFE
Smhmﬁt*¥V7%gt@ﬁEW%ﬂ$Uﬁibfwétﬁﬁénéo

L LEREABREERSNTwS 3RAER Ly 7R ECHEEERCBW TR, CL 1R CL
QEHTEALONTWAERSHARICHETZ 2L 3TAETH Y, MELRARCEANERER
HBNBETHD EEL NS, Langmuir fEERH I METE (EBAETE 1 ~2 cm/s, BETIE 2 ~6
cm/s) O L ICFHROHETH - o, FCFEE ERPIC AR TERAT 2455, EROMEHOE
FERALTFOREEH 2D, FLRHTOBMFROBHLERALEL Y, v —F =ty 77 R
o &Y, EREER T OB FIEEC 2 0, Langmuir RO HIAIAME & 4 o 7,
LR FAR L AE - SR - HOBE LB A AMEE R T a e, TASRERTOERH
4 & Langmuir FREOEEEHAS AT ILENH D,
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. A Numerical Simulation of the Distribution of Upward Swimming Organisms
in a Vertical Circulation Cell

HOIEE - RE &

Masataka WATANABE' and Akira HARASHIMA'

g g

Wbk M o 8B 3 Helerosigma akashiwo OMEESH % 1T 727kiic, FERC Langmuir
TERI R UE L 722 Mt % diffuser X DR L 22BN Wic 2 DBEEL 72, H. akashiwo &
SMAPRBREERMC X 0 ERBL, FESMAR, PIRFC I AR L D HEL .

Stomme] OFREEOSMEREME VL X Z0REG L EE—8s ¥, ZORKRERTH
HansMEMRRBCE D2 LB ONTOBEFRENIZ S 2L — LT, KT
OLEAEKEE LY VL L, EBR L FEZRFIL V/ Vot onw T, EBRER AL EE
[ F RE R R TOERSA S L, £/, JORFO random EF & ERALE T
FERLTyIar—LEER, AL EZSANELR, EBRER -0 EENLEL
BB ELZ radbalt,

Abstract

The motile dinoftagellate, Heterosigma akashiwo, was grown in pure culture in which
vertical convection cells (Langmuir circulation) was simulated by a submerged jet of
fine bubbles released from a diffuser. The distribution of H. akashiwe was quantified
photographically and the velocity distribution measured by a neutral float.

The trajectory of upward swimming cells in Langmuir circulation was simulated
using a stream function defined by Stommel and the steady-state cell distribution was
calculated for a variety of conditions relating to the maximum velocity of the
Langmuir circulation. Experimentél results strongly support the theoretical solution
that results in dense accumulations of cells in the areas of surface convergence and in
- the retention region.

Random motions of cell cause more dispersed patches although the general features
of the distribution pattern are retained even in the case of rapid random swimming.

1. ByOSier KELEBes 7305 FSEAEISEERET )| 16 % 2
Water and Seil Environment Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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BOEEFHB &

1. @Loic

Langmuir §BEMHTFEAE T 2 8E T3 ARE W BN & IEIZFETIC streak 23ED, K« KE. 7
Ty bR EBERMISNARNARE T > TS, BTN 60 streak ORFICIIREIESS D,
TEB»e 0 LRBNEET L2 e Ty 3 (Langmuir, 1938 ; Woodcock, 1944, 1950 ;
Faller & Woodcock, 1964 ; Scott &, 1969), Langmuir {§RfiOHERRAESBORE S LE
LTHYH, 1~100m DF—F—IZ KA T4, Langmuir ﬁﬁﬁ@%%ﬁﬁmzzﬁﬂﬁﬁﬁf%“ﬁ,
L LBz 3115 Langmuir f§BRKOREMR T »ofEE s TWS (Ryther, 1955 ; Stavn,
1971, Ragotzkie & Bryson, 1953 ; George & Edward, 1973), FREIRERCE, LIELETURD
FEw s oty FHREE &R, Ryther (1955) BB L 2E0EREFHSRERBC 5D
PEEMLFERLL.

Stommel (1949) i3 SAELNFEHE & B8 & OHHAEEE %, non-turbulent ZH/E I DV THEFTL, W
Revb BRI R, W ENEER, TRRECERT S, 7205500 a0RERNEL L
2HEE LT,

L LRBBRAIRERFT— Y i2IBEAVEL, 2o BMREERD 7 ¥ A EEEREN
DEEEEATORLVEFELESE L, ARNTREEEOEHBE LYo r LT 5201, H
akashiwo % %% L 7 FIPIZ RIS diffuser i & ) Langmuir fE5R PEEFLLERBEMEL T
H. aka-hiwo OFEEREHAIL 72, 2 5 Langmuir BER P COEEROEEF % 7 » ¥ 2EE)
2 LERL THEFE:RT- 7,

2. ERER

KIEBAEE O BHEL - H akashiwo # RV b KA 4ty 7 (B3 60cm, & 30cm,
BB 3 om) PUTHEEE L7, 0T & 2 RS #1700 BE 0.03 (y-min=) ¥ T2, AKilkid 21+
1°Ciz#lEL, 12 126501 20 e Lz, KBRROI B UFEL o EEEE TEA -7
V-7 TREHEL, [/2 5 E Ao CEEICIEE Lk, [ L 5 BRI BRI (5
Wi 14 AE, FOMRED 83X 10%ells/ml) KHLTTF5 7,

HENTRBRO L I ULTER L, Rr7InFEen B2, 1RECOFHBEEML kP
EyEBERAUFEEREL diffuser KX 51 %, WEGOFIEMECE LT diffuser iHTEE A 7
AWMTRBNBL TERLEZOT, BHERZOER(5~10pm) ZBY@OWEER > TLET
2, TOWMBAEANBLEE 2RTOMRENERENG, ERERE T I DAL, B5
BHOFRESHNEETHL I L R L, MEEFHERR DL DAL £ hIrigE (R
AFo—ABr—X) »EBRENICAN, BEREBRICIZZEHBE T, EEENOFRHIR
HEET-7 (M), COMMBIERY =y PRICI D LERHBHBRSN, 2OBEHELTE
B BWTTEBHRSEEL T a9, Stommel (1949) 2k > THZ & hr-Himm EHEL
TWBEZEHNE L & DA,
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1 harBERC & 2 SRE N HHIE

Fig.1 Measurement of vertical convection pattern using neutral beads

2 HERFETO H akashiwo OER < v —

Fig.2 Accumulation pattern of H. akashiwo in the experiment

HEREHE 14 B HONBUEME T OMIIA 8.3 X 10%cells/ml 8 U 7 EBFET, LISREN
e BEMNICRES S, H dkashiwo OAMEBEBET 2 Lk bic, RBIGKEE (region of
surface convergence) & {FEREE, (region of retention) KB LTH ¥ 7V ¥ 7 %7, {BEHE
g s A0y 2 VIEREHEBE AW AL 72, B2 3ERANTO Z20ERERH s TL
5, Tihbb i YAELAERORRBHE~DBE 2 £8HE o nEEBULE 1.3x 10%ells/ml 2 %
LT b, it) H gkashiwo O EHFREE & TREFHEAITIZD D Fo Ty 2REHBICER v 7
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WATE - L %
DR S, FHAEEENT 4.4X 10%ells/m] Th -7z, BEENTO—RES L O EER S
8.3X10%ells/ml TH 3 2 L #EZ 2 b, RBINFEA~OER T FHBERFHT 104 -5 —RBWn Ik
MHhhs,

HMEoEBERL D, EEELFENRE LV EBRTCRCEBTI LB i o7,

3. EFEAMT I o o OBEMNRETOBE I aL—va

SRECNTTIS T, Stommel (1949) pSH W KRR L DRRL, LHEKET 227 PO
BREEERIC Y S av— T B I LY, FOAMBELETLL,

QHTTEEER KEFEISxS2 L, EAMOIZzSH) B0 ThR =L BV THEL
FMEZBRAHE V2R O0MBEEIRO LI KG L5105,
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Fig.4 Simulation of transient distributions of H. akashiwo without random

motions
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Fig.5 Simulation of transient distributions of H. akashiwo with random motions
The intensity of random motion was given as + V', 2=V V'pt=V,/2
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Fig.6 Simulation of transient distributions of H. akashiwo with random motion
The intensity of random motion was given as v V', 2= V', =V,
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The ICCG Method for a Finite Element Model of Tidal Currents
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Masataka WATANARBE?, Hiroyuki NAKAJIMA? and Masatake MORI?

E B
FE{OELNRETSHEFRETORYROEMCEREREFEA T2 LRKAIR
FARBECHZ TR 2 REBITC b DBV — K ABREEREAF » 7T LB ik
D, RROFHEAETRHERMMSLr DT E L, IOk 5 R KRBT  Hik -
LT ICCG MR % #E a7, ICCGHEEMOHE A, +4%b b Gauss HE#E, Gauss
-Seidel i, Conjugate Gradient & & S EF, HE DL THESTo0, FORE
ICCG B i MW MO AR BERFMC BN 2 KBBBTF I L TR HRENTH L &
HHEBEL iz, BMIFHETOEYREETE 2Ty, BHER L0 RTL2—8EH:,

Abstract

When the finite element method is applied to the analysis of tidal currents in inland
sea with many islands, a system of linear equations with large band and sparse
coefficient matrix is solved at each time step, and therefore the finite element methods
usually suffer a severe economic disadvantage for practical calculations. The method
used in this paper for solving systems of linear equations with large band and sparse
coefficient matrix is the Incomplete Cholesky Conjugate Gradient (ICCG) method.

The ICCG method was compared with other methods such as the Gaussian
Elimination method, the Gauss-Seidel method and the Conjugate Gradient method in
terms of computation time and accuracy. This method showed significant
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improvement in computation time and it can overcome the disadvantage that the
efficiency to solve the matrix equations which appear in the finite element analysis of

tidal currents usually diminishes as the band-width grows. The simulation results of
tidal currents in the Seto Inland Sea of Japan were compared with field data and
reasonable agreements were obtained.

1. BEBHIC

BRFRBER=0EE 2B ABLEINTEY, E<OBRIVE->TWwE, JOHPHE
TOMYRETCTRERE 28 L 58, BN BB T REITH 2 fF o0& —KH
BRREERRMAT v PO CAE LR LR D, r0LAY Y2l IV MEHRERBAL LS
£ LB E, IOXRBEESTTOLESRMTba T EROBYHHERHERE S (D5
HEH*EL, EBREAREL RS, 2 I TRHYROTRERER = AEICHEB L BgI
BRan 2177 MECREE LT, FLBE L TARRIVAF -3 ET) ICCCGEE2EAL
2o ICCGHIBNELHERTE D, ROTELS 2 NISGER R (IET 3, FEEEBY T
HTREERR  TE R, BE+ar TOBEP RO OCTIHBELE R DRI -OTDHE
AR EEL oD, TITIRERDATNEI DV THREEER 1T\ Gauss IHEH, Gauss
-Seidel #%, CGC EBHF ORI L KBRS E{T o7,

2, EBFEN
B O A TR, $AE T EIC hydrostatic 2RE L, EREAR UFEHEH B 2 HEH I
BMaLTRHERE (Wang & Connor, 1975 ; Wang, 1978),

_?Z _G_ Oy _

FTi +@ 0 (1
Ogx augx gx_ _ .8y v i+ q,° OF | OF

ot + + =foy—&h o G (h+n)? "+8x +ay 2)
_ﬂx ng 9){ v ' + gy’ oFy | 2Fyy

a3 tar T —fa— gk -G Thin)? ge 5 %y (3)

’:fhmﬁgwgo%é:nuﬁﬁﬁm:%,@u%ﬁﬁ@mﬁﬁbtﬁﬁ:mam%ﬁﬁ
3 1 f v} Coriolis parameter © Fxxy Fyys Fyy, Fixid internal stress ; CRRIETHERRK TS 5,
Hi b Hid 7 —Ic & 2 internal stress B EHF SRR THEL Tw 5,

Fx,x,:-Ej,i(gx (4)

ax,)
—REI RS L LT force L HLE D normal & Uf tangential 42t 2 shp il z o2

Vi,
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G=¢" ¢ onS (5)
anann‘a Fnstns‘ Onsz (6)

TITSRERSEZOSNTWLAER, ST force BEZSNTWABRETRT, ERARA (D
~(3) BB R M (5) () Fic weighting function Az, Ag, Ag, 2 H, B> THS %
T3 = =iz L Y weighted residual equation 2183,

[ o2 +—‘1!]A dA=0 (7)

f [5?—+ (g + {uqy) fqy+gh

v gt g’ _ OFx  OFu
+& (htg)t x ax y]ﬁ dA

+f51[anan*anyqs*qx*JAqx*dS
+f &[aanxx+anyFyx_an*]AQde: 0] (8)

f [—qx+— (0 %(ﬁqy) +qu+gkgf

v it gt oF,, oF
YO Y e —H]A JdA

+f S [@nyGnt nxgs— QV']AdeS

+f Sz[aanxy_i-anyFyy_Fny*]AdeS: 0 (9)

2 IT ang—=cos(n, X}, any=cos(n, y)
Green DEBZHEL, BEABSEETEAEAT A2 @) RETORNETRO LD CE
D,
Tz
f Q{ [_i-i-* (#igy) +ay(uqy) fqy-l-gh ot Cf—‘/(gﬁ% g | A

+ F,

x5y Age } dA

AqurFyxa

_f Sl[aanxx+anyFyx]AQde_f Sz an*AQXdS
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+f s, [@nxtn— any s~ 4] AgxdS= 0 (10)
[ af [—g—?‘+%(ﬂqx)+%(ﬁqy)+qu+gh%;2+Cf—‘/(hgzL a]dg
+Fu, Aq+Fy g ag}da "
— [ glanFu+anwFylagds— [ ¢ Fu*agdS
+fSl[anyqn+anxqs—qy*]Aqde= 0 (1)

PHEEIBREHERIC L 2 =ABRRICHF 2, RBBROLIZERIINnD,

n=¢'7
o= G

Gy = ‘STQ_'Y . (12)

ZITH G GREMACEITZMHE, ¢ EHA D interpolation function TH 5, (12)F % (7),
10), QLHARAL, 2BRZHLLOHESTETI LIRO L 5% system equation 385 GEHAIZE
e RBE (1982) &8,

A%+qu}+f{yqy= 0 (13)

ag
At

AR~ RE 7 & OEEBBHMAT Y XL CHEKRS 2, BEIIZ DL TIRPRESEITS iy
CEWENE, Thbb

+G,7+P=10 ' (15)

A(ﬁnﬁ--;-*ﬁn-%) = _Athn (]-GJ "

B

AlGne) — @) = — AlGHu

I THEETVA R EEENETTITH S, (13)~ (15K U T explicit method #FAL, &
F&M4 L LT Courant-Friedrich-Levy D& 2METI L9 At 2HBELL, Thbb
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=T (18)

3. 1ICCG &

WAL —RAER Ax=0 #IBR, T AR IV AF B X > T LDLT R aha (o =
T L iR EZAFTH, L7220 transpose, D M AT, & DBET VA S —SEARKD TV <8
HT, HoHUHRDSNEENAERITESC Y oI UTHMEET T {, BEMICY o
THOEHRBH L UBRDHDON TS, COLIRTRLIVAF—SEEANE L LA,
HEMEARE %8R T 5 74T ICCG ¥ (Incomplete Cholesky Decomposition and  Conjugate
Gradient Method) Th 3,

Meijerink & van der Vorst (1977) & kaid, FREITH A M TV THNEEHTIC R T
PERVEEOEBCHLT, h=1 LR B FTZATH L= (L) 0s—DHEEL T, A=LLT—R O
FIRTERIDETE 2 ZEMREENT WS, & 2254, FRETHANMTITA Y L IEEBETF
ThoTh, PTREIVAF-—SBTLI0OLRZ22L43b5, LL, 20E5K%2 2 LRH
THBL, GolelTh, 2O LEHSLEDECBEE B2 AEHBELEREY THuL I LTS
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bivbihid, H1~E4RTHEORELEI v AF—9BE2 T, 22T, mE v PriBTH
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FEEIVAF-HE(A)
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TRV AF—3E(B)
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THEECEIZLBTES,

ALV A X —3EC)

diagonal 2» % k-th diagonal ¥ TOBEHKLA 2 EHCRIcT 29, 72750, kit l»smg

THERIGER I LD TE S,

TREIVI -5 (D)

TEOTHIOFBERLA # HWE MR T2 5.
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KELOMIMT 228 Tasnd CCERFEEECNETZ Z Latbhr o Tna  (LDLT) Y2
ATERICTI R L, IEIRZRIEZE L, Lo TUDLY) =] L4k D'LTA(LTY = ]
Thb, Liid->T Ax=b rEZETHIIE

[D'LTAL) LTy =D'L™'} (19)

EHLTCCHBEEATNEERCECRR T2 L E LGN L,
Wiz, Bal—WARR Ax=b, (A EEE» ORI 28 ICCGEOTA T Y XL ELUT
WRTe (1701 AW, ASLLT™-ROIIKETELIVAF—FEENTVI LT 5,)

0 FIEAE, rn=0—Ax", p=[LL™]'x

a=(n, [LLT]‘I?’[)/(PH Api)

x“*"=x‘”+a,p,

A = n—aAp (20)

Bi= (e, [LLTI' 7)) /{5, [LLT]'A)

b= [LLT] i + &b

&7z, ICCG I EGREIZ RIFFIO VTR L R U RBEIBTPHT 3 Z Lasbir o T b 2%, R
ik, ADBREOLHEIRZLRVOT,

Iznle / I &1, <EPS (21)

Rk, REZRTTZL2CLTHE, LFL, |+ lida—2Yy R/ 4 (B
FT2—/nakEEL), EPSREONELZRTH S,

4. ICCG EDFEME

ICCG % OWHHEE I FMED TR, BHWCFC T 3EROBIR, EREFCI-TELE S,
a0 FEROBEBSEOHEZRICTI, ETRINFARLIVAF—SRLEILV A & —F
OEEREEERL1ETT, 22 TIRFHTHO 1T S 2FEZTEZROTHEE, n i3kThk, m 2
Ny FIETH D, RERESSRPEE - RERARSOBEREFBRIR2OL >0k E, 22T
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RILBD T2 Gavss OWEHFIL B P BAE - BERACLELHERRORL THD, FIAE n=
1036, m=187, (=3 £+ 2k, RESHTO 1 BORGCH T2 BEESIL 21753 TH b, FIHME
REDRTCHLBELEBERER 17606 L2 3, TabbEREN 2 T RIRI L Ex RIEE R
B REIETSE, HF 17606421753 Xk AOEEHPHETH %, —H Gauss HEEDIRS 1T 352682
HESLETH L, Litdh->T CCHEOREIA 16 IRBELURICIE T, ICCGHEDAH
Gauss HEL I VEEENR LI BRI L, D ERBEEROEEL2T -3 TH 24,
EEOHMWHHEDBS K 2 TRHER (ICCG i, Gauss HE#E, Gauss-Seidel %, CG )12
DBTFOEENR L BELLE T 2, Case | THEBEERUAHEB Y 225 8%, MIGATHE

*® 1 FREIVAF—GHRE 2L A F—HEOEEF
Table 1 Number of operations for the Incomplete Cholesky Decompositions and

the Cholesky Decomposition
n is the order of the matrix, m is the band width and ! is the mean value of the
© number of the non-zero elements per row.

m H £ H
TREET VA F -~ HE(A) 4 n—2 in
(B) 4 n—2 4n

(€  3atpalat1)(1+5 D nl—3 1

(D) ne{7I1+5 7 2 nit

VA ¥ - %mzn+%mn+3 ) min—mn

#* 2 HiEHaRUEE - HRERATFOEERE
Table 2 Number of operations for the initial setting and one iteration at each
time step in the ICCG method and number of operations for the foward

and backward substitution in the Gauss Elimination method

n B ® H
13 %E 120i+3n—6I1+2 4 pi+5n-21
ICCG #
1 R # 12nl—61+6 at2 4 nl+9n—21+3
Gauss 7 Rl - _ _3 —
- AR 6 mn—3 m*+n 2m+2 2 mun—mtm
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L, BFRUCIEGHEEIEEOMT L N2 o0k t>TH5(E5), FEBRELAOEIRE
FLTHB, —F Case I1iZ 1806 B, 1036 Hidiic & S Ee1T0, REOHH 2 ERCREL T
W3z (F6), BEFFIACHENIEREEZED/$F—>»13 Case I, Case IO LDWHLTENE
WH4 LR TR LTH S, MYRFECRBRETIAGKEL L bcEL LD, TRED
VAF—SHRIREIC 1 ETONAEThS, JOLHBHEREREC CCHEz L3 REHE
BRI ETFL T,

FERMOHE DL TORELHR 3, 4 RT, (A~DdEcEFLAEZea v A5 -
OETHE, 22T, KEREMLEZ, Gauss DEREBRIZB TR 1 BOHE - BERACET L6
Mesh, ICCCHEIBLTRABEMEORECET AMTH L, i, EHREMER HITAC
MITOTH B, 27-SORERDWTH, BHESS A—F—wl, WBKTOTHOEHEE
0.968~1.031, 1036 ZRIEDIFFIDEBE 0.963~1.00 X% U, %2 O Gauss-Seidel # & 7 UREKT
NELEOT, - IRBETE»ok, UIETOTIOHES, SOR 170 BRKEEHEOMNEE
NEBECLORDTAHTDY, @=1.20B0T0L2ICLIBIERLY, 0=1.2 Tk, ERRE
LAaREHER TETH =,
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5 Case 1 DBEDFREREDE

Fig. 5 Finite element discretization in Case I
Circle indicates the location of node number 78.
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SCALE KM
0.00 0.80 1,60 240 3,20 4.00

Tachibana

6 Case 1DBEEOERERTE

6 Finite element discretization in Case II
Circle indicates the location of node number 556.

Fig.
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Fig.

7 Case lIDBEEOEBERSH

7 Distribution of non-zero elements in Case II
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WUEE - hEHY - F ER

+Fz 3 Case IDBATO1EDIEE - RECET 28 (EPS=1.0%x10"%, #

fiz=%, HITAC—M 170 #£H)

Table 3 Iteration and decomposition time required for one time step in Case I
(EPS=1.0x10"?, unit=sec by HITAC-M170)

PA - -

st cawr oS8 S mo
(A) 0.053 0.317 0.37 6 i
(B) ¢.051 0.304 0.355 6 k=27
(C) 1.31 0.168 1.47 2 k=27
(D) 0.585 0.127 0.712 2
Gauss @ 4.08 0.227 4.31 -
Wk ik : : :
Caussne  — 0.12 0.12 5
SRR — 0.583 0.585 1

= 4 Case UDJ\FETO LEOSHE - KIECET 2HM (EPS=1.0X107°, &

fii=%, HITAC—M 170 /)

Table 4 Iteration and decomposition time required for one time step in Case II
{EPS=1.0x10"%, unit=sec by HITAC-M170)

Koow o pmmm meew SR BIL mmm
(A) L12 1.29 2.41 3
(B) 1.09 1.25 2.35 3 k=14
(C) 1.9 1.74 13.6 3 k=14
(D) 16.0 0.57 16.6 1

Gause & 296.3 5.57 301.8 —

Gy — 1.12 1.12 6

FiRhRERE — 5.56 5.56 17

BWROBREREFRO & 5 2 FEEEEE, TobBRBECE o TELL 2LREITHE b 0E
AR LR L O s HECEH T 2883, BRI ELT, RERM (Gauss @
WEEOBEIC R, B RRASS BT 28M) 0aT, HBT2008EYSTHL, —F, .
BERSIC & - TREGTHI O BT 2 a8, —EEI—KAFER B I T 0L RMEGERT 2
ok, S THETRETHS S, ICCCEFECEMEERT 288, Fuearx
F—BRA), B XY L), DDA, LAARCBELELT,, HEBEOBIE 24,

—F, EEATIIBEMIC L > CLELLRVLIBE IR, RELSZBMEshD>To, SHHEEE
LT, TOMEL LT, SHBMNE R ATHEIVAF—28(A), B OHNEYTH

220 —




By O ERERRNICN T 51CCeHEDER

7o UIIWTOITHIDOHEITIE, Gauss DHFHELIAZIEZ LA XELBT TRV, 1036 RRITOT
ToFaicik, REBETR, FE2ar A5 —28 D) 2w ICCG ¥4, Gauss-Seidel #:0 -
12530 11z 2T w5, RICH 1036 RITLL_EOIHE &, BIERR %1T - T2 voat, Meijerink &
van der Vorst (1977) Kt hid, Kk & (o hilEENCEIET 2 L Ebh T3,
F7z, O ®i2, Gauss d)?ﬁf%ﬂiﬁiiéﬁﬁ%ausst ICCGHR X A8 xicca 008, | %icee—
Toauss | 2/ | Xoauss 2 || Kicco = Xoauss I o/ | Xoauss | «EEFRT 2 &, £5, 6O L I kb, ¥
Ly 2—/NA12—20 9 ¥ e s uh,00— ) VARBBROBEAEMEL LD/ VATH B,
ICCGER L 2BOEELRS L, Gauss DIFHC LML, RS—HLTWw3 I ritbhd,
Gauss-Seidel #£i2 & 2886, ICCGEERILEBEICRE ( —BL Twi, LEENEOHE N,
EPS=1.0X10"*k & 7 DT, AL —HLTWw5 EREA %W, EPS=1.0X10"% 72 ¥ ICCG
hrEREORERBLH, REHDH, EPS=1.0X 10 0OH& It~ T, 5~15wk 3,
Rz, R OFRETVAF—3BE AV ICCG ik, HBMEREORE | % | *= | b—Ax |?
oy bEHES, MIKTRT, BET oy M 2R3 L, ERERECHAT, ICCG #OURE b H
Otbind, Fil, ICCGHETE, 1 REDHADZIZECLETEEHNRLL T3, 143 KiLOIT
T T 2 ARLIVAF—FR(CO)DBECR, RES~ETRAMIEY L Tuwb  TEea L

* 5 Case | DEEOEEOLE (EPS=1.0X107%)

Table 5 Accuracy evaluations for various methods in Case 1 (ESP=1.0x10"%

KB 2-norm co-norm
(A 0.363x107*  0.176%10"?
(B) 0.363X107°  0.176x 10
(C 0.617X10°  0.767X10°?
(D} 1.0 X107 0.622x 100

Gauss . 0.295X10"*  0.233x10°?

HARMEH L 0.562x10-2 0.436x 102

# 6 Case HOBEOBEOHLE (EPS=1.0X10"%)

Table 6 Accuracy evaluations for various methods in Case II (ESP=1.0x 10-%)

BB 2-norm oo-norm
(A) 0.596%10-2  0.984x 102
(B) 0.605%X107  1.02 x10-
(C) 0.438X10-2  0.767x10-2
(D) 0.954 1072 2.73 x10-2

Gauss . 0.184X10°  0.379% 10~

HEERIE 0.418X100 0.7 x10~
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Number of iteration

il S 10 13 20 29 30

Regiduzl |1:k_§2
10-7k071910% 10-S 16 10% 17 10t 163 102

Ty

o

Lalanlrgaded

8 Case 1DHBEOHE T v b
Fig. 8 Residual plots in Case [

Number of iteration

<
o

141 15 20 25 30

Residual [r, | 2

btk il
/l‘
/
j
g

10°171071910+% 10-5 10~ 107 107 1p!l JQ!s 1pi®

s
/
/

9 Case IDFHOHE T o
Fig. 9§ Residual plots in Case I

A F—MRC), DBV T, REVSERECHEIL T2, SEH KEMEEEEICARS
b, DIOHBRVWAETEZLEZ OIS,

HBETFOBAEEE - RNFBHEOLS 1IGEWIEY, HRBEMEOHTEECNET 22k
HERMW b o TWd, 22T, BICELEZ20TFO S 5T, RITH 143, F4> FEM O
TRl owT, ICCG BOREITH (LLY) A OEFEBN 27>, 7RI, FIABERET
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WY ROBRERFT N T 3 ICCCHROER

Lo @BEdTR oBEEAFRE 0 0L S i b, BRXEEHE0.43x10°, S/ EHHEIZ 1.0 TH
3, M3EOBEEDS B, 1.0 0EGEMEA @A, D 135 Bl 1°~10BETH S,

—

Elgenvalue
10! 10% g% 1ot f05 108 197 1pf tgd
" | ] ol o ol - i Y T

uu.dl "

a 50 i0a 150

Number of elements

10 BB % B LT o EEESH

Fig. 10 Distribution of eigenvalues of original coefficient matrix 4
Case 1. size of matrix is 143

Eigenvaiue

e 50 100 150

Number ©f elements

11 TREIVAF—HEA)OBEOBE BN
Fig. 11 Distribution of eigenvalues of the new coefficient matrix (LLT)"'A4 using

the type (A) of Incomplete Cholesky Decomposition
Case I: size of matrix is 143.
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12
Fig. 12

13
Fig. 13

2.8

Eigenvalue

0 50 100 150

Humher of elements

TREET VA F—(B)DBESOBEEHESTF
Distribution of eigenvalues of the new coefficient matrix (LLT)-'A using

the type (B) of Incomplete Cholesky Decomposition
Case 1: size of matrix is 143.

Eicenvaiue
1.

0 S0 10D 150

Number of elements

Frgav A ¥ - (C)OBEOERMESNR

Distribution of eigenvalues of the new coefficient matrix (LLT)"' A using

the type (C) of incomplete Cholesky decomposition
Case I: size of matrix is 143.
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WY ROBFBREFEACH T 1ICCCEOHED

2.0

Eigenvaiue
1

0 éb ) too l!';o
Number of elements
14 FEL£IVAF—24(D)DHESOEREME
Fig. 14 Distribution of eigenvalues of the new coefficient matrix (LLT} ' A using

the type (D) of Incomplete Cholesky Decomposition
Case 1 size of matrix is 143,

i, FTEEIVAF—SF(A), (B), (C), (D)ix2owT, (LLY'ACBEESMERT
E, M1l~H 14D k3ieixd,
(A), (B), (C), (D)OBRE/NEEEI&~Z, (A)1.63, 0.49, (B)1.62, 0.49, {L)1.28

0.72, (D)1.09, 0.91 ThH 3, BAEGHE:HNEEHEOLEN LiEWIELYHRET 2 2 ki,
HEERE, S LEID e,

5. Mo iat—>a

HREREBECL58WHET V& Case 2L TERA LT, ARG L LTRTIERTLES -
R—Lh, B @—Bnme, M, S, K, OO 25 2 72, 22T C=0.005, Ey, =
Eyy=1000m'/s, 4t =5skL, giEsoirgommL i,

#® 7 BRI B 5 OREMER

Table 7 Harmonic constants along two open boundaries

HHB B 2 My OSSR B/ RS MY ORNER
M, S K a M, % K O
586 (cm) 46 22 21 17 BEcm)  70.1 22 22 222
BE(E) 180.8 202.8 189.9 171.9 BA () 329.7 353.9 238.9 211.9
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EIEF - hBEE - F IR

ESEE RIcB 28uES % Gauss IEEE = ICCG #: Type DD LD DWW T HE 21T-
(R 8), FIIOHER 23w LrBESVLY, Hb2BEEEREBICRD L 4~5 72—
BLTws, MDY S 2 —v g »icEL 72 CPU Time (HITAC—M 180 ¢~ % 3) 12, Gauss
WEHOBE 314 SR LT, ICCG i Type D)DIEE 123 9L 23, & LE Spsins g,
WMEOEZEF ISR TILOEE LGNS,

FIRED Y S 2 —vzvid Case T2 T biT, 4t =5s: LT 12 HMOHEZTo,
15, 16 iRFEanf#Mry bvERL, HITCRESES 556 TOGUE#+*T T, %
WCHEGWIEPY, BEAWEEE LB COMROEES Y S a3 Tw3, M8 kETE 41 38O
WREMNORAME L HEEORENRINTH S, RFr—EsEBonTun3,

SCALE KM
0.000.80 160248 320400 ., - yusSEC

15 ZFEBHSE X 0 165600 sec TOHHE 3
Fig. 15 Computed depth-mean currents at 165600 sec after the beginning of the

simulation
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MYROERERRERCHT 2 ICCCHEDER

® 8 Gauss D§EE E ICCG b ARV AS S IR - Tive oy 1Yo
Table 8 Comparison of the surface elevations computed by the Gauss
Elimination method and the type (D) of the ICCG method at node

number 78

54 (sec) Gauss DHEFIC L 28 ICCGHIC L 28

600 —0.438778 10 —0.432593x10-*
24000 0.405998 10! 0.405975 X 16-*
50400 0.241068 x 101 0.239886 x 10!

100200 —0.390676 — 0. 390692
150000 —(.218649 —0.218658
200400 0.229154 (.229169
250200 —(.366080 —0.366058
300000 0.709712 0.709786
342000 —0.361527 —0.361496

SCALE KM
0.000.80 .60 240 320400 — = |M/SEC

16 FHEBAK L D 194400 sec TO TR
Fig. 16 Computed depth-mean currents at 194400 sec after the beginning of the

simulation
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gﬂ [ s
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o BT | =
5 VA A AV s
=8 U U ¥ VY g%
Se] Ty EE
= o
= =
g =
s =
= L=
o\ oo 2.00 | 4. 00 .00 s.oo0 | 16.00 | 12.00
DAY
17 EiEES 556 TOMER
Fig. 17 Computed surface elevation at node number 356
¥ CHAREC ¥ [M/SEC
4.0 1.0
BT 1 ) v 5 T
%%) r(':ucl: A \\_% L‘E:zsu
52 BTR K1 -10
¥ CM/SEC ¥ CHASEC
l: 1.0 [ 4.4
F
A
i N,
— h
-14.G - . 4.
e e %2 e
T, "
M2 “la.g at -leg
—_ COWPUIED
e BBSERVED

18 EiEBF556 TO M, S, K, OFEHEMN 4 R0 EE L RO HE
Fig. 18 Comparisons between observed and computed tidal ellipses of Af;, 5, K

and O, components at node number 556
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6. #

HERBO LS CEL DEB2SHET 3 &5 2BEBRTORWHRHABEOBE I CBA 2 KRR THL
TFH % 4By —k R HEHE T2 HE, EROFE(Gauss H&, Gauss-Seidel 2%, CG
B whE L TICCCERERLLAS, BRERCHERMEERL, ks RAEEOBELE
LIENTEL, 20X ICCCHOERRE~ORBIRS ETHERZV OTHY, TOF
FEHSNRw AR, SEIFESEROBESLELNE - KEMBErOMELREAT 2LESH D,

E i
EFEETI LS o TREEEEL IV E{oPErnFul, JIEBHOEERLET.
Fih—EO 7oy P IERERERILIRDOF b T oby,

51 B x #®
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11—16
FAEDIC & 28T TR AGP

Algal Growth Potential on Munisipal Wastewater Using Red Tide Organisms

FARES - HlEE - - 5 %2 G
Osami YAGI, Ryuichi SUDQ!, Tsutomu IMAQKA? and Seiji TERANISHI?

g ¥ :

BHTAROFBEDORB L RETHEFE LT I L2HNE LT, B FKO
FEEEEET (AGP) i 2L TR 24 7z, R#EEY L LTI, Chatfonelle antiqua,
Heterosigma sp.ii & tFIC Skeletonema costatum RER L1z, MATKEV 2 RNLEAD
AGP i, 1 #h 130~160 mg/l, 30~340 mg/l DEHE L I L FEFCEHVEE T
Lizo =Bt o ALBAD AGP i3 4 mg/l BIF L REBVETE s, 2O EmsHY
VB REREEHET 2 TR L L TRESHTH L EE LN,

Abstract

In order to clarify the effect of municipal sewage on the growth of red tide
organisms, determinations of algal growth potential (AGP) on raw sewage, second
effluent and tertiary effluent were carried out. Chatfonera antigua, Heferosigma sp. and
Skeletonema costatum were used in this algal assay procedure. The values of AGP for
raw sewage and second effluent were in the range of 130 to 160 mg/1 and 30 to 340 mg/
I respectively, while the values of AGP for the phosphorus removed wastewater were
less than 4 mg/l. Therefore, it is considered that the phosphorus removal from the
wastewater is significantly effective to contrel the growth o.f red tide organisms.

1. BLsiz

FE, BEEHOBBEE TR U LIEFRENBEEL, RnERELSIEEIT I bE, KETHS
ﬁﬁt&ofméayﬁmﬁmtuﬁ%75y7bymxémﬁoﬁéﬁ%%piﬂ,mmﬁﬁ%
i L TEEEROMN, REERVEERFHOERE L CEEOBESRE(ELE L. 20

1. Euvagmesr KELEBEE T 305 SR A S mAnT I 16 % 2
Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe
~machi, Tsukuba, Ibaraki, 305, Japan.

2 B30 54~-56 EIF EUAEMEMEEFER (BBAFI¥HE T 724 HEBHAEARETAFETE)
Visiting Fellow of the National Institute for Environmental Studies. Present Address :
Department of Engineering, Hirosima University, Saijo, Higashihiroshima, 724, Japan,
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ERED - AEE— - SH B SEESE

BRHELT, MBI AEEBREIFLIETLTEIB8E LA TWS, B, B~
FORIED L S REWECEGT 5 KREE Chattonella B 1F Gymnodinium 7t FOPEERC LD
bONEL, THHOWEFROHMICE, BERRCY YR EOREELTTIEZL{, Hd0LRY
Py PYoRBBERNEYESMBECAETHS ZEBBELMIE N TV S, (NE, 1976),

Dz, FRERLDFRIN S CHEETIBEITIE, EF - U DA CHEOHENRIRIC
LEET2LENH D, FHREOHH: VI BA» S}, BF - ) B CCEMHABYE OB
WHOEFE & 2O ER LA L & 5, REELCHBENBEMEOMMBTR L U TRTHEEK, &
EHEK, EEFEARVEBHL SOEMFRLEZ ESEZ 5058, FEHOBBEIRIEZT IASGD
HAOBEECHLTRBLAFRESZINTES T, TR SEBETHEIKOBE 0L THRE
FiTot-Mhio®es (B, 1976), BB TAD 2 RMNAERADBEMBBHIR I 2L TH~:
Doig & OBFIE (Doig, 1974) RSN 2BETHS,

T ITAMEE, TRk EHRERBEORELFEEHE AN T LA TARCEBL, 78
EVIOEERI O & BB T A REETY L 2B E L, RBEMOEERTOTEIR
PR ESERE (EPA, 1971 ; EPA, 1974 : 55K, 1982) i -7 < BIEEE DB (Algal Growth
Potential, £AT AGP &87) 2FT~2 2k, RUBERBREORMERLERL, BAOFBLE
VORI T AHRRFERN T2 2Ltk o TiTofee BERAMRGOHEAECHEL TEK
VMBI ERL, SEE) JABEAEROLEESNEETY, 2RAEEFETRY SAEOR
Ri2wuTmiemz i,

2. REBHE

2.1 fEERs

BREFABCHAOALAHEYIBBR TR EL LAWEAD o SR L R BEED Chattonella
antiqua, EFBEKD S TEL I BEED Helerosigma sp i iz EE¥R O Skeletonema costatum O
3IWTHD, £/, WRERCHOLBESERREOEEE TH D Selenastrum  capricornutum
/N — KRR s EEZ KT S,

2.2 RERUAERE

FREAYOFEFERCRELCRT S-SR O, &/, ATESCARBEEORELAADE
EERNXTELDID, S-SEMPOEERYY) VBEYZAZA 1.0mg N/, 0.1mg P/1 10K
MR S-11EMER W, S capricornubum ORTFR UHIHIRRICEE 2 107 T Groham &
H % G L 72o ‘

23 8B % .
e LTk, BEfTAOHRAT 3 OLEE (EEHEEE) MUMBTRERRE LKL
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£ 1 S-5iEHOMR
Table 1 Composition of $-5 Medium

NaNQ, 100 mg
K:HPO, 10 mg
Na,5i0s 9 H;0 10 mg
FeCl, 1 mg
Thiamine-HCI 0.2 mg
Biotin 0.1 ug
Vitamin By, 0.1 EE
Sea water 750 ml
Distilled water 250 m!

E 2 Gorham 8E O EAE
Table 2 Composition of Modified Gorham Medium

NaNQ, 99.2 mg
K HPO, 7.8 mg
MgSQ, » 7 H.O 15.0 mg
Na,Si0, - 9 H;O 11.6 mg
Ca(l, * ZH,0 7.2 mg
Na,CO, 4.0 mg
Fe-citrate 1.2 mg
Citrate 1.2 mg
Na,EDTA -« 2 HO 1.0 mg
Distilled water 1000 ml

B (EEME - RN L A IEHERE) OFRA TR B R S 3K L 7 2 RAHEK
R, QOUEBEO WA T ALY 2 RILEACEEL ThE, AKOBEE LT 1.2um DA 71
YT ANF Lo TRBNEORERT oGBS (UTF, 2BELT%) et -2 -7
(120°C, 15 4¥F) w X hMmMBGEEL 7%, »BEEHWES (UTFRSBELET3) KDV THR
HEMZ Iz, iz, KEEBOHMATARY 2WEARBADHE CRIFEZ 2 AV 2, AGP DfER
BIMCEBIEORMER I L TORADFEMER 10% & Lz,

2.4 AGP OREFE

REEMC L A AGP DEEBKO LS C LTI o7, J0mIASHT 7 AIRNRICFLEA
Tk 5ml RUBKEHEML, ZBYATWOm] & L, KEEFMEBRDBT IR, JhicEHE
KB ARMU 720 S, capricornutum OFE I ATIAORD D EHAEH O, BEMAHL
LTk 5~10 MO RS & » TS0 b 2 B2 ALK TEERE L - BBE
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Wit, TOBREEEHEEREN TR Lo REACERL, BES(To0, 4RI RMOM
i, VIRREL o FIEREFFFTRLELOTH B,

BEZOHER -V —H o ERGTTY, BohHER: EOMRERr o ERER
HE Lt SRFROBRERANWERIC X > TR, AGP BFUKEND 4 0 HE0RABME
CERGEERRECTRD A, 27, HEELTHRIICRLE AMEMIC L 2 8ME 6 HIE L,

# 3 AM o MER
Table 3 Composition of AM Medium

NaNO, 1.0 mg-N/ 1
K.HFO, 0.1 mg-P/ 1
FeCls 1.0 mg/ 1
Na,Si0; -+ § H,0 1.0 mg/ 1
Na,EDTA « 2 H,0 1.0 mg/ 1
Thiamine-HCI 0.2 mg/ 1
Biotin 0.1 ug/ 1
Vitamin B,, 0.1 ug/l
Trace metal Solution*® 1 ml
Artificial sea water** 750 ml
Distilled water 250 ml

*MnClz 4 H,0 208mg, H,BO; 92.8mg, ZnCl, 16mg, CoCl, « 6H,0 714xg, CuCl, « 2H,0 10.7ug,
Na,MoO, « 2H,0 3.63mg are dissolved in 500ml distilled water
**NaCl 23.48g, MgCl, « 6H,0 10.61g, Na,S0, 3.92g, KCl 0.66g Ca(l, - 2H,0 1.47g, NaHCO, 0.19g,
KBr 0.10g, SrCl, » 6H,0 0.04gH,BO, 0.04g are dissolved in 1000ml distilled water.

#* 4 WHBHOHEYR USSR
Table 4 Preparation and Culture Conditions for Red Tide Organisms

Washing Initial Cultivation conditions
Organisms conditions concentration light temp.  shaking
{per ml) intensity
(K lux) (]
Chattonella 1000 rpm 20 cells 4 20 ng
anliqua 1 min,
Heterosigma 4000 rpm 150 cells 4 20 no
sp. 4 min.
Skeletonema 3000 rpm 0.1ug 4 20 no
costatum 10 min.
3 times
Selenastrum 3000 rpm 2000 cells 4 25 yes
capricornutum 10 min, (90 rpm)
3 times
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2.5 SREEFIORE

FMAREOBB L FIRERD LB TH B, BREN, V yEMETEENOBEEzLE
L NaNOQO,; @ 1.0mg-N/1, K,HPO, : 0.1mg-P/l, FeCl, ! 1.O0mg/l %25 k30, g7 3
HENOBE I F 7 2 VEEE, EAF Y RUES 22 Bo2ab B8 2 YiREWE 2R FNH0.2
mg/l, 0.1pg/l, 0.1ug/lEB 3 X3 EMLY, FEER YV EMBEIZ VI EH- Vv - #3B
FUESY 3 v Y 20u TS ERETH 2,

2.6 2RUHAHrHD) CBRE
2 RARDI ) BRI TR >+ (Al (80,): - 18 H,0), AR (Ca (OH),), HE{bE %
(FeCly « 6 H.,O) RorEARE: (L, 1980) 2HWTRO LS LTIT>7,

2 RALBAK I B > DR URIEE OB A1 200 mg/], HEKOBE I 300 mg/l, fiET
BERITHEE WS FRBAL, Pr—FAITEEM A (130 rpm, 15 450f) U, Eicg
#Hir ik A (30rpm, 30 M) Lok, 1BHEEBLL., FAFLOLEBEEY A 7+ TEDH
L, L.2um DAY Vv 7 s W TRRLL 6 OEBERBAORK: LTHW .,

3. EBHER

3.1 KL oBuBESE

S-1LEHBN TN AM Bithic 54 2 REY OBMER 2E 1 R Lk, C antigna DHBEIC
W, S -1 BT REFEPEL SRS & N3, AM BEH TIIISREAER0 & Wt 5 - Fz, Heterpsigma
sp. R U S. costatum DS S —11 52tth, AM B W F M OREH £ BT b RIF 2RSS &
Ntz, S—11EMICE T 2 HIEMEEE i C. antiqua, Heterosigma sp R UF S. costatum TEREH
0.77, 0.63, 1.16d'"TH o7z, %7, C. antiqua ZIHEER 20 B2, Heterosigma sp.id %y 14 H
#iZ, S. costatum FHI10 HECHBEENRER LR o, WFROFEEY L BBERESBR LT -
TEHERC, BESSELURS T AEANTED S,

3.2 RMATAIECE2RBIBKD AGP

I L7 OSLBIBD 2 WAk 2 ALK 1, 5, 10, 25%EIGL, TR C antigua I
e Heterosigma sp. 2 88 LI L 7z 2 RAUEAD AGP 8 - 2 1Rk L7z, Helerosigma sp.m
BIAAEAKOFEMESREINT 2 200, AGP i X 9 Bl R EAHSED & N1, 10%FINK
U BR%EMTREBBEORABRZESTR L. C antigua DFET 10%FNTRAD AGP #E o
2o INODKERMS, UTFOERTRAKRDEMES 10% & L,

R 52 OMBBY W KLIBORATR, 2WUBEADKE & AGP ORERELT LI L O
Thod, OLBBITEL TH, FRELBMEECL 2 AGP ORIE#T o7, C. antiqua DHE,
BOIRREIZ & 5 AGP OHMRREWE %55 L33, Heterosigma sp.it TR S. capricornutum 0%
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Fig. 2 AGP for Second Effluent

&, HBERUBSMED TR ANTFFEL AGP £ L7, Litaia T, EFHEH TS I
ShnRY, 2M@ikic k3 AGP BEH L,

FHEMER L BE, OLEBOFATARD AGP it C. antigua T 133 mg/), Heterosigma sp.
T 144 mg/l L IFECEE R LI, 2N L T, 2 REAEKD AGP 22 h#£h 85mg/l, 33 mg/
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# 5 WATAREU2RUMAOHKE & AGP
Table 5 Water Qualities and AGP for Raw Sewages and Second Effluents

N Compounds P Compounds AGP
COD  Pretreat- (mg/ 1) (mg/ 1) (mg/ 1)
Sample {mg/1) ment NO,-N
2
NH,-N +NO-N T-F PO,-P Cha. Het. Ske. Sel.
R we F 18.10 0.09 1.04 0.8 133 144 — 683
© olant aw sewage ‘ A 17.50 0.10 116 0.91 198 132 — 666
plan 2 nd efttuent 161 F 19.50 0.38 0.42 0.3 8 33 — 381
eitlue ' A 20.00 0.5  0.49 0.43 124 30 — 353
K olan KOW sewage 370 F 7.44 0.36  2.48  2.09 — 159 136 334
P 2 nd effluent 5.3 F 132 2.66  2.50 242 107 54 109 159

F : Filtrated, A : Autoclaved

120, MATARELREL T C antigua OBEIT 36%, Heterosigma sp.OB\EE 77% D AGP @
BB o, L Lids, 2RAEBAKLERELTHEHY AGP 2H L Ty,

KWMBBEOESRAATAKT C antiqua ODEFENE S e -7:43, Heferosigma sp., S.
costatum TiEZ N Fh 159 mg/l, 136 mg/l L ONBROFWAT KL IZIZFE T AGP 8386 h iz, 2
WAL C. antigua T 107 mg/l, Heferosigma sp.T 54 mg/l, S. costatum T 109 mg/1 & AGP
BEREL, mATAICHE LT Heterosigma sp. T 66%," S. costatum T 20% 0 AGP O EA 5 5
iz,

—F, S. capricornutum FF VB 0NEE, KILABBORATKTENLEN 683 mg/], 334
mg/l £ RL, FBlEMICEEEL»e 0 E W AGP B e, £/, 2ROEKRTIRONESE, K
MBETFNFH 381l mg/]l, 159mg/l # L, WTFhOOEBTH 2 KAEIC X DA 50% D AGP
DA HFD &tz

F6 RONBER UKABEBORATA, 2RAEKINL T, SEEFEORMER 2 EMHL
TRRET LD THE, OMBHOBRE, FEEWR ) VHENC X > THMIHIE S A, HiF
MOBED 1.4~5. 9 BEORAMBRSB ORI, £, WATRCIOTRES 3 >N, 2 &40
AR DOLTRERM, ©F I YFEMEKSKLES 2 v ORBERINE 2 TRIT EMZ 78,
Heterosigma sp. T OG0 2 WA 2 BHR L LB OARKOREIE D s, T4
bbb, 2RV ERMRILEEHERHERNG 3.1 F2lA L, i 2 s EEm
TEHL6IFBEELVWENSRD 1,

KBBEGOFATRE Y 2 RABADEHE L, BRFMNC &> THERS 1. 1~5.0fF AL
To Bz, ZOERBMERRE, VrfMEtce®, Uy, EREmeSEERCEMSER: T
Lzl eds, ATALC 2 RAEAROTRAERBEZ > TWBEVBEIE, DI L,
RETHRLEIICOLEETRABECLBMATAR, 2RMEADPO,-PBENELEL
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0.88 mg/l, 0.35mg/l TH B DL, KMEF TR FAFR 2.09 me/], 2.42 mg/l & QMBI
HARTHhg o) ra®iEgd, ~A8FRCBL TROMNBREOALFTATAT 2.3, 2RMNEK
TELSIBOERERZERPIDILLE2 b0 EEbR 3, RO URLAEBREBROBREIAKD
EREBESICRBLTOWERFHR LW &S, —MiC Chattonella % Heterosigma 'z ¥ DWER
i, TOMBEMEDHK, EF i R EFERTIL0bRTWES, BATARY 2 KAEKD
K CASOMERTHEEL, 855030 >D0uFimdEliRERETHI LELSNS,

3.3 BYRIEANAGP
KAEISG 2 RAEK A BEO FEZ L DR 408 L - BAOKE & AGP 2% 7107 L7z,
2WAEAKD Y VB 2.25 mg/l EFEFCHWETE o728, WIhOBY) YABECL-TY

#* 6 WATARRU 2B T 5 RBEEOHRMEIR
Table 6 Effect of Nutrient Additions to Raw Sewage and Second Effuent on the
Growth of Red Tide Organisms

Pretreat- R.e AGP Effective value of nutrient addition®
Sample N tide
ment’ ) anisms ™Y N P Fe V NP NPV NPFe NPVFe
Cha. 13.3 — 23 — 1.2 35 -— — —
F Het. 4.4 09 14 — 1.0 14 — — -
Raw Rel. 8.3 1.3 1.1 — — 18 — — -
Sewage Cha. 198 1.1 20 — 1.3 2.3 — —
A Het. 132 1.1 1.5 — 1.1 15 — — —
Sel, 666 1.1 10 — — 16 — — -
O plant .
Cha. 85 0.9 4.1 0.8 07 45 38 3.9 4.0
F Het. 3.3 09 59 1.2 1.3 63 59 6.6 6.1
Second Sel. 3.1 1.0 2.2 L0 — 2.7 2.8 —
effluent Cha. 2.4 0.8 3.0 0.9 1.1 3.8& 3.8 3.5 4.0
A Het. 3.0 1.4 22 15 1.3 3.1 29 6.0 6.0
Sel, 3.3 09 2.0 07 — 26 — 3.0 -
Het. 159 1.1 09 1.0 — 15 — L7 -
Raw F Ske. 136 16 1.1 1.1 — 2.0 — 2.0 -
Sewage Sel. 334 1.9 1.0 09 — 206 — 1.9 —
K plant
Cha. 0.7 50 1.1 1.1 — 54 — 5.1 —
Second Het. 54 45 1.1 12 — 45 — 4.0 —
effluent F Ske. 10.9 2.5 1.0 0.8 — 2.4 — 2.1 —
: Sel. 159 31 09 10 — 31 — 3.0 -
1) F:Filtrated A : Autoclaved 7y Maximum cell gr °wfél‘f (‘It::g%t”e“t addition (mg/1)

3) Added nutrient amount : N : NaN(O,1.0mg-N/1, P: K,HPQ,0.1mg-P/1
Fe : FeCl,1.0 mg/ 1, V : Thiamine-HC1 0.2 mg/ 1, Biotin 0.1 gg/ 1, Vitamin B,;0.1 g/ 1
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# TR A OKE - AGP
Table 7 Water Qualities and AGP for Phosphorus Removed Wastewater

N-compound P-compound AGP

Methods Pre-

for P-remove treatment NH,-N NOAN+ 0 p PO,-P  Hor. Het. Ske. Sel.

NO,-N
AL(S0,); - 18 HO F (.43 6.39 0.021 0.010 1 1 3 6
Ca{OH), F 0.36 6.39 0.031 0.009 1 1 3 4
FeCl; - 6 H,O F 0.46 6.30 0.039 0.012 1 1 4 5
Crystalization F 0.37 6.56 0.034 0.008 1 1 2 5
no treatment F 0.39 6.57 2.25 1.82 340 78 135 295
(mg/ 1)

F99% DY) rislEFEashs, £, 2EMEAD AGP RERC L DR Y B - X R LI,
FEEDERVHESC OB THWAGP 2R Uz, #RE LT, Bi) 28 AO AGP i3y
ROBEERAVTL 6 mg/l AT EIFERBLEEZ o, BB LR 2 REEOR
MEREEBLLEREEICALALY, WTFROKRY EKD Y Y OEMET- 2881, &
HMOBEHCHARTHERCBORAERERE 2T L, 20 v s, Y Y AEAKD AGP DETIX
VrBECIZLDTHELENLES,

4.8 =B

AGP BFEADE T 2 RBEREOBENR*RTERECHY , EXEGLoFHEF E0dhcoEHEN
TW2HBETHEZ, AGPORIECLHIITONL I BESHBIBEEESREETh, 7AUAT
RECREBREOERLSZ AN TWE, EEETREAKOHBRE L U TS capricornutum,
Microcystis  aeruginosa 3t UFZ Anabaena flos-aquae 33, F7z, WA T Dunalielln fertiolecta,
Thalassiosira  pseudonanag HERBREE L THEI N TS, s OEBOE M Chlorelln,

Scanedesmus, Closterium B UF Stigeoclonium %% ¥ & H \v» & 1L T v» 3 (Bringman, 1958 ;
(Skluberg, 1970, K3E, 1971; 7HEE, 1973, 1975 =, 1977),

AR T, FERKUCFETEHTE T AOEECEL RN 21T35 v 8hh s, RERSE
THEL 2> T2 R8EYO C antiqgua, Helerosigma spli U0 S, costatum % VT AGP @
WEERBL 7o £ORR, FEEMCL S AGP & L THATATI 130~160 mg/], 2 ¥RALFAK
T 30~340mg/l B¥F stz 702 WAHEIC X T C antigua T 36%, Heterosigma sp. Tid
66~77%., S. costatum Tk 20% 0 AGP QLB Shl, L Lxss, EE&HEUKAEE
VEROTHEELLLRE, BEBL COBRO AGP 23, C. antigua T 4 ~29 mg/1, Heterosigma
sp.TC 3 ~11mg/l, S. costatum T4 ~6 mg/l THZ L WHET 5L, 2WNAEARAEDTEH
REEYOEERNEEL TWL I LB TH S, Doig &3 EARFAIL 2 WL %
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0.1~ 2 REIL, Gyvmunodinium breve DR RIZTEEBE DLW TR 2T 27212, G breve 13
2WALE K 2 DWW £ 2T 1,250 cells/ml O RAWHR &R L, FHRNOBE ORAETHA
480 cells/ml Fb~THY 3 EOMMHERD s iz, CNS5DIEMS, 2HMAE KD AGP 2BH T3 &
3.9%X107cells/l &% %, FIFILTIE Heterosigma spic £ 5 2 MOEAKD AGP £ LT, QNEUET
7.5% 107cells/l, KAVESH T 2.0X107cells/l £ ZFFABZEBELRTWS, L Lizsis, o B
ARELRBEOEHEC L ->TELY, BUBERINERMRUHEBERC LT L2 ViR
RESHPEMT IS, CHOEQERFA—-RKEETZILEABETH I L, FFRETHVE C
antiqua } 1F Helerosigma sp 2L T, SHEMENTOMRE 1 EY2Y0ERERL LT Tz
#1.6.5x 10 *mg/cell, 2.5X 10 " mg/cell L NI EEEB TV, LRI - RHEMSFEEsh>T
L ERBEAROCVRETHLH, AGP L 3 E0ERME AR A DI 3REE - L
CoRTHPEE LW EELZ NS,
AT RO 2 WLHEAD AGP BIL T, AEs (1975) BRKGEETSH & Chiorella sp.,
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Chlamydomonas sp. B U Stigeoclonium lenue # O THZE21T->TH D, 100~300 mg/l & AGP
AEWMELTWAS, BRFETH S capricornutum EHOT AGP ORFE 2T o428, BHATKROE
& T 330~680 mg/l, 2 ATEKOES T 160~380mg/l & AGP #i885h, FE&EYc L 3 AGP
FHELTEIDEWAGP 2RdTHEHANTEDS SN, TOEBEL T, 8E Y 55 0T EH
g T 2 HBENEOER T ENELONDS, REOL I 2H TRV, k7, HRU
EYivhEOHBERNEYNEOEREOTE S capricornutum X LT, C. antigue R
Heterosigma sp.0BE, N6 QOBRHENBDENHBETF L3 2 0iEENEZ s -0, $EED
FHERTREANL I CHERVTE Y IV HRREMHEE 22 e kB oL b ol TDC
Lit, MATARFZICiznd, 2ROEADCE T L AMEMOERT 2 BMHSISE S5
BELTWBIER2RLTWS, BiC C anfigua DBHE, ANTHKCEE -V HFEFcE s =
YREERHEMUTHEL L AM B TREEAED S e - DRHNL T, ATEAKI 2 ROLE
KEFMLBECHECRIFLEESEGoNL I Lo, T TAROEE~OHARERICE Y
B C. antigne ORI R ELRPBHELRIZTL T3 E: ohl,

A TEOAEEMOEERIEEL, £, FPLYOMBLELTEXLE
Y UERERELZ - TwA I oL -720T, RY YUECERAL, 208RIC2
WTHHRET ol RTRRLLIICWThOLEBRCIBEWT LN %D Y » ik s h, 7#
AL BB KD AGP M 4 mg/l £ 0, EELOEHENED Shi, 20 AGP D{E
T8, WFRLY YORKC IS DDTHS T L AKBEORNER D 85 0 &5 o ke BT,
DrpnomEoRzTCbRERGHREET L LD LEz N, TROBEICTFLELE I,
BE®RTH2 C antiqua Wi Helerosigma sp.OBEITE, 2EAHAIZEHELRLTSED,
BEOHEMIC LN C antigua T 46 mg/l, Heterosigma sp.T 15mg/l 3 THEBSHEAT S »
&, ZIRAMBAPIZRHERVES S0 +23EEh TR EvA 3, JHIENL, SIFEUAOR
D BRI RERCY ERINUES, C antigne T 4 ~24mg/l, Heferosigma sp. T 5~ 8
mg/l OBRAHBERERD Shios, BERERVYY IV 2EMT 5 2 L2k 0, C antigua THI 30
mg/l, Heterosigma sp. T 156~18 mg/l L BABBENEL (R UL, 20T thb, Y iR
KEVSEHDVIRESY I VL) EERCBRESRS D EBEFEE N, S costatum DHFIZ,
BY MBANOBRERT VEMC LD, 2RAEKOBRAEHEBEIEWESBON, $ES
IVICLEEMBESED SN L LI ENG, #EY I VvORBERIBOLOEVZ L), &
FBETRER V> ~BERUESY 2 Y OFEMET>TH, BAMWER S Chattonella T 8 mg/l,
Heterosigma sp. T 10 mg/l &) YIEMNMOEE L ABREOBVWEESTL, BERUE S v OREhE
RERDsULdrol, Thbb, BRUCY 2 VUAOHENEEEZEME L L > TnELELS
s,

AFRTE 4EORY VLEEICEB LY, WIhol) YA BT AGPRAE <
BAL, 7z, RBEOHEMER,» S ) LA OMEIIHT 2BREDR LD oM, FHHROD
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KA S - EbE - - SR B FHHE

SR L TE, FREMORID SV RFEEYIC T AEHEAOERE EnE L ST
53, BB ERO I o SR O Y CERUCRENEY PO k5 R BEHEEOERET 2idd
ZHMRAESTHL LR LS,

5. 8e8
Chattonella, Heterosigma sp. ' S. costatum % F\V T, BE TR # D 2 RAEKD TR
SO LERET (AGP) ZHIE L7, MATAKD AGP 12 130~160 mg/l Bz R LT, %7,
2 RAMETIE AGP QE 08 20~7T% LB, 2ABAE 3 AREYHBERY 2 ¥FEL > UK
SRR SRCBENTOD LTSN, 2 2B TRRIED 2 JIEKIE 51 5 7
EWOEEETOHBRFRERH VIR Y > THD, Y cELTEBEY A8 KD AGP 454
mg/AUTEEGZ Lo, BY VBB FREREOSBECAERzFEEbni,

51 A X O™

Bringman G. und Kiihn R. (1958) : Veranderungen der Eutrophierung und Bio-Production gemessen am
Biomassentier von Testalgen Gesumdheitsingenienr, 79, 50.

Doig M. T. and Martin D. F. {1974) : The response of Gymnodinium breve to municipal waste
materiales. Marine Biology, 24, 223-228

ZNE - LRRE - SHEA (FEIT7) | REREFARKIC T 2 BRATR, ARCEK, 195362,

LB RK . IO - FEHE (1980) ARG L A TARPO Y v OBRRCETAME (B18). TX
ek, 17, 43-49,

HEER (1976) | L EXRE L, AFRERES.

National Eutrophication Research Program EPA (1971) : Algal assay bottle test.

FEE—BE (971 @ FTAABADOBEEE T2 ER, LRAFSF B NERFNARSEERE?,
553,

RTHAF] (1976) © RS T2 RMFEEBORR L TEIKORE, RERN, 5 770-775,

Skulberg, O. M, (1970} : The importance of algal cultures for the assessment of the eutrophication
of Oslofjord, Helgolinder wiss. Meeresuters, 20, 111-125.

AR B MEEE (1973) | SEEEHRC L 2ERBEOME Sk Bk, 15, 107-116,

FRE— - ARSI - B FDRIE - S TEMSE— (1975) @ #51 Tk D 2 IRAEADIR T A EORERD. TR
wak, 12, 34-42,

U. S. Environmental Protection Agency (1974) : Marine algal assay procedure bottle test. EPA-660/
3-75-008.

SRS - ARE— - SHE - STEE (1982) | HROTBEYLEEENIOTE EAEWERNES
&, #3055, 289-302, .
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BASRO B R B 5 R ATE — By BESRRE LT — KRSIEE.  (1977)
B b RWIC & B kTS BB 0T & BB S B MRS BT — WAL, SO BROUHE.
(1978) :

BULAERERFRES

A comparative study of adults and immature stages of nine Japanese species of the genus
Chiroriomus (Diptera, Chironomidae). (1978)

(HERELZAY#M Chironomus B9 BORKA, 4+, HidEED LB

RE 9§ F ¢ vk B RAKE—ER B R CEBUG OIS — BHRS2HE  hRAHE
&, (1978)

FERRAKE— R RO B LRGBS & e RE AR DR BRI B+ i

DY H A — BFN51, 524ERE WRSRE4.  (1978)

PR OB KRBT S RERA (L) — Brtdl b LT — WAS3EE, (1979)
A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979)
(B&FE= 2 ) AR0EORS, ++ ¥, YhoREEeRzD
REGERMEO B—b L CHEHROEKICHS 5 BB 2 HRITHIRE — KIF52, 535
B BEHEE. (1979)
2Ty IF v YTk BRIEKE - SRRIEMTOERIEOPT — HMSHERE hRIE
&. (1979
B b Rtic X B R[S REEEO FHE & Bl 2 BT — IRF0S1~ 53 E BRI
s (1979)
Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
CREABEMEORYEEL L2 OBEYEEOBBICET 5 550
Multiclement analysis studies by flame and inductively coupled plasma spectroscopy utilizing
computer-controlled instrumentation, (1980}
(avra-#HEEELFH L 7 v — 2 BLUHERE ST 7 X=itEic X 5% BRI H
SHIT
Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pol-
lution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
(BEECRET LR ) ADHIFE
—HIE TO—LRICRHsN 2R ) ABEDSH ETHRICK BEEHE S OME —
— H2H TO—HHIAMENT Chironominae BHO0F I >0 T—)
BRERY, SRERILAY. BEEIOHEEETIC TS BEE AiciT A i — i
f053. BASFHEE HERIFTE®EE. (1980)
REAGRMAOR—5 L UHAHROERZHT 2B 2EROTE — HNsAEE
FBIBIFTEG.  (1980)
SHHIE L — ' — L — &' —iC & BRKHERRE A, (19800
RO T B LB LRI RIS BIHE — i D S B & AR EHR OB
— 3053, S44ERE  FRAUBTRES.  (1980)
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B3

Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
(REERESRE [ 20 7] OBY M6 L URT®)

EEARO BRI LICBT 2 REMRE () — B4H (W) Ol — W53, S4EE.
(1981)

BRSO MFEBLI T 2RA TR (V) — By fiEonl, SERIEtSLU % 0
KRBT Bud g — I A53, sS4 (1981)

BRI ERBLICET A BEHE (V) —E s AHIOFIEAGRELL £ OF M —
H3F053, S44ERE.  (1981)

kO ER BT 2REWR (VD — Byl o4 EROME & EMRER — 53,
54EE. (191)

BEkigoER BT 28 THE (M) — SBOER SRS+ 2 BRI —
FI¥053, B4%EBE. (1981)

BB OERELICRT 2REHR (M) — BRBLHER BRI TREOERicE 4
% gk — W53, 544FE  (1981) '

EEARO BHRBILICEAT 2BETE (0 — Microcystis (B3 OB — fBfs3,

S45ERE.  (1981)

B OBERBEIICET 5 REHR (X)) — BEERHBEIC LS AG PORIE — w53,
SA%E[E, (1981)

PEAROE R L MT ZRE TR (X)) — HREHE — W63, S44ERE,  (1981)
HARSEROBYPEICHT SR — Mflsd, 550 SRIMRSE, (1981

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distri-

bution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

(RENCFEES 222 ) AEOHE
— B3 EHMOSETREINIZ ) 2R #HEFE Orthocladiinge SEOEB L, To4

- AR TFKGERE & OBRIC VT —

— E4¥ BRIOLHORETREShLEEOSHLICH —)

itk 2 BXBLE FEOREMBICIOT 5 BRNTR — BI54, 55EE BRHTH
&. (1982) _

REGERMEDO BB LU EEBROERICHT B ICET 2 ZBRAIHIE — MFISHER
HalgtrEs . (1981)

ATy I F v -tk BRKTE - ERBIEMR A LRI W — BgR A hickt 5
KA E RGN E O R (74— FEISZ 1) — WS4 SR ES . (1982)
R DR R B & KGHRRRO IR — KREH L AR A0 Y 3 2 b— v a v
— MAROSSHEE ReRlamseste.  (1982)

RigH OB - BEFHEOMRC MY 59— MISSE R B HETEs.  (1982)
RIEHE L 0 &7 GEER RO MY 2 a8 irmse.  (1982)

REAMICL 2BERORIET =5 ) v S FHRCH T 2T% — WG, 566EE  #RIRRREs,
(1982)

BIBEHRD v A F L ZBEWOM R aH3T. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material, (1982)
(BREBniE MBS OBES, M RORIE)

BigsioSE T - SFHEFEORRICRT A TR — BRSCEE S, (1982)
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KAFUMBPOB—RUESEROERKICHT S RBICIEY 2 ZBNTE — MIs6HEE &

BURTREE. (1983)

BB ORI FEIC T o EtEmm.  (1983)

EROYMR it A RBNPIR.  (198)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main stream in June with
description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream
in the June survey.
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